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BeepeHne

acToALLwiA CﬁOpHI/IK COJIEPHUT CTaTbl,
pekomMeHi0BaHHble NPOrpaMMHbIM KOMUTETOM ANA

ony6nukosaHuA. [laHHble cTaTbil NOArOTOBMEHSI
yuactHukamu CITES-2013 (http://www.scert.rufru]
conference/cites2013), B 0CHOBHOM MONOABLIMU Y4EHbIMM, NO
maTepianam A0KnajoB, NPeACTaBNEHHbIX UMW Ha
MexpayHapoaHoii KoHtbepeHUUn «BbluncnuTensHbie n
WH(hOPMALMOHHbIE TEXHONOM U ANA HayK 06 OKpYyKatoLLeil
cpene» n Paboyem cosewannn NEESPI/SIRS. Mopenuposaxue
KNMaThYeCKUX NpoLeccos 1 MHGOPMaLMOHHO-
BbIYMCIIMTESIbHbIE CUCTEMBI 1A HayK 0 3eMie, 0CHOBHbIE TeMbl
CITES-2013, pononnAtotca B Hem pabotamu no reocgepHo-
6rocthepHbIM B3aMMOARACTBUAM, MOHUTOPUHTY U OLEHKE
COBPEMEHHBIX KNUMaTUYecKuX n3meHeHuii B8 CesepHoii EBpasuin
W X NOCNEACTBMAM, KaK ANA OKpYKatoLLeil cpeabl, Tak u AnA
HaceneHuA - ocHoBHbIM Temam Paboyero cosewanuna NEESPI/
SIRS. CbopHuK 0TpamaeT COBPEMEHHbIIl YpOBEHb
(hyHLaMeHTanbHbIX 1 NPUKNaAHbIX PaboT No N3yyeHuto
Pa3nnYHbIX acneKToB rno6anbHbIX 1 pernoHasbHbIX
KNMMaTMYECKINX N3MEHEHWIi 1 XOA peani3auiy KpynHbix
pernoHanbHbix npoektos NEESPI u SIRS.

Mpencenatens CITES-2013
E.Il. Topnoe

Conpencenatenu Pa6oyero cosewanua NEESPI/SIRS
N.9. I'poiicman,
B.B. 3yes

Preface

his volume comprises papers of participants of the
CITES-2013 event (http://[www.scert.ru/en/conference/

cites2013) which were selected for publication by the
Program Committee from those presented at the International
Conference on Computational Information Technologies for
Environmental Sciences and NEESPI/SIRS Workshop. The
major themes of CITES-2013 are modeling of climate
processes, and information and computer systems for Earth
Science. They are complemented in this volume by articles on
geosphere-biosphere interactions, monitoring and evaluation of
current climate changse in Northern Eurasia and their
consequences, both for the environment and for the people
which are the main issues of NEESPI/SIRS Workshop. The
volume reflects the current level of basic and applied studies
on various aspects of global and regional climate change and
the implementation of large regional projects NEESPI and
SIRS.

Chair of CITES-2013
E.Gorfov

Co-chairs of NEESPI/SIRS workshop
P. Groisman,
V. Zuev
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( j ertain qualitative features of the eddy mixing
in an atmospheric boundary layer (ABL) dur-
ing stronger stratification are highlighted us-

ing the simulations with the mesoscale RANS turbu-
lence scheme. Behavior of turbulent eddy mixing co-
efficients for momentum and heat in this study is
consistent with the representation that the flow can
sustain propagating internal waves that can effec-
tively transport momentum, but not heat. This behav-
ior is in good agreement with observational results
for stably stratified atmospheric boundary layer
flows. This paper is focused also on the modelling
with use of the RANS turbulence scheme of intermit-
tent turbulence as near to a surface and about the
LLJ, and of turbulent Prandtl number too. The role of
the turbulent diffusion processes (the statistical mo-
ments of the third order) in generation of intermittent
turbulence is discussed. The simulation results are
agree with the LES simulation, showing presence of
the intermittency of the TKE as near to a surface and
the intermittent turbulence below of the LLJ.

Buxpesoe nepemelunsanue
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TYpOYNeHTHOCTN B TEYEHMAX
OKpYHaltoLLeil cpefbl
pernoHanbHoro maciutaba
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ANS cxema TypOynenTHOCTH [1], BKITtouaromas ekt BHyTPEHHUX I'PaBUTALMOHHBIX BOJIH, TPUME-

HEHa JUIs aHAJIN3a CTPYKTYPbI TEYEHUsI U CTATUCTUKK TYPOYIEHTHOCTH yCTOHYMBO CTpaTH(OUIIMPOBaH-

oro armocheproro norpanu4Horo cios (AIIC). AKIIEHT aenaercs Ha aHajau3e BO3MOXKHOCTH RANS

MeToJja MOJIEIMPOBAHUS TypOYJIICHTHOCTH B OINMCAaHUU HEKOTOPBIX OCOOEHHOCTEH BHUXPEBOTO II€pEeMEIIHBa-

HUSI, SHEPTEeTHKH M DI00AIbHOIM nepeMekaeMocTH TypOyineHTHocTH B ycroiunBoM AIIC. Ananmsupyercs

BO3MOYKHOCTB onucanus B paMkax RANS npubnmkeHus nepeMexaromeiics CTpyKTypbl TypOyJISHTHOCTH KaK

BOJIM3M IOBEPXHOCTH, TaK U MOJHATON TypOyJIEHTHOCTH B OKPECTHOCTH CTPYHHOTO T€UEHHs] HU3KOTO YPOBHS,

(opMupyIoLIerocst HaBepxy yCTOHYHMBOTO MOrpaHUYHOTO ciost. OOCyKAaeTcst posib IPOLECCOB TYPOYICHTHOM

1 dy3nn (cTaTHCTHYECKUX MOMEHTOB TPETHETO MOPs/IKa) B TeHEPaLUK IIepeMesKatoleiics: TypOyJIeHTHOCTH.

Pe3ynbTaTsl 4MCIEHHOTO MOJEIUPOBAHUS COINIACYIOTCS ¢ pesyiasratamu LES MonenupoBaHMsS M HaTypHBIX

HaOJIO/IeHNH, TTOKa3bIBasi HAINYME TIEPEMEKAEMOCTH KHHETHUECKOM SHEpruu TypOyJICHTHOCTH Kak BOJIM3U
MTOBEPXHOCTH, TaK ¥ MOAHSATON TypOyJIEHTHOCTH HHXKE CTPYHHOTO TEYEHUsI HU3KOTO YPOBHSI.

1. BuxpeBoe nepememuBanue: ko3¢gpguuueHTsl AU Py3un nMmnyJabca 1 Temnja.

C poctom ycroiunBocti AIIC BepTHKaNbHBIN IEPEHOC UMITYJIbCA U TEIUIa TYPOYIEHTHBIMU BUXPSMHU
CyILLIECTBEHHO ocnabnsercs crpatuduxanueil. Bo3pacraromas npyu 3ToM akTUBHOCTb BHYTPEHHHUX I'PABUTAIIU-
OHHBIX BOJIH CIIOCOOCTBYET HOJIePKaHUIO UMITYIIbca TeUeHHs, HO He TelIa. BkiltoueHue B TpexnapameTpude-
ckyto E —&—(0%) RANS cxemy crparuduuupoBadHoil TypOyineHTHOCTH [ 1] 3¢ dekra BO3AeiiCTBIsI BHYTPEHHHUX
BOJIH HA [IEPEHOC UMIIYJIbCA U TEIUIa I03BOJIAET KOPPEKTHO BOCIIPOU3BECTH MIOBEICHUE BUXPEBBIX KO3 hHI-
eHTOB 1 dy3un UMIyIbca 1 Teria (puc. 1) B cortacuu ¢ JaHHBIMU U3MepeHuil B armocdepe [2].
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Puc. 1. KosddummenTts! Buxpeoit nuddy3un uMIryisca Puc. 2. OtHOmEHNE TypOyIeHTHOI TOTeHIINATBHON YHEp-
K,, (nuuus-1) u renna K, (nunus -2), HOpManu3oBaHHbIE TUH K TIONTHO# TypOysienTHo# sneprun, E, / E , B 3aBucn-
Ha BenMuuHy W?/S, kak QyHkiuu yncia Puuapacona B MOCTH OT TpafiieHTHOro uncna Puuapacona Ri,. JIunus 1
YCTOWYHBO CTPaTU(UINPOBAHHOM TUIAHETAPHOM IIOTpa- — H3MepeHus B atMocdepe, THHUS 2 —1a00paTOpHBIHA SKC-
HU4YHOM cnoe. Jlanabie m3mepenuii [2]: K — o, nepuMeHT, junust 3 - LES pacuer [3], munus 4 - pesynsra-
K,-o. Thl Tpexnapamerpudeckoir RANS monemnu.

3. JHepreTuka ycroi4nso crparupuuuposansoro AIIC

Tpexmapamerprnueckas RANS cxema TypOylIeHTHOCTH, BKJIIOUAsl ypaBHEHHUs OanaHca Ut TypOylaeHT-
Hoit kuHeTrueckol sHeprun (TKE) u TypOymenTHo# nmorennmansHoit sHeprun (TIIE), mo3Bomser ananm3upo-
Barb npeoOpazoBanne TKE B cTparnduimpoBaHHEIX TeO(QU3NUECKUX TEUEHHUAX. Puc. 3 mokas3pIBaeT BBIYH-
caennyro ¢paxuuio TIIE, E, / E (E =E, + E, - nonnas sHeprus TypOyJAeHTHOCTH) KaK (yHKIUIO 9ucia Ri,
BMECTE C HEJJaBHUMH TaHHBIMH U3MepeHuil B atMmocdepe (uHus 1), maboparopun (muaus 2) u LES pacuerom
[3]. Pe3ynmbpraTel 9UCIEHHOTO MOACTUPOBAHUS 10 Tpexnapamerpudeckod RANS - momenn (mmams 4) u LES
pacyeT (IuHUA 3) TIOKa3hIBAIOT MOHOTOHHYIO 3aBUCHMOCTB: oTHomeHHuE E, / E yBemmauBaeTcs ¢ pocToM YHca
Ri, 1 cTpemurcs k koHedHOMY 3HadeHuio E, / E = 0,21.

4.ImobasbHasi mepeMeKaeMoCcTh TypOyJIeHTHOCTH B ycToi4nBoM armochepnom AIIC
TepMHUYeCcKN yCTOWYHBEIN MOTPAaHUYHBIN CIIOM (OpMHUPYETCS TPH OXJIAKICHUH MOBepXHOCTH. Ecim
TIPY 5TOM OTCYTCTBYIOT MEXaHH3MbI YCKOPEHHS TIOTOKA BO3AyXa BOJIHM3H IIOBEPXHOCTH, TeHEPAIHs TypOyJIeHT-
HOCTH MOXXET HEWTPaN30BaThCSI AeCTPYKINEH, BRI3BAHHON TEPMUICCKH YCTOHUNBOM cTparndukarmeit. Ox-
HaKO M B 3TUX YCIIOBUSIX HAOMIOAEHUAMH 9acTO (PUKCHPYIOTCS JIOKAIN30BAHHBIC SIBJICHUS B3PHIBHOTO XapaKTe-
pa, Tak Ha3zeiBaeMble ‘0&pcturrH’ (bursts). [ToaToMy ommunTenpHAs 0COOCHHOCTH YCTOHYMBO CTPAaTH(HHUIUPO-
BaHHBIX ITOTPAaHMYHBIX CJIOEB CBsI3aHA C IIEPEMEKAOICHCs TypOyICHTHOCTBIO, KOTOpasi XapaKkTepu3yeTcs Ko-
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POTKMMH TIepHOJaMHu TypOylieHTHOro coctostHusl (bursts) M IMpOMEKYTOUHBIMH MEPHOAMH OTHOCHTEIBEHO
ciabbix (urykryarmid. [Ipu He nojaBiieHHBIX cTpaTuguKaell BUXpsIX Ha BCEX MacIITadax B IEPHOIbI CI1aboi
TYpOYJICHTHOCTHU TepeMerxaroiasics TypOyIeHTHOCTh IIOHUMAaeTcs, Kak rodanbHast [4]. IIpumep rmobanbHOM
NepeMexaeMOoCTH Ha pUc. 3 (CIUTONIHAs JTUHUS) U3 [5] moKa3bIBaeT HaO0aeMoe pa3BUTHE BO BpeMEHH TypOy-
JICHTHOTO TIOTOKA TeIla Ha TOBEPXHOCTH B YCJIOBHSIX IOHIDKEHHS €€ TeMIIepaTyphbl IPH OTHOCUTEIBHO HE-
OOJIBIINX CKOPOCTSIX JBIDKCHUS Bo3ayXa. OTUETIMBO BHIHO YepEAOBaHUE IEPUOA0B HHTEHCUBHOI TypOyIIeHT-
HOCTH (‘0EpPCTHHIOB’) C OOJIBIIUMHU OTPHULIATEIEHBIMH IIOTOKaMH TEIUIA U O0Jiee CIIOKOWHBIX IEPUOIOB C OYE€Hb
MaJIBIMU BeJTMYMHAMH 1T0TOKa Teruia. [IpepbIBHuCTast, TepeMexaroniasicsi TypOyIeHTHOCTh BbI3bIBACTCS H3MEHE-
HUSIMU B CPEJIHEH 3BOJIIOIIMY I0JIel CKOPOCTH M TeMIlepaTypbl BOIM3M noBepxHocTu. Kak BugHO n3 puc. 1,
TypOyJeHTHbIE OEPCTHHTH UMEIOT HE EPHOIUUECKHI XapaKTep.

B HacTosimem uccnenoBaHuy MPeANPUHATA MONBITKA BEIICHUTE UyBCTBUTENIBHOCTE RANS cxeMsl Typ-
OyJIGHTHOCTH BBICOKOTO YPOBHS 3aMbIKaHHUS B BOCIIPOU3BECHUH [IEPEMEKAIOLIETOCS XapaKkTep TypOyJIeHTHO-
CTH B YCTOMYMBOM arMOC(EepHOM IMOTPAaHUYHOM CJI0€ KaK BOJIM3H MOBEPXHOCTHU, TaK M B OKPECTHOCTH CTPYH-
HOTO T€YEHUS B BEpXHEH YaCTU MOIPaHUYHOTO CJIOSL.

IIpencraBneHHble HUXKE PE3yAbTaThl BBIYUCIUTENIBHOTO IKCIIEPUMEHTa CTaBIIIN CBOEH 1I€IIbIO BBISCHE-
HUE YyBCTBUTEIBHOCTH Tpexnapamerpuieckoil RANS cxembl TypOyJIeHTHOCTH K BOCIIPOM3BEACHHIO IIepeMe-
)Karouiencst TypOyJIeHTHOCTH KaK BOJIM3H TBEP/IOH MOBEPXHOCTH, TaK M ‘TIOMHATON TypOyJIeHTHOCTH, TeHEpH-
pyeMoii CTpyHHBIM TeU€HHEM HU3KOTO YPOBHS HaJ TepMudecku yctoiunBeiM ATIC.
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Puc.3. Ilpumep rmodanbHON epeMekaeMOCTH: BEPTHU-
KaJbHBIA TypOyIeHTHBII IIOTOK TeIIa BOJIM3H TOBEPXHO-
ct [2]. Toxcroli TMHUEH TOKa3aH CIydyaid ¢ TNOOATBFHOM
MePEeMeKaeMOCThIO B YCIOBHSAX HEOOMBIINX CKOPOCTEH
JBIDKEHHS Bo3ayxa. TodeuHas JIMHUS ITOKa3bIBAaeT TOTOK
TeIlIa B YCJIOBUSIX HOBBIIICHHBIX CKOPOCTEN JBHKEHHUS
BO3/IyXa HaJ MOBEPXHOCTHIO; IIOYTH Ha BCEM BPEMEHHOM
HHTEepBaJle HaOIONeHNH (PUKCHpYyeTCs OOBIYHAs, HE TIepe-
MEXKAFOLIAsCSI TYPOYIEHTHOCTD.
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Puc. 5a. BeprukanbHblii npoduiis TypOyIeHTHOTO YKcia
IIpannTns, BeIMUCIEHHBLH 110 Tpexnapmerpudeckoil RANS
cxeme TypOyneHTHOCTH. CIIIONIHAS JIMHUS - BBIYHCIICHHE C
y4eToM 3¢ (deKTa BHyTPEHHHX IPaBUTALIMOHHBIX BOJIH B
TIOJIeP)KaHUH UMITYJIbCa TeUESHHS B yCTOWYUBO CTpaTH(H-
IPOBAHHOM ITOTPAHUIHOM CJIO€, ITPUXOBAS JINHHS — BBI-
ypcieHue Oe3 yuera a(pekTa BHyTPEHHHUX BOJIH.

Puc. 4. Crpyitnblii npoduiie CKOPOCTH (2) U MPOPUIH HO-

TeHIUAJIbHON TeMuepaTyps! (b) B KBa3nycTaHOBUBILEMCS

COCTOSIHUM CHJIBHO YCTOHYHBOTO MOIPAHUYHOTO CII0st (I10-
cie 9 yacoB UHTETPUPOBAHHMA).

Typoynenmnoe uucno Ilpanomns TpencTas-
TseT 000 OTHOCHTENBEHYIO AP PEKTHBHOCTD TypOy-
JICHTHOTO TIepEeMEIINBAHUS Ul UMITYJIbCa M0 OTHO-
LIEHUIO K TEIUTy. DTO BaKHBIN Oe3pa3MepHBIil apa-
METp, IPUMEHSIEMBIH JUTS ITapaMeTpH3aliy OTOKa B
YCTOHYHUBOM ITOTPAHUIHOM CIIo€ [6] 1 0OBIYHO arpu-
opu ¢popmynupyercs [7], Kak 3aBHCAIIAS OT yCTOM-
YMBOCTH KOHCTaHTA. [I0CKOJBKY B TpexmapaMeTpH-
yeckoii RANS cxeme TypOylleHTHOCTH HE3aBHCHMO
BBIYHCIISIIOTCS] BUXpEBbIe KO3 (UIIMEHTH NMITybCa
u Teria (3HadeHue Pry He mpeanuceiBaeTcs 3apaHee),
Bapuanus yucia [Ipanaris Pry B ycToiuuBoM norpa-
HUYHOM CJI0€ MOXeET OBITh cornocTasieHa kak ¢ LES
[8], Tax 1 DNS mognenupoBanuem [7]. Takoe cormo-
CTaBJICHHE IIpeACcTaBlIcHO Ha Puc. 5a, 6. be3 yuera
s¢dekra BHYTPEHHHX T'PABUTALMOHHBIX BOJIH Ha
TypOyJeHTHBI TEpeHOC HMITyJbca B YCIOBHAX
YCTOWYMBOH cTparnuKanuy (IITPUXOBas JIMHUS Ha
puc. 5a) BepTHKaIbHBIN TPOPHIL TYpOYICHTHOTO
yucna [IpanatTis He UMeeT BO3pacTaroIero TPEeH1a ¢
BBICOTOH (CTIJIOIIHAS JIMHUS HA pHC. 5a), MOITy4YeHHO-
ro Kak npu ynciaeHHoM LES monenuposanuu [8], Tak
n DNS monemuposanuu [7] (puc. 56).



Puc. 56. BeprukanbHsle npodunu TypOyIeHTHOTO YuciIa
[panamis (crmommnas nuaUsS — LES Monenmuposanue [8],
CHUMBOJIBI B opme kpecTrkoB - DNS monenupoBanue [7])
JUISL CciTy4asi YMEPEHHOTO OXJIaXKICHUS IIOBEPXHOCTH (
(W'G')S =-0,02K mc").

Huskoypoenesas cmpys u noonamas mypoyienmHocmy

TypOyieHTHOCTB, TeHepHpYyeMast CABUTOM CKOPOCTH B OKPECTHOCTH CTPYH YUCIICHHO MOJIEIHPOBAIACH
o LES cxeme B [9, 10].

Ha puc. 6a mpuBeneHbsl BRIYUCICHHBIE BPEeMEHHBIE PsIbI epemesxaromeiics KOT, BeYUCIeHHBIE 110
RANS cxeme TypOyneHTHOCTH ISl KBa3MYCTAaHOBUBIIETOCS COCTOSIHUSL CHIIBHO YCTOWYHBOTO MOTPaHUYHOTO
ciosi (¢ (opcHMHroM Ha IOBEPXHOCTH B BHUJE 33/IaHHS [OCTOSHHOTO OTPHUIATEIBHOTO TOTOKA Teria

(W'G’)s =-0,05 K ™ ¢'). Bepxusst muarpamma (1) — obnacts rereparuu KOT casurom Hax cTpyeil; HIDKHUE
TpU nuarpammel, (2)-(4), OXBaThIBAIOT 00NACTb MO/ CTpyei. XOTs CAUT BO3pacTaeT Kak HIKE , TaK U BBIIIE
CTpYH, TypOyJeHTHbIe OEPCTHHTH ¢ OONBIIEH BEPOSTHOCTHIO BO3HHMKAIOT B obnactu moj crpyeil. Ha obonx
pucyHKax (6a,0) MOXXHO BUAETH, YTO MEX]y CIIOKOWHBIMH NIEpHOJIaMU HaOJIIOaeTCsl ‘B3pBIBHOE’ BO3pacTaHHue
KOT B mpenmenax CpaBHHTENBHO KOPOTKOTO BpeMeHHOro wmacmraba. Kpome Toro, MOXHO BHMIETH, UYTO
HUTEHCHBHOCTH TIOPOXJICHUSI B 00JIACTH I10]] CTPyeH BhIlIe, 4eM HaJ cTpyeil. Takoii xe BbIBoJ crienat B [11]
MIpY aHAJIN3€ JaHHBIX HAaTypHBIX n3MepeHuit CASES-99.
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Puc. 6a BpemenHbIe psi/ibl KUHETUUECKOI SHEPTUU Puc. 66. BpeMeHHBIE psibl TIepeMeKaromIeiicss KUHeTU4e-
TypGynentroctn E=1/2(u’? + v +w'?) Han Bepxueii cKoii sHepruu TypOynentroctd E=1/2(u? +v'? +w'?),
BETBBIO CTpyH ( Anarpamma (1)) v Ha HYDKHEH BETBU CTPYH TMIOJTy4YESHHBIE B CHIIBHO YCTOMYMBOM MOTPAHHMYHOM CJIO€
(mmrpammet (2) - (4)) B CHIIBHO yCTOWYMBOM HOTPaHUIHOM LES monemupoBanuem [4] ( ( w’e’)S =-0,05 Kmc';z—
cioe ( (w’e')g =-0,05 Kwm c"), moixyueHHbIC IPH YUCTICH- BepTHKaIIbHAs KOOpAHUHATA, h — BEICOTA HOTPaHUIHOTO
HOM MOJEIIMPOBAaHUH 110 TpexnapaMmeTpudeckoil RANS crost).

cxeMe TypOymneHTHOCTH. Ha KaXk1oii n3 guarpamm o ocu
abcIuc — JIOKaJIbHOE BPEMs B 4acax, 0 OCH Op/IMHAT -
KUHEeTH4ecKas dHeprust TypOynenTHocty E (M*c?).

[epemexaronuiics XxapakTep CKOPOCTH TYpPOYJIEHTHOTO TPEHHsI BOJHM3HM TOBEPXHOCTH (Ha IIEPBOM
pacuetHoM cioe ( Az /2 =1,5625M ) noka3aH Ha puc. 7.
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Us = ((—u’w’)2 + (—W)z)m
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JloxaneHOE BpEMs B Hacax

Puc. 7. BpemenHoi1 psix TypOysIeHTHOM cKopocTH TpeHHs: U, BOIM3M MOBEPXHOCTH (Ha BbIcoTe Z =1,5625 M) B KBa3nycTa-
HOBHBIIIEMCS CHITBHO YCTOWYHBOM ITOTPaHUYHOM CJIOE€, TOTYICHHBIH PU YHCICHHOM MOAEIHPOBAHUH 110 TpeXIapame-
Tprueckoit RANS cxeme TypOyaeHTHOCTH.
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matics, Russian Academy of Sciences and Hydrometcentre of Russia, is operationally used for medium-

range and seasonal forecasts. The dynamical core of the model uses fourth-order finite differences on
the unstaggered grid for approximation of non-advective terms of atmosphere dynamics equations. The vertical
component of absolute vorticity and divergence are prognostic variables. The model includes a set of parame-
terization for subgrid scale processes, developed by the ALADIN/LACE international consortium.

The global semi-Lagrangian atmospheric model SLAV developed in the Institute of Numerical Mathe-



Improvement of forecasts quality is closely related to the ameliorations in prognostic model. Recently,
the works are carried out on the model version having horizontal resolution of 20-25 km in the Northern hemi-
sphere, and vertical — 51 levels. This version shows smaller errors in comparison with the operational version
having horizontal resolution about 75 km and 28 levels down. Among recent developments of the model is the
introduction and tuning of more perfect parameterizations of short - and long-wave radiation, the multilayer
soil description. In the dynamical core (for solution of the atmosphere dynamics equations), the mass-conserv-
ing semi-Lagrangian advection algorithm is implemented. The scalability of program implementation in case
of horizontal resolution of 20-25 km is currently limited by 432 processors. The works on scalability increase
are being carried out.

The works are carried out with partial support of RFBR grant 13-05-00868.
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nobaipHas oynarpamkesa Moaeib atMmochepst IIJTAB [1], paspadorannas 8 UBM PAH u ['mnpomert-

nenTpe Poccnn, onepatuBHO NMpUMEHSETCS JUIS CPETHECPOUHBIX M CE30HHBIX NMPOTHO30B. J{nHaMuue-

CKH OJIOK MOJICITH OCHOBAH Ha IMOJTYJIarpaHKeBOM IOTYHESIBHOM aJITOPUTME, IPUMEHEHHH KOHEUHBIX
pasHOCTEH Y4EeTBEPTOro MOpsIKa Ha HECMEIICHHOH CeTKe /U allpOKCHMAIMN HEeaJBEKTUBHBIX CIIaraeMbIX
ypaBHEHHH TUHAMHUKH atMocdepbl. BepTrukanbHbIil KOMIIOHEHT aOCONIOTHOTO BUXPS M TOPU3OHTAJIbHAS JU-
BEPIreHIMS HCIIOJIB3YIOTCS B KAUECTBE ITPOTHOCTHYECKHUX IIEPEMEHHBIX. Mozienb BKIIIOYaeT B ce0st Habop mapa-
METpH3anuil MPOLIEecCcoB MOJCETOYHOr0 MacmTada, pa3paboTaHHBIH MEXIYHAPOIHBIM KOHCOPImyMOM ALA-
DIN/LACE [2].

[oBbImenne kadecTBa IPOrHO30B TECHO CBS3aHO C YCOBEPIICHCTBOBAHNEM IIPOTHOCTHYECKOI MOIeNH.
B nocnemaee BpeMs BeayTcs pabOTHI HaJl BEpCHEH MOJEIH, MMEIOIIeH TOpu30HTaIbHOE pa3pemienue 20-25 kM
B CeBepHOM MONTyIIapyuH, & BEPTHKAIBHOE — 51 ypoBeHb. DTa BepcHs AEMOHCTPHPYET MEHBIINE OLIMOKH T10
CPAaBHEHMIO C ONEPATUBHOI BepcUel, UMEIOIIEH TOPU30HTAIBHOE pa3peIIeHne OKoIo 75 KM U 28 ypoBHEH 1O
BepTHKaiIy. Cpean BeayIuxcs padoT — BKIFOUCHUE B MOJIEINb M HACTPOHKa OoJiee COBEPIICHHBIX TapaMeTpH3a-
LU KOPOTKO- M JJTMHHOBOJIHOBOM pajiMaliiy, MHOTOCJIOWHOH MOYBEI. B momynarpamkeBoM OJOKe pemeHus
YpaBHEHHH TUHAMHUKH aTMOc(ephl peann3yeTcs COXpaHEHHE MacChl BO3/TyXa M MACCUBHBIX CKalmsapoB. Mac-
mTabupyeMOCTh MPOTPAMMHON peai3allii MOJICITH IIPU TOPU30HTAIILHOM pa3pemeHnn 20-25 KM coCTaBiIsIeT
roka 432 mporeccopa, BeAyTcst pabOTHI 110 €€ TOBBIIICHHIO.

HexoTtopsle u3 BeIIenepedrcIeHHbIX paboT Oosiee ToIpoOHO pacCMOTPEHBI Aajee.

1. JIOKaJIbHO-KOHcepBaTHBHBIﬁ AJITOPUTM MOJyJarpaH;k€eB YHCJICHHOI0 PpEIICHUs
YPAaBHCHHUA MIEPEHOCA B TPEXMEPHOM CJIydae HA cq)epe B O CUCTEME KOOpAHUHAT 110 BEP-
THKaJIHU

3HAYUTENBHBIM HEJOCTATKOM IOJTyTarpaH)KeBbIX METO/IOB PELICHNS YPaBHEHUH THIPOTEPMOIMHAMUKI
arMocepsl SBIIIETCS HapylIeHHe 3aKOHOB COXpaHeHus! Macchl. Hanbouee cepbe3Ho 3TOT HEZOCTATOK HPOsIB-
JISIETCSI IPY MOJISIMPOBaHUK aTMOC(Eephl Ha CPOKHU OT Ce30Ha U Ooliee, T.K. 3a JUIUTEIbHOE BpeMs, B pe3yJIbTare
YUCJIICHHBIX OIIJI/I60K, macca MOJIGJ'II)HOIZ aTMOC(bepI:I " €€ KOMIIOHCHTOB MOKET 3HAYUTCIIbHO UBMCHUTHCA. Cy-
HICCTBYIOT PA3JIMYHBIC MMOAXOAbI K npoGneMe COXpaHCHUA MACChI NTOJTyJIarpaHKEBbIMU aJITOPUTMAMU. B JaH-
HOM pa0oTe nmpeacTapieHa peanu3alys TpeXMEePHO BEpCUH MOITyIarpaHXeBa KOHCEPBATUBHOTO (T.€. COXpaHsi-
IOIIETO MACCy) KaCKaIHOTO aJrOprUTMa YUCJICHHOTO PellleHus] ypaBHeHUs reperoca [3].

B curma-cucreme KOOpAUHAT IO BEPTUKAJIU, B THAPOCTATUICCKOM l'[pI/I6J'II/I)KeHI/II/I, YpaBHCHUC IIEPEHO-
ca B MHTETPAIbHOM (hOpPME 3aMKUCHIBACTCS KaK:

% a’p,q-cospdpdhc =0

A(t)

’

rne A(t) - npou3BoNbHbIH TarpaHxkes (T.€. IEPEMEIIAONIMICS C KUIKOCTBIO) 00bEM, d - PATUYC 3eM-
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JIH, ps - IPU3EMHOC NaBJICHHUC, (D, ﬂ/ - IIUpoTa 1 A0Jrora, o = p - BCpTHKaJIbHAasl KOOpAUHATA, p - J1aBJIC-

s
HHE, ¢ - KOHIIEHTPAIHs IEPEeHOCUMON BeTMYMHEL. [laHHOE ypaBHEHHUE ONUCHIBAET COXPAaHEHHUE MaCChI [IEPEHO-
CHMO}i BEJIMYHMHBI B J1arparxeBom oobeme A(1) .

ECIIM PEIoNoKuTh, 4TO Ha LIare 1o BpeMeHu n+ 1, narpamkes o0obem A(f) , coBnagaer ¢ HEKOTOPOit

[ o +1 o
SAYCUKOU BBIYUCIHUTCIBHOU CCTKH A(tn ) = Ai Jko TO CpEAHCC 3HAUYCHHUC KOHICHTPAUWKU MPUMECHU B OTOU
siaeiike Ha I1are o BpeMeHH n+1 MOXHO HalT 110 popMmyre:

(psq),-l:kVi,j,k = J‘az (psqy - cosQdodic (.

o A"
e Vl ik 00BEM STYEHKH CETKH Al. ke "

Brruncnenue nHTETpaa B NpaBoi YacTy ypaBHEeHHUs (1) COCTOMT M3 ABYX IIATrOB:

n
- Boccranosienne gopmbl narpamkesa oobema Ha mare 1o Bpemenu n - A(¢") (s1or war ananoruyen
BBIYHUCIICHUIO O6paTHI>IX TpaeKTopuﬁ YacTUll B HC KOHCEPBATHUBHBLIX MMOJTYyJIarpaHKEBbIX aﬂFOpI/ITMaX)

19 o n
- Beruncrienre Macchl IepeHOCHMON BETMYMHBL, 3aKTI04eHHOI B 00bemMe A(¢") (T.e. coGCTBEHHO BbI-
YUCIIEHHE HHTErpana oT p g ).

B nanHoit pa6ote ucnonb3syetcs anmnpokcumaius oobema A(¢") , kotopas no3posser pazoUTh BbIUU-
CJIEHHE TPEXMEPHOI0 MHTErpajia Ha TPU MOCIIEeI0BATENbHBIX BBIYUCICHUS OJTHOMEPHBIX HHTErpanoB (T.H. Ka-
cKaJHbli moaxon). I[lpuMeHeHne KackaHOTo MOAX0/1a 3HAaUUTENbHO MOBBINIAET BEIYUCIUTENBHYIO () (DEeKTHB-
HOCTb aJITOPUTMA.

IIpencraBneHHbIH aNrOPUTM YUCIECHHOTO PEIICHUs YpPaBHEHUS IMEpeHoca TEeCTUPOBAJICS Ha 3ajaue
«TBEp/OE BpallleHHe ¢ KojieOaHUsIMU 10 BepTukainm» u3 [4], «MneanuzoBanHas siueiika [ayies» u «ledopmu-
pyroumii motox» (1-1 u 1-2 u3 [5]).

B tecre «Mneann3zoBanHas A4eiika ['aqnes» 3a1aHo CI0XKHOE [10JIE CKOPOCTH BETPa B MIOCKOCTHU IIUPO-
Ta-BbICOTA, KOTOPOE CHIIBHO JIe(OPMHUPYET HAaYaIbHOE paclpeielieHHe MepeHOCUMOM BEJIMYMHBI, 3aKIIIOYCH-
Hoe B cioe Mexay 3000m u 5000Mm (cm. puc. 1, neBast komonka). Ilone ckopocTu BeTpa — 3aBUCHUT OT BPEMEHH,
gepe3 12 yacoB mociie Hayana MOAEIUPOBAHNUS BETEP «pa3BopaunuBaeTCsa» U 3a cieayronye 12 yacoB NpUBOAUT
TI0JIe KOHLIEHTPALUK B KCXOAHOE cOCTOosiHME. Takum 00pa3oM, TOUHOE pellleHHe COBIAAaeT C HauyalbHbIM pac-
HpeAeIeHUEM.

ITone ckopoctu BeTpa B TecTe «JlehopMupyromuii moTok» ABISIETCS CYHNEPIO3UIUCH BEPTUKATBHBIX
KoJIeOaHMi, TBEP/IOTO BPalLCHUs B/IOJIb IKBATOPA U Ie(h)OPMUPYIOIIEH KOMIIOHEHTHI BETpa B IFIOCKOCTH LIHPO-
ta-gonrora. JleopmMupyloias KOMIIOHEHTa 3aBUCUT OT BPEMEHH U MEHSET HalpaBlieHHne yepe3 6 MOJEIbHBIX
JHel. B kayecTBe Ha4aNbHOTO pacrpeesIeHuUs HCIONb3YIOTCS (DYHKIMU Pa3IMYHOM IIaJKOCTH (OT pa3pbIBHBIX
70 aOCOJIIOTHO IVIaJKUX), C HOCUTENIEM B BUJIE JIBYX JJUIMIICOMIIOB, PACIIONIOKECHHBIX B paiioHe sKkBaropa. B
Ipoliecce MepeHoca, HadalbHOe pacpeesieHue KOHIICHTPalluK PacTsIruBaeTcs B JB€ TOHKHX, CIIUPATIBHO 3a-
KPYUYEHHBIX MOJIOCHI (CM. pUC. 1, paBast KOJIOHKa), C OOJILIIMMHU 3HAYEHUSIMU I'paIieHTa Ha Kpasx. bnarogaps
«pa3BopoTY» JeopMHPYIOILEi KOMIIOHEHTHI MOJIsl BETPa, IPOUCXOSIIEMY Yepe3 6 MOJIEIbHBIX AHEH, TOYHOE
peuieHue Ha 12-# 1eHb COBMAJaeT C Ha4aJbHBIM paclpe/ie/IeHHeM KOHIIEHTPalluH.

Hopwmb! omm6ok /,, [, YMCIeHHbBIX pelleHH TECTOBBIX 3a/1a4, OJIYyYEHHBIX C IIOMOLIBIO JIOKaJIbHO-KOH-
CEpBaTUBHOIO aJrOPUTMa OKa3ajaKCh B 3-5 pa3 MeHbIlle, 4eM HOPMbI OLIMOOK aHAJIOTMYHBIX YHCIIEHHBIX pellie-
HHM, OJyYSHHBIX C TIOMOILbIO HE KOHCEPBATUBHOTO MOJIyJIarpaHKeBa ajlrOPUTMa, UCTIONb3YIOIIET0 TPH-KYOu-
YECKYI0 JIarpaHKeBy MHTepnossinuio. [IpencraBneHHbI J0KaIbHO-KOHCEPBATUBHBIN QJITOPUTM HCIIOJIB3YET
aNMpoOKCUMALIMIO MTOJICETOYHOTO PACIpeeNieHNs] KOHLIIEHTPALUH, He TPEIIoIaraollyo MajKocTh (GpyHKIUH
pacnpenieneHus Ha IpaHHULax sS49eeK, U, Kak CJIEICTBUE, ONUCHIBAET IEPEHOC BEMUYHH C HETIaAKUMU pacIipe/e-
JICHUAMU TOYHEE, YeM HEKOHCEPBATUBHBIN aJrOPUTM.
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Pucynoxk 1. JleBsrii ctonbemn: tect 1-2, «Mneanu3zoBannas siaeiika [amies», ce4eHUs B INIOCKOCTH IITH-
POTa-BBICOTA, CBEPXY BHH3: HAYaJIbHOE PACIIPEACIICHAE KOHLIEHTPAlUH IIEPEHOCUMOM BEJTMYNHEI (COBIIATALT C
TOYHEIM pEIIeHHEM, depe3 24 Jaca), YUCICHHOE penieHne yepe3 12 9acoB, YnCIeHHOoe peleHue yepes3 24 yaca
(IpuBeneHB! YNCIICHHBIE PEIICHHUS, TOTyYeHHbIe ¢ IOMOIIBIO MPEACTABICHHOTO JIOKaJIbHO-KOHCEPBATUBHOTO
anroputMma). [IpaBsrii cronberr: Tect 1-1, «lepopMupyrommuii MOToK», CEYeHHUs B TOPH3OHTAIBHOM TUIOCKOCTH
Ha BeicoTe 5000M, CBepXy BHH3: HadyaJIbHOE paclpe/ieieHie KOHIIEHTPAIIH TEPEHOCHMON BETMYUHEI (COBIIA-
JIaeT C TOYHBIM pelIeHueM, yepe3 12 qHei), YuciIeHHoe penieHne yepes3 6 THei, YUCIIeHHOe pemeHne yepes 12
JHEH (PUBEICHBI YUCICHHBIC PEIICHHUS, TOTyYSHHbIE C TOMOIIBIO JIOKAJILHO-KOHCEPBATHBHOTO AITOPHTMA).

2. Muorocaoiinas moneab nousbl UBM PAH B monenn armocgepsi IIJTAB

B xore 3KcrepuMEeHTOB TECTHPOBAIOCH BE BEPCHH MOIETH: cO cxeMoi TerooomeHa ISBA [6], koto-
pas mpuMeHseTcs B oneparuBHoi Bepcun monenu [TJIAB, u ¢ mHOTOCHO#HOI cxemoit UBM PAH [7]. Okcne-
PUMEHTHI OBLIH ITPOBeIeHBI Ha Bepcun monenu [1JIAB ¢ nmepemeHHBIM pa3pemieHneM 1o mupote (ot 30 kM B
nosoce mupot 48-90° ¢. m. 7o 70 kM B KOxHOM momymapun), paspemieanem mo gonrore 0,5625°u 50 ypoBHs-
MH 110 BEPTHKAJIH.

Br110 BEIMONTHEHO cpaBHEHHUE OMIOOK MPOTHO3a (CpenHel i abCOMI0THOI) TS BCeX 3a0/IarOBpEMEHHO-
cteii mporrosa (ot 12 no 72 gacos) mis Bepcun moaenu [TJTAB co cxemotit rermooomena ISBA u ¢ MEOTOCTION-
Hoii cxemoit UBM PAH mis nporao3os, crapryromux B 12 ¥ BCB mns 30 queit anpenst 2012 1., ¢ ocpenHeHrEM
omnOoK 3a Mecs1. B xoze cpaBHeHMSI OBLIO MOKa3aHO, YTO a0COMIOTHAS OITMOKA YMEHbBIIAeTCA IPU PUMEHEe-
HHUH MHOTOCJIOHHOM CXeMBI JUIsl BCEX PETMOHOB JUIS OOJIBIIMHCTBA 3a0/1aroBpEeMEHHOCTEH ¥ PETMOHOB (Ha pHC.
2 — ommbKu 1 3a0maroBpeMeHHOCTH 72 4). Takoe yMeHbIIeHHE OMHMOOK MPOTHO3a I PETHOHOB, IIE B
ampesie MPOUCXOANT oTTauBaHue MouBkl (Poccus 1 Azms), csi3aHo ¢ OoJiee MpaBUIIBHBIM OMTUCAaHNEM (Da30BBIX
IIepEeX0I0B BOJa/JIe B ITo4Be. B HacTodIIee BpeMs BeyTcs padoThI 110 peaii3allii CHCTEMbI 3aJaHuUs Hadallb-
HBIX YCJIOBHH JJIsI MOJIEJIH IIOYBHI 110 PeabHBIM JaHHBIM.

M _ecrins

2 nown 35 LEET

Pucynok 2 — Cpennss (cneBa) 1 abcontoTHas (crpasa) omnOka, IporHo3sl Ha 72 yaca. OcpeaHEHHbIE Pe3ybTaThl 3a
anpens 2012 .

Pabora BeImonHeHa npu yacTuaHOo# noanepxkke PODU (rpant 13-05-00868).
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information is gained via various observational platforms such as satellites, drifting buoys, moorings,

submarines and ice-breakers. Numerical modeling is also important part of the efforts on analyzing
ocean and ice changes in past and in present days for better prediction of the Earth climate evolution in future.

Modern regional Arctic Ocean and global models achieved an impressive progress, both in physics and
in numerics. Meanwhile Arctic Ocean is a complicated physical object, and it’s not enough to increase the
model resolution. Authors have 10 years of experience of Arctic Ocean modeling in projects AOMIP and DA-
MOCLES and recognized, that the problem of the numerical modeling should be reformulated once again, for
actually no of the principal questions, putted down at the beginning of the, say, AOMIP, were answered prop-
erly. As an example of the problem which demands physical rather than computational approach the problem of
the Atlantic and Pacific waters transport is presented. Some other problems — say, problem of deep convection
under the sea ice, or problem of the ice-ocean boundary layer are also under discussion.

Thus, we aimed to put a set of questions (and will try to give an answer on some of them):

e What are the principal physical processes, responsible for the changing Arctic Ocean climate forma-
tion and how adequately these processes are represented in modern models?

e What is (if any) the optimal model resolution to represent the observed state of the Arctic Ocean under
the traditional approximations of hydrostatics, Boussinesque and incompressibility?

e Where is the limit of the traditional physical approximations, and in what regions, if spatial resolution
will be finer?

e What kind of new parameterizations will be required and which old ones will be still valid for the ex-
tremely fine resolution models?

e And, finally, what is more important now — to invest in new fine resolution models (on structured and
unstructured meshes) or in more sophisticated physical parameterizations in the limits of the already developed
coarse resolution models?

l ast decades were characterized by the growing scientific and practical interest to the Arctic Ocean. The
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orery XX — Haganmo XXI Beka ObUIM O3HAMEHOBAHBI 3HAYUTEIFHOW aKTHUBH3AIMEH MEXIyHapOIHBIX

uccIen0BaHnil B APKTHKE, KOTOPBIE IIIJIH 110 HECKOJIBKUM HalpaBlieHusIM. [Ipex e Bcero, 3HaInTETbHO

oboraTuiics HHCTPYMEHTApUil MOMy4YeHNs TaHHBIX HaOmoneHnid. Mupopmanumio o cocrosanu Cesep-
Horo JIemoBUTOro OKeaHa JaroT pa3IndHbIe CIyTHUKOBBIE CHCTEMBI, B OCHOBHOM OPHEHTHPOBAaHHBIE HA H3Me-
peHue mIomaan Jibaa. EcT MOCTOSHHO MEHSIOMIANACS CETh U3 JOBOJIBHO OOMBIIOTO KOJIH4YeCcTBa OyeB, 00benn-
HEHHas B paMKax MexXIyHapomgHOW ApKTHIECKOH porpaMMel 0yeB IABP - International Arctic Buoy Program
(mHbOpMamHIo 0 paboTe MPOrpaMMEI, a TAKKE BCe COOpaHHBIC JaHHBIE MOXHO ITOTyIUTh Ha caiiTe http://iabp.
apl.washington.edu/). OcobeHHOCTS HCITONB30BaHUS OyeB B APKTHKE — TPYOHOCTH PeaM3aIliyl MPOTPaMMEbL
BerutbIBaromuMu Oysmu tuna Argo (http:/www.argo.ucsd.edu), Tak Kak MPOUCXOIUT pa3pyLIieHne Oysl IPU €T
BCIUTBITHH M CTOJKHOBEHUH CO JIbAOM. [/laHHBIE ¢ OyeB MO3BOISIOT MOIy4aTh HH(OPMAIMIO O TEMIIEpAType,
COJIGHOCTH, HEKOTOPBIE METEOPOIOTHIECKUE TapaMETPhI, U OTCIICKUBATH MOIOKEHUE Oy, YTO ITO3BOJISET BBI-
YHUCIIUTh CKOPOCTH JIpeiida ibaa. B KiIro4eBbIX MpOMMBax yCTaHABINMBAIOTCS 3aIKOpPEHHbIE OyH, OPHEHTHPO-
BaHHBIC HA M3MEPEHUS MPOQUICH TEMIEpaTypsl U COJICHOCTH, W, B MEHBINEH CTENEHN — CKOPOCTH TEUEHHH.
JlanHble OyeB DOTIOMHSIOTCS JAHHBIMH, IOIyYSHHBIMH C CyZIOB, HEMHOTOYHCIIEHHBIMU JJAHHBIMH, MTOTY9EHHBIX
aBTOHOMHBIMH TOIBOAHBIMH IIJIAHEPAMH U JaHHBIMH, NIOJyYCHHBIX [TOABOJHBIMH JIoAKaMu. [IporoTum uaTeT-
pHpOBaHHOU crcTeMBI cOopa  00pabOTKU TaHHBIX, OOBEANHSIONIEH BCe HAOMIONaTeNbHbIC TIaT(GOPMEBL Yepe3
CHCTEMBI aCCHMIJIIIINY TaHHBIX, co37aH B xofe npoekra DAMOCLES (Developing Arctic Modelling and Ob-
serving Capabilities for Long-term Environmental Studies — Pa3zpaboTka BOZMOXHOCTEH MOIECINPOBAHUS U
HaOmoeHNsT APKTUKH [JIs1 JONTOTIEPHOAHBIX NCCIIENOBAaHNI OKPY KAIOIIEH CPEebl) - HHTETPUPOBAHHOM €BPO-
riefickoM BKJazne B Mexayrapoassiii [omsapasrii ['ox 2007-2008, cm. http://www.damocles-eu.org.

Jns pereHus 3a1a4 MOHUTOPHHTa APKTHKH U O0JIee TIOTHOTO TIOHUMAHUS POJTH TIOJISIPHBIX PETHOHOB B
100aIBbHON KIIMMAaTHYIECKOH CHCTEME HEOOXOANMO ITOAAEPKHUBATh HCCIIEN0BAHMS, CBA3aHHBIE HE TOJIBKO CO
cOOpOM IrHAPOTOTHIECKOI HH(OPMAIINH, HO ¥ TIPOEKTHI, CBSI3aHHBIE C YUCICHHBIM MOJCITNPOBAaHUEM IHHAMH-
KM JISIOBOTO MOKPOBA M IMPKYJSIIUU BOJAHBIX Macc. B 4acTHOCTH, IPOEKTHI, HANIPaBJIEHHbBIE HAa Pa3paboTKy
MOJIEJIeH, CTIOCOOHBIX BOCIIPOM3BOIUTD MPOIIIIOE COCTOSIHAE KIMMATHIECKOI CHCTEMBI U ee n3MeHeHus. Llenb
9THX pabOT 3aKII0YaeTCs B BBSICHCHUH B3aNMOCBS3€H B KIIMMATHYECKOH CHCTEME, TOUCKE IIPHYMHHO-CIIECT-
BEHHBIX OTHOIIEHHH B IIPOIILIOM U ITPOBEICHUE PACUETOB IT0 PETIOIaracMbIM CLICHApHUSIM Pa3BUTHUS COOBITHI
B Oymymem. OmHHM W3 TakuX NPOEKTOB SBISUICS MeXAyHapomHblii mpoekt AOMIP (Arctic Ocean
Intercomparison Project, http://www.whoi.edu/page.do?pid=29836), craproaBmmii B 2001 roxy u mpeobpa-
3oBaHHEI B 2012 roxy B MexxayHapoaasrii npoekT FAMOS (The Forum for Arctic Ocean Modeling and Obser-
vational Synthesis, http://www.whoi.edu/projects/famos/). OcHOBHO# 3aaueii, KOTOpasi CTaBUJIACH Ha CTapTe
poekTa, OpUT0 OoJiee TITyOOKOoe MOHNMaHKE (PU3NICCKIX MEXaHU3MOB (DOPMHPOBAHUS CPETHETO COCTOSHUS U
M3MEHYMBOCTH BOJ M MOPCKOTO JIbJ]a CEBEPHOH MOJSIpHOIT 0bmacT MupoBOro okeaHa Ui ux 0oJjiee TOYHOTO
BOCHpOM3BeeHU B Moneisix 3eMHo# cuctemsl (Monensax [PCC-xiacca). Ilpeamonaranocs, 9To OCHOBHBIM
MHCTPYMEHTOM HCCIIEJOBaHUS OyleT SIBISTHCS YHCICHHOE MOAenrpoBanre. KOHKpeTHbIMU 3a/1adaMu Hcciie-
JIOBaHMUS ABISIINCH CIIEAYIOIIIE:

® TCCTUPOBAHNE U BepH(UKALNS COBMECTHBIX MOZIETIEH OKeaH — JIe]] Ha OCHOBE IIPOBEICHHS KOOPANHH-
POBAaHHBIX HKCIEPUMEHTOB, B KOTOPBIX JKECTKO (PHKCHPOBAINCH apaMeTpsl aTMoc(hepHOro (popcuHra, CToK
peK;

® YCOBEPIICHCTBOBAHNE MOJIEJICH Ha OCHOBE HCIIOIb30BAHUS COBPEMEHHBIX IIOIXOA0B YHCIEHHOTO MO-
JEIMPOBaHUS U BBEACHHS GU3UUIECKUX ITapaMeTpU3anuii;

® yiCCIIEZIOBAaHNE N3MEHUYMBOCTH COCTOSHUSI BOXHBIX Macc ¥ Mopckoro sibaa CJIO Ha Ce30HHBIX U AeKaa-
HBIX MaciTabax. BersgBieHne MEXaHHU3MOB, OTBETCTBEHHBIX 32 MPOMCXOASAIINE N3MEHEHHUS.

HauaneHe1i KOOpAMHUPOBAHHEIA SKkciepuMeHT AOMIP mpu ucmonp30BaHUM JaHHBIX aTMOC(HEPHOTO
peananm3a NCEP/NCAR BB IOpa3UTENbHBIC PA3INIH MEXIY PEe3yIbTaTaMH YHCICHHOTO MOIETHPOBa-
HUSI IO MHOTHM KIJIIOYEBBIM MapaMeTpaM — PA3IHUmsl ObUIN KaK MEXIY MOJEISAMH, TaK U MEKAY MOJEISIMUA U
naHHBIMH HaOmroneHnid. CeBepHBI JIeMOBUTHI OKeaH OKa3alcs JOBOJIHHO CIOKHBIM PETHOHOM ISl YHCIICH-
HOTO MOZIENIMPOBaHUsL. [|Ba BBIBOAA, KOTOPBIE ITOCIIENOBAIN B PE3YIbTaTe aHAIN3a 3TOr0 IKCIIEPUMEHTA:

® OCO3HAHHUE TOTO, YTO YHCIECHHBIE MOJEIH BOCIIPOU3BOAAT COJIEHOCTh OKEaHa, KOTOPas 3HAYUTEIHLHO
OTKIJIOHSETCS OT HaOMIOAaeMBIX CPETHEMHOTOJIETHHUX TIOJIEH;
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® [[MKJIOHHMYECKOE HaIlpaBJIeHHUEe MMOTOKA aTJIaHTUYECKUX BOJ BAOJb MaTepukoBoro ckiona CJIO, coot-
BETCTBYIOIIICE MIPUHSITON B HacTosIee BpeMs cxeme [Rudels, 1994], BOCIpon3BOIMIOCH TOIBKO B HEKOTOPBIX
MOJICIISAX, ISl OCTAJIBHBIX MOJICNICH MOTPeOOBaIaCh JOMOTHUTENILHAS IEPepa0dOTKa, TIOCKOIBKY OHH BOCIIPOU3-
BOJIMJIM AaHTUIIMKIOHUYECKUN TTOTOK.

Hecmotpst Ha nocnenoBapmmii ¢ 2002 roga 3HAYUTENBHBIN IPOrpecc, OCHOBHBIE 3a7a4H, KOTOpPhIE CTa-
BIJIMCH B HayaJie IPOCKTa, TAK U HEe OBUIH pelieHbl. Tak, He ObLIO TOJIYYEeHO OTBETa HA MEXaHU3MBbI (POPMHUPO-
BaHUsI HAONFONaeMOM UPKYJISAINK aTIAHTUICCKUX U TUXOOKCAHCKHX BOJI, a, CJIC0BaTeIbHO, He ObuTH chop-
MYJIMPOBaHBI AlIPUOPHBIC TPEOOBAHUS K MOJICIISIM, KOTOPBIC JOJIKHBI BOCITPOU3BECTH 3Ty IUPKYJIsiuto. K co-
JKAJICHUIO, KOOPIMHUPOBAHHBIC SKCIICPUMCHTBI, B PE3YJIbTaTe KOTOPBIX OBLIH OBl BBISABICHBI IPCUMYIIECTBA U
HEIOCTATKU MOJICIICH B BOCITPOU3BEICHUH OKCAaHHUYCSCKUX MPOIECCOB, OBLTH MPOBEICHBI HA HAYAIBHOM JTare
npoekTa. OTIeNbHbIe SKCIIEPUMEHTHI, TPOBOJUMbBIC PA3IMUYHBIMU FPYIIaMHU B paMKax pa3JInYHbIX CIEeIHa-
3UPOBAHHBIX TOAMIPOrPAMM, HCIIOIB3YIOT PA3IUYHBINA aTMOC(EPHBII ()OPCHHT, YTO BHOCUT HEOTIPEICIICHHOCTh
B aHAJIU3 U CpaBHEHUE MOJIETIEH.

B nacrosiiiee Bpemsi ycuiImiIach TEHACHUUS TPOBEICHHSI SKCIIEPUMEHTOB MIPU MOBBIILIEHHOM CETOYHOM
pa3pelieHnu, YTo €CTECTBEHHO /ISl BocTIpou3BeieHus AuHaMuku CeBepHoro JIeqoBUTOro OKeaHa, XapakTepu-
3YIOIIErOCs. MaJbIMU XapaKTCPHBIMHU MPOCTPAHCTBCHHBIMH MaciiTabamMu JBMKCHHH (TIEPBBINA OapOKITMHHBINA
panuyc nedopmanuu PoccOu cocrariser nopsinka 3-5xm). EcTecTBeHHO, 4TO [T pacyeToB Ha OOJIBIIME UH-
TEpBaJIbl BPEMCHH TPEAIOYTHTEIBHEE BBINISST IO0ATBHBIC MOJICITH, HE TPEOYIOIIHE TOBOJIBHO XUTPOYMHON
MOCTAHOBKHY I'PAaHUYHBIX YCIOBUN HA «OTKPBITHIX» rpaHuiiax. OIHAKO BBICOKOE MPOCTPAHCTBEHHOE pa3pelle-
HHUE U TI00anbHas MOJICIIbHAS 00JIACTh 3aTPYAHSIOT MPOBEICHUE PACUCTOB HA JJTUTEIBHBIN CPOK, TTO3BOJISIO-
L1 TOBOPHUTH O BBIXOJC PCIICHUS HA «MOJCIBHBIA KIMMAaT» - OOBIYHO JUIS BEPXHETO KHUJIOMETPOBOTO CIIOS
OKEaHa 3TO BpEMs MOPSIKAa HECKOIBKUX COTEH JIeT. KpaTKoBpeMeHHBIH mepros pacuera (MopsaKa IBYX Iecs-
TUJICTHUI), BOSMOXKHBIN TPHU MOBBIIICHHOM pa3pelieHuu (Mopsaka 3xm), WId CIUHUYHBIC SKCIICPUMCHTHI HE
TO3BOJISIFOT OLIEHUTH, BOCIIPOM3BOAUT JIU YUCIEHHAS! MOJIEb CPETHEMHOTOJIETHEE COCTOSIHUE U U3MEHUYUBOCTD,
W3BECTHYIO M3 JIAHHBIX HAOIIONCHUIA B TEUCHUE BCETO UCCIICAYEMOTO Meprona, HaunHas ¢ 1948 r. mo HacTos-
1e€ BpeMsi, U UTO SIBJISICTCS] IPUYMHON COOTBETCTBYIOIIETO MOBEICHUS MOJIEIH.

Cpeau npoBOAMMBIX KOOPAMHUPOBAHHBIX SKCIIEPUMEHTOB MOYXKHO OTMETHUThH SKCIIEPUMEHT IO aHAIU3Y
pacmpocTpaHeHus TuX0okeaHckux Box [Proshutinky, et. al., 2011]. TToce mpoBeieHUs 3KCIIEPUMEHTA OCTACT-
Cs1 OTKPBITHIM BOIPOC: MIOYEMY YHCIIEHHBIE MOJIEIIH BOCIIPOU3BOAT PA3IMYHYIO TPACKTOPHIO TOTOKA TUXOOKE-
AHCKHX BOJI, IPUYEM Ha KAYECTBO MOJICIIFHBIX PE3YJIBTATOB MO CPABHCHHUIO C JIAHHBIMU HAOIIOICHUH (hopMalib-
HOE IPOCTPAHCTBEHHO-BPEMEHHOE pa3pellieHre He UMeeT omnpeaensitouero 3HadeHusi? Kakue mnpoieccol He
ONKCHIBAET KOHKPETHAsl YUCIIEHHAsl MoJiesb? PelieHre Takiux BOMPOCOB CBSI3aHO C MOCTAaHOBKOM 3a7a4yK aHa-
nu3a GU3MICCKUX MEXaHHU3MOB, MPUBOASIIINX K TEM WM MHBIM U3MCHCHHUSM B COCTOSIHUM MOPCKOTO JIbJIa U
BonHbIX Macc CJIO.

Kak yxe orMeuanock, BaxxHbIMA (usuueckumu ocodeHHocTsiME CJIO SBISIOTCS MaJICHBKHUN OapOKIIMH-
HBII pagnyc nedopmaunu PoccOu (mopsinka 3-5xum), ManeHbkuit Maciitad PaiiHca (Taroke nopsiaka 3-5xkv Ha
MaTEPUKOBOM CKJIOHE), M COYCTAHKE B OJJHOM PETHOHE KaK OYeHb CHIIBHO YCTONYMBOM CTPATU(UKAIINH B JICTHUN
Ce30H (B CBs3U ¢ (POPMUPOBAHUEM TEIUIOTO M IIPECHOTO BEPXHETO CJI0sT), TAK M HEYCTOHYMBOM CTpaTU(HUKAITIH C
30HAMHU DTyOOKOM KOHBEKLIMH, pOHHKaromel 1o aHa (B Hopsexcko-Ipennanackom mope). Takoi MajgeHbKHI
TOPU3OHTAIIBHBIN MacITad B KOMOMHAIMY C OCOOCHHOCTSIMH CTPATU(HUKAIIIH IIPUBOHT K CIIOKHOCTSAM MPU MO-
JICTUPOBAHKUHU. DTO CBSI3aHO C TeM, 4TO paanyc PoccOu u maciurad PaitHca 1Mo mopsiiKy BETUUUHBI COBIAIAIOT C
MIPOCTPAHCTBEHHBIM MAcCIITA0OM, IIPU KOTOPOM HEOOXOUMO OTKA3hIBATHCS OT MPUOMKECHHS THIPOCTATHKH (TIe-
pEXomHast 30Ha B 3aBUCUMOCTH OT OCOOCHHOCTEH BEPTHKAIBLHON CTPYKTYPBI HAXOMUTCS B quana3oHe 1-10xm).
INombiTKa OMKCaTh MPSIMO MPOCTPAHCTBCHHBIC MACIITAOBI MTOPs/IKA 1Ky IPUBOIUT U K MPOOJIeME SBHOTO OIUCa-
HUSI KOHBEKTHBHOTO NIEPEMEIIMBAHNUS, TAK KaK B 3TOM CIIy4ae MbI MPUOIKaeMcs K MacinTaly KOHBEKTHBHOU
sueiiku (opsiaka 1004). BeposiTHO, YTO UIMEHHO C MaJeHbKHMH XapaKTepHBIM FOPHU30HTAIBHBIM MaciTaboMm
BUXpEH M CBsA3aH TOT (haKT, YTO YBEIMYCHUE TPOCTPAHCTBEHHOTO Pa3pEIICHUS HE JaeT OKUaaeMoro sdekra B
IJIaHe TOYHOCTH OMMCaHUsl MHTEHCUBHBIX CTPYH U MepeHoca Teria u coseid. [Ipr ropuzoHTanbHOM pa3pelieHun
TOPSIZIKA SKm CIEKTP MOJIEIN 00pe3aeTcsi Ha MaclTabe HaKadKH, ¥ 3TO HE TO3BOJISICT MPABMIIEHO OIHCATh TIepe-
XOJIbI HEPTHH IO CIICKTPY. TakuM 00pa3oM, Iepexoj1 OT pa3pelieHus nopsaka 20xm K pa3perieHuo MopsiIKa Skm
MOMKET COMPOBOXKIATHCS aXe YXYIIICHUEM Pe3y/IbTaroB, TaK KaKk OpraHM30BaHHbBIE CTPYH paclaaloTcs Ha Lie-
TIOYKHU BUXpEH, JMHAMUKA KOTOPBIX OMMCaHa HeaJeKBaTHO. B pe3ynbsrare cTpyu pa3pylaroTcs, a MOTOKH Teria 1
CoJIel pe3Ko MalatoT. ITO NPUBOAUT K HEBEPHOMY OTIMCAHUIO COCTOSIHUSI OKEaHa B LIEJTIOM.

Bce 3T0 no3BosISIET NPEANONOKUTE, YTO B HACTOsIIEE BpeMs 3aaady MoaenupoBanus quHamuku CJIO
clielyeT paccMaTpuBaTh HE TOJILKO KaK 3a/lauy BBIYMCIUTEIBHON MaTEeMaTUKU U BBIYUCIUTEIBHBIX TEXHOIO-
THi, a cKopee KakK (PU3HYEeCKyYIo 3a/1a9y 110 OTPEICIICHUIO Hanbolee CYIIeCTBEHHBIX MACIIITA00B U CBSI3aHHBIX C
HUMH (DPU3AYECKUX MPOIECCOB.

VYyactBys B TeueHue aecsatuiierus B AOMIP, aBTopbl CUUTAIOT, 4TO HampaBjieHHUEe, CBA3aHHOE C Pa3BU-
THEM U KanuOparue ynucieHHbIx Mojeleii CJIO momkHO ObITh aKTUBU3UPOBaHO. C TOYKHU 3PCHUS TOCTPOCHUS
YHUCIICHHBIX MOJICNICH ¥ MPOBEICHUS BBIYUCIUTCIBHBIX IKCIICPUMEHTOB B HACTOSIIHA MOMEHT HEOOXOIUMO
OTBETUTH Ha PsiJi OCTPO CTOSAIIUX BOIPOCOB, TAKUX KAK:



e Kakue ¢usnyeckre npolecchl OTBETCTBEHHHI 32 (hopMupoBaHue Habmonaemoro cocrostaust CJIO u
KaK OHM OIHCaHbI B COBPEMEHHBIX MOJIEIISIX (€CTECTBEHHO, 37IECh MBI TOBOPHM 00 OINpEeICHHOM IIPOCTPaHCT-
BEHHOM MaciuTabe, pa3jinuaeMOM COBPEMEHHBIMU CUCTEMaMH HaOJoieHnit)?

e Kakoe npocTpaHCTBEHHOE pa3peleHue CleyeT CUNTaTh ONTHMAIBHBIM (C TOYKH 3PEHHS TOYHOCTH
peleHus: 1 00beMa BBIYMCIUTENBHBIX 3aTpaT) it Mozenuposanus CJIO B pamkax CyIIeCTBYIOIINX MOJEIEH,
WCIIONB3YIOIINX TaK Ha3bIBAEMbIE «TPAJULIIUOHHBIE» NPUONMKEHHS — THIPOCTAaTHKHU, byccrHecka 1 Hec)kuma-
eMocTh?

® ][0 kaKoro NpocTpaHCTBEHHOTO MaciuTada, ¥ B kKakux paitonax CJIO OyayT cripaBelUIMBBI OCHOBHBIC
TIPEATIOIOKEHUS O COCTOSTHUU OKeaHa M MOPCKOTO JIbJ[a, HCIIOJIb3yeMble ceifuac, pu nepexoze K 6ojee BICO-
KOMY IIPOCTPaHCTBEHHOMY Pa3peleHnto?

e Kaxwue notpeOyroTcst HOBbIE NapaMeTpU3alliy, 1 KaKKue cTapble apamMeTpu3aluy nepectadyT pado-
TaTh MPHU Nepexozie K 00jiee BHICOKOMY IPOCTPaHCTBEHHOMY pa3pelieHHI0?

e |1, HakoHell, YTO B JaHHBIIl MOMEHT BayKHEE — HaIPaBIISITh YCHIIMS Ha yBEJIMUYCHUE IIPOCTPAHCTBEHHO-
TO pa3peuieHus (B paMKax CTPYKTypHPOBAaHHBIX M HECTPYKTYPHPOBAHHBIX IPOCTPAHCTBEHHBIX alllpPOKCUMa-
LIWi{) WM Ha YIy4lIeHHe MapaMeTpu3alny GU3NYecKruX MPOLECCOB B MpeJesax yKe JOCTUTHYTOrO pa3pere-
Hus?

OTH BONPOCH! aKTyaJbHBI HE TOJBKO JUIsl 33/1a4 MonenupoBanus CesepHoro JlenoBuToro okeana, Ho U
JULsl BBIOOpA CTpaTeriy MOJEeTMpOBaHnss MUpPOBOro oKkeaHa B paMkax Mozeneit 3eMHoit Cuctemsl st TpOrHo-
30B U3MEHEHHH KIIMMaTa.
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1. Introduction

The Northern Eurasia Earth Science Partnership Initiative, or NEESPI, is a currently active program of
internationally-supported Earth systems science research, which has as its foci issues in Northern Eurasia that
are relevant to regional and global scientific and decision-making communities. NEESPI is an interdisciplinary
program of internationally-supported Earth systems and science research that addresses large-scale and long-
term manifestations of climate and environmental changes.

NEESPI Study Area (Figure 1) includes: former Soviet Union, northern China, Mongolia, Fennoscan-
dia, and Eastern Europe. This part of the globe is undergoing significant changes — particularly those changes
associated with a rapidly warming climate in this region and with important changes in governmental structures
since the early 1990s and their associated influences on land use and the environment across this broad ex-
panse. How this carbon-rich, cold region component of the Earth system functions as a regional entity and in-
teracts with and feeds back to the greater Global system is to a large extent unknown. Thus, the capability to
predict future changes that may be expected to occur within this region and the consequences of those changes
with any acceptable accuracy is currently uncertain.
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One of the reasons for this lack of regional
Earth system understanding is the relative paucity of
well-coordinated, multidisciplinary and integrating
studies of the critical physical and biological sys-
tems. By establishing a large-scale, multidisciplinary
program of funded research, NEESPI has been aimed
at developing an enhanced understanding of the in-
teractions between the ecosystem, atmosphere, and
human dynamics in Northern Eurasia. Specifically,
the NEESPI strives to understand how the land ecosystems and continental water dynamics in Northern Eurasia
interact with and alter the climatic system, biosphere, atmosphere, and hydrosphere of the Earth.

N Figure 1. NEESPI logo. It

3 shows also the NEESPI
o study domain and its major
land cover types.

2. From conception to present days

Eight years ago Northern Eurasia Earth Science Partnership Initiative (NEESPI) was launched with the
release of its Science Plan (http:/neespi.org). This web site contains the NEESPI history, presentations at the
NEESPI past conferences, the NEESPI Science Plan (260 pp.) and its Executive Summary (18 pp.; also dubbed
in 2007 as a refereed publication in the Special NEESPI issue of “Global and Planetary Change”). The NEESPI
Science Plan includes elements of WCRP, IGBP, IHDP u DIVERSITAS. Gradually, the Initiative was joined by
numerous international projects launched in EU, Russia, the United States, Canada, Japan, and China. NEESPI
duration ~ 12 years (started in 2004). Throughout its duration, NEESPI served and is serving as an umbrella for
more than 155 individual international research projects (Figure 2). Currently, the total number of the ongoing
NEESPI projects (as on May 2013) is 50 and has changed but slightly compared to its peak (87 in 2008). More
than 700 scientists from more than 200 institutions of 30 countries worked or are working under the Initiative
umbrella. Recently, we queried the NEESPI Principal Investigators and found that more than 75 PhD Theses
devoted to Northern Eurasia studies were defended during the life of the Initiative.

It

Active NEESPI Projects per year
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Figure 2. Completed and ongoing NEESPI Projects by country (or group of countries) sorted by funding source and per
year as of May 2013..

3. NEESPI Outreach

During the Mega-Project life, more than 1,160 papers and 31 books were published. The past 24 months
were extremely productive in the NEESPI outreach. NEESPI leadership organized six Open Science Sessions
at the major Geoscience Unions/Assembly Meetings (EGU, JpGU, and AGU) and six International Workshops.
The programs of three of these Workshops (in Tomsk, Yoshkar Ola, and Irkutsk, Russia) included Summer
Schools for early career scientists. More than 320 peer-reviewed papers, books, and/or book chapters were
published or are in press since January 2011 (this list was still incomplete at the time of preparation of this ab-
stract). In particular, a suite of 25 peer-reviewed NEESPI articles was published in the Forth Special NEESPI
Issue of “Environmental Research Letters” (ERL) http://iopscience.iop.org/1748-9326/focus/NEESPI3 (this is
the third ERL Issue). In December 2012, the next Special ERL NEESPI Issue was launched http://iopscience.
iop.org/1748-9326/focus/NEESPI4. Northern Eurasia is a large study domain. Therefore, it was decided to de-
scribe the latest findings related to its environmental changes in several regional monographs in English. Four
books on Environmental Changes in the NEESPI domain were published by the University of Helsinki (Grois-
man et al. 2012), Akademperiodyka (Groisman and Lyalko 2012), and Springer Publishing House (Gutman and
Reissell 2001; Groisman and Gutman 2013) being devoted to the high latitudes of Eurasia, to Eastern Europe,
and to Siberia. We expect that one more book devoted to East Asia (Chen et al. 2013) will be published simulta-
neously by Higher Education Press and De Gruyter Publ. House in Beijing and Berlin respectively prior to
commence of this Meeting.
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Figure 3. Dynamic of the NEESPI publications by year.

4. Content of the presentation at the Conference

In this presentation, the description of the NEESPI Program will be complemented with an overview of
the results presented in the latest our books:

e Arctic Land Cover and Land Use in a Changing Climate: Focus on Eurasia

® Earth System Change over Eastern Europe

® Regional Environmental Changes in Siberia and Their Global Consequences;

® Dryland East Asia: Land Dynamics amid Social and Climate Change and

o The future of the Initiative will be discussed.
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Assessment of the impact of different stratospheric aerosol models
from volcanic origin on the Earth radiation-thermal regime
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aerosol, variations of which are able to generate regional and global climatic variations. In the process of

examining this issue, the main focus is usually paid to modeling of the aerosol influence on the radiation
and temperature regimes of the climate system, but the impact on climate of the structure of aerosol particles
and their distribution by size usually is not taken into account. Without the parameters of the aerosol distribu-
tion, it is impossible to correctly assess aerosol impact on the radiation regime modifications which may have
different sign, in depending of the values of these parameters.

The impact of the two-layer particles of stratospheric aerosol is simulated on the Instantaneous Radia-
tive Forcing (IRF) and the stationary climate temperature regime. Aerosol particles are described by the form-
factor ff=r/r,,.,, where r is the radius of the particle, r,,,,1s the radius of its kernel. The lognormal size distribu-
tion r is considered. Different values of the form-factor describe the different stages of the 75% sulfate shell
formation. Three models of “two-layer” aerosol particles are discussed: 1) two-layer particles are two-layer
particles, which have a sharp boundary between the kernel and the shell; 2) antireflection particles are two-layer
particles, which do not have sharp boundaries between the kernel and the shell; 3) quasihomogeneous particles
are homogeneous particles, which have the same integral optical characteristics, as well as two-layer particles.
Also are given the results of similar calculations with the homogeneous particles of 75% sulfate aerosol. The
optical properties of aerosol particles are calculated according to the Mie theory.

There is used a two-dimensional zonally and annually average steady state energy balance radiative-
convective equilibrium model. This model is semi-empirical with the detailed radiation code, the parameter-
ized energy transfer, the conservation of the relative humidity in the troposphere, and the albedo — temperature
feedback.

The calculations of the IRF and surface temperature changes due to different stratospheric aerosol mod-
els are carried out. The stratospheric aerosol layer have optical thickness is 0.05 at a wavelength of 0.55 um.
Aerosol layer is located above the tropopause. Ensembles of aerosol particles with the following characteristics
are considered: the position parameter a, = 0,05, 0.3, 0.5 um, the shape parameter 6, = 1.1, 1.5, 2.0, 2.5 um and
form-factor values ff'=1.43, 2.057,2.745, 3.439.

Conclusion: 1) The size distribution of volcanic aerosol particles, its internal structure ff' may exert a
significant influence on the changes of the radiation field of the climate; 2) In some cases the IRF due to the
stratospheric aerosol variations is not reliable index for climate change evaluation; 3) Considered two-layer
particles and two-layer antireflection particles have more efficient antigreenhouse properties (geoengineering)
than the particles of 75% sulfate aerosol.

The study is supported by SPSUACE (Grant Ne 2F-11).

In climate changes, caused by natural and anthropogenic factors, an important role is played by stratospheric
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Ba)KHYIO POJIb HTPAET CTPATOC(EPHBIH a3P030JIb, BApHALUH KOTOPOTO MOTYT IIPHBOIHUTE K PETHOHAIb-

I I Py N3y4CHUHN M3MCHCHHMI Kiumara, O6YCJ'IOBJ'ICHHLIX CCTCCTBCHHBIMU U aHTPOIIOICHHBIMU Q)aKTOpaMI/I,
HBIM U INIOOABHBIM KIIMMATHYECKUM H3MEHEHUSIM. PaCCManI/IBaﬂ Ty HpO6J’ICMy, OCHOBHO€ BHHMa-



HUE O0BIYHO YJEISEeTCS] MOACIMPOBAHUIO BIMSHUS a3p030JIsd Ha K3MEHEHUS PaJJMalliOHHOTO U TeMIIepaTypHO-
IO PEXKMMOB KJIIMMATHUECKON CUCTEMBI, a BO3/CICTBUE Ha KIIMMAT CTPYKTYPhl a3PO30JIbHBIX YaCTHIL U pacIpe-
JIeJICHNE X 10 pa3MepaM OObIYHO He yuHThIBaeTcs. Ecin He 3HaTh mapaMeTpsl pacipe/iesieHns adpo30Iis, TO
HEBO3MOXKHO MPaBUWJIBHO OLICHUTH €T0 BIMSHUE HAa H3MEHEHUE PaJUallMOHHOTO PeXXUMa, KOTOPOE, B 3aBUCUMO-
CTH OT 3HaUYEHUI ATUX apaMeTPOB, MOXKET UMETh pa3HbIil 3HaK. Takxke BasKeH COCTaB a3pO30JIbHbIX YacTull. B
cTparocepe MPUCYTCTBYIOT: a) CEPHOKHCIIBIE a3p030iH (Karuy 75-IpOLEHTHOTO PacTBOpa CEPHOM KUCIIOTHI,
oOpasytolieiics B pe3ylibTaTe XUMHUECKUX U (POTOXUMHUYECKUX peakuuii ¢ yuactueM SO,, H,O u O,); 6) Bynka-
HUYECKHUH Tere; B) MeTeopHast IbUIb (IIPOLYKT CrOPaHUsI METEOPHTOB), KOTOPYIO MOXHO pa3JeliuTh Ha Mell-
KOJIMCIIEPCHYIO ¥ KPYITHOIUCIIEPCHYIO (PpaKiny; I') IByXCIOHHbBIE YaCTHIBI C SApaMU M3 BYJIKaHHYECKOTO I1e-
IUIa ¥ MEJIKOJMCIEPCHOW METEOPHOH MBbIIM ¢ 00OIOYKOH, COCTOSIMIEH U3 75-IPOLIEHTHON CEepHOM KUCIIOTHI
(75% H,S0O,) [1].

YucneHHbIe 3KCIIEPUMEHTHI TOKA3bIBAIOT, YTO B CTpaToc(epe MPOUCXOANT 00pa3oBaHue ABYXCIOHHBIX
yactu [ 1]. B uactHOCTH, MEXaHN3MOM, 00YCJIaBIMBAIOIINM IOSBICHNUE TAKUX YACTHUILL, MOXKET CYMTATHCS TeTe-
pOTeHHasi TeTepOMOJIEKY/IsIpHAst HyKIealys, Korja Ha siipax oOpasyercst obonouka u3 75%-oro pactBopa cep-
HOM KHCJIOTHI, B KOTOPOH SJpa MOTYT KaK pacTBOPSITHCSA, TAK U HE PACTBOPATHCA. JlaHHBIE IKCIIEPUMEHTAIBHBIX
M3MEpEHNH yKa3bIBAIOT, YTO CYILECTBYET CBSI3b MEXIY paJiycaMy YacTHUIl CEpPHOKUCIOTHOM (pakiuy, a, cie-
JIOBaTEIIbHO, U TOJIIUHON CEPHOKUCIIOTHOM 000JIOUKH, U KOHIIEHTpAIUeH B cTpaTtocdepe cepHucToro rasa [2].
Coneprkanne cTpatoc(epHbIX I'a30BbIX MPUMECEH, U3 KOTOPBIX 00pa3yloTcs a’3po30JIbHBIE YAaCTHILIBI, TAKKE
olpeesseT KOHIEHTPAIHIO a3po30JIeH.

Ha BricoTe 18 — 20 kM B cTparocdepe Beeraa MPUCyTCTBYET CIIOM CEPHOKUCIIOTHOTO a3p030Jis, He CBsI-
3aHHBIH ¢ BBIOpOCaMHU B cTpaTocdepy ByJIKaHHUECKHX ra3oB — ciioi FOure. OH 00pa3oBaH KalsIMHA KOHLICHT-
PHPOBAHHOW CEPHOM KUCIIOTHI (TpUMEpHO 75%) ¥ TBEpABIMHU TPaHYJIaMH CYJIb(haTa aMMOHUSI, KOHIIEHTPAIHs
TaKUX YacTHII ¢ paguycoM Oosee 0,15 MM Haxomutces B quanazone 1 — 3 cm=. C qpyroil CTOPOHBI, ByJIKAHUYEC-
CKHH Terel1, Monaaroluii B crparocepy, UIMEeT CyXylo IMOBEPXHOCTh, KOTOPAasi IOCTENIEHHO MOKPHIBACTCS
CJIOEM CEpHOI KHCJIOTHI, IPUYEM MEXaHH3M POCTa 00O0JOUKM B JAHHOM CIIydae B YeM-TO 3KBHBAJIEHTEH IIPO-
1eccy 0OBOHEHUSI a9pO30JIbHON YaCTHIIBI B TOTPAaHUYHOM citoe atMocdeps! [ 1]. Bpems KHU3HM YacTHIl MEJIKO-
JMCIIEPCHOM (paKiyy B cTpaTocdepe COCTABISIET OKOJIO TPEX JIET.

B Hacrosieii pabore Mopenupyercsl BIMSHHE JIBYXCIOWHBIX YacTHUIl CTPATOC(EpHOro a’po3oist Ha
MT'HOBEHHBIH painalliOHHBIN (POPCHUHT U CTAIIMOHAPHBINA KIMMAaTHYECKUI TeMITepaTypHbIi pexkuM. MrHOBEH-
HBIM pasuanuoHHbIM popcuHroM (MP®) Ha3bIBatoT H3MeHeHHEe AR MHTErpaibHOro 3 QEeKTUBHOIO panaly-
OHHOTO IT0TOKa R Ha YPOBHE TPOIIONay3bl, 00yCIOBICHHOTO BapHanuei Kakoro-1mo0 pagualoHHO-aKTHBHOTO
(haxTopa KIMMaTHYECKOH CUCTEMBI IIPU YCIOBUH, YTO BCE OCTAJIBHBIE €€ COCTABIISIOINE (B YACTHOCTH, TEMIIe-
patypa) ocratorcsi HeusMeHHbIMU. [Ipu Beruncnenun MP® BepTukanbHas OCh HalpaBlieHa CBEPXY BHU3, T.€.
TOJIOKUTEIHLHOMY U3MEHEHHUIO0 R COOTBETCTBYET KaK yBeIUueHre HUcxoasmero (ARD>0), Tak U yMEHbIICHUE
Bocxopsuero (ARU<0) uHTerpaabHOTO MOTOKOB.

AdpO30IIbHBIE YaCTHUIIBI ONTMCHIBAIOTCS 3HaYeHUsIMU popM-Gaxropa ff=r/r,,., Tae ¥ — paJiyc 4YacTHIb,
T'uei— PAOHYC €€ siipa. Pazmepsl 7, Kak npeanonaraeTcs, paciupeiesieHsl Mo JIorapuGMuuecKoMy HOpMalIbHOMY
3aKOHY C IapaMeTPaMu: d, — NapaMeTp MOJIOKEHHUs, G, — mapaMeTp GpopMbl. Pasinndnbie 3Ha4enns GpopM-gpak-
TOpa OINMCHIBAIOT Pa3HbIE CTaJuM (POPMUPOBAHUSI CEPHOKHCION 00onouku. PaccmarpuBaroTcsi Tpu MoOJeld
“IBYXCJIOMHBIX” a3pO30JbHBIX YaCTHUIL: 1) HEMOCPENCTBEHHO JBYXCIOMHBIE YACTHUIIBI — YACTULIBI, Y KOTOPBIX
HUMEETCs pe3Kasi TPaHMIla MEXKIY SIpOM U 000J109KO0# [3]; 2) IPOCBETIICHHBIC YACTHIIBI — JABYXCIIOWHBIC YACTH-
1bI, Y KOTOPBIX HET PE3KOH TPaHULIbI MEKAY SAPOM U 000JIOUKOH, T.€. HAOII0AaeTCs IUIaBHbIH TEPEX0] MEKIY
nByMst GpakiusaMu [4]; 3) KBa3HOIHOPOJHbBIE YAaCTUIBI — OJHOPOJHBIE YaCTUIIbI, KOTOPhIE UMEIOT TaKHe JKe
HMHTETpajbHbIC ONTUYECKHUE XapaKTepUCTUKH, KaK U ABYXCIOWHBIE YaCTUIbL. Tarke MPUBOIATCS PE3yJIbTaThl
AQHAJIOTUYHBIX PacyeToB C OJHOPOJHBIMU YaCTULAMM CepHOKHcoro a3posonst 75% H,SO, [5]. Ontuueckue
CBOMCTBA a3pO30JIbHBIX YaCTHUI] PACCUUTHIBAIOTCS IO Teopuu Mu.

JU1s MozienMpoBaHus UCIONb3yeTCs MOy 3MIIUpUYecKas AByXMEpHas CpelHe30HaIbHas CTallMOHAPHAs
9HeprodajaHcoBas pajgualMOHHO-KOHBeKTHBHAsT Mozenb (DBPKM) ¢ neranbHbIM paguialliOHHBIM OJIOKOM,
rapamMeTprU30BaHHBIM ONMCaHUEM II00AILHOTO MepeHoca Tella, C COXPaHEHHEM OTHOCHUTEIILHOM BIIa)KHOCTH
U ab0e]Io - TeMIeparypHor 00paTHO# cBs3bi0 [S, 6]. [Ipumensemas DBPKM nocTaTtodHO ajeKBaTHO OMKCHI-
BaeT M3MEHEHUs! PaIMAllMOHHBIX M TEMIIEPAaTyPHBIX XapaKTEPUCTUK CPEAHE30HANBHBIX Tponocgeps! U cTpa-
Tocepsl, 00yCIIOBIEHHBIX BHEIIHUMH BO3/ICHCTBUSMU Ha PaAHallMOHHBIN OanaHc [7].

[TpoBeneHs! pacueTbl MTHOBEHHOTO PaAHaIllMOHHOTO (POPCHHIAa U M3MEHEHUsI TEMIIEPaTyphl IIOBEPXHO-
ctu AT, 00yCIIOBICHHBIE Pa3IMYHBIMHU MOJEIISIMU CTPATOC(EPHOr0 a’3p0o30J1si, ONTUYECKas TOJIINHA KOTOPOTO
T =0.05 Ha mHe BoiHbI A = 0.55 MKM. A3pO30JIbHBIN CIION pacrionaraeTcs HaJl Tpononay3oil. PaccmarpuBa-
IOTCSl aHCaMOIIM YaCTHIL CO CIIETYIONIMMU XapaKTePUCTHKaMU: TlapaMeTp nosoxennus a, = 0.05, 0.3, 0.5 mxm,
napametp Qopmbl 6,=1.1, 1.5, 2.0, 2.5 MkM 1 3HadeHuAMH QopM-pakropa ff=1.43, 2.057, 2.745, 3.439. Pe-
3ysbTarThl BerauciaeHuit MP® u nsmeHenus temiieparypsl noBepxuoctu AT, puBeaeHs! B Tabmunax 1 u 2.

ADdPO30IIBHBIN CII0H CIIOCOOCTBYET YBEJIMUYEHUIO MTOTOKA OTPAKEHHOM COTHEYHOW pajuanny Ha BepX-
Hel rpaHuie arMocepsl, HO IIPU 3TOM CO3JaeT Pa3HOHAINPABIEHHOE N3MEHEHNE HHTErPaIbHOT0 3()(eKTHB-
HOTO PaJUallMOHHOIO MOTOKA R Ha TPOMOMNay3e, KOTOPOE ONMUCHIBACTCS KaK MOJIOKUTENBHBIMU, TaK U OTPHUIIA-
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TENBHBIMU 3HAUEHUSIMH MI'HOBEHHOTO pPaJIMallMOHHOTO (opcuHra. Tak, MmojoxuTenbHble 3HadeHust MPO B
OCHOBHOM TIOJIyYaIOTCsl IPH UCIIOIB30BAaHUH JIBYXCIOHHOMN M KBa3HOAHOPOIHOM Mozienell B IpeieIbHOM CiIy-
4asx MaJlbIX YacTHIl C y3KMM pacrpe/ieneHueM mo pasmepam (a, = 0.05; o, = 1.1) 1 60J1bIKX YaCTHUII € IIMPO-
kuM pactpeneneruem (0.5; 2.5), a Takke TpH UCTOIB30BAHUKM MOJIENN OONBIINX MPOCBETIEHHBIX YACTHII,
uMmeroIux mupokoe pacnpenenenue (0.5; 2.5) ¢ ff'= 1.43, 2.057. Bo Bcex ocTajbHBIX YUCICHHBIX IKCIICPHU-
MEHTaX UCIOJIb3yEMbIE MOJIEIH a9PO30JIs IPUBOAAT K oTpuLareibHomy MPO.

ITonoxxurensHbiii MP® conpoBoxkaaeTcs MOJIOKUTENBHBIMU U3MEHEHUSAMU R Ha BEpXHEU I'PAaHULIE aT-
Mocdepst (BI'A), koTopsie 00yCI0BICHBI OAHOBPEMEHHBIM YMEHBIIICHUEM KOPOTKOBOIHOBOTO S 1 YBEINYCHU-
€M JUIMHHOBOJIHOBOTO / 3p(heKTHBHBIX MOTOKOB Ha Tponomnay3e 1 BI'A. [Ipinuem 3HaunTensHOE yBenuueHue /
(mo 15 Bt/m?), nposiBiisitoniieecst Kak pa3 B yKa3aHHBIX ITPEAEIBbHBIX CIIydasx MaJIbIX U OOJIBIINX YacTHUII, U3Me-
HsIET 3HaK AR.

[Monoxurtenbubiii MP® MpUBOIKT K MOJIOKUATEILHBIM H3MEHEHHUSIM TEMIICPATypPhl TIOBEPXHOCTH (B Ta0-
aunax 1 ¥ 2 3To 0TMEYeHO KypCHBOM U MONYKHUPHBIM MPUPTOM), a oTpHuLaresibHbIii MP®, kak mpasuito, coot-
BETCTBYET OTpHULATEIbHBIM U3MeHeHUIM AT, OHAKO NPH UCHOIH30BaHMH MOJIENN IPOCBETICHHON YaCTHIIBI
B JIBYX YKa3aHHBIX npenenbHbIX ciaydasx (0.05; 1.1) u (0.5; 2.5) oTpuuarenbHblil pagualioHHbIH GOpCHHT CO-
OTBETCTBYET MOJIOKHUTENBEHBIM AT (3TOT (hakT B TAOIHMIIAX TOMEUEH IMTOJUEPKHYTHIM MOITY>KUPHBIM IIPUPTOM).
OTO CBUAETEIHCTBYET O TOM, yTo MP®D, mmpoko ucroas3yeMblil B COBpPEMEHHBIX HCCIIEA0BAaHUX, HE BCera
OJTHO3HAYHO YKa3bIBA€T Ha 3HAK BO3MO)KHOTO U3MEHEHH KIIMMaTa.

Tabnuna 1. Paguanmonnsiii ¢popcunr (BrM?), 00ycnoBIeHHbINH pa3IHIHBIME MOJETISIME a3PO30JIbHBIX YaCTHI, IPH Psifie
3Ha4EHUH MapaMeTpa MONOXKEHUs a, (MKM), mapameTpa GpopMBI G, (MKM) B pOopM-(akKTopa, a TaKKe a3pO30IbHBIMHI YaCTH-
namu 75%H,SO, [5]

MOHCJ’IB HJaCcTHUIbI
JIByXCIIOHHAst | MIPOCBETICHHAS | KBasunonnopoanas 75%
tdopm-dakrop ff H,SO,
o 143 | 2057 | 2745 | 3.439 | 143 | 2057 | 2745 | 3439 | 143 | 2057 | 2745 | 3.439
a,0.05
11 ]-02] 46 | 69 | 7.8 | -69 3.7 36 | 36 24 6.2 7.7 82 | 44
15 | 29 20 | <16 | -15 | 42 3.6 36 | 36 2.4 17 15 14 | -119
20 | 41| 37 | 35 | 34 | 47 4.4 44 | 44 38 35 34 34 | -123
25 | 53| 47 | 45 | 44 | 59 5.7 57 | 57 49 4.6 4.4 44 |-122
a,=0.3
11| 34| 31 | 30 | 20| 38 37 36 | 36 | -32 3.0 238 29 | -122
15 | 55| 49 | 47 | 46 | -61 5.8 57 | 57 | 5.1 4.7 4.6 45 | -124
20 | 63| 56 | 51 | 50 | 74 72 71 | 72| 58 52 45 50 | -11.8
25 | 46| 34 | 29 | 27 | 41 53 60 | 60 | 37 3.0 2.7 26 | -11
a,=0.5
11| 44| 36 | 33 | 32| 1 4.6 45 | 44| 39 33 32 31 | -126
1567 58 | 55 | 54| 77 73 73 | 73| <62 5.6 54 53 | -124
20 | 56| 43 | 38 | 36 | -66 7.0 g1 | 71| a7 39 3.6 3.5 1.0
25 [-009| 1.6 22 | 25 | 71 2.9 1.9 | 20 | 51 2.0 42 52 2.1

Tak, BosmoxHOe yBenwmueHue 7 mpu AR <0, 00BsICHAETCS TeM, YTO, BO-TIEPBBIX, IPH OTPUIATEIBHBIX
3HaueHusIX MP® u3menenus R Ha BI'A mooXXHUTENbHBI, 8, BO-BTOPBIX, CJIOH «Tporocdepa U MOBEPXHOCTHY
HaXOJIMTCS B JIyYUCTOM paBHOBecHH co cTparocdepoii. [ToaTomy, korna AR >0, Bcsi KIMMaTuuecKkas cucrema
HarpeBaeTCsl, YTO IPUBOINT K YBEINUYCHHUIO TEMIIEpaTyphl IIOBEPXHOCTH.

B 1Byx yKka3aHHBIX MIpEJEIbHBIX CITy4asx MPH UCTIOIb30BAHNH JBYXCIOHHBIX U TPOCBETIICHHBIX YaCTHI]
MP® cymectBerHo (pa3opoc 3naueHuit 6os1ee 10 B1/m?) 3aBucut ot Benuuunbl hopm-pakropa ff. s ocranb-
HBIX paclpeesiCHHI 0 pa3MepaM 3aBUCUMOCTh MP® ot ff coxpansieTcs, HO pa3dopoc He mpeBbimacT 5 Bt/m2,
JByxcnoitabie gactuip (0.05; 1.1) ¢ TOHKOM cepHOKHCIION 000m0ukoi (ff = 1.43) xapakTepH3yIOTCs yBEINYC-
HHEM OTPa)KeHHOTO KOPOTKOBOIHOBOTO rotoka SU Ha BI'A, a yacTuiibl ¢ 6osee ToICcToi 060I09K0i TPUBOIAT
K yMeHbIeHHio SU. YV ABYXCIOWHBIX YaCTHI] OOJIBINET0 pa3Mepa 1 4acTull ¢ 6oiee MUPOKUM pacipeielIeHueM
3aBucuMocth ASU 0T ff TafaeT, a y IpoCBETIIEHHBIX YaCTHI] TAKOH 3aBUCUMOCTH HET.

JByxcioiiHble ¥ MPOCBETICHHbIE YACTHIbI B LIMPOKOM J(MaNa3oHe MapaMeTposB a,, G, H ff obnanaror
SIPKO BBIPA)KEHHBIMU aHTHIIAPHUKOBBIMU CBOWCTBaMH M MOTYT OBITh HMCIIOJIb30BaHbI MIPU CO3JJAHUH CTPATOC-
(hepHOro a3p030JHHOTO IKPaHa, KOMIIEHCHPYIOIIETO MAPHUKOBOE MOTEMJICHNE, BBI3bIBAEMOE MAJIBIMU I'a30BbI-
MH COCTaBJIIOIUMH atMocdepbl. Hamnyuniei spdextuBHOCTbIO 001a1at0T Gosee KpyHHbIE YacTUIbI (a, > 2
MKM) C TTapameTpoM Gpopmbl 6, = 1.5-2.0 MKM, KOTOpPBIE PH ONTUYECKKX TOJIIMHAX, HE IpeBbiuamux 0.06,



o0ecIeunBaroT KOMIICHCAIIUIO TAPHUKOBOTO MOTECIJICHUS ITPOTHO3UPYEMOI'O BILUIOTH 10 2050r

Tabmuua 2. Mi3MeHeHns cTaioHapHoi TeMmeparypsl moBepxHocTH (°C), 00yCIIOBICHHBIE pa3IUYHBIMU MOIEIISIMU a3p0-
30JIbHBIX YACTHIIL, IPU Psijie 3HAYCHHUH MapaMeTpa MoJIOKEHUs a, (MKM), TapameTpa popMbl G, (MkM) U hopm-(hakTopa, a
takke yactuuamu 75% H,SO, [5]

Mojenb 4acTHIIbI
JIByXCJIOMHast | MIPOCBETIEHHAs | KsusuonHoponHas 75%
dopm-dakrop ff H,SO,
c,
¢ l.43| 2.057 | 2.745 | 3.439 | 1.43 | 2.057 | 2.745 | 3.439 | 1.43 | 2.057 | 2.745 | 3.439
a,=0.05
1.1 3.0 5.5 6.1 6.6 -0.7 1.8 2.0 1.9 4.3 6.0 6.4 6.5 4.0
1.5 |-1.12| -0.76 -0.62 -0.69 -1.43 -0.81 -0.91 -0.68 -0.83 -0.63 -0.63 -0.68 | -0.38
20 [-2.06| -1.94 -2.07 -2.06 -2.18 -1.95 -1.96 -1.99 -2.31 -2.15 -2.11 -2.16 | -0.61
25 |-2.44| -2.69 -2.51 -2.58 -2.68 -2.23 -2.43 -2.48 -2.64 -2.59 -2.72 -2.47 | -0.44
a,=0.3
1.1 | -1.7 -1.9 -1.8 -1.8 -1.8 -1.7 -1.7 -1.7 -1.8 -1.9 -1.5 -1.8 -0.6
1.5 | 2.7 -2.8 -2.6 -2.9 -3.1 -2.6 -2.6 -2.5 -2.8 -2.8 -2.7 -2.9 -0.7
20 | -24 -2.5 -2.6 -2.6 -2.9 -2.9 -2.6 24 2.5 -2.8 -2.8 -2.8 -0.1
25 | -0.8 -0.9 -0.6 -0.5 0.8 -0.3 -0.7 -0.9 -0.4 -0.6 -0.7 -0.7 0.9
a,=0.5
1.1 -2.1 -1.9 -2.0 -2.0 2.2 -1.8 -1.7 -1.9 -1.8 -2.0 -2.0 -2.0 -0.6
1.5 -2.7 -2.8 -2.8 -2.6 -3.3 -3.0 -3.1 -3.3 -3.0 -2.9 -2.9 -2.9 -0.7
20 | -1.3 -1.3 -1.6 -1.6 -1.2 -1.3 -1.6 -1.7 -1.4 -1.5 -1.6 -1.4 0.6
2.5 3.8 3.7 35 3.6 9.5 6.7 33 3.2 3.9 35 35 3.6 1.7
3ak/roueHue

1) Pactipenenenue no pa3mMepam 4acTHUI[ ByTKAaHUIECKOTO a3pO30JIsl ¥ €T0 BHYTPEHHSS CTPYKTypa MOTYT

OKa3bIBAaTh CYIIECTBEHHOC BIIMAHUC HA UBMCHCHHUA paauallMOHHOT'O ITOJIA.

2) B psine ciiyyaeB MrHOBEHHBIH paMallMOHHBINA (POPCHHT, 00YCIIOBICHHBIH BapHalllsIMu cTparocdep-

HOTO a3p030Jiid, HE ABJIACTCA UHIAUKATOPOM, IMO3BOJIAIOMINM CACIATh OJTHO3HAYHBIHN BHIBOJL O COOTBETCTBYIOLIEM
HU3MCHCHUU KJIMMarTa.

3) PaccmarpuBaeMble IBYyXCIOWHBIC U IMPOCBETICHHBIC YaCTHIIBI 00J1a1a0T Oosiee 3 (HEKTUBHBIMH aH-

TUIIAPHUKOBBIMHU CBOMCTBaMH (TCOMKMHUPHUHT), yeM yacTuusl 75% H,SO,.

Pabora BeinonHena npu noaziepxkke ['panra Ne 2d-11 CII6IACY.
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TpOHMHECHME BYNKaHbI N rnobanbHble N3MEeHeHUa 030Ha 1 KMmaTa
3yes B.B.

WNHCTUTYT MOHUTOPUHIa KNuMaTuyecknx u akonoruyeckux cuctem CO PAH, Tomck, Pocoua
E-mail: vvzuev@imces.ru

a pyoexxe 80-x 1 90-X TOOB MPOILIOTO CTONETHS aKTHBHO OOCYKIANCH 1BE OCHOBHBIE TII00ATBHEIC

9KOJIOTHYECKHE MPOOIEMBI: pa3pylLIeHHE 030HOBOTO CJIOS U MOTeIeHne Knnmara. OCHOBHBIMHU HPH-

YMHAMH, OTBETCTBEHHBIMH 32 BOHHKHOBEHHE 3THX NMPOOIEM OBbIIM ONpPEAEIeHbl TEXHOTCHHBIE BbI-
OpocHl (PEOHOB M MAPHHUKOBHIX ra30B, mpexae Bcero, CO,. [Ipyrue npuauHbI IPUPOTHOTO XapaKTepa JeKiia-
PaTHBHO OOBSBISUINCH HECYIIIECTBEHHBIMU. [IpHOPUTET aHTPONIOT€HHOTO (PaKTOPa B INIO0AIEHBIX H3MEHEHHIX
030HA U KJIMMaTa COXPaHsIETCsl He3bIONEMbIM, XOTSI pEaJIbHOE NTOBEAECHHE 030HOBOTO CIIOSI M TPU3EMHBIX TEM-
nepatyp B mociennaue 10-15 et coBceM He coriacyercs ¢ HUM.

Bpewmst sxu3HE yxKe BBIOPOIIEHHBIX B aTMoc(epy (PpeOHOB COCTABIAET A0 COTHHM JIET, TOITOMY MpeKpa-
IIEHUE UX BBHIOPOCOB COMIACHO MOHpPEaNIbCKOMY MPOTOKONY JOJKHO OBLIO CKa3aThCsl HA 030HOBOM CJIO€ HE
paree 2050 r. Tem He MeHee ¢ cepenuHbl 90-X TOIOB HAOMIOMAETCS ero OBICTPOE BOCCTaHOBIEHHE. Pazmepsr u
ITyOMHA aHTAPKTUYECKO 030HOBOM JIBIPHI TAK K€ HEYKIOHHO CTaN yMEHbLIAThCS. JmuTenpHOE Bpems, Ho-
YTH BCIO TIOCJIEIHIOI0 4eTBepTh 20-r0 BeKa, HaOIIOMACs COITIACOBAHHBIA YCKOPSIOMIMICA POCT KaK IIT00ab-
HBIX TEMIIEpaTyp, Tak u arMocheproro coaepxxanus CO,, uTo, Bpoae Obl, MOATBEPKAATIO 3HAUUMOCTH aHTPO-
MTOTEHHO 00YCIOBIEHHOTO «apHUKOBOTO d(pdekTay. OqHaKo B T€UEHHE MepBoTo AecaTiieTus XX Beka B U3-
MEHEHHSIX 9THX IapaMeTpOB MPOSBIISETCS SIBHOE PAacCOTIacOBaHUE: HECMOTPs Ha yCKopeHHBIH pocTt CO, B ar-
Mocdepe oTMedaeTcs CTadMIIN3aIis II00aIbHOM TeMITepaTypsl aTMOC(ephl y ITOBEPXHOCTH 3eMIIH. SICHO, 9TO
AHTPOIOTEHHBIN (PAaKTOP HE MOXKET MOITHOCTHIO KOHTPOINPOBATH INI00AIBHBIE H3MEHEHHUS 030HA M KINMATa.

OnHako TMHAMHKA 3THX W3MEHEHHH XOPOIIO COIIACYETCsl C aKTUBHOCTBIO BYJIKAHOTEHHBIX a3pP030IIhb-
HBIX BO3MYIIIEHHI TPOITMIECKOH cTparocdepsl, KoTopas Oblia BEICOKa 10 cepenuHsl 90-x ronos. B mocnennne
15 net 3Ta aKTHBHOCTH 3HAYUTENBHO MOHU3MIACK. [Ipy N3BEPKEHUAX TPOIMMIECKUX BYJIKAHOB INIMHUAHCKOTO
THna GOPMHUPYETCS HPYIITUBHAS Ta30TEIIIOBas KOJIOHHA, B IEHTPE KOTOPOH mpH Temrieparype okoio 1000°C u
MaJIOM COZIEPXKAHUH KHCIOPOAA IPOUCXOANT TEPMHUUECKOE Pa3IOKEHHE METaHa, COACPIKAIETOCs B BYJIKaHH-
YEeCKHX BBIOpOCax, ¢ 00pa30BaHHEM Caku. B BepxHel yacTi 3pynTHBHON KOJIOHHBI B cTpaTocdepe cTpys pac-
TEKAeTCsI, TOPU30HTAIBHO PACIIHUPSISICh B BUAE SPYNTUBHOHN Ty4H. [Ipy 3TOM B yCIIOBHAX BBICOKOH TypOyIIeHT-
HOCTH ¥ a{1a0aTHYECKH HU3KHUX TEMIIEPATyp caxka (POpMUpPYyeTCs B BHJIE HAHOPA3MEPHBIX YIIICPOIHBIX YaCTHI]
TOYHO TakK e, KaK 3TO IIPOMCXOANT B TEXHOJIOTMYECKUX PEAKTOPAX IO MPOU3BOACTBY BHICOKOKaIECTBEHHOTO
TeXHH4IeCKoro yrepozna. I1o cBoeit npupoze caxa ruapodoOHa, HO IIPU OKHCICHUH €€ TIOBEPXHOCTH OHa ObIc-
TPO CTaHOBUTCS TUAPOHIbHON. [I03TOMY B OTHOCHTENBHO «BIaXKHOH» HIDKHEH atMocdepe, Tpomocdepe,
OHAa Kak T'yOKa BITUTHIBAET BOAY, HAOyXaeT, yBEIMUMBACTCS B pa3Mepax U Macce U OBICTPO OCeaeT Ha IOBEPX-
HOcTh 3eminn. B «cyxoit» paspexeHHOH cTparocdepe HaHOpa3MEpHas caka MOXKET CyIECTBOBATH TOJAMH.
[NosiBnenne B cTparocdepe HaHOPa3MEPHON CaXXH MO3BOJISIET OOBSICHUTD M TEMIIEPaTypHbIE, H 030HOBBIC aHO-
MaJIUH, BO3HUKAIOIINE MOCIIE MOITHBIX N3BEPKEHUH TPOIMYECKHUX BYJIKAHOB.

Kak «abcomroTHO "epHOe Teno», caka aKTUBHO ITIOTIIONIAET U KOPOTKOBOJIHOBYIO COJHEUHYIO pajya-
LU0, ¥ TEIUIOBYIO pafuanuio 3eMid, odecriednBas dQEeKTUBHBIA MPOTPEB TPOIMIECKOH cTpatocdepsl. 3a
TIEPHUO] TTOBBIIMIEHHONW aKTHBHOCTH TPOIIMYECKHX BYIKAHOB, ¢ 1963 mo 1993 roxer, mponsonuio He meHee 20
3HAYMMBIX BYJIKAHOTEHHBIX a3pO30JBbHBIX BO3MYIICHUHN Tponmueckoil crpatocdepsl. HeyauBurensHo, 9TO €€
TeMIIepaTypa oKasajach B cpenHeM Ha 2-3°C BpIIIIe, 9eM B MOCTEIHUE 1BA AECATUIICTHS, B TEUEHNE KOTOPBIX
MIPOM30IILIO He Oosiee 3 BYJIKAHOT€HHBIX CTPATOC(EPHBIX BO3MYIIEHHH, K TOMY )K€ BEChMa HE3HAYUTEIIbHBIX.

Cy1mecTBEHHOE TOBBIIIEHHUE COACPKAHMUS CEPHOKHUCIOTHOTO a3p030IIs B cTparoc(epe BCISACTBHE MOII-
HBIX M3BEP)KCHUI TPOIIMUECKHUX BYJIKAaHOB HE OOBSCHSCT MOSBICHUS UIMTENBHBIX ACIPECCHH CTPaTtochepHOro
030Ha. BeposTHOCT HCUE3HOBEHHMS MOJIEKYIIBI 030HA IIPH €€ B3aMMOIEHCTBUH C TOBEPXHOCTHIO CEPHOKUCIIOTHO-
TO a3p030JIs KpaifHe Mayia, OHAa 3HAYUTEIHHO HIKE BEPOATHOCTHOTO YPOBHS, ONPENCISIONIETO 3HAYNMBIE Jie-
CTPYKTHBHBIEC BO3JCUCTBHS Ha CTpatoc(epHBIif 030HOBEIH cinoif. Jpyroe memo caxka. BepostHOCTh pa3pymieHus
030HA Ha €€ MTOBEPXHOCTHU MOYTH HA JBA MOPSAAKA BEJIIMUMHBI IIPEBBIIIAECT BEPOSITHOCTHBII YPOBEHD 3HAUYMMBIX
BO3/IEHCTBHIA HA O30HOBBIH cJ10i1. Takum 00pa3oM, ByJIKaHHYECKHE BEIOPOCH B TPOIIMYIECKYIO cTpaTocdepy Ha-
HOPa3MEPHOTO CAKEBOTO a3p030JIsl TOIKHBI IPHBOINTH K JUIUTEILHON JEPECCHH CTPATOC(HEPHOTO 030HA, UTO
TI03BONIAET OOBSACHUTH MHOTOJIETHUH OTPHIATEIbHBIN TPEH/I 00IIET0 CoAep KaHKs 030Ha B IIEPHO]] MOBBIIICHHOMH
AKTUBHOCTH TPOIIMYECKHX BYIKAaHOB, X €70 BOCCTAHOBIICHUE B COBPEMEHHBIH NTEPHOT, XapaKTEPU3YIOIIUICS 3Ha-
YUTETBHBIM 0CIA0JICHNEM BYJIKAHIUECKOH aKTUBHOCTH B TPOIIMIECKOM HOsICE.

[Tockonpky Hanmu4mue 030HA B cTpaTocepe B 3HAUNTEIBHON CTETICHH OMpeieisieT e€ TeMIeparypHbIi
pexuM Onarozapsi MOIOMIECHNIO UM Y@ COITHEUHON pagHuaIliy, MOCTONBKY €T0 yMEHbIICHHE, HAaOoIee 3aMeT-
HOE B OJIPHOU cTpaTocdepe, MPUBOIUT K €€ oximaxaeHuio. Takum 00pa3om, cTpatocepHbie BEIOPOCH HAHO-
pa3MepHON CaKM TPONMYECKHMH BYJIKaHAMH OOyCIaBIMBAIOT W HarpeBaHWE TPOIHMUYECKOH cTparochepsl, U



OXJIaXK/IEHHE TIONISIpHOH cTpaTtocdepsl. [TosiBIeHre HOBBIX TEMIIEPaTYPHBIX KOHTPACTOB BbI3BIBAET 3HAYMTEIb-
HBIC U JUTUTEIBHBIC BO3MYIICHUS 001Iel upKysnuu arMmocdepst (O11A).

MonenupoBaHue nosica Teria B TPONMYECKOH cTparocdepe ¢ moMoIbio criekTpaibHoi Monenu OLIA
MIPOMEXKYTOYHOW CIIOKHOCTH ITO3BOJIMIIO TIOKa3aTh, 4To B TedeHue 10 JeT rmocie oTKIoYeHus crparocdepHoro
HarpeBa, y MOBEPXHOCTH 3eMJIU IPOUCXOJUT Pa30rpeB PETHOHOB BHICOKUX IIUPOT 33 CYET HATHETaHUs TeIia
U3 MPOTPEeTHIX CyOTPONNYECKUX PETHOHOB. B mepnoj MOBBIMIEHHONW aKTUBHOCTH TPOIIMYECKUX BYJIKAHOB C
1963 1o 1994 roap! BylKaHOT€HHBIE BO3MYIIEHHS TPOITHUYECKOH cTpaToc(epsl MPOUCXOAMIN B CPEAHEM Ka-
xapie 1,5 roga. KyMynsTuBHOE cl0)KeHHE EPUOJOB HarHEeTaH!s Teljla U3 HU3KUX B BHICOKHE IIUPOTHI 11OCIIE
Ka)KJJOTO M3BEPIKEHUSI MOBBIIIANIO CKOPOCTh POCTa IIO0ANBHBIX TeMIeparyp. AHaJIOTH4HbIN 3 deKT, onpene-
JIMBLIMK «miepuon noteruieHus 30-x rogoBy», Habmropancs Ha pydexxe XIX u XX Bexos. B ator nepuon nore-
IUIEHHE TaKKe ITPOMCXOAMIO HA ()OHE MOBBILIEHHOH aKTMBHOCTH Tponuyeckux ByinkaHoB. C 1883 mo 1932
TO/ibl IPOU30LLIO 18 MOIIHBIX U3BEPXKEHUH, (B CpeHeM Kaxkible 2,8 rofa), B TOM 4Hcie TakuX, kak Kpakaray,
CanTa-Mapus u Konuma. B nepuonsl peqkux M He3HAYUTENIBHBIX W3BEP)KEHHUM, HANIPOTUB, PErHCTPUPYETCS
100 moxononanue, mogooHoe noxonomxanuio 1940-1950-x romos, MO0 cTaOMIH3ANUS TEMIIEPATyp, KOTOpas
MIPOSIBJIIETCS B TEUEHUE MTOCIEIHETO ASCATUIIETHSL.

Tropical volcanoes, global ozone depletion, and climate change
Zuev V.V.

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: vvzuev@imces.ru

wo major global environmental problems were actively discussed at the turn of the 80s and 90s of the

last century: the depletion of the ozone layer and global warming. Anthropogenic emissions of CFCs

and greenhouse gases, especially CO,, have been identified as the main causes of these problems. Other
reasons of natural character have been declared irrelevant. The priority of human impact on global climate
change and ozone depletion remains unshakeable, although the actual behavior of the ozone layer and the sur-
face temperature in the last 10-15 years does not fit the situation.

The lifetime of CFCs already emitted to the atmosphere is up to hundred years, so the termination of
their emission under the Montreal Protocol was to affect the ozone layer not earlier than 2050. Nevertheless,
since the mid 90’s there has been rapid ozone layer recovery. The size and depth of the Antarctic ozone hole has
also begun to decrease steadily. For a long time, almost the entire last quarter of the 20th century, there has been
a consistent accelerating growth of global temperatures and atmospheric CO, concentrations, which confirmed
the significance of the anthropogenic “greenhouse effect”. However, during the first decade of the XXI century,
there is a clear mismatch in changes of these parameters. In spite of the rapid CO, growth in the atmosphere,
there has been global atmospheric temperature stabilization at the Earth’s surface. It is clearly seen that the hu-
man impact cannot fully effect the global climate change and ozone depletion.

However, the dynamics of these changes is consistent with the activity of the volcanogenic aerosol per-
turbations of the tropical stratosphere, which was high till mid 90s. This activity significantly decreased in the
last 15 years. At the time of Plinian tropical volcano eruptions an eruption column of gas and ash is formed.
Thermal decomposition of methane contained in volcanic emissions takes place in the centre of this column at
about 1000 ° C and at low oxygen content with the formation of carbon black. At the top of the eruption column
in the stratosphere the jet spreads out horizontally, extending in the form of an eruptive cloud. Under the condi-
tions of high turbulence and adiabatic low temperatures the carbon black is formed in nanosized carbon parti-
cles. This process is similar to the production of high quality carbon black in industrial reactors. The carbon
black is hydrophobic by its nature, but with the oxidation of its surface it rapidly becomes hydrophilic. There-
fore, in relatively “wet” lower atmosphere and in the troposphere, it absorbs water like a sponge, swells, grows
in size and weight, and quickly settles on the Earth’s surface. Nanosized carbon black may exist for years in the
“dry” rarefied stratosphere. The presence of nanosized carbon black in the stratosphere explains temperature
and ozone anomalies that occur after strong tropical volcanic eruptions.

As a “black body”, carbon black absorbs shortwave solar radiation and thermal radiation of the Earth as
well, providing efficient heating of the tropical stratosphere. Over a period of the increased activity of tropical
volcanoes, 1963- 1993, there were at least 20 significant volcanogenic aerosol perturbations of the tropical
stratosphere. No wonder that its temperature was on average 2-3 °C higher than in the last two decades, when
there were no more than 3 insignificant stratospheric volcanic disturbances.

A significant increase in the content of sulfuric acid aerosol in the stratosphere, as a result of strong
tropical volcanic eruptions, does not explain the long-term depression of stratospheric ozone. The probability
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of the ozone molecule disappearance at the time of its interaction with the surface of the sulfuric acid aerosol is
very low. It is much lower than the probability level determining significant destructive impact on the strato-
spheric ozone layer. Another thing is carbon black. The probability of ozone depletion on its surface is of al-
most two orders of magnitude higher than the probability level of significant effects on the ozone layer. Thus,
volcanic emissions of nanosized carbon-black aerosol in the tropical stratosphere should lead to a prolonged
depression of the stratospheric ozone. So it allows to explain the long-term negative trend of total ozone in the
period of the increased activity of tropical volcanoes, and its recovery at present, characterized by a significant
weakening of the volcanic activity in the tropics.

Since the presence of ozone in the stratosphere largely determines its temperature due to the absorption
of solar UV radiation by ozone, so its reduction, mostly noticeable in the polar stratosphere, results in strato-
spheric cooling. Thus, stratospheric emissions of nanosized carbon black from tropical volcanoes determine
the heating of tropical stratosphere, and the cooling of the polar stratosphere. New temperature contrasts cause
significant and prolonged disturbances of the general circulation of the atmosphere (GCA).

Simulation of the heat belt in the tropical stratosphere using an intermediate complexity spectral model
of GCA made it possible to show that within 10 years after the shutdown of the stratospheric heating there is
warming of high latitude regions at the Earth’s surface due to the heat injection from the warmed subtropical
regions. During the period of the increased activity of tropical volcanoes from 1963 to 1994 volcanogenic dis-
turbances of tropical stratosphere occurred on average every 1.5 years. The cumulative addition of the heat-in-
jection periods from low to high latitudes after each eruption increased the rate of global temperature growth. A
similar effect that defined the “period of warming of the 30s”, was observed at the turn of the XIX and XX
centuries. The warming during this period also occurred against the background of the increased activity of
tropical volcanoes. The period 1883 - 1932 was characterized by 18 powerful eruptions (on average every 2.8
years), including such eruptions as Krakatau, Santa Maria, and Colima. In contrast, during the periods of rare
and minor eruptions, either cooling, like the cooling of 1940-1950’s, or the temperature stabilization, mani-
fested in the last decade, is registered.

Anroputm MHOrOMEPHOr0 BaplaLNOHHOM 0 YCBOEHNA AaHHbIX
ANA Mmofesneil KoHBeKUMN-anddy3aun

Menenko A.B.

NHcTUTYT BBIMMCANTENBHOI MaTeMaTukN 1 maTemaTtuyeckoil reocnauku CO PAH, Hosocnbupek, Poccun
E-mail: aleks@ommgp.ssce.ru

paboTe paccMaTpuBaeTCs MOAXOI K pa3pabdOTKe CXeM YCBOCHHS IaHHBIX HA OCHOBE JNOOABICHUS B

JKECTKYIO CTPYKTYPY HUCIOJIB3YEMbIX MOJIEIICH (PU3NUECKHUX MPOIIECCOB CICIHATBHBIX (DYHKIMN yIIpaB-

JieHus — QyHKIMK HEOTPeIeIeHHOCTH. J[J1s1 yueTa JaHHBIX U3MEPEHHUIA sl TAKOM pacHIMPEHHON MOJIe-
JM PAacCMaTPHUBACTCS IENICBOM (DYHKIIMOHA, OMHCHIBAIOIIUI PACXOKICHUE MEKIY M3MEPCHHBIMU U BBIYH-
CJICHHBIMU 3HaY€HUAMHU. BBeIeHHbIE YIIPaBIISIONINE TIEPEMEHHBIE BHICTYIIAIOT B POJIM MEPEMEHHBIX JIS1 3a/1a41
MUHUMH3ANUU QYHKIOHANIA Ha ()a30BOM MPOCTPAHCTBE PACIIMPSHHON MOIeH. PaciiupeHHbIi GyHKIIMOHAI
JUTS 33]]a9M YCBOCHHUSI JAHHBIX CTPOUTCS JTOOABICHUEM MATeMaTWYeCKOM MOJENU (PU3UUECKUX MPOIECCOB B
0000IIIEHHOH ITOCTAHOBKE K L1eJIeBOMY (DyHKIIMOHAITY.

ITocpencTBOM JIEKOMIIO3UITUH, PACIICIUICHUS U METOJOB KOHEYHOTO 00BheMa, KOHCTPYHUPYIOTCS JTUC-
KPETHBIC aHAJIOTH pacCMaTPUBACMBIX arperaroB. M3 yCioBuil CTalMOHAPHOCTH TS PACIIUPEHHOTO (DYHKITHO-
HaJjia MOoIy4aroTcsl CUCTEMBI IPSMBIX U COMPSIKEHHBIX YPAaBHEHUI, a TAKXKe YpaBHEHHs HA HEONPEAEeIEeHHOCTh
[1,2,3]. B obOmiem citydae mojryueHHasi CACTEMa MOXKET OBITh PEIICHA UTEPAIIMOHHO MPH OIPEICICHHBIX Orpa-
HUYEHUSIX Ha MapaMeTpsl.

Ha cranuu xoHBekimu-1uddy3un 1 OkHA YCBOCHUS JITUHOMN B OMH BPEMEHHOM IIar JUCKPETHOW MO-
JICITH, MHOTOMEpPHAsI MOJIE]Ib MOXKET OBITh JIGKOMIIO3MPOBaHA C IMOMOIIBI0 METOIOB pacCIICIUICHHsT Ha Habop
HECTAI[MOHAPHBIX OJHOMEPHBIX Mojeiel. Kaxk i pe3yasTUpyOIIUi OTHOMEPHBIH (GparMeHT 3a1a4u yCBOEC-
HUS, IOPOXKJIAEMBII paclIeTNIEeHUeM UCXOHOM MOJIeNI, UMEET BUJI TPEXIUArOHAIbHON MaTpUYHOM 3a1a4u U
MOXET OBITh PEIICH METOIOM MAaTPUYIHOM MPOroHkH [3,4]. Tak Kak UCHONB3YyeTCs CXeMa PACIICIUICHUS, TO MbI
MpejyIaraeM yCBauBaTh MOCPEACTBOM MPSAMBIX aJITOPUTMOB BCIO JOCTYITHYIO HH()OPMAIIMIO HA OTHOM MOJICIIb-
HOM LIare 1mo BPEMEHU U COOTBETCTBYIOLIUX OTAENbHBIX CTaIUsAX paciuerieHus. Takue Bepcuu aJropuTMoB
SKOHOMHUYHBI C BBIYHACIIUTEIILHOW TOYKH 3peHuUs, 3P (HEKTUBHO pacrapauIeIMBalOTCs, © MOTYT OBITH MOJIC3HBI
JUTS. THTETPUPOBAHHBIX MOJICIICH JMHAMUKYU U XUMHH aTMOC(EpHI.
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Introduction

We consider an approach to data-assimilation schemes design based on introduction of the special con-
trol functions into the structure of the model equations to take into account various uncertainties. In the pres-
ence of measurement data this augmented model is treated with variation technique for the functional describ-
ing the misfit between measured and calculated values with the introduced control functions as the quantities to
be minimized in the phase space of the augmented model state functions. Due to uncertainty, the weak-con-
straint variational principle is formulated. Then a discrete analogue of the variational principle functional is
constructed by means of decomposition, splitting and finite volume methods. From the stationary conditions
for the variational principle functional the systems of direct and adjoint equations as well as the uncertainty
equations are obtained [1,2,3]. In general case the systems can be solved iteratively with some conditions im-
posed to the parameters.

In the case of convection-diffusion stage and one time step analysis window the multidimensional
model can be further decomposed with the splitting technique to a set of one-dimensional models. Each result-
ing one-dimensional fragment has the form of tridiagonal block-matrix linear problem that can be solved with
the matrix sweep method [3.,4]. In the case of assimilation windows longer than one time step the result of
fine-grained algorithm analysis can be used as initial guess.

Data assimilation problem for convection-diffusion-reaction model

The 4D models describing the processes of heat, moisture, radiation, and pollutants transport and trans-
formation in the atmosphere have the generic structure:

- =2 — apa . -+ -, =, - _
L(¢,Y) =——+ dive(¢u — pgrad ¢) + p((S$) = f, = 7) =0,

5[’:55+¢-! Rbﬂund(quzﬁﬂ_l_‘;’ 1_;:1_;&—'_(

Incoming measurement data is connected with the state function by means of observation operator H':

P = [H(@P)]n + 1,
Here q?; 5 is model state function, {2, u, uy = ?{P: u, u} = Y are model parameters that can be cal-

culated with a hydrodynamics model, 55 is transformation operator, f_ f,, 29, @2 L are a priori values

43 23 a3 23 s . . . .
of sources and initial data, T't", £ &, £&, lf:'f, 117 are flexibility (uncertainty/control) functions introduced in the
rigid model structure.
One-dimensional convection-diffusion implicit data assimilation algorithm
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Nonstationary 1D convection-diffusion model can be discretized to the matrix equation on a spatia-

temporal grid: gbu' =0

(E+1L)¢p’ Tt = ¢/ + Atrl™2,

For the sake of computational efficiency we use approximations that produce tridiagonal matrix problems

—a ¢} + bl = ¢l +ari=0, (1)
—a; ¢+ bl T~ =l +ar’T i=1,.,N -2, (2)

b — il = qb;‘+ar¢‘“,t—w—1, 3)

The assimilated state is the solution of the minimization problem
N#1 gb}-ﬂ _ it N#1
B 1) = TZ( i i ) M;+1+Z[;+1)
=1 o
+1 +1 . .
WRT (1)-(3) where M f M ;1 is the spatial-temporal measurement mask and ; &; are measurement

device standard deviations. Introducing Lagrange multipliers we obtain non-constrained optimization problem:
N—-1

F+l  iti
®(¢/* 7 0%) = rZ(—qb“' a_qj* ) M}+1+Z[ Iy’
i=0 '
N-1

# ) (gl +bgl " -l — ¢ — e g

Taking the first variations of the augmented functional equal to zero, we obtain the following algorithm.
i+1 .+l P+ly
a'ﬁf’f':b[‘#} % i qbsj :] =0
is equivalent to (1)-(3).

a¢i+‘_¢(¢_?'+1’ T.}'+1’ qb*}.-}l] =0

is equivalent to

_Ci+1¢$i:11 +b; ¢3}+1 T'H_;[‘ﬁ’f e "Pi}ﬂ)ﬁf’ i=20,

_Ci+1¢3'::j+b¢3}+l a,_ 1¢3J+1 TU_Q:[’-¢;;I+1_,LPE_;|+1)&t’ i = 1’ ...,N—E,

biqb*':-l-l a;_ 1¢3_:l+1 Tﬂ__;[qbf-l-l_"y{?-l-l)ﬂt:i:ﬂf_l-
i
and ) , )
5rj+:¢[q5}+1,r}+1,qb*}+1] =0
i
is equivalent to

i+l j+1

T; — @, =0,i=0,...N—1
The systems obtained can be merged into tridiagonal matrix equation [3,4]
. b, —At . ¢!
] 0 _.;|+1 i _.;l+1 i
_(aﬂz )(qb:eﬂ +| ¥M:dt b ¢zs =l yMAt 1)
Civr/ \@". 1, o i ¢ T"P:‘
i i
. b. —At . . q{,f"
+1 +1 +1
(% O ¢l M.zdt @, _(& 0 ¢, — E
0 ® + | ¥ b " 0 . }’Mi-.di’ j+1 I
Corr/ \@7 gy a2 t ®, G-/ \PT TLPE

t i
a 0 ¢}'+1 b; —At ¢;‘+1 ¢§1
i i+l i —
— + | ¥M At i = | yMAt .4 |
(D ci+1)(¢*i+1) 3 b, ¢ Pl

a.” 2 i
i i




Truth&Measurements

Analysis&Measuremenis

Truth& Analysis t=15

Truth&Measurements

Analysis&Measurements Truth&Analysis t=25

Analysis&Measurements Truth&Analysis t=35 Truth&Measurements

Fig. 1 Data assimilation scenario with 13 regularly placed stationary measurement devices to the model with zero sources.
Assimilated solution - green with measurement positions - blue (left). ”Truth” - red with measurement positions - blue
(right) and superposition of the ”True” and assimilated solution (center).

which is solved with the matrix sweep method.
Assimilation parameter is chosen according to the discrepancy principle. First we choose the target level

0,8, of discrepancy.
M j+1 el 2
: : Py ~ Ty
||‘)15J1+1_1LI“+1||EF _ z v 5,
=1 %
The assimilation parameter is calculated with the following algorithm
JF1l _ oqitl
_ e |
1=1 V1= 5 Yie-

=

Fine-grained data assimilation in multidimensional case
In two dimensional case the problem can approximated with the following matrix equation

¢° =0,
It G

i+l i+l — pjtl
L@+ LG =
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With the use of additive splitting scheme the model can be decomposed to a set of one-dimensional
matrix equations.

J+l qb}'

4
2T

¢ — ¢
2T L
qb.i'-+1 — E [qbi:‘l'l + (;;J-::'_-Fl)- (5)

Data assimilation is done on each splitting step. On the grid lines containing measurement data the
standard forward step (4) is replaced with the result of the corresponding augmented functional minimization

[‘ﬁiﬂ) _ il 2
:' L
T

Ny—1

&:"_-r(_ﬁb_-{-l-lﬂ":qbs) =y Z

i=0

Ne—1

M;f+1 + Z (Tij+1)2 At +
i=0

+ (([f +2tL )¢l — ) — At T”l)‘ ,ga*).

4

;".l'}. -1

Ny —1 1 +1y, 2

z ¥l " [qﬁ:g )z' B ipf} 1 F+1y 2

5, @) m 90 = (7 T ) e Y 6 Jacs
=0

: 1=0

+ (([f +21L)pl*t — ¢ — At rf*l]_,qb*).

L

Conclusion

As the splitting schemes is used, we propose to assimilate all available data at one model time step but
on the corresponding splitting stages by means of direct algorithms without iterations. The approach can be
called fine-grained data-assimilation. Such versions of algorithms are cost-effective, easy to be parallelized and
may be useful for integrated models of atmospheric dynamics and chemistry.
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HoBble noaxo/ibl K MOIENPOBaHNIO NPoOLIECCOB TennoobmeHa
B MOrpaHNYyHOM cioe aTmocciepbl Hafi MocKOBCKIM Meranonucom

Konctantunos I.11., Bapenyos M.I1., Camconos T.E.

MocKoBcKuii FocynapcTBeHHblIii yHusepeuTeT, Poccua
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HOTOJIbI JUIsl YpOAHU3UPOBAHHBIX TEPPUTOPUI, KOTOPBIE OKAa3bIBAIOT CYLICCTBEHHOE BIIUSHUE HA CO-

CTOSIHUE HOTPAHUYHOrO Ci10s arMocdepsl. [IaBHO U3BECTHBIM SIBJICHHEM SIBJISIETCS] TaK HA3bIBAGMBbIN
TOPOJICKOH OCTPOB Teruia [2]: B OlpeaeNeHHbIX CUTYAIIsIX KPYITHBIN ropoa MoxeT ObITh Oomee gyem Ha 10°C
TeIUIee OKPYXKAIOIINX €r0 €CTeCTBEHHBIX TeppHuTopuil. JlaHHbI 3¢ dexT oOycnaBnuBaeTCs OOIBIINM KOJINYE-
CTBOM (haKTOPOB, ANIEKO HE BCE M3 KOTOPBIX YUYUTHIBAIOTCS B COBPEMEHHBIX aTMOC(HEPHBIX MOJIEIISX, HCIOJNb-
3yEeMBIX JIJIsI [IPOTHO3a TIOTO/IBI.

Oaﬁoﬁ W3 aKTyaJIbHBIX 3a/1ad COBPEMEHHON METEOpOJIOTHHU SBIAETCS YIydIIeHHe KadecTBa IMPOrHO3a



Taxoke CyIiecTBEHHbIE Pa3IHUUs METEOPOJIOTHUECKHUX BEIMYUH MOTYT CYLIECTBOBATh B MpeJesiaXx Me-
ranonuca. Tak, skciepumenT UrbEx-2011 noka3zai, 4to pa3HuIa TeMIEpaTypbl MEX/y TOPOACKOH yIuIeH 1
pacrnoioxkeHHbIM Ha paccrosiHue Bcero 100 meTpoB neconapkoM MoryT pocturars 2°C [1]. U ecnu B cnydae
HOPMAJIBHBIX YCIIOBUI TOTOABI TOI00HAs Pa3HUIIA HE SBISETCS CYLIECTBEHHOW, TO B YCIOBHUSX SKCTPEMAaIIb-
HOM >kapbl KaK/bII MOBHIIIEHHE TEMIEPATyphbl Ha KaXKAbIH JIMIIHUI Ipaflyc MOXKET CKa3aThCs HA CaMOYyBCT-
BHU U 310POBBE JTIOACH.

[TonoOHbIe pa3inu4Ms BHYTPH ropojia CBA3aHbl C IECTPOTON U MO3aWYHOCTBIO TOPOJICKOTO Janamadra u
OTIPEISIIAIOTCS. COOTHOIIEHUEM IUIOIIAZie 3aCTPOEHHBIX TEPPUTOPUI, JOPOT, BOJOEMOB U YYaCTKOB C pacTu-
TEJILHBIM TTOKPOBOM B KOHKPETHOM TOouKe. TakiKe CylIecTBEHHYIO POJIb MOT'YT MUrpaTb MOP(OIIOrHYecKHe Xa-
PaKTepUCTHUKU 3aCTPONKH, TAaKUE KaK BBICOTA 3JaHUM{, IIMPHHA U HAIIpaBJIeHue yaull. B nanHOM nccrnenoBanun
OblIa IPEANIPUHSTA ITONBITKA YIE€CTh MO3aHYHOCTbh U HEOJHOPOIHOCTH TOPOACKOH MOACTHIIAIONIEH TTOBEPXHO-
CTH TP NIPOTHO3UPOBAHUH MOTOJbI J1st MOCKOBCcKoro mMeramnonuca. J{ist 3Toro Obu1a IpuMeHeHa TeXHOJIOTHS
nayHckeimara (ot anrni. downscaling): maHHBIC TPOTHO3a Me30MacIiTabHo# oneparuBHOi Monenun COSMO-
RU ucnons3oBanuch B Ka4eCTBE HAUaIbHBIX U IPAHUYHBIX YCIOBUH JJIs1 aBTOPCKON MOJENIN FOPOJICKOTO Mo-
rpann4HOro cinost armocepsr Urb Mos ¢ ropu30HTaIbHBIM IIAroM 1o cetke, paBHbIM 500 M, TO ecTh OTHOCS-
ieicst K KJlacCy MUKPOMacIITaOHBIX MOJIETICH.

Pazpaborannas mozesns Urb_Mos no3Bossier Oosiee 1eTaiabHO, YeM CYIIeCTBYIOIINE IPOrHOCTUYECKUE
MOJIEJIH, YUUTHIBATh BIUSHIE MOACTUIIAIONIEH TOBEPXHOCTH HA OCHOBAaHUH KOHIIETILUHI FOPOJCKOTO KaHBOHA —
HJ€aTU3UPOBAHHON CXEMBI YIMILBI C BBITSHYTOH BAONb Hee 3AaHusMH [5]. JlaHHas KOHLENIMS MO3BOJIIET
y4ecTh epeoTakeHUe 1 eper3IyueHIe COIHEUHO! 1 JUIMHHOBOJHOBOM panaliuy MeXXay 3JaHUAMH, a TaKoKe
WX BIMSIHUS Ha TYpOyleHTHYI0 nuddy3uro u ansexumto [3, 4]. s 3aganust napaMeTpoB ropoJICKMX KaHbOHOB
B siYeliKax MOJIEJIM MCIIONIb30Bajack 0asa JaHHbIX, paspaboranHas Ha Kadenpe xaprorpadun u reourdopma-
THUKH, coJieprkaliasi 00JbIIoN HabOp XapaKTePUCTHK IOJCTUIIAIONIEH TOBEPXHOCTH, BKIItOUast Mopdoaornyie-
CKHUE XapaKTepUCTHK FOPOJICKUX KaHBOHOB, PACCUUTAHHBIE HA OCHOBE OPUTHHAJIBHBIX AJITOPUTMOB «OCpPE/IHE-
HUS peasbHOIl 3aCTpoiiKu.

C ncnons3oBanueM cBszku moaeneir COSMO-RU u Urb_Mos Ob10o IpoBe/ieHO [1Ba YHCIIEHHBIX JKCIIe-
pumenTa. [TepBbIii SKCIIEpUMEHT OBLIT TIOCUUTAH IS ieprojia nposeneHus skcriepumenta UrbEx-2011 ¢ ne-
JIbIO BAJIUALUH MOJIENIM Ha OCHOBAaHUU CPAaBHEHUS MOJEIIBHBIX U SKCIIEPUMEHTAIbHBIX JaHHBIX. BTopoii sKc-
TIEPUMEHT OB POBEJICH C LIENBI0 U3YyUYESHUS PaclpeiesIeHUs TEMIIEpaTyphbl BO3AyXa B METaIoJice B yCJIOBHU-
SIX 9KCTPEMAJIbHOM JKapBbl.

Kax xoporo 3ametHo Ha puc.l, ayisa paccmarpuBaemoro nepuoaa moaeiabs URB-MOS B 3HaunTenbHON
CTEIICHU HCIIpaBmiia ommOKu ucxonHoro nporaoza COSMO-RU mo BceMm mapamerpam, 4TO XapaKTepU3yeTcst
yMEHBIICHUEM CpeJHeKBaapaTiyHoil ommbOku nporuoda (CKO), a Taxke yMeHbIIEHHEM a0COIIOTHBIX OLIN-
00K Ipe/icKa3aHusl MaKCUMyMa 1 MUHEMYMa 3a Bech iepuol. Haubosee cymniecTBeHHBIM U3MEHEHUSIM TIO/IBEP-
rcs MPOTHO3 HOYHBIX Temueparyp Juist bamuyra u BBL, B pe3ynbrare KoTOporo 0Obuti IpakKTH4ECKU MOIHOCTBIO
WCIIPaBJICHbI OUIMOKH 3aHIDKEHUS! HOYHBIX TEMIIEPATyp B HCXOAHOM MporHose. OmmoKka 3aHKEHUS THEBHBIX
TeMITepaTyp HOJHOCTBIO THEM OblIa MCIIpaBiieHa He MOJIHOCThIO, HO CTalla HECKOJIBKO MeHbLIe. Takxke Obun
HCIPaBJIEH IPOrHO3 OTHOCUTENBHOM BIIAXKHOCTH JUIsl banuyra, pacronoXkeHHOTO HEMOCPEICTBEHHO B Ipese-
Jax paioHOB 3acTPOMKH. J[JIsl pacnonokeHHOH B mapkoBoi 30He craHiu BBL] HeoOxomumo npu3Hath (akTt
YXYIIIEHUS! UCXOIHOTO MIPOTHO3a, YTO CBA3aHO C HEAOCTAaTOYHOI TOUHOCTBIO MIPOrHO3a IOTOKA CKPBITOTO Te-
IUIa B JieconapkoBbix sanmmadTax. [Ipu atom mis cranumu bamuyr s 28 anpenst ObLIo BOCIIPOU3BEICHO
KpaTKOBPEMEHHOE YCUJIEHUE BETPa, CBA3aHHOE C COBIAICHUEM HallpaBIeHUs BeTpa U kaHboHa. K coxxanenuto,
HU3Kast 4aCTOTa ¥ TOYHOCTh U3MEPEHUH CKOPOCTH BETpa Ha METEOCTAHIIMAX HE TI03BOJISIOT IPOBEPUTH, HAOIIO-
JIaJIOCh JIU OHO B PEAJIbHOCTH.

Pabora BemosHeHa npu nojiepkke rpanra Ipesunenra Poccuiickoit deneparyu 11 rocynapcTBeH-
HOW MOAJEPAKKI MOJIOABIX POCCUNHCKUX YUeHbIX — KaHauaaToB Hayk MK-1497.2013.5

HccnenoBanue BhINoiIHEHO Npu (puHAHCOBOM nopaiepkke PO®U B pamkax HayuHoro nmpoekra Ne 12-
05-33090 mon_a_Ben.
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Puc 1. CpaBuenue nporuoza URB-MOS ¢ COSMO-RU u nanHbIMH U3MepeHuit

New approaches for thermal exchange processes simulation
in Moscow’s atmospheric boundary layer

Konstantinov P.l., Varentzov M.I., Samsonov T.E.

E-mail: kostadini@mail.ru, mvar91@gmail.com, iamste@yandex.ru

building area with high spatial resolution. It is not simply allowed by regional models — urban surface is

very complicated area, where well-known parametrisations of turbulent fluxes (Monin-Obukhov theory)
may not work properly.

In current work the urban canopy model URB_MOS based on urban canyon concept were elaborated.
Main parametrizations of turbulence were verified by UrbEx-2011 - this experiment involved a wide spectrum
of observations, including the surfaces and air temperatures measurement at the different parts of the canyon
and the sensible heat flux measurement by the acoustic anemometer. New approaches for horizontal advection
and diffusion were included in modeling technology.

As source of initial and boundary conditions we used main regional model of Russian Hydrometeoro-
logical Service COSMO-RU.

Experiments with simulation of main meteorological parameters in surface layer (temperature, hu-
midity and wind speed) showed that process-based model URB_MOS simulates well the fluxes of water,

The principal task of modern urban meteorology is to elaborate the technology for weather forecast in



energy and momentum between the land surface and the atmosphere in urbanized areas. Errors with repro-
duction of night temperatures at 2 meters above ground level shown by COSMO-RU were corrected by
URB_MOS in center and sud-ouest of Moscow. Relative humidity were successfully simulated by URB_
MOS only in building areas.

[ paBuTaUMoHHbIE TEYEHUA B aTMocepe: MOAGNN KOHEYHbIX Pa3HOCTEIl
1 KOHEYHBIX 3JIEMEHTOB

Haunu M.C.

WHcTUTyT BBlYMCANTENbHOI MaTeMaTUKN 1 MaTematnyeckoi reocimauku CO PAH, Hoocnbupek, Poccua
E-mail: yudin@ommfao.sscc.ru

BYXMEpHas BEPCUsSI TPEXMEPHOI HErHIPOCTAaTHUECKOH KOHEUHO-Pa3HOCTHOW MOZIEIH CPaBHUBAETCS C

JIBYMEPHOW KOHEYHO-3JIEMEHTHOIH MOJICITBIO TPH pacyere 3h(HEeKTOB pacpoCTpaHeHUs aTMOC(HEPHOTro

(poHTa HaJ TOPHOW NONMHOM. B 3THX MOJENsX MOBEPXHOCTh (PPOHTA ONMHCHIBAETCS CIIEIHATIBHBIM
YpaBHEHHEM ]IS aJIBEKIIMHU CKAJISIPHOW CyOCTaHIIMU, KOTOPOE PEeIaeTcs ¢ IOMOLIbIO noty-JlarpanxeBoii cxe-
MbI TPETHLETO MOPsJIKa. I[J'IH JUCKPETHU3alUU 110 BPEMEHU UCIIOJIb3YCTCA KOM6I/lHaLll/I$I CXEMbI Uexapaa ¢ (l)I/lJ'II)-
TpoM AcceinHa. B KOHeYHO-pa3HOCTHOM MO/ NPOCTPAHCTBEHHBIE AMCKPETH3ALNN COXPAHSIOT MOMEHT U
CKaJIsipbl.B KOHEYHO-2JIEMEHTHOM MOJIEITH HCIIONIB3YFOTCS TPEYToJbHbIE AlleMeHThl. O0e MOeTH Y/10BIE€TBOPH-
TEJILHO OITUCHIBAIOT PACIIPOCTPAHEHHE XOJI0AHOT0 arMochepHoro GppoHTa Haj NonuHON. KoneuHo-pa3HocTHAs
MO/IeJb [0-BUANMOMY OoJiee yHUBEpCallbHa IIPH CIIOXKHOM MOJICTUIIAIONIEH TOBEPXHOCTH , OTHAKO B KOHEUHO-
Pa3HOCTHOM MOJEJIHN JIETYE COXPAHUTh MHBAPUAHTBI UCXOJHBIX YPAaBHEHUM.

Pabora nomnepxana mporpammamu Ne 4 Tlpesuauyma CO PAH, Ne 3 OtaeneHust MaTeMaTu4eCcKHX
Hayk PAH, u rpantom 11-01-00187 POODU.
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2D version of a 3D nonhydrostasic finite-difference meteorological model is compared with a 2D finite-
element model used to simulate the effects of atmospheric front propagation over a 2D valley. The front
urface is described in the models by an equation for advection of a scalar substance, which is solved by

a third-order semi-Lagrangian procedure. A leap-frog type scheme in combination with an Asselin filter is used
for time discretization.

Special operators of space discretization are used to provide conservation of momentum and scalars in
the finite-difference model. Triangular elements are used in the finite-element model.

The results of 2D model simulations show reasonable behavior of cold front propagation over a valley
as calculated by both models. The FEM model seems more universal in describing complicated surfaces, and
with the FDM model it is easier to conserve the invariants of the initial differential equation system.

Introduction

Atmospheric phenomena take place on a wide range of horizontal length scales. The flows are divided
into some categories ranging from micro to macroscales. Flows ranging from several to thousands of kilome-
ters are called mesoscale ones. Atmospheric fronts over complex terrain are examples of mesoscale gravity
flows. A terrain-following coordinate system is most often used to describe numerically a local topography of
complicated shape. The domain becomes a rectangular one that can be easily discretized into a finite-difference
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grid. However, the transformed equations are more complicated than the original ones. In addition, it can be
shown that the transformation function must satisfy some smoothness restrictions. In the present paper a finite-
element model is use as an alternative to the above approach. Specifically,a 2D version of a 3D nonhydrostatic
finite-difference meteorological model is compared with a 2D finite-element model used to simulate the effects
of atmospheric front propagation over a 2D valley.

The propagation of an atmospheric front over steep terrain is a phenomenon of great practical impor-
tance in meteorology[1-4 ]. This is also a subject matter of interest for numerical modelers, since atmo-
spheric fronts can be considered as surfaces of discontinuity in the atmosphere. To simulate the deformation
of these surfaces by spacial obstacles like mountains and valleys with good accuracy, efficient numerical
methods are needed. The literature on theoretical studies of atmospheric fronts is not extensive(e.g. [5].)
Two distinct approaches can be recognized in the numerical simulation of front propagation. In one ap-
proach, the front to be calculated is considered as a gravity current driven by a cold air source [6]. In the
other, the front surface is considered as a passive scalar, a tracer to distinguish between warm and cold air
masses [7].

In the present paper, a preliminary investigation is carried out to simulate cold front propagation over a
steep valley in two dimensions with a finite-difference model. Specifically, a 2D version of a 3D nonhydrostatic
meteorological model is used. The model is based on spacial discretizations that conserve some important
quantities of the phenomena under study like momentum and scalars. Also, an efficient procedure is used to
calculate the advection of scalars. A 2D finite-element model based on triangular elements is used to simulate
the same phenomenon of cold front propagation over an idealized valley and the results are compared.

Governing equations
A small-scale nonhydrostatic model developed for simulations in meso- and microscales in two-dimensional
statement with basic equations in a terrain-following coordinate system is considered (see, for example, [8]).

Orographic stability restrictions

The above system of equations is reduced to a 2D form and discretized by using numerical schemes
with central differences in time and space, on grids for the scalar and vector quantities shifted half-grid size
from each other in all three space variables (see, for example, [8]). The terms in the left-hand side of the linear-
ized system are taken by central differences in time and space, while the terms in the right-hand side are taken
at half-time grid levels [9].The basic equations system is linearized around a constant basic state wind velocity
vector (U,V).

To perform a von Neumann stability analysis procedure, one needs to estimate the amplification factor
of the total grid operator. Because of the high complexity of the linearized equations, this is not a simple task,
and one has to perform some simplifications.

In paper [9], a two-dimensional stability analysis was carried out by solving a characteristic equation
analytically with Ferrari’s method. In this paper, instead of calculating the characteristic equation, an eigenval-
ue problem for the amplification matrix is solved by using a procedure for matrices in Hessenberg form de-
scribed by Wilkinson and Reinsch [11] (see also [12]).

Calculations have shown that, similar to the two-dimensional case considered in [9], the ecessary stabil-
ity limitation is as follows:

0<DeltaG=<y<]1,

where Delta G is a measure of mountain steepness and vy is about 0.25.

Comparison of FDM and FEM models for an idealized front over a valley The above model is compared
with a finite-element model. The FEM model is described in [15 ].The model is a continuation of a previous
version developed in collaboration with K. Wilderotter. The front surface is treated by an efficient semi-La-
grangian finite difference scheme [13,14]. A third-order scheme was used as a reasonable compromise between
cost and accuracy. To apply the above constructions to simulating the propagation of an idealized cold atmo-
spheric front over a valley in two dimensions the following input parameters are taken from [6]: the obstacle is
a circular valley with an axially symmetric Gaussian shaped height profile of 600 m . The computational do-
main is 25%2 km. In contrast to [6], the front was not driven by a cold air source, but given initially as a step-
function. Figures 1, 2 and 3, 4 show the results produced by the FDM and FEM models, respectively.

Figure 1 shows the FDM front as it enters the valley.

In Figure 2 the FDM front climbs the opposite side of the valley.

In Figures 3 and 4 the FEM front enters and exits the valley, respectively. A reasonable front propagation
behavior is obtained, as compared to the results of [6].

Conclusions
The general patterns of meteorological fields calculated by the FDM and FEM models are very close to
each other. It should be noted that the FEM model seems more universal in describing complicated surfaces,



although with the FDM model it is easier to conserve the invariants of the initial differential equation system.
The results of calculations presented above are preliminary. They will be extended to more realistic situations
described by more sophisticated physical parameterizations. In forthcoming papers the effects of stratification
and valley shape on front propagation will be studied. Also, comparison will be made with simulation results
on atmospheric front deformation by mountains and hills.

The work was supported by the Presidium , RAS, under Program N 4, the Department of Mathematical

Sciences, RAS, under Program N 3, and the Russian Foundation for Basic Research under Grant 11-01-00187.
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Use of a planetary boundary layer model to estimate wind power
potential of the Gulf of Finland
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central wind climatology is the annual wind resource, that is understood as the expected annual wind

production, P, at a given site and a given turbine height. The power in the wind is proportional to the
cube of the wind speed, i.e. double the wind speed and the power will increase by a factor of eight.

The relevant wind climate is often obtained from nearby measurements that are transferred to the site
and height of interest, using existing boundary layer models, here denoted the so called wind atlas method,
correcting the measured data for local features like roughness, terrain elevation changes, and obstacles. Using
boundary layer theory the data are afterwards converted to predicted wind climatology for a potential wind
turbine site.

In this work about 10 years measurement data from meteorological stations near coastline was used to
obtain wind climatology of the Gulf of Finland. Two-layer model of the equilibrium planetary boundary layer
(PBL) was used as PBL model in wind atlas methodology.

Additionally an average difference between land and sea was involved to consider effect of heat flux on
the model results. Since the Gulf of Finland is covered by ice for several months in the year, the factor of
changeable surface roughness condition due to ice or snow was included in the model.

This research resulted in the first approach of wind atlas for Gulf of Finland area, which contains infor-
mation about wind distribution and wind power density at different hub heights.

This work is dedicated to the analysis of offshore wind power available at the Gulf of Finland. The most

Nicnonb3oBaHue mopenn norpaHNyHoOro cnoA piA OLeHKN
BETPO3HepreTn4ecKoro noTeHunana @DuHcKoro 3anmea
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csikaeMocTH. B EBporie cTponTenbCcTBO BETPSIHBIX MAPKOB HJIET MOTHBIM XOZIOM, M BKJIaJ] BETPOBOH SHEP-

MU B 3HepreTuKy crpan EBponsl nocruraer 20%, a B Poccun sTa mndpa cocrasmsier meHee 0,1%.

DUHCKHH 3aJMB JOCTATOYHO MEITKOBO/ICH M OOJIBINIAS YaCTh €T0 TEPPUTOPUH HEITPUTOIHA JUIS CYIOXOA-
CTBa M OCTAETCsl HEMCHONb3yeMoi. OJTHAKO TaKKe YCIOBHUS XOPOIIO MOAXOIST JUIS YCTAHOBKH BETPOTEHEPATO-
poB. Iyl OIIEHKN SKOHOMHYECKOH 11e1eco00pa3HOCTH MOCTPOWKH BETPOBOTO Mapka B TOM I MHOM MECTE
HEOOXOANMO HCCIIeJOBaHNE MOTEHIMAIbHONH BETPOBOM SHEPTUH HA BHIOPAHHOM TEPPUTOPHH, €€ CE30HHBIX U
KIIMMaTH4IeCKNX H3MEHIMBOCTEH.

B pabote ObIT MpoBeEEH aHATN3 BETPOBOTO TMOTeHIHaNa GUHCKOTO 3a/I1Ba ¢ HCIOJIB30BaHIEM MOJICTIH
TUTAHETAPHOTO MOTPAHNYHOTO CJIOS OCHOBAHHOM Ha TEOPUH TOIO0HS.

3a ocHOBY Opasicsi CTaHIAPTHBIHN, MIMPOKO PacIpOCTPAHEHHBI B MUPOBOI MPAKTHKE, METOJ OLEHKH
JOCTYITHOW BETpOBOW dHepruu, pazpadoranHslii B Jlarckom Texnmueckom Yumsepcurere (DTU Risg). Ero
Wzes 3aKJII0YAETCs B TOM, YTO BETPOBOM KIMMAT U3y4aeMoii 00J1acTH OTpeernsieTcsl HA OCHOBE JaHHBIX U3Me-
peHnii ¢ OMIKANIIMX METEOPOIOTHYECKHUX CTAHINH, C HCIIOIb30BAaHUEM CYIIECTBYIOIINX MOJIENICH TOrpaHud-
HOTO CJIOSl ¥ C Y9€TOM MECTHBIX oporpadudeckux ocodeHHocTed. Ha 0CHOBE TaHHBIX M3MEPEHHBIX HA CTaH-

B CTPOIHCPICTHUKA ABJIACTCS HepCHeKTHBHOI)'I 0071aCTBIO OHCPICTUKH, 3a CUHCT CBOCH DKOJIOTHYHOCTH M HEHC-
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LIMM PACCUHUTHIBACTCS BETEP B CBOOOAHON arMocdepe, a 3aTeM reocTpaduuecKuii BeTep mepecunThIBAeTCs A1
MIOTPAHUYHOTO CJIOA B JPYToi TOUKE IPOCTPAHCTBA
Jlist pacueToB MCIONb30BATIMCH JAHHBIC U3MEPEHUM C METEOPOIOrNYEeCKUX CTaHILUI pacTIOIOKEHHBIX B
npuOpexHOit 30He PUHCKOTO 3aTMBa. DKCTPAIONSIMS JaHHBIX U3MEPEHHBIX Ha CTAaHLUAX Ha o0nacTh DUHCKOrO
3aJ11Ba OCYILECTBIUIACh IPU MOMOIIY IBYXCJIOMHON PABHOBECHOM MOJIENH IIIAHETAPHOTO MOIPAHUYHOTO CJIOS.
Mopnens 6a3upyercs Ha ClIeIyIOIINX YPABHEHUSAX:

xU cosa

—f ———=—A+iIn L (1)
U, z,
kU sina
———=—-b (2

U,

A

Aok _p| 1) ¢ 3)
6. z,

A, B, C — ko3¢ punmeHTsl, 3aBUCALINE OT CTpaTu(UKaUK aTMOCHEPHI.

J1n1st BeTpOBOIi SHEPTeTHKH 0COOBI HHTEPEC MPEICTABISIET HEUTPAIBLHO CTpaTU(UIIMPOBAHHbII aTMOC-
(epHbIil TOrpaHUYHBIN CIIOH, MOCKOJIBKY MMEHHO TaKHe YCIIOBHS Yallle HaOJIOIaloTCsl BO BpeMsl CHIIbHBIX Be-
tpoB. IIpu HeiltTpanbHOii cTparudukanun kodddunreHtsr A, B — koHcTaHThI, a k03¢ dunuent C paBeH HYIIO.
CyliecTByIOT pa3iinuHble IMITUPHUUECKIE 3HAUCHHS STHX KOA(PQHUIIMEHTOB AJIs1 HEUTPAILHOTO TOTPaHUYHOTO
ciosi. B Xozie BeINONHEHMsT JaHHO# paboThl, B Ka4€CTBE KOHCTAHT OpajuCh 3HAYEHMUsI, UCTIONIb3yeMbIe B CTaH-
JIAPTHOM METOJIe TIOJIb3yeMBIE B «CTaHIapTHOM» MeToje Risg [1], 1 3HaueHHMs1, TpeJI0KEHHbIE B MOJIEIHN MO~
rpanuyHoro ciost bpayna [2].

B xone ananuza ObUT BBISIBJICH PsiJi 0COOCHHOCTEH BETPOBOTO peKUMa B 00macT @UHCKOTO 3a11Ba. DTO
npeobnaganue KOFO3 u KO3 BeTpoB, ro0BOM X0/ CKOPOCTH BETpa ¢ MAKCUMYMOM B 3UMHHUE MECSIIbl U MUHH-
MyMoM B JieTHHe. Takke Oblia oTMedeHa 0COOEHHOCTh TpaHC(OPMAIIUK BETPOBOTO ITOTOKA, CBSI3aHHAS C TIPO-
XOXKICHUEM ero Hajl BOAHOM MOBEPXHOCTHIO, OBIIO 3aMEUEHO, YTO BETPOBOH MOTOK IOCIE MPOXOKACHHUS HaJl
akBaropueit @UHCKOTO 3aJ11MBa UMEET B CPEAHEM OOJIbIINE 3HAYECHHS CKOPOCTH BETPA.

B pe3synbrare MoJEIBHBIX PacyeTOB MOMYyUEHB! CPeJHEMECIIHbIe 3HAYCHUS TNIOTHOCTH KMHETHYECKON
SHEpPIruy BEeTPOBOTO MOTOKa 111 DUHCKOro 3aauBa Ha BeIcoTe S0 METpOB.

Ha rpaduxe Xxopo1o BuaeH rofioBoil XoJ MOITHOCTH BETPOBOTO MIOTOKA, C MUHHUMAJIbHBIMH 3HAYECHUSI-
MH B JICTHHE MECSIIBI 1 MaKCUMaJIbHBIMU B 3UMHUeE. LLITpuxoBKoii Ha rpadurke MOKa3aHO BO3MOXKHOE yBeInye-
HHE BETPOBOI SHEPTHH, BEI3BAHHOE ITPUCYTCTBUEM JIEJJOBOTO IIOKPOBA B 3MMHEE BpEeMs Iofia.

BetpoBsie TypOMHBI paboTaroT B OIpeeNICHHBIX Jnana3oHax ckopocTeil Betpa. OOBIMHO MUHUMAaIBHOE
NIOPOrOBOE 3HA4YEHHE, HIKE KOTOPOTo SHEPIUs He BhipabarbiBaeTcs, coctasisieT 3-4,5 m/c. BepxHuii mopor co-
crapisieT 20-36 M/c. A MakcUMasbHas BhIpabaThIBacMast SHEPT sl IPUXOMUTCS Ha 3HAYCHHS ckopocTei 11-16 m/c.
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Puc 1. I'paduk cpenHeMecs uHBIX 3HAYCHUI KHHETHYECKOM
suepruu Betpa P [Br/mM2] Ha BIcOTE 50 MeTpoB. Cunelt
LBETOM 0003HAYCHBI PE3yIIbTaThl PACCUUTAHHBIC «CTaH-
JAPTHBIM» METOAO0M; KPaCHBIM — IIPH IIOMOIIHU JBYXCIIOH-
HOU MoJienH, 0e3 y4era cTparu(UKaini; 3eJIeHbIM — IPU
TIOMOIIIH IBYXCJIOIHOM MOJIENH, C y4ETOM CTpaTH()UKAIIHN
Haja Bojou. [TyHKTHpHO JInHUEH 0003HAYEHBI PE3YIIBTAThI
C y4EeTOM JIEIOBOT'O IIOKPOBaA.

Puc 2. [IpouieHTHOE OTHOIICHHE KOJIMYECTBA IHEH B MECs-
Iie, KOT1a CKOPOCTh BeTpa Ha BhicoTe 50 MeTpOB MEHbIIIe
MIOPOTOBOTO 3HaYEHUs BeTporeneparopa. O603HaueHHS Te
JKe 4TO Ha puc 1.
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Ha puc moxa3aHo KOTHYeCTBO CIIydaeB B MecsIle, KOT/la pacCCYMTaHHBIN BeTep Ha BhIcOTe 50 M MeHbIIe
MIOPOTOBOTO 3Ha4YEHUS B 3.5 M/c. BrIpaskeHO B IPOIEHTaX OTHOCUTEIHHO K 00IIIeMy KOJHYECTBY CITy4aeB.

AHanu3upys 3TH pe3yNbTaThl, MOXXHO CAETATh BBIBOA, YTO MEPUO C CEHTAOPS Mo MapT Hamboiee 3d-
(heKTHBEH AJIS BETPOIHEPTETHUECKOTO MoTeHNHaa. [I0CKoNbKy IMEHHO B XOJIOHOE BpeMsI Tofia IoTpediaeHne
3IEKTPOIHEPTUN MAKCUMAIIBHO, TaKast 0COOEHHOCTH BETPOBOTO PEKUMa, HECOMHEHHO, SBJISIETCS OIaronpusT-
HOM 7151 JAHHOTO PErHOHa.

Jlureparypa:
1. N.G. Mortensen, L. Landberg, I. Troen, and E.L. Petersen.: 1993, ‘Wind atlas analysis and application program
(WAsP), user 5 guide.’, Technical Report Risoe-I-666(EN), Riso National Laboratory, Roskilde, Denmark.
2. Brown, R. A.: 1982, "On two-layer models and the similarity functions for the PBL’, Boundary- Lay-
er Meteorol., 24, 451-463.

BrnuAHNe BONHOBbLIX LIEN0YEK HAa aKTUBHOCTb NNAHETaPHbIX BOJH B HUIKHEI
cTpatocepe AnTapkTuku B ceHtAbpe 2002 .

'Baprun I.H.,lerepc [1.,°T abpnans A.
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Hagane ceHtsops 2002 1. Ha 10r0-BocTOKe VIHAOHE3UN 1 BOIHM3H I0T0-BOCTOYHOTO TOOEPEkKbs AQpUKH

(roxHee 0.Mazmarackap) HaOIIOAAINCH CHIIbHBIE KOHBEKIIOHHBIE MTPOLIECCHI, KOTOPBIE IIPHBENHN K TCHE-

panuu B cpeiHel Tponocgepe ABYX BOIHOBBIX IIETTOYEK. DTH BOIHOBBIE IETIOUKH PACTIPOCTPAHSITICE B
I0r0-BOCTOYHOM HAITPaBJICHUH B ONPE/IEIICHHBIX YCIOBHIX 30HAIBHOTO TeUeHHs. PacipocTpaHeHHE BOIHOBBIX
IIETIOYEK MPUBEIIO K YCHIICHHUIO IBYX aHTHIMKIOHOB B BEpXHEH Tporocdepe — HIxKHEH cTparocdepe AHTapk-
THKH [1-2], KOTOpOE B CBOIO O0Yepes MPUBEIIO Yepe3 HECKOIBKO THEH K Pa3IeeHHI0 CTPaToCcepHOro MOIsIp-
HOTO BUXPS B XOJI€ BIIEPBBIC 3apPETMCTPHPOBAHHOTO M EAMHCTBEHHOTO B AHTapkTHKe I71aBHOTO BHE3amHoro
Crparocpeproro [Torernenus (BCIT) 22-25 centsiops 2002 1.

B Hacrosimeii pabore nccneayercs BO3MOKHOE BIMSHUE BOTHOBBIX LIETIOYCK HA aKTHBHOCTH IIJTAHETAP-
HBIX BOJIH B HIKHEH cTpartocdepe AHTapkTuky. C HCIONIB30BaHNE YIPOIIEHHON BEPCHH MOJEIH [IUPKYISIIINT
armocepsl ECHAM4 (c ucnonp3oBaHreM MapaMeTpru3annil HEIOTOHOBCKOTO BBIXONAKHBAHWSA M BEpXHEH
rparuier Ha 10 rlla) mpoBeaeHs! pacueTsl Al CPETHEMECSIIHOTO 30HAIBHOTO TEUEHHS, COOTBETCTBYIOIIETO
centa6pro 2002 r. [{ns reHepanuy BOJTHOBBIX HENOYEK B MOACTHHBIX pacdeTax B BEpXHEH Tpomocdepe ObuH
3aJaHbl [Ba HICTOYHHKA Ha FOT0-BOCTOKE VIHIOHE3MH 1 BOJIM3H FOTO-BOCTOYHOTO OOEPEXbs AQPHKH, PaCIoIIo-
JKCHUE, THTCHCUBHOCTD U BPEMEHHAsi N3MEHIMBOCTH KOTOPBIX OBUIH 3a/IaHbI B COOTBETCTBUE C PE3yIbTaTaM1
aHaJM3a JaHHBIX HAOMIONCHNUH.

MozenpHbIe pacueThl BBIABUIIN PAcIpOCTPAHEHHE JIBYX BOIHOBBIX IIETIOUEK B IOT0-BOCTOYHOM HAIpaB-
JICHWH, KoTopoe TpuBeno yepe3 10-12 mHel K yCHIICHHIO TUTaHETApHOW BONHBI C 30HAJIIBHBIM BOJHOBBIM YH-
cioM k=2 B HIOKHEH cTpaTocdepe AHTAPKTHKH, COTIPOBOXKAABIIIEECS YCUICHUEM PACIIPOCTPAHEHHS BOJTHOBON
AKTHBHOCTH B HAIIPaBJICHNH TOTIOCA IT0 CPABHEHHIO C PAcUeTOM 0€3 BOTHOBBIX MCTOYHHUKOB. [lomydeHHbIe pe-
3yJBTaThl MOAEIUPOBAHNS MOATBEPXKIAIOT PE3YIbTAThl aHAN3a JaHHBIX HAOIIOICHNH, CBUIECTENBCTBYIOMINX O
BO3MOXXHOCTH yCHJICHHSI BOJTHOBBIMH LIETIOYKAMU TUTAHETAPHON BOJTHBI BOJTHOM k=2.
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African subtropical regions have been observed. They generated two Rossby wave trains in the middle

troposphere that propagated east-southward under the specific conditions of a mean large-scale flow.
The propagation of these wave trains lead to enhancing of two anticyclonic anomalies in the southern upper
troposphere — lower stratosphere of polar region [1-2]. Later on increase of these two anticyclones lead to the
splitting of polar vortex into two parts in the lower-middle stratosphere which occurs as a result of the first
observed Major Stratospheric Warming in the Antarctica on 22-25 September 2002.

In our model study we examined the possible impact of subtropical Rossby waves on the planetary wave
activity in the lower stratosphere over the Antarctica. With a simplified GCM ECHAM4 (the thermodynamic
equation contains so-called Newtonian cooling parameterization resulting in temperature relaxation toward
equilibrium state - e.g. September 2002; upper boundary - 10 hPa), sensitivity experiments were performed for
the mean basic state of September 2002. We use the wave maker approach for the generation of Rossby waves
in the subtropical upper troposphere at distinct two locations which corresponded to observed regions with
strong convection nearby the south-eastern Indonesia and Africa. Two Rossby wave trains with east- southward
propagation have been identified in performed model experiment. Propagation of these two wave trains after
10—12 days lead to amplification of the planetary wave number two in the upper troposphere and higher up to
the middle stratosphere in the polar latitudes. This increase was attended by an enhanced poleward wave activ-
ity flux in comparison with the control run without wave maker forcing. Obtained model results confirm the
observational analysis showing that subtropical generation of Rossby wave’s trains could contribute to the am-
plifying of planetary wavenumber 2 in the southern polar lower stratosphere.

ﬁ t the beginning of September 2002 strong convection processes in the south-eastern Indonesian and
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ruyeckuid mHCTUTYT» (http://sibnigmi.ru) opraHn3oBaH aBTOMAaTH3UPOBAHHBIN PAaCcYeT YHCIEHHBIX TPO-

THO30B TOrofibl ¢ momornbio Moxed WRF ARW mist repputopun 3anaanoit Cubupu ¢ 3ab1aroBpeMeH-
HOCTBIO 10 48 yacoB. Pazpaborunku 3anoxunu B Mozesis WRF Bo3MO)kHOCTE THOKOM €e HacTpOIKY Ha KOHKPET-
HBII PETHOH U, B TOM YHCIIe, BEIOOP KapThl 3eMIICIIONIb30BaHMs. THUIIOBOM HAOOP KapT 3eMJICTIONB30BaHus, IIPeJIO-
CTaBIISIeMBIi pa3paboTYMKaMU MOJIENH W JOCTYIHBIN JUIsl CKauMBaHus Ha ee caiire (http://www.mmm.ucar.edu/
wrf/users/), Bkimouaet B cedst kapThel U.S. Geological Survey (USGS) ¢ ropusoHTansHbIM paszpemiearem 307, 10
M, 5 M ¥ 2 M, a TaKXe KapThl ¢ pazpenienueM 30, morydeHHbIe IO CITyTHUKOBBIM CHUMKAM CIIEKTPOpagroMeTpa

B Hacrosee BpeMs B PI'BY «Cubupckuii pernoHaabHbIN HayYHO-HUCCIIE0BATEILCKUN THAPOMETE0POIIO-
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cpensero npocrtpancTBeHHoro paspenieHuss MODIS (Moderate Resolution Imaging Spectroradiometer). O6a
THUIa KapT ¢ pa3pernicareM 30 mpeacTaBIeHbI B ABYX BUIAX: C KATETOPUEH «03epoy» U 0e3 Hee.

Teppuropus 3anagHoit CuOUpH 10CTATOYHO OOIIMPHAS U IpeCTaBIeHa OOIbIINM pa3HOOOpa3reM TH-
NIOB MTOBEPXHOCTH. B TaHHOM cityuae, pa3pelieHne KapThl 3eMIIETIONIb30BaHHSI MOXKET OKa3aTh 3HAYUTEIbHOE
BJIMSTHHE Ha KaueCTBO IIPOTHO30B. B T0 jke BpeMsi, paccMaTprBaeMasi TEpPUTOPHS JOCTATOYHO OTHOPOJHA, YTO
MOXET HCKIIIOUUTH HeO6XO,E[I/IMOCTI) HCIIOJIb30BaHWA KapThl BBICOKOI'O Pa3pCUICHUA. ITomumo paspCiiCHusA
KapT, TAKKe BaXKHA UX TOYHOCTD B IUIaHE OIIPEIEIICHHs THIIOB TOCTIIIAtONIEH moBepXxHOCTH. [Tockonbky Kap-
o1 USGS 1 MODIS uMeroT HEKOTOpBIC pa3inyisl B KIIaCCU(PHKAIINN IOBEPXHOCTH PACCMATPUBAEMOT0 PETHO-
Ha, HCO6XO}:[I/IMO IIPOBECTU X CPABHCHUEC U aHAJIUS.

Llenbro 1aHHOM pabOTHI SABISIETCS ONpPEeTICHNE CTENeH! 3aBUCUMOCTH KaueCTBa YHCIICHHBIX POTHO-
30B MOT'O/IBI, TOJYYCHHBIX ¢ TToMOIbI0 Moaend WRF ARW mis teppuropun 3anagnoit Cubupu ¢ 3ad1arospe-
MEHHOCTBIO 710 48 4acoB, OT BEIOOpA KapThl 3eMIIETIOIb30BAHHSI.

Sensitivity of WRF ARW forecasts to choice of landuse maps
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t present, in Siberian Regional Hydrometeorological Research Institute (http://sibnigmi.ru) automated

calculation of up to 48-hours term numerical weather forecasts for the Western Siberia is organized

using WRF ARW model. Model developers provided some set of options to configure the model for a
selected region. In particular, it is possible to select a land-use map. A typical set of land-use maps provided by
the model developers and available for downloading from the site of the model (http:/www.mmm.ucar.edu/
wrf/users/) includes U.S. Geological Survey (USGS) land-use maps with horizontal resolution 30”, 10 m, 5 m,
2 m and land-use maps from Moderate Resolution Imaging Spectroradiometer (MODIS) with horizontal
resolution 30”’. Both USGS and MODIS land-use maps with resolution 30 are presented in two kinds: with a
category “Lake” and without it.

Western Siberia is a spacious region, which represented by different surface types. Resolution of maps
used can have significant impact on the forecasts quality. At the same time, the territory of Western Siberia is
fairly homogeneous that could make using of high-resolution map unnecessary. In addition, not only the map
resolution, but also their accuracy in terms of determining types of underlying surface is important. USGS and
MODIS maps have some discrepancies in the land-use classification and additional comparison and analysis is
needed for the selected region.

The aim of our work is to estimate the relation between quality of WRF ARW numerical weather fore-
casts for Western Siberia and selection of a land-use map.
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3MEHEHUs U KOJIeOaHus KiuMara — OJMH M3
I / I OCHOBHBIX ()aKTOPOB IMHAMUKH BOJIHBIX CH-
CTEM KPYIHEHIINX PeUHbIX 0acceiHOB, KO-
TOpasi XapakTepH3yeTcsi pUTMaMH Pa3IMYHON JUTH-
TETFHOCTH M aMIUMTyAbl. HaOmiomaemoe riobab-
HOE TIOTEIJICHHE KJIMMara 3a9acTylO0 CBS3BIBAIOT C
BbIOpOCaMu B aTMoc(epy MapHUKOBBIX Ta30B B pe-
3yJbTaTe ACATENbHOCTH YeJIOBEKa M CUUTAIOT ATO BE-
JyUM (haKTOpOM, OTIPEACIISIONIMM COBPEMEHHYIO U
0coOeHHO OyyIIyt0 TMHAMHUKY MTPOIIECCOB B 6accei-
HaX KPYMHEHIINX PeK, ECIIU CyAUTh 110 Pe3ysibTaTaM
pacyeToB Ha MIOOATBHBIX KIMMATHYECKHX MOJEIISX
(IPCC Fourth ..., 2007).

HMMeHHO B 3TOH CBsI3U MpUMepHO Ookojio 30
JIET Ha3aJl BO3POC MHTEPEC K TEIUIBIM MaJeOKINMaTH-
yeckuM snoxaM (Bymsiko, 1980; 1986), xoTopsie ¢
Pa3Ho#l MPOJOIKUTENFHOCTBI0O U MHTECHCUBHOCTBIO
HEOJHOKPATHO HAOMIONATNCh B TEONOTHYECKOM U
HCTOPHUYECKOM TIPOILIOM. Psii yYEHBIX MPEAIoKHUI
paccMarpuBarh IMPOIUIbIE TEIUIbIe KIMMaTHYeCKHe
SMOXH B Ka4e€CTBE aHAJOTOB, BO3MO)KHOTO aHTPOIIO-
reHHoro morerienus B Oymymem (bymsiko, 1980;
Benuuko u ap., 1988; Benuuxko u ap., 1992).

Torna xe ObUTH HayaThl pa3pabOTKU METOAM-
YECKHX OCHOB THAPOJIIOTHYECKUX PEKOHCTPYKIMN
JUISL YCIIOBHU# POIIUIBIX T€0JOTHYECKUX M UCTOpHYE-
ckux smox (Bemwuxo u mp., 1988; Benuuxo u mp.,
1992 T'eopruamu, 1992 u np.), OCHOBaHHBIC Ha TIaJe-
OKIIMMAaTHYECKUX PEKOHCTPYKIHUIX, UCXOMSIINX W3
TpaauoHHBIX MeTonoB (Kmmumanos, 1976; ITaneo-
KJIUMATHI ..., 2009) 1 m1o6ambHBIX KIUMaTHYECKUX
mozensx (Paleoclimate Modeling Intercomparison
Project — PIMP; Kucnog, 1993).

[IpencraBneHsl pe3ybTaThl OLIEHKH OTKJIOHE-
HUW PEYHOTO CTOKa B OacceifHaxX KPYyMHEHIIHUX pex
I0KHOTO MakpockiioHa Pycckoii paBHuHbI (Bonra,
JoHn, JIHenp) oT uX COBpeMEHHbIX 3HaYCHU, HaOIII0-
JIABIIMXCSL B IEPUOJ] TEIUIBIX KJIMMATHYECKUX SIOX
royoreHa (panHebopeanbHoe (9 THIC. JeT Ha3am) U
cybatnanTrueckoe (3 ThIC. JIET Ha3ajl) MOTEIUICHUE,
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OIITHMYM TOJIOIIEHa-5-6 ThIC. JIET Ha3a1), MUKYJIMHCKOTO MexJieHUKOBbs (120 ThIC. JIeT Ha3a), Ha Mocien0-
BaTeJIbHBIX CTA/IMSX MTOTEIJICHHUS, BOSMOXKHOTO B TeKyIeM croneruu (Meehl et al., 2007).

J11s1 OLleHKH TUIPOSIOTMYECKUX M3MEHEHUH UCIIONB3YeTCsl MOJIeNTb MECSYHOTO BOJHOTO OalaHca, pa3pa-
6orannas B Uucruryre reorpagun PAH (Georgiadi, Milyukova, 2000; I'eopruanu, Mumokosa, 2002 u nip.)
JUISl OLCHKH TMIPOJOTUYECKUX MOCIEACTBHH MOOANBHBIX KIMMAaTHYEeCKUX W3MEHEHHH B KPYMHBIX PEYHBIX
OacceliHax, KOTOpast MOKET OBITh OTHECEHA K KJIaCCy MaKpoMacIITaOHBIX THAPOJIIOTHYECKUX MOJelieil, KoTo-
pbl€ aKTHBHO pa3pabaThIBalOTCS B OCIEAHUE TOBI.

[ToxydeHHbIE pe3ybTaThl CPAaBHUBAIOTCS C COBPEMEHHBIMU U3MEHEHHUSMH CTOKA, KOTOPHIE HCCIIEAYIOT-
Csl Ha OCHOBE aHaJIM3a MX MHOTOJIETHHUX PSIOB.

Water temperature, ice and albedo dynamics in a shallow ice-covered
lake in spring

Zdorovennova G., Zdorovennov R., Palshin N., Terzhevik A.

Institute of Northern Water Problems KarRC, Petrozavodsk, Russia
E-mail: zdorovennova@gmail.com

he dynamics of ice, albedo, and water temperature in shallow ice-covered Lake Vendyurskoe (Karelia,

Russia) in the spring is considered on the basis of long-term observations (1995-2012). The water tem-

perature, thickness of the snow and ice, incident, reflected and penetrating through the ice solar radia-
tion were measured. The main features of the temperature dynamics in the upper convective layer during the
spring convection period are described. The significant inter-annual differences in ice regime of the lake are
shown. The duration of ice cover varied from 150 to 190 days; the date of freezing can differ by more than a
month and the date of ice-break — by more than two weeks. Substantial inter-annual and spatial variability of
the structure and thickness of ice cover is considered. The thickness of the snow-ice cover in mid-April ranged
from 40 to 80 cm in different years. The main features of the albedo dynamics during the spring melting are
described. The spatial variability of the albedo in the spring is up to 40%._The flux of solar radiation at the
lower boundary of ice grows rapidly, as the snow cover disappears, from 2-20 in mid-April to 50-190 W m? in
the end of April. Spatial heterogeneity of the solar radiation flux at the lower boundary of ice can reach 30%.

[lnnamuka TemnepaTypbl BOJibI, IE[I0BOT0 pemuMa 1 anbbeso
MOBEPXHOCTM MENKOBOHOI 0 NOKPLITOr0 NbJIOM 03ePa BECHOI

3nopoeenHosa I'., 3nopoeentos P., Manbwnn H., Tepxesnk A.

WucTutyT BopHbix npobnem Cesepa KapHL| PAH, Netposasoack, Poccua
E-mail: zdorovennova@gmail.com

O0BeKT nccienoBaHus.

HccnenoBanue TepMHUYECKOTO U pafuaIlIOHHOIO pexkuma o3epa Benatopckoro nposoamiocs B 1994-
2012 rr. O3epo Benmropckoe — 310 HEOOMBIIONH BOIOEM JICHUKOBOTO MPOUCXOKIACHUS, PACIIOIOKEHHBIN Ha
tore Kapemun (62°10°-62°20°N, 33°10°-33°20°E) mexny aByms Bequkumu ozepamu Jlagoxckum n OHex-
ckuM. [Inomanp 3epkana ozepa Benmgtopckoro 10.4 km?, 006em Bog ~5.5 107 M°, cpenusist nmyOuna 5.3, Makcu-
ManpHas 13.4 M, muroma s BogocbopHoro Oacceitna 82.8 km?. O3epo NpHHAIEKHUT K OacceitHy BOIHOM cucTe-
MsI p. CyHbl. KoTitoBrHa 03epa JieTHIKOBOTO TporcxoXkaeHus (1muHa ~7.0, mupuHa ~1.5-2.0 KM) BEITSHYTa C
3amajia Ha BOCTOK. B 03epo Bramaer p. Punmo3epka 1 HeCKOIBbKO HEOONBIINX PyUbeB, BhITeKaeT p. Kymannern,
OIHaKo 00beM UX cToka HeBelrK. CTOK ¢ cOOCTBEHHOTO BO/10cOOpa o3epa U arMoc(epHbIe 0Ca ki OKa3bIBAIOT
OIIpezeIsIoNIee BINsHAE Ha N3MEHEHHST 00beMa 03epHBIX BOJ B TedeHHe roja. KoagduimenT ycinoBHOro Bo-
noobmeHa o3epa paseH 0.4 rox. I[Ipo3pagnocts Bojs! 1o aucky Cekku 3-4 M.
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MeToauka u3mMepeHui.

W3MepeHus teMnepaTypsl BOJbI, COJIHEUHON pagualliil U TOJIIMHEI JEJOBOTO MOKPOBA IPOBOAUINCE B
3uMHHE Mecsinbl 1994-2012 rr. M3mepenust 00bIYHO MPOBOJMIIKMCE B alpelie, U JONOIHUTENBHO B HEKOTOPhIE
robl ¢ HOSIOPS 1Mo Maif. Vi3MepeHus TOIIUHEI JIb/Ia OCYLIECTBISUINCH Ha 22 CTaHIMSX MPOIOJIBHOTIO U II0TIe-
peuHoro paspe3oB. Tepmokock! (B 1994-2007 rT. ucmonb30Banuch TepMonarduku TR-1 HOpBexcKoW (pupMbI
«Aanderaa Instruments», B8 2007-2012 rr. TR-1050 xananckoii pupmer «KRBR Ltd») n BepTukaibpHbie 30HIUPO-
Banus (30Ha61 CTD-48M u CTD-90M «Sea & Sun Technology») ucrosnb30Banuch Uit ©3MEPEHUS TEMIIEpary-
pl Bozbl. BusyanbHble HaOMIOACHUS 32 JISIOBBIMU SIBICHUSMH Ha 03epe BeHII0pCKOM B TOABI HCCIIEIOBAaHUN
HEe NPOBOAMIMCH. J[aThl Hayala ¥ OKOHYAHUS JIEJOCTaBa ONpPEAEUINCh 0 JaHHBIM TepMoKoc. M3MepeHus
TOJIUHBI 03€PHOT0 CHEra U JIbAa MPOBOAMUIIKMCH HA CTAHIUSIX IONEPEUHOTr0 U NMPOAOJIBHOIO pa3pe30B MpH Mo-
MOIIM THIPOJIOTHYeCcKol JIMHElKk. Mereoctannus yenickoi pupmsl «kEMSy» ncnonb3oBaiach 1i1st TOJTyYeHUS
JIaHHBIX O TEMIIepaType U BIAXXHOCTH BO3/yXa, CKOPOCTH U HanpasieHuu Betpa B 2004-2012 rr. J[ns xapaxre-
PUCTHUKHU MOTOAHBIX YCIOBUH paiioHa uccienoBanuil B 1994-2012 rr. ucnonabp30BaIich TakKe NaHHBIE METEO-
craniuu OenepanbHoii ciyx061 PO 1o ruapomereoponorun u MOHUTOPHHTY TipupoaHoi cpeabl — 'MC «Iler-
pozaBozack» (http://www.gismeteo.ru/synarc.htm). PagnaunonHast cTaHius, OCHalleHHas NHPaHOMETpPaMu
«Star-shaped pyranometer» nHemenkoii pupmsl « Theodor Friderich & Co, Meteorologishe Gerate und Systeme»
HCIONB30BaNach JUIsl U3MEPEHHsI aJlatolleld 1 OTPAKEHHOW CONMHEYHOU paauanuu. [ u3MepeHus nojjien-
HOMW pajgyualiy TaKkKe MPUMEHsJICS IPHUOOp, CKOHCTPYHPOBAHHBINH Ha 0a3e YHHBEPCAIBHOTO OTEYECTBEHHOTO
nupanomeTpa «M-80m». [IporomKUTeNnbHOCTh HEMPEPBIBHBIX M3MEPEHHUH CONHEYHOM pajuannui 00bIYHO CO-
cTaBisiia 1-2 HeJenu ¢ maroM 1o BpeMeHH 1-5 MUHyT. Anb0ei0 HOBEpXHOCTH 03epa BEIYMCISUIOCH KaK OTHO-
LIeHWEe MOTOKOB OTPaKEHHON M Majaroliedl pagualyy MO M3MEPEeHUsIM Ha paauanuoHHON craHuuu. Kpome
TOTO, M3MEPCHUS PaJMallii U OLICHKU allb0e0 OCYIIECTRIUINCh B (eBpaine-anpene 2002 u anpene 2006 u
2007 rr. BOonb MONEPEeYHOro pa3pesa B LEHTPaIbHOM YacTu o3epa.

Pe3yabTarhl 1 BHIBOIBI.

3UMEI B paﬁOHe I/ICCHellOBaHI/Iﬁ OOBIYHO TEIUIBIE C YaCTHIMHU OTTCIIC/IAMU, HO OBIBAIOT U CYPOBBIC 3UMBI
npakTH4ecku 6e3 orreneneid. KommuecTBo oTTemneneit B TEIIyIo 3uMy MoxkeT focturats 10. JlaTsl 3amep3aHus
03epa M B3JIOMa JIbJIa CYIIECTBEHHO U3MEHSIOTCS OT Tojia K ToMy: Haubosee paHo 03epo 3amep3asio B 1994 u
1995 . (7 HOsOps1), Hanbomnee mo3aHo B 1996, 2005 1 2008 rr. (Hauaso aexadps). Bamom ibna mpourcxoaur c 1
o 19 mast. [IpoomKUTENBHOCTD JIEA0CTaBa B pasHble rojabl u3mensiercst ot 150 1o 190 cyToxk.

W3mepeHune TONMIMHBI U OMMCAHKUE CTPYKTYPBI CHEXHO-JIEZI0BOTO OKPOBa 03epa BeHropckoro nposo-
JUIIOCH Ha |-4-X TIonepeyuHsIX pa3pesax (KOJTUUIeCTBO CTaHINH H3MepeHni n3MeHsI0ch oT 16 10 40) B HOsIOpe-
nekabpe 1995, nexadbpe 1996, 1998 u 2002, suBape 2002, deppane 1998, 1999 u 2002, mapte 1999 u 2002, a
TaKXe BO BCE T0JIbI UCCIIeI0BaHMM B amperne. JIemoBblil moKpoB o3epa Benaropckoro BKIIOYa CIOU KPUCTaJ-
JUYECKOTO M OeNoro JbjJa, WHOT/IA MEXIY BEpXHHM M HIDKHUM JIBJOM HaOIIomanach MpoCioika BIKHOTO
cHera. B KpucTasIMYecKoM JIbly 3a4aCTyI0 MOXKHO OBIIO BBIICIUTh HECKOJIBKO MOJICIIOEB, Pa3HYaIOIIIXCS 10
KOJIMYCCTBY ITY3bIPHKOB BO3AYyXa, JJIUHEC U KOJJMYCCTBY BEPTUKAJIBHBIX KaHAJIOB. B 6emom JIbTY TAaKXE BBIJACIIA-
JIMCH TIOZICIION, OTIMYAIOUINECs] pPa3MepoM U (OPMOI KPHCTAIUIOB WIIM KPYIHHOK JIbJIa, TJIOTHOCTBIO, U, KaK
cnencteue, ontudeckumu cBoiictBamu (IletpoB u ap., 2005). MakcuMaabHON TONIIUHBI CHEXKHO-JIETOBBIN
MOKPOB JTOCTUTAJ OOBIYHO B KOHIIE MapTa - HayaJie anpesisi. B anperne B Tofpl Mccae10BaHUl 001as ToIHA
CHEXKHO-JIEZ0BOTO MoKpoBa coctasisiia 0.4-0.8 M, mpu 3TOM cJ0it cHera peaxo npesbiman 10 cm, cioif 6eroro
mpaa (0.1-0.25 M) 06b19HO OBLT TOHBINE KpHrcTaTHUeckoro (0.25-0.55 m). B roasl HabmoneHnii oTMedanach
Cym€CTBEHHAA MPOCTPAHCTBCHHAA U3MECHUYNBOCTD KaK O6H_[eﬁ TOJIITUHBI JIbJAa, TaK U OTACIBHBIX €TI0 CJIIOCB I10
wioniaau o3epa. [1o M3MepeHHsM TOJIIMHEI JIbJla B MMOCIE0BaTeNIbHbIE CheMKH ObliIa OLIEHEHA MpUMepHast
CKOpPOCTb €T0 HapaCTaHUsA U TasdHWUA B Pa3sHBIC ICPUOABI 3UMBI. CKOpOCTB YBCJIMYCHUA TOJIIWHBI JibAa ObLIa
MaKCUMaJbHOW B Hadase 3uMbl 1 gocturaia 2-4 cMm cyT'. B eBpane-mapre TONIIMHA JIbJa yBEIUIUBAIACH B
cpennem Ha 0.3-0.5 cM ¢cyT”, a B cepenrHe anpens HaunHaNoCh Tassaue. CKOPOCTh TassHUS OMPEAesIach Mo-
TOAHBIMU YCJIIOBUSIMU U B Ha4uaJbHBIN Tieprofl cocTapisiia B cpeaaem 0.2-0.5 cm cyt'. [To Mepe pa3zButus npo-
1ecca CKOpOCTh TastHUSA JibJa yBennuuBanach 1o 1-2 cMm ¢yt (Leppéranta et al., 2010), a B oT/1ebHBIC TOABI HA
(hoHe TeruI0it COTHEYHO MOroIbl JOCTHraNa 3-5 cM CcyT™.

ITo maHHBIM aKTHHOMETpPUYECKHUX M3MepeHuil 1995-2012 rr. ycTaHOBIEHO, YTO JHEBHBIE MAaKCUMYMBI
IIOTOKOB MaJaoUIeil 1 OTPaKEHHOM COJIHEYHOM paJiialliy Ha BEPXHEH MPaHULE CHEXHO-JIEOBOIO IIOKPOBA B
cepenune ampens cocrapmsui 500-800 u 200-500 Bt ‘M?, cooTBeTcTBeHHO. 10 Mepe TasHUs CHETa U JIbJia U
IIOHNXXCHHUA am)6e)10 TTOBEPXHOCTH 03€pa, 6BICTpO YBEJIMYMBAJICA ITOTOK paJualiui Ha HIDKHEHN TpaHUIC JIbaa:
B CEpeIUHE arpelis ero THEBHON MakcuMyM cocTasisut 2-50, B koHIe anpenst — 50-120, B oTIeabHBIE TOBI
nocturai 190 Bt M2 M3Mmepenus moajieTHON pagualii, BEIMOJIHEHHBIE B Mae 1998 . Ha IBYX CTaHITUIX, HAXO0-
JISTIIXCST BOTM3U CEBEPHOTO U I0KHOTO OEPETOB 03epa Ha paccTosTHUM OoJiee 1.5 KM ApPYT OT Apyra, moKa3ain
OTJINYME HAKOIUIEHHOTO 32 JIeHb ITOTOKa COJIHEYHOH panuanuu 6omnee yeMm Ha 30% (Ilerpos u mp., 2005), uro
OBLITO CBSA3aHO KaK C OTIMYUSIMH B COCTOSIHUH ITOBEPXHOCTH 03€pa, €T0 aab0es10, TaK U ¢ pa3IuIHOMN TONIHMHOM
U CTPYKTYPOH JIEAOBOTO ITOKPOBA HA CTAHLUSX.
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Anrbeno o3epa BeCHON 3aBHCUT OT COCTOSIHHS IMIOBEPXHOCTH, CTPYKTYPBI CHEKHO-JIEAOBOTO ITOKPOBA,
BbICOTHI COJHIIA, METEOPOIOTHIECKUX ycaoBuil. Kak moka3piBaloT MHOTOJICTHHE HCCIIEIOBAHUS, allb0eno mo-
BEPXHOCTH 03. BeHAIOpCKOTO BECHOW M3MEHsETCs B IUPOKKX mpenenax ot 0.8+0.15 (cBe)xeBhIMaBIIN CHET)
10 0.2+0.1 (MoKpast TOBEpXHOCTh 0estoro U KpucTtamumndeckoro abaa) (Iletpos u ap., 2005; Zdorovennov et al.,
2013). Ilpu HHTEHCHBHOM TasTHUN HAOIONASTCS XOPOIIIO BEIpaKeHHAS U3MEHUYMBOCTD allb0e0 B TEUCHHUE CY-
TOK C MAaKCUMYMOM B YTPEHHHUE Yachl I MUHUMYMOM B BeuepHHUE, 00YCIIOBICHHAS H3MEHEHNEM COCTOSHHS M10-
BEPXHOCTH 03€pa B TeUCHHE AHA (TIOSIBIICHIE HA TIOBEPXHOCTH Tajoi Boabl). I[pocTpaHCTBEHHBIE CHEMKH IS
oreHKH anbbeno B ampene 1998, 2002, 2006 u 2007 TT. moka3ayin, 9TO €r0 U3MEHYUBOCTD I10 TUIOIIAIN 03€pa
BecHOU MokeT mocturarb 40%, 9TO OKa3bIBaeT CYNIECTBEHHOE BIMSHHE Ha (POPMHPOBAHUE MPOCTPAHCTBEH-
HOM HEOTHOPOTHOCTH MOICAHOTO TEMIIEPATYPHOTO IOJISt H MOXKET CIIOCOOCTBOBATh Pa3BUTHIO IBEKTUBHOTO
TepPEeHOCca MOAO JIBIOM.

KomnmuecTBO HaKOIIEHHOTO 3a JHEBHOE BPEMS TEIlIa B MOIJICAHOM CIIO€ OBICTPO YBEIMYHBAETCS IO
Mepe TasHus. Hanbonee OBICTpEIN poCT TeMIepaTypsl BOABI B MOMJIEAHOM cioe Habmromancs B anpene 1999,
2006 u 2007 rr. Becennsis momieHas KOHBEKINS OOBIYHO HAYMHACTCS B CEPEIUHE amperst U MPOIOJIKACTCS
3-4 menenn. TemrepaTypHBIA MPOGUITb 3UMOH /10 Hadala BECEHHETO IMOJUICAHOTO MPOTrpeBa XapaKTepu3yeTcst
HENPEPHIBHBIM YBETUYCHUEM 3HAYCHUN OT HIDKHEH IMOBEPXHOCTH JibAa a0 AHa. C Ha9aJoM KOHBEKLIUH MO0
TBI0M (HOPMEPYETCS] TEPMUIECKast CTPYKTYpa, COCTOSIIAs U3 HECKOIBKIX CJIOEB: MOJICAHOTO TPaIUeHTHOTO,
koHBekTHBHOTO TepememanHoro ciosi (KIIC), crmos BoBneueHus u crparudunmpoannoro (Farmer, 1975;
[TerpoB, Cytsipus, 1985). Ilo MHOTONIETHIM H3MEPEHUSAM TEMITEpaTyphl Ha 03. BeHaiopckoM B cepeuHe arpe-
JIs1 yCT@HOBJICHO, UTO TOJIIIMHA OAJICIHOTO CJIOSI COCTABIISIET HECKOIBKO AECATKOB CM, TPAIMEHT TEMIIEPaTyPHI
B HeM pocturaet 5-10°C . Tommuna u remneparypa KIIC mpu pa3BuTON KOHBEKIIMH YBEITHIHBAIOTCS B CYyT-
kxu Ha 0.1-0.8 M 1 0.05-0.25°C, cooTtBeTrcTBeHHO. OHAKO WHOTIA TeMIlepaTypa Boxsl B BepxHer yactu KIIC
npesbimaeT 4°C, 9T0 MPUBOAXUT K IPUOCTAHOBKE 3arTyOJICHHS €ro HIKHEH rpaHuibl. Takoe sBiaeHne HalImo-
nanock 24 anpens 1999 r., xoraa temmeparypa Boasl B Bepxael gactu KIIC mpesrsicuna 5°C (Kirillin, Ter-
zhevik, 2011).

M3mepennus TeMmepaTypbl BOABI B peKHME BEPTHKAIBLHOTO 30HANPOBAHIS, BEHIITOJTHEHHBIE Ha ITOTIEPEY-
HBIX pa3pe3ax B ampele B TOABl HCCICAOBAHHUMN, TO3BOIMIH OLEHUTH ITPOCTPAHCTBEHHO-BPEMEHHYIO HEOIHO-
poxHOCTH pactpeneneaus Temmeparypsl B KIIC. Pasauma temmeparypst Boasl B KIIC mexay neHTpansHON
4acThIO 03epa 1 MpUOpeKHBIMU paiionamMu Moria gocturarh 0.1°C. Xapakrep pacnpenenenus uzorepm B KIIC
(mompeM B HIEHTPAIBHOW YaCTH 03€pa M OITyCKaHUe B MPHOPEKHBIX paifoHax Tr00 (GOPMHUPOBAHKE YCTONYIN-
BBIX BO BpeMeHH (0o1ee Tpex CyTOK) JOKaIbHBIX MAKCHMYMOB TeMITEpaTypbl BOIM3U CEBEpHOTO Oepera o3epa,
o3BOJIsUT pennonarate pa3sutie B KIIC nupkynsamuii, anBeKTUBHOTO NepeHoca. 3Mepenns TeueHuil, BbI-
TIOJHABIINECS Ha o3epe BeHmiopckoMm B 3uMHME Mecslbl 1995-1996 rT. moaATBep K Aat0T 3TO MPEAIOIOKEHIE
(Malm et al., 1998). O0pIYHO K MOMEHTY B3JI0Ma JIEIOBOTO TOKPOBA KOHBEKTHBHOE ITEPEMEIINBaHUE Ha MEITKO-
BOJBSIX U B OOJIACTH CPEeIHUX ITyOWH NMPOHHUKAET JI0 IHA, B IITYOOKOBOJHOH YacTH o3epa — A0 DryouH §-9 M.
Temneparypa KIIC mpu 3Tom coctasmsiet 3.7-4.2°C.

[TonmyuyeHHbIe pe3yasTaTsl TPEOYIOT JaJbHEUIIIET0 aHaIM3a U TOPAOOTKH T OTYIEeHHUS KOTMIEeCTBEH-
HBIX OIICHOK CBSI3HM BHYTPHCYTOYHOH TUHAMUKH TeMiepaTypbl Boasl B KIIC 1 n3MeHeHHsS BO BpeMEHH COCTOS-
HUS TIOBEPXHOCTH 03¢epa (B IEPBYIO OUepellb, €ro aIbOE0) U IIOTOKA COTHEYHOM paguanuy Ha HIDKHEH ITpaHu-
e JIb/a.

Pabota BemonHena npu ¢puHaHcoBo# nmoanaepkke PODU (mpoekt Ne 13-05-00338).
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OnacTh HCCIIeAOBaHHU HAXOMUTCS B IOKHO-Tae)KHOM 30He 3anaanoit Cubupu Ha rore Tomckoit obnacTu

1 OrpaHMYEHa ¢ 3aI1a/ia, BOCTOKa U ceBepa pekamu O0b 1 ToOMb a C rora — CeJIbCKOX035HCTBEHHBIMH

xoMiuiekcamMu HoBocnbupckoit obmacti. OcobeHHOCTRI0O O0B-TOMCKOTO MEKIYPEUbs SBISIETCS BBHI-
COKas HEeOAHOPOIHOCTD JIAHAA(THOW CTPYKTYPHI (COUeTaHHe NPEBHUX PABHHUH CIOXKEHHBIX CYIJIMHKAMH C
JT0XOMHAMHU JPEBHETO CTOKA, CIOKEHHBIMU MECYAHBIMU OTIOKCHHAMH), 3HAYUTENIbHbIE aHTPOIIOTCHHbIE M
TEXHOT€HHBIE Harpy3KH Ha MPUPOAHYIO cpexny. s u3ydeHus MpoCcTpaHCTBEHHON CTPYKTYPBI JIECOOOIOTHBIX
koMIutekcoB O0b-TOMCKOTO MeX Ty pedbst ObUIH TOI00PaHBI KOCMOCHUMKH BBICOKOTO IIPOCTPAHCTBEHHOTO pa3-
pemenns Quickbird, koTopsle OBUT TIIATEIHHO MCCIEIOBAHBI U KOHTYPHI O0JIOT OBUIM HAHECEHHI BPYYHYIO.
BonoTHBIE KOMIIIEKCH MMEIOT YeTKHE ¥ SICHO Pa3IM4MMble IHarHOCTUYeCKHe NpH3HaKW. TakuM obGpasom,
OBLITO BBIMTOJTHEHO OKOHTypHBaHHUE Bcex OomoT O6b-ToMcKkoro Mexmypeuss. Bcero Ha TeppUTOpHH BBILAEICHO
595 6omnot o01mel miomaasio 6omnee 25 Toic. rekrap. 13 Hux 567 60710T OBLIH OTHECEHBHI K KIIacCy N30JIHPOBaH-
HBIX, 3aHUMAIOIINX O0IIy0 TIomanb okono 10 Teic. rekTap, wim 2,5 % teppuropun. M3onnpoBanHble 60s10Ta
HE UMEIOT SBHBIX BOIOTOKOB, CBSI3BIBAIOIINX HX C APYTHMH BOJHBIMYU 00beKTaMu. B cpenHeM 3a00J104€HHOCTE
Tepputopun 3anagaoi Cubupu cocrasnser okono 30%. 3a00109€HHOCTD yJacTKa HCCIIEI0BAHMN 3HAUNTEIb-
HO MeHbIue (3.5%), 4To 00yCcI0BIEHO FeOMOP(OIOTHYECKON CTPYKTYPOH MOACTHIAIONIECH TOBEPXHOCTH.

Pab6ora BemonaeHa npu mogaepsxke rpanta MHTL] Ne 4079.

Identification, characterization, and functional assessments
of isolated wetlands

'Dyukarev E.A., 'Gordov E.P., 'Dyukarev A.G., ?Autrey B., 2Lane C.R.
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etlands are integral components of landscapes with specific nutrient dynamics, pollution sequestra-

tion, which essentially differ by water quality and quantity, and they are wildlife habitat. Wetlands

are especially vulnerable to anthropogenic disturbances affecting functions and conditions because,
due to their typical settings within the landscape, they often act as sinks for landscape processes. In agricultural
areas, for example, nitrogen and phosphorous fertilizer applications and the subsequent runoff can cause the
eutrophication of wetlands. Eutrophication can significantly alter ecosystems by generally decreasing biodiver-
sity, increasing the numbers of exotic organisms, and changing ecosystem functions.

Wetland ecosystems have an important role in the global balance of greenhouse gases. Through respira-
tion and decomposition, wetland ecosystems both accept and release atmospheric carbon while accumulating a
portion of it in peat organic matter. Changes in climatic and hydrological conditions caused by both anthropo-
genic and natural conditions may be influencing the carbon balance and converting bog ecosystems from car-
bon sinks into carbon sources. Small isolated peatlands that have many of the same properties as large bog
ecosystems (e.g., vegetation cover, hydrological regime) may respond more quickly to climate changes and
anthropogenic impacts. As a result, these small peatlands are well suited as, and can be used for, modeling and
forecasting the long-term responses of large bog massifs to climate changes.

Isolated wetlands, which are aquatic water bodies completely surrounded by upland with, “...no appar-
ent surface-water connection to perennial rivers and streams, estuaries, or the ocean...”, are located throughout
the U.S., with high densities in areas such as the Prairie Pothole Region of the upper Midwest, flatwoods ponds,
and pocosins of the Southeast, playas and rainwater basins of Texas and the lower Midwest, and vernal pools of
New England.
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Despite the importance of isolated wetlands in attenuating floodwaters, cycling nutrients, and providing
habitat, no accurate measures exist of their extent. No more than 20% of the wetland acreage in the U.S. is
isolated. A recent GIS analysis of isolated wetlands of the Atlantic and Gulf Coastal Plains by Lane determined
that Florida, Georgia, and South Carolina have over 433,000 isolated wetlands averaging 1.8 ha and covering
approximately 789,000 ha, or 1.8% of the conterminous U.S. total.

Difficulties exist in identifying the extent and location of isolated wetlands because they are generally
small and possess various hydro patterns and, depending upon where and when viewed, can appear to be lake-
like or forested, or can actually be under cultivation. Isolated wetlands express cyclical and varied hydro peri-
ods, becoming saturated or having standing water during the rainy season, then gradually loosing water
throughout the remainder of the year to groundwater recharge, evaporation and transpiration, and interstitial
flow. This varied hydroperiod affects emission of CO,, N,O, and CH, to the atmosphere, influencing global
climate change.

Russia’s wetlands cover approximately 161 bill. ha, and comprise almost 80% of the land area of west-
ern Siberia. Like wetlands throughout the U.S., Russian peatlands vary in size and hydrologic connectivity to
other aquatic systems. The world’s largest bog, the Great Vasyugan Mires (5 300 000 ha), which grows by
1,800 ha yr', is located within the Western Siberian Plain. Peatlands — which form through positive water bal-
ances, hydrophytic vegetation growth (typically Sphagnum sp., grasses, sedges, reeds, and woody plants), and
low decomposition rates — are the most common Russian wetland type and occur worldwide in the boreal re-
gions. . Interest in the worldwide extent of boreal peatlands has recently increased due to their ability to func-
tion as atmospheric carbon sinks.

The research in this study focuses on determining the extent, function, and condition of isolated peat-
lands within Ob-Tom Interfluve. Bog massifs are common throughout western Siberia, and numerous studies
by Russian wetland experts have been conducted in the Ob and Tom Rivers Interfluve, an area of approximately
7000 km?, West of Tomsk. This research will focus on isolated wetlands that are 5 ha or less in area and are lo-
cated in various land-use types (e.g., urban, agricultural, reference).

A feature of the Ob—Tom interfluve are the high nonuniformity of the landscape structure (combination
of old plains composed of loam and old drainage lines composed of sand deposits), significant anthropogenic
and anthropogenic pressure on the environment. The environmental situation in the Ob—Tom’ interfluve area is
a result of a complex of transforming factors, including deforestation, land tillage, and bog reclamation, which
occur against the background of climate variability. However, the most important factor is the development of
the groundwater deposit. The Tomsk intake is a unique construction for Russia, which includes 177 linearly
arranged wells. The water intake line is 54 km long. The total volume of the water intake is about 250 thous. m’
per day. Sequential installation of the water intake began in 1972, and since 1990, the intake has been the only
source of drinking water for the city of Tomsk. During its operation, an extensive cone of depression has
formed in aquifers, stretching from the Tom’ River to the Ob River. For the first stage of the intake, the depth of
drawdown of the aquifers reaches 9-10 m, and for individual wells, it is up to 15 m. The operation of the water
intake structure for more than 35 years has led to a change in the hydrogeological conditions, which affected
the natural environment.

Using the remote sensing data for integrated study of natural objects is actual for investigation of diffi-
cult to access areas of West Siberia. Wetland structure can be recognized at space images due to specific texture
of wetland vegetation and wetlands shape. Ground data on wetlands location and properties are increases the
accuracy of wetland mapping. Maps of wetlands composed using satellite data can be used for estimation of
areas occupied by different ecosystems and analyze disturbances in ecosystem functioning.

High-resolution QuickBird space images were collected for analysis of spatial structure of the forest-
bog complexes at Ob-Tom interfluve area. QuickBird is a high-resolution commercial earth observation satel-
lite, owned by DigitalGlobe and launched in 2001 as the first satellite in a constellation of three scheduled to be
in orbit by 2008. The satellite collects panchromatic (black and white) imagery at 60 centimeter resolution and
multispectral imagery at 2.4- and 2.8-meter resolutions. Images were obtained from a web mapping service
Bing Maps (http://www.bing.com/maps) provided as a part of Microsoft’s Bing suite of search engines. Images
at 17 level of magnification were joined and saved as a single image at SASPlanet software (http://sasgis.ru).
The combined image was cut at 40 segments (11008x6937 pixels) to reduce size of a single image for process-
ing. Central part of the area is presented by early spring satellite images. Snow patches are recognizable at open
spaces within forest. Right and left parts of the area are covered by summer time images, and some amount of
clouds exists at the left side.

Space images were carefully examined and wetlands were manually delineated. Wetlands have clear
visible signs at the high resolution space images. Light spots within dark forest area usually related with open
wetland or glade. Texture of forested wetland is finer than at mature pine forest due to smaller size of trees.
Dark spots at light green (summer) of light brown (spring) areas can be identified as a very wet areas (fens) at
open wetlands. Wetland edge is a sharp curve line usually. Mapping of wetlands for the Ob-Tom interfluve area
was done manually. Automatic processing of the images is very difficult due to high noise in the cloudy images
and different spectral characteristics of images in spring and summer. 595 wetlands were delineated in total.



Wetlands area is more than 25 000 ha. 567 wetlands were recognized as isolated wetlands with the area about
10 000 ha (of 2.5% of the study area). Isolated wetlands have no visible surface channels or streams connecting
them with other water bodies. Large wetlands usually have a connection with creeks or rivers and cannot be
related to isolated wetlands.

Average wetland content for West Siberia is about 30%. Small amount of wetlands (3.5%) at the study
area is determined by the geomorphological structure of underlying rocks.

Analysis of distribution of isolated wetlands by size has shown that wetlands with area less 2 ha are the
most frequent. It was found 128 wetlands with the total area 127 ha at the study area. Frequency of wetland
appearance is decreases with wetland size increase. Only 13 wetlands have area from 26 to 28 ha. Half of the
total amount of wetlands has area less than 6.4 ha. The largest isolated wetland occupies 797 ha, and only 5%
have area more than 50 ha.

Route studies were made for survey about 100 isolated wetlands to assess the quality of classification
isolated wetlands. Botanical descriptions sensing the depth of peat deposits was made. The variety of isolated
wetlands exist on the territory was reduced to three basic classes: forested bogs (pine-shrub-sphagnum com-
munities with varying height and density of the tree layer), open fens (peat moss and sedge-sphagnum fens with
water level near the surface) and the dried bogs with substantially transformed vegetation and degraded peat
deposit. Free water in degraded peat deposits during summer time is not available. Peat density is approxi-
mately twice higher than in wet condition. Peat thickness reduces and at the contact of bog and upland is ob-
served failing landforms and inrush old trees. There is a high risk of fires.

A detailed analysis of the structure of each wetland complex of the study area allows us to estimate the
ratio of bogs and fens. Forested and open wetlands differ in their characteristics, response to decline in bog
water and also have a different ratio of components of the carbon balance. It was found that the largest part of
isolated wetlands in the study area is occupied by forested wetlands (bogs) (69%), and fens and dried bogs oc-
cupy almost equal parts (18% - fens, 13% - dried).

The work was supported by grants ISTC Ne 4079.

Land-use and land-cover changes and their effects on carbon
and water cycling in Northern Eurasia

Qianlai Zhuang
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in northern Eurasia. This temperature increase and extreme climate change are projected to continue during

the 21st century according to climate models. The changing climate is likely to affect land cover and the
biogeochemical cycles in the region. These changes in biogeography and biogeochemistry, in turn, will affect
how land use evolves in the future as humans attempt to mitigate and adapt to future climate change. Regional
land-use changes, however, also depend on pressures imposed by the global economy. Feedbacks from future
land-use change will further modify regional and global biogeochemistry and climate. Using a suite of linked
biogeography, biogeochemical, economic, and climate models, we explore how climate-induced vegetation
shifts in Northern Eurasia influences land-use change and carbon cycling across the globe during the 21st cen-
tury. We find that, by the end of the 21st century, the vegetation shift due to climate is a more important factor
than the climate itself in driving land use change in Northern Eurasia. While climate policy appears to have little
influence on the cumulative release of about 20 Pg C from Northern Eurasia over the 21* century, the redistri-
bution of global land use causes the global terrestrial biosphere to sequester less carbon (43 Pg C) with imple-
mentation of a climate policy than without a policy (65 Pg C). The vegetation shift in Northern Eurasia induced
from changing climate and demands of global economic growth significantly affect both regional and global

l n recent decades, the largest increase of surface air temperature and related climate extremes have occurred
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land use and decreases carbon sink activities at both regional and global scales. In the presentation, I will also
present how regional water and methane cycling is modeled considering the effects of climate, plant physiolo-
gy, and snow and permafrost dynamics in the region during the last 50 years and the 21* century.

Modeling hydrological processes across Northern Eurasia
with a new Water Balance Model- Transport from Anthropogenic
and Natural Systems (WBM-TrANS)

Shiklomanov A.l., Prusevich A.A.

Water Systems Analysis Group, Complex Systems Research Center, Institute for the Study of Earth, Ocean, and Space,
University of New Hampshire, USA

E-mail: alex.shiklomanov@unh.edu

Web: http://www.wsag.unh.edu/

Charles J. Vorosmarty in the 1990s. Since then, it has branched into a family of models including

WBMplus and a new the PDL version of WBM called Water Balance Model- Transport from
Anthropogenic and Natural Systems (WBM-TrANS).

WBM is a global-scale, gridded model that simulates both the vertical exchange of water between the
ground and the atmosphere, and the horizontal transport of water through runoff and stream networks. The
WBM-TrANS model, is an extended re-design (to be more feature reach, computationally efficient, manage-
able, and input data friendly) of the existing modeling Framework for Aquatic Modeling in the Earth System.
While FrAMES focus was coupling of hydrological/biogeochemical models, the WBM-TrANS extends it to
sub-pixel land cover types, anthropogenic water use (e.g. irrigation for most of existing crop types), inter-basin
water transfer, reservoir operating rules based on dam purpose (e.g. hydropower, water supply, irrigation, etc.),
utilization of parallel computing, mixed programming environment (modules can be in various programing
languages), etc.. Modeling frameworks have been designed to increase the inter-operability and portability of
software among developers, and to increase the efficiency of software development through a set of shared
software systems, standards, and utilities, and the use of such frameworks have recently received considerable
attention for hydrological models as well as for more complex Earth system and climate models (Dickonson et
al., 2002; Wollheim et al., 2008). Besides the structural changes compared to the previous versions of WBM/
WTM (Vorésmarty et al., 1998), the most important new elements in WBM-TrANS are modules that explicitly
account for the human activities such as irrigation water abstractions (Wisser et al., 2008) and reservoir opera-
tion directly affecting the water cycle processes. General scheme of water balance computations in the UNH
model is shown on Figure 1.

The Water Balance Model (WBM) was first developed at the University of New Hampshire, Durham, by

Evapotranspiration Fig. 1 General scheme of
UNH water balance model
s (WBM)
Precipitation

Irrigation =

l =3

Snowpack




Spatially, WBM can work using any resolution simulated river network, however, for global or regional
scale studies we usually use UNH developed gridded river networks with spatial resolution at 6 min by 6min or
30 min by 30 min . WBM uses daily time steps, and future development may also enable sub-daily time steps.
The model has a flexible structure for computation of evapotranspiration which allows to use various set of in-
put data and apply different computational schemes including such methods of potential evapotranspiration
evaluation as Penman Monteith (Monteith, 1965) , Shuttleworth-Wallace (Shuttleworth and Wallace, 1985)
and Hamon (Hamon, 1964).

To better simulate freeze-thaw processes in cold regions of the world and to take into account dynamic of
permafrost WBM have been recently coupled with the Geophysical Institute Permafrost Laboratory (GIPL) Uni-
versity of Alaska Fairbanks model (Marchenko et al. 2008) which simulates soil temperature dynamics and the
depth of seasonal freezing and thawing by numerically solving a nonlinear heat equation with phase change. In
this model the process of soil freezing/thawing occurs in accordance with the unfrozen water content curve and
soil thermal properties, which are specific for each soil layer and for each geographical location. The finite differ-
ence numerical scheme implemented in GIPL makes it possible to use coarse vertical resolution without loss of
latent-heat effects in the phase transition zone, even under rapid or abrupt changes in the temperature fields.

The GIPL model captures physical processes essential to robust and appropriate modeling of permafrost
dynamics. Specifically, soil thermal properties are parameterized according to soil texture and organic matter.
Additionally, GIPL includes thermal insulation of the snow cover, and geothermal heating at the appropriate-
ly-selected depth. The GIPL model also incorporates an efficient algorithm to estimate soil thermal properties
using in-situ temperature measurements in the active layer and in permafrost. This simplifies model calibration
for specific sites.

Presently, GIPL code has been already adopted into UNH computing environments as a standalone
module for single station and/or gridded domain simulations. In nearest future we are going to have these two
models completely coupled.

UNH Water Balance Model has been widely used for many regional and global studies to evaluate his-
torical, contemporary and future water resources (Wisser et al, 2010, Shiklomanov et al 2012). Multiple esti-
mates for gridded runoff, river discharge, irrigation water demand and reservoir regulation have been made
across different North Eurasian landscapes using various input data, temporal and spatial resolutions, and com-
putational schemes. The simulated hydrological data were compared with observational data to demonstrate
the model uncertainties in various climatic and geographical conditions. Several different potential driving
forcings for modeling of historical and contemporary hydrological characteristics and their uncertainties were
used, including the University of Delaware monthly gridded observational precipitation and air temperature
(Willmott and Matsuura, 1995; Willmott and Robeson, 1995), daily NCEP (Kistler at al, 2001) and MERRA
(Rienecker et al, 2011) reanalysis outputs, the University of Princeton combined re-analysis/observations daily
climate data (Sheffield et al, 2006). Unfortunately, existing observational data fields do not incorporate the
precipitation corrections and for cold regions underestimation of precipitation strongly effect on hydrological
simulations.

According to future projections of anthropogenic climate change based on Global Climate Models
(GCMs), the largest changes in air temperature and precipitation will take place in northern Eurasia, particularly
in Eastern Siberia (IPCC report, 2007). Regional warming is expected to lead to substantial changes in regional
hydrology as a result of soil temperature increases and consequent permafrost thawing. Changes in the magnitude
and seasonality of precipitation may also alter river runoff characteristics and their intra-annual distribution with
possible impacts on freshwater and heat flux to the Arctic Ocean, which have potentially important implications
for the ocean circulation and climate outside the region (Peterson et al, 2002, Shiklomanov et al, 2011).

We applied UNH WBM to project future changes in regional hydrology based on eight AR 4 IPCC AO
GCMs climate data covering contemporary (1959-1999) and future scenarios (SRES Alb, A2, B1; 2001-2099).
The results indicate a tendency toward increases in river runoff across the European North and Siberia although
the projected changes are not spatially uniform (Shiklomanov et al, 2012). More significant increases in runoff
across Siberia by 2040-2060 are expected based on output from MPI ECHAMS5 and NCAR CCSM3. Runoff
changes evaluated for UKMO HadleyCM3 and for the ensemble of 8 AO GCMs have a less noticeable increasing
tendency across Siberia with some regions showing a decline in river runoff. Wetter conditions are expected in
northern and eastern regions of Siberia in the Yenisey, Lena, Kolyma basins. At the same time, runoff across
western and southern Siberia is projected to change less significantly with both positive and negative alterations.

Recently we started running WBM TrANS using new AR 5 IPCC climate RCPs scenarios (IPCC, 2007)
and first preliminary results for large Russian river basins will be also presented.
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(ET) of spruce forest ecosystems of European Russia to projected future changes of climatic conditions

and forest species composition using results of modeling experiments. The results of the study allow to
estimate both the possible response of boreal forest ecosystems to projected future environmental changes and
to quantify the potential contribution of the forests of the South-European taiga to balance of greenhouse gases
in the atmosphere in the 21 century.

To simulate the NEE and ET between forests and the atmosphere a process-based MixFor-SVAT model
(Olchev et al. 2008, Oltchev et al. 2002) was applied. Process-based models are unique tool to study CO, and
H,O exchange between terrestrial ecosystems and the atmosphere. They allow to estimate total ecosystem
fluxes, to characterize their spatial and temporal variability and to solve different applied tasks (e.g. to predict
the possible response of different vegetation communities to changes of environmental conditions) that cannot
be provided using only results of experimental studies. The main advantage of the MixFor-SVAT model is its
ability not only to describe the seasonal and daily variability of NEE and ET at ecosystem level but also to esti-
mate adequately a contribution of the soil and forest understorey into total ecosystem fluxes as well as to quan-
tify the flux partitioning among different tree species in the forest stand taking into account their specific bio-
physical properties. This feature can be very important for modeling of exchange processes between mixed
forest stands (widespread in European Russia) and the atmosphere. The model was validated using results of
field measurements in various types of forest and grass ecosystems and showed a good agreement of model and
experimental results under various environmental and soil moisture conditions (Oltchev et al. 2002, 2008, Fal-
ge et al 2005).

Results of provided modeling experiment showed that projected climate changes (scenario A1B IPCC)
and changes of forest species composition at the end of 21 century can lead to insignificant increase of annual
ET as well as to growth of NEE of the forests in case if the projected increase in temperature and CO, in the at-
mosphere will be strictly balanced with growth of available amounts of soil nutrients and water. Exhaustion of
available nitrogen in soil and above-ground biomass in the future can result in reduction of rates of NEE and ET
of forest ecosystems. Minor changes of ET of spruce forests in comparison with projected growth of precipita-
tion amount in the area can lead to increase in soil moistening and for waterlogged areas with peaty soils even
to intensification of paludification processes.

The main goal of the study is to analyze a sensitivity of net CO, exchange (NEE) and evapotranspiration

[pnmenenne npouecc-opueHtuposanHoii Mixfor-SVAT mopenn
ANA oueHKun YyscTeuTensHocT HeTTo CO, o6meHa n 3BanoTpaHcnupauui
6opeanbHbiX NECOB K KNUMATUYECKIIM N3MEHEHUAM
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Hasl poJIb CPeM KOTOPBIX MPUHAIIISKUT KIuMary. [Ipuxozsinas conHedHas paauanus, TeMIeparypa u
BIIQ)KHOCTB BO3/yXa, YCIIOBUS IIOUYBEHHOTO YBIAXHEHHS PETYIHPYIOT MpoIiecch (POTOCHHTE3A, JbIXa-
HUSI ¥ TPAHCIIUPAIUH, ONPEAETSI 3aKOHOMEPHOCTH POCTa M pa3BuTHA pacTeHHH. CoBpeMEHHbIE M3MEHEHUS
KIIMMaTa, COIPOBOX/IAIOIIHECS POCTOM TEMIIEPATyphl BO3LyXa, N3MEHEHHUSIMH YCIOBUH YBIaXKHEHHS 36MHOM
TIOBEPXHOCTHU M Ta30BOT0O COCTaBa aTMoc(epbl, O4E€BUIHO, MOTYT OKa3aTh CyIIECTBEHHOE BIMSHHUE HA TEUCHNE

CprKTypa, BUJOBOM COCTaB M MPOAYKTUBHOCTH JIECOB ONPENEIIIFOTCS] KOMITIIEKCOM (haKTOPOB, OCHOB-
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6roduznyecknx 1 OHOXUMHYECKHX IPOIIECCOB B PACTCHUSX U [TOYBE, U KaK CJIEACTBHE IPUBECTH K U3MEHEHH-
ssm uaTeHCUBHOCTH H,0 11 CO, 0OMeHa Mexy pacTeHUAMHU U oKpyxaronum BosayxoM (IPCC 2007). B goin-
TOCPOUHOMN NMEPCIEKTUBE 3TO MOXKET MOBIMATh HAa YCTOMUMBOE pa3BUTHE JIECOB, IPUBECTU K U3MEHEHUSIM HX
BUJIOBOTO COCTaBa M apeasioB paclpoCTpaHEeHHs Pa3IMYHbIX BUA0B. O0nanas BHICOKOH YyBCTBUTEIBHOCTBIO K
W3MEHEHHSIM YCIIOBUI1 BHEIIHEH Cpeibl, Jieca, B CBOIO OUEpe/ib, OKa3bIBAIOT CYIIECTBEHHOE 00paTHOE BIUSHUE
Ha knmmMar. AktuBHo noriomas CO, u3 armocdeps! B rporiecce (POTOCHHTE3a, aKKyMyIUpys yIJIepox B Hal-
3eMHOH M MO/I3eMHOI OnoMacce, M yIepKHBasi €ro B CBI3aHHOM COCTOSIHUM Ha MPOTSHKEHHH 3HAYUTEIBHOTO
MIPOMEXYTKa BPEMEHH, Jieca NOIIEPKUBAIOT ecTecTBeHHbIN Oanmanc CO, B arMocdepe, CHUKasi HEraTUBHOE
BIIMSTHHE TTAPHUKOBOTO ¢ dekra. OHM 0Ka3hIBAIOT TaKXKe CYIIECTBEHHOE BIMSHUE Ha TEIJIOBOW M BOJHBIN pe-
JKUM 3€MHOM OBEPXHOCTHU U MIPU3EMHOTO CJI0S BO3AYXa, 3allHIIasi 3eMHYIO IOBEPXHOCTb OT U3JIHILIHETO Nepe-
rpeBa B JIETHEE BPEMs U peTyIupys npolecchl ucnapenus. CoxpaHss Blary, oCTyNUBINYIO C aTMOC(EpHBIMU
0CaJIKaMH, Jieca CrIoCOOCTBYIOT (POPMHUPOBAHHIO YCTOWYHBOTO PEYHOTO CTOKA.

B pamxax uccienoBaHus Ha IIpUMepe €JI0BBIX JIECOB KKHOMU Taiiru EBponeiickoii Teppuropuu Poccun
BBITIOJIHEHA OIIEHKa 4yBCTBUTENBbHOCTH cocTaBisomux CO, u H,O oOMeHa 1ecHBIX SKOCHCTEM K IPOTHO3UPY-
€MbIM U3MEHEHHUSIM KIMMaTHYeCKUX YCJIOBUI B 21 Beke IO pe3yibraraM MOJEIBHBIX pacueToB. JlaHHBIE 00
n3meneHnu Herro-ooMeHa CO, (NEE) u cymmapHoro ucnapenus (9BarnorpaHcnupaiuu, E) npu u3smMeHeHnn
YCIIOBUH BHEIIHEH cpelbl MO3BOMNSIOT OLIEHUTh BO3MOXKHYIO PEaKLUI0 HCCIeTyEeMBbIX JICCHBIX SKOCUCTEM Ha
BHEIIHNE BO3JICUCTBHS, @ TAKIKE OIPEJIEIUTD ITOTEHIUAIBHBIN BKJIA]l JIECOB IOXKHOM Taliry B N3MEHEeHHe OajiaH-
ca NapHHUKOBBIX T'a30B B aTMOcdepe K KoHITy 21 Beka.

Jlis pemieHust NOCTAaBIEHHON 3a/laul B UCCIICOBAHUU UCIONb3yeTCs MaTeMaTHyecKasi Mpolecc-opH-
entupoBanHasi Moenb MixFor-SVAT (OnsueB ¢ coast. 2008, Oltchev et al. 2002). [laHHbIH Ki1acc Mozenei
SBJIETCS YHUKAJIbHBIM HHCTPYMEHTOM B HccienoBanusx CO, u H,O oOMeHa Mexay 3eMHO# TOBEpXHOCTBIO U
arMocdepoii, TO3BOJISIONIMM HE TOJILKO OLEHUTh ITOTOKU M 0XapaKTepU30BaTh MX IPOCTPAHCTBEHHO-BPEMEH-
HYI0 H3MEHYHBOCTb, HO TAKXKE M CIIPOrHO3UPOBATH BOBMOXKHYIO PEaKIMIO PACTUTENILHBIX COOOIIECTB Ha U3Me-
HEHHUS BHEIIHHUX YCJIOBHI, YTO HE MOXKET OBITH BBIIIOJIHEHO C MCIIOJIb30BaHUEM JIMILB PE3YJIBTaTOB SKCIIEPH-
MEHTaIbHBIX HabmoneHuit. OcHoBHBIM npeumyinecTBoM MixFor-SVAT mozenu siBiisieTcst ee ciocoOHOCTh He
TOJIBKO ONMUCATh CE30HHYI0 U CYTOYHYIO0 M3MEHUMBOCTH MHTerpayibHbix notokoB H,O u CO, Ha ypoBHe Bcelt
SKOCHUCTEMBI, HO TAK)K€ U aJIeKBaTHO OLICHUTh BKJIAJ IOYBHI, JIECHOM MOACTUIIKH, a TaKXKe JAEePEBbEB Pa3HBIX
MOPOJ B CyMMapHbI€ ITOTOKH C YYE€TOM UX WHIMBHIYAIbHBIX Onoduindeckux ocodennocreil. [Ipumenenne B
MOJICITU TS OTIMCaHus Tporiecca GporocuHTe3a moaxona dapkxapa (Farquhar et al 2008) mo3BonseT mpoBo-
JUTh pacdeTsl ckopocTu accuMmianuu CO, pacTeHUSMHU C y4€TOM BO3MOXKHBIX M3MEHEHMIH 3aracoB MHUHE-
paNbHBIX BELIECTB B paCTEHHSIX U IOUBE, a Takxke copepxkanus CO, B Bo3ayxe. IIpoBepka afgekBaTHOCTH MOJe-
71 ObLIa BHINOJIHEHA C MCIIOIb30BaHUEM PE3yNIBTaTOB MOJIEBbIX M3MepeHuid norokos Termia, H,O u CO, B pas-
JIMYHBIX THUIIAX JICCHBIX U TPABSIHUCTBIX KOCUCTEM M IOKa3aja XOpOIllee COITaCOBAHNUE MOAEIBHBIX U JKCIIe-
PUMEHTAJIBHBIX PE3YJIbTAaTOB JUIS Pa3IMuHbIX YCJIOBUH BHEIIHEH cpeabl U mouBeHHoro yBinaxxHeHus (Oltchev
et al. 2002, Olchev et al. 2008).

B kadecTBe MO/IEIFHOTO 00BEKTa B HCCIIEI0BaHNH ObUIH BEIOPaHBI MOHOJOMUHAHTHEIE CIIENIBIE €JI0BbIC
Jieca IIO/I30HbI FOXKHOHM Taliru, Ipou3pacTarolye Ha XOPOIIO JPEHHPOBAHHBIX AEPHOBO-MOA30IUCTHIX IOYBAX B
BepXxoBbsix Boinru Ha rore Banmaiickoil BO3BBIIIEHHOCTH B LIEHTpasIbHOM YacTu EBpomneiickoit Tepputopun Poc-
CHH.

Pacuetsr rogoBoii nunamuku CO, n H,O oOMeHa /1j1si MOAENBHOTO €JI0BOrO Jieca MPH COBPEMEHHBIX
KIIMMAaTH4ECKUX YCJIOBUSIX OBUIH BBIMIOJIHEHBI C HCIOJIB30BAaHHEM OCPEJHEHHOTO JUIsl HCCIIEyeMOM TeppHUTO-
PHH TOZIOBOTO X0J]a METEOPOJIOTHYECKHX napameTpoB. CpeqHerofossie 3HaueHus Temneparypsl (5°C), yaennb-
HOW BrnakHOCTH (4.6 T Kr') U ocankoB (700 MM) COOTBETCTBOBAIM CPEIHUM KIMMATHYCCKUM BEITUUMHAM, O-
Jy4EHHBIM JUI HccienyeMol Tepputopu B iepuoa ¢ 2000 mo 2010 roa. st mporHosa OyayIux KiuMaTnie-
CKHUX YCJIOBHH B HCCJIEIOBAHMHU OBIIIM MCIIOIBb30BaHbI JaHHbBIE pacueToB 1o riodansHoi monenn ECHAMS. B
KauecTBe 0a30BOTO CIieHapusl OyIyIMX KIMMaTHYeCKUX W3MEHEHHH ObLT BBIOpaH yMEPEHHBIH SMUCCHOHHBIN
cuenapuii A1B MI'OUK. Bo3MoxHbIe H3MEHEHHS BUAOBOTO COCTAaBa PACTUTEIBLHOCTH, BBI3BaHHBIEC H3MCHEHU-
SIMH KJIMIMara K KOHIy 21 Beka, ObUIM OILICHEHBI C HCIOJIB30BaHIEM METO/1a MaJIC0AHAJIOr0B, II03BOJISIONINM Ha
OCHOBE PEKOHCTPYKIUI KIMMaTUYECKUX YCIOBUH U paCTUTENBHOCTH B IIPOIILIBIE ATIOXH, OLIEHUTH BOBMOXHbIE
W3MEHEHHsI CTPYKTYPBI M BHJIOBOTO COCTaBa PaCTUTENILHOCTH B OyayieM. [Ipeanonaranock, 4To NpOrHO3UPY-
€MOe YBEIMYEHHE CPEeTHEr0fI0BON TeMIepaTyphl BO3lyXa Ha UCCIEAyeMOI TeppUTOpUH K KOHILy 21 Beka Ha
3.4°C u xonuvecTBa ocaakoB Ha 20% MOXXET NPUBECTU K YACTUYHOMY 3aMELICHUIO €U B JPEBOCTOSX MEJIKO-
JHUCTBEHHBIMH (Oepe3a, OCHHA) U IIUPOKOINCTBEHHBIMU (Jnna, y0, Ba3) nopoxamu nepesbeB (Olchev et al.
2009). Inst yueTa BIUSHUS U3MEHEHUSI MUHEPAIBbHOTO COCTaBa MOYB Ha MPOAYKTUBHOCTb IPEBOCTOEB B MO-
JIETIBHBIX SKCIIEPUMEHTaX OBIJIO HCIOJIB30BaHO TAKIKE HECKOJIBKO CIIEHApHUEB, MPEIIOJIaraoliX YMEHbIICHUE
KOJIM4eCTBa HEOOXOIMMOTO JUIs cOaIaHCHPOBAHHOTO IIMTAHUS PACTEHUH JJOCTYITHOTO ITOYBEHHOTO a30Ta. Bos-
MOYKHBIE U3MEHEHHS KOJINYECTBA HAJI3EMHOM M MOA3EMHON OMOMacchl APEBECHBIX PacTeHHUH, BEI3BAHHBIX W3-
MEHEHMSMU BHEIIHEH cpefbl K KOHILy 21 Beka, B UMCIICHHBIX AKCIIEPUMEHTaX YUUTHIBAJIUCH Yepe3 U3MEHEHUS
BEJIMUMHBI JucTOBOrO MHIeKca (LAI), anamerpa cTBOJIOB M INIOTHOCTH TOHKUX KOpHE# aepeBbeB. [1pu pacue-
Tax TaKke OBUIO C/ENaHO NPEAIONI0KEHUE, YTO 3HAUYCHNSI OCHOBHBIX OMO(MH3HYECKHUX IT1apaMeTpOB, XapaKTe-



pusytomux npoueccsl CO, n H,O oOMeHa npeBecHbIX OpoJ MPpH OyAyIHX KIMMAaTHYECKHX YCIOBUSIX OyIyT
COOTBETCTBOBATh UX COBPEMEHHBIM 3HAUCHUSIM.

Pe3ynbrarsl NpoBEJCHHBIX JKCIEPUMEHTOB MOKA3alHd BBICOKYI0 UYBCTBHTEIBHOCTH COCTABIISIOLINX
CO, u H,0 oOmeHa nccienyeMbIX eJI0BBIX JIECOB K IPOTHO3UPYEMbIM U3MEHEHUSIM KIIMMAaTH4YEeCKUX YCIOBHH,
BO3MOXKHBIM U3MEHEHHUSIM BHJIOBOTO COCTaBa APEBOCTOEB U 3allaCOB MUHEPANBHBIX BELIECTB B PACTCHUAX K
xoH1ty 21 Beka. [Ipu ycnoBuwm, ecim nporHo3upyemsiii poct cogepkanus CO, B Bozayxe Oynet cOataHCUpoBaH
YBEJIMYEHUEM 3allacOB MUHEPANBHBIX BELIECTB U, MPEXJE BCETo, a30Ta B IOYBEHHOM IIOKPOBE M HAJ3€MHON
Oromacce, I3MEHEHUS KIIMMAaTHYECKUX YCJIOBHH K KOHITy 21 Beka MOTYT IPHUBECTH K CYIIECTBEHHOMY POCTY
NEE (na 30-65%) u E (Ha 3-10%), ocoObeHHO B cilyyae 3aMeIeHHs €1 JUCTBEHHBIMH ITOPOJIaMH JIEPEBHEB.
JlaHHast 3aKOHOMEPHOCTH 00YCJIOBJICHA, KaK YBEIMUCHUEM CKOPOCTH aCCUMIISLIMH YITIEPO/ia IEPEBbSIMU NIPU
yBenudyenun conepxkanus CO, U pocTe TeMIeparypsbl, Tak U 0oJiee BHICOKOI CKOPOCTBhIO (POTOCHHTE3A JIUCT-
BEHHBIX NOPOJ JepeBbeB. [IporHozupyemMoe OTHOCHTENBHO HeOoubIoe yBenuueHne E jecHbIX akocucteM
I0XKHOH Taiiru k koHIy 21 Beka He mpesslmatoniee 10% Mo cpaBHEHHIO ¢ OXKHUIAEMBIM POCTOM KOJIMYECTBA
ocazkoB (oxoso 20%) MOXKET NMPUBECTU AJIS €IbHUKOB, IPOU3PACTAIOLINX HA XOPOIIO JPEHUPOBAHHBIX MO-
YBaX, K HEKOTOPOMY YBEIMUYEHHUIO BJIATOCOAEPKAHMSI IIOUBHI U MOBEPXHOCTHOIO PEYHOTO CTOKA, a TAaKXkKe He-
CKOJIBKO CHU3WUTh PUCKH BO3HUKHOBEHHUS CHIIbHBIX aTMOC(EPHBIX 3aCyX B UCCIIEYEMOM PETHOHE.

ITocTeneHHoe UCTOLIECHHUE 3alIaCOB MUHEPAJIBHBIX BELIECTB B IOUBEHHOM IOKPOBE U CHIDKEHHE UX CO-
JIepIKaHMs B JIUCThSIX PACTEHUH, BBI3BAHHOE YBEIMYEHHEM ITOTPEOJICHNS] MUHEPAJIbHBIX BEIIECTB ISl MO Iep-
YKaHUSI HOPMAJIBHOTO TEYECHUSI OMOXMMHUYECKUX PEaKIUii IpH NPOTHO3UpYEeMOM yrBoeHuH conepxanus CO, B
BO3JlyXe K KOHIly 21 Beka, MOXKET IIPUBECTU K YMEHBIICHHUIO CKOPOCTH (DOTOCUHTE3a, JbIXaHUsl, YCTHUUHOM
MIPOBOJMMOCTH JIUCTHEB JIEPEBLEB B UCCIEAYEMBIX IPEBOCTOSX, U Kak cieAacTBue, k ymeHbiieHuto NEE u E
JIECHBIX 3KOocHUcTeM. B wacTHOCTH, pacdeTsl nmokasanu, 4yTo 20% CHUKEHHE 3alacoB JOCTYIIHOTO a30Ta B JIM-
CTBSIX JI€PEBBHEB IIPU YCIIOBUHU COXPaHEHHMs BUJJOBOTO cocTaBa aApeBoctos (yuactue e 100%) MoxKeT BbI3BaTh
ymenblenrne NEE Ha 14%, NPP - na 8%, a E - Ha 4%. CHibkeHue conepikanus JOCTYITHOTO a30Ta B XBOE €11
10 50-60% mpakTH4eCKH NOIHOCTHIO HUBEIUPYET 3((PEKT yBETHMUCHUSI CKOPOCTH (POTOCHHTE3A 3a CUET IIPO-
rHo3upyemoro ynsoenus CO, B Bo3ayxe u pocta reMneparypsl Ha NEE k konny 21 Bexa. JlaHHbBIE pe3yabTaTsl
XOpOIIO COIVIACYIOTCS C pe3ylbTaTaMH SKCIIEPUMEHTOB, IOJYYEHHBIMH B pamkax mpoekra Free-air CO,
enrichment, FACE (Norby et al. 2010).

OueBUIHO, YTO MPEJCTABICHHbBIE MOJIENIbHBIE PE3yIbTAThl AEMOHCTPUPYIOT JIUIIb HECKOIBKO YAaCTHBIX
CIleHapHeB BO3MOXXHOTO oTkiHKa coctapisionmx CO, u H,O oOMeHa JIeCHBIX 9KOCHCTEM IOXKHOM Talru Ha
Oynyniue U3MEHEHHUs KIIMMaTHYECKHUX YCIIOBUiL. Pemenue nmocrapiieHHON 3a1auu TpeOyeT NPOIOJKEHNE KOM-
TUIEKCHBIX UCCIIEA0BaHUI MPOLECCOB B3aNMOICHCTBHSI JIECHOW PACTUTENIFHOCTH M KJIMMaTa, 4ToObl Oostee Tou-
HO CIIPOTHO3MPOBATh TUHAMUKY JIECHBIX SKOCHUCTEM B OyAyIIeM U OLIEHUTH POJIb JIECOB B NIOOAIBLHOMN KIIMMa-
THYecKor cucteme. MccienoBanue OBUIO BBIMONHEHO NMpH Hoiauepxke rpaHTtoB [IpaBurenscta PO (11.
G34.31.0079) u PODU (11-04-01622-a, 11-05-00854-a).
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teuenue 1881-2006 nepuona BpeMeHu cpeHss rofgosas Temneparypa B CesepHoii EBpasuu yBenuuu-

mack Ha 1.5°C, cpemnesumus Ha 3°C (Lugina et al., 2007). BogHbIil 5KBUBAJICHT CHETa 3HAYUTEIIEHO

yBenmumiIcs 1o Beeit tepputopun Poccun (Bulygina et al., 2009). HaGmonenus 3a remneparypoii Bed-
HOH Mep370THI B TeueHue nocnequux 30-40 net B CeBepHoii EBpa3zuu BeisiBHIIM Bocxoasiui Tpen Ha 0.5-3°C
(Romanovsky et al., 2010).

Hamm Habmonenus nokasanu:

e Temmeparypa MHOTOJIETHEH MEpP3I0ThI HOBBICHIACH BO Beex paiionax CesepHoro [lomymapus Ha 0.5-3°C;

o [IryOMHA CE30HHOTO IMPOTaWBaHMS YBEIMUMIACh B HEKOTOPHIX paiionax CesepHoro [lomymapus Ha
10-60% 1o cpaBHenuto ¢ 1970-1980. B 3anaxHoit Cubupm, neHTpansHoit Ansicke n Ha 1ore EBpasun B HeKkoTO-
PBIX paifoHax He MPOMCXOANUT CMBIKaHHUS CE30HHO-MEP3JIOTO CII0S ¢ KPOBJIEH MHOTOIETHEH Mep3JI0THI (00pasy-
€TCS TaJINK).

[NocnenHue OLEHKH 3artacoB OPraHUYECKOTO yIieposa mokaszainu, yTo 50% miobaapHOro copepKaHus
ymeposa cofepKuTcst B MHoroneTHeit mepanore (Tarnocai et al., 2009).

Jig uccnenoBanys U3MEHEHUH B MHOTOJIETHEN ME3J0TE€ M THAPOre0JIorniyeckux npoueccax B Cesep-
Hoit EBpasun B I'eodpmsnueckom MHcTHTyTe YHMBEpcHTETa AJISICKHM COBMECTHO C YUEHBIMH YHHBEPCHUTETA
Hero Xammup Oputa coznana uncineHHas monenb GIPL+WBM-Plus (Marchenko et al., 2008; Wisser et al.,
2011). BxomHble aHHBIE U1 MOZIEIH €CTh TEMIIEPATypa BO3yXa, OCAIKH, Ha3eMHasl PacTHTEILHOCTb, TEPMH-
YeCKHe CBOMCTBA MHOTOCJIOMHBIX TOPHBIX MOPOJ (TEIJIONPOBOJHOCTD M TEIIOEMKOCTh B TalOM M MEpP3JIOM
COCTOSIHWH ), Ha4aJIbHOE COJIepKaHKe BJIary B TIOYBE U TEIUIOBOM MOTOK HA HW)KHEH IpaHuUIle pacyeTHOH oOa-
ctu. Kimnmarndeckuii crieHapuid 0611 B3T U3 1sITh ocpenneHHbx IPCC Mozenelt ro6anbHON IUPKYIISIUY aT-
mochepsr: ECHAMS, GFDL21, CCSM, HADcm3 and CCCMA s yriiepoasoro ciienapust A1B.

Ham BeIurcIuTenbHBIN SKCIEPUMEHT MOKa3all:

o [JocneHue /1Ba JeCATHIICTHS TPOILTOro Beka Ob110 1200 KM’ Ce30HHO-TAJIBIX TOPHBIX OPOJ B BEPX-
Hux 2 mMeTpoB Ha Teppuropun 10800000 kM’ 3aHUMaeMO MHOTOJIETHEN Mep310TOoi B ceBepHOU EBpasum, B
2050 romy 3ToT 00BEM MOXeT yBenmmautTces 10 3500 kM°, a K KOHIYy TEKYIIEero BeKa MOKET TOCTHYh 00bEMa
9500 kM* B COOTBETCTBHH C IPUHUMAEMBIM KIIMMAaTUYE€CKUM CIIEHapHeM. OTO JacT AONOIHUTENBHOE BIUSIHUE
Ha BBICBOOOXKIEHHE YIiIepo/a B arMocdepy U3 MOYBEI, M, BIIEJIOM BIHMSHHE HA YIIICPOIAHBIN IIUKII.

e Oobmee conepxkanue tanoro yriepona (87 Pg) ects 8% ot obmiero conepkanus yriepona B ceBep-
HoM [lomynrapun kotopoe onenuaercst B 1024 Pg (Tarnocai et al., 2009). Eciiit MBI TpeAnonIoKuM Takoe ke
pacripocTpaHeHHe yriiepoaa ¢ iryonnoi, To 20% yBenuueHne B oo0beMe npotaunsiiero Topga B CeBepHoii EB-
pasuu peanusyet gonoiaHuTenbHble 32 Pg u3 obmero 163 Pg coxeprxamnierocs B Topdsiankax CesepHoii EBpa-
3U1
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Recent Climate and Permafrost Trends over Northern Eurasia

Permafrost is defined as ground (soil or rock and included ice or organic material) that remains at or be-
low 0°C for at least two consecutive years (van Everdingen, ed. 1998). High-latitude permafrost regions are
traditionally divided into several zones based on estimated geographic continuity in the landscape. A typical
classification recognizes continuous permafrost (underlying 90-100% of the landscape); discontinuous perma-
frost (50-90%); sporadic permafrost (10-50%), and isolated patches of permafrost (0-10%). Permafrost regions
occupy approximately 24% (approximately 23 million km?) of the exposed land area of the Northern Hemi-
sphere (Zhang et al., 2000). The thickness of permafrost varies from about one meter to more than 1500 meters.

During 1881-2006, the annual surface air temperature averaged over Northern Eurasia has increased by
1.5°C and in the winter season by 3°C (Lugina et al., 2007). In the nearby Arctic Ocean, the late summer sea ice
extent decreased by 40% during the last 30 years exposing a source of water vapor for the dry arctic atmosphere
in the early months of the cold season. As a result of these processes the maximum snow depth and snow water
equivalent (SWE) have increased over most of Russia (Bulygina et al., 2009). Recent observations indicate a
warming of permafrost in many northern regions with the resulting degradation of ice-rich and carbon-rich
permafrost. Permafrost temperature has increased by 0.5 to 3°C in northern Eurasia during the last 30-40 years
(Romanovsky et al., 2010). Warming in permafrost temperatures observed in the Russian North has resulted in
the thawing of permafrost in natural, undisturbed conditions in areas close to the southern boundary of the per-
mafrost zone.

To summarize the recent (last 30 to 40 years) trends in permafrost we can state:

e Permafrost temperature is increasing in most locations in the Arctic and Sub-Arctic;

® There are some places where we don’t see a noticeable increase, but there are no known sites where
permafrost temperature is decreasing;

e Typical increase in permafrost temperature is 0.5 to 3°C;

e Active layer depth is increasing at some locations. There are some locations in the West Siberia where
active layer does not refreeze completely every year anymore;

o The long-term permafrost thawing already started at some locations in natural undisturbed conditions;

e The nature and rate of permafrost degradation are different for regions with continuous and discon-
tinuous permafrost.

Coupled Hydrological and Thermal Modeling

Thawing and freezing of Arctic soils is affected by many factors, with air temperature, vegetation, snow
accumulation, and soil moisture among the most significant. To investigate how changes in these factors influ-
ence permafrost dynamics in the Arctic, we developed a Geophysical Institute Permafrost Lab (GIPL) perma-
frost dynamics model (Marchenko, 2001; Marchenko et al., 2008). The GIPL model simulates soil temperature
dynamics and the depth of seasonal freezing and thawing by solving a nonlinear heat equation with phase
change numerically. In this model the process of soil freezing/thawing occurs in accordance with the unfrozen
water content curve and soil thermal properties, which are specific for each soil layer and for each geographical
location. The GIPL model captures physical processes essential to robust and appropriate modeling of perma-
frost dynamics. Specifically, soil thermal properties are parameterized according to soil texture and organic
matter. Additionally, GIPL includes thermal insulation of the snow cover, and geothermal heating at the appro-
priately-selected depth. The GIPL model also incorporates an efficient algorithm to estimate soil thermal prop-
erties using in-situ temperature measurements in the active layer and in permafrost.

Although the GIPL model is helpful for understanding the effects of climatic and landscape factors on
heat flow and phase change in soil retrospectively and prognostically, it does not simulate soil moisture dynam-
ics and storage across diverse landscapes. To assess possible changes in the permafrost and the active layer dy-
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namics we developed a robust fully coupled modified version of the pan-Arctic Water Balance Model (P/
WBM) developed at the University of New Hampshire (Federer et al., 2003; Rawlins et al., 2003; Vordsmarty
et al., 1998, Wisser et al., 2008) a and heat transfer model GIPL. Through explicit coupling of the Permafrost
Model with the Water Balance Model we are able to simulate the vertical water exchange between the land
surface and the atmosphere, horizontal water transport, lake / reservoirs, snow melt, temporal and spatial vari-
ability in soil water/ice content, active layer thickness, soil temperature dynamics, depth of seasonal freezing
and thawing, time of freeze up, and associated large-scale hydrology that are driven by contemporary and fu-
ture climate variability and change. Coupling of the GIPL model with a suitably-scaled hydrological model
captures thresholds and highly non-linear feedback processes induced by changes in hydrology and the tem-
perature regime over the pan-Arctic. The model takes into account the geographic distribution of organic soils
and peatlands, vegetation cover and soil properties, and is tested against a number of permafrost temperature
records for the last century. To prescribe the initial soil thermal properties we used the map of soil characteris-
tics for all of Russia (Stolbovoi & Savin, 2002) and the map of Soil Carbon Pools, CO, and CH, Emissions
(Tarnocai et al., 2009) and also the soil structure descriptions available for some locations.

Input parameters to the model are spatial datasets of mean monthly air temperature, snow properties or
SWE (Snow Water Equivalent), prescribed vegetation and thermal properties of the multilayered soil column,
and water content. The climate scenario was derived from an ensemble of five IPCC Global Circulation Models
(GCM) ECHAMS, GFDL21, CCSM, HADcm3 and CCCMA. The outputs from these five models have been
scaled down to 25 km spatial resolution with monthly temporal resolution, based on the composite (mean)
output of the five models, using the [IPCC SRES A1B CO, emission scenario through the end of current century.

We estimated dynamics of the seasonally thawed volume of soils within the two upper meters for the
entire North Eurasia using a coupled, large scale, grid-based water balance/permafrost model. According to this
specific climate scenario, projections of future changes in permafrost suggest that by the end of the 21st century,
late-Holocene permafrost in Northern Eurasia may be actively thawing at all locations and some Late Pleisto-
cene carbon-rich peatlands underlying by permafrost also could start to thaw at some locations. At the same
time, the modeling results show how different types of ecosystems affect the thermal state of permafrost and its
stability.

Implications for carbon cycling

A recent estimate indicates that the total soil organic carbon is stocked in permafrost contains as much as
50% of the global belowground organic carbon pool (Tarnocai et al., 2009). Carbon stocked in permafrost is
now regarded as one of the most important carbon-climate feedbacks because of the size of the carbon pool and
the intensity of climate change at high latitudes (Schuur et al., 2009). Increasing soil temperatures, and the
deepening of the active layer as a result of increasing air temperatures and changing snow dynamics will have
implications for the cycling of carbon in peatlands and for the fluxes of carbon to the atmosphere and to the
hydrosphere, as biogeochemical processes in peatlands are partly controlled by the freeze/thaw state of the
(peat) soil. The net effect of warming will depend on the balance of increased respiration and productivity
(Schuur et al., 2009; Dorrepaal et al., 2009) as a result of warmer soils, and increased export of dissolved or-
ganic carbon (DOC) in rivers and streams in catchments with thawed peatlands (Frey & Smith, 2005). The total
amount of thawed carbon (87 Pg) represents 8% of the entire carbon pool in the upper three meters of the soil
the Northern Hemisphere, estimated to be around 1024 Pg (Tarnocai et al., 2009). If we assume the same distri-
bution of carbon with depth and a similar response of soil temperature (20% increase in the thawed peat vol-
ume) to warming in the Eurasian peatlands, an additional 32 Pg of the estimated 163 Pg stored in Eurasian
peatlands (Tarnocai et al., 2009) could become biogeochemically active.

I 4 -

Figure 1. Mean annual air temperature (five IPCC GCM composite in the upper row) and soil temperature at 2 m depth
(low row) reconstructed for 2001 and predicted for 2050 and 2100
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Conclusions

Consistent with observations for the recent decades and with other model simulations of soil tempera-
tures under future climate conditions, we find a widespread degradation of permafrost in Northern regions by
the end of the century. Explicitly considering the distribution and depth of Northern peatlands showed that the
insulating properties of peat lead to a considerably higher persistence of permafrost in peat soil compared to
mineral soils and consequently delayed degradation of permafrost in peatland areas.

e The model results indicate 1,200 km® of seasonally unfrozen soils within the two upper meters across
10,800,000 km? of northern Eurasian permafrost domain during the last two decades of the 20th century. Our
projections have shown that unfrozen volume of soil within two upper meters increases to 3,500 km* by 2050
and to 9,500 km’ by the last decade of the 21st century due to active layer deepening. According to this specific
climate scenario, the area of permafrost with active layer shallower than 2 m in depth could decrease from
10,800,000 km? in 2000 to 9,000,000 km? by 2050 and to 6,000,000 km? by the end of current century. Despite
the slower rate of soil warming in peatland areas and a slower degradation of permafrost under peat soils, a
considerable volume of peat (approximately 20% of the total volume of peat in Northern Eurasia) could be
thawed by the end of the current century. The potential release of carbon and the net effect of this thawing will
depend on the balance between increased productivity and respiration, and will be mitigated by peat moisture.

e Coupled Hydrologic-Permafrost Model gives a satisfactory results, however to capture correct tem-
perature dynamics in the Arctic regions several improvements mostly addressed to soil thermal properties pa-
rameterization and input datasets are required.

e Peatlands have unique thermal and hydraulic properties that need to be explicitly considered in cou-
pled permafrost-hydrology models.

e Sensitivity Analysis shown increase in run-off is about 10-20% if Stefan solution (thawing/freezing
module) is incorporated
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Relationship of nature and socio-economic development
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certain sectors of the regional economy and assessment of impact of economic development on the

global environment.

New models allow you to assess the ecological status of the territory, depending on various factors, re-
flecting the development of the economy. New types of relationships that reflect the link between economic and
environmental performance, have been proposed. They differ from traditional models of IPAT and STIRPAT.
They are easy to predict and take into account the impact of new factors (environmental management and
modernization of the economy.) Model identification technique has been developed. The method of predicting
the environmental state of the area was developed. It is based on the construction of policy scenarios of federal
and regional authorities (economic, investment, structural, and environmental innovation). On the proposed
functions of the calculations were carried out according to the Russian Republic of Karelia as a whole and for
individual activities. The possibility of constructing models of the 2000s, has been shown. Study previously
introduced the concept of a neutral environmental progress has been conducted. Calculations show that it
means using two-factor functions of pollution. The task of finding the optimal allocation of factors has been
proposed. The method of its solution for two-factor and three-way function has been proposed. Sector of Rus-
sia and the Republic of Karelia, significantly different in their effect on the environment, have been allocated.
calculation functions for pollution were conducted. For selected sectors of experimental calculations to deter-
mine the optimal allocation of investments were held. For the three-way investment functions performed ex-
perimental calculation of optimal distribution of investments were held.

r I ~\wo problems identified in the report: assessment of the impact of climate change on the development of



In this paper the effects of climate change on agriculture in Karelia investigated. Global warming may
increase yield, especially in the central and northern areas. As the climatic characteristics of the summer and
winter mean temperature and total precipitation by season or month considered. Investigated three crops - cere-
als, potatoes and vegetables. To construct a multiplicative functions yield climatic characteristics (deviation
from the optimal average temperature and precipitation), agronomic (mineral and organic fertilizers) and socio-
economic indicators (investment in agriculture, the development of the regional economy, the dynamics of
economic development of the region) are considered. In summary, the expected warming for agriculture Kare-
lia will bring significant benefits, increase in yields due to this factor in the preservation of traditional cultures
will be negligible.

B3aumocBA3b NpUpoibl 1 COLMANbHO-3KOHOMNYECKOr 0 Pa3BuTyA
PeruoHoB

Npysunnn N.B., Wkuneposa I'.T.

NHeTuTyT 3koHomukm KapHL PAH, Metposasoack, Poccua
E-mail: pdruzhinin@mail.ru

3 MHOXECTBA 3a/1ad OTHOCSIIUXCA K PACCMaTPHBAacMOM TeMATHKE B JIOKJIA/Ie BBIJCICHBI JIBE: OLCHKA

BIIMSTHUS KIIMMAaTHIECKUX H3MEHEHUH Ha Pa3BUTHE OTACIBHBIX CEKTOPOB PETHOHAIBHON SKOHOMUKH 1

OLICHKA BIIMSHUS PA3BUTHA YKOHOMUKH PETHOHA HA OKPY’KaroIryto cpexny. I1o kaxkmoi 3amade Omuckl-
BAaIOTCS MPEAJIaracMble MOJIENH, KOTOPBIE HA OCHOBE MMEIOIIEHCS CTaTUCTUIECKON NH(OPMAIIUH TTO3BOMISIOT
TIOJTYYUTh KOJINYECTBEHHBIE OLIEHKH 33 PETPOCHEKTUBHBIN MEPHOJ U CTPOUTH IPOTHO3BI HA MEPCIEKTUBY. Jiist
OT/ZIEJIbHBIX PETHOHOB IPOBEIECHO NCCIIE0BAHNE B3aMMOCBS3H SKOHOMUIECKUX M SKOJIOTHUECKHX TIOKa3aTeNneh
1 UICHTU(UKAIMA MOJeIIel, OMUCHIBAIOINX 3TO B3auMozeicTBre. MccienoBanne BIUSHNSA TPOUCXOISIITIX
cefyac KIMMaTUYeCKUX MU3MEHEHUH MPOBENEHO Ha MIPUMEPE CEJIbCKOro Xo3siicTBa. IlocTpoensl Moaenu, mo-
3BOJISIOIHE BBISIBUTH BIMSIHUE PA3/IMYHBIX (DAKTOPOB, IPEXK/IE BCEr0 TEMIIEPATyphl U OCAAKOB Ha YPOXKaHHOCTh
Pa3IMYHBIX CENbCKOX03SHCTBEHHBIX KYNIbTyp. IIpoBeieHbI pacueThl Ha JaHHBIX OTAEIBbHBIX pernoHos Ceepo-
3anana Poccun. MccnenoBanue creneHn BIMSHAA JaHHBIX (JaKTOPOB Ha SKOHOMHUKY PETMOHOB U IyTel ajar-
TaIMH K HUM BBITIOTHSETCS 10 TipoekTy Nel2-22-18005a/Fin, kotopsiit monaepsxan u punancupyercst PITHO.

J11s1 OleHKY BNMSHUSA Pa3BUTHS SKOHOMHKH Ha OKPY’KAIOIIYIO CPEy MPEATIOKEH MOAXO0M, CBA3aHHBIN C
MIOCTPOCHNUEM OTHOCHTEIBHO MPOCTBIX MOJENCH, MOHATHBIX U UMEIOIINX ONPEAEICHHBIN SKOJIOTHUECKUNA U
9KOHOMUYECKUI CMBICII, pacdeThl MO KOTOPBIM 32 PETPOCHEKTUBHBIM MEPHOJ MO3BOJSIIOT AENaTh Pa3syMHBIC
BBIBOJIBI U CIIOCOOHBI IIPUBECTH K OTHOCHTENBEHO HEOOIBIIIOMY KOJINYECTBY ClieHapHeB. JlaHHbIN MOIX0 B 3HA-
YUTENFHON CTENEHN OCHOBAaH Ha PaboTax 1Mo TEOPHH MTPOU3BOJICTBEHHBIX (yHKINH. OCHOBHOE JOCTOMHCTBO
MIPeATIaraeMbIX TPEX(PaKTOPHBIX IKOJIOTHUECKIX MHBECTUIIMOHHBIX (DyHKIIUH, CBSI3BIBAIOIINX SKOHOMUIECKUE
1 3KOJIOTUYECKUE MTOKA3aTeIH COCTOUT B TOM, YTO OHH IO3BOJISIOT MCCIIEJOBATh ANHAMHUKY 3KOJIOTMYECKOM
3¢ (PEKTUBHOCTH WHBECTUIINH, aHATU3UPOBATH BIUSHAE U3MEHEHHS CTPYKTYPhl MHBECTHINI 1 SKOHOMHUKHU U
Y4ECTh BO3MOXKHOCTh KOMIIEHCALIMK OAHOTO (hakTopa ApyruM. BBeneHO MOHATHE HEHTPAIBLHOTO HKOJIOTHYe-
CKOTO IIpoTpecca, KOTOPBIi OTpaXkaeT BIUSIHAE CTPYKTYPHBIX CIIBUTOB M MOJICPHHU3ALINH IPOU3BOACTBA.

Bb110 MpoBEAEHO HCCIEI0BAHUE NPEATIOKEHHBIX paHee (yHKIUH, TO3BOJISIONINE OLIEHUBATh IKOJIOTH-
YEeCKOE COCTOSHIE TEPPUTOPHH B 3aBUCHMOCTH OT Pa3INYHBIX (PAKTOPOB, OTPAKAIOIINX PA3BUTHE SKOHOMHKH.
Bb1i pe10KeHb! HOBBIE BUIIBI 3aBUCHMOCTEH, OTPAXKAIOMINX CBA3b SKOHOMHYIECKHUX H 3KOJIOTHYECKHUX ITOKa-
3areneii. Ux nmpuHImnmansHoe oTamyaue ot TpanuiuoHHbx moxaener IPAT u STIRPAT — ymoGcTBo s mpo-
THO3MPOBAHMS ¥ BO3MOKHOCTh yU€Ta BIMSIHUS HOBBIX (DAKTOPOB, MPEK/IE BCETO XapaKTEPHU3YIOLIUX ITPUPOIO-
OXPaHHYIO JIEATEIFHOCTh ¥ MOJECPHU3AIMIO SKOHOMUKHU. bbin pa3paboTaHbl MeTOMKa HASHTH(DHUKAIINK MO-
Jenel 1 METOANKA MPOTHO3UPOBAHHS SKOJIOTHYECKOTO COCTOSIHUSI TEPPUTOPUH Ha OCHOBE ITOCTPOCHHUS CLICHA-
pHEB NONMUTHKHU (peepaibHBIX U PETHOHANBHBIX BiacTel (3KOHOMHYECKOH, MHBECTUIIMNOHHOHN, CTPYKTYPHOM,
WHHOBAITMOHHOM 1 3KOJIOTHYECKOMN).

ITo npeanoxeHHBIM (QyHKIHAM OBIIH TPOBENCHBI pacdeTsl o AaHHBIM P® n Pecrrybmuku Kapenms B
LIEJIOM U TI0 OTZEJIbHBIM BU/IaM JEATEILHOCTH 110 ABYM BHJAM 3arpsi3HEHUH - BEIOpocaM B atMocdepy u copo-
caM cTOuHbIX BoA. [loka3zaHO BIMSIHME MOJEPHH3AIMN Ha JUHAMUKY 3KOJIOTHUECKUX MOKa3aTelel, oTpaxaro-
IIMX 3aTrpsI3HEHHE OKpY’Karomen cpepl. beiay BeIBEICHBI ()OPMYITBI, OIPEICISIONINE 3aBHCUMOCTD HEUTPaIb-
HOTO 9KOJIOTHYECKOTO MPOrpecca OT CTPYKTYPHBIX CABUTOB M MPOBEAEHBI PACUETHI IO OI[CHKE BIMSHHS CTPYK-
TYPHBIX CABHTOB B ’KOHOMHKE Ha JMHAMHUKY 3arpsi3HEHUN. [IpoBeIcHHBIE pacdeTh MMOKa3ail HEBBICOKYIO 3(¢-
(D EeKTUBHOCTh NPHUPOIOOXPAHHBIX WHBECTUIMH, OCHOBHOE BIMSHHEC HA CHIKEGHHE 3arps3HEHUH OKa3aiu
CTPYKTYpPHBIE CABUTH U MOJEPHH3AIIHSI 3KOHOMHUKH POCCHICKHAX PETHOHOB.
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Bba ocyecTBieHa MIOCTAHOBKA 3a/1a4K TOUCKA ONTHMAJIBHOTO pacipeiesieHus (aKTopoB U MPesio-
JKeHa METOMKA €€ PeLIeHHs I IBYX(aKTOPHBIX U TpeX(aKTOpHBIX GyHKLMH. BbUTH BBIETIEHBI CEKTOPA KO-
Homuku P® n Pecriyonuku Kapeinus, cyIiecTBEHHO pa3iinyaroiyecs 1o BIMSHUIO Ha OKPYIKAroOLIyI0 Cpey U
MIPOBEJICHBI pacyeThl PyHKUMH 3arpsi3HEHHS st HUX. J[J1 BBII€IIEHHBIX CEKTOPOB OBUTH MPOBEAEHBI SKCIIEPH-
MEHTaJIbHBIE PACUETHI 10 ONPEEIICHUIO ONTHMAIBHOTO PacIpeie]IeHUs] THBECTHILINI.

BnusiHue KIMMaTHUecKUX M3MEHEHUH Ha pa3BUTHE POCCHHCKUX PETMOHOB HEOAHO3HAUYHO M IS IOy~
YEeHUS TOYHBIX OLIEHOK HEOOXOMMO Ha OCHOBE CHCTEMHOT'O ONUCAaHUs 00bEKTa MOCTPOUTh MOJIEIIb U IIPOaHa-
JM3UPOBATh BIHMSHUE JaHHOTO (DakTopa. DKOHOMHYECKHE MCCIIEAOBAHUS MTOCICACTBUI N3MEHEHHs KiIMMara
MO0Ka3aJy, YTO HanOoJbIlee BIUSHAE OXKHIACTCS B CIEIYIOIINX CEKTOPAaX PErHMOHANBHON SKOHOMHUKH: Cellb-
CKOE XO3SIIICTBO, MCIOJIb30BaHNE MPUOPEKHBIX PECYpCOB, SHEPTreTHKA, JIECHOE XO3SMCTBO, TYpH3M, PBIOHOE
XO3SICTBO U BOJIOCHAOXKEHHE.

B paborax Y.Yanra, O./leunneca, M.I'purcroyna, PMenaenscona, B.Hopuxayca u JI.11loy uzyuanacek
YPOXXalHOCTb Pa3IMYHBIX KYJIBTYp HA PETHOHAJIBHOM YPOBHE, JUIsl OLIEHKH M3MEHEHHsI KOTOPOil paccMarpuBa-
JIMCh pa3iINuHbIe BUJIbI YPAaBHEHU, aHAJIOTHYHBIX TPOM3BOICTBEHHBIM (yHKIUSAM. bbluto nokasano, 4To Bius-
HUE U3MEHEHHUsI CPEIHUX 110 CE30HAM OCAaJIKOB U TEMIIepaTyphl 3HAYUTEIHHO U HENWHEWHO. Bbut oTMeueH no-
JIOKUTENBHBIN 3 QEKT 3aMeHbI OHOW KYJBTYPBI Ha JIpyryio, Ooiee ypokaiiHyto, IIpH HOBBIIICHUH CPEIHEH
TeMIieparypsl B peruoHe. McciaenoBanus B Ipyrux cTpaHax MoOKas3alu, YTO YCIOBUS Ul POCTa YPOXKaHHOCTH
TIOSIBJISIIOTCS B OOJIee CEBEPHBIX PETHOHAX, B HUX BO3MOXKEH POCT YPOXKAHHOCTH 32 CUET YITyUIICHUs KITUMaTH-
YEeCKHX YCIIOBHI M CMEHBI KYJIBTYp Ha OoJiee yporkaiHble U TpeOOBaTeIbHbIE K TEILTY, B TO K€ BPEMSI B FOXKHBIX
pEruoHax yClIoBHs YXYIIIAIOTCS.

BnusiHue KnMMaTHYeCKUX U3MEHEHMH Ha CelIbCKOXO3SHCTBEHHOE Mpon3BoACTBO B PD, npexne Bcero
Ha ypOXXallHOCTh, UccienoBanock emie B 80-x romax B paborax C.Cunruia, C.Oruausiesa, @.Epemiko, O.Cu-
porenko, X.AbamuHou, B.ITaBnosoii u apyrux. ccnenosanus, nporoausmuecs B BI[ AH CCCP, nokazanu,
YTO OTKJIOHEHUSI OT CJIOKUBILEHCS TEHACHIIMN ObUIN CBS3aHBl IMEHHO C TIOTOAHBIMHU aHOMAJIHSIMH. 3aMEeTHBIC
KIIMMaTH4eCKUe U3MEHEHHMs MOCIEeIHHUX JIET CHOCOOCTBOBAIM POCTY KOJIMYeCTBa MccienoBaHuil. [lomoxu-
TEJIbHBIE CABUTH CBSI3aHBI C POCTOM IPOJIODKHTEIFHOCTH BEreTallMOHHOTO MEepHoJia U PacCIIUPEHUEM 30HbI
3eMJIE/IENNS, a TAK)Ke KOCBEHHO MOXKET IOBJIMSATH COKpAILEHHE OTOIMTEIBHOTO CE30Ha M YBEIMYCHUE CPOKOB
HaBHUranuu. MArkue 3uMbl CHOCOOCTBYIOT MOBBILICHUIO YPOXKaHHOCTH 03UMBIX, a TIPH JajibHEHIIeM HOBBIIIIe-
HUH TEMIIEpaTypbl OOJIbIIIEE PaCIPOCTPAHEHHE MOTYT ITOJIyYUTh TaKHE TETIIONOOUBBIE KYJIBTYPBI, KaK II0JCOJI-
HeyHHK. COOTBETCTBEHHO MOTYT CHU3HUTBCS 3aTPaThl M YBEIMUUTHCS CEIBCKOX035CTBEHHOE IPOU3BOJICTBO, U
I10 OIIEHKaM HEKOTOPBIX dKcrepToB, P MoxeT noyunts npudasky 10 0.6% pocra BBII.

B Poccun mo anamoruu c pesynpraraMy, MOJXYYEHHBIMH JUIS aMEPHKAHCKMX PETMOHOB, BBIUTPBIII
JIOJDKHBI TTOJIYYHTh LIEHTPAJIbHBIE M CEBEPHBIE PETMOH, B YaCTHOCTH pernoHsl CeBepo-3anaqHoro denepanbHo-
ro oKkpyra. JJJisi OLEeHKH TaHHOTO BIMSHUS CTPOUTCS CUCTEMHOE OIMCAaHKE TPOUCXOASAIINX MPOLIECCOB, U3yya-
IOTCSI OCOOCHHOCTH Pa3BUTHSI PETMOHA, BBIJEISIOTCS M ONKCBHIBAIOTCS OCHOBHBIE (DAKTOPBI, ONpPEACISIONINe
M3MEHEHHE N0Ka3arelieil CelbCKOro X035 CTBa, MPEXIE BCEro ypoxKaHHOCTH, COOUPAIOTCS U aHAIIM3UPYIOTCS
JaHHBIE 10 (aKTOpaM M ypOXKaHHOCTH, CTPOSATCS TpahUKH OKa3aTelieii, TO3BOJISIOINE BBISIBUTH CYIIECTBYIO-
1€ 3aBUCHMOCTH.

[Tocne nmpoBeaeHHOrO aHaM3a JaHHBIX Pa3pabaThIBAIOTCSl MOJICIIH, OCHOBY KOTOPBIX COCTABJISIOT per-
pECCHOHHBIE YPaBHEHHUS, B KOTOPBIX YPOXXallHOCTb 10 PErMOHAM PaccMaTpHUBAeTCsl B 3aBUCMMOCTH OT BbIJIE-
JICHHBIX (DAKTOPOB: KIMMAaTHYECKUX, arPOTEXHUYECKUX, COCTOSIHUS MOYBBI, COLMATLHO-9KOHOMUYECKUX Xa-
PaKTEepUCTHK, YPOBHS MEHEPKMEHTA, TEXHOJOIMYECKOr0 YpPOBHS W OCOOEHHOCTEH KOHKPETHOH KYJIBTYPBI.
VYpaBHEHUS YPOXKAHOCTH 110 PErHOHAaM CTPOSTCS 110 BPEMEHHBIM psiiaM Ul OHOTO PErnoHa MM Kpocc-
CEKIIH 10 PerroHaMm 3a oauH roa. O6mas Gpopma pyHKIu ypoxkaitHOCTH Y (OOBIYHO UCTIONB3YIOT MYJIBTHILIN-
KaTHBHBIE WIN JIMHEHHBIE (DYHKIMHN):

Y=f(C,M,L, X),

rae: C — KIMMaruuecKue XapakTepucTuku, M — arporexHudeckue, L — nmouBeHHble, X — COIMAIBHO-
9KOHOMHUYECKHE U MTPOYHE XapaKTEPUCTHUKH.

KnnmMarndeckue XxapakTepUCTHKH ObLIM NPECTABICHBI B BUIE TIOJIMHOMOB BTOPOM CTETICHH MIIM MOJY-
JIsl OTKJIOHEHWH OT ONTHMAlbHBIX 3HaYeHUi. B kauecTBe KIMMaTH4eCKUX XapaKTEPUCTUK pacCMaTpUBAIOTCS
CpenHssl TeMIeparypa, CyMMa akTHBHBIX TeMIIeparyp U CyMMapHBIE OCaJKH 3a pa3Hble Iepruozbl (3a rof, 3a
Ce30H, MeXJly YOOpKaMu yposkas, OT IoceBa J0 YOOpPKH, 3a HIOHB, 32 HIOJb U 33 TPEThIO Jiekary uioHs). [To-
CKOJIbKY BPEMEHHBIE Psi/ibl KOPOTKHE, U KOJIMYECTBO (PAKTOPOB AOJHKHO OBITh MHHUMAJIBHBIM, TO MOXKHO HC-
T10JIb30BATh TUAPOTEPMHUUECKUH KOI(D(DHUINESHT 32 pa3HbIe IEPUO/IbL, Ha IPAKTHKE HAWITYYIas CBsI3b C ypoXKai-
HOCTBIO IIPU PACCMOTPEHUH NIEpHOJIa OT ITOCEBA 10 YOOPKHU. ArpoTeXHHYECKHE [T0Ka3aTeIl — BHECCHUE MUHE-
PaJIBHBIX ¥ OPraHUYEeCKHX ynoOpeHui Ha rekTap noceBoB. ColnalbHO-9KOHOMUYECKUE ITOKa3aTeIn 03BOJIs-
10T YYUTHIBAaTh COCTOSTHHE CEIbCKOTO X035CTBa pernoHa (00beM M TMHaMKa HHBECTHLIUH B CEJILCKOE XO35HCT-
BO), YPOBEHb Pa3BUTHsI SKOHOMHKH PETHOHOB, TMHAMUKY pa3BUTHUs SKoHOMUKH perroHoB (BPII B conocraBu-
MBIX [IEHax) U HEKoTOpble apyrue ocodbennocty. [Ipobiemoit siBisieTcsl y4eT IOUYBEHHBIX XapaKTEePUCTUK IS
peruoHa, IOYBEHHO-3KOJIOTUUECKUI HHIIEKC U JIpyTHe NOKa3aTesld pacCUNTHIBAIOTCS 110 JIOKAJIbHBIM TEPPUTO-
PHSIM | IIOCTPOUTD CPEHUH 1O PETHOHY ITOKa3aTelb CIMKHO. K Uuciy Mpounx rnokasareneil OTHOCSTCS, B TOM



yucie u uncia Bosibda, CBiA3b KOTOPBIX € ypOXKaHOCTBIO HCCIIeIoBaNach B paboTax 1o gopehopMeHHOMY I1e-
puoxny.

B crarbe mpencraBieHoO MCCeOBaHME BIUSHUS PA3IMYHBIX (PAKTOPOB HA YPOXKAHHOCTH OCHOBHBIX
KyJIBTYp, BeIpaliuBaeMbIx B peruoHax Cesepo-3anana — Kapenuu, Bonoroackoi, Jlennnrpanckoit u Kanunun-
rpajckoii oonactsix. Yacts ndopmariu Obliia mojrydeHa u3 craructiieckux crpaBouHUkoB @CI'C u naHHBIX
pas3nuHBIX BeAOMCTB. /It pacueToB MCHonb30Bajiachk Takke HH(opmaus, coopannas nacturyramu PAH n
Jpyrumu BeoMcTBamu. [IpoBonuBIINecs paHee UCCIe0BaHMs IO3BOJIMIM BBIIECIUTH TPU NIEPUOJA B IUHAMMU-
K€ YpOXKalHOCTH — IpeJcTarHauuoHHbii 10 1982 r., crarHanuoHHslii 10 1999 . u coBpeMenHblid. Pacuerst
MIPOBOJMIIUCH IO BTOPOMY U TPEThEMY IEPHOAM U OTAEIBHO MO TPEThEMY MEPUOTY.

B paccMarpuBaeMbIX pernoHax CenbCKOe X035CTBO 3aHUMAET Pa3HyIo JIOII0 B CTPYKTYPE SIKOHOMUKH.
B Gonee 10)KHBIX pernoHax MpOM3BOICTBO PAaCTeT, B O0Jiee CEBEPHBIX CIIaJl IPEO0NETh He ynanoch. MHBecTH-
LMK B CEJIBCKOE XO3SIMCTBO CTaOMIIBHO pacTyT TOJIBKO B JIeHMHTpajckoil obnactu. BHeceHne MUHEpaIbHBIX
yaoOpenwuii mamaet Tonbko B Kapenuu. BPIT poc 1o kpusmca, mociie Hero Bo Becex peruonax B 2010 r. BPIT
BbIpoc. Bo Bcex deThpex paccMarpuBaeMbIX pEerMoHax Mpeo0iagaroT MoA30JIMCThIE MTOUBHI, B Boioroackoit
00J1acTH IPUCYTCTBYIOT KallITAHOBBIE COJIOHIIEBATHIE U COJIOHYAKOBaThIe, B JICHUHIpasckol — 1epHOBO-KapOo-
HarHble. J[eTanbHOe N3y4eHHe JaHHBIX U pacueThl TPOBOIMIIMCH TI0 TPEM KYJIBTYpaM (3epHOBBIE, KapTodeib U
OBOIIIM), AMHAMHKA YPOXKAHNHOCTH KOTOPBIX 3aMETHO OTINYANAaCh.

Bblnenuts BIHMSHUE KIMMaTHYECKHX (DaKTOPOB OKa3aJloch JIOCTATOYHO CIOXHO. [yl mocTpoeHus
(GYHKIMH ypOKaHOCTH 1Sl KIIMMAaTHYECKUX XapaKTEPUCTHK PaCCMaTPHBAIOCh OTKIIOHEHHE OT ONTHMAJIbHBIX
3HaueHUuil. BBoauIoch MOHATHE HEHTPaNIBHOTO TEXHUYECKOTO Iporpecca, KoTopoe, Kak U B MPOU3BOJICTBEH-
HBIX (YHKIHMAX OBLIO NMPEACTaBICHO BPEMEHHON 3aBUCHMOCTBIO. PacyeTsl MpoBOAMIMCH IO BCEM pPErHOHaM
OTAETBHO U 110 YETHIPEM PETHOHAM OJJHOBPEMEHHO.

J1s1 BEIOpaHHBIX PErMOHOB PacyeThl IPOBOAMINCH MO JIMHEHHOH (DyHKINH:

YO)= A +T* )+ T+ RO+ RO+ M)+ X, @)+ K (2

rae: A - HeHWTpaJbHbIA TeXHUUecKHid nporpecc; T — Temneparypa; R —ocanku; M — 00beM BHECEHHBIX
yao6penuii otHocuTensHO 1990 rn; X;— connanbHO-3KOHOMUYECKHE U IIPOYHe XapakTepucTuky; K — koHcTaH-
Ta; t - rox.

Ha ocHoBe IpoBEICHHBIX PACUETOB MOXHO CKa3aTbh, YTO aBTOMAaTHYECKOTO POCTa CEIIbCKOXO3IHCTBEH-
HOT'0 IIPOU3BOZICTBA HE MIPOU30MIET, 0KUAaEMO€E NOTEIIEHHE CO3/1acT MOTEHLUA Ul POCTa, Ul UCI0JIb30Ba-
HHSL KOTOPOTO MOTPEOYyIOTCS ONpe/ieNieHHbIe YCHINs. POCT ypoXkailHOCTH 3a CYET MOTEIJICHUS TIPH COXPaHEHUH
TPaAMLUMOHHBIX KYJIBTYp OyAeT He3HaunTeleH, He npeBbicuT 10%. bonbmumii a¢ ekt nanyT nopeleHne ypos-
HSl MEHE/DKMEHTA M Iepexo K 0ojee COBPEMEHHBIM TEXHOJIOTUAM. TakKe oKa3arh MOJIOKUTEIbHOE BIHSIHUC
MOXXET U3MEHEHHE CTPYKTYPHhI IIOCEBHBIX ILIOIIA/IEH, Iepexo/] K I03JHECIIeNIbIM U 0oJiee ypOKaitHbIM copTam
U K HOBBIM, OoJiee TeIIONIO0MBBIM KYJIBTypaM, 4To TPeOyeT yKe ceifuac yBelnn4yeHHs BIOKEHUH B CEJIbCKOXO-
3SIUCTBEHHYIO HayKy. J{1s TOro 4ToOBI MCIONB30BaTh OTKPBHIBAIOIINECS BOSMOXKHOCTH, U MHHUMH3HPOBATH
OXKHIaeMble TI0TepH, He0OX0IMMa aIalTalksi PETHOHOB K 0’KHJIA€MbIM KIIMMAaTHYE€CKUM U3MEHEHUSIM U OPUEH-
TalMsl CENbCKOX03sHCTBEHHON HAayKH Ha aJanTaluOHHbIE IIPOEKTHI.

Using high-resolution multispectral WorldView-2 imagery and Indicator
Species Analysis to map freshwater deltaic wetlands
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emote sensing technology has long been used in wetland inventory and monitoring though derived
wetland maps were limited in applicability and often unsatisfactory largely due to the relatively coarse

patial resolution of conventional satellite imagery. The advent of high-resolution multispectral satellite

systems presents new and exciting capabilities in mapping wetland systems with unprecedented accuracy and
spatial detail. This research explores and evaluates the use of high-resolution WorldView-2 (WV2) multispectral
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imagery in identifying and classifying freshwater deltaic wetland vegetation and aquatic habitats in the Selenga
River Delta, a Ramsar Wetland of International Importance that drains into Lake Baikal, Russia — a United
Nations World Heritage site. A hybrid approach was designed and applied for WV2 image classification
consisting of initial unsupervised classification, training data acquisition and analysis, indicator species
analysis, and final supervised classification. A hierarchical scheme was defined and adopted for classifying
aquatic habitats and wetland vegetation at genus and community levels at a fine scale, while at a coarser scale
representing wetland systems as broad substrate and vegetation classes for regional comparisons under various
existing wetland classification systems. Rigorous radiometric correction of WV2 images and orthorectification
based on GPS-derived ground control points and an ASTER global digital elevation model resulted in 2- to 3-m
positional accuracy. We achieved overall classification accuracy of 86.5% for 22 classes of wetland and aquatic
habitats at the finest scale and >91% accuracy for broad vegetation and aquatic classes at more generalized
scales. At the finest scale, the addition of four new WV2 spectral bands contributed to a classification accuracy
increase of 3.5%. The coastal band of WV2 was found to increase the separation between different open water
and aquatic habitats, while yellow, red-edge, and near-infrared 2 bands were more useful for discriminating
between different vegetated habitats. Analyses demonstrated that the Normalized Difference Vegetation Index
was valuable for improving the classification accuracy and image texture was particularly useful for separating
scrub/shrub wetland from various emergent herbaceous wetlands. Our analysis resulted in the first-ever
detailed, quantitative wetland inventory map of the Selenga River Delta, and provides a benchmark for future
wetland change detection studies and baseline information for wetland conservation and management efforts
for this region.

BrnuaHne rnobanbHbix N3MEHEHWiA KNmaTa Ha rinaposIorYeckmii pemum
pek tora 3anagHoii Cubupn

3unosbes A.T., Fanaxos B.I., Kowenesa E.[1., NloBukasa 0.B.

WHcTutyT BopHbix 1 3konoruyeckux npobnem CO PAH, bapHayn, Poccua
E-mail: Igg-iwep@yandex.ru
Web: http://www.iwep.ru/ru/struct/lgg/atz.html

JIs1 U3yYCHUS BITUSHIS KIIMMATHICCKUX H3MEHEHHI Ha POpPMUpPOBAHHE CTOKA peK tora 3anaaHoit Cuou-

PH B JAHHOM HUCCIICTOBAHUY OBLIH PEIICHBI CICTYOIIIE 3a0a4n: 1) BRIABICHHUE XapaKTepa H3MCHEHUS

yBIQXKHEHUS Ha TeppuTopun 3anaanoi Cubupu 3a nocneanue 2000 set; 2) oOHapy>KeHHE CYIIECTBY-

X TeHIEHIUU B U3MEHEHUU HOPM CTOKA PEK YKa3aHHOH TePPUTOPUH; 3) MOAETUPOBAHUE CTOKA PEK TaEK-

HOW | JIECOCTENHO 30H 3amaaHoit CHOMPH P pa3IHYHBIX CIICHAPUSX H3MEHEHHSI METCOPOIOTHICCKUX Xa-
PaKTEpPUCTHK.

IIpumeHsieMble METONIBI UCCIIETOBAHMS — CTATUCTUYECKUHN aHATIU3 PSAIOB CPETHEMECAYHBIX U CPEAHETO-
JIOBBIX PACXO/IOB, UMUTAIIMOHHOE MOJCTHPOBAHNE HA OCHOBE YPaBHEHUI BOTHOTO OallaHCa a) 3aMKHYTOTO BO-
nmoeMa 0) CToKa B MOJICTBHEIX OacceiiHaX; B) 00beMa U TpaHuIl JICTHHKA.

1 3amaga. J{1s1 OICHKYM TUHAMUKHA W3MEHECHHH KiIMMara Ha fore 3amaaHoi CHOupH UCIIONB30BAUCH
MAJICOTMMHOIOTHIECKIEe PEKOHCTPYKITIH YPOBHS Bofbl o3epa Yansl (HoBocuOupckast o6macts, PO) u umura-
[MOHHAs OayaHcoBas MoJenb JienHuka Marnoro Akrpy (Aunraii, P®). [Ipn mopennpoBanuu BogHOro Oananca
03. UaHbI BBINOJIIHEH pacyeT U3MEHEHUS YBIaXXKHEHUS B JAHHOM PErHOHE 3a MocienHue 2 Teicsauu neT. Paccun-
TaHa JUHAMHKA U3MEHEHHUs YBIXXHEHUS U TEMIIEPATYp TEIJIOro MepPHOa 3a MOCIeHUE 2 THICSYH JIET Ha I0Te
3amagroit Cubupw, naHa OICHKa W MPOTHO3 Ha Ommkaiimme cronetus. [paduk m3MeHEHUs YBIaXKHEHUS U
CPEIHETOIOBBIX TeMITepaTyp i fora 3amagnoi Cubupu HaxomsaTcs B pa3e pocTa: B Mpeenax mpeablayIiero
U TEKYIIETO CTOJETHI UMEEeTCsl pacTyIlIui MOJOKUTENbHBIN TpeHn . Havuano pocrta yBiakHeHHs B JaHHOM pe-
ruoHe npuxoautcs Ha 1910 1., skcrpemymM dyHKIun nporHozupyercs k 2100 roxy. CymecTByronuii Tpens Oy-
JIET POIOIDKAThCs 0 mocienneit yetBeptu X X1 Beka. s pyHKIMHU M3MEHEHUS TeMIeparyp MakKCUMyM (I10-
JIOKUTENBHBIA SKCTPEMyM) clieayeT okuaath K 2170 romy. 2013 . HaxoauTcs B 00JacTH KBAa3WIMHEWHOTO
pacTyLIero TpeHa.

2 3amava. [Tpu aHamm3e n3MEHEHUS BOMHOCTH PEK Ha U3y4aeMOM TepPUTOPHH 00padaThIBAIHCh THAPO-
JOTHYECKUE JAaHHBIE I CTBOPOB C IieproZioM HaOironeHuit He MeHee S50 net. OToOpaHo 69 rHAPOIOTHIECKIX
mocToB Ha pekax OOb-UpTsimickoro OacceitHa. [1o pa3HOCTHBIM HHTETPATBHBIM KPUBBIM JIJIS KAXKIOTO psija
YCTAaHOBIICH PACUETHBIN PETPE3CHTATUBHBIHN MTEPUO]T, BKIIOUAIOIMINHN B ce0s1 MOTHBIC IUKIIBI BOMHOCTHU. BEITION-
HEH CTaTUCTHYCCKUI aHaH3 PSIIOB CPEITHETOJOBBIX PACXOOB OCHOBHEIX pek fora 3amamHoir CuOupu u pac-
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CUUTaHBI UX JIMHEHHbIE TpeHAbl. OlleHeHa CKOPOCTh U3MEHEHNI HOPM CTOKa, JTaHbl IPOTHO3bI HA ONMKaiIme
10-20 net. Ha uccnenyemoii Tepputopuu BelieseHo 11 30H U3MeHeHUs CTOKa.

3 3agayva. J{nsa nzydyenus ycnouii (GOpMUPOBAHUS TIOBEPXHOCTHOTO CTOKAa PACCMOTPEHBI CIIEAYIOIINE
OaccelHbl: TUIIMYHBINA 3a00JI0YEHHBII BOOCOOp TaexHOH 30HBI p. Bactoran (c. Maiick) 1 HETUITMYHBIA /115
teppuropun bonbemioro Bacroranckoro 60s10ta Bogocoop ecoctenHoit 30ub1 p. Kaprar (c. 3aBuHcKk). Beimosn-
HEHbI BapHaTHBHBIE OAaHCOBBIC PAaCcUYEThl CTOKA JUIS psilia JIET, CPEAHEMHOTOJIETHETO 110 BOXHOCTH Tojia ¥ CO
CIIEHapHBIM U3MEHEHUEM PEKUMOB TEMIIEPATyp U OCAKOB.

MonenupoBaHue CTOKa Ha OCHOBE YPaBHEHHH BOIHOTO OajlaHca JUIsl PEeK TaeXHOH U JIECOCTEITHOM 30H
Bonbioro Bactoranckoro 60moTa nmpy paziM4HbIX CHEHAPHUSX M3MEHEHHS METEOPOJIOTHUECKHX XapaKTepH-
CTHK I10Ka3aJI0, 4TO HanboJiee 3HaYNTENIbHOE BIMSHHUE Ha IOBEPXHOCTHBIM CTOK OKa3bIBAET M3MEHEHHE YBIIAXK-
HEHMUs, a He TeMIiepatypsl Bo3ayxa. [Ipu noremnenun Ha 1°C ctok ymeHbIuTcs Ha 7—-12%, a npu noTeniaeHun
Ha 4°C — Ha 43%. YMmeHnblueHue xe ocaakoB Ha 50% BbI3bIBAET YMEHBIICHHE TOBEPXHOCTHOTO cToKa Ha 80%, a
yBeJIM4YeHUe ocaakoB Ha 50% BeZeT K yBEJIMUEHHIO CTOKa OoJiee 4eM B 2 pasa.

Pabora BBINIOJIHEHA B paMKax MEXAMCHUIUIMHAPHOTO MHTErpanuoHHoro mpoekra [Ipesumuyma CO
PAH Ne69 «MHTErpupOoBaHHbIE HCCIEI0BAHUS KIMMAaTHYECKUX, THAPOJIOTHUECKUX U SKOCUCTEMHBIX IIpolec-
cOB Ha TeppuTopru 000t 3anaxHoit Cubupm» u npoexkra ®HU VIIL.76.1.1 «HMccnenoBanue npoueccon ¢op-
MHUPOBaHMS CTOKa M pa3paboTKa MH(POPMAIMOHHO-MOJEIHPYIOIUX CHCTEM OIEPaTHBHOTO POrHO3UPOBAHUS
OIIACHBIX THAPOJIOTHUECKUX CUTYALUH JUIS KPYITHBIX peUHbIX cucteM Cuoupmy».

Influence of global climate changes on hydrological regime of rivers
in the south West Siberia

Zinoviev A., Galakhov V., Kosheleva E., Lovtskaya 0.

Institute for Water and Environmental Problems SB RAS, Barnaul, Russia
E-mail: Igg-iwep@yandex.ru
Web: http://www.iwep.ru/ru/struct/lgg/atz.html

Introduction

Undoubtedly, the global increase of air temperature has an effect both on the World Ocean and the sur-
face water. Over a period from 1976 to 2006 (30 years), the warming of the air temperature over Russia was
1.4°C (Malinin, 2009). The interannual variation of the World Ocean level shows a pronounced upward trend of
about 200 mm for past 180 years (Shiklomanov, 2008). A sinusoidal harmonic of the World Ocean level in ref-
erence to the trend line with the points of transition in 1882 and 1954, and the current positive sinusoidal branch
is observed. The phase of the upward branch gives a steeper local linear trend for the period from 1954 to 2000
as compared to the general trend of increase of World Ocean level in 1860-2000.

The need to assess the water content due to climate change poses the following research objectives: 1) to
identify the nature of variations in precipitation in West Siberia over the last 2000 years; 2) to reveal the exist-
ing discharge trends in the area under study over the past decades, and 3) to simulate the surface runoff in taiga
and forest-steppe zones of West Siberia under different scenarios of weather variation.

jon

0 ] —
Siberia) [~/ /N

Fig. 1 Location of objects under study: West
Siberia, the Ob-Irtysh basin, Lake Chany, Great
Vasyugan Mire, Glacier Maly Aktru (Gorny
Altai)
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Objects of research
For each of the tasks within the south of West Siberia (Fig. 1) the following objects of research were selected:
For the reconstruction of precipitation in the south West Siberia — Lake Chany;
To assess the change in the discharge in the south of West Siberia over the past decades — 69 hydrological
stations on the rivers of the Ob-Irtysh basin with long series of observations of daily and monthly mean discharge;
To simulate the surface runoff formation a typical bogged catchment of River Vasyugan (Maisk village)
in the taiga zone and atypical for the territory of Great Vasyugan Mire, the catchment of River Kargat (Zdvinsk
village) situated in the forest-steppe zone were selected.

Background

Task 1

The basis for modeling precipitation in Lake Chany was formed by the long-term study of the recon-
struction of fluctuations of its mirror for the last 2000 years with a 50-year time step, conducted by the Institute
of Geology and Mineralogy SB RAS (Zykin et al., 2009). The simulation is based on the equation of water
balance for individual water basin. The results of estimation of annual precipitation variation by the fluctuation
of the Lake Chany table were compared with the ones obtained with sporo-pollen spectra (Klimanov et al.,
1987). The calculation of the thermal regime and precipitation is based on the simulation model of glacier bal-
ance previously developed by the IWEP (Galakhov, 2001).

Task 2

The State Hydrological Institute was engaged in the study of water discharge variation due to climate
warming. The complex statistical analysis was used to study the dynamics of the spring, summer-fall and win-
ter discharge of large, medium-size and small rivers of Russia as well as the intra-annual discharge distribution
(Shiklomanov, 2008). Currently, the foreign practice in hydrology has been also focused on the study of trends
in water flow occurring due to the climate change. For instance, the trends of seasonal, average, minimal and
maximal water flow were analyzed for natural river basins of Canada, the natural zones of which are similar to
the ones in West Siberia (Adamowski & Bocci, 2001; Burn & Hag Elnur, 2002; Cunderlik & Burn, 2002; Pi-
lon & Yue, 2002; Whitfield & Cannon, 2000; Yue et al., 2002; Zhang et al., 2001).

Task 3

The modeling of surface runoff in the catchments with clear boundaries of watersheds is based on the
water-balance equation with consideration for precipitation, evaporation, runoff, water loss and changes of
moisture capacity in the area (Giants, 1964).

Methods

Task 1

To assess changes in annual precipitation in the south of West Siberia, the results of paleolimnological
reconstructions of water levels of Lake Chany were used (Galakhov, 2011).

The change in thermal regime (the magnitude of cooling) was defined with the use of a simulation
model for calculating the ice balance components of the Maly Aktru glacier based on the climatic conditions
(i.e. temperature of the warm period) dependence of the glacier tongue location. The values of a warming peri-
od were calculated by the extension of an ancient forest boundary compared to the modern one.

The assessment of cooling in the second half of the Holocene was based on determining the position of
the moraine complexes and their radiocarbon dating. The evaluation of the warming period was made by the
position of the upper forest boundary and by radiocarbon dating as well. The radiocarbon dating of organic de-
bris (wood and peat) sampled in the moraine complexes and in lacustrine sediments located ahead of the mo-
raines was performed using QUANTULUS 1220 in the laboratory of Cenozoic Geology and Paleoclimatology
of the V.S. Sobolev Institute of Geology and Mineralogy, SB RAS. The results of dating were used to estimate
the time of moraine complexes formation with regard to the time of the glaciers response to the cooling period
and the time of the glacier’s tongue advancement up to the moraine complex (Galakhov, 2001).

Task 2

For analytical presentation of scenario forecast based on linear trends, the approximate equality of dis-
charge, calculated from the series of observations Q, (m’/s), and the average value of series of the calculated
linear trend Q," (m*/s) was used.

Task 3

For modeling of a surface runoff in the swampy catchments, a simulation model of a water balance is
used (Galakhov & Belova, 2008). For the rivers with clear boundaries of watersheds, water balance (including

water loss) is calculated by the Velikanov’s formula (Velikanov, 1964): X — E — POT —Y =W , where X —
the average precipitation in the basin, mm; E — the average (for the basin) evaporation, mm; Y — runoff, mm;
POT — the average (for the basin) water loss, mm; W — the change of precipitation in the basin, mm.

Data

To carry out the climatic research we used the baseline climatological data sets from the (All-Russian
Research ..., 2012) as well as the mentioned above reconstruction of the Lake Chany table fluctuation con-
ducted by the Institute of Geology and Mineralogy (Zykin V.S. et al., 2009).



Results and conclusions

Task 1

When modeling the water balance of Lake Chany, the variation of precipitation in the region over the
past 2000 years was calculated. To determine the periodic dependence of series, the spectral analysis based on
the Fourier one-dimensional transformation was used. The main frequencies contributing significantly to the
periodic behavior of the whole series were identified. The curve calculated with the selected periods is shown
in Fig.2.
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results of paleolimnological reconstructions of Lake thousand years (based on the glacier fluctuations in the
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The current upward positive sinusoidal branch on the graph of precipitation originated in the first half of
the 20th century (1910), and the extremum of the function is forecasted by the year 2100. The existing trend
will be observed up to the last quarter of the 21st century.

The study of glacier fluctuations in the alpine Altai allows the graphing of thermal variations in the
warm season of the appropriate time period (Fig. 3). Similar to the precipitation series, the spectral analysis
based on the Fourier one-dimensional transformation was used to reveal the main harmonics. On the graph, the
average annual temperature fluctuation has a slightly larger oscillation than the one for precipitation, but the
local situation within the last and the present century is also distinguished by a growing positive trend. The in-
flection point of the function of air temperature fluctuation fell on the early 20th century and, according to the
forecast, a positive extremum is expected by the year 2170. Last year (2012) was within the quasi-linear up-
ward trend; in the future, the temperature increase will take place with a decrease in the growth rate.

Rise of air temperature and precipitation, taken as a whole, influences the formation of the surface run-
off in the south of West Siberia.

When making a hydrological forecast the term “scenario”, i.e. a plausible and often simplified descrip-
tion of events in the future, based on the consistent set of assumptions about driving forces and key relation-
ships, was used. The basic requirement in scenario forecast is the maintenance of the current long-term trend in
the annual flow in the rivers under consideration. This condition is acceptable for a 10 — 20 year forecast, as the
surface runoff is mostly subject to precipitation fluctuation, which currently shows a quasi-linear upward trend.

Task 2

The analysis of changes in water content of rivers involved the processing of data from hydrological
gages with full observation period of at least 50 years. Using the residual mass curves of discharge modular
coefficients for each series, the calculation of representative period including the full cycles of water content
was determined. Based on the results of the forecast, the following zones of discharges change are identified in
the area under study (Fig. 4):

i\ Fig. 4 Schematic map of changes in rivers discharge
; in the south of West Siberia

v Gouging station with downward trend of average
annual discharge

Gauging station with upward trand of avarage
annual discharge
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Zone 1 (). By the year 2030, the decrease of discharges in rivers Anui (-2.2 % / 10 years), Katun
(6.2 % /10 years), Biya (0.54 % /10 years) will lead to a decrease in the discharges of Ob River at the Fomins-
koye water gage by 3.1% as compared to 2010.

Zone 2 (+). By the year 2030, the increased discharges of the left tributaries of the Ob, in particular, river
Aley (0.40% / 10 years) and river Charysh (0.85% / 10 years) leads to the increased discharges in Ob River by
1.1% (Barnaul water gage) and 1.2% (Kamen-on-Ob water gage) as opposed to 2010.

Zone 3 (-). Right-bank tributaries of River Ob with decreasing discharges (rivers Chumysh, Berd,
Tom, Chulym) produce the decrease in discharge of Ob River at Kolpashevo water gage by 3.1% as
against 2010.

Zone 4 (+). Right-bank tributaries of Ob River, rivers Ket’ and Tym, show the increasing discharges. By
the year 2030, the relative increase will make up 0.5% and 1.3%, respectively.

Zone 5 (-). The left tributary of Ob River, river Kasmala, and the rivers of the Ob-Irtysh interfluve (riv-
ers Kulunda, Burla, and Kargat) will show the discharge decrease by 5.2%, 3.15, 0.85, and 3.9%, respectively,
for 10 years.

Zone 6 (+). Within the Great Vasyugan Mire a steady increase in the discharges takes place. This area
demonstrates the maximum relative change of the discharge by the year 2030: river Om — 11.5% (south-west),
and river Parabel’ — 11.0% (east).

Zone 7 (-). Right tributaries of the Irtysh, Rivers Shish and Tui, will reduce water content at a rate from
—0.9 to — 3.1% for 10 years.

Zone 8 (+). The right tributary of river Irtysh — river Demyanka (its catchment area is a forested territory
(50%) and wetlands (30%)) has a 5.4% increase discharge every 10 years.

Zone 9 (+). Running through the Russian territory river Ishim — the left tributary of river Irtysh, in-
creases its water content by 6 —7% every 10 years due to its forest—covered and wetland basin. From the Rus-
sian-Kazakhstan border up to Omsk and Tyumen regions, forests cover 62% and bogs — 8% of the total basin
area of 27 000 km?. The river site from the Tyumen region up to the river’s mouth near village Orekhovo (the
catchment area is of 20 000 km?) is forested by 45% and waterlogged by 30%.

Zone 10 (-). According to the forecast, left-bank tributaries of river Irtysh in the forest-steppe and steppe
zones of river Miass (waterlogged by 5% or less), river Tobol (waterlogged in selected sites by 7 — 16%) and
adjacent river Vagai running in the taiga zone will reduce their discharge.

Zone 11 (+). Tributaries of the left-bank Irtysh from the taiga zone will increase their water content
(tributaries of river Tobol are rivers Iset’, Sos’va, Tura, and river Konda — a tributary of river Irtysh).

Task 3

To study the conditions for surface runoff formation in wetlands, the following basins were considered:
a typical bogged catchment of river Vasyugan (village Maisk) in the taiga zone, and atypical for the territory of
the Great Vasyugan Mire the catchment of river Kargat (village Zdvinsk) situated in the forest-steppe zone.
Alternative balance calculations of the runoff in the model basins were performed for several years: a long-
term average annual year by water content, and the years with scenario changes in temperature and precipita-
tion regimes.

The flow simulation in the rivers of taiga and steppe zones of Great Vasyugan Mire under different sce-
narios of meteorological parameters with the use of the water balance equation clearly shows that precipitation,
not air temperature, has the most significant effect on the surface runoff. At warming of 1°C, the runoff is re-
duced by 7-12%, and at warming of 4°C — by 43%. A 50% reduction of precipitation will result in 80% decrease
of the surface runoff, while a 50% increase in precipitation will lead to a twofold increase in the runoff.
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‘ ’ ’e have developed a set of mathematical
tools for construction of integrated mod-
els for solution of interconnected problem
of ecology and climate. The central point is a varia-
tional approach for solving direct and inverse prob-
lems of atmospheric hydrodynamics and chemistry.
It is important that the accurate matching of numeri-
cal schemes has to be provided in the chain of ob-
jects: direct/adjoint problems — sensitivity relations —
inverse problems for finding parameters and sources,
including assimilation of all available measurement
data. To solve the problems we have developed a new
enhanced set of cost-effective algorithms.

The matched description of the multi-scale
processes is provided by a specific choice of the
variational principle functionals for the whole set of
integrated models. Then all functionals of variational
principle are approximated in space and time by
splitting and decomposition methods [1]-[6].

Such approach allows us to separately con-
sider, for example, the space-time problems of atmo-
spheric chemistry in the frames of decomposition
schemes for the integral identity sum analogs of the
variational principle at each time step and in each of
3D finite-volumes. To enhance the realization effi-
ciency, the set of chemical reactions is divided on the
subsets related to the operators of production and de-
struction. Then the idea of the Euler’s integrating fac-
tors is applied in the frames of the global and local
adjoint problems technique [1]-[5]. The analytical
solutions of local adjoint problems play the role of
integrating factors for differential equations describ-
ing atmospheric chemistry. With their help, the sys-
tem of differential equations is transformed to the
equivalent system of integral equations. In a similar
manner we treat the integro-differential operators of
the transformation models describing dynamics of
multi-component aerosol populations. As a result, we
avoid the construction and inversion of precondition-
ing operators containing the Jacobi matrixes which
arise in traditional implicit schemes for ODE solu-
tion. This is the main advantage of our schemes.

At the same time step but on the different stages
of the “global” splitting scheme, the system of atmo-
spheric dynamic equations is solved. For convection —



diffusion equations for all state functions in the integrated models we have developed the monotone and stable dis-
crete-analytical numerical schemes [3]-[5] conserving the positivity of the chemical substance concentrations and
possessing the properties of energy and mass balance that are postulated in the general variational principle for inte-
grated models. All algorithms for solution of transport, diffusion and transformation problems are direct (without it-
erations). This is a very valuable property of variational technique for modeling non-uniformly scaled processes
synchronizing the algorithms in different sub-models of the integrated system. From this point of view, the technique
of the local adjoint problems in the frames of variational principles is an efficient tool for decomposition of scales in
the models of processes. In essence, this completes the methodology, early developed by us [6], which separate the
processes with respect to the scales of disturbances by means of the orthogonal decomposition of multidimensional
phase spaces of the state functions. Here we mean the functions generated by non-linear dynamical models of the
processes, as well as the functions from the data bases constructed on the results of measurements in reanalyses. Such
technique is necessary for analysis and synthesis of the situation as a whole and for organizing the forecast scenarios
and risk assesment.
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BI pa3pabareiBaeM MaTeMaTHUYECKU anmapar Ui CO3JaHNs HHTETPHUPOBAHHBIX MOJIEIICH IS perie-

HUS B3aMMOCBS3aHHBIX 3a/1ad SKOJIOTHH U KIMMaTa, B TOM YHUCIIE U 3a/1ad IPUPOJOOXPAaHHOTO Ha-

MpaBJeHUsA. TeopeTHUECKyI0 OCHOBY COBPEMEHHBIX TEXHOJIOTHH Ui pelIeHUs TPUPOAOOXPAHHBIX
3a/1a4 COCTABISIIOT COBMECTHBIE MOJICTH THAPOTEPMOIMHAMUKY U XUMHHK atMochepsl. 3agadn arMochepHOn
JUHAMUKA U XUMHAH YPE3BBIYaiHO CJIOKHBI: B COBPEMEHHBIX MOJEIISX YUUTHIBACTCS MOPSIKAa COTHU Pa3iind-
HBIX CyOCTaHITNI, MEXaHU3MBI TPAHC(HOPMAITUN KOTOPHIX BKITIOYAIOT HECKOJIBKO COTEH XUMHUYECKUX PEaKIINii.

MareMaTn4ecKy TaKkue 3a7aqy OTHOCATCS K Kiaccy 3a1a4 KoHBeKIH-auddys3un-peakunu. B Texaomno-
THSIX UX peai3aliy 3HaYUTEIbHAs YacTh aITOPUTMUYECKON U BBIYHCIUTEIBHON pabOThl MPUXOIUTCS HA YH-
CIIGHHOE PEIIEHNE CHCTEM <OKECTKHX» A (hepeHInaTbHBIX YPaBHEHUH, OMUCHIBAIOIINX MPOIIECCH XUMHUYe-
CKOHM TpaHC(OpPMAIIMU Ta30BBIX IPUMECEH M TUHAMHUKH a3PO30JBHBIX MOMYJSIuid. CBONCTBO <OKECTKOCTH
COOTBETCTBYIOIIMX CHCTEM ypaBHEHHH SBISETCS CIEACTBHEM IIHPOKOTO JHANa30HA XapaKTEPHBIX BPEMEH
JKU3HH PA3TUIHBIX CyOCTAaHIIN, yIaCTBYIONINX B PEAKIIHAX.

JuHaMuka a’po30IbHBIX MOMYJSINNA HTPaeT 3HAUNTEIBHYIO POJIh B I3MEHEHHUH KadecTBa aTMOCchepsl 1
TEPMOJMHAMUYECKHX TPOoIeccoB. I1omymannu a3po30abHBIX YaCTHI] B3aNMOJICHCTBYIOT MEXIy co00i. B 3Ha-
YUTEIHHOH CTEIIEHH CKOPOCTH UX M3MEHEHUH (OPMHUPYIOTCS 3a CUET IEPEHOCA MAaCCHI Pa3TUYHBIX MaTEPHUAIOB
W B3aUMOJICHCTBUI THITA Ta3-4aCTHIIA B PEKUME MPSAMBIX H 0OPATHBIX CBSI3EH.

B nocnemname 20 et MOBBIIEHHBINA HHTEPEC MPOSBIISIETCS K AMHAMUKE YIIIEPO/-COAEPKAIINX (HpaKInit
a’pO30JIBHBIX CyOCTaHIINH.

VYunteiBas 60bII0€ pa3HO0Opa3fe a’pO30IBbHBIX MPIUMECEH Kak 110 MaTepHAIbHOMY COCTaBy, TaK U IO
(PM3NKO-XUMHYECKUM CBOMCTBAM M Ha0OP B3aMMOCBS3aHHBIX IPOIIECCOB, B KOTOPHIX OHM yYacTBYIOT (Koary-
JSIHS, KOHJICHCAWs, HCTIapeHHe, HyKJIealus 1 1p.), B 0a30BBIX MOJEISIX MBI KJIaCCU(HUIIPYEM UX IO HEKOTO-
PBIM OOIITIM 3aKOHOMEPHOCTSIM, pacCMaTpHBasi, HalpUMep, YEThIPE OCHOBHBIX THIIA a3PO30JIEH:

1) Heneryume a3po30iiM, B KOTOPHIX MPE0OIagaroT MPOLecChl KOaryisanuH; MPOIecCchl KOHIACHCAITNH 1
HCTIapeHs MAJIO3HAYUMBI; 3TO, HAIPHMEP, a3P0O30JTH HENETYINX MaTePHaJIOB THIIA IOYBEHHAS IBLTb, TBEP/BIC
MIPOU3BOJICTBEHHBIE ITBLTH, MOPCKAsI COJTb ¥ YIIIEPOTHBIE (DPaKITHH;

2) a’po3onu, B TMHAMUKE KOTOPBIX MPeo0aatoT MPOoLecch KOHACHCAIINH U MCTIapEHUs, HalpuMmep,
KaIUIX BOJIBI, a9PO30JIH OKCHIOB CEPBI ¥ AP. DTH a3p030iu (HOPMHUPYIOTCS 3a CIET HyKJICAIIUH MITH HETIOCPECT-
BEHHBIM HHXEKTHPOBAHHEM W3 UCTOYHHKOB U 32 CUET KOHBEKTUBHO-IN((Y3MOHHOTO TIEpEHOCa;

3) a’po3onu-cMecH U3 CyOCTaHIUI IEPBHIX IBYX THUIIOB; B HUX YYaCTBYIOT BCE IIEPEUHCIICHHBIC BEIIIIC
TIPOIIECCHI;

4) 00beMHBIE (HPAKITUH a9PO30JICH TPETHETO THTIA B PA3TTMIHBIX KOMIIO3UIIHSAX C a9PO30JIIMH TIEPBOTO THTIA.

MaremaTndecKie MOAETH a3pPO30TbHBIX HOIMYIIANNI ONICHIBAIOTCS CHCTEMaMH HETMHEHHBIX HECTAIlH-
OHAapHBIX HHTErPpo-Au(dhepeHIINANTBFHBIX YpaBHEHHNA. B HUX MPOIIeCcChl KOATyIISIIUH OITMCHIBAIOTCS HHTETPaTb-
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HBIMH OIIEpaTOpaMH, a MPOLECCHl KOHCHCAINH, CTapeHust u Auddys3un - muddepeHnnanbHbIMI, THIIA KOH-
BeKIMU-TU(]y3un-peakunu, 1o NepeMEeHHOM, OTBEUalOIIeH 3a pacpeelIieHue YacTHI] [0 pa3Mepam.

Jnst uncieHHoro penieHus 3a1a4 arMoc(epHol XMMHN HCTIONB3YIOTCS METOIBI PaclISIUICHHUS 110 (hH3Hde-
CKHM HpoLecCaM U AEKOMIIO3ULIUH [0 MPOCTPaHCTBY. OHU MO3BOJISAIOT CBECTH MHOT'OMEPHBIE 3a/1a4i K MEHEE CIIOXK-
HBIM M MEHbIIEH pa3MepHOCTH. BhieneHrne XuMUIecKkoro OJ1oka B METOZIE PACIICIUICHHUS TTI03BONISIET BBIIOIHSTh
HHTETPUPOBAHKIE YPaBHEHNH XUMHHN arMocdepbl (POpMAILHO HE3aBHUCHMO VISl KaXKJJOH TOUKH TPEXMEPHOH Ipo-
CTPaHCTBEHHOM 00J1aCTH Ha COOTBETCTBYIOIIMX dTalax PacIieIuICHHs B ITpe/iesiax KaX/10T0 I1ara 1o BpeMeHH.

W3BecTHO, UTO SIBHBIE CXEMBI JUISI HHTETPUPOBAHHS )KECTKUX CHCTEM OOBIKHOBEHHBIX TuddepeHnnans-
HbIX ypaBHeHu#l (OJ]Y) mMano npurogHsl Uit MpakTHYECKHUX IIeJel, TaK KaK B HUX, BCIEACTBHE TPeOOBaHUI
annpoKCUMAallUU ¥ YCTOHUMBOCTH, OYE€Hb CUJIbHBI OTPAaHUUYCHHS Ha BEJIMYMHY LI1aroB Mo BpeMeHu. [loaTtomy B
HacTosilee BpeMs Hanbosee ynoTpeOuTeIbHBIMU JIJIsl PEIICHUS )KECTKUX cUCTeM Au(depeHINaIbHbBIX YpaB-
HEHUH SIBJISIFOTCS MHOTOIIATOBBIE HesIBHBIE MeToabl: PyHre-KyTThl B coueTaniy ¢ MOITU(QHKAIUSIMU UTEpali-
OHHOTo MeToia HploToHa /1715t HeMMHEHHBIX cucTeM, MeTonsl [ upa u PozeHOpoka, a Takske KOMOMHUPOBaHHbIC
Mmetons! PyHre-KyTTel u Po3eHOpoKa, MEeTOIBI KBa3UCTallMOHAPHBIX KOHIEHTpami 1 1p. EmE 6onee cnoxHble
po0JIeMbI BO3HUKAIOT IIPH HHTETPUPOBAHUN PAa3HOMACIITAOHBIX ypaBHEHHH TpaHC(HOpPMaIUU a3PO30JIeH.

C no3unuii BerYMCIUTENbHON 2 dexTHBHOCTH Hanbosee 3aTpaTHBIMK 3JIEMEHTAMH TEXHOJIOTHIA ¢ He-
SIBHBIMH YHCJICHHBIMU CXEMaMHU SIBJISIIOTCSI OOpAIlleHHs] Ha KaXkK/IOM JTalle BBIYMCICHUH MpenoOyciaBinBao-
LIMX MaTpUI] BEICOKOW pa3MEpPHOCTH, COEPKAIINX MaTpHUIlbl SIKOOH JIMHEapu30BaHHBIX CUCTEM ypaBHEHH.
JononHurensHble 3a00Thl IPEJCTABISET TakkKe HEOOXOANMOCTh 00ECIIeUeHHs MOJIOKUTEIEHOCTH NCKOMBIX
(yHKIMH B Ipoliecce BHIYUCIICHUI.

B Hactosiee BpeMs B TEXHOJOTMU MPUPOAOOXPAHHOIO MPOTHO3UPOBAHUS TEHJCHIIMU PAa3BUTUS Ha-
IIpaBJIeHbl HA pelieHre 00OpaTHBIX 3aad C YyCBOGHUEM JAHHBIX HAOMIONeHUH. DTH 3a7a4u, 10 CPAaBHEHHIO C
MIPSMBIMH, TPEOYIOT KaYeCTBEHHO HOBBIX METOJOB IIPSIMOr0 - 00paTHOTro MozeaupoBanus. [loatomy HeoOxo-
JUMOCTh JajJbHEHIIero orcka 0ojiee SKOHOMUYHBIX M YHUBEPCAIBHBIX MO (DYHKIIMOHAIBHOMY COZICPYKaHUIO
METO/IOB OCTAaeTCs BECbMa aKTyaJIbHOM.

B pabore [5] npencrasieH HOBBIM METOJ ITOCTPOCHUSI SKOHOMUYHBIX YHUCIICHHBIX CXEM JUIsl PELICHUS
OCHOBHBIX W COINpPSDKEHHBIX 3a/1ad Ui cucteM quddepeHnnaibHbpIX YpaBHEHUI NepeHoca U XMMHUUYECKOH
TpaHcopmanuu npumeceid. s 3TUX Lesieil NCIob3yeTcsl BAPHALIMOHHBIN MPUHIIMIT B COYETAaHUU C METO/1a-
MU JIEKOMIIO3UIUH U pacllerieHus. B HeM peanusyercs ujest HHTErpUPYIOIIUX MHOXUTeNe! Dilepa ¢ momo-
L[bI0 PA3BUTOTO HAMH alMapaTa JIOKAJIBHBIX CONpPsDKEHHBIX 3a4ad [3]. Takoil moaxon mo3BossieT paccMarpu-
BaTh [IPOCTPAHCTBEHHO-BPEMEHHBIC 33/1a4H AMHAMUKN U XUMHUHU aTMOC(Eephl B paMKax I100aIbHOI CXeMBI Jie-
KOMIIO3UIIMY CYMMAaTOPHBIX aHAJIOTOB BAPUAIIMOHHBIX (DYHKIIMOHAIOB OTAEIBHO Ha Ka)K/IOM BPEMEHHOM Ilare
U B K2XJIOM TPEXMEPHOM 3JIEMEHTE 00JIaCTH 110 IPOCTPAHCTBEHHBIM IIepeMeHHbIM. Ha 3TOM e 1mare o Bpe-
MEHH B paMKaxX METO/ia paclIeIUICHHs PEIIaloTCs TAK)KE CUCTEMbI ypaBHEHHH KOHBEKINH — U dy3nu, onucs-
BaIOIIKE MPOIECCHI TIepeHoca cyocTaHmid. [ 3TUX 1enell HCIob3yTC MOHOTOHHBIC YCTOHUYUBBIC JIHC-
KPETHO-aHAINTHYECKHUE YHCICHHBIE CXEMBbI, COXPAHSIOIINE CBONCTBA MOJIOKUTEIEHOCTH UCKOMBIX (DYHKIMI
COCTOSIHUSI U 00JIa/latoIie CBOMCTBAMU COXPAHEHMS] SHEPrUHM M KOJMYECTBA BEIIECTBA, HOCTYJIUPYEMBIC B
(hopMynHMpoBKe OOILIEro BapHAILIMOHHOTO MPUHIIMIIA, MCIIONB3YEMOr0 aBTOpaMy Ul PelleHHs 3a/1a4 paccMa-
TpuBaemoro kiacca [3]-[4].

CrenaeM HECKOJIBKO 3aMEYaHUH 10 MOBOY NPEUMYIIECTB MPEAIaraeMoro noaxoaa 1 0coOCHHOCTEH
YHCIICHHOM peanau3anuu.

1. brarogaps UCIIOJIB30BAHUIO U UHTETPUPYIOIUX MHOKUTENEH, alTOPUTMBI pEILIEHHsI OCHOBHBIX U
CONPSDKEHHBIX 3a/1ad aTMOC(EPHOH XUMHH SIBIISIOTCS NPSIMBIMUA. AHAJIMTUYECKUE PEIICHUS JIOKAIBHBIX CO-
MPSHKEHHBIX 3a]a4 B paMKax BapHAIllMOHHOTO NMPUHIMIA WIPAOT POJb MHTETPUPYIOLIMX MHOKHUTENEH s
muddepeHnnanbHbIX YpaBHEHUH XUMHYECKOH TpaHcopMmanuu npuMeceil. C uX MoMOIbIO IEKOMITO3UPOBaH-
Hasl cUCTeMa UCXOMHBIX MuddepeHnalbHbIX YpaBHEHUH TpeoOpas3yeTcsi B SKBUBAJICHTHYIO CHCTEMY MHTET-
paJIbHBIX ypaBHEHHH. B pesynbrare nckitodaeTcsi HEOOXOAUMOCTh TIOCTPOEHHS M 00pameHus npenooyciaB-
JIMBAIOIIUX ONEPaTOPOB, COAEPIKALIUX MATPHULIBI SIKOOM HEJIMHEHHBIX ONEepaTopoB TpaHCc(HOpMaIy, BO3HHKA-
IOLIMX B TPAJULIMOHHBIX HESIBHBIX cxemax st pemrerus OJ]Y. B aTom npuHIMnuanbHOe OTIIMYKE BapUalMOH-
HBIX MHTETPAJIbHBIX YPaBHEHHUH, KOTOPBIE MBI IIOJIy4aeM, OT HesIBHBIX MeTonoB [ upa, Pynre-Kyrrbl- Pozeno-
pOKa U Ipyrux HesBHbIX pemtareneil. CiexyeTr 3aMeTUTb, 4TO B HAILIEM MOAXO/E UHTETPUPYIOLINEe MHOXKUTEIN
UTParoT poiib QYHKIMH YCTOWYNBOCTH B MOJYYSHHBIX MHTETPAIBbHBIX YPaBHEHUSX U B alllIPOKCUMHUPYIOLIHX
HX YHCJICHHBIX cxemax. Jis ammpoKcHManuy NOABIHTETPAIbHBIX BBIPAXKEHHH, B3BELICHHBIX C 9KCIIOHEHIIU-
IBHBIMH (DYHKLIUSIMH HHTETPUPYIOLIMX MHOXKHTEIEH Ditiiepa, NCII0Ib30BaHbl HES U CTPYKTYPBI CXEMbI MHO-
TOILIArOBBIX PEKypPCUBHBIX BhIYKCiIeHHi Tuia Pynre - KyTtel - PozenOpoka 1uist obecnieueHus Tpedyemoii Tou-
HOCTH YUCJIEHHBIX CXEM.

2. 3ameTHM, 4TO onepanuy A GepeHInpoBaHus OIIEPaTOPOB OTHOCUTEIIFHO MX ()YHKIIMOHAIBHBIX apry-
MEHTOB B aJITOPUTMAaxX MOJENIEH TpaHC(HOPMALK BBIIOIHSAIOTCS aHAIUTHYECKH. DTO UCKIIFOYaeT HEOIpe/ielieH-
HOCTH, CBS3aHHBIE C TIPHOIMKEHHBIMH BBIUYMCICHUAMHA U (HEPEHINATIOB CIIOKHBIX HETMHEHHBIX ONEpaTopoB.

3. B cuty BBINOJTHEHHUS! YCIIOBHH MOHOTOHHOCTH M YCTOMYMBOCTH, BHIOOD II1aroB 110 BPEMEHH IIPH aIIpOK-
CHMAallUM ONEepaTopoB MOMY4aeMbIX MHTEIPANbHBIX YPABHEHUH ONpPENENAETCs] KPUTEPHEM PElpe3eHTaTuBHOCTI



BBIYMCIICHHUSI 3HAYCHUT SKCTIOHEHIIMAIBHBIX (DYHKIHMI B (hopMyiax oreparopoB Iepexo/a Ha 1iarax rno BpeMeHH
0e3 oTepr TOYHOCTH NPH OOJBIIMX 3HAYCHHSIX apryMeHTOB. KOHKPETHO, 3TO BETMYMHBI B IUANa30He 3HAYCHHUIT 110
MeHbleil Mepe B B 10 pa3 GoJblile, 4eM 3TO MO3BOJISIIOT YCIIOBHS alMPOKCUMALIMH B TIEPEUNCIICHHBIX BBILIE HESIB-
HBIX MeTozax. Takol MIMPOKHI Hana3oH HHTEPBAIOB BPEMEHH MO3BOJISIET JOCTATOYHYIO CTENEHb CEIEKTHBHOTO
BBIOOPA JIOKAJTbHBIX ANMPOKCUMALIUIN 15 OMTHCAHUS Pa3HOMACIITAOHBIX MEXaHU3MOB PEAKIIUIA.

4. Tlpu hopmMHUpOBaHUM BApHAILIMOHHBIX IPHHIMIIOB JUIS MCCIEIOBAHHS CIOXKHBIX MHOTOCTaJUIHBIX
MIPOLIECCOB MPOSBUIINCH 3aMeuareNbHble CBoiicTBa MHOXKHUTeNeH Jlarpamxka. C UX yuacTHEM camble CIOKHBIE
AITOPUTMHUYECKUE KOHCTPYKLIUH PEKYPCUBHOTO XapaKTepa ¢ MOMOIIIBIO COMPSKEHHBIX 3324 Pa3BepThIBAIOTCS
Ha BJIEMEHTapHbIC CTaUK. JTO JeNaeT NPO3paYyHbIMU COOTHOIICHHS YYBCTBUTEIBHOCTH LIENIEBBIX (PyHKIIHO-
HAJIOB K BapHalUsAM BXOAHBIX JAHHBIX, HCTOYHHKOB M MapaMeTpoB Mojejiel, HeOOXOMUMbIE Ui PElIeHUs
00paTHBIX 33/1a4 C yCBOCHHEM JaHHBIX HaOIIOICHUH.

5. TlocTpoeHHbIE aIrOPUTMBI IOMYCKAOT MHOTOBAPHAHTHOE ECTECTBEHHOE pacnapauienBaHue.

Bce anropuT™sbl, MOCTPOSHHBIE C MOMOIIBIO0 BAPHAIIMOHHOTO TPHHIIHIA, SBISIOTCS COTIACOBAaHHBIMHU.
3TO OuUeHB [IEHHOE CBOMCTBO ISl MOJICIMPOBAHHS Pa3HOMACIITAOHBIX MPOLIECCOB C CHHXPOHHU3ALUEH PabOThI
QITOPUTMOB B PA3IMYHBIX ITOIMOJEINSX WHTErPUPOBAHHON cucTeMbl. C 3THX MMO3ULMH anmapar JIOKalIbHBIX
CONPSDKEHHBIX 32/1a4 B PAMKaX BAPHAI[MOHHBIX ITPUHIIUIIOB sBIsieTCst 3()(DEKTUBHBIM HHCTPYMEHTOM pasziere-
HUSI MAacIITaboOB B MOJIEIISIX MPOLIECCOB MO 33IaHHBIM KpUTepusiM. 1o cyliecTBy, OH AOMOIHSIET, «CO CTOPOHBI
Mojeseiy, pa3paboTaHHYI0 HAMH METOIMKY pa3/iesieHHs IPOIIECCOB M0 MaciiTadaM BO3MYIICHHUH C TOMOILbIO
OPTOTOHAJBHBIX PA3I0KEHUH MHOTOMEPHBIX (ha30BBIX MPOCTPAHCTB (PyHKIMK cocTossHUS [6]. 3nech MBI HMe-
€M B BUZLy QYyHKLIUH, TOPOKIAEMble HEJTMHEHHBIMHU IUHAMUYECKUMU MOJICIISIMU MIPOLIECCOB, & TAKXKe (PyHKIUH
3 0a3 MaHHBIX, COPMUPOBAHHBIX Ha OCHOBE PE3yIFTaTOB HAOMIONCHWH, W W3 THOPWUAHBIX MPOCTPAHCTB,
c(hopMHUPOBaHHBIX B 0a3axX JAHHBIX peaHaTN30B. JTa TEXHUKA HEOOXO0MMa JIJIsl aHATTN3a U CHHTE3a CUTYaIuil B
LIEJIOM, @ TaKKe AJ1s1 (JOPMUPOBAHHS IIPOTHOCTUUECKUX CLIEHAPUEB U OLIEHOK PHCKOB.

Pa6ora noxnepxana [Iporpammamu 4 Ilpesuanyma PAH u 3 OMH PAH, npoexrom PODU Ne 11-01-
00187,a Taxke MaTerpannonasiMu mpoektamMu CO PAH No8 m Ne35.
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On the operative hydrodynamic-statistical forecast of summer storm
winds and heavy precipitation over the North West territory of Russia
including territory of Karelia

Perekhodtseva E.V.

Hydrometcenter of Russia, Moscow, Russia E-mail: perekhod@mecom.ru

he development of successful method for automated statistical well-in-advance forecast (from 12

hours to two days) of storm summer winds, squalls, tornadoes and heavy precipitation could allow to

take proper measures against destruction of buildings and to protect people and to mitigate the losses.
Prediction of the phenomena involved is a very difficult problem for synoptic till recently. The synoptic
forecast of these phenomena using existing graphic and calculation methods still depend on subjective deci-
sion of an operator. The synoptic gives the storm warning of this dangerous phenomenon with the earliness
only 3 hours.
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Nowadays in Russia there is no successful hydrodynamic model for the forecast of such storm wind (with the
velocity V>19m/s, V>24m/s) and dangerous precipitation (Q>14mm/12h, Q>29mm/12h), hence the main tools for
objective forecast development are the methods using the statistical model of these phenomena recognition.

The statistical model of summer storm wind (V>19m/s) recognition.

The meteorological situation involved the dangerous phenomena —the squalls and tornadoes and wind
with the velocity V>20m/s is submitted as the vector X(A)=(x,(A), x,(A), ...x,(A)), where n — the quantity of
the empiric potential atmospheric parameters (predictors). The values of these predictors for the dates and
towns, where are these phenomena, were accumulated in the set {X(A)} — the learned sample of the phenomena
A presence. The learned sample of the phenomena A absence or the phenomena B presence ({X(B)}) was ob-
tained for such towns, where the atmosphere was instability and often the thunderstorms and the rainfalls were,
but the velocity values were not so high (V<8 m/s). The recognition model of the sets {X(A)} and {X(B)} was
constructed with the help of Byes approach [1,3].

Before the problem of the sets {X(A)} and {X(B)} recognition it was necessary to decide the problem of
the compressing the predictors space without the information losses and it was necessary to choose the infor-
mative vector-predictor. It was made with the help of a transmutation of a sample matrix R columns and lines
algorithm. For this purpose the sample matrix R was corresponded to connected graph G; 26 predictors are
corresponded to the graph vertices, and the binary coefficients are corresponded to ribs of the graph G. Let us
give the threshold of the connection r. Then we‘ll to keep only the ribs in graph G corresponding to the binary
coefficient r; >r. The connected graph G breaks up to several connected subgraphs G; in this case. Each sub-
graph G; is corresponded to some diagonal block of depend predictors of the matrix R. Given optimal threshold
r=0.5 we obtained three blocks of dependent predictors and several isolated vertices, corresponding almost in-
dependent predictors. The informative predictors - representatives from each of blocks and two independent
predictors are given vector-predictor of dimension n=6 [3]. For this purpose we have estimated the most infor-
mative predictors using the criterion by Mahalanobis distance A*
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Fig.1 The forecast areal of the wind V>24m/s on the date 25.07.10. This area is occurred by isoline of the probability
P=65%,(V=26m/s was observed near St.-Petersburg and in Tula, where P>70%.)
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Here m;(A) and m(B) are the components of M(A) and M(B) - of the vectors of empiric expectation of
the presence and absence of A respectively, 6% the mean variance of predictor i. Also the nonparametric crite-
rion of entropy minimum by Vapnik-Chervonenkis H,,,, was used for the assessment of the informativition of
predictors [3]. As a result, the informative vector-predictor has been composed from six atmospheric parame-
ters after this selection [1,2,3]:
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Fig.2 The area of the forecast to 36h ahead of the wind V>24m/s on 12.06.12. to 36h ahead. This area is occurred by

isoline P=60%, of the storm wind — is occurred by isoline P=70% (V=24-26m/s was observed in Vologda, St.-Petersburg,
Kostroma and other towns)
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Here V,,—is the value of the mean velocity of the wind on the level 700 hPa, m/s; H,—is the level of the
isotherm of 0°C, hPa; (T’-T),,, — is the difference between the values of the stratification curve and the moist
adiabatic on the level 500 hPa, °C; dT/dn,,—is he maximal difference between temperatures over the front on
the earth level near the forecast point, °C; T,,— the maximal temperature on the earth level, °C; Td,,— the maxi-
mal temperature of the dew point on the earth level, °C.

This method was recommended for the territory of ETR, the best tests results were obtained for the
North West territory of Russia (the value of Pirsy-Obukhov criterion was equal T=0,68. If the value of U(X) is
U(X)>3 then the forecast of the wind with the velocity V>24m/c has very high probability, this case the torna-
does are probably[5].

The automated hydrodynamic-statistical forecast of storm wind and heavy precipitation on the base of
the hemispheric model forecasts

The successful development of hydrodynamic models for short- and mid-term forecast allow us to use
the prognostic fields of those models for calculation of the discriminant functions and the values of probabili-
ties of dangerous precipitation and winds in the nodes of the mesh and thus to get fully automated forecasts.
Statistical decisive rules for the alternative and probability forecasts for each of the phenomena involved were
obtained in accordance with the concept of “perfect prognosis” using the data of objective analysis. For this
purpose the teaching samples were automatically arranged that include the values of n=38 physically substanti-
ated potential predictors.

Then the same empirical statistical method was used for the diagonalization of the new mean correlation
matrix R of the n=38 predictors and extraction of diagonal blocks of strongly correlated predictors. Thus the
matrix R for each phenomenon was calculated and the most informative predictors were selected without loos-
ing information.

The values of statistical rules - discriminant functions F,(X) and F,(X) (for two classes of wind) were
calculated in the nodes of the greed and the values of the probability of dangerous winds of two classes P,(X)
and P,(X) (included squalls and tornadoes) were calculated there by the formulas: P,(X)=100/(1+exp(-F,(X));
P,(X)=100/(1+exp(-F,(X)).

As a result we have gotten the fully automated forecast of these phenomena. The prognostic area is the
area with the probability values P>P,,, (in rectangular mesh 150x150 km). The author proposes the empirical
threshold values P, specified for each phenomenon and each advance forecast period 12-24-36h. The forecast
assessments for the advance period 36h for the North West territory are the best (T=0,9) [4,5]. The heavy pre-
cipitation forecast assessments are the best too (T=0,62).
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The model of the hydrodynamic-statistical forecast on the regional model base and examples of the
storm wind and heavy precipitation forecast over the North West territory of Russia.

The values of the prognostic fields of the new region hydrodynamic model of short-term forecast (the
author —Losev V.M.) are calculated in the nodes of the degree 75x75km into operative system of Hydrometcen-
ter two times per day. Nowadays we use the values of these prognostic fields in same discriminant functions
F,(X) and F,(X) for the forecast of squalls and tornadoes and storm wind of two classes. Also the new values of
the probabilities P,(X) and P,(X) are calculating in the nodes of degree 75x75km .

Conclusion

The successful assessments of new forecast hydrodynamic-statistical methods were best in European Part
of Russia. They have shown also the stability of statistical forecast model of heavy precipitation, squalls, torna-
does and storm wind forecast over the North West territory including Karelia. These forecast methods to two days
ahead are operative and very comfortable for synoptic. They are the effective help in synoptic practice.
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OKazaTeJIeM HaIllero MOHMMaHHA OOIIeH MUPKYISIHUN aTMOC(EpHI SBISIETCS OTBET HA BOIPOC, MOXKEM

JIM MBI IPOTHO3UPOBATh N3MEHEHHMS OOIEH HUPKYIISALMH, KOTOPbIE MOTYT OBITh CBS3aHBI C IIPOILIBIM

WK OyayIM U3MEHEHUSIMU KIIMMara. 9To ObI10 OBl 0COOSHHO TTOJIE3HO ISl IPOTHO3UPOBAHUS H3Me-
HEHHMH, BBI3BaHHBIX TNI00AJLHBIM MTOTEIIeHneM. B Hareit pabote Mbl paccMOTpeNH KINMMaTHYECKHE ITPOSKIINT
HEKOTOPBIX XapaKTEPHCTHK 00IIeH IUPKY/ISLNY, yAeIuB 0co00e BHUIMaHHE N3MEHEHUSIM MECTOIIONIOKEHHS U
aMIUIMTY/Bl TPACKTOPHI ITOPM TPEKOB, IIOKPOBA MOPCKOTO JIbJa. JJ1s MccaeoBaHus MbI HCTIOIB30BAJIHN VIO~
0abpHYI0 KPYITHOMAcIITa0HYI0 MOJIEINb KIMMAaTHIECKONH CHCTEMBI M HanOoJIee arpecCUBHBIN KIMMaTHIeCKUH
cueHapuit RCP8.5.

B xoze nccnenoBanuii Mbl OOHAPYKHIIM, YTO B YCIOBUSX KIMMATHUECKUX N3MEHEHHUH (COMIACHO CIIeHa-
puro RCP8.5) nmpoucxomut casur mropM TpekoB CeBEpHOTO MOTyIIapHs 1o HanpasieHHIo K CeBepHOMY IT0JIFO-
cy. Kpome Toro, B ycioBusix paccMaTrpuBaeMOl KJIMMaTHIECKOH NMPOESKIMH U3MEHEHUsI aKTHBHOCTH HECTaINo-
HapHBIX BUXpEH N MHTEHCHUBHOCTH ITOTOKOB TEIlIa COMIACYeTCs C U3MEHEHUMH OapOKIMHHON HECTaOMITbHOCTH.
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Introduction

An evidence of our understanding of the general circulation is whether we can predict changes in the
general circulation that might be associated with past or future climate changes. It would be especially useful to
predict changes associated with global warming. Changes in the location, intensity or seasonality of major cli-
matological features of the general circulation could be more important than average temperature changes,
particularly where these changes might affect local hydrology, energy balances and etc.

Dynamics of General Curculation Atmosphere and Climate. There are important distinctions be-
tween tropical and extratropical circulation regimes. The Hadley Cell (HC) is the prominent tropical circula-
tion feature. It extends through the entire depth of the troposphere from the equator to the subtropics (30° lati-
tude) over both hemispheres. The cell develops in response to intense solar heating in the Inter Tropical Con-
vergence Zone (ITCZ) near the equator.

The extratropical circulation is dominated by baroclinic turbulence, which are called eddies. These ed-
dies are the product of baroclinic instability, which develops particularly strongly during winter as a conse-
quence of the strong pole-to-equator temperature gradient during that season. The the western parts of the Pa-
cific and Atlantic oceans are the preferred locations for the development of storm-tracks.

The poleward of expansion of the tropical circulation (HC). This discussion will focus on the tropi-
cal widening phenomenon. We will present some of the mechanisms that have been put forward in the litera-
ture to explain the widening.

In the works (I. Held, A. Hou, 1980; 1. Held, 2000) theory was proposed that establishes a relations
between static stability and tropical width. The theory assumes that poleward moving upper branch of the HC
is angular momentum conserving. The moving air increases its zonal wind speed until it becomes baroclinically
unstable and breaks down under the growing vertical wind shear. This marks the latitude of boundary HC.
Global warming related increases in static stability and decay baroclinic unstability in atmosphere. As a conse-
quence, the HC expands towards higher latitudes.

The poleward extent of the tropics, therefore, depends on the definition of specific indicators of tropical
width. For example, the work (T.Reichler, 2009) focused on the structure of the global tropopause as indicator
of tropical width. This indictor is based on the well-known distinction between the tropics, where the tropo-
pause is high, and the extratropics, where the tropopause is low. The advantage of this method is that the tropo-
pause is a relatively well observed atmospheric feature that can be easily derived from three-dimensional tem-
perature fields. Using data from radiosondes and reanalysis, it was found that the tropics have been expanding
by about 0.4° latitude per decade since 1979. The same study arrived at very similar results by examining the
separation distance between the two subtropical jets.

The observed expansion is also reproduced by climate models that are driven with the observed history
of forcings over the past decades, for example, twentieth century scenario integrations of IPCC-AR4. We use
both the 20th and the 21st century simulations in this study. For the 21st century simulation, we use the data
from the A2 and RCP 8.5 scenario.

It was revealed the twenty-first century trend in zonal mean tropospheric temperature. It shows a strong
upper tropospheric warming in both seasons and an enhanced Arctic warming in northern winter. The tropical
upper tropospheric warming is caused by enhanced tropical convection which transports heat trapped by the
additional greenhouse gases upward with the tropical atmosphere retaining a moist adiabatic lapse rate under a
warmer condition. The large warming located in the Arctic in winter, where the ice-albedo feedback is weak, is
largely a result of large atmospheric static stability concentrating the warming at low levels (Hansen J. et al.,
1984; Hansen, J., et al., 2005, etc).

Extratropical Eddies. The recent increase in global tropopause heights is closely associated with sys-
tematic temperature changes below and above the tropopause temperatures have been warming in the tropo-
sphere and cooling in the stratosphere. The pattern of warming and cooling also affects the zonal wind structure
in the region of the subtropical upper troposphere and lower stratosphere (UTLS). At intermediate heights of
the UTLS region (12—16 km) the tropics warm and the extratropics cool, leading to an increase in meridional
temperature gradients, and, by the thermal wind relationship, to an increase of zonal wind speeds above. Extra-
tropical tropospheric eddies play a central role in this mechanism. The eddies tend to move eastward with the
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zonal flow and equator-ward toward the subtropics until they approach their critical latitudes, where their phase
speed equals the speed of the background zonal flow.

One question is whether climate change will significantly affect the location and intensity of midlatitude
storm tracks and associated jets. Because the wave, mean-flow interaction in midlatitudes produces low-fre-
quency variations in the latitude of the jets, it is reasonable to think that a modest climate change might signifi-
cantly affect the position of jets and their associated storm tracks. The storm tracks are defined as the region of
strong baroclinicity (maximum meridional temperature gradient), which are determined on the basis of eddy
statistics like eddy fluxes of angular momentum, energy, and water (with the use of high band pass - filter). In
the Northern Hemisphere, there are two major storms in the region Atlantic and Pacific. The role of the storm
- tracks in the dynamics of weather and climate:

e bring heavy rains and other hazardous weather phenomena in the middle latitudes;

e play an important role in the global energy cycle and the hydrological cycle.

Example: The winter climate of Europe and the Mediterranean is dominated by the weather systems of the
midlatitude storm tracks. The behavior of the storm tracks is highly variable, particularly in the eastern North At-
lantic, and has a profound impact on the climate of the Mediterranean region (D. J. Brayshaw et al., 2011).

The Role of SST Forcing. Surface temperatures over the tropical oceans undergo changes over time,
which have been shown to have important consequences for the global atmospheric circulation. These SST
changes are primarily related to the natural ENSO phenomenon and to anthropogenic climate change. ENSO
related SST fluctuations are periodic in nature and mainly affect the equatorial Pacific. Besides, global SSTs
exhibit significant long-term trends that are associated with anthropogenic climate change. Various studies
have demonstrated that the tropics are contracting during the warm phase of ENSO (EINino), as indicated by
equator-ward displacements of the jet, storm track, eddy momentum divergence, and edge of the HC. One way
to understand the contraction is the intensification of the thermally driven Hadley circulation as the equatorial
SSTs become warmer. The stronger HC leads to a westerly acceleration in its upper, poleward moving branch
and thus to a strengthening of the subtropical jet, this moves the critical latitude for extratropical wave propaga-
tion equator-ward, allowing the extratropical eddies to penetrate deeper into the tropics than during normal or
cold ENSO conditions. As a result, elements of the circulation, including the tropical edge, shift equator-ward.

Sea ice extent. The Northern Hemisphere sea ice cover has decreased in recent years and is projected to
continue to decrease in the future. The observed changes can be compared with the global warming projections
from atmosphere—ocean general circulation models that were carried out for the Coupled Model Intercomparison
Project phase 3 (CMIP3), the results of which were used for the IPCC AR4 (Solomon et al. 2007). GCM projec-
tions vary widely in terms of the rate of Arctic sea ice loss. We have discussed here some problems about that.

Water vapor and climate changes. Through radiative forcing by increased atmospheric carbon dioxide
and water vapor and increased solar absorption due to less low cloud cover in the subtropics, more energy is
gained within the tropics and subtropics, while in the middle and high latitudes energy is reduced through in-
creased outgoing terrestrial radiation in the Northern Hemisphere and increased ocean heat uptake in the South-
ern Hemisphere. This enhanced energy imbalance in the future climate requires larger poleward atmospheric
energy transports in the midlatitudes which are partially accomplished by the intensified storm tracks. This
strong connection between intensified storm track energy transports and intensified energy imbalance in the at-
mosphere is also confirmed in CMIP3/IPCC AR4 models. Recent studies have indicated a poleward shift of the
storm tracks and midlatitude precipitation zone in the warming world that will contribute to subtropical drying
and higher latitude moistening.

In our study we have examined the future projections of some feature general circulation, in particularly,
location and amplitude of the storm tracks, sea — ice cover, from the global coupled climate model simulations.
The RCP8.5 is used. We have identified a poleward expansion, and intensification on the poleward flank, of
storm tracks in the future climate from band-pass filtered transient eddy statistics. The future projections in
transient eddy activity and its heat transport well correspond to the changes in baroclinic instability.

Experiments

Model. We provide our study using the idealized climatic system model (Fraedrich K., Jansen H., et al.,
2005). This model consists of several modules: atmosphere, ocean, land surface module, module of soil, sea ice
and biosphere. In the experiment horizontal resolution was T42, it is approximately 2.5 x 2.5 degrees. Vertical
resolution for atmosphere was 10 equidistant o-levels with the highest level at 10 mb, and for soil it was 5 depth
levels at 0.4 m, 0.8 m, 1.6 m, 3.2 m, 6.4 m form surface. Time step was 20 minutes.

Experimental design. To identify the response of the storm tracks to climate change we used climatic
scenario reproduced both the atmospheric CO) concentration increase due the anthropogenic effect and fol-
lowing its decrease with the return it to preindustrial value (http://climate.uvic.ca/EMICARS). Thus, the sce-
nario of the atmospheric CO9 concentration change is consists of four parts: for a time period from 850 to 2005
COy concentration was set according to the protocol “Historical simulations” of CMIPS; during the 21-23
century CO» concentration was set according to the most aggressive scenario RCP 8.5; then for the period 24-
29 century CO7 was fixed on the level of the year 2300; and during 30-31 century CO9 was returned to the




preindustrial value. At this last period during the first 100 years COy concentration was decrease linearly to
preindustrial value and then fixed. For the study of storm-track dynamics we selected following 9 time periods.
First period (1751-1760) is characterized by the equilibrium state of the climate system before the CO» in-
crease. Second period (1991-2000) was selected at the beginning of CO7 concentration increase time period,
third (2101-2110) was in the middle of this period, fourth (2191-2200) was at the end of this period. Next fifth
period (2691-2700) was selected for the conditions of equilibrium state of climate system with the extremely
high CO7 concentration. Sixth (3011-3020), seventh (3051-3060) and eighth (3111-3120) periods were select-
ed for the atmospheric conditions at the beginning of CO concentration decrease, in the middle of this period
and at the end of this period, respectively. The last, ninth, period (3191-3200) was selected for the climate
system conditions at the end of the simulation when CO7 concentration has returned to the preindustrial state.
We analysed storm track dynamics using Hovmoller diagrams of some transient eddy statistics.

A standard band-pass filter is applied to daily data to retain the variability on synoptic time scales of 2—8
days (Blackmon, 1976). All transient eddy statistics computed in this study are based on band-pass filtered data.

Results

Storm tracks. On a basis of simulation using climatic scenario RCP8.5, we constructed Hovmaller dia-
grams of 10-years mean variance of meridional velocity (v). In these diagrams X axes presents the numbers of
our time-slices, Y axes is the latitude. The diagrams show for a both seasons area of maximal storm track activ-
ity shifts to high latitudes when CO) concentration increases, and returns back when CO) concentration de-
creases. But there is a feature for a winter season at the end of simulation. Here CO7 concentration has returned
to preindustrial value, but storm-track activity has not and it continues to decline.

Also diagrams show maximal strom-track activity occurs between 51 and 57 latitudes. we constructed
another Hovmdller diagrams of 10-years mean v-variance for 3 different latitudes. X axes presents the longi-
tudes, Y axes is the numbers of the time-slices. It was shown response of Atlantic storm-track to CO7 concen-
tration change more then response of Pacific storm-track. For a winter season Atlantic storm-track amplitude
raises with the increase of CO7 concentration, and it reduces with the decrease of CO» concentration. Here the
feature appeared again. Atlantic storm-track amplitude doesn’t return back to preindustrial value, and it contin-
ues to decline. Pacific storm-track amplitude reduces with the CO9 concentration increase and it raises with the
COy concentration decrease. And like Atlantic storm-track, Pacific storm-track amplitude doesn’t return to
preindustrial value. For a summer season both Atlantic and Pacific storm-track amplitude reduces with the
CO7 concentration increase and it raises with the CO7 concentration decrease.

Hovmoller diagrams of eddies momentum flux was demonstrated that the influence of the CO, concen-
tration change to these fluxes for a winter season stronger then for a summer. Absolute value of these fluxes
raises with the CO7 concentration increase and it reduces with the CO7 concentration decrease.

Sea ice extent. The decline in Arctic sea ice can be best explained from a combination of natural climate
variability, such as variability in air temperature, atmospheric and oceanic circulation, and from external forc-
ing due to rising concentrations of atmospheric greenhouse gases.

Global climate models have predicted the rise in atmospheric air temperatures as CO2 concentrations in
the atmosphere increase (in Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment Report
(AR4), 2007) and simulations from the coupled GCMs that incorporate the observed record of CO2 show that
the increase in global temperature results in a decline in the Arctic sea ice cover. While the qualitative agree-
ment between the simulations and the observations provides evidence for a role of CO2 radiative forcing on the
observed decline ice cover, the disagreement on the rate of decline could indicate a natural variability compo-
nent. We finds that model loses of its Arctic sea ice in near linear manner and we also find no evidence of
summer Arctic sea ice tipping points.

Summary

In this report demonstrates that there exists considerable evidence that key-elements of the atmospheric
circulation have been moving poleward during the last few decades. Current theories as well as model experi-
ments indicate that greenhouse gas increases and stratospheric ozone depletion is the most likely cause for the
trends. However, there are many other aspects of these shifts that are not well understood. We find that sea ice
loss is reversible in climate system model over a range of CO5 concentrations in RCP-8.5 scenario. We find no
evidence of possibility sea ice hysteresis between difference states in climate regimes with ice cover.
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Mocdepa BIHsSET Ha XapaKTePUCTHKH TOBEPXHOCTHOTO CJIOSl OKeaHa IIIaBHBIM 00pa3oM yepe3 BO3Jei-
CTBHE BETpa M M3MEHEHHE B OOJayHOCTU. BimsiHue okeana Ha arMocgepy OCYIIECTBISIETCS uepe3

TypOyJICHTHBIE MMOTOKU TeIUIa M BJArk, U MOTOKH 3((PEKTUBHOTO M3JIyYeHHs C TOBEpXHOCTH. Bo3myienne
TEeMITEpaTyphl MOBEPXHOCTH OKeaHa MPHUBOJHUT K M3MEHEHHUSIM IIOTOKOB CKPBITOTO M SIBHOTO TeIlIa W, TEM Ca-
MBIM, K BO3JICHCTBHIO Ha TUPKYIsuio 1 odnmagnocts (Gillett N.P., 2003). HccienoBanrue MeXrof0BOl H3MEH-
YHBOCTHU TEMIIEPATyphI TOBEPXHOCTH OKEaHa, IOTOKOB SIBHOT'O M CKPBITOTO TEILIA, a Tak ke AP dexkTHBHOrO n3-
Jy4eHHs UMeeT CyIIECTBEHHOE 3HA4YCHHUE JJIsl PEIIeHHs TPOOIeMbl H3MEHEHHS KIIMMaTa.

V3MeHYMBOCTh THIPOMETEOPOTIOTHUECKUX BEJMUMH Ha aKBATOPUU ATIIAHTUYECKOTO OKeaHa 3a UHTep-
Ban 1948 - 1972rr., 6puta uccnenoBana Bunker A.F (1984). Kapra nuHeHHBIX TPEHIIOB TEMIIEpaTyphl IOBEPX-
HoctH (TTIO) okeana, mpuBen&HHas B eTo paboTe, mokassiBaeT cHkeHue TI1O B menom Ha akBatopuu Cesep-
HOM ATJIaHTHKH U 3TO CHW)KEHHE Hauboliee BHIPAXKEHO B PETMOHE OKeaHa, MPUIIETalolieM K CEBEPY-BOCTOKY
nobepexbs CLIA u Kananer, u B CeBepHoM Mope. KapTa TpeHI0B MTOTOKOB SIBHOTO TETIa YKa3bIBaeT Ha CyIIe-
CTBEHHOE YOBIBaHWE MMOTOKOB BOJIM3HU ceBepo-BoCTOUHOTO obepekbs CIIA n Kanansl u MEHBIINN 110 BEJH-
YHHE POCT IIOTOKOB B paiioHe 3amaqHoro nooepexbs CkaHIuHaBUH. TPEeHAbI IOTOKA CKPBITOTO TEIlIa, Mo Xa-
pakTepy pacrpezeseHusl, ToJ00HbI TPEH IaM SIBHOTO TEIUIa, HO ¢ MEHBIIMMHU 3HAUYE€HHUSIMH BOJIN3U CEBEpO-BOC-
touHoro nobepexnst CIIIA u Kanasr.

Lenbio naHHO¥ PabOTHI SBJISIIOCH HCCIIE0BAHIE BPEMEHHON H3MEHUYMBOCTH TEMIIEPATyphl IIOBEPXHO-
CTH OKeaHa, TEIIOBBIX MOTOKOB, 3((EKTUBHOTO M3IYUEHHsI, a TAaK)Ke UX TPeHA0B, B CeBepHOil ATIaHTHKE B
nepuos odansHoro norerieHust 1975 - 2011t

HccnenoBanue ruipoMeTe0poornieckux BenduH B CeBepHON ATIAHTUKH, TAaKUX KaK TeMIleparypa
noBepxHocth okeaHa (TTIO), motoku ckpsiToro (LE) u siBHOTO (S) Temia, MpOBOAUIOCH IO TaHHBIM CYIOBBIX

l l poliecchl B3aMMOZICHCTBHUSI OKeaHa U aTMoc(depbl UrpaloT BaKHYIO POJIb B U3MEHEHUH KiuMmara. AT-
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Habmronennii peananuza ICOADS (International Comprehensive Ocean-Atmosphere Data Set) ¢ mpocTpaHcT-
BEHHBIM paspenieHneM 1° X 1° 1 MecsaHBIM BpeMEHHBIM pa3perienneM 3a nepuon 1975 + 2011 rr. (http://ico-
ads.noaa.gov/data.icoads.html). Pacuer s pexTrBHOTO M3myueHNs B CeBepHOI ATIaHTHKE OCYIIECTBIISIICS 110
naHHBIM peananm3a JRA-25 (Japanese 25-year ReAnalysis) 3a mepuon 1979 + 2011 1. ¢ mpocTpaHCTBEHHBIM
paspemenuem 1,25°x 1,25° (http://jra.kishou.go.jp).
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Puc.1 —Pacnpenenenue tpennos TIIO, °C (a, 6); LE, Br/mM*/10ner (8, T); S, Br/™”/10mer (71, €); Eg; Br/M*/10neT (3, 3) 1o Teppu-
Topuu CeBepHoit ATnanTuky 3a iepuop 1975 — 2011 . st eBpans (a, B, 1, ) ¥ utois (0, T, e, 3). [TyHKTHpHAast TUHIS TOKa3b-
BaeT 00IaCTh OTPHULIATEIBHBIX 3HAYEHUH TpeH 10B. CIUIOLIHAS JTMHUS NTOKA3bIBACT 00JIACTh OJIOXKUTENBHBIX 3HAYCHHIA.

[Ipu aranm3e TPeHIOB TEMIEpaTyphl IOBEPXHOCTH OKeaHa OBLIO 3aMedeHo, 9To 3a epuox 1975 — 2011
IT., KaK B 3UMHUE (puc. 1a) Tak u B neTHHE (puc. 16) Mecswbl, mpeodiamany noioxuTensHasie Tpernsr TI10 mo
BCell TEPPUTOPHH, C MAKCHMAJIHHBIM MTOTEIUICHHEM BOJ B ceBepHBIX paiionax CesepHoit ATnantuku (Heroda-
yamierackas IA30, CeepoarianTudeckoe TedeHue, for [ permanann, CesepHoe Mope). B rrone momumo ce-
BEpHBIX PallOHOB NOTEIUICHIE HAOMIONAI0Ch U B pailoHe Cpequ3eMHOTo Mopsi. B JieTHHe MecsIbl HoTemnieH1e
Box CepBepHOI ATIaHTHKH PacIPOCTPAHSIIOCH TTO OOJBIEH TeppUTOPUH, IO CpaBHEHHIO ¢ 3uMHUMH. Co-
macHo Bunker A.F (1984), B ceBepHBIX paiionax CeBepHON ATIAHTHKH HAOIIONAINCH OTPUIATEIBHbBIE TPCH-
1wl TTIO B Teuenne 1948 — 1972 1T, ¢ MaKCHMaIbHBIM OXJIaXIEHHEM BOJ Y BOCTOUHBIX OeperoB Kanaxsr (3a-
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B MaH) 1 B parione CeBepHoro Mopsi. OTMedanocs JHIITs HECKOJIBKO pa30pOCaHHBIX IO ATIaHTHKE oOacTel
¢ nonoxutensapMa TpeHgamu TI10. F.G. Taboada m R. Anadon (2012) nokazanu, 4To JTHHEHHBIE TPEHABI
CpeaHel TeMueparypsl HOBEpXHOCTH OkeaHa B CeBepHOI ATimanTHKH 32 ieprox 1982 — 2010 rT. moJIoKuTeNs-
HBL. B paiione Tonpderprma, Ha 3amaanoii nepudepun Jlabpamgopckoro Mopst u Ha EBponeiickoM KOHTHHEH-
TaJBHOM IIeNb(e HaOIIONANNCh CaMble BRICOKHE CKOPOCTH MOTeIuIeHus Boa. Takum oOpazom, B iepuox 1948
— 1972 rr. 65110 3aMedeHo oxnaxaeHue Bog CeBepHON ATIAHTHKH, a B IEpHOA II00aIBHOTO MTOTEIUICHHS, Ha-
guHas ¢ 1975 . mo 2011 . HaOMIOAATIOCEH UX ITOTEIUIEHHE.

Pucynku 1B. 1 1. MOKa3bIBalOT paclpeAeieHle TPEHI0B TOTOKA CKPBITOTO Teruia 1o Teppuropun Ce-
BEPHOH ATIIaHTHKH 3a HccaexyeMblii mepuon. Kak B ¢eBpane (puc. 1B), Tak u B utone (puc. 1r) Beime 40° c.o.
MIPOCIECKUBATIOCH YEPEAOBAHNE HEOONIBIINX OYaroB MOIOKHUTEIBHBIX U OTPHULATENILHBIX TPEHIOB, HE MIPEBHI-
maromux -6 u 6 Br/m¥10ner. FOxuee 40° c.1., a Taxke B paiione Cpeau3eMHOT0 MOpsi HaOIIOJaINCh aHO-
MaJIbHO BBICOKHE TOJIOKUTEIbHBIE BENMUYHHBI TpeHAa LE. B 3uMHNe MecsIbl TOI0KUTENbHbIE TEHASHINH MO~
TOKa CKPBITOTO TEIUIa PACIpOCTPAHSAINCH 1O OOJNBIIEH TEPPUTOPUH, MO CPaBHEHHIO ¢ JIeTHUMH. CornacHo
Bunker A.F (1984), Tpenns! LE ymenpmanuce B Teduerne neproaa 1948 — 1972 rr. mpakTudecku Ha Beeil Tep-
puropun. Takum o6pa3zom, B mepuon 1948 — 1972 rr. TpeH/ 1Bl yMEHBIIANCEH, @ HaunHasA ¢ 1975 1. mpeobnaganm
TIOJIOKUTENBHBIC TPEH b ¢ MAKCHMAJIbHBIM YBEJINUYECHUEM B FOXKHBIX PaliOHaX.

Pacnipenenenne TpeHIOB MOTOKA SBHOTO Teruia (S) mo tepputopun CeBepHON ATIAHTHUKH 3a TIEPHON
1975 — 2011 rr. mpuBeneno Ha puc. 1 a, e. B 3umHunit nepuox (puc. 11) BBICOKHE 1O BEINYHUHE, KaK MOIOXKHU-
TEeNbHBIC, TaK U OTPHUIIATENIFHBIC, TPCHAB HAOMIONAINCH B ceBepHOU yacTi CeBepHOl ATaHTHKH Bbime 40°
c.u1. Brons CeBepoaTiaHTHYECKOTO TEUEHNUS U Ha 1ore [ peHanaum oTMedalinch OTpUIaTeNIbHbIE TPEH B! S, a
ceBepHee CKaHAMHABCKOTO TTOJTyOCTPOBA U B palioHe moxyocTposa Jlabpanop mpeobiaany aHOMaIbHO BBICO-
KM€ TIOJIOKUTEbHBIE TEHACHIINY MTOTOKA SIBHOTO Tetuta. B netHuit mepuof (puc. 1e) TpeHabl MOJI0KUTENbHBIE
n HeBbIcokne. Ha rore CeBepHOIl ATIIAHTHKM B TEUCHUH BCETO T'OAA TPEHIBI HE BHICOKHE W HE IPEBBIIIAIN
3HA4YCHUH, Haxoaauxcs B Auamna3one -2 — 2 Br/m*/10net. Cornacuo Bunker A.F (1984), Tperas S 3a nmepuon
1948 — 1972 rr. Op1H oTpuaTensHEIMU ¢ CeBepo-3amagHoil gacTi CeBepHONH ATIaHTHKH, ¢ MAKCUMAaJIbHBIM
YMEHBIIICHHEM TIOTOKA SIBHOTO TEIUIAa Y BOCTOUHBIX Oeperos Kanazs! B paiione 3aimmBa MaH. B 1oro-3amagHbix
paiioHax mpeobagany OTpULIATEIbHBIE TPEHBI, @ Ha FOTe MOJIOKUTENbHbIE. TakuM 00pa3zoM, ObLIO 3aMEUEHO,
YTO Ha NMPOTSKEHUH BTOPOH MonoBUHBI 20 BeKa Mpeodiafaii OTpHLATENbHbIE TEHICHIIUH MTOTOKA SIBHOTO Te-
I1a B CEBEPHBIX pailoHax CeBepHON ATIAaHTHKH, a B IXKHBIX pailoHax HEOONBIINE MO BETUIUHE TPEHIBI.

Ha tepputopun CeBepHOil ATIIaHTHKH B (eBpaie mpeodiagaid HOIOKUTEIbHBIC TPEHIB! (P PEKTHB-
HOTO m3TydeHust 3a nepuoxn 1975 — 2011 rr. (puc. 1x), c MakcHMalbHBIM yBelnn4deHHE y OeperoB AQpuku Mex-
oy 18 m 26° c.m1. u y 3anagHoro mobepexss [ pernananu (1o 7 - 8 Br/m*10net). Otmeuaincs HeOOIBIION o9ar
OTPHIATEIBHBIX TPEHAOB B paiioHe moyocTpoBa Jlabpanop (1o -4 Br/m*/10mer). B 3uMHMe MecAIBI ONTOXHU-
TENbHbIE TEHACHINH 3P ()EKTUBHOTO N3Ty4EHHsT PACIIPOCTPAHSIIICH IO OOJIBIIEH TEPPUTOPUH, TIO CPABHEHUIO
c tetHuMH. B urorne (puc. 13) Ha ceBepe paiioHa OTMEYATUCh TONOKUTENbHBIC TeHAeHINH (2-3 B1/M*/ 107eT), a
B paiione Herodaynmanennckoit 9A30 u y 6eperoB Adppuku Mexay 20 u 35° c.u1. — orpunarensaeie (10 -4 Bt/
m?/ 1071et y GeperoB Adpuku mexay 18 u 26° c.ur). Ha ocransHo# Tepputopuu CeBepHOI ATITaHTHKH TPEHIBI
HE BBICOKHE M HE TPEBHIIIAIN 3HAYCHUH, HAXOIAIMNXCA B quanazone -2 — 2 Br/m?/10mert.

Taxum oOpa3om, Ha akBaropun CeBepHoW ATmaHTHKH B iepuon 1975 — 2011 rr. mpeobnanano ysenu-
YEHUE TEMIIEpaTypbl OBEPXHOCTH OKEaHa, MOTOKA CKPHITOTO Temia ¥ 3()(HEeKTUBHOTO M3ITyUeHHUs, U JHIIb B
JAHHBIX TIOTOKA SIBHOTO TETIJIa MPE00Iaaao ero yMeHbIIICHHE.

Simulation of the World Ocean climate by means of the INM -
|0 RAS numerical model
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he World Ocean model developed at INM RAS and 10 RAS is designed for research of marine hydro-
thermodynamic processes in a wide range of spatial and temporal scales [1]. The 3DPEM equations are
approximated by the box-method on the three-polar B-type grid with z-type vertical coordinates. We use
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explicit difference time schemes (except for vertical viscosity and diffusion) with decomposition of the solu-
tion into barotropic and baroclinic components, free ocean surface with explicit description of salt and water
fluxes, Boussinesq and hydrostatic approximations. In order to maintain the total salt conservation in single-
precision calculations we treat S as a deviation from the reference value of 35 psu.

In the current work we consider the results of the numerical experiment performed with the model in
accordance with the CORE-I protocol [2]. Comparison with results of other CORE-I models suggests that
coarse-resolution simulations usually produce the climate which is warmer than observational data. During the
500-year experiment the INM — 10 model shows a slight increase of the global mean ocean potential tempera-
ture with stabilization at about 3.6°C. The temperature curves of our model and some CORE-I models show a
maximum located in the 100-200 years interval from the beginning of integration which might be interpreted as
a switch of global dynamic regime.

A more detailed spinup inspection shows that our surface and thermocline properties stabilize during the
first 50-100 years while the temperature and salinity of deeper waters change during the whole experiment.
Most of the considered z-coordinate models show the development of a warm anomaly in the S00m sub-surface
layer and 3000-5000m waters generally cooling while for isopycnal and hybrid coordinates the pattern is dif-
ferent. The distribution of surface temperature and salinity anomalies show general drawbacks of coarse-reso-
lution simulations including the spurious extension of warm boundary currents to the north, poorly resolved
coastal upwelling and a cold anomaly in the Eastern Tropical Pacific.

This work is supported by RFBR grants 13-05-01141-a and 12-05-31317-mol_a.
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1. Moneas MupoBoro okeana

CraHgapTHBIM METOJIOM MPOBEPKH, CPABHEHUS U UCCIIEOBAHUS CBOMCTB YHCIECHHBIX MOJIesiel OKeaHa
SIBIIICTCSI BBITOJTHEHUE YKCIIEPUMEHTOB C TPYIIIION MOJEIEH MpH 3alaHHOM atMocepHoM Bo3aericTeun. [1o-
JIOOHBIE PabOTHI BRIIOIHSIMCEH C KOHIIA IIPOIILTOTO Beka [ 1], mprodpeTs co BpeMeHeM (HopMy KPYITHBIX MEXKTY-
HAPOIHBIX WHTEepKAMUOparoHHbX mpoektoB (AOMIP [2], CORE’s [3]). B HacTostmeit pabore MBI paccmo-
TPUM pe3yAbTaThl SKCIIEPUMEHTOB ¢ MoJiebi0 MupoBoro okeana UBM — MO PAH [4], BbioiaHsABIIMXCS B CO-
otBeTcTBUHU € IpoTokosoM CORE-IL.

Paspaborannas B UBM PAH u O PAH monens MupoBoro okeana npeiHa3HAYCHA IS UCCIICIOBAHUN
MOPCKHX M OKEaHCKHX IPOIIECCOB B IIMPOKOM JIHAITA30HE MPOCTPAHCTBEHHO-BPEMEHHBIX MacIITaboB. Tpéx-
MepHasi cCUCTeMa MPUMHUTHUBHBIX YPaBHEHHM TEPMOTHAPOJUHAMUKYU AlMPOKCUMHUPYETCS METOJOM KOHEUHBIX
00BbEMOB Ha TPEXTIOISPHON CETKE THIIA B B BEpTHKAIBHBIX Z-KOOPAWHATAX C IBHBIM OIMMCAHUEM ITOTOKOB BOJIHI,
TEIUIa, COJIM ¥ UMITYJIbca Ha CBOOOTHOM TOBEPXHOCTH OKeaHa. Pa3nencHue pemeHus Ha 0apOKIHHHYO U Oapo-
TPOIHYIO COCTABJISIFOIINE [TO3BOJIIET UCIOIB30BaTh MPU TOPU30HTAIBHON TUCKPETU3AMH YPABHEHUH TOJIBKO
SIBHBIC CXEMBI U, KaK CIICJICTBUE, 3P(MEKTHBHO MACIITA0MPOBATh PACUETHI (BILIOTh 10 HECKOJIBKUX THICSY BEI-
YUCITUTEIBHBIX SACP B BRICOKOPA3PEIIAONINX IKCIIEPUMEHTAX ). B 1aHHO paboTe TepMOIUHAMUKA JIbIA OTTH-
CBhIBA€TCS MOIMOJIENbIO [5], TOPU3OHTANILHOE NEepEMEIMBAHUE MAapaMEeTPU3YETCsl C MOMOLIbIO OIEpPaTopoOB
Jlarmraca u OMTrapMOHUYECKOTO, BEPTHKAIBFHOE — C MTOMOIIBIO0 cXeMbl MaHKa-AHepcoHa. J[J1s BRIYHCICHUS
IJIOTHOCTH MOPCKOM BOJBI HCIIONB3YyeTCsl ypaBHEHHE cocTosHUs [6]. [Ipy BO3ZHMKHOBEHHH HEYCTOMUYMBOI
cTpaTH(UKAIIUH IPOUCXOAUT TUAPOCTATHICCKOE MMEPEMEIIMBAHUE BOISTHOW KOJOHHEI C COXPAaHCHUEM TEIUIa U
coiu. boree monpoOHO MpuMEHsIeMBIC METOJIBI ¥ TapaMeTPU3aIliH OIMCAHBI B cTaThe [4].
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2. IlocTaHoBKa IKCIIEPUMEHTA

[IpoBenEHHbII SKCTIEPUMEHT MPEACTaBIsIeT cOO0W pacyEThl Ha YCTaHOBIEHUE MOJIEIIEHOTO OKEaHCKOTO
knumara. OHuU BRINONHSIOTCA Ha nepuon 500 et ¢ 3alaHHBIM HUKINYECKHA NOBTOPSIFOIUMCS «HOPMaTbHBIM»
TOJIOBBIM XOJIOM aTMOC(EpHBIX ITapaMeTPOB M pac4ETOM IIOTOKOB BOJIb, TEIIIa M UMITYJIbca HAa I'PaHHUIIE OKeaH-
armocdepa ¢ nmomouipio noaMoznenu arMmocdeproro norpannynoro cinost CCSM [3]. Bo uzbexanue npeiida
MOJIETIBHOTO PEILICHNUS IPUMEHSFOTCS TaKXKe KOPPEKLHUS II00aIbHOW CyMMapHOW BETMYMHBI TIOBEPXHOCTHOTO
MIOTOKA BOJBI (HOPMaJIN3AIMs THAPOJIOTHN) U PelIaKCaLUsl TOBEPXHOCTHON CONEHOCTH K KIIMMAaTOJIOIN4€CKUM
JIaHHBIM.

TopuzoHTanbHOE pa3peleHne CeTKH B chepruyeckoll 4acTH CUCTEMBI KOOpAMHAT (1okHee 61° c.1i.) co-
cTaBiseT 1° B 30HanbHOM M 0.5° B MEpUIMOHAIBHOM HAIMPABIEHUU. DTO COOTBETCTBYET pa3MepaM siueeK OT
112x56 km? Ha sKxBarope a0 npudnusuresnsHo 40x20 km? B CeBepHOM JlenoBUTOM OKeaHe BOJIHM3H MOOEPEKbs
Kanans! u Lentpansaoit Cubupu. [iyOuna pacu€rHoli 001acTH KyCOYHO-ITOCTOSTHHA U JIEKHT B IIpeiesiaX OT
16 M no 6000 M. BeprukanbHas AUCKpETU3aLUs BKIOUaeT 32 FOPU30HTA C IIaroM OT 8 M B BEpPXHEM CJIOE 10
500 M B miyoune. Koadduuuents! npu oneparopax Jlamnaca u OurapMOHHYECKOM B ypaBHEHHSAX NEpeHOca
HMMITYJIbCa B3STHI paBHBIMU cooTBeTCTBEHHO 5000 M’ 11 oT 10" m*c! Ha sKkBarope 10 10'°-10"m*c! B monspHBIX
obnacTsax (IPONOPLUUOHANIBHO KBaJpaTy TOPU30HTAIBHOTO IIara CeTKH). BpeMeHHOW miar MHTerpupoBaHUs
paseH 20 MuH. Ju1s1 OAPOKJIMHHBIX ABMKEHUN U 2 MUH. JUIsl 0apOTPOIHBIX.

3. Pe3ynbrarsl pacuéToB

IIpuseném pesynsrarsl pacuéroB Moaenu UBM — MO B cpaBHeHUH ¢ MOJENSIMH, yYaCTBOBABIIUMHU B
skcniepumente CORE-I [3]. XoTs okoHuUarenbHas OllEHKAa TOYHOCTH BOCIPOU3BENECHUS MOAEISIMU PEAIbHOTO
OKeaHa M UJICHTU(PUKAIM MEXaHU3MOB BOZHUKHOBEHUS PA3IMYUi B PEIICHUSIX TI0Ka HE TIPECTABIISIOTCS BO3-
MOYKHBIMH, UX aHAJINU3 MO3BOMSET BBLABUHYTH THIIOTE3bl OTHOCUTENIBHO TAKUX MEXaHU3MOB.

OnHOM 13 OCHOBHBIX AMAarHOCTHUECKUX XapaKTEPUCTHK PELICHUS SIBJSIFOTCS CpeHKe 10 00bEMy Mu-
POBOTO OKeaHa 3Ha4YEHHsI TEMIIEPaTypbl U COJIEHOCTH (IO TeMIlepaTypoii OyJeT HOHUMAThCsI MOTeHIUAIbHAS
TeMIlepaTypa I10 OTHOILCHHUIO K IIOBEPXHOCTH OKeaHa). [ paduky cpenHei TemmnepaTypsl Juis pa3iIMyHbIX MOJie-
Je pecTaBieHsl Ha puc. 1. HadanbHble 3HaUSHMS pa3iinyatoTcsl MEX/y MOJEIISIMU, YTO MOXKET OBbITh BbI3Ba-
HO Pa3IM4UsIMU B IIOCTAaHOBKE HAuaJlbHBIX YCIOBUH JJI OKEaHA U JIbJA, a TAKXKE Pa3IUUUIMHU BEPTHUKAIbHON
muckperusaimu. Mogens UBM — MO moka3eiBaeT HEOOIBIIOI HArpeB ¢ MPUXOJ0M K PAaBHOBECHIO B palioHE
3.6°C. OtmeTnMm, 4TO COOCTBEHHBIH KIIMMAT OOJBIINHCTBA MOZIENEH OKa3bIBAETCS TeIliee Ha4yajIbHOTO COCTOs-
HUSI, KaK IPaBHJI0, OJIyYEHHOTO U3 KJIMMaToJIornieckux 6a3 nanHbix. Kpome toro, s moneneit NCAR-POP,
FSU-HYCOM u (B menbuieii crenenn) Kiel-ORCA n UBM — MO 3aMeTeH MakcuMyM TeMIeparypbl B paiioHe
100 — 200 et ¢ Hayasa HHTErpUpoBaHus. [Ipy HEM3MEHHOCTH BHEIIHETO (DOPCHHTA 3TO MOXKET CBU/IETEIbCT-
BOBAaTh O FEHEPAIMU MOJAEISIMH OKeaHa Pa3InYHBIX MI00AJBHBIX AMHAMUYECKUX PEKUMOB U NMEPEKIIIOUCHUN
MEXJly HUIMU B YKa3aHHBII IPOMEXKYTOK BPEMEHHU.
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Puc. 1. BpemenHoi#t X011 cpenHeil Ti1o0ansHON TeMIiepaTypsl okeana 1o pacuéram mogenu UBM — MO PAH B cpaBHeHnu ¢
MOJIEJISIMH, y4acTBoBaBILIUMH B dkcriepuMmenTe CORE-I.

IlockonbKy IOCTaHOBKA HKCIEPUMEHTA IPEANONAracT HyJEBOM CyMMapHbIN IIOBEPXHOCTHBIN IOTOK
BojbI 1 coiu (ananoruyHo moaesiv NCAR-POP, MPI, GFDL-MOM u GFDL-HIM), To cpenusis riobaibHast
COJNIEHOCTb IIPaKTUYECKU He nMeeT TpeHaa. E€ pa3dpoc 3a Bpems skcriepuMenTa cocranisier 107 psu, 4To BbI3-



BaHO 0OMEHOM COJIBIO MEXY OKEAHOM H JIbJIOM, @ TAK)KE OIIMOKaMK OKPYIJICHHUS YUCIICHHOW cxeMbl. [locnen-
HUH (haKkTOp MEPBOHAYATIBHO MPEICTABIUT COOOM CYIIECTBEHHBIN (DUKTHUBHBIN UCTOYHHUK COJIH, TIO3TOMY ISt
o0ecIieyeHns yKa3aHHOTO YPOBHSI KOHCEPBATUBHOCTH 110 COJIM MBI CTaJIM MCIOJIB30BaTh B KaUECTBE PacUETHOM
MepeMEHHON OTKJIOHEHUE COIEHOCTHU OT BETUYUHBI S,=35 psu.

Bonee neranpHyr0 KapTUHY pa3roHa MOZIEIN MOXKHO IOy YUTh, TOCTPOUB rpaMKK M3MEHEHUs CBOMCTB
BOJ] B 3aBHCUMOCTH OT BpeMeHH U nryOuHbl. Ha puc. 2 npencraBiieH BpeMEHHOM X0/l TOPH30HTaIBHO OCpe-
HEHHOM aHOMAJINU CPEHETON0BOM MOJENIBHON TeMIepaTypbl OTHOCUTEIBHO CPETHETOA0BBIX KIIMMATONOTHYe-
ckux naHebix PHC3.0. CocrosiHue NPUIIOBEPXHOCTHRIX BOJl M TEPMOKJIMHA MPAKTUYCCKH CTAOMITH3UPYETCS B
teyeHue nepbix 50-100 jet, B To BpeMst Kak NIyOHMHHBIE CBOWCTBA IPOAOJDKAIOT UCTIBITHIBATE Jpeid Ha Ipo-
TSOKEHUH Bcero skcnepumenta. J{ist mopenn MBM — MO BujieH HarpeB BEpXHEro CIIOS BOJ, HanOoJee BhIpa-
JKEHHBII B KOHIIE BTOPOT'O CTOJIETHsI Ha ITyOuHe 0koi1o 400 MeTpoB, ¢ 0cIabJIeHueM B ITOCIIEYIOLINE TOIbI, YTO
COOTBETCTBYET MOHMKEHUIO cpeiHel TemnepaTypbl ociie 200-oro roaa Ha puc. 1. Bonsl Hrxe 2000 M ucibl-
TBIBAIOT HETIPEPHIBHOE OXJIAXKAECHHE BIUIOTH J10 BeNMUMHBI aHoMainuu -0.5°C Ha nryoune 4000 M B KOHIIE SKC-
nepumenTa. Cxoxee paclpe/iesieHue TPeHI0B TeMIeparypbl Ha0ronaercs B pacuérax moneneit NCAR-POP,
Kiel-ORCA u MPI, ¢ tem otinunem, uto y NCAR-POP HauGornee BeIpakeHHAs! XOJIO/IHAsI aHOMaJIUSI HAXOHT-
cs Ha aHe. Bee atu Mmogenu, Britouast moaens UIBM — MO, ucnonb3yloT BepTUKaIbHbIe Z-KOOPAUHATHL, & Y MO-
JIeNel ¢ M30MMKHUYCCKUMHY WJIH THOPHUTHBIMHE KOOPIUHATAME TEMIIepaTypHbIe rpa( UKy KaueCTBEHHO IPYTHe
[3]. IToaTOMy MOXHO NPEANOIMKUTE, YTO YKa3aHHbIE PACIPEACICHU aHOMAINY SBISIOTCS CISICTBUEM 3aHU-
JKEHUS] BEPTUKAJBHOTO TMEPEeHOCa TeIula KIACCHYECKUMHU UHCICHHBIMH CXEMaMH, HCIOIb3YIOUUMHI
z-koopauHarhl. Takke B HaIMX pacuéTax MOYTH Ha Ipajyc MPEBbIIIAET KIUMATOJIOTHYECKHUEe JaHHbIe TeMIIe-
parypa caMoro BepXHEro ropu30HTa, YTO TOBOPUT O HEOOXOAMMOCTH YTOYHEHHS OIMCAHMS MIPOLIECCOB B I10-
TPaHUYHOM CJIO€ B CTOPOHY HOBBILIEHHS Pa3pelICHUs W/HITN UCIIONB30BaHUs 00JIee COBEPILEHHBIX Mapame-
TpU3aLUH MepEMEIIUBAHUS.

200 300 =
MBM - MO RN A o s . g

Puc. 2. I3MeHeHHe TOPU30HTAIBHO OCPEJHEHHOH TeMIIepaTypbl B 3aBUCUMOCTH OT BPEMEHH U IITyOHHBI I Pa3HbIX MO-
Jernelt (aHoManst OTHOCHTEIIBHO cpenHeronoBoi kianmaronorun PHC3.0). Ha Tpéx mpaBbIX prCyHKaX H30JIMHUH IIPOBE-
JeHsl gepe3 kaxpie 0.5°C, CIIIoNIHbIe IS MOJIOKUTENbHBIX BEIHYNH, MyHKTHPHbIE — AJIsI OTPHIATeNIbHEIX. MacmTab
11 BepxHero 1500-MeTpoBOro cios yBeIHyeH.

AHaNOTHYHEIA rpaduK T COIEHOCTH IMOKA3bIBAET 3aMETHOE paclpecHeHHe B BepxHeM 90-MeTpoBOM
cloe U ciaboe — Ha OONBIINX ITyOWHAX, B OCHOBHOM KOMIIEHCHPYEMOe 00JIacThI0 OCOJIOHEHUS ¢ siapoM Ha 500
Merpax. Kak M B cilydae ¢ TeMmeparypoil, 3Ta KapTHHa aHaJOTMYHA pe3yJbTaTaM pacdéToB IO MOIEISIM
NCAR-POP, MPI u (8 menpmeti crenienn) Kiel-ORCA. OTMeTnM, 9TO MIOMUMO CXOXKECTH TUCKPETH3AINH, B
pacuérax NCAR-POP, MPI u UBM — MO npumeHsiiach peiakcaius COIEHOCTH C OTHUM U TeM ke ko3 duru-
eraToM (50m)/(4 rona).

YpaBHEHHUS JMHAMHUKH OKeaHa CYILECTBEHHO HEJIMHEHHBI, IO3TOMY IIPH pacyéTax ¢ HU3KHM pasperie-
HHEM JaXke KPyITHOMACIITAOHbIe XapaKTEePHCTUKH PEILCHUS MOTYT 3aMETHO OTIMYAThCS OT HaOIIonacMoi B
npupone kaptuHbl. Ha puc. 3 moka3aHa aHOManus MOIEIBHON CPEIHETONOBOI TeMIepaTyphl MOBEPXHOCTH
okeana (TTIO) 3a 491-500 romp! HHTETPUPOBAHUS IO CPABHEHHIO C ITOJIEM CPEAHETOOBHIX KIMMATOIOTHYe-
ckux 3Hauennit PHC3.0.
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Puc. 3. Anomamus cpegaeronosoii TI1O (°C) 3a 491-500 rogs! uncieHHOT0 SKcniepuMenTa ¢ Moxensbo IBM — MO no ort-
HOIICHUIO K CPEIHETOA0BBIM KianMaroaorndeckuM 3HaueHusM PHC3.0. [Tposenens! n3onuanu +1,2,3°C (0n0XKHUTENb-
HbIE CIUTOLIHON JIMHKEH, OTpHIaTeIbHBIE ITYHKTHPOM).

HecMmorpst Ha HeompenenéHHOCTh B KIMMATOJIOTHYSCKUX ITAHHBIX (U1 CEPUH PAOHOB pa3iIMYHBIC
HCTOYHUKH JNaroT oTimuue Ha 0.5-1°C), MOXKHO YBHJIETh XapaKTepHBIC HEIOCTATKH JAHHOTO THIIA MOJCICH.
Tak, OGoJbIIFe aHOMATTUH TIPOSBIIIOTCS BOJIh (DPOHTANBHBIX 30H, CBI3aHHBIX C 3alaHBIMU MPHOPESIKHBIMU
TeUeHUAMHU B ATnaHThke U TuxoM okeaHe. M3BecTHO [4], 4TO mpoCTpaHCTBEHHOE pa3peleHue nopsiaka 0.1°
OTIpeeIIIeT BEPHOE MOJIOKEHIE TOUYKU OTphiBa [0nbcTprMa OT KOHTHHEHTAIBLHOTO Iienb(a y Mbica ['arre-
pac. [Ipu HEMOCTaTOYHOM pa3peIICHUH MBI ITOTyYaeM CMEICHHE TOYEK OTPhIBa TEIUIBIX TedeHuH [onpdcTpu-
Ma u Kypocuo Ha ceBep ¢ OTHOBPEMEHHBIM Pa3MBITHEM (PPOHTA, YTO HAOIIOMACTCS B MOJICIBHBIX PEIICHUSIX B
BuJie AunonbHbIX aHoManuil TI1IO B cooTBeTcTByIOMIMX palioHaX. AHAJIOTUYHbIE TPYAHOCTH Hallla MOJEJNb UC-
MIBITHIBAET BOJM3H FOKHOTO TToOepeskbs bpasmmu u k rory ot Hooit 3enannuu. Hemocrarounoe paspemnicHue
HE MO3BOJISIET MPABUIIBHO BOCIPOU3BECTU MPOLECCHl AllBEJUIMHIA, YTO, MO-BUIUMOMY, SIBJISETCSA MPUUYUHOMN
BO3HHMKHOBEHHS TEIUIBIX aHOMAIIWH y 3anasHbIx mobdepexuit FOxxnolt Ameprku u Adpuku. Taxke MHOTHE MO-
nenu [3] moka3blBalOT XOJOAHYI0 aHOMAJIMIO Ha BOCTOKE HKBAaTOPHAIbHOM 30HBI TuxXoro okeana. JleranbHoe
00BSICHEHIE MEXaHH3MOB 3THUX OIMMUOOK TpeOyeT NalbHEHIIEro HCCIIEeIOBAHNS U IPOBEICHHUS MHOXKECTBA IKC-
MEPUMEHTOB Ha YYBCTBUTEIBHOCTb.

PaGora BbemmonHeHa mnpu (QuHaHcOBOW momnepxkke PDOU  (mpoektst  13-05-01141-a wu
12-05-31317-mom_a).
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Studying different sources of uncertainty in the projection of the future
climate change over Northern Eurasia

Andrei Sokolov, Erwan Monier, Adam Schlosser, Jeff Scott and Xiang Gao
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emission scenarios (climate policy); climate system response to external forcing (climate sensitivity,
strength of the aerosol forcing); natural variability (initial conditions) and structural uncertainty (inter-
models difference in the pattern of regional climate change).

Contributions of the first three courses are evaluated using the MIT IGSM-CAM framework, which
links MIT Integrated Global System Model to the NCAR Community Atmospheric Model. The MIT IGSM
couples model of world economy (Emission Prediction and Policy Analysis model, EPPA) with MIT Earth
System Model of intermediate complexity (MESM). Version of the MESM, used in this study, consist of 2-di-
mensional (zonaly averaged) atmospheric model with interactive chemistry, ocean global circulation model
and land system model, which simulates both physical and biogeochemical processes.

Simulations with the IGSM were carried out using three different emission scenarios and three sets of
climate parameters from five different initial conditions. Following emission scenarios were used: reference
scenario with unconstrained emissions and two scenarios with different climate policies leading to total radia-
tive forcing stabilization by year 2100 at 4.5 and 3.7W/m2, respectively. In the reference case radiative forcing
reaches 9.7 w/m2 at 2100. Values of climate sensitivity were set to 2.0, 3.0 and 4.5C for CO, doubling, which
represent 5%, 50" and 95" percentiles of the probability distributions implied by the observed changes in air
temperature. Values of the aerosol forcing were chosen so that to ensure consistency between simulated and
observed climate change over 20" century.

Sea surface temperature and concentrations of different GHGs and aerosols obtained in the simulations
with the MIT IGSM were then used to force CAM is AMIP style simulations. Climate sensitivity of the CAM
was set to the value matching climate sensitivity of the IGSM. Results from the CAM simulations were used to
evaluate uncertainty in the climate change over NEESPI region associated with different climate policies, un-
certainty in climate system response and natural variability.

Uncertainties associated with the inter-models difference in the pattern of regional climate change were
evaluated applying pattern scaling approach. Namely, possible changes in surface air temperature and precipi-
tation over Northern Eurasia were obtained by scaling changes in the zonal mean simulated by the IGSM using
regional pattern from simulations with different AR4 AOGCMs.

Results of above described simulations show that relative contributions of different sources of uncer-
tainty in the total uncertainties of projected changes in surface air temperature and precipitation over Northern
Eurasia are changing with time. Such on short time scales uncertainty in surface warming are primarily caused
by uncertainty in climate system response and natural variability. In contrast uncertainties in the changes in
surface temperature on a century scale are almost exclusively associated with different emission scenario. Dif-
ferent sources play more equal roles in the uncertainties in projected precipitations. In particular natural vari-
ability and inter-models differences have much large effect on changes in precipitation than on simulated sur-
face warming.

In this study we focus on four sources of uncertainties in climate projections: anthropogenic greenhouse gas

Simulation of the present and future climate change with the GISS
ModelE2

Larissa Nazarenko, Nick Tausnev, Gavin Schmidt

NASA Goddard Institute for Space Studies, Center for Climate Systems Research, Columbia University, USA
E-mail: larissa.s.nazarenko@nasa.gov

effects of fluctuations in atmospheric circulation systems on precipitation distributions. The human-
influenced global warming increases the atmospheric water-holding capacity roughly exponentially
with temperature (approximately 6-7% more water vapor is carried per 1°C of warming near Earth’s surface, as

Global warming resulting from anthropogenic emissions of greenhouse gases may be linked with the
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determined by the Clausius-Clapeyron equation). The convergence of moisture-laden air masses leads to air
updraft, formation of clouds and increase in precipitation. Here it is shown that human-induced increases in
greenhouse gases have contributed to the intensification of liquid precipitation and reduction of snow fall of the
Northern Hemisphere.

Using the GISS climate model [Schmidt et al., 2006], we analyse the historical simulations from 1850 to
2005 with (1) only anthropogenic forcing (ANT, blues line in Fig. 2), (2) only natural forcing (NAT, green line
in Fig.2), and (3) a combination of both anthropogenic and natural forcings (ALL, red line in Fig. 2). The an-
thropogenic forcings include time-varying well-mixed greenhouse gases (GHGs), ozone (O,), tropospheric
aerosols (sulfates, nitrates, black carbon and organic carbon), stratospheric water vapor from methane oxida-
tion, a parameterized indirect effect of acrosols on clouds, soot effect on snow and ice albedos, and land use
changes. The natural forcings arise from changing volcanic aerosols, solar irradiance, and Earth orbital param-
eters (Fig. 1).
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Figure 1. Instantaneous global radiative forcing at the tropopause (W/m?). (A) Individual forcings; (B) Total forgings.

The model equilibrium sensitivity to doubled CO, is 2.7°C (~2/3°C per 1 W/m?). The total natural and
anthropogenic forcing is about 1.8 W/m? between 1850 and 2005 (with some uncertainty of £0.85 W/m? due to
aerosols). The observed global surface air temperature increase from 1850 to 2005 is about 0.75°C [IPCC AR4
SYR, 2007], which is the response to ~1.1 W/m? of forcing. The unrealized forcing of about 0.7 W/m? remains,
and the additional warming of 0.5°C will take place in the future even if the anthropogenic components in the
atmosphere and total forcings stay unchanged at the values of the year 2005.

Net Radiation at the Top of the Atmosphere Surface Temperature Change

W/m?
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Figure 2. (A) Net radiation at the top of the atmosphere in the climate simulations. The drift of the control experiment
(with 1850 atmospheric compositions) was subtracted from each experiment. (B) Simulated and observed surface air
temperature anomalies relative to the base period 1951-1980.

The red line is the temperature anomaly of the ensemble mean of the experiment with both natural and
anthropogenic forcings (ALL); the blue line — of the experiment with only anthropogenic forcings (ANT); the
green line — of the experiment with only natural forcings (NAT); the black line with stars — the temperature
anomalies from observations [Hansen et al., 2001]. Five climate simulations (grey thin broken lines) are carried
out for each experiment that differ only in initial conditions.

The simulated planetary energy imbalance of about 0.7 W/m? (Fig. 2a) and the global surface air tem-
perature warming of +0.7°C (temperature change based on linear trend, Fig. 2b) from 1850 to 2005 in the ex-
periment with both natural and anthropogenic forcings (ALL) are quite consistent with estimated increases of
climate forcings and temperature from observations over the past 150 years. The modeled energy imbalance in
the experiment with only anthropogenic forcings (ANT) is stronger (about 0.8 W/m?) reflecting the constantly
increasing strong positive forcing of the greenhouse gases over the whole period of 150 years (Fig. 2a) while in
the ALL experiment the energy imbalance of about 0.7 W/m? is reduced by negative energy imbalance due to
natural forcings (NAT) (-0.05 W/m?).



The Northern Hemisphere surface air temperature warming is +0.8°C (again based on linear trend, Fig.
3a) from 1850 to 2005 in the experiment with ALL climate forcings. The greater surface warming over the
Northern Hemisphere than over the whole globe, the so-called Arctic amplification, is largely due to strong
positive sea ice albedo feedback. The reduction of the sea ice cover in the Arctic is considered to be the largest
contributor to the Arctic amplification [Serrese et al., 2009; Screen and Simmonds, 2010]. Our model shows
strong negative correlation of -0.8 between the Northern Hemisphere surface air temperature and sea ice area.
During the last century and half, the Arctic Ocean ice area decreased by 11% (Fig. 3b) in the historical 1850-
2005 experiment with ALL forcings.
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Figure 3. (A) Simulated Northern Hemisphere surface air temperature anomalies relative to the base period 1951-1980.
(B) Simulated and observed Northern Hemisphere sea ice cover in per cent of the Northern Hemisphere area. The black
line with stars — the Northern Hemisphere sea ice area from National Snow and Ice Data Center (NSIDC) [Fetterer et al.,
2011]. The grey thin broken lines — five run ensemble with ALL climate forcings; the red line — the ensemble mean.

The Intergovernmental Panel on Climate Change (IPCC) requested the scientific communities to devel-
op a new set of scenarios to facilitate integrated analysis of climate change across the main scientific communi-
ties [IPCC, 2007]. A set of four new future scenarios, the so called the Representative Concentration Pathways
(RCPs), developed as a basis for long-term and short-term modeling experiments [van Vuuren et al., 2011a].
Each of the RCPs covers the 2006-2100 period. The four RCPs reflect the range of year-2100 radiative forcing
values from 2.6 to 8.5 W/m? and are named accordingly. The net forcing is determined by both positive forcing
from greenhouse gases and negative forcing from aerosols though the dominant factor across the scenarios is
the forcing from CO,. Radiative forcings from the land-use scenarios are relatively small compared to radiative
forcings from greenhouse gases, although deforestation is an important element in the CO, emissions. Note that
the actual radiative forcing values at 2100 for different RCP scenario will depend on the climate model and on
included feedbacks (Fig. 4).

RCP GHG Radiative Forcings
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The geographical patterns of future surface temperature warming are similar to those obtained in previ-
ous model versions [Hansen et al.,2007] and other models [Meehl et al., 2007; Meehl et al., 2012] and are simi-
lar in the four RCP scenarios (Fig. 5). The warming over all continents in the RCP2.6 scenario (Fig. 5a) is 4-5
times smaller than in the RCP8.5 case (Fig. 5d), and 2-3 times smaller than in the RCP4.5 (Fig. 5b) and RCP6.0
(Fig. 5¢) experiments.

In all four RCP simulations, the warming is larger over land areas than over oceans. The greatest warm-
ing is over the Arctic and over the Northern Hemisphere high latitude regions. The northern area of the North
Atlantic and over the large area of the Southern Ocean have warming of less than the global average. The simu-
lation with the smallest forcing RCP2.6 produces a small area of surface air temperature cooling of about
-0.5°C over a small area to the south of Greenland. This area is a region of strong vertical convection in the
North Atlantic where warm and salty water brought from tropics and sub-tropics cools from the cold Arctic air,
becomes denser, and sub-merges to the lower ocean layers, the Northern section of the North Atlantic meridio-
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nal overturning circulation. Due to the large scale warming, there is a decrease in the overturning stream func-
tion by 9-13 Sv in the RCP8.5 experiments in the end of the 21* century. In the case with the smallest forcing
RCP2.6, the weakening of the North Atlantic overturning is 1-3 Sv, which is within the range of the ocean inter-
nal variability. In the experiments with moderate radiative forcings RCP4.5 and RCP6.0, the North Atlantic
stream function decreases by 4-10 Sv by 2100 with complete recovery by 2500 in the coupled models with the
NINT atmosphere and with partial recovery by 2500 in all other coupled models for both RCP4.5 and RCP6.0.

g, RCPZ 8

c. RCP8.0 1.68 4. RCPH.S £2.85

Fig. 5. Surface air temperature differences (°C) for late twenty-first century 2081-2100 minus 1986-2005 of the correspon-
dent historical ensemble member for the NINT climate model. (a) RCP2.6; (b) RCP4.5; (¢c) RCP6.0; (d) RCP8.5.
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Investigation of natural methane emission over the territory of Northern
Eurasia in the late XX and XXI centuries using the MGO regional climate
model

Pikaleva A.A., Nadyozhina E.D., Shkolnik I.M.

Voeikov Main Geophysical Observatory, St. Petersburg, Russia
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tems using the ensemble simulations with high resolution regional climate model (RCM, 25 km). Firstly,

a series of RCM (50 km) climate simulations (differing by the lateral boundary conditions derived from
ERA-40, JRA-25 and NCEP-DOE reanalyses) have been performed with the purpose to estimate the methane
fluxes for the period 1981-2000. Numerous studies revealed significant differences between the reanalysis in
reproducing climatologies over the north-eastern Eurasia owing to sparse observational network in the region.
It has been shown that (1) the spatial distribution of model methane fluxes is generally in agreement with the
observation analysis and (2) the reanalysis-to-reanalysis differences weakly affect the methane emissions esti-
mates that appear to be mainly determined by local variations of the heat and moisture balances rather than by
large scale atmospheric circulations. The ensemble of future climate change based on RCM simulations (with
different boundary conditions derived from MGO Global Climate Model) according to SRES A2 anthropo-
genic emission scenario provided the estimates of future methane changes for the period 2041-2060 and al-
lowed to assess the influence of the intraensemble variance on the credibility of the methane emission changes.
According to the RCM projections the «explosive» changes in the methane emission are not projected at least
by the mid 21st century.

The investigation is aimed at the modeling of future changes in the methane emission from marsh ecosys-
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iccnenosanne ectecTBeHHoI amuccun metaHa Ha Tepputopun CesepHoii
Espasum 8 XX 1 XXI Bekax ¢ noMOLLbH pernoHanbHoil KNUMaTUYecKoil
mogenu [TO

A.A. Nukanéea, E.J1. Hanéwuna, 1.M. lkonbHnk

I'nasHan reotuanyeckan obcepsatopusa um. A.l1. Boeiikosa, CankT-Metepbypr, Poccua
E-mail: pikaleva@main.mgo.rssi.ru

HACTOSIIIEE BPEMsI 3HAYUTENIbHOE KOJTMUYECTBO MCCIEJOBAHUI HAIIPABICHO HA aHANM3 OTKJIMKA KJIUMa-

THUYECKOHM CHCTEMbI B OTBET Ha yBEIWYEHHE KOHLIEHTPAaLlMK MapHUKOBBIX ra3oB B arMocdepe. B mo-

CJIe/IHME HECKOJIBKO JIST BHUMaHUE HccileJoBaTelieil Bce Oobiie o0paraeTcs: Ha BTOPOi 10 BaXKHOCTH
MIAPHUKOBBIN I'a3 — METaH, OCHOBHBIM €CTECTBEHHBIM HCTOYHHUKOM KOTOPOTO SIBJISIFOTCS! OOJIOTHBIE 3KOCHCTE-
Mbl. OIHaKO, UMEIOIUECS OLEHKH YMHUCCUU METaHa XapaKTepPHU3yIOTCsl 3HAUUTEIbHONU HEONPEAEIEHHOCTHIO,
CBSI3aHHOM C HEJJOCTaTOYHBIM TOHUMAaHUEM MEXaHH3MOB €ro 00pa30BaHMs U B3aUMOJIECHCTBUS ¢ aTMOC(hepoH,
OTCYTCTBHEM PETYJISPHBIX JaHHBIX HAOJIO/ICHNH, HETOUHOCTHIO ITapaMeTpH3annii SMUCCHU MeTaHa U OIINOKa-
MH PacUeTOB KIMMAaTHUECKUX XapAKTEPUCTUK HEOOXOANMBIX JUIS €TO MOAEIHPOBAHUSL.

BonbmuHCTBO HCCNen0BaHUN, HAIPABIEHHBIX HA OLIEHKY IIOTOKOB METaHa, OCHOBBIBAETCS HA HUCHOIb-
30BaHUM JITaHHBIX II00aNbHBIX KiMMarndeckux mozeineld (I'KM) cpaBHUTEIBHO HEBBICOKOTO NPOCTPAHCTBEH-
Horo paspenienus (100-300 km). B To >xe BpeMsi XOpOIIo U3BECTHO, YTO MPOLECCHl METaHOOOPa30BaHus B 3HA-
YUTEIbHOH CTENEHU 3aBUCAT OT JIOKAJIBHBIX CBOMCTB MOACTUIIAIOIIEH TOBEPXHOCTH. Pa3perienue nopsiaka He-
CKOJIBKHMX COT€H KMJIOMETPOB SIBHO HEOCTAaTOYHOE JUI ONUCAHUS IPOCTPAHCTBEHHON N3MEHUNBOCTHU [TOTOKOB
MeTaHa C TEPPUTOPHU BOAHO-00s0THBIX yronuii (BBY). Mcnonb3oBanue pernoHaabHOM KIMMAaTHIECKOH MO-
nenu (PKM) Beicokoro paspemenns (50 1 25 kM) NO3BOJISIET NETATM3UPOBATh IPOCTPAHCTBEHHOE MTOJIOKEHNE
00JIOTHBIX 9KocHcTeM Ha Tepputopun CeBepHoli EBpazuu 1 yTOUHUTE pacipe/ieneHue IOTOKOB METaHa.

B nanHOM Mccie0BaHUY TOJTyYEeHBI OLIEHKH COBPEMEHHOI 1 0XKHJIaeMOH B OyayIieM 3MHUCCHHM METaHa
¢ ToMonIbi0 aHcamOieBbIx pacyeroB o PKM u npoaHanu3npoBaHO BIMSIHUE BHYTPEHHEW KIMMaTHYECKOH
HM3MEHYMBOCTH Ha €ro NOoTOKH. [Jyist 3Toro 061y ipoBesieHs! Tpu pacuyera no PKM (ropusoHTansHOe paspetiie-
nue 50 kM) 3a nepuox 1981-2000 rr. ¢ 3aganuem pasubix peaHanu3oB (ERA-40, JRA-25 u NCAR-DOE) na
OOKOBBIX I'paHUIAX MOJEIbHOM oOnacTu. [TockonbKy KauecTBO peaHann3oB Ha Teppuropun Cubupu cymect-
BEHHO Pa3JIMYaeTCsl, TO MPEACTABISAET HHTEPEC BBISICHUTD, HACKOJIBKO PACXOXKIEHHS MEKAY HUMU CKa3bIBAIOT-
Cs1 Ha PaCUe€THOM TEPMHUUECKOM U BIaXKHOCTHOM PEXKUME PETUOHA U, B KOHEYHOM CUE€Te, Ha IMUCCUHN METaHa C
ITOBEPXHOCTHU OOJIOT. 3aTeM BBINOJIHEHA CEPHS YHCIEHHBIX 3KCIEPHMEHTOB 110 MOJICTIMPOBAHUIO IIOTOKOB Me-
TaHa Ha OCHOBE JaHHBIX aHCaMOJIEBBIX PAacdeToB II0 II0OAJIBHOW KIMMAaTHYECKOW Mojenu arMocgepsl U
BCTPOEHHOI B Hee pernoHanbHoi Mogenu ['TO (ropuzoHTansHoe paspemieHue 25 kM). AHcambmu Gpopmupo-
BaJINCh C YYETOM BapbHPOBAHMS HAYaJIbHBIX YCIOBHH B arMoc(epe U IPaHUYHBIX YCIOBHH Ha MOBEPXHOCTH
OKeaHa. B kauecTBe Takux yciIOBHH HCIONB30BAIMCH ITI0OATIBHBIE TTOJISI TEMITEPATyPhI TOBEPXHOCTH OKEaHa U
KOHIICHTPALMX MOPCKOTO JIbJIa, TIOJ[yYeHHbIE PaHee U3 PACUETOB [0 COBMECTHBIM MOJIEIISIM aTMocdephl 1 oKe-
ana CMIP3 nunst cuenapust aMuccny napHUKoBbIX TazoB A2 MI'OUK. Takum 06pa3oM, Kaskablii SKCIIEpUMEHT
BKJIIOYAJ Pa3HbIE peanu3allii BHyTPEHHEN N3MEHUYNBOCTHU KiIMara. PacueTs! MpoBOAUINCE AT ABYX BPEMEH-
HbIX nepuonoB: 1981-2000 u 2041-2060 rr.

OrneHKa IOTOKOB METaHa BBIIIOJHEHA HA OCHOBE MCIOIb30BAaHUS MapaMeTpHU3allii, CBSI3bIBAIOIIEH MO-
TOK METaHa C TeMIlepaTypoil mouBkl 1 ypoBHeM 00moTHEIX Bog (YBB). B pexxnme od¢-naiin Obina 3aneiicTBo-
BaHa MOJIEJIb TEIUIONIEPEIady B TPYHTaX, HIOCTPOEHHAs ¢ yueToM (ha30BBIX IIEPEXOIOB BIIaru, KOTopast I03BOJIs-
€T PacCYUTaTh MOIIHOCTH CJIOS CE30HHOTO NPOTaNBaHMs/IPOMEP3aHHs U ONIPEEIUTh CPEIHIOI TEMIEPaTypy
B 3TOM CJI0€. YPOBEHb OOJIOTHBIX BOJ ONIPE/IEIISIICS B 3aBUCUMOCTH OT CTEIIEHH HACHIIIEHHs II0YBHI Biaroi. Ha
OCHOBe pacrpezieieHust YBB Obliy BbIEIEHB! pernOHbl H30BITOYHOTO yBIaKHEH!s. B kauecTBe BXOAHON MH-
(dopManuu 11 pacueTa yKa3aHHBIX XapaKTEpPUCTHK MCIONB30BAINCH cpenHeMecssunble qanasie PKM o pac-
NIpeJeNIeHNH TEMIIEPaTypbl HOBEPXHOCTHU, BIAYKHOCTH [TOYBBI ¥ BOJHOTO AKBUBAJIEHTA CHEKHOIO TOKPOBA.

MopenbHble OLIEHKU IPOCTPAHCTBEHHOTO NonoxeHust BBY cpaBHuBanucs ¢ pacmnpeneneHueM TeppUTO-
pHid, 3aHATHIX OOJOTHBIMHU SKOCHCTEMaMH 10 JaHHbIM MHcTuTyTa necoBenenns PAH. ITo ounenkam PKM (c
Pa3HbIM pa3pelieHreM U pa3sHbIMU MPAaHMYHBIMHU YCJIOBUSMHU) OCHOBHBIE OOJIOTHBIE AKOCHCTEMBI pacrojara-
10TCsl Ha TeppuTopun Boctouno-EBporneiickoli paBHuHbl, B 3ananHoi Cubupy, B nenbrax pek Jlena, AHaabIpb
n Amyp, B Ceepo-Cubupckoit u KonpiMckoli HU3MEHHOCTSIX. MozielIbHOE pacipesiesieHne 00JIOT B eJI0M
YAOBIETBOPHUTEIFHO COINIACYETCS C JaHHBIMH HaOJIONEHNH Kak Mpu paszpenieHun 50 KM, Tak U IIpU paspere-
HUH 25 KM, HO B ITIOCJICTHEM CITydae IPOCTPAHCTBEHHOE paclpe/ieieHre O0IOTHBIX JIaHAMa(TOB ONHUCHIBACTCS
C 3aMeTHO O0JIbIIeH IPOCTPAHCTBEHHOH JeTann3anueil. bpiio ycTaHOBIICHO, UTO 3a/JaHNE PA3HBIX T'PAHUYHBIX
ycnosuii B PKM ciiabo Bimsier Ha nosnokenue BBY.

[IpoBeneHo cpaBHEHHE CPEAHETO 110 AHCAMOIIO pacIipeAeseH s I0ToKa MeTaHa 1o J1aHHbsM PKM (50 u
25 KM) ¥ BMUCCHH 3TOTO I'a3a, BOCCTAHOBJICHHOH 110 JJAHHBIM HaOJIIO/ICHNH 32 €ro IPUIIOBEPXHOCTHON KOHIICH-
Tpanueid. [TokasaHno, 4To HCIONB3yeMasl apaMeTpU3alys MOTOKOB MeTaHa B OOJBIIMHCTBE PETMOHOB IT03BO-



JISIET BOCIIPOM3BECTH €r0 (haKTHIECKOe IPOCTPAaHCTBEHHOE pacnpeneneHue. OqHako, He0OXOIUMO OTMETHTH,
YTO CTENEHb COITACOBAaHHOCTH C JaHHBIMH HAaOIOJICHNIT B BOCTOYHBIX PETHOHAX BBIIIE, YEM Ha eBPOIECHCKOM
TeppuTopur. YacTh pacxokAeHHH MOXKET OBbITh OOYCIIOBJIEHa Pa3HBIMH NEPHOJAMU OCPEIHEHUS, KOTOpbIE
MIPEJCTABIIECHBI /I MOAEIBHBIX pacueToB 20-TH JETHUM IEPUOAOM, a /Ul OLIEHOK HaOMIOfEeHUI! - CyIeCTBEH-
HO MEHBIIINM UHTEpBaJIoM (6 JIeT), HeJOCTATOUHO MOJIHO XapaKTEePU3YIOIIUM KIMMATOJIOTHIO TIOTOKOB METaHa.

IIpoBeneHa olieHKa HEONPEIEIEHHOCTHU B pacdeTax amuccun Metana no PKM (ropusonTansHoe paspe-
mierre 50 kM) B 3aBUCUIMOCTH OT TOTO, HACKOJIBKO PEAIUCTUYHO COBPEMEHHBIE peaHaIN3bl ONUCHIBAIOT JUHA-
MHUYECKUE U TEPMOJMHAMHYECKHE XapaKTePUCTHKH atMocdepbl Ha TEPPUTOPHH pernoHa. M3BecTHo, 4yTo B
CHITy cy1aboi OCBELIEHHOCTH METEOPOJIOTHUECKOH WH(OpMaluel TeppuTopur ceBepo-BocTouHON EBpasum,
peaHanu3bl MOTYT TaM CYLIECTBEHHO pa3lN4aThCs B OLIEHKaX BIAXKHOCTHOTO U TEPMHUECKOTO PEXKHUMOB TPO-
nocepsl. [ToaToMy oHM 1TO-pa3HOMY MOTYT BIHUSTH HA YHCIEHHOE penieHue ypasHeHuit PKM u, B pesysnbrare
- Ha pacyeTHbIE IOTOKH MeTaHa. AHCaMOJIeBhIl pa3dpoc oleHOK MeTaHa B pacdyere no PKM c peananuzamu 3a
nepuof 1981-2000 rr. oka3zascs mansiM. HTerpanbHbIi MOTOK MeTaHa ¢ Tepputopuu BBY B kxoHne XX Beka
cocTaBuJI B cpeaHeM 28 MT/roj, pu BEMUUHE CTAHIApTHOTO OTKJIOHEeHUs B aHcamOie 0.7 M1/ron. Manas
BEJIMYMHA CTAaHAAPTHOTO OTKJIOHEHUsI YKa3bIBAET Ha CIa0yr0 3aBUCHMOCTh HHTEHCUBHOCTH II0TOKA METaHa OT
KoJIe0aHui KpyrmHoMacTabHOM atMocdepHOl HUPKYISAIKHY, a B OONbIIEH CTENIEHN ONpeeNseTcss Me3oMac-
TaOHBIMU 0COOEHHOCTSIMH PETMOHA, KOTOPHIE SIBHO ONMUCHIBAIOTCS ¢ HoMoIbio PKM.

Bauskuii pesyssrar no pazopocy 0611 noyyeH st 6azoBoro neprozaa (1981-2000 rr.) u B sKcriepuMeH-
tax ¢ Bepcueit PKM Oonee Bbicokoro paspemieHus (25 KM) U pa3HbIMH TPaHUYHBIMHU YCIIOBHSIMH U3 II00aIb-
HOW MOJIEJIM TI0 ISATH WiIeHaM aHcamOIls, BKIIIOYAIOIIMM pa3Hble HadalbHbIE YCIIOBUS B arMocdepe. Takum
00pa3oM, BHyTPEHHSISI NK3MEHYMBOCTD KJIMMaTHYECKO CUCTEMBI, KOTOPasi MO-pa3HOMY OMHCHIBACTCS KKIBIM
YJICHOM aHCaMOJIsl, TaK JKe KaK ¥ P pacyeTax ¢ peaHaln3aMH, c1abo CKa3bIBaeTCsI Ha OlIeHKaX MOTOKOB MeTa-
HAa 3a JBaJUATWICTHUHN Mepuoj. DMHUCCHS 3TOTO ra3a 3aBUCHT, IPEUMYIIECTBEHHO, OT YCTaHOBUBIIETOCS JIO-
KaJIbHOTO TEPMHUYECKOr0 PeKMMa U BIaKHOCTHU NMouBbl. OTCIOfla CceyeT, YTO OCHOBHOM BKJIAJ B HEOHpeae-
JICHHOCTbH IIPOTHO30B OyAyIIMX U3MEHEHNI OTOKOB MeTaHa B CeBepHOit EBpa3un OyneT okas3bIBaTh SBOIIOLUS
yKa3aHHbBIX (pakTopoB B pamkax npuHATeIX MI'OUK crienapueB paanaliiOHHOTO BO3JCHCTBHS HA KIIMMaT.

JlanHble aHCaMOJIEBBIX pacyeToB IO PErMOHAIBHON KIIMMaTHYeCKONH MOJIEIH ITO3BOJIMIIH MTOJY4YHUTh Be-
POATHOCTHYIO KapTHHY M3MEHEHUI KJIMMaTa U IMpOaHaIU3UpOBaTh BIMSHHE Pa3HBIX NIPOTHO30B KIMMAaTa Ha
CTETEHb JOCTOBEPHOCTH MPOTHOCTUYECKHUX OI[EHOK SMUCCUU MeTaHa B cepeuHe X XI Beka.

AHanu3 3KCIIepUMEHTOB MoKa3al, uto K cepeauHe XXI Beka (1) 3HAUUTETBHBIX MU3MEHEHHH B IpO-
CTPAHCTBEHHOM pacIipe/ieIeHH yPOBHS OOJOTHBIX BOX He oxkujaercsi. COOTBETCTBEHHO, MOJIOKEHNUE OCHOB-
HBIX UCTOYHUKOB SMHCCHH METaHa U3MEHUTCs cabo ¥ (2) cpeaHss Mo aHcaMOIIo TeMIieparypa cliosl IIpoTau-
BaHMS B IEPHOJ BOBMOXKHON NPOAYKIMY METaHa MOXKET yBeIHMUUThCS Ha 1.5-2°C, mpryeM Hanbosee 3aMeTHbIE
W3MEHEHHs B TOZI0BOM XOZIe BO3MOXKHBI B Mae M CEHTs0pe. MakcuMallbHOe pacdeTHOE H3MEHEHHE YPOBHsI 00-
JIOTHBIX BOJI IIPUXOAMUTCS Ha T€ K€ MECSI[bI, UTO U A TeMIepaTyphl, OJHAKO aMIUIUTYJa 3TUX U3MEHEHUN
3HAYUTENIFHO MEHBIIIE — HECKOJIBKO MPOLIEHTOB OT COBPEMEHHOTO YpoBHs. Takum 00pa3oM, OCHOBHOM BKJIa]
B OyayIive n3MEeHeHHsI SMUCCHH METaHa BHOCUT TEMIIeparypa cjosi HpOTauBaHMSI.

O1eHKa CTaTUCTUYECKOM 3HAYMMOCTH OyAyIIMX U3MEHEHNH POBOAMIACE Ha OCHOBE t-KpuTepus CThio-
neHTta npu 10% ypoBHE 3HAYMMOCTH. AHATU3 NOTY4YEHHBIX PE3YyJIbTaTOB MOKa3all, YTO CTATUCTUYECKHU 3HAYM-
MBbI€ U3MEHEHHS IOTOKOB METaHa 0XKHJIAFOTCS B CEBEPHBIX PErMOHAX B Mae M CEHTs0pe. B neTHuii ce30H nocro-
BEPHOCTH IIPOTHO3HBIX OLIEHOK 3aMETHO HIDKE, YEM B YKa3aHHbBIE MECSIIBI.

CornacHO MPOBEICHHBIM pacdyeTaM, HHTErpalbHbIA IOTOK MeTaHa ¢ Tepputopur BBY npu norennenun
MOXeT yBenuuuThest Ha 7 £0.4 M1/ron, uto cocTtaBiseT 30% OT COBPEMEHHOW 3MHUCCHH. BBIMOTHEHHBIC pac-
YeThl KIIMMaTOO0yCIIOBJICHHBIX H3MEHEHHI T0TOKa MeTaHa B X XI Beke He yKa3bIBalOT Ha BOBMOXKHBIH «B3pBIB-
HOW» XapakTep ero SMHCCHH, N0 KpaiiHeil Mepe, B Onmmxaiimue 50 ser.

Changes of climatological conditions of automobile transport functioning
in north of European part of Russia

Borzenkova A.V.,Shmakin A.B.

Geography Institute RAS, Moscow, Russia
E-mail: alexandra_borzenkova@mail.ru

utomobile transport is very weather-sensitive branch of the economy. Some climatological characteris-

tics which affect the automobile transport functioning were selected for analysis. The investigation re-

sults of their spatial distribution in north of European part of Russia (EPR) and changes for 60-years
period (from 1950 to 2010) are reported. The studied parameters are:
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e the solid precipitation sum

e the number of weak, medium and extreme snowfalls

e the average temperature of the coldest pentad (5 days in a row), parameter used in the design of road
and other structures

e the number of days with temperature below -25° C (below this temperature the risk of various auto-
mobiles breakdowns increases)

e dates of appearance and destruction of stable snow cover

e number of crossings of the freezing point by the air temperature, parameter characterizing the proba-
bility of slipperiness occurrence

The tendency of the solid precipitation sum increase in (1981-2010) as compared with (1951-1980) has
been detected in the major part of the investigated territory as well as increasing of number of medium and ex-
treme snowfalls. But the number of weak snowfalls decreased statistically significantly on the entire territory.
The increasing of solid precipitation sum and number of medium and extreme snowfalls has negative influence
on automobile transport functioning. Herewith tendencies of increasing of the coldest pentad average tempera-
ture and decreasing of number of days with temperature below -25° C occurred on investigated territory. These
tendencies have positive influence on this branch of the economy. The number of crossings of the freezing
point by the air temperature and dates of appearance and destruction of stable snow cover changed irregularly.

13meHeHna knumatuyecknx ycnosnin (hyHKLMOHNPOBAHNA
aBTOMODOUNBHOr 0 TpaHCNOPTa Ha CeBepe eBPONEIicCKoil TeppuTopui
Poccun

bop3enkoea A.B.,

WuctutyT reorpadun PAH, Mockea, Poccua
E-mail: alexandra_borzenkova@mail.ru

BTOMOOMJIBHBIN TPAHCIIOPT SIBISIETCS OTHON M3 CaMBIX «IIOTOJ03aBHCHMBIX» OTpPAciel SKOHOMUKH.

PocT nHTEeHCHBHOCTH IABIKEHHS TPAHCIIOPTA HA COBPEMEHHBIX 10porax 0OyCIOBINBAET MTOBBIIIIEHUE

TpeOOBaHUI K TPaHCIOPTHO-IKCILUTYaTaI[HOHHOMY COCTOSIHUIO, YPOBHIO O€30IIaCHOCTH JIOPOKHOTO
JBIDKEHUS M TIPOITYCKHON CIIOCOOHOCTH JOPOT B Pa3NYHBIE Ce30HBI rofa. OMHUM U3 CaMBIX CIIOXKHBIX U OT-
BETCTBEHHBIX B paboTe TOPOKHBIX OPraHU3aAINI ABISIETCS 3UMHIM NIEpUOJ, KOTa MIPOUCXOAAT cOon B paboTe
TPAHCIIOPTA B CIy4asX CHIIBHBIX CHETOMNAI0B, BOSHUKAET HEOOXOAMMOCTH JTMKBUIAIINN CKOJIB3KOCTH U CHEX-
HBIX OTJIIO)KEHHH Ha aBTOMOOMIBHBIX Joporax. CHIBHBIN CHEromaj B TOpoe MOKHO CPaBHUTH CO CTUXUITHBIM
OencTBHEM, MApATN3YIONIIUM JIBIKCHNE Ha aBTOJOPOTax, YTO OTPAXKACTCS HE TOIBKO B MIOBCEAHEBHOM KU3HU
Jrofel, Ho u B OoJiee MI00aBHBIX BOIIPOCAX, TAaKMX, KaK, HAIIpUMep, 3arpsi3HeHne arMocdepsl. B mocnennee
JecsTHIIeTHE B JOPOXKHOM X03siicTBe Poccnu HaOmiomaeTcst TEHACHINS K YKECTOYCHHIO TPeOOBaHHUI K yPOB-
HIO COZIEPKAHUS aBTOMOOMIIBHBIX JOPOT.

B nanHOi paboTe GBUIO MPOM3BEACHO HCCIIEAOBAHUE MPOCTPAHCTBEHHOTO PACIIpEeICHUS U U3MEHe-
HUM HEKOTOPBIX MPUKIATHBIX KIMMAaTHIECKIX XapaKTEPHCTHK, OKAa3bIBAIOIINX BIUSHIE HAa (PyHKIIMOHHPOBA-
HUE aBTOMOOMIILHOTO TPaHCIOPTa, AJIs CEBEpHOM yacTh eBponeiickoi tepputopun Poccun (ETP) 3a nepuon
1951-2010 rr.

HccnenoBanuck ciaenyronye mapaMeTpol:

e CyMMa 0CaJIKOB IIPY OTPHIATENIFHOM TeMIIepaType BO3AyXa H 9UCIIO CHETOIa 0B Pa3INIHON HHTCHCUB-
HoctH (0-2, 2-5 u Gornee 5 MM B CYTKH, UTO COOTBETCTBYET SKBUBAJICHTHBIM 3HAYCHUSM B CM CBEIKETO CHETA)

e Uyiciio nHel ¢ TeMmepaTypoi Bo3ayxa Huxe -25° (B JaHHBIX YCIOBHIX BO3PACTAET BEPOSITHOCTD pa3-
JIMYHBIX TTOJIOMOK aBTOTPAHCIIOPTA)

e TemmepaTypa caMol XOJOAHOH MATHUAHEBKH (TIapaMeTp, YIUTHIBAEMBINA MPH MTPOSKTUPOBAHUU aBTO-
JIOPOXKHBIX H AP. COOPYIKEHHH )

® J[aTbI MOSIBICHUS W HICIE3HOBEHUS yCTOWYMBOTO CHEKHOTO ITOKPOBA

e Uuciio mepexonoB Temreparypbl Bozayxa depe3 0°C (mapameTp, XapaKTepU3YIOIIHA BEPOSTHOCTD
BO3HUKHOBEHHS PA3TUYHBIX BUJOB CKOJIB3KOCTH)

‘YkazaHHBIE BBIIIIE XapaKTEePUCTUKH OBLUTH MOCYUTAHBI JJIS KaXKI0TO 3UMHETO Ce30Ha, BEIYHMCIICHBI CPe-
HUe 3a Bech mccneayembiid epuoa (1951-2010) u 2 tpuamarunetnux nepuona (1951-1980 u 1981-2010),
MPOM3BEICHA OLIEHKA CTATUCTHYECKON 3HAYMMOCTH IIPOU3OIIEANIINX H3MEHCHHH.

KomnmuecTBO TBEpABIX 0CaIKOB pacHpeAeIeHO 110 TEPPUTOPUN HEPABHOMEPHO, C MAKCHMAIBHBIMHU 3Ha-
YEHUSIMU Ha I0T0-BOCTOKe peciyOnmnkn Komu u MuHIMansHBIMU B paiione benoro mopst. 3a mociennue 30 et
MIPOM30ILIO YBEITMUEHHE TBEPABIX OCAIKOB MPAKTUUIECKH BO BCEH YacTH MCCIeLyeMON TEPPUTOPHH, TIPH STOM
STH U3MEHEHUS CTAaTUCTHYECKU 3HAYNMBIE.



[TapameTp «4KCII0 CHErona 0B HHTEHCUBHOCTBIO (-2 MM/CYTKH» BO3pacTaeT C I0ro-3anaja Ha CeBepo-
BOCTOK, TIOBTOPSIsl IPOCTPAHCTBEHHOE PACIpe/ielieHne TEMIIEPATyphl BO3/lyXa. JTO OOBICHSETCS TEM, UTO 3Ta
XapaKTepUCTUKa OO0JIbIIE 3aBUCUT OT KOJIMYECTBA THEW C OTPHLIATEIEHON TeMIIepaTypoii Bo3ayxa, 4eM ot daxk-
TOPOB, BIMSIOIIMX HA BbINaJIeHHe 0cankoB. CpeTHeroJ0BOe YMCIIO CIa0bIX CHEroIa 0B COKPAaTHIOCh Ha BCel
TeppuTopun ceBepo-3anana ETP, nmpu aTom npakTuyecku Be3e 3T0 COKpalleHHe CTaTUCTUYECKU 3HAYHMO.

Kaprsl uncna cHeronajoB cpeHell U BBICOKOW CyTOYHOW MHTEHCUBHOCTH OOJIbILIE CXOIHBI C KapTOM
pacripeeneHus TBepIbIX OCaJKOB, YeM KapTa paclpelielieHns Cl1a0dblX CHEeromaoB, U3 Yero MOXHO CleJiaTh
BBIBOJI, YTO O0II[ee KOJIMUYECTBO TBEPIIBIX OCAJKOB B OOJIbIIEH CTEIIEHH 3aBUCUT OT CHIIBHBIX U CPEJAHUX CHETO-
aJIoB, 4YeM OT cinadbix. VX yBenuuyeHue, Kak U B Cliydae TBEPABIX OCAJIKOB, IPOU3OLLIO HA OOJbLIEH YacTh
TEPPUTOPUH PETHOHA.

HaOmtonaercst TeHASHIMS K OOJiee 03IHEMY YCTAaHOBIICHHUIO YCTOWYHNBOIO CHEXKHOTO ITIOKPOBA Ha 3aria-
JIe UCCJIeyeMOl TEPPUTOPHH, U, HAIPOTHB, O0JIee paHHEMY HE BOCTOKe. [IpH 3TOM 3TH N3MEHEHHs CTaTUCTH-
4eCKHM 3HauYMMBbl JIMIIb HA HEOOJIBIION YacTH Ha 3amajie TEPPUTOPHH.

CHer craj CXOAMThH paHbIIE Ha CEBEPO-BOCTOKE MCCIEAYEMON TEpPUTOPHUH, HA 3arajie — HaIpOTUB,
HeMHOTo no3xe. TakuM 00pa3oM, Ha 3amaje peruoHa Mepuoy rojia ¢ yCTOWYUBbIM CHEXHBIM ITOKPOBOM CMe-
LIIEH B CTOPOHY OCEHH, Ha BOCTOKE — HAlIPOTHB, B CTOPOHY BecHbI. O01as NpOA0JKUTEIBHOCTh CyIECTBOBA-
HUSI CHEXKHOTO [TOKPOBA IIPU 3TOM MeHsIeTCsl cl1abo.

CpezHee 4HCII0 S9KCTPEMANIbHO XOJIOAHBIX (C MUHUMAaIILHOM TeMreparypoii Bo3ayxa Himke — 25 C) Bo3-
pacraer c 3ara/ia Ha BOCTOK C YBEJIMYEHUEM KOHTHHEHTaJIbHOCTH KiuMara (puc.1 (a)). B mocnenuue 30 et no
CPaBHEHHUIO C MPEIbLIYIIMMHU IPOU30IILIO COKpAIllEHNE YMCIIa TAKHUX JIHEeH Ha Beeit ceBepHO# Teppuropun ETP,
B IOXKHOW ¥ BOCTOYHOM YaCTH TEPPUTOPUH STH U3MCHEHUS CTATUCTHYCCKU 3HAYUMBI (puc.1 (0)).

-1 05 0 05 1 15

Puc.1 CpenneronoBoe 9mciIo gHEH ¢ MUHAMAIBHOH TeMIepaTypoii Bozmyxa Hiske — 25° C 3a mepuon 1951-2010 rr. (a) u
ero m3meHeHus B 1981-2010 rr. mo cpaBuenuto ¢ 1951-1980 (6). 3amTprxoBaHbl CTATUCTUYECKH 3HAYUMBIC H3MEHEHHSL.
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CpenHee KOTHYECTBO EPEXOA0B TEMITEpaTypbl Bo3ayxa uepe3 0°C mensercs ot 6onee 80 Ha TeppuTo-
puu Kapennu u Mypmanckoit obmactu 1o 60-65 Ha BOCTOKe HcciieayemMoro peruona (puc. 15a). B mocnennue
30 net HabmIOMAeTCA COKpaIIeHne yrcia Temmeparypsl depes 0°C B ceBepHO 4acTH U, HAITPOTHUB, YBEIINICHUE
B IOKHOM (puc.150).

CpenHsia TeMIepaTypa caMoi X0J0JHON IITHAHEBKN YMEHBIACTCS € 3al1a/ia Ha BOCTOK, CIemys 3a yBe-
JTUYEeHUEeM KOHTHHEHTAIBFHOCTH KIIMMaTa, KaK M KOJTMYECTBO JHEH ¢ 3KCTpeMaTbHBIMHA Mopo3ami (puc 2 (a)). B
nenom Ha ceBepe ETP HabmonaeTcs TeHIGHINS K IIOTEIICHHIO U MTOBBILICHUIO €€ TEMIIePATyphl, 38 HCKIIIOUe-
HueM MypMmaHckoit o6nactu u Kapennu, rae ects ogarn nmoxonoganus (puc. 2(0)).

1 |

-9 -8 -f -G -3 -4 -3 -2 -1
Puc.2 Cpennsist Temneparypa camoii xonogHoit nsaruaneBky B 1951-2010 . (a) u ee m3menenue B 1981-2010 rr. o cpas-
Henuto ¢ 1951-1980 (6).

BrnusiHue M3MeHEeHUs! KIMMaTHYeCKUX YCIOBHI Ha ()YHKIIMOHUPOBaHHE aBTOMOOMIIBHOTO TPAHCIIOpTa B
JTAHHOM pPerroHe HeogHo3HauyHO. C OTHOM CTOPOHBI, MOBHIIIEHNE TEMIIEPATyPhI CAMO# XOJIOTHOM MATHAHEBKU
U COKpAllleHHe YHCIIa THEW C SKCTpeMaJbHO HHU3KOW TEMIIepaTypol BO3ayxa OJaromnpHsTHO CKa3blBaeTCsl Ha
pabore nanHO# orpaciu. C qpyroii, HabIOIaeMBIH POCT KOJIMYECTBA TBEP/IBIX OCA/IKOB, B 0COOCHHOCTH CHEIo-
aJI0B CpeAHEH U OOJBIION MHTEHCUBHOCTH (YHCIIO CIA0BIX O0CAJKOB P 9TOM, HAIIPOTHUB, COKPAIAETCs) He-
raTHBHO BIIMSET HA (QYHKIIMOHUPOBAHUE aBTOTPAHCIIOPTA.
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treme events being consistent with a general warming. However, the most part of investigations are re-

lated to analysis of averaged statistics. This paper provides the results of daily temperature and precipi-
tation extreme dynamics in Siberia for the time period from 1979 to 2012. Seasonal dynamics of climatic ex-
tremes has been studied in terms of 10™ and 90" percentile-based threshold indices related to frequency and in-
tensity of meteorological extreme events. To get geographical pattern of these variations with high spatial reso-
lution the sub-daily temperature data from ECMWF ERA-Interim reanalysis and daily precipitation amounts
from APHRODITE JMA dataset was used.

Obtained results show asymmetric behavior of daily temperature extremes according to determined tails
of cold and warm temperature extremes distributions. The intensity of warming during cold nights is higher
than those during warm nights, especially at high latitudes of Siberia. The similar dynamics is in case of cold
and warm day-times. Changes in daily precipitation extremes are more spatial inhomogeneity, where even at
short distances, positive and negative trends in extreme precipitation were found. The largest increase in fre-
quency and intensity of heavy precipitations is observed in the north area of East Siberia.

l ast decades studies of surface air temperature and precipitation in Siberia have shown increase of ex-

Introduction

Ongoing global climate changes are manifested in atmospheric processes (IPCC, 2007). These process-
es changes are strongly pronounced over Siberian territory (Kabanov and Lykosov, 2006; Groisman and Gut-
man, 2012). Recent investigations indicate high temperature trends (more than 0.2 °C per decade; in some re-
gions —up to 0.5 °C per decade) in the second half of the 20™ century. Precipitation intensity increases in the
northern part of Siberia. Statistically significant changes in climatic extremes also reported in (IPCC, 2012) and
namely those have high social and economical impacts on regional level. However, the review of number of
papers (such, Bulygina, 2007; Groisman et al., 2013 and etc.) have shown that describing of regional climate
extremes dynamics are based on observational data mainly that significant limit capabilities for Siberia case
study because of sparse and inhomogeneous observational station network.

In this paper Siberian daily temperature and precipitation extremes have been analyzed based on re-
analysis data with high spatial resolution (3% generation reanalysis). Our previous investigations dialed with
comparison reanalyses data and station observations (Shulgina et al., 2011) have shown good agreement of
ECMWEF reanalysis data with observational one. The set of percentile-based threshold extreme indices defined
by the Expert Team on Climate Change Detection and Indices (ETCCDI) (Klein Tank et al., 2009) has been
analyzed. In particular, these indices describe the exceedance rates above or below a threshold which is defined
as the 10™ or 90" percentile derived from the 1961-1990 base period. The study of seasonal dynamics helps us
to get the detailed picture of temperature and precipitation extremes behavior happen over the time period 1979
—-2012.

Methodology

The daily minimum and maximum temperatures (TN and TX, respectively) with spatial resolution of
0.75°%0.75° from ECMWF ERA Interim Reanalysis dataset (Dee at al., 2011) were analyzed over the time pe-
riod 1979 —2012. To study daily precipitation amounts APHRODITE JMA precipitation data (Kamiguchi et al,
2010) were used. This dataset provides daily precipitation fields calculated by interpolation of station observa-
tions and presented on 0.25°x0.25° spatial grid for the time period from 1951 to 2007.

Temporal changes in near surface temperatures during time period 1979 — 2012 in Siberia have been
analyzed in terms of the number of days where TN or TX is below/above the 10th or the 90th percentile, respec-
tively (TN10n and TX10n, TN90n and TX90n). Severity of observed TN and TX was studied in terms of tem-
perature increments below/above the 10th or the 90th percentile (TN10p and TX10p, TN90p and TX90p, re-
spectively). Seasonal precipitation dynamic was characterized by the number of days when daily precipitation
is greater than the 95th percentile basic threshold. The percentile thresholds have been determined from data in
the climatological basic period 1961 — 1990 and calculated using the following formula:

PREC = (100—P)~yk+p~yk+1 , with k = lnt(?llogj

100
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Here p is percentile, y, and y,,, are two neighboring positions within the series collected from values of
basic period (1961-1990) sorted by ascending, n is the size of the sorted series. For temperature, the percentile
thresholds are calculated from 5-day windows centered on each calendar day to account for the mean annual
cycle (Klein Tank et al., 2009). Here to get these thresholds we used TN and TX from ECMWF ERA-40 Re-
analysis dataset (Kallberg et al., 2007) which are available on 2.5°x2.5° spatial grid. Good agreement of data
from ERA-40 and ERA Interim are confirmed by number of investigations (Mooney at al., 2010, Dee at al.
2011, and etc.) and special comparison for these data sets for Siberian territory is not required. The index com-
ponents were calculated directly from selected data and then adjusted to the same grid box of 2.5°%x2.5°. For
precipitation, the percentile thresholds are calculated from the sample of all wet days (PRC greater than 1 mm
per day) in the period. These indices summarize various aspects of the distribution tails of daily variability of
temperature and precipitation and help to assess moderate extremes that typically occur few times every year.

Temporal dynamics of these indices have been estimated using linear trend with 5% significance level.
All extreme indices and linear trend coefficients have been calculated using web-GIS information-computa-
tional platform Climate (http://climate.scert.ru/) supporting collaborative multidisciplinary investigations of
regional climatic changes and their impacts.

Results

Trends of minimum night temperature indicate that the intensity of warming of cold nights is higher
than those during warm nights especially at Siberia high latitudes. Here over the last decades (1979 —2012) the
number of winter cold nights (TN10n, Fig.1.a) has increased on 10 days in average and intensity of this warm-
ing achieved 2.4 °C. Whereas, at the same frequency of warming (Fig.2.a) as cold night warming, the growth
rate of TN90p is slower and equals 0.9 °C. The least changes in night minimum temperatures are detected dur-
ing fall. The similar dynamics is in case of cold and warm day-times (TX10n/p and TX90n/p; geographical re-
sults are not presented in this paper). The trends calculated for winter indicate the increase of number of both
cold and warm day-times on 6 — 9 days over the last 34 years, but intensity of this warming achieved 1.5 °C in
case of cold day-times and 0.7 °C in case of warm-day times. Despite of the high latitude considerable warm-
ing, slight cooling was observed in the central part of Siberia during summer (associated with warm tempera-
ture extreme decrease, Fig.1-2.b) and in the south area of the region during winter (mostly out of cold tempera-
ture extremes).

—

Fig.1.a. TN10n, DJF

- '

-

e

Fig.2.a. TN10n, JJA Fig.2.b. TN9On, JJA


http://climate.scert.ru/

Analysis results of precipitation dynamics for the time period 1979 — 2007 have shown that precipitation
extremes (18.a-b) were spatially nonhomogeneous, where even at short distances, positive and negative trends
in extreme precipitation were found. Dynamics of number of wet days during winter (fig. 18.a) was insignifi-
cant in comparison with changes in summer precipitation extremes (fig.18.b). Substantial increase in summer
very wet days was observed over the East Siberia, particularly in middle and high latitudes where trends
achieved 2 days per decade. Reduction in the number of wet days was indicated over the West Siberia (about 1
day per decade).

. ..N-.‘.: " A
Fig. 18.a. Trends (days per decade, shown as maps) of Fig. 18.b. Trends (days per decade, shown as maps) of
number of wet days during winter. 1979-2007. number of wet days during summer. 1979-2007. APHRO-
APHRODITE JMA data. DITE JMA data.
Conclusion

Performed analysis of climatic indices has found geographical areas with significant changes in tem-
perature and precipitation extremes and determined seasonal features of observed changes. Changes in the
minimum temperatures are more significant than changes in the maximum temperatures. The decrease of num-
ber of cold nights is faster than increase of the number of warm day-times. The intensity has the similar dynam-
ics. Thus, the results obtained for seasonal dynamics of daily temperature extremes show asymmetric warming
according to determined tails of cold and warm temperature extremes distributions. Changes in daily precipita-
tion amount indicate that spatial inhomogeneity of precipitation extremes is higher than for the temperature
extremes. In particular, statistically significant increases of the number of heavy precipitation days are observed
in more areas of Siberia than those with statistically significant decreases. The largest increase in frequency and
intensity of heavy precipitations is observed in the north area of East Siberia, negative trends - in the central
area of Western Siberia and south of East Siberia.

Comparison of obtained results with the results of other investigations (Bulygina et al., 2007, Shvidenko
et al., 2012; Groisman et al., 2013) has shown a good agreement. However, on the next stage of study we plan
to compare temperature and precipitation extremes behavior based on observational and global and regional
modeling data more thoroughly.
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but also in faraway from big towns regions. Air quality monitoring is carried by global observation
stations system, but it doesn’t work in most of Russian territory. Observational station ZOTTO (Zotino
Tall Tower, 60,26 N., 89,24 E, central Siberia) partly improves this situation.

This paper presents the results of analysis of long-term observation of CO and NOx near-surface con-
centrations on ZOTTO station. We use chemical-transport model GEOS-Chem to estimate the impact of an-
thropogenic and fire emissions from Western Europe and different regions of Russia to background near-surface
air composition in central Siberia. We calculate the average, maximum and minimum values of the response to
emissions of CO and NOx. According to the results, the primary impact on surface NOx concentration has in-
dustrial cities of southern Siberia, while their impact on the CO concentration is found to be moderate, most
likely due to the long atmospheric lifetime of CO. During the cold period CO concentration in the surface layer
is largely driven by the influence of air transfer from Western Europe and the south of European Russia. During
the warm period it is usually affected by the air transport from eastern regions, where the main contribution to
emissions gives wildfires. These results indicate a significant contribution of both natural and anthropogenic
sources of pollution, and also air transport from Western Europe and European part of Russia to background
near-surface air composition near ZOTTO station. It is important for analysis of further observations and for
better understanding of the influence of various natural and anthropogenic factors on air composition in the
boreal zone of Siberia.

O ver the recent decades, changes in air composition have been observed not only near industrial centres,
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1.BBenenue

HccnenoBanus cocraBa HIKHEH aTMOC(epbl, 1 0COOEHHO MPU3EMHOTO CJI0sl BO3yXa, 3aHUMAIOT OT-
JIETTbHOE MECTO B XUMHH aTMOC(EPHI, HOCKOJIILKY HIMEHHO 3TOT CJIOH HEMOCPEACTBEHHO CBSI3aH C IIaHETaPHBI-
MU OHOJIOTHYECKHUMH MPoLiecCaMi U UIMEHHO B HEM COCPEIOTOUEHB! Hanbojee BaXXHbIE IPUPOTHBIE H aHTPO-
TIOT€HHbIE HCTOYHHKH MaJlbIX aTMOC(EpHBIX ra3oB. HabnrogeHus J0IroBpeMeHHbIX BapHalliii coCTaBa Mpu-
3eMHOTI'0 BO3/lyXa OCYIIECTBIISETCS C UCIIOIb30BAHUEM MUPOBOH CETH CTaHIMK ()OHOBOTO KOMILUIEKCHOTO MO-
HUTOPHUHIA, HE OXBAaTHIBAIOIIUX, K COXKAJICHUIO, TeppuToputo Poccuiickoii denepanyy; oCcylieCTBIsIEMbIE Ha-
OirofaTeNbHbIC KAMIIAHUHU HOCAT JMU30/IMYECKUI U OrpaHNYeHHBIA XapaKTep, YTO CHIBHO 3aTPYIHSET peruo-
HaJIN3AIUIO MTOJTy4aeMbIX Pe3yJabTaToB U UX HayuyHoe 000601meHne. OTCyTCTBHE TaHHBIX CUCTEMAaTHUYECKHUX Ha-
OJFOICHUI 3HAUMTENBHO 3aTPYIHSET NPOBEACHHE KOJMYECTBEHHBIX OIICHOK (hakTOpOB (IPUPOIHBIX U aHTPO-
MOTEHHBIX ), ONPEEINAIONINX PEerHOHATIBHBIN OallaHC XMMMYECKH aKTUBHBIX M MAapHUKOBBIX Ta30B, B CBSA3U C
HaOJII0JaeMBIMH PETHOHAJIBHBIMHU KITMMAaTHYECKUMH U3MEHEHHSIMH U JIOJITOBPEMEHHBIMH BapUallUsIMU dKOCH-
CTeM, BKJIIOYasi He TOJNBKO MHAYCTpHAJIbHBIE PAlOHBI, HO M YJIaJeHHBIE PETHOHBI CE€BEpa U CEBEPO-BOCTOKA
KOHTHHEHTA.

YacTu4HO JaHHBIN MpoOesl BOCHONHAETCS JOJITOBPEMEHHBIMU HAOMIONEHUSAMHI HAa ()OHOBOW CTAHIIMU
arMocgepHoro MmouuTopuHnra (Beicotnoi Maute) ZOTTO (60.80 c.ur., 89.35 B.14., 300 M H.y.M.), BBSAEHHOI B
skcrutyatanuio B Hadane 2007 1. [Ipoext ZOTTO ocymiecTpisieTcs Mpu NapTHEPCKOM YIAaCTHH HAyIHBIX KOJ-
nexktuBoB u3 MHcruryra neca um. B.H. CykaueBa PAH (Kpacnosipck), MHcTuTyTa rzuku armocgepsl 1M.
A.M. OGyxosa PAH (Mocksa), UucTuTyTa 6GHOreoxumun Maxkca ITnanka (Mena, Tepmanus) u ap. Cranuus
pacnonoxena npumepHo B 600 kM k ceBepy oT KpacHosipcka B 20 kM k 3amany oT peku EHuceli B 30He 6ope-
QJIBHBIX JIECOB LIeHTpaJbHOM Cnoupu. OCHOBHOM THI PaCTUTENEHOCTH — XBOWHBIE Jieca CO 3HAUYMTENbHBIMH
IomaasiMu 60710T. POHOBBIM XapaKTep CTAHIUH OINpeenseTcs e€ yIaleHHOCThIO OT KIMMaTHYeCKH 3Hauu-
MBIX aHTPOIIOI€HHBIX HCTOYHHKOB aTMOC(EPHOro 3arps3HeHHUs, YTO, BMECTE C JOCTATOYHON OIHOPOTHOCTBIO
9KOCHCTEM U TOTOTpaduH, MO3BOJSET 00001aTh HAOIIOACHHS Ha OOIIMPHBIA paiioH HeHTpanbHONH CulOupu B
nemnom [4, 6].

OnHoit u3 3a7a4 HaOIrOACHUM, TPOBOAUMBIX Ha craHimu ZOTTO, sBiseTcs uccie0BaHUE BIUSHUSL
PETHOHAIBHOTO U JAJbHETO MepeHoca OT KIMMAaTH4YeCKH 3HAYUMBIX €CTECTBEHHBIX U aHTPOIOT€HHBIX HCTOY-
HHUKOB AMHCCHIl Ha XUMHUYECKUI cocTaB Bo3ayxa. Tak Kak HHTEHCUBHOCTH NPHPOJHBIX HCTOYHUKOB OKHCIIOB
a30Ta Ha eIMHUILY IJIOIIA N 3HAUNTEIFHO MEHBIIIE, YeM aHTPOIOT€HHBIX, BEICOKHE KOHIIeHTparuu NOX Mox-
HO C JIOCTAaTOYHON HaA&KHOCTHIO MCIIONB30BATh B KAueCTBE MHIMKATOPa BO3AYIIHOM MaccChl, 32 HEKOTOpOe
BpeMs (1 — 2 aHA) 10 U3MEepeHNs HaxXOIUBIIIEHCS O] BO3/IEHCTBUEM 3HAYUTEIBHBIX HCTOUHUKOB 3arps3HEHUH.
PerynsipHbie HaOIIOAEHHMS aHOMAIBHO BBICOKMX KoHIeHTpauuii NOX rnpu HM3KOW OTHOCHTENbHOH momu NO
MO3BOJISAIOT MPEANOTIOKHUTE, YTO CTAHIIUA MOXKET IOMAaaTh MO/ BIHUSHUE YAAJICHHBIX HCTOYHUKOB, CBS3aHHBIX
C NMPOMBIIUIEHHBIMU TOpoJiaMy M tora Cubupu [6], 4TO TakKe MOATBEPKIACTCS TaHHBIMU MHOTOJIETHUX JKC-
neaunuii TROICA [2].

B ornnune ot okucioB azora, CO BeiOpackiBaeTcst a atTMocepy Kak aHTPOIIOTeHHBIMHE (TIPH CTOPaHUH
HCKOIIA€MOTO TOILINBA), TaK U MPUPOIHBIMU UCTOYHUKAMH, BAXHEUIIIMMHU U3 KOTOPBIX SBIISIOTCS MPUPOTHBIC
noxapsl. 3HaunTenpHoe Bpemst xu3Hn CO B atMocdepe, cocTaBIsIolee OT MOIyTopa HEAENb JETOM JI0 Toja
3uMoii [3], ompenenset ero 6ojee CIOKHOE MTOBEICHUE KaK HHIUKATOpa aTMOC(EPHOro MepeHOca, B YaCTHO-
cTH — OoJiee OHOPOHOE pacmpezeacHue B arMocdepe, mpeodiiagannue Ce30HHOW W3MEHUYMBOCTH HaJl CHHOII-
THUUYECKOM, a TaK)Ke 3HAUNTEIBHOE BIMSHUE JaIbHETO IEpeHOca Ha ero pacipeeieHue B armocdepe.

Llenbro aHHO# paboOTHI sBNsieTcst 0000IEHNE U aHaN3 JaHHbIX MHOTONIeTHUX (2007 - 2011) Habmione-
Hul npu3eMHbix koHIeHTpanuii CO u NOx Ha ctaniuu ZOTTO, a Takxe olleHKa BIUSHUS aHTPOTIOT€HHBIX
BBIOPOCOB ¥ AIMHUCCHIT OT TOpeHust GMoMacchl B 3anajjHoi EBporne u pa3znnunbix peruoHax Poccun Ha hOHOBBIH
COCTaB MPU3EMHOIO BO3/yXa B LeHTpajibHOW CHOMPH HAa OCHOBE YHMCIEHHOTO MOJIEIMPOBAHHS C MOMOIIBIO
XUMHUKO-TpaHcnopTHoi Mogenn GEOS-Chem.

2.UcTouHUKH JAHHBbIX

2.1.Mozaens GEOS-Chem

I[J'IH MMPOBEACHUA YUCIICHHBIX SKCIICPUMECHTOB B Z[aHHOﬁ pa60Te HCIOJIB30BaJIaCh XUMHKO-TPaHCIIOPT-
Hast mozenib GEOS-Chem Bepcun 9-01-03. GEOS-Chem — miiobasnbHas TpeXxMepHas MOZIeIb COCTaBa aTMOC-
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(depbl Tpu3BaHHAs aCCUMHIIMPOBAaTh MeTeoponoruueckue HaoOmronenus Goddard Earth Observing System
(GEOS, cucrema nabmonennii cocrosuust 3emin) of the NASA Global Modeling Assimilation Office (GMAO,
yIpaBjeHUe aCCUMWISIIMU JaHHBIX TII00anbHOT0 MoaenupoBanust). O61ee onucanue aaHo [1]. Mbl ucnons-
30Banu Mereoposaoruyeckue qanaeie GEOS-5, nMerolie ropu3oHTanbHoE paspenieHue 4x5 u 47 ypoBHeH 1o
BepTHKaIU. JlJIs1 pacyeToB HMCIIOIB30BAIMCH aHTPOIOreHHbIe 3Muccu U3 0a3bl gaHHbIX EDGAR 3.2 (The
Emissions Database for Global Atmospheric Research, 6a3a nanHbIx aMUccHil 17151 IIOOATBHBIX aTMOC(EPHBIX
HCCIIeJOBaHUH ), SMUCCUH OT IPUPOAHBIX MoXapoB Opanuck n3 6a3el nanusix GFED3 (Global Fire Data, eno-
banvhvle danuvie o nodcapax). Ilpu pacuere BIUSHUS, KOTOPOE OKa3bIBaeT OTIEIBHO B3STHIA PETHOH (CM.
Puc.1) smuccun i1st 3TOro peruoHa 3aHyIsUIMCh. ATMOC(EPHBIH OTKIIMK PaCCUUTHIBAJICS KaK Pa3HOCTh MEKIY
pe3yabraTaMu MOJIHOTO M TEKYIEro paciyeToB.

REGION 1

NETR
———— REGION 8

o REGION 2

SETR pass

-

Puc. 1. l'eorpaduueckue paiioHbI

NETR —cesep ETP (60-75 N, 27-60 E), SETR — 1or u cpexnusist monoca ETP (41-60 N, 27-60 E), NS — ceBep Cubupn
(60—75 N, 60-120 E), SWS — ror 3anagnoii Cubupu (49-60 N, 60-90 E), SES — tor Bocrounoii Cubupu (49—60 N, 90—
120 E), NFE — ceBep JlansHero Boctoka (54—75 N, 120-180 E), SFE — ror Jlaneaero Bocroka (42—-54 N, 120-150 E), EU
— 3anagnas Espomna (35—75 N, -20—27 E).

2.2.Habmonenus

Hao6monenns cocraBa armocgeps! Ha ctann ZOTTO ocymmecTBiIsSoTes B HENPEPHIBHOM PEXHUME C
TTOMOIIIBI0 aBTOMaTH3NPOBAHHBIX MPHOOPHBIX KOMIUIEKCOB, yCTaHOBICHHBIX Ha 300 M BEICOTHOH MadTe, Ha4u-
Hast ¢ 2007 1., ¥ BKIIIOYAIOT M3MEPEHHS MTPU3EMHBIX KOHIIeHTpanni okucios azora (NO, NO2) n o3ona (O3) Ha
BbICOTE 4 M Haj 3eMJiel, a TakKe M3MEepeHHs] KOHLEHTpauii MoHookcua yriepona (CO), merana (CH4) u
yrekucioro rasza (CO2) na Beicotax 50 u 300 m. M3mepenust npu3eMHbIX koHIeHTpauid NO 1 NO2 BbITon-
HSIOTCS € TIOMOIIbI0 razoananmu3aropa Tnna TE42C-TL nponsBoactea Termo Electron Corporation, B anarma-
30He KoHIeHTpanuii ot 0,05 1o 400 gactun Ha MusuTHap (ppb) ¢ obmeit morpemHocThIO 1%. Bpems usmepe-
HUS €AMHUYHOIO OTCYETA KOHLIEHTPAUK cocTaBiaeT 1 MuH. I3MepeHus mpoBOASTCA B HENPEPHIBHOM PEXKHUME
¢ mMapta 2007 r. 1o HacTosIIEe BpPEMsI, C €XKETOAHBIMU ITEpEPhIBAMHI Ha HECKOIBKO MECSIIEB B BECEHHUN IEPUO],
CBSI3aHHBIMH C KQJIMOPOBKOIT IpHOOPOB.

Msmepenus konnentpanuii CO B nmpuzeMHOM Bo3ayxe Ha BhicoTax 50 u 300 M ocyIIecTBISUINCH C SIHBA-
ps 2007 . o maii 2008 1. (¢ mepepbrIBaMH, BEI3BAHHBIMU TEXHHUECKHMH U OPTaHU3AIMOHHBIMH CIIOXHOCTSIMH)
¢ momomnipio prbdopa AeroLaser AL5002, B HenmpepsIBHOM peXHMe ¢ 4acTOTOl n3mepenuit 3 cexyHsl. Kann-
OpoBKka mprOOpa BHIMOIHSUIACH HAa OcHOBe cTaHmapTa CO, mpenocTaBIeHHOTo KoMmmaHuei Scott-Marrin Inc.
(USA) [5].

3.Pe3yabTarthl

B pabore ucnionn3oBanuck nannsle Habmonernii NOx 3a nepuon ¢ 15.03.2007 mo 31.12.2011.Ha ocHo-
BE€ 3THX Ps/IOB OBUTM pacCUUTaHBl CPEJHHE TPEXYACOBBIE KOHILEHTPAIMH 32 BECh IEepHo HaOMONeHNH, IpH
9TOM M3 UCXOJHOTO psiia ObUIN yIaJieHbl 3HaYeHHsI MEHbIIE ropora ooHapyxeHus npudopa (0.05 ppb) n kpar-
KOBpPEMEHHBIE (HECKOJILKO MUHYT) aHOMAaJIbHbIE CKayKH NMpU3eMHON KoHneHTpauun NOX, nocTurasuivie He-
CKOJIBKHX JIECSITKOB ppb mpu o0brgHbIX 3HaueHus X 0.5—1.0 ppb. [Tocne 3TOro mo 1aHHBIM IOYYHBIIErOCS
psina OBUIM pacCUUTaHBl CPEIHEMECSYHbIC 3HAYEHHS M IPOBEIECHO CPaBHEHUE MONTYYUBIIUXCS JAHHBIX C pe-
3yJIbTaTaMy YrciIeHHoro Monenuposanus (Puc. 2).
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Puc. 2. CpaBHeHUE pe3yNbTaToOB YKCICHHOTO MozenupoBanus NOX ¢ nanubiMu HaOmoaenuit ZOTTO

Takxe ncnonp3oBanuch nanaeie HaOmonennit CO 3a 2007 — 2008 roael. Ha ocHOBaHMM 3THX PsIIOB
JaHHBIX 6I)IJ'II/I paccyuTaHbl CHa4YaJ1ia CPpCAHECCYTOYHBIC, a TIOTOM U CPEAHEMCCAYHBIC 3HAYCHU . brino mpoBeac-
HO CpaBHEHHME MOJTyYUBIINXCS CPeTHEMECIYHBIX 3HAYCHUH ¢ TaHHBIMHU YHCICHHOTO MozenupoBanus (Puc. 3).
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Puc. 3. CpaBHeHue pe3ynbTaToB yrciaeHHOro MoaenupoBanus CO ¢ nannpiMu Habmroaeauit ZOTTO

[Tomumo 3TOTO, 110 JAHHBIM MOJIEITH OBbLI pacuuTaH arMocdepHbIil OTKIMK Ha SMuccur NOX 0T pa3niny-
HBIX peruoHoB. [lonydeHHbIe 3HaUeHUS MTPECTaBICHbI Ha PUCYHKeE 4.
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[Noxy4eHHbIe TaHHBIE MTO3BOJISIIOT YTBEPKAaTh, YTO OCHOBHOMW BKJIaJl B IpH3eMHoe coaepkanne NOx
BHOCSIT IPOMBIIIIEHHBIE LIEHTPHI FOro-3anaaHoi Cubupu, B TO BpeMsl KaK BKJIaJ BCEX OCTaJbHBIX PEIMOHOB
MaJl. AHanorn4Hele pacueTs! Obutd caenansl u it CO (em. Puc. 5).

CO CONCENTRATION 01.2007 — 12.2011 MONTHLY AVERAGED
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Puc. 5. Atmocdepnsiit otk Ha sMuccur CO 0T pa3IHIHBIX PETHOHOB

Hcxonst u3 3TUX pe3ynbTaToB, MOXKHO CAENaTh BBIBOX, UTO Ipu3eMHoe coaepkanre CO B XONOIHBIN
TIEPUO/T B 3HAYNTETIHLHON CTETIEHH 00YCIIOBIICHO BIMSHAEM TIPOIIECCOB IIEPEHOCA BO3TYIITHBIX MacC HE TOJIBKO C
tora Cubupmn, Ho u n3 3amagHoii EBponsl, a Takxke 1ora EBponetickoii Teppuropun Poccun. B Terusiii nepuon
Ooree CyIIeCTBEHHOE BIMSHNE OKa3bIBAET IIEPEHOC BO3/[yXa U3 BOCTOUHBIX PETHOHOB, T/I€ OCHOBHOHN BKIIaj B
SMHCCHU JAOT IPUPOIHBIE TOXKAPEI.

4.3axki04enune

AHTpONOTEHHBIE BEIOPOCHI M SMHCCHH OT IIPHPOTHBIX OKAPOB OKA3bIBAIOT 3aMETHOE BIMSHHE Ha (o-
HOBBII COCTaB MPU3EMHOI0 BO3/yXa Aa)Ke HA 3HAUUTEIbHOM yIAlleHUH OT UX UCTOUHHKA. [TomydeHHbIEB naH-
HOM paboTe pe3yabTaThl CBUIETEIbCTBYIOT O 3HAYUTENILHOM BIMSHUH HE TOJIIBKO PETMOHAIBHBIX €CTECTBEHHBIX
Y aHTPOIOT€HHBIX HCTOYHMKOB 3arpsi3HEHUI, HO U ITpoIieccoB nepeHoca u3 EBponeiickoii repputopuun Poccun
n naxe 3amaaHoi EBponsl Ha OHOBBIN cocTaB MpH3eMHOT0 Bo3yxa B LlenTpansHoit Cubupu n HeOXoanMo-
CTH ydeTa JaHHOTO (haKTopa JUIsl JIy4IIero IMOHNMAaHUs Pe3ylbTaToB MPH aHaNIN3e AaJbHEHIINX HaOMIOIeHUH
Ha ()OHOBOI cTaHINHU 30THHO.
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aper dealt with the test of simulation Wetland-DNDC applicability biogeochemical cycles in Western

Siberia by various environmental factors. We have the good agreement between the results of modeling

and dinamics data of field observations of emission from the surface of carbon emissions low pine-shrub
phytocoenosis and sedge-sphagnum bog. Model generally overestimate emissions compared with observa-
tions. Although the nature of its seasonal dynamics is calculated correctly. Analysis of the estimated net ecosys-
tem production (NEE) indicates incomplete adequacy Wetland-DNDC model and methane emissions modeling
gives not adequate results for the southern taiga of Western Siberia.It is definite by wrongly implemented algo-
rithm play snow accumulation and melting in the model. Its correction can improve the predictive properties of
the model complex. From the point of view of modeling the likely reaction swamps of climate change on the
range of tens to hundreds of years, this model is of limited value, since by its nature does not provide simulation
capabilities to assess the sustainability of modern states of wetland ecosystems, to formulate criteria for viola-
tions of its losses and gain a picture of the transition from one steady state of the other. Its necessary to combine
the model of biotic turnover and processes gas, heat and moisture in the peat deposit on a seasonal or annual
time scale to implement this goal.

MosennpoBaHne AMHAMUKIN 3MUCCUN NAPHIKOBBIX Fa30B
C BepXoBbiX O0NOT HOMKHON Taiirn 3anaaHoin Cubupw
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a OCHOBE HAOJIOACHUIA 32 COCTABISIOIIUMHU YINIEPOAHOTO OajlaHCa B COUYETAHUH C MOJCIUPOBAHUEM
MOKHO OIICHUTH 3BOJIFOI[UIO OKOCUCTEM ITPU BHEIIHUX BOZMYIICHUAX. Taxkas OILICHKa OCOGCHHO aKTYy-
anpHa 171 TOpdsHBIX 00JI0T OOpeasbHOM 30HBI, KOTOPBIE OKA3bIBAIOT CYIIECTBEHHOE, HO HEOTHO3HAY-
HOE BIIMSIHUE Ha ra3oBbId cocTaB armocdepsl. Obnanas yHUKaIbHON ClIOCOOHOCTBIO JIOJITOBPEMEHHOTO U3bsi-
THA YITICKUCJIOTO rasa m3 aTMOC(bepI)I IIYTEM CBA3bIBaAHUA YIJIICpOda B Top(be, OHH OJHOBPEMEHHO SABJISAIOTCA
OIHUM M3 KJIIOYCBBIX MCTOYHHUKOB MCTaHa, KOTOprﬁ CUJIBHO BJIMACT HaA (bOTOXI/lMl/IIO aTMOC(i)epI)I 1 KJIMMart.
ITostoMy peakiiusi OOJIOT HA KIMMAaTHUCCKHE U3MCHEHUSI U XO3SIMCTBEHHBIC BO3JCHCTBUS OOYCIIOBJICHA KaK
OMOJIOrNYEeCKUM KPyTrOBOPOTOM, BKITFOHAIOIINM MUKPOOHYIO IECTPYKIHIO MEPTBOIO OPraHUYECKOT0 BELIeCTBA
U TeTepoTpoHOE AbIXaHUE, TaK U NPOLECCAMHU TeHEePALH, TPAHCIIOPTa U NONIOLICHUS METaHa B TOP(SHBIX
ciosix. MIToroBast aMuCCHs YIIIEpOJCOIEPIKAIINX T'a30B ¢ OOJIOTHOM MOBEPXHOCTH SIBJISIETCS IIPOLYKTOM CIIOXK-
HBIX OMOXMMUYECKUX B3aUMOJICHCTBUI 1 3aBUCUT OT TUIIA SKOcUcTeMbl. [loaToMy B X0/1e paboThl 00bEANHEHBI
skcriepumenTanbhbie qanabie CHOHUCXuT Poccenbxo3akagemun u Maremarndeckue mozaenun MDA PAH
JUISl ee a/IeKBaTHOM OLIEHKH ¥ IIPOTHO3a.
OOBEKTOM HCCIICIOBAHUS SBJISICTCS YYaCTOK HATHBHOTO OJTUTOTPOGHOro 60I0Ta B Ipeeiax Boxocoop-
HoM rutomamy p. Kimtou B bakuapckom paiione Tomckoii obnactu. Mcenenyemast TeppuTOpHs BKIIIOYAET CIIETy-
IOIIME BHBI OMOTEOIEHO30B: COCHOBO-KYCTAPHUYKOBO-C(arHOBbIN (BBICOKHH PsIM), COCHOBO-KYCTapHUYKO-
BO-C()arHOBBIIl C yTHETEHHBIM JPEBOCTOEM (HU3KUI PSIM) U OTKPBITYIO OCOKOBO-C(HarHOBYIO TOIb. MOIITHOCTD
TOpGsHOM 3aeku OT nepudepuu 6010Ta K IIEHTPY u3MeHsiercs ot 0,9 M 10 3 M.
Wmurannonnas Mmaremaruueckas monesib Wetland-DNDC cocTouT U3 ruIposiornaeckoro 0yioka, pac-
CUUTBIBAIOUICTO 3BAIIOTPAHCIIMPAUIO PACTUTEIILHOI'O ITIOKPOBA 1 MOYBbI, HOBerHOCTHbIﬁ u Fﬂy6HHHbII>1 CTOK,
ypOBeHb OOJIOTHBIX BOJI, OJIOKA HA3€MHOW PaCTUTEIBHOCTH, B KOTOPOM PAaCCYMTBHIBAIOTCS OCHOBHBIE MOTOKU
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yIIeposa, a30Ta U BJIary, COCTaBIISIOIINE ONOIOTHUECKUI KpyTrOBOPOT JUIS IPEBECHOTO, KyCTapHUKOBOTO SIpY-
COB, OCOK M MOXOBOT'O TIOKPOBA, a Takxe 0JIoka OMOre0XMMHYECKHX [IUKIIOB B ITOYBE, B KOTOPOM COCPEI0TOYE-
HBI aJITOPUTMBI pacueTa MpOLECcCOB PA3JIOKEHUS] OPraHWYECKUX OCTAaTKOB, METaHOIe€He3a, HUTPU(UKAIINY,
(depmenTanuu 1 feHuTpuduKanum, Gopmupyrommx sMmuccuonssle noroku CO,, CH,, N,O, NO u NO, [1]. OTta
MO/JIeJIb ITO3BOJISIET JOCTAaTOYHO PEAIMCTUYHO PACCUUTHIBATH MPOAYKTUBHOCT PACTUTEIHLHOIO TOKPOBA, U3ME-
HEHHE COJepKAaHUS YITIEPOAa B OCHOBHBIX ITyJIaX 9KOCUCTEMbI, SMUCCUOHHBIE OTOKH MAapPHUKOBBIX Ta30B MOJ
JIeWCTBHEM BapHalMii €CTECTBEHHBIX (JAKTOPOB M CIIEHApHEB aHTPOIIOI€HHBIX BO3/EHCTBUI (pPyOKH, TTOXKapHl,
JpeHax, ynoopenus, econocanku) [2]. Wetland-DNDC npencrapinsieT coO0¥ MOJIENb IPOIIECCHOTO THIIA, KO-
TOpast BBIYMCIISICT OTOKH YIJIEpOAa, a30Ta M BJIard B 9KOCUCTEME COIVIACHO MaccO-0alaHCOBBIM WIIU SMITHPHU-
4eCKUM (PyHKIIMOHAJIBHBIM 3aBUCHMOCTSIM.

Ha ocHOBe MOATOTOBIEHHBIX AaHHBIX W YCTAHOBJICHHBIX KOI(QQHUIMEHTOB C MOMOIIBIO MPOrPAMMHOTO
xomiuiekca mozenu Wetland-DNDC [3] mpoBeieHO MIMHATAIIMOHHOE MOJICIIMPOBAHUE BCEX BEJIMYMH, BRIUUCIISC-
MBIX MOJIEIBIO, s ieproga 2006-2011 r.r. Ha CyTOYHOM MaciiTade BpeMEHH Ha TPpeX OMOTeOIeHO3aX BEPXOBOTO
6omnora. Ocoboe BHUMaHHE YIEISIOCh SMUCCHH YIIICKHCIIOTO Ta3a, COCTOSIICH U3 IbIXaHUs KOPHEH pacTeHHH,
reTepoTpodHOro (IOYBEHHOTO) JBIXaHUsSI M PA3JI0XKEHHsI MEPTBOTO OPraHWYECKOTO BELIEeCTBa [4], TOCKOIBKY JKC-
NeIUIIMOHHBIE U3MEPEHHs NI03BOJISIIOT CPABHUTH PEATIbHYI0 SMUCCHIO € pe3ysisTaTaMu MozenupoBanus. Ha puc.
1 nokazana auHamuka smuccur CO2 ¢ MOBEPXHOCTH BBICOKOTO PsIMa B CPaBHEHHH C JIAaHHBIMU HAOIIOICHUH.
BuzHo, 4TO MOJIENB B CpeTHEM 3aBBIIIAET SMHUCCHIO 110 CPABHEHUIO C PEaIbHOM, XOTSI KOppEsLus HaOIoneHuH ¢
TOYKaMH MOJIETBHBIX TPAaeKTOpHUi BeIcoKa. [Ipy cpaBHEHHUH C CE30HHBIM XOJIOM KIIMMAaTHYECKHUX XapaKTEePHUCTHK
BUJTHO, YTO BEJIMYMHBI SMUCCHH B 1I€JIOM COOTBETCTBYIOT YPOBHIO OOJIOTHBIX BOJ, HO TECHOM CBSI3H MEXLy HUMH
HET, 4TO yKa3bIBaeT Ha 3aBUCUMOCTb dMuccun CO, OT Jpyrux NpUPOAHBIX (PaKTOPOB.

Bornee TecHOE COOTBETCTBHE MOZIEIH M JAHHBIX HAOIIOEHUH OTMEYAeTCst Ul HU3KOTO PsiMa U 0COKOBO-
c(harHoBOH TOIH, YTO MOXKET OOBSICHATHCS 0OJIee TOUHBIM COOTBETCTBHEM PEaJIbHOM M MOJIEIIBHOI BEIMUUH
M0A3eMHOMN (PUTOMACCHI B 3TUX IKOCUCTEMAX, YeM JUIsl BBICOKOTO psiMa. [InKoBble MOzIEIbHBIC 3HAUSHHUS SMHUC-
cun uist 2011 1. B HU3KOM psiMe ITPEKPACHO COIIACYIOTCS C JaHHBIMU HaOmoneHui (puc. 2).
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Puc. 2. lunamuka smuccun CO, ¢ MOBEpXHOCTH HU3KOTO psiMa 3a 2009 1.

Hawmnyudiee cooTBeTCTBHE MOJIETH M HAOMIONCHUI OTMEYAETCs B CIIy4ae 0COKOBO-C(harHoBOil TOMH, B KOTOPOi OTCYTCTBY-
€T IPEBECHBII SPYC PaCTUTENBHOCTH (pHC. 3). DTOT pe3y/bTaT CBUIETEIBLCTBYET B I0JIb3Y IIPUMEHUMOCTH MOJIEIIH
Wetland-DNDC u k TpaBsiHbIM 00JI0TaM JIECHOI 30HBL.
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UYucras sxocucremuas npoaykuusi (NEE — Net Ecosystem Exchange) xapaxrepusyeT yriepomHblit
OIO/KET DKOCHCTEMBI M PaBHA Pa3HOCTH MEX/Ty ITOJHBIM (JOTOCHMHTE30M M CyMMOH aBTOTPO(HOIO U reTepo-
tpoduoro neixanust NEE = GPP — Ra — Rg = NPP — Rg [5]. B mogenu Wetland-DNDC Bennunna NEE cye-
CTBEHHO 3aBHCUT OT IapaMeTpU3alliK YUCTON EePBUYHON MPOTYKIIMK U TOYBEHHOTO JbIxaHus Rg uepes xin-
MaTHYECKUe MapaMeTpbl ¥ YpOBEHb OOJIOTHBIX BoA. BHyTpucesonnas nunamuka NEE w3meHunBa u TecHO
CBsI3aHA C YPOBHEM OOJIOTHBIX BOJI, ONPEEISIONINM TOJIIUHY aHadpOOHOH 30HBI, TEMIEPaTypoi TOpIHOM
MIOYBbI, MUKPOOMOJIOTHYECKOH akTUBHOCTHIO. Ha puc. 4 mokazaHbl pe3ysbTaThl MOAEIBHOTO pacyeTa YHCTOM
SKOCHUCTEMHOM MPOJYKIIUU SKOCUCTEMBI BEICOKOTO psAMa 3a mepron 2009-2011. /{ns 3Toro yyacTka XapakTepu-
3yercsa BenuurHa NEE MeHbllle HynIsl B TEUEHUE BETETAlMOHHBIX CE€30HOB, OTKYy/a CIEIYET, YTO IKOCUCTEMA
siBisiercst uctouHukoM CO, — COBOKYITHOE JIbIXaHHe MpeBaIUpyeT Haj GoTtocuHTe30M. BeposiTHO, 3TO 00BsIC-
Hsiercst HU3KUM YBB (aspoOHast 30Ha BenMKa, 1 HHTEHCHBHOCTD PAa3JIOKEHHSI PACTHTEIILHBIX OCTATKOB B HEM
BbICOKast). JIJIsi HU3KOro psiMa U OCOKOBO-C(arHOBOIl Tonu cutyarms npotuBonoiaoxHa: NEE > 0 mouru Ha
BCEX BEreTallMOHHBIX EPUOAAX, U 00€ SKOCHCTEMBI SBIISIOTCS MTOVIOTUTEISIMU YIIIEKHCIOTHL.
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Puc. 5. lunamuka ancroii sxocucremuoi npoxykiun (NEE) sxocncremsr Huzkoro psima 3a 2009-2011 rr.
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Puc. 6. lunamuka amcroii sxocucremHoit npoxykuun (NEE) ocoxoBo-cdarnosoii Torm 3a 2009-2011 rr.

SIBnsisich Gonee CHIBHBIM TapHUKOBBIM Ia30M 110 CPAaBHEHHIO C YIIIEKHCIOTOH, MeTaH 00pa3yeTcsi B aHa-
9po0OHOI 30HE TOPGSIHOM 3aJIeKH KaK IMPOILYKT YACTHYHOTO PA3JIOKEHHsI MEPTBOTO OPraHMYECKOTO BEIECTBA
MHUKpPOOpPraHU3MaMH U OaKTepUsIMH-METaHOTEHAMH, TOIHUMAETCsl K MMOBEPXHOCTH, OTYACTH OKHUCIISISICH 10
YIIIEKUCIIOTHI B pe3yJbTare NoTpeOieHnss MUKPOOPraHn3MaMUu-MeTaHOTPOpaMu. DTa COBOKYITHOCTh CIIOHBIX
MIPOIIECCOB METaHOTEHE3a, TPAHCIIOPTa U IOTpedieHnst MeTaHa oTpakeHa B Moaenn Wetland-DNDC, xors u
CKpBITa OT MOJIb30BaTeNsl BHYTPU IPOrpaMMHOTo kofa. C IOMOIIBI0 MOJIETTH PACCUUTAHBI CE30HHAs JUHAMUKA
SMHCCHU MeTaHa U3 TOP(SHBIX 3ajexell TpexX THIIOB BEPXOBBIX OOJIOT IOXKHOH Taiirm 3amamnoit Cubupu u
OILICHKH CyMMapHO# rogoBoi smuccuu 3a nepuon 2006-2011 r.r. MozenbHas MeXrofoBasi JTUHaAMHUKa BblejIe-
HUSI METaHa B TPEX BUAAX BEPXOBBIX OOJIOT XapaKTepU3yeTcs CHIBHOW N3MEHUYHUBOCTHIO — HANOOJBIUHA TTOTOK
OTJIMYAETCs! OT HauMeHsbIero 6osee, 4eM B 10 pa3. [IprumHa 31010, M0-BUANMOMY, TAKKE COCTOUT B HECOBEP-
meHcTBe Oioka moaenn Wetland-DNDC, oTBeuaromero 3a CHerotasiHie ¥ 3MMHee CHETOHAaKOIUICHHE BO BHY-
TPUKOHTUHETAIIBHBIX palioHaX. B CBsI3M ¢ 3TUM 3aTpyAHUTENBHO HCIIOIL30BaTh JAHHYIO MOAENb AJS OLIEHKU
SMHCCHU MeTaHa U3 OO0JIOT ITpY U3MEHEHNH KIIMMaTa, IIOCKOJIbKY M3-32 HEBO3MOXKHOCTH YIIpaBJIEHH IapaMe-

CITES'2013

INTERNATIONAL CONFERENCE ON COMPUTATIONAL INFORMATION TECHNOLOGIES FOR ENVIRONMENTAL SCIENCES

3

session



session 3

CITES'2013

INTERNATIONAL CONFERENCE ON COMPUTATIONAL INFORMATION TECHNOLOGIES FOR ENVIRONMENTAL SCIENCES

TpaMH CHETOHAKOIUICHHsI HEBO3MOXXHO BEpU(UIMPOBATH MOAENIb B YacTH, UMUTHPYIOIIEH MOTOK MeTaHa U3
TOp(SHOM TOJIIHU B aTMOCHEDY.

B pesynbrare paboThl IpoBepeHa NPUMEHUMOCTb nMuTaronHol moaenu Wetland-DNDC k mozpenu-
POBaHHMIO IMHAMUKY OMOr€OXUMHUYECKUX IIUKIJIOB B OOJIOTHBIX IKOCHCTEMaX IOXKHOM Tairu 3anagHoit Cubupu
O/l ISWCTBHEM Pa3IMYHBIX MPUPOIHBIX (hakTopoB. [TomyueHo Xxopollee coriacoBaHue pe3ysIbTaToB MOJEIH-
POBaHMs C JaHHBIMU HAaTypPHBIX HAOIIOACHHI 32 YMUCCHEH YITIEPOICOACPIKALIUX I'a30B C IIOBEPXHOCTH HU3KO-
TO psiMa U 0COKOBO-C(arHoBOM Toru. JIJist BRICOKOTO psiMa MOJENb B II€JIOM 3aBBIIIACT OLEHKY SMHCCHHU 110
CPaBHEHHIO C HAOJIIONEHUSIMH, XOTSI XapaKTep ee Ce30HHOI AMHAMUKM PACCUMTHIBACTCS BEPHO. AHAIIU3 pac-
4YeTHOM uncTor skocucrtemHol nponykuuu (NEE) mokaspiBaer HenonHylo agekBaTHOcTh Mozenu Wetland-
DNDC B cMmbIciie OTpa)KeHUsI HA3eMHOM 4acTH OMOTHYECKOTO KPYroBOpOTa, @ MOAEIMPOBAHUE IMUCCUU MeTa-
Ha J]aeT pe3yJIbTat, He aJeKBaTHBIHN JUIsl I0’KHOH Taiiru 3anaaHoil CuOupy B crily omiOO4YHO peasn30BaHHOTO
aNropuT™Ma BOCIPOM3BEJCHHS CHETOHAKOIUICHHUS M CHEroTasHus B 3Toi Monenu. Ero ucnpaBieHne MoOXeT
YAy4IIUTh MPOTHOCTUUYECKUE CBOMCTBA MOJEIBHOro KoMiiekca. C TOUKM 3peHHs MOJCIUPOBAHUS PEaKIUU
00JIOT Ha BEPOATHBIE N3MEHEHHS KIIMMaTa Ha MHTEePBaJIe IECITKOB-COTEH JIET JJaHHasi MOJIeIb UMEET OIpaHu-
YEHHYI0 LIEHHOCTb, MIOCKOJIbKY B CHJIy CBOETO MMHUTALIMOHHOTO XapakTepa He JaeT BO3MOXKHOCTH OLCHHUTh
YCTOWYHMBOCTh COBPEMEHHBIX COCTOSHHN OOJIOTHBIX AKOCHCTEM, CHOPMYIMPOBATH KPUTEPUH €€ MOTEPH NPU
HapyLIEHUAX U MOJIY4YUTh BO3MOXKHYIO KAPTHHY CMEHBI OJJHOTO YCTOMUMBOIO COCTOSHMS Ipyrum. [{ng ocy-
IIECTBJICHUS TAKOH 1I€JIH HEOOXOJMMO OOBEIUHUTH MOJENIM OMOTHYECKOTO0 KPyroBOpPOTa M MPOLECCOB Ta3o-,
TEIJIO- ¥ BIarooOMeHa B TOP(STHOW 3aJIeKH Ha CE30HHOM MJIM TOI0BOM MaciuTade BpeMEHH.

Pabora BrinonHena npu ¢puHancoBoi nopaepxke PODOU mon pd up Ne 12-05-90815
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Influence of anthropogenic climate forcing on some storm track
characteristics in the Northern Hemisphere
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sented. For our study we used global large scale climate system model of intermediate complexity. The

climatic scenario RCP 8.5 was used as a scenario of anthropogenic load. We considered dynamics of the
seasonal mean (winter — December, January, February; summer — June, July, August) v-variance at 250 mb
((v’v’) at 250 mb) as an indicator of the storm tracks activity and eddy momentum flux at 250 mb ((u’v’) at 250
mb) as an indicator of eddy kinetic energy behavior.

The study showed that areas of maximal storm track activity shift in the meridional direction to high lati-
tude simultaneously with the atmospheric CO, concentration increase and shift back with further CO, concentra-
tion decrease. But the amplitude of the storm track activity doesn’t change back to preindustrial value with the
CO, concentration decrease. Thus the amplitude of the storm track activity exhibits weak hysteresis effect.

This work is partially supported by the Ministry of education and science of the Russian Federation
(contract #8345), SB RAS project VIII.80.2.1, RFBR grants #11-05-01190a, 13-05-00480, 13-05-12034, and
integrated project SB RAS #131.

The study of the storm track behavior under increasing and further decreasing anthropogenic load is pre-
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Beenenne

B nocnennee BpeMs HaOM0MaeTCs yBEINYCHNE TII00ANBHOM BBICOTHI TPOTIONAY36I, KOTOPOE TECHO CBSI-
3aHO C CHCTEMAaTHYEeCKMM HM3MEHEHMSAM TeMIIepaTyphl HHKE M BBIIIE TPOIOMay3bl: TeMIepaTrypa Bo3IyXa B
Tpornocdepe MOBHIIIACTCS, @ B CTpaToc(epe — IMOHWKAECTCA. DTH TeMIlepaTypHble U3MEHEHHS OKa3bIBAaIOT
3HAYMTENIFHOE BIMSHHE Ha 30HAJIBHYIO COCTABIIAIONIYIO CKOPOCTH BeTpa BepxHeH Tpomochepbl W HIKHEH
ctpatocdepsl (12-16 kM) CyOTPONHKOB. YBEIMUCHUE TEMIIEPATyphl B TPOITMKAX U €€ MOHWKEHHUE BO BHETPO-
MUYECKUX [MIMPOTaX Ha JaHHON BBICOTE MPUBOIUT K YBEIWYCHHUIO MEPUINOHATIBHOTO TPaIueHTa TEMIIEPaTyPhl
Y 30HaJILHOM COCTaBIIAIONIEH CKOPOCTH BeTpa. LleHTpanbHyI0 pojib B 3TOM MEXaHHU3ME UTParoT BHETPOIHYE-
CKHe Tponoc(epHbIe BUXPH, KOTOPbIE CMEIIAIOTCS Ha BOCTOK (C 30HAJIBLHBIM IOTOKOM) M K 3KBaTOpY, 1OKa HE
JOCTHUTAIOT CBOCH KPUTHUYECKOI IMPOTHI, TIe UX (ha3oBasi CKOPOCTh CTAHOBHUTCS PABHOM CKOPOCTH (POHOBOTO
30HAJIBHOTO MOTOKA.

Bomnpoc 3akimouaeTcs B CIeAyIONeM: MOXKET I H3MEHEHHE KIIMMaTa 0Ka3aTh CyIIeCTBEHHOE BO3IEHCT-
BHE Ha PACHOJIOKEHHE M HHTEHCHUBHOCTH IITOPM TPEKOB cpeqHuX mmpoT? LITopM Tpeku ompenensercs, Kak
00J1acTH CUIIBbHOIN OaPOKIMHHOCTH (MaKCHMyM MEPHAMOHAIBHOTO TPaUeHTa TEMIIEpPaTyphl), KOTOphIE Ompe-
JICIIAIOTCS] Ha OCHOBE BUXPEBBIX CTAaTUCTHK, TAKMX KaK BUXPEBBIC TIOTOKH MOMEHTa UMITYJIbCA, SHEPTHUHU U BiIa-
ri. BHeTponmueckne BUXpH SBISIOTCA MPOLYKTOM OapOKIMHHON HEyCTOMYMBOCTH, KOTOpasi MPOSBISETCS
0COOEHHO CHJIBHO 3MMOM, KaK CJICACTBHE CYIIECTBOBAHHUS B 3TOT CE30H CHIBHOTO IPaJHeHTa TeMIIEPaTypbl
MEXIy PKBaTOpoM M moirocoM. LIITopM Tpeku mMpHHOCAT CUIbHBIC JTUBHU U JPYTHE OTIACHBIE SIBICHUS ITOTOBI
B CPEAHUX IINPOTAX, U KPOME TOTO OHU UI'PAIOT BAXKHYIO POJIb B ITI00ATFHOM KPYTrOBOPOTE YHEPTUHU U THIPO-
JIOTHYECKOM IIUKJIE.

HWccnenoBanus BIUSHUS KIMMATHYECKUX N3MEHEHUH Ha IITOPM TPEKH BEIyTCS B pa3HBIX HaIlpaBIICHH-
ax. Mccnenyrores kKak CpaBHUTEIBHO JIOKAJIbHBIE MIPOSIBICHHS (HaIIpUMeEp, 4YaCcTOTa, MOIIIHOCTh, CKOPOCTH ITH-
KJIOHOB U aHTUITMKIJIOHOB), Tak U 0oJiee IodaIbHbIe XapaKTePUCTUKY (HapuMep, BUXPEBbIC MOTOKH UMITYITb-
ca, Terna, Bnaru) [1-3]. B HacTosimee Bpemst, 111 UMUTAITUH I100aTbHOTO KITMMATHIeCKOTO BO3ICHCTBUS IITH-
poko ucnonesyrores crienapurd SRES. B nccnenoBanusax, MOCBAIMIEHHBIX IITOPM TPEKaM 9acTO HCIIOIB3YIOTCS
oIuH KnnMaTtrueckuit crieHapuit (dacto SRES A1B) u ongna (Hampumep, [4]) unu ancam6ms (Hanpumep, [5, 6])
KIIMMaTHYECKUX Mojenel. B Hacrosmiee BpeMsi OOJIBIIMHCTBO MCCIIETOBAHUI MTPOBOJUTCS TOJIBKO JUIS yCIO-
BUH pacTyIIero aHTPOINOT€HHOTO BO3ICHCTBUS, HO MBI CUMTaeM, YTO HE MEHEe Ba)KHO MOHSATH, SBIAIOTCS JIU
U3MEHEHHS, KOTOpPBIE IMPOUCXOIAT C MapaMeTpaMu KIMMAaTHYECKOM CHCTEMBI BCIEACTBHUE BIMSHUS I00ab-
HBIX H3MEHEHH KiInMara, 00patuMeIMu [ 7]. HekoTopele mapamMeTpsl, Takue Kak 0CaJKH, 00JIadHOCTh, MHOTO-
JIETHSS MEP3JI0THI, IPOJEMOHCTPHUPYIOT SIBHOE THCTEpe3ncHoe oBeaeHue [8, 9]. B coeit pabore MBI Hcceno-
BaJIM TIOBE/ICHHUE IITOPM TPEKOB B YCIIOBHSIX YCHIJICHHS M JabHEHUIIIET0 CHHKEHUS aHTPOIIOT€HHON Harpy3KH.

IKCIIEPUMEHT

UwncneHHbIN SKCTIEPUMEHT ObLT TOCTABJICH C IIOMOIIBIO TII00ATBHON KPYITHOMACIITAOHOW MOMIETH KIIH-
MaTH9eCKOM CHCTEMBI TPOMEKYTOUHOI ciokHOCTH «Planet Simulator» [10]. [Ing uccnemnoBanuii MBI UCTIONb-
30BaJIi CLIEHAPHH, OTPAXKAIOIIUI KaK pOCT KOHIIEHTPAIIMH YITIEKUCIIOTo Ta3a B aTMocdepe B pe3ysibTare aHTpo-
MIOT€HHOTO BO3JICUCTBHS, TAaK M MOCIEAYIOIIee ee MajeHie U BO3BpalleHHe K JJOMHAYCTPHAIBHOMY 3HAYECHHIO
(http://climate.uvic.ca/EMICARS), koTopblif cOCTOUT U3 HecKoNbKUX yacteii: ¢ 850 mo 2005 roxs! KOHIIEHTpa-
uus CO, 3aaBanach B COOTBETCTBUH ¢ poTokosioM «Historical simulations» mpoekra cpaBHeHHUs KITUMaTH4e-
ckux monenet CMIPS, nanee, ¢ XXI mo XXIII usmenenue konnentpaun CO, B aTMocdepe ycTaHaBIHBA-
JIOCh COTYIAaCHO HauboJiee arpecCHBHOMY KiimMaTtnueckomy ciieHapuio RCP 8.5, mocie dero B Teuenne XXIV
— XXIX xoHIEHTpaIus YIIEKUCIIOro ra3a B arMocdepe Obla 3agukcrupoBaHa Ha YpOBHE, KOTOPOTO JOCTUTTIA
B 2300 roxy, a B TeueHne XXX — XXXI xounentpanus CO, Bo3Bpamianach K JOMHIYCTPpUATHLHOMY 3HaYe-
HUIO, TIPH 3TOM J0 JTOUHAYCTpUANBHOTO 3HaYeHns KoHneHTpanus CO, nuHeltHO maana B TeueHne X XX, a 3a-
TeM (PUKCHUPOBANIACh 10 OKOHYAHHS pacyeTa.

[t cpaBHEHUSI aKTUBHOCTH ILITOPM TPEKOB MbI BEIOPAITH AEBSITH JECATHICTHUX BPEMEHHBIX HHTEPBAJIOB
CO CJIEYIOIIMMH XapaKTEePUCTUKAMU COCTOSTHHUS KOHIICHTPALIMH YIVIEKUCIIOro ra3a B armocdepe. [lepBblit uaTep-
BaJl XapaKTEePU3YyeTCsl YCTOHYMBBIM IOMHYCTPUATBHBIM COCTOSIHUEM KIIMMATHUECKON CUCTEMBI, BTOPOM MHTEP-
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BaJI BBIOPAH TS yCIIOBUIA Hauaa pocta koHlentpaiuu CO, B atmocdepe, TpeTrii — B cepeinHe Ieprojia pocTta
xoHueHTpaimu CO,, 4eTBepThIii — B KOHIE nepruoza pocta koHueHnTpauun CO,. [TaTelii nHTEpBa) OBLT BHIOpAaH
JUISl yCIIOBUM YCTOMYMBOTO COCTOSIHUS KJIMMAaTH4ECKOI CUCTEMBI C SKCTPEMANIbHO BEICOKHM 3HAaUE€HUEM KOHIIEHT-
pauuu ymiekucioro raza B armocgepe. lllectoi, cebMoii 1 BOCBMOI HHTEPBAJIbI COOTBETCTBYIOT YCIIOBHSIM, CO-
OTBETCTBEHHO, HaYaJa, CEPEIMHbI M KOHIIA TIEpUO/Ia ITaieHNs KOHLIEHTpaluK aTMOCc(epHOro AMOKCHAA yIiIepoaa.
ITocnenneMy, neBATOMY MEPUOIY, COOTBETCTBYIOT KIMMATHUECKHE YCIOBUS C JOMHIYCTPHAIbHBIM 3HAYEHHEM
xoHueHTpaimu CO,, K KOTOpoMy chcTeMa ObliTa BO3BpaIlieHa K KOHIY MOZIETMPOBAHHSL.

B kauecTBe MHIMKATOpPa aKTMBHOCTU LITOPM TPEKOB MBI HCIIOJNB30BAIM CPEHECE30HHBIE (31MMa — JIe-
KaOpb, STHBaph, )eBpallb, ¥ JIETO — HIOHb, UIOJIb, aBI'YCT) BapHALl MEPHIMOHAILHON COCTaBJISIONIEH CKOPOCTH
BeTpa Ha BbicoTe 250 MO, ocie10BaTeIbHOCTh BEIYHCIICHUSI KOTOpOi Obua cienytomeid. CHadasna, 4ToObl 1aib-
Helimmas paboTa MPOUCXOAWIIa TOJIBKO C MPOLECCaMU CHHONTHYECKUX BPEMEHHBIX MacmTaboB (2-8 cyTok), B
paMKax Kak/10To U3 JAEBSITH HHTEPBAIOB Obliia Npou3BeaeHa (priibTparlys Moyiei 3HaueH!H MEepUINOHAIBHOM CO-
craBisoniel ckopoctu Betpa [11]. lanee, ncnosnb3yst OTUIBTPOBaHHBIE 3HAYEHUS OTACIBHO ISl 3MMHETO U
JIETHETO CE30HOB, ObliTa BEIYMCIICHA CPEIHSS 38 CE30H BapHalysl yKazaHHOH BennuuHel [ 1, 2]. Hapsiny ¢ aktuBHO-
CTBIO ILITOPM TPEKOB MBI pacCMaTpHBaJI BUXPEBOI MOTOK MMITyJIbca Ha 250 MO, Kak BEJIMYMHY XapaKTepH3ylo-
Y10 TMOBE/IEHUE BUXPEBOI KnHETH4YeCKoi aHepru [1, 2]. Ero pacdyer ocymiecTBIsUICS MO TOM K€ CXeMe U st
TeX e BPEMEHHBIX HHTEPBAJIOB U CE30HOB, YTO U BapHaLlUsl MEPHIUOHATIBHOM COCTABMISIOLIEH CKOPOCTH BETPA.

Pe3yabTarsl

Msur C(I)OKyCI/IpOBaJ'II/I Hallle BHUMAaHKUE Ha 00JIacTIX MAaKCUMAaJIbHOM aKTHBHOCTH IITOPM TPEKOB. YroObI
HU3Yy4YUTh AUHAMUKY IITOPM TPEKOB B HAIIPABJICHUHN OT 3KBATOPa K CeBepHOMy IOJIIOCY, ObLIN IMOCTPOCHEI JUa-
T'paMMbI XO(l)MéJ'[J'Iepa I OCPECAHCHHBIX 3a Ka)XKJ0€ U3 ICBATU )ICCHTI/IJ'IGTI/Iﬁ CPCAHE30HAIbHBIX 3HAYCHUMN
JUCIICPCUN V-KOMIIOHCHTBI BETpPa Ha BBICOTEC 250 M6, KOTOpas sBJIACTCA 4aCTbIO BHXpeBOﬁ KUHETHYECKOU
sHepruu (puc. 1). J[ist 000ux Ce30HOB, 3MMHETO U JICTHETO, THarpaMMbl ICMOHCTPHPYIOT CMEIIIEHUE 00acTen
MaKCHMaJbHOW aKTUBHOCTH TOPM TPECKOB B HAIIPABJICHUU IIOJIFOCA B YCIIOBUAX POCTAa KOHLUCHTpAIIUN YIJIC-
KHCJIOI'O ra3a B aTMOC(l)epe. KpOMe TOT0, JIA JICTHCTO CC30Ha MNPOABIACTCA CHUKCHUC AKTUBHOCTHU LITOPM
TPCKOB. HpH CHWIKCHUU KOHIICHTPpAX COZ B aTMocCpepe 00J1aCTH MAaKCUMAJILHOM aKTUBHOCTH 1ITOPM TPEKOB
CMCHIAKOTCA O6paTHO, 1 aKTUBHOCTH IITOPM TPEKOB JICTHETO CE30HA CTPEMUTCA K MPECUHAYCTPpHUAJIbBHOMY 3HaA-
YCHUIO. O)lHaKO, TOPM TPEKH 3UMHCETO CE€30HA IMPU KOHEYHOU (I)I/IKcaHI/II/I 3HA4YCHHUA KOHICHTPAUU YITICKUC-
JIOTrO ra3a nposBJIAOT Jlam,Hei/imee CHMI)KCHHUC aKTUBHOCTH.

'53' T L T T I T T
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Puc. 1. [lnarpammbiXodMméEnnepa st OCPSTHEHHBIX 3a KQKI0€ U3 ICBATH NCCATUICTHH CPEAHE30HATBHBIX 3HAUYCHUH JH-
CIIEPCHH V-KOMITOHEHTHI BeTpa Ha BeIcoTe 250 MO jutst 3uMHero () u netHero (6)ce30HoB. Ock X — HoMep 10-eTHero Bpe-
MEHHOTO OTPE3Ka, 0Ch Y — MIUPOTA.

Kaxk BuiHO Ha pucyHKe 1 MakCUMalbHYIO aKTUBHOCTB LITOPM TPEKH NMPOSABIIAIOT Mexxay 54° u 55° c.u. [Ipu
JIOJITOTHO-BPEMEHHOM PacCMOTPEHHH Ha IUpoTe 54,4° Mbl NOIYYHIHN, YTO ATIAHTUYECKUH IITOPM TPEK MPOSBIISIET
0OJIBIINIA OTKJIMK HA BapbHPOBaHHE KOHIIEHTPALMK YIIIEKUCIIOro ra3a B armocdepe, yem TuxookeaHckuid. Kpome
TOrO, aMIUIUTYAa AKTUBHOCTH, KaK ATIQHTHUYECKOTO, Tak U THXOOKEaHCKOIo IITOPM TPEKOB HE BO3BpAlIaeTcs K
MIPEVHYCTPHAILHOMY 3HaYEHHIO U TIPOAOIDKAET afaTh IIPY KOHEYHOH (ukcanmu koHueHTparmu CO,.

[Ipu paccMoTpeHHH BHXPEBOTO MOTOKA MMITYJIbCA MBI HOJIyYHIIM CXOXKYI0 KapTuHy. Ero abcomorHoe
3HA4YEHHUE BO3pPACTaET C yBEIUUYEHHUEM aHTPOIIOTEHHOM HAarpy3KHU U CHUXKAeTCA C €€ yMEHbLIeHueM. J[1st 3umHe-



IO CC30Ha BPIXpeBOﬁ TMOTOK MMITYJIbCa ACMOHCTPUPYET 0oJiee CUIILHBIN OTKJIMK, YCM JId JICTHECTIO. Z[aHHoe
Ppa3jInviue B IMPOSABJICHUU OTKJIMKA OYCBUIHO CICAYCT U3 pa3n1/1q1/1171 6ap0K.]'II/IHHOI71 AKTUBHOCTH 3THUX CC30HOB.

3akiouenne

Haru uccnenoBanumst HarISIHBIM 00Pa30M JIEMOHCTPUPYIOT, YTO BapHAIlUsl KOHICHTPAI[MH YIIIEKUCIIO-
ro rasa B arMocdepe CylneCTBEHHBIM 00pa3oM BIIHSIET Ha MOBEAEHHE MITOPM TpekoB CeBEPHOTO MONyIIaPHS.
[IpoucxoauT cMelieHre obacTeil MaKCUMaIbHOW aKTUBHOCTH IITOPM TPEKOB, M3MEHEHHE aMILTUTY/IbI HX aK-
TUBHOCTU. KpoMe Toro, py CHU)KEHUH aHTPOIIOr€HHOM HATPY3KU U BO3BPAIIEHHUH €€ K MPEUH Iy CTPHATEHOMY
COCTOSIHUIO (TIOCIIE €€ MPEABAPUTEIILHOTO YBEIMUYESHHUS ) ITOPM TPEKH IEMOHCTPUPYIOT Cl1ab0€ TUCTEPE3UCHOE
noBezenue. [lomyueHnsiil 3 PeKT oueHb HHTEPECEH U TPeOyeT AaTbHEHIIEr0 AKTHBHOTO U3YYEHHSL.

Pabora wactiaHo noneprkana MumncTepeTBoM 00pasoBanust 1 Hayku PO (kortpakt Ne 8345), CO PAH (mpoekr
Ne VII1.80.2.1 u unrerparpionssiii poekt Ne 131), PODU (poekrsr NeNe 11-05-01190a, 13-05-00480, 13-05-12034).
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Reaction of mountain glaciers to climate variability: a stochastic aspect
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not always correlated with atmospheric conditions changes. Sometimes it can be caused by local effects
(e.g., the topography), sometimes it can be a result of the accumulation of small influences during long time
and the subsequent significant reaction of the glacier. In these cases it is possible to research the glacier as a
complete system and its dynamics as a combination of slow and fast fluctuations. If the slow evolution of the
system is representing a result of influence of random processes (independent in time), it is base to use stochas-
tic differential equations. In this work, the theory of Brownian motion was applied to describe dynamics of a
mountain glacier as a response to changes in annual atmospheric conditions. Following steps were taken to
implement this method:
- the algorithm for GCM-data interpolation on the glacier surface and calculation a climatic equilibrium
line altitude (ELA) for every “model” year was created,
- equations of the minimal glacier model (author: J.Oerlemans) were transformed into a Langevin equa-
tion (the glacier length change was considered as the “slow” variable; the mass balance change (expressed as
variations of the ELA) as the “fast” variable)

It is considered, that fluctuations of glaciers are a reaction to climatic forcing. But glacier length changes are
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Aletschgletscher (The Alps) was chosen as an object of investigation.

As aresult, scale of the glacier length fluctuations caused by climate variability (within a climatic period
with fixed boundary conditions) was calculated. Measured changes of Aletschgletscher’s length during the 20th
century exceed the received values. It means that observed changes can’t be interpreted as a standard deviation
of the glacier length in stationary conditions, and it should be treated as superposition of long and unidirec-
tional climate change (in this case warming) and random influences caused by interannual variability of meteo-
rological conditions.

Peakuwna ropHoro onefeHeHnA Ha KonebaHnA Knumara:
CTOXaCTNYeCKWIA acnexT

'Mopo3soga [1.A., 2Kucnos A.B.

"WHeTutyT reorpacium PAH, Mockea, Poccua
2MocKoBCKuii rocyaapcTeeHHblil yHusepeutet, Pocena
E-mail: morozova_polina@mail.ru

Beenenue

[IpencraBnenne o TOM, YTO JIEJHUK €CTh NPOAYKT KIMMaTa, sIBISIETCS] OOIIEN3BECTHBIM B OOIIETIPHHS-
TeIM. KoneOaHus JUIMHBI JIETHUKOB OTHOCATCSI K HanOoJIee JIETKO PErMCTPUPYEMBIM TTOKA3aTeNsIM IIISIIAAb-
HBIX CHCTEM Ha M3MeHeHue kiaumara. OnHaKo, CBEAECHHS O MepeMeIleHnH (PPOHTOB JIEHUKOB, MOIyUSHHBIC
WHCTPYMEHTAJIBHBIMH, TeOMOP(]OIOrHIecKMH, O0TAHMYECKMMH METOJaMU U M3BECTHBIE MO0 MCTOPUIECKUM
JIOKyMEHTaM, CBUETEILCTBYIOT O TOM, YTO TIEPHUOABI MX CTaOMIIN3aINH, HACTYIIAHUS MITH JIETPAJaIiN JTAJICKO
HE BCErna COBNAAAIOT MO BPEMEHU HPOSIBICHUS ¢ TEKYIIMMU KIMMaTHYECKUMHU H3MeHeHusMH. MHoraa sTo
MOXET OBITh HapylIeHNe OOIIMX 3aKOHOMEPHOCTEH IO BIMSHHUEM JIOKaJIbHBIX (DAaKTOPOB (HAIpHMep, TOHO-
rpadus, SKCHO3UIMs WM MOp(OoJIoTHs JIeAHNKa). FIHOTAa e 3TO MOXKET OBbITh Pe3yNbTaToOM HAKOIJICHUS Ma-
JBIX BO3IECHCTBUH B T€UEHUE JOCTATOUHO AOJITOr0 MEPUOAA BPEMEHH U MOCIEAYIONIeH 3HAYUTEAbHOMN peaKiy-
eif nenHuka. PaccmarpuBaeMslii 2 dexT oTpaskaeT JOBOIBHO 00N MEXaHU3M (yHKIIMOHHUPOBAHHS «MACCHB-
HBIX» HHEPIIMOHHBIX 0OBEKTOB I10]] BO3IEHCTBHEM MEITKOMACIITaOHOTO ITyMa.

Jannas pabora npencrasiseT co00il ONBITKY pPacCCMOTPETh AMHAMUKY TOPHOTO OJIEAEHEHHUS C MO3H-
LI MapKOBCKOTO Tpoliecca, MpuieM (PU3NIecKoil 0CHOBOH BBICTYIIAET M3BECTHASI TEOPHsI OPOYHOBCKOTO JBH-
XKeHusl. B pamkax Takoro nozxxozaa ObUM OlEeHEHBI MacITaObl KoJeOaHuil (pOHTA O] BIUSHIEM MEKIOZ0BOM
HM3MEHYMBOCTH BBICOTHI CHETOBOW JIMHUU, KOTOpAasi, B CBOIO OYEPENb, PEarUpPyeT Ha U3MEHEHUE METEOPOIOTH-
YECKUX YCIOBUI B KOHKPETHBIN IO,

st pemiennst faHHOM 3a1a4M ObUT CO3/1aH allTOPUTM, KOTOPBIN BKJIIOYAJT B ce0sl HECKOIBKO OCHOBHBIX
JTaloB:

® VHTEPIOJISIHS METEOPOJIOTHYECKUX BEIMYHH B OpOrpaMueCcKH CII0KHOM paifoHe U3 y3JI0B MOJIEIH
obmreit mupkysiun atMmochepsl (MOLIA) Ha MOBEpXHOCTE JIGAHUKA C pa3perIcHHeM 1o BepTukamd 50 m;

® BBIYHCIICHUE BBICOTHI CHETOBO JTMHUY;

® JICIIOJTb30BaHNE «MHHUMAJIBHOW» MOJIENH JIEHIKA B KOHTEKCTE MaTeMaTHYECKOTO ammapara Opoy-
HOBCKOTO JIBW)KEHHMS JUIs pacueTa (IIyKTyalui JUTHHBI JIETHHUKA.

B kadecTtBe 00beKTa HccieroBaHus OblT BBIOpaH Ajeuckuii neaHuk (bepHckue AJbITbn). DTO CBSI3aHO C
xoporrei THPOPMAITMOHHOHN 00eCIIeYeHHOCTHIO (B YACTHOCTH, IMEIOTCSI BC€ HEOOXOMMBbIE 3HAUSHHS ITapaMe-
TPOB, KOTOPBIE MCITONB3YIOTCS B BEIYUCIICHUSIX KOJICOAHUH JUTMHBI JIEHUKA C TIPUMEHEHHEM «MUHUMAJILHOM
Mozerm I, Yprnemanca).

CroxacTnueckas MOA€Jb THHAMUKHA NOPHBIX JCAHUKOB

Mopgens 1eqHUKa JTOTMYHO JOJKHA CTPOUTHCS HA OCHOBE TPEXMEPHOM TUHAMUKU BSA3KO-IIACTUYHOTO
tena. OqHaKo, JMHAMUYECKHUI TIOAXOJ, BECbMA CIOKHO OCYLIECTBUM JJISi TOPHBIX JIEJHUKOB, MOCKOIBKY Ha
CETOHSAIIHHHN JICHB eIlle HeJOCTaTOYHO M3yYeHbI PEOJIOTHUECKIE CBOWCTBA JIbJIa, KpaifHe Masio HH(pOPMAIIHH O
CKOPOCTSIX JIBH)KCHHUSI BHYTPH JISIHHUKA, PacHpeiesIeHHH IUIOTHOCTH, OCOOCHHOCTSIX JIOXKa U MHOTHX APYTHX
rapameTpax. JTo MPHUBENIO K Pa3BUTHIO MPOCTHIX, HHTETPAIBHBIX (TO €CTh HE MMEIOIIEH IPOCTPAHCTBEHHOTO
paspeleHus) MoJIelel, KOTOphIe, TEM He MEHee, OKa3aJIiCh CIIOCOOHBI BOCTIPOM3BECTH MHOTHE BaXKHbIE aCTIEK-
TBHI N3MEHEHHS COCTOSTHMS JIEAHUKOB. B pamkax jaHHOH paOoThl OblIa MCIONb30BaHa MUHUMAJIbHAsT MOJIENh
nenuuka M. Ypnemanca [11]. B Heif 0CHOBHBIM TI0Ka3aTeNeM BBICTYIAeT AnHa Teauuka (L), uim spdexTus-
HBII pajilyc, €CIH pedb UJET O JISTHUKOBOM 1uTe. Teopust 0a3upyercs Ha IpeIIOoI0NKEHIH, YTO JIETHUK BCeT-
Jla IMeeT PaBHOBECHBIM NMPOQHIIb. DTO 03HAYAET, B YACTHOCTH, YTO JJIMHA M CPEIHSS MO MPOQUIIO TOIIIHHA



nemuuKa (H,) CBSI3aHbI MEXKIY COOOM MapadoIMYeCcKoil 3aBUCMMOCTHIO (0 e 000CHOBAHHOCTH - ¢M. [7]) ciemy-

romero Buaa: Hy, = @ *\I'Tg'r (’l + H-’L’} (B KOTOpOH @, L U V - TapaMeTpbl KOHKPETHOTO JiefHuka). [Ipu stom
ypaBHEHHE COXPaHEHHUs] MacChl, CBsI3bIBaOLIECe N3MEHEHNE 00beMa JIeIHUKa BO BPEMEHH C OIODKETOM Macchl,
TpaHCOpPMHPYETCs B ypaBHEHHUE, ONKCHIBAIOIIEEe H3MEHEHNE POTShKeHHOCTH Jietnuka L [11]:
L _ 201+pv) {—{].5,5'111.3*’2 LN B(bg— E}Lm)
de 3o 1+pv (1)
JIOTIOTHAUTENBEHO CHeNaHbl MPEATIONIOKEHNS O TOM, YTO JISTHUK PACHOJIOKEH Ha CKIOHE MOCTOSHHON
kpyTu3HbI (V) (b, - BBICOTA BepXHEW TOYKHW JenHuka). KpoMe Toro, /i MPOCTOTHl CUMTAETCS, YTO OIOKET
MACChI OITUCHIBACTCS JIMHEHHON 3aBUCUMOCTBIO OT BeICOTHI B = f(h — E) (h - BeicoTa Haxm ypoBHeM Mops, E -
BBICOTA TPAHMIIBI TUTAHUS JISAHUKA, HA KOTOPOH aKKyMYJIAIUS U aOJsIHs YpaBHOBEIIUBAIOTCA, a [3 — mapa-
MeTp KOHKPETHOTO JieTHNKa). B cirydae Anedckoro JiefHuKa 3Ta 3aKOHOMEPHOCTh UMEET MECTO.
YpaBaenue (1) onuceBaeT M3MEHEHHE BO BPEMEHH IIHHBI JICTHUKA B 3aBUCHIMOCTH OT U3MECHEHUH BbI-
COTHI TPaHUIIBI TUTAaHUA E.
B nacrosmeit pabote oOpaiieHo BHIMaHHUE Ha TO, YTO 3TO YpaBHEHUE MOXET ObITh HHTEPIPETHPOBAHO
TaK, YTOOBI OOBSCHUTH T€HE3NC IMHAMHUKH JIEJHHKA B TEPMUHAX IOAXO0AA, OA3MPYIOUIETOCS HAa KOHIECIIINN
OpOYHOBCKOTO ABIDKEHHA. JJoCTHTaeTcs 3TO aKIEHTUPOBAHHEM TOTO, YTO «CHIIBD), BO30OYKIAIOIINe THHAMUKY
JeTHNKA, GIYKTyHPYIOT OY€Hb OBICTPO TI0 CPABHEHHIO C €T0 MEUIEHHOH peakIiel Ha MX BO3ICHCTBHE.

Pasnenum o6e wactu ypasuenus (1) na /L u 3amumem ero B Gonee ynoOHOI hopMe OTHOCHTEIHHO
HOBOI1 epeMeHHol ¥ = 4/ L:
dy _ by o B ()8 E)
dt b 3 3o (2)

Oto HenmHEtHOe 0OBIKHOBEHHOE NN PepeHIaTbHOe ypaBHeHNE (YpaBHEeHIEe PUKkaTi) MoXeT OBITh
penreHo aHaTuTHYeCKH. OHAKO B HALIEM CJIydae OHO MOXET OBITh YIPOLIEHO ITyTEM €ro JITHEapH3auu. JTa
npoueaypa NpUMEHNMa, KaKk H3BECTHO, B CIydae aHaJIN3a «MaJIbIX H3MEHEHUIW U, IeHCTBUTENBHO, H3BECTHO,
YTO IO CPABHEHHIO CO CPETHUMH Pa3MepaMy BapUalliH JUTHHBI JISHHKOB THITYHO MBI (U AJICUCKOTO JIeT-
HUKa — 6%). B pesynsrare nuHeapu3anny ypaBHEHNS (2) OTHOCHTEIFHO PABHOBECHOTO 3HAYCHHUS ), IOy IHM:

% = —Ady + n% =—Ady+n (3)

B sToM ypaBHeHNH 0603HaueHO /7 = —EJE. 3nech B popMyiTy BBelleH MacITad n3MEeHeHNH (aMILTUTY-
J1a) BEICOTHI TpaHUIlEl uTanus (E,), a AE npeacraBiseT co0oit 6e3pa3MepHy0 BEITHUHNHY MOPSAKA SIHHUIIBL.
OcranpHble K03(PPUINEHTHI 3a1aI0TCS CIESAYIOMIMM 00pa3oM, BEIPAKAsCh Yepe3 XapaKTePUCTHKH KOHKPETHO-

TO JICAHUKA: (14 pv) Prvyg —af (14
R N}
B Jaox

st paccmarpuBaemoro genauka Aletschgletscher: by=3900m, p=10,v=0.1,00=3 m"2, B =0.007 1/
rox, L,=22000 m [14] . CootBercTBeHHO, ¢ = 0.002 rom'M? u 3HaueHue A ' (peAcTaBisronee cOO0H Xapak-
TepHOE BpeMsl N3MEHEHHH JUTMHBI JIGAHUKA) paBHO pHOIu3uTensHo 50 romam.

3Ha4yeHHs BBICOTHI TPAHHIIBI IUTAHUSI TPAKTHYECKH HE KOPPEIUPYIOT MEXTy co00il Ha MacmTadbax Bpe-
MeHH, npeBbimaronmx 7, = 1 ron [2]. [loatoMy mnpu aHanIm3e DIUTETBHBIX H3MEHEHHH (TTopsinka A ') Bo3nencT-
BHE BO3MYIIECHHI 4 F MOKHO C XOPOIINM NPHOIMKEHNEM pacCMaTprBaTh KaK JeJIbTaKOPPEINPOBaHHbBIN CiTydaii-
HBII nportecc (Oensrit nym). Torna ypaBaeHue (3) MOXKHO TPAaKTOBAaTh Kak CTOXacTH4ecKoe auddeperiuansHoe
ypaBHeHHe (Tak Ha3bIBacMoe ypaBHeHHe JlamkeBeHa), ONMCHIBAIOINIEE «MEUICHHBIE» TTPUPAILECHUS! [UTHHBI JIe/I-
HHKa 33 CYeT CyMMHPOBAHNS MHOTOYHCIICHHBIX «OBICTPBIX» U3MEHEHHUH BBICOTHI TPaHMIIBI UTaHus [1].

Pemenne cToxacTHYecKUX YpaBHEHHH CTPOMTCS /IS ONpENeNICHUS MOMEHTOB MCKOMOHM CITydailHOH
BenmmuuHbL. Tak, nucriepcus QiayKTyanuii onmchIBaeTcs BRIpaKeHHEM [1]:

4 Trof A
o= (1—e ), (5

B KOTOPOM TIPOCJIC)KUBAETCS 3aBUCHMOCTh OT MHEPIMOHHOCTH JIEAHMY2 (] ~') 1 BapHalliii BEICOTHI Ipa-
HMIIBI TUTaHHS (d€pe3 3aBUCHMOCTE ¢, oT E). Co BpeMeHeM IMCIEPCHsI C"_:.ﬂ YBEIMYMBACTCS, JIOCTUTas B
YCTAaHOBHUBILIEMCS pexuMe (¢ >> 1 ') cTalmoHapHOTO 3HAUCHHUS:

n Trh o Ty
O ALst T‘]gwjﬂﬁr = T‘] (6)

@dakTHYECKH, OTBET Ha IIOCTABICHHBIH B padOTE BOIIPOC O POJIM CTOXAaCTUUECKOTO BO3OYKICHUS B JTU-
HaMHMKe JIC[THIKA 3aBUCHT OT TOTO, KAaKMM OKaXXETCsl 3HaUCHHE ANCIIEPCUH, BEIpaskeHHOe (opmymnami (5 u 6),
COTIOCTaBHMO JIM OHO C JACHCTBUTEIHHO HAOIIONAIOIIMMUCS BapHALMAMHE, TO €CTh OTPAXKaeT JIM peabHbIC ac-
TICKTHI IOBEJICHNS JICTHNKA.

Bapnaulm BbICOTHI TPAHUIIBI TUTAHUSA
I[J'IH OIIPCACITICHUA Me)KFOﬂOBOfI JUHAMUKH BBICOTHI CHErOBOM JTUHUHU OBLIO MPUMCEHCHO HECCKOJIBKO MEC-
TOIJOB. Ha OJHOM M3 HUX, OCHOBAHHOM Ha pacucTe CTaMBaHUs/HAKOILJICHUS MACChl CHEra BIOJIb l'IpO(i)I/IJ'IH JICa-
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HHKa OCTaHOBHMCS 4y Tb IToApoOHee. i1 3THX BHIYUCICHHH OBUIH HCIIOIb30BaHbI JaHHBIE YHCIICHHBIX IKCIIe-
PUMEHTOB, BBIIIOJTHEHHBIX B paMKkax mpoekta PMIP [6]. st misimroornueckuX BEIYUCIICHIH TOTPe0oBaIoch
COBEPIIHTH ITepepaciyeT MOACIBHBIX JAaHHBIX C CETKH MOJEIH Ha Ty 4YacTh TEPPUTOPUH AJIBII, KOTOPYIO HOKPHI-
BaeT W3y4aeMBbIil JeAHUK. DTa mpouenypa Obula MpoBeIeHa Ha OCHOBE CIEHAIBHON METOOUKN MUKPOKINMA-
THYECKOH JieTaln3aliH, yYUTHIBAIOIIeH H3MEHEHHS BBICOTHI, YITIOB HAKJIOHA, OPHEHTAIIMN CKJIOHOB U 3aKPbI-
TOCTH TOPHU30HTA IPH pacyeTe TeMIIepaTyphl, a TakKe U M3MEHEHHH 0CaJKOB Ha HABETPEHHOM M MOJBETPEH-
HOM CKJIOHaX [4]. 3aTeM Mmoy4eHHbIe BETMYNHBI OBUIH HCTIOTB30BaHbI JJIS pacdeTa BEICOTHI TPAHUIIB! TUTAHMS.
Omna 0bl1a onpesieieHa Kak TOT BEICOTHBIN YpOBEHb, Ha KOTOPOM B KOHIIE CE30Ha a0IISIMN Pa3sHHULA MEXIY KO-
JIMYECTBOM BBIIABIINX OCAIKOB B IEPHOJ] aKKYMYIISALIMHU M BEJIMYNHON €105 CTanBaHMA ObU1a Hanbornee Om3Ka
K HyJIO (pasrpaHrdeHre Ieproa0B abIAny B aKKyMYISITUH TPOBOAIIIOCH 1o noctmxenuto 00C [5]). Takum
00pa3oM, OIpeAesICHHE JBYX BEJIMYMH: KOJMYECTBA BBIIABIIMX B TBEPIOM BHJE OCAIKOB M KOJIMYESCTBA YHEP-
T'HH, 3aTPAadeHHOH Ha MX TasHbE, IO3BOJIMIIO MOTYyYUTh JaHHBIE O BBICOTE CHETOBOW JIMHHUM 3a KaXKIbIi TOA.
Pasymeercs, B JaHHOM city4ae, KOIja IPHXOAMIOCH HACTONIBKO AETATU3UPOBATh JaHHBIC II00ATBHON MOJIEIH,
TOYHOCTh NMOZOOHOTO pacueTa MOXKET BBI3BIBATH COMHEHU. [109TOMyY Mana3oH KojaeGaHHi BEICOTHI CHETOBOH
JMHHUU OBUI OLICHEH ellle HeCKOJIbKUMH MeToaMH (IIpH OMOIIH YPAaBHEHHS PETPECCHH, OTPEACIAEMOrO BY-
M TIOKa3aTeIsIMA: BETMYNHON 0CAAKOB XOJIOAHOTO Ieprona 1 BeicoToi n3otepmbl 00C B Termislii cezou [10], a
TaKoKe Ha OCHOBAHHWH 3aBHCHMOCTH IOJIOKEHUSI TPAHUIBI CHEXKHOTO ITOKPOBA OT CPEAHEMECSYHBIX 3HAYCHUH
TeMIIepaTypsl U NapIHaIbHOTO AaBiIeHUs BoAsHOTO mapa [3]) . Bemmunna EO , momydeHHas kak cTaHgapTHOE
OTKJIOHEHNE Habopa CPEeAHETOOBBIX 3HAUCHHUH, PACCUMTAHHBIX 32 50 JIeT YMCICHHOTO SKCIIEPUMEHTA IIPH 110~
MOIIY JaHHBIX TPEX METOLOB, OKa3aJ1ach OJHOTO NOPsAKA (TIepBbIE COTHH METPOB).

JAucnepcusi KoJieOaHUil JJIMHBI JIEAHUKA U €ro MoBeJeHue BO BpeMeHH

[peacTaBneHHbIE BBIIIE METOBI OLICHKH BENUYUH E, ONPESIUIN JHana30H BEINYUHbBI JUCIIEPCHH 02,
=0.1-1.0m (200)”. Teneps MOXXHO UCTIONB30BaTh hopMyity (5) u hopmyiy (6) s pacyeTa AUCTIEPCUT G«fﬂ,sr
(310, PaKTHUECKH, ECTh OIICHKA CTAHAAPTHOTO OTKIOHEHHS Ty , z¢ ). DTa IMOCIIEAHSAS BEIMYMHA 0Ka3aIach paB-
HO 0T 5 10 50 M (B 338BHCHMOCTH OT UCTIOJIB30BAHHOTO 3HAYCHHS 0°,).
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Puc.1. a) I3smenenune mimuHHEBL Aniedckoro Jeqanuka ¢ 1958 mo 2004 1. u TuHUS THHEHHOTO TPeHAa; 0) OTKIOHCHHUS U3MEHe-

HUH JTMHHBI AJIEYCKOTO JIEAHUKA OT JIMHUH TPEH/1a, TEOPETHYECKHE OLIEHKH IUana3oHa ero u3MeHeHui (6 u 20, myH-
KTHPHBIE KPUBEIE)

PaccmoTpuM Teneps SMIUpHUEcKUe JaHHbIE O JuHaMHKe Ajeuckoro jeaHuka [9]. 3a mocnennue 50
JIeT OH HeNpephIBHO OTCTyHal (puc.la)) ¥ B UTOTe CyMMapHO€ YMEHBIIIEHUE €ro ATHHbBI COCTaBUIIO OKOJIO 1.5
Kkm. BuguMo, IpHYMHON Takoro MOBEAEHHS IBUIIOCH IIpOrpeccupyoliee NoTeIIeHN e KIMMaTa, HabIroaaeMoe
B peruoHe AJIbIl Ha MPOTSHKEHUH MHOTUX JeCATHIETHH (PpakTHUecKH, ¢ cepenHbl 19 Beka, ¢ MOMEHTa 3aBep-
HIeHus rmocinenHen gpazpr Maoii JieTHUKOBOI J1T0XH).

Ha puc.16 noka3aHbl OTKJIOHEHHUS OT JIMHUK TpeHaa. ColocTaBUM UX C PAaCCUUTAHHBIMH 3HAUSHUSIMHU
CTaHAapTHOI'O OTKJIIOHEHHS, BEIOPAB B KaueCTBE OLICHKHU E, «cpe/iHee» 3Ha4YeHUE U3 ONPE/IeNICHHOTO BhIIIE JA1-
amazona. 13 puc.10) BuaHO, 4TO (IyKTyallMH yKIIAJBIBAIOTCS B IUAIa30H JIBYX CTaHAAPTHBIX OTKIOHEHHH.
bau3ocTh TeopeTHUecKoi OIIEHKH TPaHHL] K3MEHUYHUBOCTH C PeabHO HAOMIONABIIUMUCS U3MEHEHHSIMHU MOXKET
O3Hauyarh, 4YTO MEXaHW3M OpPOYHOBCKOTO MOBEAEHUs JEHCTBUTENBHO HMeeT MecTo. OTMETHUM, YTO BHIOOp Ha-
YJaJbHOW TOYKH, U3 KOTOPON PacXoJsATCsl BETBH KPUBBIX CTaHAAPTHOIO OTKIOHEHHUS, HE CoBceM IpaBuieH. K
MOMEHTY Hadaja paccMaTpuBaeMoro nepuoza (1958 r.) nenHuk, ecTeCTBEHHO, HE HAXOAMICSA B PAaBHOBECHOM
COCTOSIHUH, OH YK€ UCIIBITHIBAN (MIYKTYyalllH, T03TOMY HENPABIJILHO COOTHOCHUTH N€PBOE 3HAYCHUE dMITUPHU-
YeCKOTO psiJja HabIoeHH ¢ 00JIacThi0 HAaYaJIbHOTO COCTOSHUS C HyJI€BOM AUCTIEPCHEH.

3akioueHue

I’ maBHBEIM B JUHAMHUKE AJteuckoro JICJHUKA 3a IMOCJICOAHUC 50 ner ABIgETCA €ro OTCTYIIJICHHUEC. 3TO, I10-
BUAUMOMY, p€aKIusa Ha FJ'IOGaJ'H)HOG MOTCIJICHUE, KOTOPOEC pa3sBUBAJIOCH JOCTATOYHO AOJIIO JAJId TOIO, ‘{TO6I)I
Z[aHHLIﬁ JICAHUK, C XapaKTECPHBIM MaCH_ITa6OM IIaMsITU B 50 JICT, MPCOA0JIEB HHEPHUOHHOCTD, IMOACTPOUJIICA K



OTOMY IpoLecCcCy. Me)KFO)IOBLIe Bapualyu JUIMHBI JICAHUKA, HAKJIaAbIBAOIIUECA HA OTOT TPECH/, €CTh OTKJIMK Ha
(l)J'IyKTyaHI/II/I TUAPOMETCOPOJIOTMIECKOT0 pEIKUMaA. OTU WU3MEHEHUS YKIAABIBAIOTCA B JUAINIa30H U3MCHYUBO-
CTH, KOTOpLIﬁ ObLI TCOPCTUUCCKU OLICHCH Ha OCHOBE HpeﬂCTaBHeHI/Iﬁ 0 TOM, 4YTO H3-3a UHCPIUUOHHBIX CBOICTB
JICAHUK UHTETPUPYET 6LICTpLIe aHOMaJIMH, IIOCTCIICHHO (bOpMI/Ipyﬂ MeL[HeHHbIﬁ 3HAYUMEBINA OTKIIHK.

B 10 xe BpEMs ITIOKaA YTO paHO YyTBECPKAATh, UTO [[aHHLIﬁ THUII ITOBEACHUA UTPACT BAXKHYIO POJIb B AMHA-
MHKC JICAHHUKA. Hpemae BCEIro nNoTomMy, 4To Z[aHHLIﬁ nmoaxon Tpe6yeT ﬂaﬂLHeﬁIHCFO pa3BUTHA, BOSMOXKHO, ITOU-
cka Ooitee HO,HXO,HHH.[GIZ MOACIIH JICAHHUKA, anp06au1/m Ha Ipyrux oonekrax. Ho IIpyU 3TOM CTOUT OTMETUTD, UTO
HCIIOJIB30BAHUEC MOACIN 6p0yHOBCKOFO JABWKCHUS MOXKHO CHUTATh MCPCHEKTUBHBIM JJI ONPCACIICHUSA I'CHE3U-
ca KojeOaHuit TOPHBIX JICAHUKOB HO,HO6HBIﬁ noaxoa K aHaJIn3y JUHAMUKU (prHTa MOKET OBITH OYEHb [TOJIE3EH
IpU U3YUCHHUU TTIALIUOKINMATUYCCKUX c13;13eﬁ, IOCKOJIBKY OH MO3BOJIACT BbIACIWUTL MPCACIIbI €CTECTBEHHOM
HU3MCHYHNBOCTU 06T)eKTa, TE€M CaMbIM U30€KaTh JIOKHBIX BbIBOJOB O HAJIMYUC TPEHIAOB.

JIuteparypa:

1. [lemuenxo I1.®. , Kucnos A.B. Cmoxacmuueckas OuHamMuxa npupooHsbix 00beKmog: OpoyHOscKoe
oguoicerue u eeousuyeckue npunogicenus. M., TEOC, 2010, 190 c.

2. [lobposonsckuii C.I. Knumamuueckue usmenenus é cucmeme «euopocepa — ammocgepar. M.,
T'EOC, 2002, 232 c.

3, Kucnoe A.B. Cea3b epanuybl ce30HHO020 CHEHCHO20 NOKPOBA HA KOHMUHEHMAX C MeMnepamypoll u
enadcrocmvio 8030yxa. //Memeoponozus u euoponozus. 1994. Ne8. C.52-56.

4. Kucnoe A.B., Posunxuna U.A., Yepnviues A.B.. Texnonozus Mooenuposanus MUKPOKIUMAMULECKUX
0CcobeHHOCmell 20PHOU MePPUMOPUU 8 PAMKAX MOOelu obuell yupkyiayuu ammocgepol. //
Memeoponoeus u cudponozus, 2006, Ne 10, C.45-53.

5. Kysvmun ILI1. Ilpoyecc masnws chedctozo nokposa. JI., I'uopomemeouzoam, 1961

6. Opuyuanvnuuii catim PMIP2: http://pmip2.lsce.ipsl.fr/

7. llamepcon V.C.b. @usuxa rednuxos. M., «Mupy, 1984, 472 c.

8. Beniston M. Mountain weather and climate: A general overview and a focus on climatic change in
the Alps // Hydrobiologia, 2006, v. 562, p.3—16

9. FLUCTUATIONS OF GLACIERS Vol. I—IX, A contribution to the Global Environment Monitoring
Service (GEMS)

10. Greene A. M., Broecker W. S. and Rind D. Swiss glacier recession since the Little Ice Age: Recon-
ciliation with climate records // Geophys. Res. Lett., 1999, v. 26, Ne 13, p. 1909-1912.

11. Oerlemans J. Minimal glacier models. Igitur, Utrecht Publishing & Archiving Services, Universi-
teitsbibliotheek Utrecht. 2008. ISBN 978-90-6701-022-1.

CITES'2013

INTERNATIONAL CONFERENCE ON COMPUTATIONAL INFORMATION TECHNOLOGIES FOR ENVIRONMENTAL SCIENCES

session 3


http://pmip2.lsce.ipsl.fr/

Cekuna 4

CITES'2013

[l1aHHbIe

N MH(POPMALIMOHHO-
BbIYNCNUTENbHbIE
CMCTEMbI 1A HaVK
0 Jemne

INTERNATIONAL CONFERENCE ON COMPUTATIONAL INFORMATION TECHNOLOGIES FOR ENVIRONMENTAL SCIENCES

Session 4

Data

and information-
computational
systems

for the Earth Science

session 4

Integrated global carbon cycle
modeling system for studies
in atmospheric CO,

data assimilation

'Maksyutov S., 20da T., 'Saito M., *Valsala V.K.,
"“Belikov D.A., 'lto A.

! National Institute for Environmental Studies, Tsukuba, Japan
2Colorado State University, Boulder, USA

*Indian Institute of Tropical Meteorology, Pune, India
*National Institute for Polar Research, Tokyo, Japan

E-mail: shamil@nies.go.jp

Summary. We present an overview of a car-
bon cycle modeling system that includes components
for modeling atmospheric transport, anthropogenic
CO, emissions, and terrestrial and oceanic CO, ex-
change The components of the carbon cycle model-
ing system were developed specifically for process-
ing the GOSAT data, aiming at the capability of uti-
lizing early availability of the GOSAT observations
for inverse model analysis. Modeling system compo-
nents include the component models for simulating
atmospheric transport of the CO, by winds, the CO,
exchange between the atmosphere and oceans and
between the atmosphere and terrestrial biosphere,
and emissions of CO, by fossil fuel consumption and
cement manufacturing.

Model of the carbon cycling in the terres-
trial biosphere. Terrestrial biosphere model VISIT is
a prognostic model (Ito, 2010; Saito, M., et al., 2011)
that simulates carbon exchanges between the atmo-
sphere and biosphere and among the carbon pools
within the terrestrial ecosystems at daily time step.
Modeling of plant CO, assimilation in VISIT is based
on model of light extinction in the canopy, following
the formulation of Monsi and Saeki (1953). VISIT is
driven by the JRA-25/JCDAS dataset (Onogi et al.,
2007). Biases in JRA-25/JCDAS precipitation data
were corrected following the method of Saito, M., et
al. (2011). The model was initially run for a spin-up
of approximately 2000 years to reach equilibrium in
the carbon pools, by repeating JRA-25/JCDAS forc-
ing with varying atmospheric CO,. Global vegetation
was classified into 16 plant functional types at a 0.5°
x 0.5 grid resolution using the MODIS land cover
product. Physiological parameters of the model were
optimized to fit the observational data by using a
Bayesian inversion approach, extending a method by
Nakatsuka and Maksyutov, (2009). The observation
data assimilated into VISIT by optimizing physiolog-
ical parameters were derived from GLOBALVIEW-
CO, atmospheric CO, concentrations, IIASA global



biomass map (Kindermann et al., 2008), and GPPDI NPP dataset (Scurlock et al., 1999; Olson et al., 2001).
NIES transport model was used in the computation of atmospheric CO, variability.

Variational assimilation system for simulating the global pCO, maps and surface ocean-atmosphere
fluxes of carbon. The air-sea CO2 flux component makes optimal estimate of oceanic CO, fluxes derived from
the original work of Valsala and Maksyutov (2010). This data set was produced by simulating a dissolved inor-
ganic carbon (DIC) with a simple ocean biogeochemical model and constraining the DIC to observations through
a variational assimilation method. The data is available from 1996 to near real-time. In Valsala and Maksyutov
(2010), a simple offline ocean tracer transport model (OTTM) by Valsala et al. (2008) is coupled with a simple
one-component ecosystem model based on phosphate cycling (McKinley et al., 2004) and abiotic carbon cycle
model of OCMIP-II (Orr et al., 1999) and were used to simulate the air-to-sea CO, fluxes. The model surface
ocean DIC is then constrained with the corresponding observational values that are derived from the observed
partial pressure of surface ocean CO, (pCO,) obtained via numerous ship-underway sampling as in Takahashi et
al., (2009). The assimilation consists of a variational method which minimize the model to observation differences
in the surface ocean DIC (or pCO,), using an assimilation method derived from Ikeda and Sasai (2000). The
transport model was run with the offline currents provided by GODAS re-analysis data products (Behringer and
Xue, 2004). The model surface ocean pCO, are constrained strongly whenever the ship-track underway sampling
is available. In addition to this, the climatological maps of monthly mean pCO, derived from Takahashi et al.
(2009) were also used to constrain the surface ocean pCO, as a ‘weak’ constraint.

Emissions dataset for fossil fuel CO, emissions.

To simulate fossil fuel CO, emissions, we use ODIAC dataset (Open-source Data Inventory for Anthro-
pogenic CO,, Oda and Maksyutov (2011)). National total emissions are projected up to latest year using British
Petroleum, (2011) statistical data and CDIAC’s preliminary estimate (Anders et al, 2011). Emissions from sol-
id, liquid and gas and cement production were then spatially distributed using power plants profiles (geograph-
ical location and emissions) given by CARMA database and satellite-observed nightlight data collected by
DMSP satellites (Elvidge et al. 1999). This distribution method, compared to previous studies such as Andres et
al. (2011), allows us to map emissions over land at a high spatial resolution (up to 1km). At spatial resolutions
of global transport simulation, the resulting spatial distribution agrees well with that of North American emis-
sions data product Vulcan.

Emissions of CO, by biomass burning and forest fires. Satellite based estimates of the carbon emis-
sion due to forest fire and biomass burning are provided by Global Fire Emissions Database (GFED 3.1) as de-
scribed in (van der Werf et al., 2010).

Atmospheric tracer transport model. We use the NIES global atmospheric tracer Transport Model
(NIES TM) to simulate atmospheric CO,. The NIES TM is an off-line model driven by JRA-25/JCDAS re-
analysis data. The data used in our model is provided on 40 hybrid 6—p levels and the 6-hour time step. We use
flexible hybrid sigma-isentropic (c-08) vertical coordinate system which combines terrain following vertical
coordinate in the troposphere and isentropic vertical coordinate in the stratosphere above the level of 350K to
ensure that isentropic surfaces do not intersect the Earth’s surface (Belikov et al., 2013). A scheme based on
radiative heating and cooling was implemented to calculate vertical transport in the stratosphere, because such
a scheme produces a better representation of the meridional circulation for long-term simulations, as compared
with use of vertical winds from reanalysis.

The NIES TM was evaluated against GLOBALVIEW-CO2, GLOBALVIEW-CH4, WDCGG, balloon-
borne and aircraft observation data (Belikov et al., 2013), as well as through the CONTRAIL and TransCom-
CH, transport model intercomparison (TMI) studies.
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Web-GIS application for analysis of georeferenced data

'?Okladnikov L.G., ?Gordov E.P., "*Titov A.G., 'Bogomolov V.Yu., *Martynova Yu.V.,
'Shulgina T.M.

'Institute of Monitoring of Climatic and Ecological Systems SB RAS, Siberian Center for Environmental Research and Training, Tomsk, Russia
2 Institute of Computational Technologies SB RAS, Tomsk Department, Tomsk, Russia

*Siberian Regional Hydrometeorological Research Institute, Novosibirsk, Russia

E-mail: oig@scert.ru

pretation and forecast of climatic and ecosystem changes for various spatial and temporal scales [1].
Due to inherent heterogeneity of environmental datasets as well as their huge size which might consti-
tute up to tens terabytes for a single dataset at present studies in the area of climate and environmental change
require a special software support [2]. A dedicated web-GIS information-computational system for analysis of
georeferenced climatological and meteorological data has been created. It is based on Open Geospatial Consor-
tium (OGC) standards and involves many modern solutions such as object-oriented programming model,
modular composition, and JavaScript libraries based on GeoExt library (http://www.geoext.org), ExtJS Frame-
work (http://www.sencha.com/products/extjs) and OpenLayers software (http://openlayers.org).
The main advantage of the system lies in a possibility, using a modern graphical web-browser installed
on a common desktop computer connected to Internet, to perform mathematical and statistical data analysis [3].
Results obtained are available both as layers in a graphical web-interface with GIS-functionality (Fig. 1 and 2),
and as downloadable binary files for further processing by the user.

Georeferenced datasets are currently actively used in numerous applications including modeling, inter-
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Fig. 2. Visualization of meteorological stations data analysis

Several geophysical datasets represented by NCEP/NCAR Reanalysis II, JMA/CRIEPI JRA-25 Re-
analysis, ECMWF ERA-40 Reanalysis, ECMWF ERA Interim Reanalysis, MRI/JMA APHRODITE’s Water
Resources Project Reanalysis, DWD Global Precipitation Climatology Centre’s data, GMAO Modern Era-
Retrospective analysis for Research and Applications, reanalysis of Monitoring atmospheric composition and
climate (MACC) Collaborated Project, NOAA-CIRES Twentieth Century Global Reanalysis Version I, NCEP
Climate Forecast System Reanalysis (CFSR), meteorological observational data for the territory of the former
USSR for the 20th century, results of modeling by global and regional climatological models, and others are
available for processing by the system. And this list is extending. Also a functionality to run the Weather re-
search and forecasting model (WRF) and “Planet simulator” model by Meteorological Institute of University
of Hamburg was implemented in the system. Due to many preset parameters, as well as limited temporal and
spatial ranges set in the system these models have low computational power requirements and are used in edu-
cational process thus providing better understanding of basic climatological and meteorological processes by
students and young scientists [4].

The Web-GIS information-computational system for geophysical data analysis provides specialists in-
volved into multidisciplinary research projects with reliable and practical instruments for complex analysis of
climate and ecosystems changes on global and regional scales. Using it even unskilled user without specific
knowledge can perform computational processing and visualization of large meteorological, climatological
and satellite monitoring datasets through unified web-interface in a common graphical web-browser.

This work is partially supported by the Ministry of education and science of the Russian Federation
(contract #8345), SB RAS project VIII.80.2.1, RFBR grants #11-05-01190a, 13-05-12034 and integrated proj-
ect SB RAS #131.
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Roshydromet'’s specialized hydrometeorological datasets for climate
monitoring and climate research

Arzhanova N.M., Bulygina 0.N., Razuvaev V.N.

All-Russian Research Institute of Hydrometeorological Information - World Data Centre (RIHMI-WDC), Obninsk, Russia

he empirical and statistical analysis of observational data, one of the main sources of information on the

climate change in the past, provides the basis for estimating possible changes in the future. In Russia,

regular meteorological observations began to be conducted in the late 19" century and by now, wealth of
information on climate conditions throughout the Russian area has been accumulated for the entire observation
period. At different times, the number of meteorological stations over the Russian area was 100 to 2500, with
the largest number being in the late 1990s.

At present, Roshydromet is being actively involved in creating climatic databases that are to provide the
basis for performing large-scale work on climate research in accordance with the Russian Climate Doctrine.

Within the research topic “Improving the Technologies of Information Climate Databases Creation and
Maintenance and Technologies of Climate Data Services Provided to All Groups of Users”, ten research insti-
tutes of Roshydromet are preparing specialized datasets for climate research and monitoring.

The list of the created datasets is determined according to the requirements of the Global Climate Obser-
vation System and includes major climate parameters, such as air temperature, precipitation, free atmosphere
parameters, etc. One of the major requirements for the datasets created is their accessibility. To this end, it was
decided to place the datasets on the websites of the organizations involved to make these freely available. A
complete list of the datasets and their web-addresses are available from the site of RIHMI-WDC, the coordina-
tor of the work. Other requirements are regular data update, metadata and data quality control. The creation of
climate databases is smoothly connected with some of the scientific and methodological problems whose solu-
tion is to allow integrated climate research in Russia.

In choosing the network of meteorological stations, it is necessary to take into account the uniformity of
the territorial data coverage, to determine the required and sufficient number of stations for different climate
parameters, to estimate representativeness of stations, etc.

The paper considers the problems of time series creation and data inhomogeneity related to the change
in data observation, processing and storage techniques.

CneunannanpoBaHHbie MacCuBbl FnipOMETE0pPONor nYecKnX aHHbIX
Pocrngpomera ainA MOHUTOPMHIa KNUMaTa U KNMMaTUYECKNX
uccnepoBaHun

Apmanosa H.M., bynbirnna 0.H., Pasyeaes B.H.

Bcepoccuiickuii HAN runpometeoponoruyeckoii nidopmaumu - Muposoii ueHTp faHHbix, 06HUHCK, Poccua

MIITUPUKO-CTATUCTUYCCKUY aHAJW3 JAHHBIX HAOMIONCHUN SIBISCTCS OJHMM W3 IVIABHBIX HCTOYHUKOB

HHpOPMAITUH 00 U3MCHEHUSIX COCTOSHUS KITUMATHUECKON CHCTEMBI B ITPOIILJIOM M CO3/IaeT OCHOBY IS

OIICHKY BO3MOXHBIX H3MEHEHHMI B OyyiieM. B Poccuu peryssipHbie METCOPOIOTHYECKHE HAOTIOICHHS
OBUTH HayaThl B KOHIIC 19-T0 Beka M K HACTOSIIIEMY BPEMEHHU HAKOIUICH OFPOMHBIA 00BhEM JTAaHHBIX, COICPIKa-
1M OoraTerInyo HH()OPMAIIHIO O COCTOSTHUU KIIMMAaTHYECKHUX YCIIOBHIA Ha Beel Tepputopuu Poccun 3a Bech
nepuoi HaOmroneHuii. KomudectBo MeTeocTannuii Ha Tepputopun Poccuu B pasHbie Tofbl cocTaBisuio oT 100
10 2500 (Haubonbiee KoaMyecTBO B KoHIIE 90-X ro1oB).

B nacrosimiee Bpems B PocrujpoMeTre aKTHBU3HPOBAIKUCH PAOOTHI MO CO3MaHUS KIMMATHYSCKUX 0a3
JAHHBIX, KOTOPBIC JOJKHBI COCTaBUTh OCHOBY JUIS MPOBEACHUS NIMPOKOMACIITAOHBIX Pa0OT MO M3YYCHHUIO
KJIuMara B cOOTBeTcTBHM ¢ Knnmaruueckoit noxkrpunoit Poccuu.

B pamkax tembl HUP «CoBepuieHCTBOBaHHE TEXHOJIOTUI (hOPMUPOBAHUS U BeleHHUsT HH(POPMAIIMOH-
HBIX 0a3 KIMMAaTHYSCKUX JAHHBIX U 00CIYKHBAaHUS KIMMATHICCKUMH JJAHHBIMH BCEX TPYII MOIb30BaTEICH)
cunamu 10 HY Pocruapomera ocyiiecTBiseTcs NOATOTOBKA CIIEUATHN3UPOBAHHBIX MACCUBOB JIJISI KIIMMaTH-
YECKHUX MCCIIEIOBAaHUI 1 MOHUTOPUHTA KIIUMaTa.

IlepedeHs co3maBacMbIX 0a3 JAHHBIX OMPEICICH Ha OCHOBE TpeOoBaHMiA [ 100aIbHON CUCTEMBI HAOMIO-
JIEHUH 3a KIMMAaTOM, M BKJIIOYAET OCHOBHBIC KJIMMAaTUYECKHUE MapaMeTphl, TaKue Kak TeMmIepaTypa BO3ayXa,



arMmocdepHbIe 0caKH, napameTpbl cBoOoaHON atMocdeps! u npyrue. OTHUM U3 IIaBHBIX TpeOOBaHUil K cO-
3[aBaeMbIM MaCCHBaM SIBIISIETCS UX NOCTYIMHOCTh. C 3TOM LeNbIo OBLIO PHHSATO PEIICHHE O Pa3MEIeHUH Mac-
CHBOB Ha BeO-caliTax OpraHu3alnii- y4aCTHUKOB JaHHOW paboThI JIsi CBOOOHOTO UCToIb30BaHus. Ha calite
BHUUT'MU-MI/I (koopauHaTOpa 3TON AeSATEIbHOCTH) pa3MeIleH MOJIHbIN IepeueHb CO3JaBaeMbIX MacCH-
BOB U ux web-aapeca. Jlpyrumu TpeOOBaHUSMH SIBJISIOTCSI pETYIsipHOE€ OOHOBJIEHHE AaHHBIX, HAJTMYHE MeTa-
JAHHBIX U KOHTPOJIb KauecTBa JaHHBIX.

Co3nanue 0a3 KIMMaTHYECKUX JIAHHBIX OPIaHUYHO CBSI3aHO C PEIICHHEM psijia HayYHO-METOANYECKUX
npoOiieM, pelieHre KOTOPBIX IO3BOJHT B MOJHOW Mepe MPOBECTH KOMILIEKCHBIE MCCIIEI0BAHMS COCTOSHHS
KJIuMara Ha teppuropuu Poccuu.

[Ipu BBIOOpE ceTn cTaHIMH HEOOXOIUMO YYHTHIBATH PAaBHOMEPHOCTH OCBEILEHHOCTH TEPPUTOPHH,
OIPEAEIUTH HEOOXOIMMOE 1 IOCTATOYHOE KOJIMYECTBO CTAHLIMH JIIS pa3JIMUHBIX KIMMAaTHYE€CKUX I1apaMeTpoB,
OLIEHUTh UX PEIPE3eHTaTUBHOCTD U T.1I.

B noknane paccMmarpuBaroTCs MPOOJIEMBI CO3AAHUS BPEMEHHBIX PSIOB, HapyLICHUS OJHOPOIHOCTU
JIAHHBIX, 00YCIIOBJICHHbIE U3MEHEHNEM METO/IMK HaOoneHni, 00pabOTKN U XpaHEeHHs IaHHBIX.

Organization of access to observational data using web services
for monitoring systems the state of the environment

Kadochnikov A.A.

Institute of Computational Modeling SB RAS, Krasnoyarsk, Russia
E-mail: scorant@icm.krasn.ru

urrent trends in the field of nature protection are monitoring environmental pollution resulting from

human impact on nature, and as a result of natural processes. Monitoring the state of the environment in

the area of the various industries can reduce costs to eliminate the impact of industrial accidents, which
in turn reduces the possibility of contamination soil, surface water, loss of vegetation and wildlife.

Consider the problem of creation of information-analytical systems for environmental monitoring of the
natural environment and resources, built on the basis of GIS technologies, Internet, remote sensing data pro-
cessing and data from monitoring stations. Considerable attention is given to web services, software interfaces
and generally accepted standards.

The author were directly involved in the development and implementation of projects of ecological ori-
entation. In developing the software many different software libraries and components were used. Web map-
ping user interface was created using a number of open source libraries. To create a server-side web application
author used GIS platforms MapGuide Open Source and Minnesota MapServer. GeoWebCache was another
essential component of distributed web mapping environmental monitoring applications.

In the development of cartographic applications for the monitoring systems the state of the environment
now plays an important role detailed map of the region, supported by the up to date. As a result of combining
different technologies the web application map transmitted to the user in composed of two layers: the base
background map and the thematic layer. The last one generated dynamically as transparent bitmap layer and is
defined by application business logic.

As an alternative to raster transparent layer are also considered solutions based on the dynamic genera-
tion of vector objects on a Web page — this possibility now is provided by client software like JavaScript with
using OpenLayers library. However, in this case there is another problem associated with the restriction on the
number of vector objects on a Web page.

Opranmnsauua focTyna K iaHHbIM HabntoaeHnin ¢ noMoLLbto Be6-cepsncos
IJ1A CNCTEM MOHUTOPMHIa COCTOAHWNA OKPYKAHOLLIEN NPUPOAHONA CPefibl

Kapounnkos A.A.

NHcTuTyT BelumcnuTensHoro moaenupoeaiua CO PAH, KpacHospck, Poccua
E-mail: scorant@icm.krasn.ru

KTYaJIbHBIMH HallpaBJIEHHEM B 00JIaCTH OXPaHbI TPUPOJIBI SBIISIOTCS MOHUTOPUHT 3arps3HEHHS OKPY-
JKarollel cpelibl, BOSHUKAOIIETO B PE3y/bTaTe BO3JEHCTBHS YEIOBEKA HA IPUPOLLY, & TAKXKE B PE3YIIb-
TaTe €CTECTBEHHBIX NPUPOIHBIX IPOLECCOB. MOHUTOPUHT COCTOSHHS OKPY>KaIOIIEH MPUPOIHOH cpe-
IIbI B 30HE JICHCTBHS PA3IMYHBIX IIPOMBIIUICHHBIX IPEIIPHATHH MO3BOJISIET COKPATUTh PACXO/bl HA JIMKBUA-
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LUI0 TIOCTICICTBUHA TEXHOTEHHBIX aBapHil, YTO B CBOIO OYEepeIb CHIDKACT BEPOATHOCTH 3arpS3HCHHS ITOYBHI,
MTOBEPXHOCTHBIX BOJI, THOCIIN paCTUTENIFHOCTH U IIPEICTaBUTEICH )KUBOTHOTO MUPA.

B pabote paccmarpuBaeTcs 3aa4a co3gaHus HHPOPMAITMOHHO-aHATTUTHIECKUX CUCTEM ISl SKOJIOTH-
YEeCKOTO MOHHUTOPHHTA COCTOSIHUS IIPUPOIAHOM CPEIBI U PeCypCOB, MOCTPOCHHON Ha 0cHOBE TexHomoruii ' UC,
HHTepHeT, 00paboTKM JaHHBIX TUCTAHIMOHHOTO 30HJIMPOBAHMS M JAHHBIX CO CTAHIIMK HaOMIONCHUS. 3HAYH-
TeNbHOE BHUMAaHHE yAeseTcs BeO-cepBrcaM U IpOrpaMMHBIM HHTepdeiicam. PaccmarpuBaercs 3agada ¢op-
MHpOBaHHA TeonH(popMannoHHOW MHTEpHET-CcHCTEMBI MOHHTOPHHTA COCTOSHUS OKPY’)KaIOIIeH MPUPOTHON
CpPeZB! [UTsI CUCTEMBI IOAIEPKKHU MIPUHATHS pelIeHuil Ha ypoBHe KpacHosipckoro kpasi. B pabore BocTpeboBa-
HBI METOJVKH U ITPOTPAMMHBIE CPENICTBA, KOTOPHIE II03BOJIAT (POPMHUPOBATH OLIEHKH COCTOSIHUS TEPPUTOPHIL Ha
0a3e OCHOBHBIX ITOKa3aTeIel B HAITISIIHOM BHJE. BakHyr0 poiib UTPaeT NCIOIh30BaHIE COBPEMEHHBIX CPENICTB
BU3yaJM3allMy JaHHBIX ¢ ucmoib3oBaHueM [ MIC-texnonormil. B Takmx 3amagax ucmons3oBanue MHTEpHET-
TEXHOJIOTHHA UMEET A MPEHMYIIECTB 110 CPaBHEHUIO ¢ HacTONbHEIMU [ IC — mocTymHOCTE mpearaeMbIx
pemeHni OOJBIIOMY HYHCITYy IOJNB30BaTeleH, YNPOIICHHE MpoIlecca YCTAHOBKM M PACIPOCTPaHEHHS IIPO-
TrpaMMHOT0 00eCTIedeHNsI, CHIDKEHHIE er0 CTOMMOCTH, BO3MOXXHOCTh HHTETPAIIH CO CTOPOHHUMH HPUIIOKEHH-
aMu 1 ipod. OCHOBHOE BHUMAHHUE YACTSAETCS ONMMCAHHIO MTPOOIeM U PEIICHUH CBSI3aHHBIX C Pa3paboTKoii BeO-
CEpPBUCOB U MPUIIOKEHUU 1Sl TAKUX VIHTepHET-cucTeM.

B pamkax mccieqoBaHuUs ylelIeHO BHUMaHUE pobieMe, BO3HUKAIOMICH TIpH pa3paboTKe COBMECTHBIX
MIPOEKTOB PA3TUIHBIX HAYYHBIX HHCTUTYTOB, YHUBEPCUTETOB U IOIPA3/ICIICHI OPraHOB BIACTH, CBI3aHHOM C
00OMEHOM JaHHBIMH M METAJaHHBIMH O TIPOCTPAHCTBEHHON MH(OPMAIUH, a TaK)Ke TaHHBIMHU HAOOIEHUH 3a
OKpy>KaroImei cpenoii. Bozumkia 3amaua pa3paboTKi pacipeeIeHHOTO XPaHWIHIIA IPOCTPAaHCTBEHHON HH-
dbopmaruu gyt 6onee 3PPEKTUBHOTO B3aUMOJCHCTBYS Pa3IMIHBIX OpraHu3anuid. PaspaboTaHsl mporpamm-
HBIE CPE/ICTBA JUIA aHaJH3a MMPOCTPAHCTBEHHBIX JAaHHBIX B cpele reomopraia MHCTUTyTa BEIYHUCIATEIEHOTO
moznenupoBaaus CO PAH c¢ ncnonp3oBaHHEeM TEXHOJIOTHI, MPeIaraéMbIX MEXTyHapOIHBIM KOHCOPITTYMOM
Open Geospatial Consortium m mporpammHoro obecrnedenusi MapServer, MapGuide Open Source u
GeoWebCache. [IporpaMMHBIE HHCTPYMEHTHI COEPKaT CPEACTBA ISl XpaHEHHS IUPPOBBIX KapTorpadude-
CKUX MaTepHAJIOB, PACTPOBBIX CHUMKOB TEPPUTOPUH, CEPBUCHI [UII HABUTALIUH IO paCIIpeIeIEHHOMY KaTalory
MIPOCTPAHCTBEHHBIX JAHHBIX, CEPBHCHI U1 IPOCTPAHCTBEHHOTO aHATIN3a U MaTEMaTHYECKOTO MOICITUPOBAHUS
Ha YHU(DUITUPOBAHHBIX UPPOBHIX KapTax. OCHOBHBIM 3JIEMEHTOM I'e0NOPTaja sIBIISIETCS KaTajJor METaJaHHbIX
0 IPOCTPAHCTBEHHBIX JaHHBIX.

Karanor MeTagaHHBIX COAEPKUT HH(POPMAITHIO IO JOCTYIHBIM CJI0sM U KapTam. OCHOBHO# 0COOEHHO-
CTBIO KaTajora MpOCTPAHCTBEHHBIX JAaHHBIX SBISETCS BO3MOXHOCTH HCIIOJIB30BAHUS Pa3IHIHBIX (popMaToB
MIPOCTPAHCTBEHHBIX JAHHBIX M OpPTraHU3alMs JOCTYTIA JUIS MOJIB30BATENsI K 3TUM JaHHBIM C TIOMOIIBIO COBpE-
MEHHBIX CTaHIApTOB U TexHooruil. s oopminenus kapT u kaprorpadpuaeckux cioeB npumensercs Styled
Layer Descriptor — s13bIK OIMCaHHS CTHJICH, UCIIOIB3yEeMBIH Il OTOOpakeHUs] 0OBEKTOB Ha Kapre B WMS,
WEFS u WCS cepBepax, a Takxe COOCTBEHHBIN (OpMaT ONMUCaHUsI CTHIIEH, pa3pabOTaHHbIN IS TeonmopTana
NBM CO PAH [1].

B paGote BakHYIO pOJIb HTPaET cCUcTeMa cOOpa ONEPAaTUBHBIX JaHHBIX HAOMIOACHUS OT Pa3INYHBIX BeO-
CEPBUCOB, CTaHIINI HAOMFONEHMS 1 MaTunkoB. B pamkax reonoptana UBM CO PAH 6w1n pa3zpabotan 010K 1715
cbopa, 00pabOTKH U MPEACTABICHUS TaHHBIX Pa3INYHBIX HaOmoneHuil. Opranu3anus JOCTyna K JaHHBIM Ha-
OIONeHUI OCYIISCTBISACTCS CTAaHIAPTHBIMU CPEICTBAMHU I'eOMOPTalia, BKIIOYAIOIIETO MMPOCMOTP TaOIMIHBIX
JAHHBIX, YKCTIOPT, IPOCMOTP TAaHHBIX HA KAPTaxX C BO3MOKHOCTBIO BHIOOPA BPEMEHHBIX HHTEPBAJIOB U JOCTYII C
MTOMOIIIBIO OOIIEPUHSTHIX CTaHAAPTOB.

Opraan3oBaH AOCTYI K COOpaHHBIM JaHHBIM OIIEPaTHBHOTO MOHUTOPHHTA C TIOMOIIBIO cTangapTa SOS
(Sensor Observation Service), pazpabdarsiBaemoro koHcopuuyMmoM OGC. DTOT cTaHAapT OmpenenseT HHTep-
(etic BeO-cepBHCa, KOTOPHIH MMO3BOJISIET 3aAMPAINBATE HHPOPMAITUIO OT JATYUKOB, IOTydaTh HH(POPMALIUIO O
CaMHX JaT4HKaX, a TAKXKe OMHMCHIBACT CPEACTBA M MEXAHU3MBI [ PETUCTPAIIH HOBBIX TaTYMKOB U BO3MOXK-
HOCTH X yfaneHus. B xagectse 6a30Boro nmporpamMmMHoro odecnedenus ais oprannzanui SOS-CepBHUCOB BBI-
ctynaet MapServer.

[lonp3oBarensckuil MHTEPGEHC I Karajgora METaJaHHBIX, ISl CHCTEM MOHHUTOPHHTA OKpYXKaromien
TIPUPOTHOI cpensl U Al MHOOPMAITHOHHO-aHAJIMTHIECKUX CHCTEM B PETMOHAIIFHOM YIPABICHUH PEIICHO BbI-
TIOJTHUTH B BHIE TCOMH(DOPMALIMOHHOTO BEO-TIPUIIOKeHU. HecMOTpst Ha HEKOTOpBIE HEOCTATKU, ATOT IOIXON
HMEET CYIIeCTBEeHHBIE TPEUMYILECTBA, KaK IS TOJIH30BATENs, TaK U A1 pa3pabOTINKa, B TOM YHCIIE: HE3aBUCH-
MOCTB OT TIAT(hOPMEBI, OTCYTCTBHE HEOOXOANMOCTH YCTaHABIIMBATH JIOMOJTHUTEIBHOE IIPOTpaMMHOE obecriede-
HHUE, OTCYTCTBHE C IPo0IIeM ¢ OAIEPKKOI CTaphIX BepCHil mporpaMM B 00paTHO COBMECTIMOCTEIO, U Jp.

JIst TOCTpOEHUsT KIIMEHTCKOW 9acTh BEO-TIPUIIOKEHUS TOAXOMAT HECKONbKo TexHomoruii — Flash,
DHTML (Dynamic HTML), SVG (Scalable Vector Graphics — macmtabupyemasi BekTopHas rpaduka). Mx
BO3MOYKHOCTEH JTOCTATOYHO JJIs peaiu3aliii KIMSHTCKOHN JOTHKH KapTorpadudyeckoro BeO-untepdetica. On-
HUM U3 HHTEPECHBIX PEIICHUH 1 MOMYISIPHBIX HA CETOAHANIHNAN ICHB SBIISCTCS NMPIMEHEHHE TEXHOJIOTHU AH-
Hammueckoro HTML ¢ meronamu acuHXpoHHOTO 0OMEHa NaHHBIME 0e3 mepe3arpysku crpanuisl (Remote
Scripting, AJAX). IIpakTruecku Bce COBpeMEHHBIE BeO-Opay3epsl MOAAepKUBAIOT 3TH TEXHOJIIOTHH 0e3 mc-
TTOJIE30BAHUS TOTIOTHUTEIBHBIX MOITYJIEH.
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Puc. 1. ®opmupoBanue KapThl 171 BEO-IPHIIOKEHUS

Ipu pazpaboTke Kaprorpaguyeckoro KOMIOHEHTa BeO-uHTepderica ObLIH MPOAHATU3UPOBAHBI JIBA CIIO-
co0a mpeicTaBiIeHus kaprorpaduieckoil HHGOpMAaIUY IS MOb30BaTels. [1epBbIii crmocod — kapTa oToOpakaeT-
Csl C UCTOJIB30BaHUEM (DpParMeHTOB (Taiiyibl). DTy TEXHOJIOTHIO UCIIONB3YIOT Takue pecypcbl kak Google Maps
(http://maps.google.com), Sumexc Kaprsr (http://maps.yandex.ru), Virtual Earth (http://www.bing.com/maps/) u
Jp. OCHOBHBIM IIPEUMYILECTBOM TAaKOTO clioco0a SBISETCS CKOPOCTh MOMYYEHHUs] BU3yalbHON HH(pOpMAIMn
TIOJIL30BATEJIEM U MaJiasi Harpy3Kka Ha cepBep IpH oToOpaxkeHHHu cratnieckoid nHdopmanmu. [Ipouece popmupo-
BaHU KapThbl HA KITMEHTCKOM KOMITBIOTEPE COCTOUT M3 HECKOJIBKHX 3TAIlOB, C UCIIOJIB30BAHHUEM JJOTTOTHUTEIIbHBIX
NPOrPaMMHBIX TTOTOKOB, MEXaHM3Ma K3IIMPOBAHUS, OUepean 3arpy3ku GpparMeHToB u ap. [Ipu takom crocobe
OTOOpa)KEHHUSI KapThI [TOJIb30BATEIO TPOIIECC TTOCTPOCHUSI KOMITO3UIIMK KapThl TI03BOJISIET ONITUMH3UPOBATh MPO-
IIECC 3arpy3KH, CHU3UTh HArpy3Ky Ha BeO-Opaysep u Oosiee paBHOMEPHO €€ paclpeeNiuTh Mo BpeMeHu. OaHako
NPH OTOOPa’KEHUH MEHSIOIIUXCS TEMATHYECKUX JJAHHBIX TAKOM CII0CO0 CHMKAET CKOPOCTD JIOCTYTIA MOJIb30BaTe-
JI51 K IPOCTPAHCTBEHHBIM JIAHHBIM U YBEJIMUMBACT HArpy3Ky Ha cepaep. I perieHus 3Toil mpoOaeMbl HCIIONb3Y-
eTCsl BTOPOH crocod oToOpakeHus] HH(OPMAIIMK — MO 3arpoCcy MOJIb30BATENs TeHEPUPYETCsl OIHO PACTPOBOE
u3o0pakeHue [2]. B 3aBucuMOCTH OT THIA TIPEACTaBIAEMON HH(OPMAIIUHU TI0JIB30BATENIO B IIPOrPAMMHOM HH-
Tepdeiice CHCTEMBI UCTIONB3YeTCsI KOMOMHAINS 3THUX IBYX CIIOCOOOB (PUCYHOK 1).

CerojHs cymiecTByeT OOJBIIIOE YUCIO0 OMOIUOTEK C OTKPBITHIM UCXOIHBIM KOZIOM JJIsl CO3/IaHHUsI TOTOBO-
IO MMOJIb30BATENILCKOTO HHTEepdeiica ¢ kaprorpaduyeckum uuatepdeiicom, Hampumep OpenLayers (http:/www.
openlayers.org), GeoExt (http://geoext.org), MapFish (http://www.mapfish.org), Fusion (http://trac.osgeo.org/
fusion/) u np. OaHako GyHKIIMOHAA CYIIECTBYIOIIMX OUOIHOTEK ObLTO HEAOCTATOYHO IS PEIICHHUS TOCTaB-
JIEHHOW 3amaun W ObUIO pa3paboTaHo BeO-TPUIIOKEHHE C HCIMoNib3oBaHMeM Oubmmorekn Openlayers.
OpenLayers — aTo JavaScript OnOIMOTEKa ¢ OTKPBITHIM UCXOJHBIM KOJIOM, TIpeHa3HAUEHHAs JJIs CO3IaHUS
KapT Ha OCHOBE IporpaMMHOro mHTepdeiica, mogoonoro GoogleMap API (http://code.google.com/), Virtual
Earth API (http://www.microsoft.com/maps/) unu API SAunexc.Kapr (http://api.yandex.ru/maps/) momnepxu-
BaeT TexHonoruo AJAX 1 aHUMaIuIo.

IIpu pazpaboTke cepBepHO YacTH BeO-MPUIOKEHU i1 paboThl ¢ kapTor KpacHosipckoro kpast uc-
HOJB3yeTCsl MporpaMMHoOe obecrieuenne MapServer, npeqHasHadeHHOe I obecneueHus focrymna yepe3 MH-
TEpHET K MHTEPAKTUBHBIM KapTaM, pa3JIMYHON MPOCTPaHCTBEHHO yBsI3aHHOM nHpopMmanuu. MapServer npen-
CTaBJIIET COOO0I OTKPBITYIO U CBOOOIHO PAacHpOCTpaHsIeMyto cpely pa3paboTku MHTepHeT-NpUIoKeHu it 1Ist
pa6OTBI C DJICKTPOHHBIMU KapTaMU IIUPOKO PACTIPOCTPAaHCHHBIX CPEAN MHOKECTBA FeOI/IHq)OpMaHI/IOHHBIX CHcC-
TEM BEKTOPHBIX U PacTPOBBIX (POpMATOB, 00I1aJAI0MIYI0 OOJIBIINM YHUCIOM (DYHKIIHOHAIBHBIX BO3MOXHOCTEH.

Jist cozpanust KapThl U3 PParMeHTOB UCTIOIB30BATIOCH TporpaMmmHoe obecrnieueHrne GeoWebCache. Ge-
oWebCache ucnonssyer cnenudpukanuto WMS Tile Caching (WMS-C), kotopas sSBUIacCh pe3ylbTaToM KOH-
¢depenrun FOSS4G B 2006 1 [3]. CepBucst WMS (Web Map Service) pa3padaThiBalnuch ¢ yU4e€TOM OOJBIIOI
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rubKocTy u 6oraroro ¢yHknuonana [4]. Ho aTo o6opaunBaeTcst BHICOKMMHU TPEOOBAHUSIMHU K BHIYUCIUTEILHON
mormHoctu cepepa. CepBepsl WMS-C no mportokosiam coBmecTuMbl ¢ OGC WMS, nmo3toMy X MOXXHO
BCTPOUTH MEXK/Ty KJIMEHTOM M cepBepoM WMS, UTO 1M03BOJISET CYIIECTBEHHO YBEIHMYUTh CKOPOCTh PEAKIUU U
pasrpy3uTh cepBep. PaccMOTpeHs! anbTepHaTUBHBIE PELICHUS JUIsl CO3aHusl KaTanora parMeHToB (TaiiioB),
takue kak ka-Map Cache (http://ka-map.ominiverdi.org), TileCache (http://tilecache.org) u mp.

VcTOYHNMKOM IPOCTPAaHCTBEHHBIX IAaHHBIX JJIs cCEpBepa ¢ porpaMMHbIM obecnieueHreM GeoWebCache
nocyxmt WMS cepsep ¢ kapToit KpacHosipckoro kpast Ha ocHOBe porpaMMHoro obecniedenust MapServer.
Peanm3oBana cucrema cepBUCOB, KOTOpbIE MOAIECPKUBAIOT KA1l pacTpOBBIX M300paxkeHuid Ha cepeepe ¢ Ge-
oWebCache B akTyaJbHOM COCTOSHUH TP OOHOBJIEHMH UCXOAHBIX JaHHBIX HAa WMS cepsepe.

B pesynbrare 00beJUHEHHS pa3IMYHBIX TEXHOJIOT U IPEICTaBICHUS KapThl [10JIb30BATEII0 HA CTOPOHE
KJIMEHTAa peann30BaH BapUaHT, B KOTOPOM KapTa COCTOUT U3 IBYX CJIOEB: MOJUIOKKA U TEeMAaTUYECKUIL CII0H.

Bropast yacTh KapThl HaKJIaJbIBAETCS IMOBEPX CJIOS MOJIOKKH B BHJIE MOJIYNPO3PaYHOrO PAaCTPOBOIO
n300pakeHHs. JTa 4acTh KapThl 0TOOPAKAET BCIO TEMATHUECKYI0 HH(POPMALINIO, JINOO ee Cpe3 B 3aBUCHMOCTH
OT HacTpoeK rnosb3oBaress. [Tonb3oBaTenp Takke MOXKET ONPEAEIUTh TUIIB 00BEKTOB U TeMaTHYecKre Habo-
PBI TaHHBIX HAOJIOAEHUSI, KOTOPBIE OYIyT 0TOOpakaThCsl Ha KapTe.

IIpennokeHHas TexHONOrH4Yeckast OCHOBa M kapTa KpacHOspCKoOro kpast akTUBHO HCIIOJIB3YETCs B Clie-
JYIOILIMX MPOEKTax:

«Kapra 3npaBooxpanenus: KpacHosipckoro kpas», KpacHosipckuii kpaeBoi MeqUIMHCKNI HH(QOpMAIH-
onHo-aHanmTHyeckuit nentp (KKMUAL), 2008-2013 rr. (http://www.kmiac.ru/).

«Cetb 00pa3oBaTenbHBIX yupexaeHnii KpacHospckoro kpas», MUHHCTEPCTBO 00pa30BaHUs M HayKH
Kpacnosipckoro xpasi, 2009-2012 rr. (http://issou.cross-edu.ru/).

AUC I'TC (Enunas 6a3a naHHbIX «['MIpoTexHHYECKHE COOPY)KEHHUsI ¥ OIlacHbIe Y4acTKu Oeperormepe-
paboTku»), MUHHCTEPCTBO IPUPOIHBIX PECYPCOB M JiecHOTO KoMIuiekca KpacHospckoro kpast 2010-2012 rr.

CeroziHsi B pe3ynbraTe pa3BUTHS TEXHOJIOTHI U TPOrPaMMHOTO 00€CIIeUeHH s IOy YeHbI HOBBIE PE3YIIb-
TaThl, KOTOPbIE MO3BOJMIM 3HAYUTEIHHO YCOBEPLIEHCTBOBATH CYIIECTBYIOLIYIO IMPOTrPAMMHO-TEXHOIOTHYE-
ckyto riardopmy reonoprana UBM CO PAH mist pa3paOoTku cucTeM MOHMTOPHHTA OKpYKaroIIei mpupo-
HOU cpezpl. [IporpaMMHO-TeXHOIOrHYECKas IIaTGopma AJsi OpraHu3aliy pacipeieIeHHOrO I0CTyIa K dJIeK-
TpoHHOU KapTe KpacHospckoro Kpasi IO3BOJIUT YCOBEPLIEHCTBOBATh ITPOLIECCHl Pa3pabOTKH CUCTEM MOHHTO-
puHra juss KpacHosipckoro kpasi, IIOBBICHT KaueCTBO IIPEJOCTABIISIEMBIX YCIIYT JJIsl HACEIEHHS Kpasi K Ka4eCTBO
MIPUHUMAEMBIX YIIPaBJICHUECKHX pelIeHui. PaccMOTpeHHOE peleHne MOKET OBITh MCHOJIB30BaHO HE TOJIBKO
Jutst TeppuTopur KpacHOsIpCKOro Kpasi, a pecypchl 1 HHCTPYMEHTHI pa3pab0TaHHOH MPOrpaMMHO-TEXHOJIOT U~
Yyeckoi 1aTdopMbl MOT'YT OBITh HCIIOJIB30BaHbI IIPU pa3paboTKe APYTUX CUCTEM.
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Architecture of integrated system of geospatial data services
for climate research
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cospatial datasets (meteorological databases, modeling and reanalysis results, etc.) are actively used in
modeling, interpretation and forecast of climate change for various spatial and temporal scales. Due to
inherent heterogeneity of environmental datasets as well as their size which might constitute up to tens
terabytes for a single dataset studies in the area of climate and environmental change require an effective soft-
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ware support based on SDI (Spatial Data Infrastructure) approach [1]. A dedicated architecture of the integrated
system of geospatial data services providing over the web quantitative information for climate change monitor-
ing applications is presented (Fig. 1).

It should be noted that a number of objective reasons such as complexity of data models used, syntactic
and semantic differences of various datasets that complicate creation and use of common terminology, the de-
velopment of environmental geodata access, processing and visualization services turns out to be quite a com-
plex task, [2]. So that, the architecture presented includes the following components:

1. Effective in terms of search, access, retrieval and subsequent statistical processing model of storing
big sets of regional geospatial data, allowing in particular to store frequently used values (like monthly and an-
nual climate change indices, etc.), thus providing different temporal views of the datasets.

2. Modular computational core as a standalone software unit, providing basic dataset handling as well as
statistical processing functionality required thus representing computational backend for geoprocessing ser-
vices.

3. Metadata catalog describing in detail using ISO 19115 and CF-convention standards geoinformation
resources (datasets and services) used in climate researches as well as providing its publication according to
OGC CSW (Catalog Service Web) 2.0 specification.

4. Computational and mapping Web services to work with geospatial datasets based on OWS (OGC
Web Services) standards: WMS, WFS, WCS and WPS.

To realize web mapping and processing services Geoserver software is used since it provides natural
WPS implementation as a separate software module while standalone software such as PyWPS (http://pywps.
wald.intevation.org/) or ZOO Project WPS (http://zooproject.org) can also be used. To provide geospatial
metadata services GeoNetwork Opensource (http://geonetwork-opensource.org) product is employed for it
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Figure 1. General architecture of the geospatial data services system
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supports ISO 19115/ISO 19119/ISO 19139/ISO 19110 metadata standards as well as ISO CSW 2.0 profile for
both client and server.

The system of geospatial data services created according to the architecture presented will serve as a
basis for development of complex client-server applications aimed at climate change research.

The work is partially supported by RF Ministry of Education and Science grant 8345, SB RAS Program
VIII.80.2.1 and IP 131, RFBR grant 13-05-12034.
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iscrete-time game-theoretic model of related
Dto a bioresource management problem (fish

catching) is investigated. The players (coun-
tries or fishing firms) which harvest the fish stock are
the participants of the game. Players differ in their
time preferences and use different discount factors.
Power population’s growth function and logarithmic
players’ profits are considered. Such models usually
named as “fish wars” [1,3].

The main problem investigated here is how to
construct the value function for the cooperative solu-
tion and to distribute the joint payoff among the play-
ers when players have different discount factors.
Here we construct the schemes how to determine the
joint discount factor in order to construct cooperative
payoff and how to construct the cooperative strate-
gies and payoffs without the joint discount factor.
Also we consider the case when players have differ-
ent exploitation times.

Let two players (countries or fishing firms)
exploit the fish stock during infinite time horizon.
The dynamics of the fishery is described by the equa-
tion [5]:

—_— a —_
X = (Ext T u2t) > Xo =X,
where X, > 0- the size of population at a

time t, € € (0,1) - natural death rate, & € (0,1)-

natural birth rate, u, >0 - the catch of player i,
i=1,2.

Then the players’ net revenues over infinite
time horizon are

J; =Y 6/ In(u,),
t=0

where &, €(0,1) - the discount factor for
player i, i=1,2.

First, we show that the joint discount factor &
for the case when cooperative payoff is distributed pro-
portionally among the players exists. Second, we sup-
pose that the cooperative payoff is distributed in the

portion ¥V (x,8) : (1-y)V(x,0), where ¥ is a
parameter. We propose to use Nash bargaining solution
in order to determine the unknown parameters [2].
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Then we obtain the cooperative strategies without determining the joint discount factor using Nash bar-
gaining solution. We present two different approaches of bargaining procedure. In the first one the cooperative
strategies are determined as the Nash bargaining solution for the whole planning horizon. In the second ap-
proach, we construct the cooperative solution as a recursive bargaining procedure. On each time moment the
cooperative strategies are determined as the Nash bargaining solution taking the non-cooperative profits as a
status-quo point.

In the case of different players’ time of exploitation we also consider two cases. In the first one participa-
tions’ times are known n, < n,. In the second, the times are random variables with known discrete distribution.

For all the models the results of numerical modelling and comparison of the schemas are presented.
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paboTe uccienoBaHa TCOPETUKO-UTPOBAst MOJIEIb KCILTyaTallil PECYPCOB B IUCKPETHOM BpeMeHU. B

UTPE YYACTBYIOT HTPOKH (CTPAHBI WU PHIOOIOBELIKHAE apTEIIH ), IPOU3BOISIINE BEUIOB OHOPECYpPCOB Ha

OCCKOHEYHOM IPOMEKYTKE BpeMeHH. B mpenpinynmx padorax aBTopos [1,2,6,7] ObUTH UCCIEIOBAHBI
MOJIEJIH C ABYMS MJIM MHOTIMH UTPOKaMHU, HO TIPU 3TOM, IIPU KOOIIEPAaTUBHOM MOBEAEHUH MPEAIOarajioch 3a-
JAaHWE OTUHAKOBOTO KOX((UIIMECHTa NUCKOHTHPOBaHUA. B maHHOW paboTe UTPOKH HCHONB3YIOT pa3iIHYHBIC
K03 (QUIUCHTHI TUCKOHTUPOBAHKUS, YTO MOKHO HHTEPIPETHPOBATHh KaK UX PA3IUYHBIC IPEAIOYTCHUS BO Bpe-
MEHHU.

OCHOBHO# ITPOOIEMO¥ B TaHHON CUTYalluH SBISCTCS TO, YTO HET BOSMOXKHOCTH OTIPENICIIUTh BBIUTPBI-
M UTPOKOB IIPU KOOIIEPATHBHOM ITOBEICHHH CTaHIAPTHBIMH criocobamu. B pabote [4] OBUIO MpeIoKeHO
MOCTPOEHUE KOONIEPAaTUBHOTO BBIMTPHILIA KAK CYMMbI MHIUBUIYaJIbHBIX, HO IaHHBIHN [OIXO/ SIBJISETCS HETpa-
JUIIMOHHBIM JIJISl KOOIIEPATUBHON TCOPHH WTP, TAE MPH KOOIEPAIUU OIMpPEICNAeTCs] OOIIUI BBIMTPHII BCEX
YYaCTHUKOB, a IIOTOM HCIIOJIb3YIOTCSL CXEMBI €0 PacIpeieIeHUsI.

[ToatoMy B maHHOH paboTe s MOCTPOCHUS KOOIIEPATUBHOTO BBIUTPHIIIA U PACIIPEIACIICHUS €T0 MEKIY
WUTPOKAMHU TPEATIOKEHO HCIOIb30BaHUE apOuTpaxHO! cxembl Hamra. [Ipu 3TOM McclienoBaHbI 1Ba criocoba
pelIeHUs TaHHOM 331a41: TIOCTPOCHHE 00IIEeTo KO3 PHUIHEHTa JUCKOHTUPOBAHUS U TIOCTPOCHHUE KOOIICPATHB-
HBIX BBIUTPHIIICH O3 €ro NCIIOIB30BaHMSL.

[Ipu rcnonp30BaHUM MIEPBOTO CIIOCO0A PEHICHUS MTOKA3aHO, YTO, SCIIH KOOTICPATUBHBINA BRIUTPHIII pac-
MPEEIACTCS POMOPIHUOHATBHO MEXKY HIPOKAMH, TO CYIIECTBYET OOIIUI KOA(PPHUIIMECHT JUCKOHTHPOBAHUS U
oInpezesieHbl YCIOBUS €r0o CcyllecTBoBaHuUA. Jlanee, mpeanonaras, 4To KOOIEpPaTUBHbIN BHIMTPHIL pacipeaess-
€TCsl B HCKOTOPOH MPOMOPIIMU, HEOOXOUMO OTIPECIICHIE IBYX ITAPaMETPOB: JIOJTH BBEIUTPHIIIA U OOIIEro KO-
a¢¢uIreHTa JUCKOHTUPOBaHUs. HaiiieHbI yCIIOBHS CYIIECTBOBAHUS TAaKUX ITapaMeTPOB, a JUIS BRIOOpA KOH-
KPETHBIX M3 HUX MPEIJIOKEHO HCIIOIB30BaHUE apOUTPaKHOM cxembl Hama.

[pu pemenny naHHOM 3a1auu Oe3 UCTIONB30BAHUS 00IIEro Ko3h(GUIeHTa TUCKOHTHPOBAHUS IIPE]IO-
JKEHO JB€ BapuaHTa. B mepBoM M3 HUX KOOIEpAaTHBHBIE CTPATETUU U BBHIUTPHILI ONPENEISIOTCS U3 PELICHHS
apOUTPaKHOM CXEMBI JIJIsl BCETO IMEPHO/Ia MPOIODKEHHS UTrpbl. TakuM 00pa3oM, MAKCHMHU3UPYETCs IPOU3BEIC-
HHUE pa3HOCTel 00IIEero KOOMEepaTHBHOTO U HEKOOIIEPATUBHOTO BEIMTPEIIICH. Bo BTopoM ke — apOuTpakHas
cxeMa MPUMEHSIETCS Ha KaKJIOM LIare JUIsl OoNpenesieH sl KoonepaTUBHOro rnoBeaeHus. [Ipu 3Tom Toukoil cra-
TYC-KBO SIBIISICTCSI HEKOOTICPATUBHBIN BBIMTPHIII HA KaxIoM mrare. [loka3aHo, 4To 00€ 3TH CXEMBI Jar0T OOJIb-
1IUE BBIUTPHILIN U pa3Mep NOMYISUN, YeM STOMCTUYECKOE MTOBEICHUE.


mailto:annaret@krc.karelia.ru

Taxoxe PACCMOTPEHBI CUTYallUH, KOrJa UTPOKU pa3InM4aroTCs HE TOJIBKO pa3IMdYHbIMU KOS(I)(l)I/IHI/IeHTa-
MU JUCKOHTHUPOBAHUSA, HO U PAa3JIMYHbBIM BPEMCHEM YUaCTHUA B IPOLECCE SKCIITyaTalliu pecypca. I/ICCJ'IeZ[OBaH
cnyqaﬁ (1)I/IKCI/IpOBaHHI)IX BPEMCH Y4YacCTUA U BPEMCH Y4acCTus, BbIPAKECHHBIX TUCKPETHBIMU CJ'Iy'-IafIHLIMH BC-
JIMYUHaMU C 3aJaHHBIMH PACIIPCACIICHUAMU.

MoneJb u 001mmii K03¢gpuuMeHT TMCKOHTHPOBAHNUS
[TycTb aBa Urpoka (CTpaHbl WM PHIOOIOBELIKNE apTelIH) SKCILTYaTHPYIOT PBIOHBII pecypc Ha MpoTskKe-
HHMH OECKOHEYHOIO TOPU30HTA MJIAHUPOBAHUS. I[I/IHaMI/IKa Ppa3BUTHA MMONTYJIAINNA UMECT BU

— _ _ (21 —
X, =(&x,—u,—u,)", x,=x,

e X, = 0 - pasmep nomymnsuun B Moment t, € € (0,1) - kosdppuument emeprrocrn, & € (0,1) - xo-
s durment poxnaemocrn, U, = 0 - BbuIOB Hrpoka i, i=1,2.

[pennonaraem norapupMuueckuii BUJ (yHKIMH BBIUTPBIICH HIPOKOB M HAIMYHE Pa3IUYHBIX KO-
(HULIIEHTOB TUCKOHTHPOBaHUs. OOIIMii 10X0 HIPOKOB Ha OCCKOHEYHOM MPOMEXKYTKE HMEET BUJT

J, =Y 6/ In(u,),
t=0

rze 0; € (0,1) - xoappuument auckoHTHPOBAHKS HrPOKa i, i=1,2.

Takue Mozenu B 3apyOeKHOH JUTEpaType MPUHATO Ha3bIBaTh «fish warsy [5].

PaBHOBecue mo Homry u koonepaTnBHOE paBHOBECHE ONPENEINM, HCHONB3YS METOI JUHAMHYECKOTO
nporpaMmMupoBaHus (cM. [2,6,7]).

OGosuaunm V;(x, ;) - BEIMrpbI UrpoKa i IPH HEKOONIEPATHBHOM MOBE/ICHHH

[pu koomepanyy LENbI0 UTPOKOB SIBISCTCS MAKCUMH3ALMs CYMMBbl MX BBIMIPBILCH, U 0003HAYUM
V(x,0) - BourpbIm urpoka i Npu KoornepaTHBHOM TOBEIEHHH, T1e O - OOIIMH HeM3BECTHBIH Koo dUIIMEHT
JUCKOHTUPOBAHUA.

[Ipearnonaokum, 9TO KOONIEpaTUBHBIA BBIMTPHIII PACTIPEACIISIETCS MEXy UTPOKaMH IPONOPLIHOHAIBEHO
uX K03(pHULHEHTaM TUCKOHTHPOBAHHMS, 8 UMECHHO

0.
——=V(x,0)
6,+96, )
Hafinensr yciaoBusi, KOTOPBIM JIOJDKEH YIOBIETBOPATH OOIIMH K03(D(UIIMEHT TUCKOHTHPOBAHUS 0,
YTOOBI KOOTIEpAaTUBHOE MTOBEIEHUE ObLTO PAlHOHATBHBIM, T.C.

LV(x,(S)ZV,.(x,&,.), i=12.
0, +0,

Jlanee  npenmnonaras, 4YTO ~ KOONEPATHBHBIA  BBIMIPBIL  PAacHpenenseTcs B TPOMNOPIHH
vV (x,8):(1-y)V(x,0),tne ¥ - HeusBecTHBI NapamMeTp, HaliICHbI YCIOBHS ISl PALIHOHATEHOCTH KOO-
nepanum:

PV (x,8)2V,(x,6). (1- 7V (x.8) 2 V,(x,5,).

Takum 06pa30M, MOJYYCHO MHOXCCTBO JONIYCTUMbBIX IMApaMETPOB 5 n }/ . Z[J'ISI MOCTPOCHUA PCIICHUA
IPEAJIOKEHO UCIIOJIb30BATh ap6HTpa>i<Hy}0 CXemy Hbma

(PV (x,8) =V, (x,8))((1= 1V (x,8) =V (x,8,)) > max.

Wroro, a1t onpeieneHus KOOIepaTHBHOTO MOBEICHHUS IPEIIOKEHO TOCTPOSHHE 0011ero Ko PHIIUeH-
Ta TUCKOHTHPOBaHUS. PaccMOTpeHsI ABa cirydast pa3aesieHus KOOTIEPaTHBHOTO BEIMTPHIIIA: TPOIOPIHOHATIEHO
k03¢ GUIMEeHTaM TUCKOHTUPOBAHMS U B HEKOTOPOI HEM3BECTHOM MPOIOPIHK. B mIepBoM ciiyyae HaiiieHbI yc-
JIOBUSI CYILIECTBOBaHMS 0011ero ko3 duiineHTa JUCKOHTUPOBAHUSI, a BO BTOPOM - IIPEJIOKEHO UCTIONb30BaHUE
apOutpaxxsoro pemeHus Hama i onpeaeneHns HEU3BECTHBIX apaMeTpos [3].

ITocTpoeHue KoonepaTHBHOIO NOBeAeHUs 0e3 001ero ko3 pureHTa AUCKOHTUPOBAHUS

J11s TOCTpOEHUSI TaHHBIX CXEMBI HCIIONB3YETCs N-1I1aroBast Urpa, T.€. BBIMTPHIIIN HTPOKOB IPHHUMAIOT BUJT

J; =Y 6! In(u,),
t=0

rze 0; € (0,1) - kooppunment auckonTHPOBaHKS HrPOKa i, i=1,2.

PaccMOTpeHbI /iBa BapuaHTa TOCTPOEHHS KOOMEPATUBHOTO TOBEIEHUS TP TIOMOIIM apOUTpaskkHOI
npouenyps! Hama:

1. KoonepaTuBHbIe CTpaTeruu OMPEENIAIOTCS U3 PEIleH s apOUTPaKHOM CXeMBbI Il BCETO Mephoja
TPOIOIKEHHS UTPBL.
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2. PeKprI/IBHaH ap61/ITpa>1<Ha$1 cxema Homa MMPUMCEHACTCA Ha KaXX/10M 1Iare Uurpbl.
B IMEPBOM CJIyHdac peiiacTcCd CICAYyIolas 3agada

(Vlnc (x, 51 )— VlN(x:61 ))(Vznc (xaé‘z) - VzN (x>52 ) =

n n
_ t c N t c N
=8¢ Inu) ;Y (x,8)(X_ 85 In(us,) V3" (x,6,)) > max,
t=0 t=0 Mot
N o
e V, (x, 5i) - HEKOOIIEPATUBHBIE BHIMTPBIILIY B N IIarOBOM UIPE.
IIpu 5TOM ynanoch BBIPAa3UTh KOOIIEPATUBHBIE CTPATErMH Ha KAXKIOM IlIAre 4epe3 OJHY HEM3BECTHYIO
NIEPEMEHHYI0, KOTOPYIO MOXHO OIPENEIUTh U3 OJHOIO U3 YPABHEHUH YCIOBUS MAKCUMYyMa.
Bo BTOpOoM ciydae ncnonb3yeTcs peKypcHBHAs apOMTpakHas mpouenypa. Haumnas ¢ ogHOIIaroBoi
UI'PBI ONPEAEIIsiEM KOOIEpAaTUBHBIEC CTPATETUHU U3 PELLIECHHUS 3aa4l

(In(u,) +ad, In(ex —u, —u,) -8, In(2)— H™ )(In(u,) + ad, In(ex —u, —u,) -5, In(2) - H™ ) =
=(H-H!")HY - H)") - max,

Uy,
e H 11 N HEKOONIEPATUBHBIE BBIMTPBILIN B OJHOLIATOBOW UTPE.
Taxum 00pa3oMm, MOTYUCHBI KOOTIEPATHBHBIEC BEIUTPHIIIN U CTPATETHH B OMHOIIATOBOM UTpe. 3aTeM Iie-
PpeXoauM IByXIIaroBOM Urpe, UCHONb3Ys YXKE OTyUYEHHBIE BEIUTPBILIN, TA€ PEIIAEM CIEAYIOLIYIO 3a1auy

(In(u)+6H — H)(In(u,) +6,H) — H;" ) — max,
1-%2

e H 12 N HEKOOIePAaTHUBHBIC BHIMIPHIIIN B IBYXIIATOBON UTPeE.

JeiicTBys Aajee TaKuM ke 00pa3oM, TONyYeHbI PEKypPCHBHBIE YPABHEHUS, U3 KOTOPBIX ONPEICISIFOTCS
KOOIIEPaTUBHBIC CTPATETHH M BHIMTPBILIM HA KaXKIOM IIare.

Takum 00pa3om, HCCIIEAOBAHBI [[BA BAPHAHTA TIOCTPOCHHS KOOIIEPATUBHBIX CTPATEruil U BHIUTPHIILIEH
0e3 rcmob30BaHus o01ero ko3 uirenTa TMCKOHTUPOBaHUS. B IepBoM -- apOuTpaskHas cxema MpUMeHSIeT-
Csl 1715l BCETO TIepHOo/ia MPOIODKSHNUS UTPBI, @ BO BTOPOM -- UCIIOJNIB3YEeTCsl PEKypCHBHAs apOUTpakHas cxema
Hboma.

ApoOuTtpakHasi cxeMa 4 pa3jiMuHble BpeMeHAa y4acTHsl

PaccmoTpeHsl Ba BapHaHTa MOCTPOCHHS KOOIIEPATHBHOTO ITOBEIEHUS TPH ITOMOINM apOUTpa)kKHON
npornenyps! Hama B cirydae, Korjja HTPOKH YIacTBYIOT B IIPOIIECCE SKCILUTYyaTaIllH Pecypca pa3IndHOe BpeMsi:

1. Bpems yyacTusi HITPOKOB 3a7aHO.

2. Bpemena y9acTusi UTPOKOB SIBIISIOTCS JUCKPETHBIME CITyJailHBIMH BETHYWHAMHE C 33JaHHBIMHU pac-
IpeACTICHUAMHU.

B nepBoMm cityyae npeamnonoKuM, 4To NEPBbIM UTPOK YYacTBYET B UIPE N, I1aroB, & BTOPOW MIPOK — N,
nraroB. He ymansist obmuOCTH, OyieM canTats, 9To 0, < n,. Takum o6pa3om, 06a UTpoka KOOIIEpUPYIOTCs Ha IPo-
MmexyTke [0,n,], a 3aTeM BTOpOif HTPOK MPOJOIDKAET SKCIDTyaTalluio HHANBHAYaIbHO. {71 onpeneneHus crpare-
THI HTPOKOB 0AK’Ke UCTIONB3YETCs apOuTpaxkHas cxema. Takum 00pa3oMm, peraeTcsi ClieAyronias 3a/1a4a:

(Z 8! In(ut) V" (x,8 ))(Z 8¢ In(us,) + Z 8! In(ud ) VI (x,8,)-VI"")(x,8,)) — max,
t=0 t=n

rae V[0 ] (x,0,)- HeKOOHepaTHBHLIC BBIUTPBIIIN UTPOKOB Ha IpoMexyTke [0,n;].

Hanz[eHm KOOTIEPATHUBHBIC BBIUTPBIIIN U CTPATETHH UTPOKOB Ha MpoMexyTke [0,n,], a TaKKe HHIUBUIY-
QITBHBIN BBIUTPBILI BTOPOTO UIPOKA M €r0 CTPATErHH IIPOMEXYTKE [N, n,].

Bo BropoMm cityuae, npennonokuM, 4To MEPBbIi UTPOK YYaCTBYET CIy4alHOE N, YUCIIO MIaroB, NPUHHU-
Marowee 3Hauenue 1,...,n ¢ BeposttHocTsMH @, ...,6, , a BTOpOii HIPOK — N, YMCIIO 1WArOB, IPHHMMAIOLIEE
3HaYeHue 1,...,n ¢ BEPOATHOCTAMU @), ..., D, .

Toraa BEIMIPBIIIN UTPOKOB SIBJISIOTCS MATEMATHUECKUMU OXKHJAHUSIMH M MOTYT OBITh 3aITUCAHBI CIICY-
FOIIIM 00pa3oM:

J,=E 25' In(uf )1(n<,,)+(25' ln(ul)+z5’ In(u" NI, ,

t=n,

:anonl Z o, Zé”ln(ul)+2a) (Zé”ln(ul)+25tln(ul ))

n =1 ny,=n, n,=l1 t=n,



J,=E 215’ In(u)I, ., + (25' 1n(u;)+z &' In(uy N1, .,
t= t=

t=n,

n n n, ny—1 n n,
=Y, | >, 60,6 nwu)+>.6, (> 8 In(us)+) 6 In(u,))
my=1 t=1 =1 t=1

n=n, t=n,

Haiinens! koonepaTHBHBIE M HEKOOIICPAaTUBHBIE CTPATETHH HI'POKOB.

Takum 00pa3om, HCCIEIOBaHbI 1BA BapHAHTa IIOCTPOSHHS KOOIIEPATHBHBIX CTPATETHil M BEIMTPHIIICH B
cllydae, KOTJja HTPOKH SKCILTYaTHPYIOT pecypc pa3iImyHoe BpeMs. B mepBom cirydae — BpeMeHa y4acTHs 3a/a-
HBI, & BO BTOPOM — SIBIISTIOTCS CITy9aifHBIMU BETNYNHAMH.
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Mathematical modeling of nitrification and organic matter oxidation
processes in the biological treatment system

Smirnov N.V., Kirillov A.N.

Institute of Applied Mathematical Research KarSC RAS, Petrozavodsk, Russia
E-mail: fresh.87@mail.ru

biosystem. In particular, wastewater treatment aeration tank is the flow biosystem. We have considered

the well-mixed continuous aeration tank, which is relatively divided by areas termed as compartments.
The vectors of current and initial states correspond to their own compartments.

The nitrification and organic matter oxidation’s mathematical model is proposed in the report. The two
species of aggregated substrates and related species of microorganisms’ dynamics is described by the nonlinear
ordinary differential equations system.

The threshold functions are introduced in the right-hand-side of the equations. It allows us to consider
nitrification or oxidation of organic matter in the aeration tank complying with the zones as almost self con-
tained processes.

The industrial flow biosystem’s parametrical identification is a complex problem due to lack amount of
processes’ data. The scanning method is used to obtain the numerical solution of this problem. The directions of
the model developing and clarification of parameters’ point are submitted in the report.

The goal of this report is the developing of biochemical processes’ mathematical model in the flow
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MatemaTnyeckoe MoienupoBaHue NPoLeccoB HUTpUGMKaLm
1 OKWCNEHWA 0PraHNYecKoro BELLIeCTBa B cucTeme buonoruyeckoi
OYNCTHMN

Cmupnoe H.B., Knpnnnoe A.H.

WHcTutyT npuknagHeix matematuyeckux nccneposanuii KapHL, PAH, Metpo3asoack, Poccua
E-mail: fresh.87@mail.ru

BBenenue

[TporouHble OHOCHCTEMBI, K KOTOPHIM MOXXHO OTHECTH U CUCTEMY OMOJIOTHUYECKOW OYMCTKU CTOYHBIX
BOJ AKTUBHBIM HUJIOM, Hpe}ICTaBHSIIOT 3H3}II/ITCJ’ILHBII7] I/IHTepeC, KaK aJis 61/IOJ'IOFOB, 9KOJIOI'OB, TaK U AJ1d CIICIua-
JIUCTOB B 00JIACTH MaTeMaTH4YeCKOro MOICIMPOBaHus. B q1aHHOM paboTe MpeIoyKeHbI MOEITb Iporiecca Ono-
OYMCTKH U TIOJIXO/1 K PELICHHIO 33/1a4¥ apaMeTPUUECKOH HIeHTU(QHKALMH.

Onucanue npouecca.

Ha GonbIIMHCTBE OYMCTHBIX COOPY)KEHHUIT CTOYHAsS BOJA, PO IS TpeABapUTeIbHbIC 3Tarbl 00paboTKH,
NOMaaeT B CIeUUalIbHbIe Pe3epByaphl, a9POTEHKH, I/ie IPOUCXOIUT OHOJIorHYecKas o4ucTKa. B padore pac-
CMOTpPEH MPOLIECC, TPOUCXOASIINI B a3pOTEHKE-CMECUTENE, B KOTOPbIN aKTUBHBIN MJI M CTOYHAs BOZAA MOCTY-
MaloT HETIPEepBIBHO. MT0Bast cMech ABMXKETCS BAOJIB OCH a’poTeHKa. CTouHast Boja, colepKaiasi pa3Hble BUABI
cyOcTpara, ocTyIaer ¢ OJMHaKOBOH 00BEMHON CKOPOCTHIO PABHBIMH MTOPLMSAMH B HECKOJIBKHX TOYKaX a3po-
TeHka. Ha puc. | nmpuBeneHa cxema a3poTeHKa OYUCTHBIX coopy:keHuil . IleTpo3aBoacka. Beigenum nBa Bunga
cyOcTpara, KOTOPBIE OKUCIISAIOTCS] HA OYHCTHBIX COOPYKCHHAX !

- JIETKO OMOPa3IoXKUMBIA OPTaHUYECKUN CyOCTpar, XapaKkTepu3yeMblid KOHIIEHTpanuen Sg;

- a30T B aMMOHHIHOH (hopMe, XapaKTepr3yeMblil KOHIIGHTpaIueit Sy,

O4unCTHBIE COOPYKEHHUS, KaK MPABIJIO, YCIEUTHO CIPABIAIOTCSA ¢ OKUCIEHHEM JIETKO OMOpa3IoKuMOon
OpTaHUKH, JOCTAaTOYHAS JKE€ CTEIIEHb OKHCICHU aMMOHHUS MOXKET He IOCTUTaThCsl. Bo3HuKaeT mpobnema mare-
MaTH4YeCKOT0 MOJICIIMPOBAHUS MPOliecca HUTPU(DUKALUK C LEJIbI0 YMEHBUICHHS BEJIMYUHBI Sy, B OUUIICHHOM
BOJIE.

1 1
T e |
' ' L | 3-if xopuIop = — r r >
' 1 f 1 1 1 1
] 1 * f 1 1 1 1 1
) 1 > 1 1 1 1
! ! E 4_"‘: 2-#1 kopHIOp f : : % C2 ] Cl :
d @) i @) L Dl Ol : (o] Ol
1 1 >
7| P v v ” :
! ° ' : | Pereneparop | : : : :
O — MECTO BXOXKJEHHSI CTOUHOM BOJIBI B a9POTEHK; Puc. 1. Cxema asporeHka.

® — MECTO BXOXK/ICHHS MIIOBOM CMECH B a9POTEHK;
¥ — MecTo cbopa npod

P — HanpasleHNe ABIKEHUS WIOBOW CMECH.
----- — IpaHHMIla KOMIIAPTMEHTOB

.= 1 M). Beigenmum 066éM V,=a - b -1, tne a —
HIMPHHA KOPUIOPa a3POTEHKA, b — BRICOTHI HIIOBOW CMeCH B a3poTeHKe. [1ycTh 3a Bpemst At B CHCTEMY TI0Maaa-

B asporeHke BbIZIEINM Y4aCTOK AJIMHOM /,, (Hampumep, /,

. o AVYCV A Kl
10T 00BEMBI AV, AV, cTOYHOW BOJBI M AKTHBHOTO WJIa COOTBETCTBEHHO. Torma V| = unv,= -
At At
.. . V
00BEMHBIE CKOPOCTH BXOXKIEHHS B @9POTEHK CTOYHOH BOZIbI M aKTUBHOTO MJId, COOTBETCTBEHHO. £, = — < —
v, +Vv,
BpeMsI IPOABIKCHUS WIIOBOW CMECH Ha PACCTOSHHUE /,,. YUHUTBIBas, YTO CTOYHAS BOAA Mojaéres uepes n Tpyo,
.. . Vil
paccunTaeM 06bEM, KOTOPBIN BXOIHUT Yepes oaHy TpyOy 3a Bpewms f,;; V, = ———.
n

WnoBas cMeck, ABUTAsICh IO KOPUIOPY a3pOTEHKA, MOMaAeT K MECTY BXOXKICHUS CTOYHOM BOABI (depe3
odepenHyo TpyOy), Iie MPOUCXOAUT UX repeMeniuBaHue. TakuM o0pa3oM, MecTa BXOXKAECHHsI CTOYHON BOJIBI
€CTECTBEHHBIM 00pa30oM JIeJsiT adpoTeHK Ha kommaptMenTsl (C, i = 1,2,K), 00bEMBI KOTOPBIX paBHbI V; = k; -
V., TI€ k; — 3TO KOIMYECTBO Y4aCTKOB JUIMHOI1 /,, Bxomsimmx B C,. Byaem mpearonararh, 4To B KaXA0M KoMIap-

TMCHTEC IIPOUCXOAUT HﬂeaﬂbHOﬂ nepeMenimBaHnue UJI0BOH CMECH, KOTOpOﬁ Ha OPOXOKACHUC KAXKIOI0 U3 HUX
TpeOyeTcs Bpems ¢, = k; - t,,. 3a Bpems ¢; B C; BIUBAeTCs CTOYHAS Boga o0séMoM V., i=k, - V., .



Iyctb S', Sy 1 Sy, Sy — KOHIIGHTPANUU CyOCTPaTOB B CTOYHOM BOJIC M MIIOBOM CMECH COOTBETCTBCH-
HO, X}; , X,— KOHIICHTPAIIMX TeTePOTPOPHBIX U aBTOTPOMHBIX MUKPOOPTAaHU3MOB HIIOBON CMECH, COOTBETCT-
BEHHO.

IIpu nomagaHuM MIOBOM CMECH B i-bIii KOMIIAPTMEHT, IJIE OHA MEPEMEIIMBAETCS CO CTOUHOM BOJIOH,
KOHIICHTPAITMH CYyOCTPAaTOB M MUKPOOPTraHM3MOB aKTUBHOTO HJIa PACCUUTHIBAIOTCS IO POPMYIIaMm:

S S;'Vv,i_'_SS'I/i S;J .Vv,i+SN I/t
S Vv,i+I/i N - Vv,i+I/i ’
Xy Ve X
AR A A

MaremMaTn4eckast MoaeJIb

I'pynmoit mccnenosareneii, Bo3miasiusiemMoir M. Henze, Obi1 mipenniokeH ps MOAETEH TSI ONMCAHUS
mporecca omoounctku [6]. Ha ocHOBaHMM moxxona, MPeayIoKEHHOTO 3TOW TPYIIOH, MIpeuiaraeTcsi MOIeNb,
YYUTHIBAIOMIAS TUHAMUKY KOHIICHTPALXH JETKO OMOPA3I0KIMOTO OPraHMIECKOTro cyocTpara, a30Ta B aMMO-
HUIHOH (popMe 1 MUKPOOPTaHU3MOB, OKHCIISIOIINX 3TH CyOCTpaTHI.

B akTUBHOM HJI€ BBIIEIUM 2 IPYIIIBI MUKPOOPTAHU3MOB: reTepOTPOHbBIC U aBTOTPO(HbBIE. 3aMeTHM,
4TO B 001IIel OroMacce reTepoTpoPHBIX OaKTepuil 3HAYUTENHHO OoJbIIe, YeM aBTOTPO(dHBIX [7]. [etepoTpod-
HBIE OPTaHM3MBI NPEUMYIIECTBEHHO OKHCIISIOT OpraHMYecKHui cyOcTpar, obecrieunBas 3a CYET STOTO POCT
cBoeit bumomacchl. KoHneHTpanuo oprannieckoro cyocrpara OyaeM xapakrepu3oBarhb rnokaszarenem BITK, .
(6buonornueckoe MoTpedICHNE KUCIOPOAa Ha OKHCIIeHHe cyocTpara). OmHaKko MOCIEAHIA TTOKa3aTeib BKITIO-
4aeT B ce0st pacxo/l KMCIOPOa 1 Ha TPOLECChl OKUCIICHHS IPYTUX BEIIECTB, B TOM YHCIIE Te€X, KOTOpbIe He Oy-
JIyT OKUCIICHBI B adpoTeHKe. [103ToMy BBeIEM MOPOroByr0 (GYHKIIHIO f;, MO3BOJSIONIYIO OMUCATH MEPEKITIOUe-
HUE MMPOoIlecca OKUCIIEHHS C OPraHUKH Ha aMMOHHMI TP JIOCTHYKEHUU KOHIIEHTpAIKei Sy HEKOTOPOTO 3HAYSHUS
¢,. B xauecTtBe 3HaueHUs ¢ MOXHO B3iTh BITK

1
0 6(Sisq)

Ha)lPIJ'IOBOﬁ JKHUJKOCTH HA BBIXOAC U3 a0POTCHKA.

TIOJIH

Mycte f, =

l+e

[oBenenne QpyHKIMH f; MMeeT cTyneHuarsii xapakrep. [Ipu atom f,=~0 pu S, € (0, c—¢), fi=1 npu S, €
(c + &, ), Tme ¢ > 0 — gocrarouHo manas BenmunHa. KorcranTa 10° obecneunBaer OnMM30CTh GYHKINH f; K
Pa3pBIBHOM CTYTIEHYATOH (DyHKIIHNH.

Hannane opranndecknx BEIIECTB aKTUBU3UPYET Pa3BUTHE TeTEPOTPOGHBIX MUKPOOPTaHM3MOB, KOTO-
pBI€ BHIUTPHIBAIOT Y HUTPHUPHUIHUPYIOMINX MUKPOOPTaHM3MOB B O0prOe 3a xucmopon [2]. B pesymnbrare, mpo-
1ecC HUTPU(HKAMK CHAaYala B 3HAUUTEIBHONH MEpe 3aTOPMaKMBACTCS W HaYMHAET aKTMBU3UPOBATHCS, 11O
Mepe yIaleHus opranndeckoro cyocrpara. Torma BBenéM (QpyHKINIO, OTPaKAOIIYIO 3TOT (PAKT:

f _ SNH/(SS_CI)
2 = >
K, +8y (Ss—¢))
rae K, — 3To HeKoTopas MocTosiHHas. 3ameTuM, uto f, € (0, 1,) £, Bo3pacTaeT npu yBeTUIeHHUHN OTHOIIIE-
HUS KOHLIEHTPAIHHA Sy, / (Sg— ¢;).

S
Hcmone3ys 3aBucumocts Mono f(S, K) = ﬁ 1 BBEACHHBIC BhIIE QyHKINH f;, f, TIOydaeM IH-
+

HaAMHUYCCKYIO CUCTEMY, OIMCBIBAIOUIYTO ITPOLECC OHMOOYHUCTKH:

in 1
S8§ =0(Sy _Ss)_H_Hf(SsaKs)f(So,Koﬁﬁ)TXH’
Y, 10°(5=D)
l+e 75
in M, S ! Se
Sj%l[-[ = Q(SNH _SNH)_Y_:f(SNH ’KN )f(SosKo,A)mXA’ (@)
) ) ) 1
X5 =0(Xy -X )+ I"LH]((SS’KS)f(S()’KO,H)m_bH Xy
l+e 5
X5 =0X" =X )+ 0, (S Ko ) (S, K )SN”—/SC—b X
A A A A NH > NH 0 0,4 K +SNH /S(/ A A2

o
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1

e Q= ? [1] — pacxon cMecH HjIa M CTOUHOM BOABI, 1 — BpeMs MPOXOXKICHHS a’POTEHKA HIOBOIL
CMECBIO.

KonnenTparnuu Ha BX0/ie ¥ BEIXO/I€ YIaCTKa a9POTEHKA COOTBETCTBEHHO:

S™,, Sy — paCTBOPEHHOTO KUCIOPO/IA;

S, Sg — paCTBOPEHHBIX JIETKO OMOPA3IOKUMBIX OPTaHUIECKUX BEUIECTB;

S™ > Sy — PACTBOPEHHOTO a30Ta B aMMOHUKHOM (hopMme;

X", Xy — rerepoTpo(HBIX MUKPOOPTaHU3MOB;

X",, X, — aBTOTpOGhHBIX MHKPOOPTaHH3MOB.

ITapameTpsr:

K — momyHacHIIeHUs reTepoTpoQOB JIETKO OMOPa3I0KUMBIMU OPTaHHYECKUMHE BEIIECTBAMI;

K, — mosyHachIleHus aBTOTpo(hOB aMMOHHEM a30Ta;

K, ;;— IOIyHACHILIEHUs TeTepOTPO(HOB KUCIOPOIOM;

K, ,— IOIyHAaCHIIEHHs aBTOTPO(OB KUCIOPOIIOM;

Y, — nepexona Macchbl OpraHMYeCcKoro cyocTpara B buomaccy rereporpodos;

Y, — nepexona Macchl aMMOHUSI 230Ta, B Onomaccy aBToTpo(oB;

by— cxopocTh pacnana rereporpodos;

b, — ckOpoCTb pacmnazia aBToTpo¢oB;

4y — MaKCHMAaJbHasi CKOPOCTh POCTa TeTePOTPOGOB;

4, — MaKCHUMaJIbHasi CKOPOCTh POCTa aBTOTPO(OB.

JlaHHas MOZIETH SIBIISETCS YCOBEPIICHCTBOBAHWEM MOJEIH, IpeanoxeHHod B [5]. Konuentpamun Ha
BXOJI€ B Ka)KIBIH KOMIIAPTMEHT BBIYHUCILIIOTCA 110 (popmymam (1). [yt pacdeTa BBIXOIHBIX KOHIICHTpAIUN U3
KaKJI0TO KOMIIapTMEHTA MPOU3BOUTCS YUCIICHHOE HHTETPUPOBAHNE CHCTEMBI (2).

I/IMI(ITaIlI/IOHHOC MO/JI€/JIMPOBAHUC
Jist periieHus 3a1a4u mapaMeTPUIeCKOi HACHTH(DUKAIIMN HCIIONIb30BaH METOI CKaHUpoBaHus [3] B 00-
JIACTH JOMYCTUMBIX 3HAYCHHI TTapaMeTpoB [7]. Pemenuem sBnsercs Habop napametrpoB P = (Y, Y, iy tiy by

b, Ky Ky Koy Ko K,)” KOTOPBI MUHUMU3UPYET LiENE€BON (QyHKLMOHAN
ny-N

J=Yw =y -y,

i=1
rmew; — BECOBOM K03(1)(1)I/IHI/I€HT, n,— KOIU4YCCTBO Ha6J'IIOHaeMBIX NEPEMCHHBIX, N — KOJIU4YeCcTBO TOUCK

cOopa dKCIIEpUMEHTAIBHBIX JaHHBIX, V, }"; — DKCIIEpUMEHTAJbHBIE ¥ MOJEIBHBIC JJAHHBIE COOTBETCTBEHHO.
YuciieHHOE MOZAENIHPOBAHUE MPOBOIMIOCH C ITOMOIIBIO KiacTepa «L[eHTp BBICOKOITPOM3BOIUTENBEHON 00pa-
6otku marubx» [LIKII KapHIL] PAH, 2012-2013]. [Tony4eHne MOACTHHBIX TAHHBIX IPOBOIIIOCH ITyTEM pelire-
HUSI CHCTEMBI (2) METO/IOM ITPOTHO3a-KOPPEKIMN Aamca.

[IpoBeneHsl KOMIBIOTEPHBIE KCHEPHUMEHTHI, B KOTOPBIX OSKCIIEPUMEHTAIGHBIMHM JIAHHBIMH OBLTH:
BIIK,,,, Ha BBIXO/IE N3 a3POTEHKA; KOHIIEHTPAMH: aMMOHUS a30Ta ¥, = ("}, ¥'1, V4, V1, V1, V™), KOHIIEHTpauu
o0rIelt 6MOMacChl MUKPOOPTAaHU3MOB y, = (™), V'5, 1%, V%5, ¥4, V*,) Ha BXOIE, B YCTHIPEX TOYKAX adPOTCHKA U
Ha BBIXOJIC M3 HET0. DTH JaHHbIC ObIIM TOJTyYeHBI Ha OYMCTHBIX COOpYyXeHMUsIX I. [Terpo3aBoncka. C MOMOIIbIO
MeTo/]a CKAaHUPOBAHMsI OB TTOJTydeH HAOOp MTapaMeTpOB, MUHIMHU3UPYIOIINH LeNeBOi QyHKIMOHAT J.

Tab6n. 1. 3HaueHus HapaMeTpoB.

I[Mapamertp 3HayeHue EauHunsl udmepeHust
Y, 0,59 r 6uomaccs! (tr BIIK, )"
Y, 0,24 r 6Gromaccs! (T aMMOHHS a30Ta)’!
yoe 3,5 cyr !

Wy 0,315 cyr !

by 0,05 cyr !

b, 0,05 cyT !

K 25 r BIIK,,, M?

Ky, 1 T aMMOHMSI a30Ta M

Ko 0,1 r0, m?

Ko 4 0,67 r0,m?

K, 5 Oe3pa3MepHast BeIMUMHA




BriBoabl

[MpensokeHbl MaTeMaTHYECKasi MOJIEINb Mpoliecca OHOOUYHUCTKH M MOAXO0J K €€ IapaMeTpUUeCKOi UlIeH-
tudukanun. C MOMOIIBI0 METOIa CKAHUPOBaHUS HaiiieH HaObop mapamMeTpoB, HaHOOJIee YIOBIETBOPSIOIIHIA
IKCTIEPUMEHTAIIbHBIM JIAHHBIM.

Bo3moxkHO JanbHelilee yTOUHeHHE 3HAYCHHIA TapaMeTpoB C MCIOJIb30BAHHEM TEOPUU 1yBCTBUTEIb-
HOCTH [4].

Bo3mokHO fasbHeilee pa3BUTHE MOJIEH ITyTEM BBE/ICHHS YPABHEHUS IMHAMUKY KOHIIEHTPALIUH KUC-
JIOPOJIa, YTO MO3BOJIUT PELINTh 3324y YIPaBICHHS IIPOLECCOM OHOOUNCTKH.
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postwar years has created an ideal vacant niche for acclimatization of the ragweed leaf beetle (Zygo-

gramma suturalis F.), the North American phytophagous insect species introduced in the South of Rus-
sia in 1978. The propagation of this species resulted in restoration of natural periodicity of succession process,
and significantly depleted the soil seed bank of the weed. Besides an applied economic effect, the studies on
introduction had important theoretical significance, allowing revealing the phenomenon of solitary population
wave (SPW) of the ragweed leaf beetle (Kovalev, Vechernin 1996). Theoretical study of SPW as the key factor
determining the efficacy of weed biocontrol application underlie the method of biological suppression of com-
mon ragweed, based on SPW formation by means of arranging local refuges for initial increase of the beetle
population abundance.

We propose a novel approach for modeling the spatiotemporal dynamics of the “ragweed — phytophage”
system, accounting for both spatial activity and genetic structure of the ragweed leaf beetle population. The model
is based on a taxis-diffusion-reaction system of partial differential equations (PDEs) and demo-genetic Kostitzin
(1937) model, which describes the local kinetics of three competing genotypes of a diploid population. Common
ragweed is supposed to compete with native plant species. Spatial heterogeneity is taken into account by possibil-
ity of selecting pattern of plots not suitable for both plants. Besides, we take into account the mate-finding Allee
effect of the ragweed leaf beetle, caused by demographic stochasticity at low population density.

B eing stimulated by disturbance of the natural habitats, explosive spread of common ragweed in the
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In particular, the model simulations easily reproduce the observed fieldwork phenomena: effective
elimination of common ragweed by the advancing wave of Zygogramma suturalis population, and rapid (with-
in 5-6 generations) development of flight in the ragweed leaf beetle, which in its home country, lost the ability
to fly. Thus we confirm the earlier suggestion by Kovalev (2004) that formation of ‘flyers’ completely replacing
‘pedestrians’, was caused due to overcrowding in the wave front of expanding population of the ragweed leaf
beetles.

The study was partially supported by the ministry of education and science of Russian Federation (grant
FTPC 2012-1.1-12-000-1001-033, agr. 8044).
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nuctoena Ha tore Poccun
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MOpo3us noNbIHHONMMCTHAS 3aHeceHa Ha FOr Poccun B Hawane XX Beka, 0iHaKoO JIMIIb ¢ KoHIa 1940-x
TOZ10B €€ pacHpOCTpaHEHUE MPUHSIIO XapaKTep KOJIOTMUYECKOrO B3phIBA: HAPYILIEHUE B PE3YNIbTATE
BOCHHBIX JEHCTBUI MOYBEHHOIO MOKPOBA CTUMYIUPOBAJIO 3KCIAHCHIO 3TOTO COPHSKA, KOTOPBIN BbI-
TECHSIJI MECTHBIE BUJIBI pacTeHUH, GOPMHPYsI INIOTHBIE TOMOTEHHBIE (PUTOIIEHO3bI M Ha TO/bI OJIOKHUPYS IPO-
Liecc cyKneccuu. PacTutenbHbIi TOKPOB HEpeaKo ObLT 00pa3oBaH TONBKO 3TUM BHJIOM, INIOTHOCTH IPOPOCTKOB
KOTOPOTO P OJIaronpHsTHBIX YCIOBUAX JOCTHTraa 7 ThIC. pacTeHui Ha 1 kB.M nipu ¢puromacce 10 1/ra (Kosa-
neB 1989a). [IporspkeHHbIe 04arn aMOpO3UH IPEICTABISIIN CO00i HaeanbHy0 CBOOOIHYIO HUILY JUIS aKKIIH-
MaTH3anuu 3aBe3eHHOro B 1978 r. Ha FOr Poccun mone3Horo ceBepoaMepruKaHCKOTO HACEKOMOTO — aMOpo3He-
BOTO I0JI0CaToro Jucroena Zygogramma suturalis F. Paccenenne nucroena Ha 3anexax B oyarax aMOpo3nu
3HAYUTENIBHO CHU3WIO KOJTMUECTBO CEMSH COPHSKA B TIOYBE U MPUBEIIO K BOCCTAHOBJICHUIO €CTECTBEHHOMH I1e-
PHOIMYHOCTH CYKIIECCHOHHOTO IpoIiecca, XapaKTepHOH! JUIs 3TUX TepPUTOPHH /10 HamecTBus amOpo3un (Ko-
BajieB, Beuepuun 1989). ITomrMo npuKIIaIHOTO IKOHOMIYECKOTO 3 dekra, paboThl 0 HHTPOMYKIIMHA UMEITH
Ba)KHOE TEOPETUUECKOE 3HA4YEHHE, MMO3BOJIMB OTKPHITH M M3YYUTHh ()EHOMEH YSIUHEHHBIX IMOIMYISIHOHHBIX
BonH (VIIB) amMOpo3ueBoro ucToena — mepeMeIaronuxcs Mo 3aCOPEHHOMY aMOpO3HeH MO0 MOJI0C BBICO-
KOW KOHILICHTpAIMK HaceKoMbIX (70 5000 5K3/KB.M), B THITy KOTOPBIX IPAaKTHYECKH He ocTaeTcs copHska (Ko-
BaseB, Beuepnun 1986; Kosanes 1989a). [IpononrupoBanHbIil 3 dEKT MTPOX0oXkKIeHHS BOIHBI 00ECIIEUNBACTCS
MOCIIEAYIOINM KOHKYPEHTHBIM BBITECHEHHEM aMOpPO3HH ITOJIBIHHOMUCTHON PacTUTEILHBIMH KYJIBTYpaMu, pe-
KOMEHyeMbIMH (puTonieHOTHYecKnME Metoamu (Mapsromkuna 1986; 1361608 2010).
st onucanus YIIB nucroena Kosanesbim 1 Beuepuunsiv (1986; 1989) 6bu1a npeuioskeHa MaTeMaT-
YyecKast MOZIENb, COIIACYIOILYIOCs C pe3yIbTaTaMH KPYITHOMACIITaOHbIX MOJIEBBIX paOOT MOCTOSHHOM SKCIIeAN-
uuu 3MH AH CCCP B CtaBpomnonbcKoM Kpae.
JanbHeimmii anann3 MupoBoro omnsita onoxontpoins (Kovalev 2004; Kosane u np. 2013) nokasau,
410 3¢ PEeKTUBHOCTh HanboIee YCHEUIHbIX KaMIIaHWH 110 OMOJOTMYECKOMY IIOJIaBJICHUIO COPHBIX PacTeHUH
CBsI3aHa C BOJIHOBBIM XapakTepoM pacnpoctpanenus ¢purodara (Huffaker 1967; Julien, Griffiths 1998; Room,
Thomas 1985; Room 1990; Moran et al. 2009). Teopernueckue uccienoanus YIIB kak kimoueBoro axropa
a¢dekTuBHOCTH areHTa-purodara Jery B ocCHOBY paszpadoranHoii B 3IH PAH meroankn Ononmorunyeckoro
MOaBIIEHUs aMOpO3nH, MpeaycMarpuBatoieii popmuposanne YIIB myTém opranusanuy JOKaJIbHBIX ydacT-
KOB-PE3epBaToOB Ul HavaJbHOTO HApalllMBaHUs YHCICHHOCTH momyisiuuu jucroena (Kosanes, Beuepuun
1989).
WHuTponykuus nucToesa CONpoBOXKIANIACh U IPYTUMU HHTEPECHBIMHU ABIEHUAMU. Tak, BbICOKAs MJIOT-
HOCTb NOMYJISILIMOHHON BOJIHBI )KyKOB CITIOCOOCTBOBaJIa OBICTPOMY (B TE€USHHE IIECTH MTOKOJICHHUH) 3aKperie-
HUIO (DEHOTHIMYECKOTO MPHU3HAKa CIIOCOOHOCTHU K ITOJETY B IMOIMYJISIIMH HEJIETAIONIETO B YCIOBHUSIX POAMHBI
Bua HacekoMoro (Kosanes 19896). Bponckum (1989) BersiBiensl Mopdoiornueckue oTnyust xxykoB CtaBpo-
MOJILCKOM nomynsinuu ot »kykoB U3 Kanane! u CIIIA, B akCHIIISIpHOM anmnapare KOTOPBIX OTCYTCTBYIOT CKIEPO-
THU30BaHHBIE CTPYKTYPHI, 00€CIEYNBAIOIIHE TIOJIET.
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Jnst uzyuenust dakropoB 3¢h(heKTHBHOCTH OMOMETONa M HAaOMIOJaeMbIX NP MHTPOLYKLHMH JINCTOENa
(eHOMEHOB HaMu pa3paboTaHa MOJENb CUCTEMBI «PACTHTENBHBIH pecypc — MOTPEOUTENb», YUUTHIBAIOIIAs
MIPOCTPAHCTBEHHYIO aKTUBHOCTh U TEHETHYECKYIO CTPYKTYPY MOIYJISALUHA OHOJIOrn4eckoro areHra — ¢puroda-
ra. [IperycMoTpeHa BO3MOXKHOCTh BKJIIOUEHHUS B MOJIEIIb KyJIBTYPhI — KOHKYPEHTAa COPHSKA, a TaKXKe BbIesIe-
HUSI Y9aCTKOB, Ha KOTOPBIX BOOOIIE HET pacTUTELHOCTH. [IpH mocTpoeHnn Moiesi 00beMHEHbI apoOHpo-
BaHHbIE paHee METO/IMKH OIMCAHUs aKTUBHBIX HAIPaBJICHHBIX NepeMerieHunid norpedureneii (ToTioHOB 1 1p.
2002; 2009; 2010; Tyutyunov et al. 2007) 1 SBOJIOIMY TEHETHYECKON CTPYKTYPBI IIPOCTPAHCTBECHHO-pACIIPE-
nenénHor nonynsiuu (TrotioHOB 1 ap. 2008). JlMiHaMHMKa reHOTHIIOB JIMCTOEAA, 0OPAa30BaHHBIX AJUIEISIMHU
CIIOCOOHOCTH M HECIIOCOOHOCTH JKYKOB K IOJIETY 3a/1aeTCsl AEMOTCHETHYECKUMH ypaBHEHHsIME KocTunnHa
(Kostitzin, 1937). YuteHo BIUsiHUE Ha BOCIIPOM3BOICTBO JHcTOoena ddekra Oin, KOTOPbIH MOXKET ObITh 00-
YCIIOBJICH CIIOKHOCTBIO BBIOOpa mosioBoro maptaépa (Gascoigne 2009) BenencTBre qeMorpa@uueckoil croxa-
CTUYHOCTH, Pa3MEPHOTO II0JIOBOTO JTUMOP(H3Ma KYKOB M BBISIBICHHOW ITOJIOXUTEIBHOW acCOPTaTUBHOCTBIO
CKpeIIMBaHus 110 Npu3HaKy pasmepa (Cepruesckuii 1989). Jlist 1ByMEepHOTo NpsSMOYTOJIbHOTO MECTOOOUTAHHS
MOJIEJIb MIPE/ICTABISIET COO0M cucTeMy BOChMH AM((epeHINaTbHBIX YPAaBHEHNH ¢ YaCTHBIMU IPOU3BOAHBIMU
THIa TaKCHC-TUPPy3usi-peaKiys, YUCICHHO HHTETPUPYEMYIO METOIOM IIPSIMBIX.

MopenbHble 9KCIIEPUMEHTBI, B YaCTHOCTH, MOATBEPKAAIOT KPUTHUECKOE 3HAYCHHUE BBICOKOM IIOTHO-
cTi amOpo3uu st popmupoBanHus >PPEKTHBHON MOMYJSIIMOHHOM BOJHEI (uTodara, KOTopasi, B CBOIO Ove-
pellb, CO3/1aeT YCIIOBHS [UIsl OBICTPOTO PACIIPOCTPAHEHUS! B IOIYIISIIMH aJUIelIsi CHOCOOHOCTH K MOJETY.

Pabora yactuuno nonnepxana rpantom OIIT «Kanpe «HoBbli oxxox K coriacoBaHHOMY OHOJIOTH-
YeCKOMY KOHTPOJIIO aMOPO3UH MOJIBIHHOJIMCTHOM M Kojtopajckoro xyka» (mudp 2012-1.1-12-000-1001-033,
corit. 8044).
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to atmospheric pollution transport modeling [1]. The considered approach uses as input parameters the

set of known sensitivity coefficients and results of corresponding pollution measurements. The observa-
tion in the area is defined as a vector field ¢; = g(x; v, z, t) j =1, K, J, i =1, K, N, , J is a number of sensors, N is
a number of time steps). In finite vector space of unknown the source estimation problem can be presented as a
matrix equation

4,-8=f, A4, eRY™ geRY, fieRY, |4, A< - fI<8, ()
where 4, is a matrix of sensitivity, f; is a observation data rewritten in terms of sensitivity.

The residual of the problem = inf || f—A4 - g ||=||f—A4 - g* || called misfit data in geophysics defines the
corresponding optimization problem. Errors 4 and § of this ill-posed problem overdetermine (1 > 0) matrix
equation (1). Solving (1) we are looking for so called general solution or pseudo-solution determined as g: = g*
=argmin||f—A4 - g||, wherer=f;— A4, - g called residual. We can transform the equation (1) into 4, - g +r=f;.
In this case both g and » are unknown. Normalizing with least squares method we get a augmented normal sys-
tem of the following form

-E A Ly
R, -x=0b, R, = COT h , X= @ , d= Js 3)
A, 0 g 0/

where 7 is an approximation of residual, g approximate the solution, o is a scaling parameter.

The special case of source intensity estimation problem is investigated in present study with application

The last matrix equation (3) is solved with standard Tikhonov regularization and imaginary spectrum
shift approach proposed by Fadeeva taking advantage of the matrix symmetry (R, = R,). Two approaches of
regularization parameter o choice were used here: apriority and aposteriori. We use the fact proved by Morozov
V.A. and Gilyazov S.F. [2] that || g(a) — g* || = O(h + 0) for =0 and a = h. The aprioristic choice of « for which

a, = h guarantees asymptotic convergence to the exact solution g(a) — g* = g. In the case of big fixed 4

apriory
and J, parameter o is defined with aposteriori approach using generalized residual method. For an estimation of
quality of the choice The parameter 7, (@,,.4,) = 1€ (o) — &€ V1| & (@tss)) — £ || controls the efficiency of choicing

a, where a,,,, is the o best guess satisfying min "g(a) - §|| = ||g(abm) - §|| .
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The algorithm designed and used in presented study provide a stable numerical solution of the consid-
ered source estimation problem. This result was numerically approved by author with numerical experiments.
The solution obtained with regularizing approach with SVD decomposition was studied and analyzed making
corresponding conclusions about its efficiency. Two considered approaches choicing a were compared with the
corresponding efficiency control parameters: 7, off (aapriary) <2 for the aprioristic choice of a,
Moy (X o) <1,3 for the aposteriori choice of ¢ .
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3afiaya MaEeHTN(PUKALMM MHTEHCMBHOCTI MCTOYHNKA 3ar PA3HEHNA
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paboTe mpezaraeTcst MOAXO0, MO3BOJIIOIINI OIIEHUTh HHTEHCUBHOCTh AEHCTBUS MCTOYHHUKA 3arps3-

HeHus aTMoc(epbl Ha OCHOBE JaHHBIX O 3aMepax KOHIIEHTPAIMU MPUMECH B CTAIIMOHAPHBIX MYyHKTax

koHTpoIs1. OOparHas 3a/1a4a pelasach METOAOM peryisipru3anui. [lomydeHsl ycToiunBEIe OLICHKH HH-
TEHCUBHOCTH IIPH HAJIMYHMH IOTPEIIHOCTEH B omeparope (MaTpUIle CHCTEMBI) M OTCYTCTBHM MH(POPMAIHU O
COBMECTHOCTH TOYHOM crcTeMBI. [Ipor3BeeHo CpaBHEHHE allpHOPHOTO M all0OCTEPHOPHOTO CIIOCO00B BBIOOpa
napamerpa perynspusanuu. Pabora npomomkaeT uccienoBaHus, peAcTaBiIeHHbIe B [2,3].

1. MaTtemaTrnueckasi MOIeJIb X METOIbI

1.1. IlocTanoBka 3agaun. O630p Moaenel MaeHTH(PUKAIINN HHTCHCUBHOCTEH MCTOYHUKOB 3arpsi3He-
Hus atMocdeps! naH B padore [1]. B pabotax [2,3] paccMaTpuBanace 3a1ada HACHTH(PUKAIINHA HHTCHCUBHOCTH

g(t) ucrounnka 3arpssHenns arMocepbl IPU U3BECTHBIX 3aMePaX KOHIEHTPAIUH C q(x 2 VisZ;s t),

j=1,...,J,i=1,..., N ucrynenuarsix koodppuuueHTax 1yBCTBUTENLHOCTH. Koa(b(pnuneHTH qyBCTBH-
TENBHOCTH XapaKTEepU3yIOT NMPUYNHHO-CIIEACTBEHHBIE CBS3H M MapaMeTpsl Monenu: koddduimenTsl audoy-
3, CKOPOCTh BETPA, TEOMETPHIO OOIACTH, PACIIONOKEHHE UCTOYHUKA M TaTIMKOB, 33 UCKIIIOYCHHEM MHTCH-
CHBHOCTH MCTOYHHKA. 3a7a4a UACHTU(HUKANA HHTEHCHBHOCTH MCTOYHHIKA C TOMOIIBIO MPUHIUIIA CYTIepIO-
3HIIH CBOJMIIACH K IPUOIVDKEHHON CHCTEME JIMHEHHBIX YpaBHEHUH

4,-g=fi, 4,eR", geRY, fieRY, |4, -A|<h || f; - f1<8, ()

e Ah — marpuna ko3QQUIHEHTOB YyBCTBUTENLHOCTH, f, 5 — BEKTOD, 3aBUCAILMIL OT 3aMepOB C ;,
— YKCIO JaTIHKOB, N — YHCIIO IIAroB IO BPEMEHH.

T[TOrpentHOCTH UCXOMHBIX NAHHBIX /1, O M HeydTeHHbIe (haKTOPBI MOJIEIIH TIPMBOAT K MPAKTHYECKOI
HecoBMecTHOCTH cucTeMsl (1). B aToMm cityuae pemeHue cucreMsl OyaeM HaXOmUTb B 00OOIEHHOM CMBICIIE

(NCEBIOPEENNE) . o* _ argmin lf-d-g|=4'-f, A"=("-4)"-4".

Benuuuna g =inf ” f—4- g” = ” f—4- g*” Ha3bIBAETCSl MEPOH HECOBMECTHOCTH (TOYHOI) cuc-
TeMbl. 3aja4a nACHTH(UKAINK MHTCHCUBHOCTH MCTOYHHUKA SIBJSIETCSI HEKOPPEKTHO MOCTaBJICHHOH (pereHne
HEYCTOWYMBO MO OTHOIICHUIO K TIOTPELIHOCTSIM HCXOIHBIX JaHHBIX) U TpeOyeT CrenuaabHbIX METO/IOB pellle-
Hus [4].

1.2. Cunry;isipHoe pa3jioskeHHe MaTPUIbL. B YNCIEHHBIX METO/IaX PEIICHUsI HEKOPPEKTHBIX 3a1a4 JIi-
HelHOI1 anreOpsl 0co00e MECTO 3aHUMAET CHHTYJSIpHOE pasiokeHue (singular value decomposition, SVD) [5]

CITES'2013

INTERNATIONAL CONFERENCE ON COMPUTATIONAL INFORMATION TECHNOLOGIES FOR ENVIRONMENTAL SCIENCES

session b


mailto:chaa@inbox.ru

session b

CITES'2013

INTERNATIONAL CONFERENCE ON COMPUTATIONAL INFORMATION TECHNOLOGIES FOR ENVIRONMENTAL SCIENCES

A=U-SV",  A4,SeRYIYNUeRWIND e RV, 2)

rne U,V — ynurapusie marpuns, S = diag(o,,0,,...,0y), 0,20, 2...20, 20 — nua-
rOHANIbHAsl MATPHUIIA CHHTYJISIPHBIX YHCEJL.

XoTsl, MpolIeypa CUHTIYIAPHOTO PasloKeH s ABIAETCA TPYIOEMKOI 3a/1a4eil, OHO JIaeT TIOYTH HCUep-
MBIBAIONIYI0 HHPOPMAIIMIO O CTEMEHH HEKOPPEKTHOCTH 3a/1aul. ByIeM HCMosb30BaTh €BKJIMI0BE BEKTOPHYIO
¥ MaTPUYHYIO HOPMBI ”x” =x"-x, ”A” = maX”A . x” = ,toma cond(A) =o0,/o, . Crenens nexop-
PEKTHOCTH 3384l MOYKHO OIPEAEIISATH 110 CK(MOCTH yObIBaHHsl CHHTYJSIPHBIX uncel. JlanHas obparHast 3a1a4ya
OTHOCHTCS K CHJILHO HEKOPPEKTHBIM 3a7a49aM [6], T.K. IIpH MajloM 1are no spemenu Af = t,—1,_, cymecTBy-

eraucno vV > 0, Takoe uro lime”'o, =0.
n—>»00

1.3. Peryaspuzupyrommuii aaroputm. Akagemuk A.H. THXOHOB IpenIoXniI CBECTH 3a/1ady OTHICKa-
HUS HOPMAJIbHBIX IICEBAOPELIEHUH K 3a/1au€ YCIOBHOM MMHUMHU3ALMKM METOAOM MHOXKUTENeH Jlarpanska napa-
METPHUYECKOTO (DYHKIIOHATIA HEBA3KU

2 2 .
S.(&)=|4,g- £l +a-|g| — min,
pellieHre KOTOpoii omnpesenseTcs Kak eIMHCTBEHHOE PellieHune ypasHeHus Diinepa (peryaspusuposa-
HoOI HopManbHOU cuctemsl, PerHC)

T —
(4 -4, +a-E)-g(a)= 4, f;.
e cumBosiom E 0603HavaeTcs e[MHUYHAS MATPUIA, COOTBETCTBYIOIIETO MOPSIKA.
BoruncnurensHbli 3¢ GeKT peryispu3alry 3aKII04aeTcs B MaIoM cABUTE (OT HyJIsI) CIIEKTpa HEOTpHIIa-
. T
TENBHO ONPEIENeHHOM Marpuubl A, - A, , uto ynydmaer (IpH COOTBETCTBYOILIEM BBIOOPE (X ) YHCIO 00-
YCJIOBIEHHOCTH 3a1a4H.

1.4. Bui6op napamerpa peryasipusauuu. B [7] nokasano, uto ecniu o = at(h,0) > 0 BwiGpan, Tak

gro lim (h+ 5)/0{ =0,1 g(a) > g* . Taxxe B.A. Mopo3oBeiM u C.®. I'niisi30BbIM OBLIO JJOKA3aHO,
h.5—0 0

yroecrn =0 u ax=h,ro ”g(a) - g*” =O0(h+0). Taxoii anpuopHsIii BHIGOp = h rapauTu-

apriory
* f—
PYET aCCUMINITOTUYCCKYIO CXOOUMOCTh & (a ) - g = g . B ciyuae, korja NorpenHoCcTH huo (bukcupo-

h,6—-0 o
BaHBI, TapaMeTp  BBIOMPAETCS allOCTEPHUOPHO IO MPUHITUITY 000OICHHON HEBSI3KU

p(a@) =y () =0, p(@) =|f; 4, g(@)|, w(@) = u+h-|g(@)]|+5.

2. Peryasipu3svpyro1uui aJITOPUTM pelleHUs 3a1a4u HAeHTH(PUKAUNY HHTEHCUBHOCTH
2.1. HecoBMecTHOCTB cucTeMbl. Elle pa3 0TMETHUM, CITIOKHOCTH PEIISHUS TaHHOM 00paTHOM 3a1auu:
CHCTEMa SABJISIETCSI HECOBMECTHOM (3TO IPEOI0IIEBACTCS C IIOMOIIBIO TICEBAOPEILCHN);

MaTpuLa cucTeMbl A, SBISETCS II0X000YCIOBICHHOM (3TO IPEOLONEBACTCS PErYISIPH3HPYIOIIIM ajl-

TOPUTMOM);

HeT HH(OPMaLUK O Mepe HECOBMECTHOCTH TOUHOM CUCTEMBI LI .
TpeThst U3 CIIOXKHOCTEI BBIHY)KJAeT peliaTeis BBIYUCISATh MEPYy HECOBMECTHOCTH TOYHOM CHCTEMBI

(TouHee ee OLIEHKY). YUUTHIBas 3TO, 3anmuiieM cuctemy (1) B Buze

A, -g+r=f;, 3)
roe ¥ = f5 — A, - g — BekTOp HeBsi3KH (L = ”r” ).OT™MeTHM, 9TO BEKTOp HEBSA3KH 7 (7100 ero HOp-

Ma [/ ) OIUCBHIBAET MEPY aAE€KBATHOCTH MOJEIH PEaIbHOI CUTyallK, IOATOMY €T0 3HaYeHHE TaK XKe HHTepec-

HO HCCJIE/IOBATEINIO, T.K. TO3BOJISIET HACHTH(UIIMPOBAT CKPHITHIE (HEyYTEHHBIE) (hakTOPhI MOJIEITH.
Cy1miecTByeT TpH MOAX0/1a K IIOMCKY PHOJIMKEHHBIX pelleHui cucteMsl (3):

HA OCHOBE aIPHOPHON HH(MOPMALMK UILETCs. F* U 3aTeM pelaercs cucrema A, - g = f(3 —-r;

HILETCs PerylIsPU30BaHHOE [ICEBIOPCIICHNE g M BBIMUCIACTCS BeKTOp ¥ = f5 — A, - g

pelieHne g ¥ HEBA3Ka /' MIIYyTCS OXHOBPEMEHHO.

B nocnenneM cirydae cuctema OyzieT He0ONpeIeICHHON 1 OyeT MMeTh OECKOHEYHOE YHCIIO PEIICHHH.

J1s1 eIMHCTBEHHOCTH pelIeHus cucTeMa (3) T0MoIHsIeTCsl HOpMaJIbHOM CHCTEMON

AT A=A
2.2. Paciupennast HopmasbHas cuctema (PHC) [8,9]. [lepennmem cucremy (4) B Buze
Al r=0, @)

rne 0 — nynesoii BexTop-cTONGEL.
YuutsiBas 310, cocTaBuM u3 (3) u (4’) coBmMecTHYI0 pacmupennyto cucremy (PHC)



o-E A4 oy
R-x=b, R = h,xzmr’d:j%

(0} 9

[0} T —
4 O g 0 5)
“N-J, R, eR" MW mM x deR™Y, EeR™, OeR

e ¥ — OlleHKa BEKTOpa HEBSA3KH, g — OLIEHKa penleHus g cucteMmbl (1), @ — ckanspHblii mapa-
METp, CIyXKaIlni A1 MacIITaOMpOBaHMs PACIIMPEHHOTO BEKTOpa PEIICHHs X W yMEHBIICHHS dHcia 00-
YCIOBICHHOCTH MaTpuibl R, pacumpenHoii cucremsr, O — HyiieBas MaTpHia.

2.3. Ucnoan3oBanue SVD B pemienun PHC. [TogcraBum dopmyny (2) CHHTYISPHOTO Pa3IoXKESHUS
marpuusl A, B cucremy (3)

T —
U-SV -g+r=f;,
T
¥ MOIU(HMIUPYEM CHCTEMY, IOMHOXKHB 00¢ yacTn Ha U

T T T )
S-w+p=b, w=V"-g, p=U -r, b=U" -f;, 3)
torga PHC (5) mpumer Bun
w-E S o P b
R, -x=d, R,=| _, ", x= Ap , d= , (5)
S, (0] w 0
B sToM ciyuae marpuna R ', OYIET pa3spsUKEHHON (MMETh TPU HEHYJIEBBIE IMAaTOHAIIN).
2.4. Peryasipuzauus PHC. Teneps He0OXOAMMO BBITOJHUTE PETYISPU3AIUIO PACIITMPEHHON HOPMAITb-
HOM cucteMsl (5”). s HaXOXKICHUS PEryIIpU3NPOBAHHOTO PEIICHHUS MOKHO TPUMEHHUTh METOJT Peryspu3a-
mun A. H. Tuxonosa

T,, x(@)=R,-d, T,,=(R +a-E), EeR"""
rae X(Q) — perynspuszapoBaHHbie HeBA3Ka U pellieHue. Kak 0TMeuanoch BhIlIe, H3-3a UCTIONb30BaHUs
rayCcCOBOM CHMMETPH3AINH YHCIO 00YCIOBICHHOCTH CHCTEMBI YBETHUUTCS (BO3BEACTCS B KBAIpar).
Y4uTHIBAs CHMMETPHYHOCTS MATPHIBI R, 4TO TapaHTHPYET BEIIECTBEHHOCTH €€ CIIEKTPa (T.K. MaTpH-
[1a KBaJpaTHasi, TO CHHTYJISIPHBIC YKCIIa SBIISIOTCS CIEKTPAIbHBIMU (COOCTBCHHBIMHU) YHCIIAMH ), TPUMEHUM K
(5°) Mmeron MEHUMOTO caBUTa criekTpa DaneeBoit

(R, +i-a-E)-(x(@)+i-y)=d, i=~-1, EeRU ",

NN B paCIHI/IpCHHOM BHUC
R, —a-E x(@) d

Fa),a .Z(a):dF’ Eu,a = s Za = ° dF =
Ja-E R y 0

(2]
Cuctemsl (6),(7) Ha3bBIBAIOTCS PETYASPU3OBAHHBIMHU PACIIMPEHHBIMA HOPMaIBHBIMH cucTtemMu (Pe-
rPHC). M1 6ynem razwiBath ux TPerPHC u ®PerPHC, cooTBeTCTBEHHO.
2.5. Bei6op « . Ilpu noucke perynspuzoBansoro pemerans PHC ucmonp3oBaich [Ba MPUHIATIA BBI-
00pa perynsapu3upyoIIero napamMeTpa o :

=h,
— KOPEHb 0000IIECHHOM HEBAZKU (a)—w » (a) =0 nns PerPHC, re

alpuopHbIN (&, priory

arnoCTEPUOHBIN X yost

o, (@)= \/||b -S-w@)-p| +|eo -5 -p||2 Ly (a)=5+J2h- \/||w(a)||2 + o™ -p||2 :

Jnst movcka KopHs ., MCTIONB30BANICS METOJ KACATEIBHBIX C HAYaIbHEIM 3HAYCHHEM =10-
Jlnist onieHKM KadecTBa BIOOpa (X HCIOJIB30BANICS KOIGPHUIUEHT 3P PEKTHBHOCTH

neﬁ' (ameth) = ||g(amez‘h) - g”/”g(abest) - g” 4
e o,,, — jydmee ¢ , BHIOPAHHOE 1O YCIOBHIO MIN ||g(a) - §|| = ”g(abm) - §|| Jlnst oucka
a

y k
a,,, bynkums g(or) BerumcisIMCH Ha reomeTpuyeckoii cetke o, =0, q , 0<q <1.

3. BeiBoanl

B npoBeneHHBIX BBIYNCIUTENBHBIX HKCIIEPUMEHTAX NMOCTPOCHBI yCTONYMBBIE YHCICHHBIE MPUOIHKE-
HUSI ICKOMOI MHTEHCUBHOCTH. [Ipon3BeieH aHanu3 pemieHuii (OIeHOK HHTEHCUBHOCTH), MOJTYYEHHBIX METO-
JoM perynspuzanun Ha ocHoBe PerPHC ¢ ucnonszoBannem SVD-pasznoxenus. CpaBHUBAIOTCS alpHOPHBIN 1
aroCTepUOPHBIH (IPUHITHIT 0000MIEHHON HEBA3KH ) OAXOIBI K BEIOOPY peryispU3upyIoero mapamerpa. st

anpuopHoro BeIGopa & Kkodhduument 77, (x ) £ 2, n1st anocTepruopHOro — 17 o (aapm) <1,3.

apriory
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and Betula pubescens Ehrh. were provided using the portable photosynthesis system LI-6400 (Li-

Cor, USA) on the experimental plots of the Forest research Institute of KarRC RAS (Petrozavodsk,
Russia). During the field campaigns in 2011 the CO, and light response curves of photosynthesis of leaves un-
der different air temperatures as well as the temperature response functions of dark respiration (Rd) of the
leaves of different species were estimated.

The method suggested by Sharkey et al (2007) was used to estimate the maximal velocity of Rubisco for
carboxylation (Vc,,,), the rate of electron transport at light saturation (J,,,), photorespiratory compensation
point as well as the rate of use of triose phosphates (TPU) that characterizes the availability of internal inor-
ganic phosphates (Ci) in leaves for Calvin’s cycle. It was assumed that the initial slope of the relationship be-
tween leaf photosynthesis rate and CO, concentration in sub-stomatal air space (Ci < 200 ppm) can be consid-
ered as an area of Rubisco limitation of photosynthesis. The upper part of CO, response curve from approxi-
mately 300 ppm and higher is influenced by, first of all, the rate of regeneration of RuBP, and after that by
availability of inorganic phosphate in leaves. The temperature dependences of Vc,,,,, J..., and TPU were esti-
mated using the statistical analysis of V¢, and J,, data set using equations suggested by Medlin et al (2002).
Temperature dependence function of TPU was derived using algorithm proposed by Sharkey et al (2007). The
results of field measurements show a relatively weak differences among Ve, J..... TPU and Rd for B. pendula
and B. pubescens trees (for leaf temperature T=25°C).

The analysis of nitrogen influence on H,O and CO, exchange in the leaf of B. pendula and B. pubescens
also identified interspecific distinctions under experimental treatment. When treated with nitrogen (NH,NO;)
both species demonstrated an increase in stomatal conductance (g,), rates of photosynthesis (A) and transpira-
tion (E) in the leaf. In B. pubescens the increase in the leaf E rate came along with an increase in the water po-
tential (V') of the foliated shoot and a decrease in the available water content (WC,) and saturating water content
(WC,) in the leaf. The changes accompanying the increase in leaf E rate in B. pendula were a decrease in ¥ of
the foliated shoot and stabilization of WC;and WC; of the leaf. In both the control and the treatments the values

Measurements of leaf photosynthesis, respiration and stomatal conductance of Betula pendula Roth



of the leaf A rate, WC,; and WC, were higher in B. pubescens. The conclusion is that the two species differ in
their functional plasticity with respect to the mineral nutrition conditions.

The results of provided leaf photosynthesis, respiration, stomatal conductance and transpiration mea-
surements were used in the process-based Mixfor-SVAT model (Olchev et al 2002, 2008) to derive the possible
response of CO,/H,0O budgets of Karelian forest ecosystems to future climatic changes.

The study was supported by grants (13-04-00827-a and 11-04-01622-a) of the Russian Foundation of
Basic Research (RFBR).
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POUCXOSINE U3MEHEHHS KIMMaTa U aHTPOIOTEHHAs EATENbHOCTh OKa3bIBAIOT 3aMETHOE BIMSIHUE

HA pa3BUTHE U IMHAMHKY Ha3eMHBIX dKocucTeM. OTKIIMK pacTeHUI Ha U3MEHEHUS YCIOBUM BHEIIHEH

CpeJIbI TPOSIBIISIETCS B TIEPBYIO OYEpPe/ib B N3MEHEHUH HHTEHCHBHOCTH X OMO(U3NUECKIX U ONOXUMH-
YEeCKHUX PeaKIiii, BAYXHBIM HHANKATOPOM KOTOPBIX SIBISIETCS CKOPOCTh razoooMena CO, (poTocuHTE3 1 JbIXa-
nue) u oomeHa H,O (Tpancnupanus) Mex Ty pacTeHUSIMHA M OKPY>KAIOIIUM BO3IyXoM. JIJIsl MporHo3a BO3MOX-
HOMW peaKIMy Pa3IMYHBIX PACTUTENBHBIX COOOIIECTB HEOOXOMMO OIIEHUTh MacCIITa0bl MPUPOIHON N3MEHYH-
BOCTH U YYBCTBUTEIHHOCTH Mokazareneit CO, u H,O oOMeHa kK H3MEHeHHIO TapaMeTpOoB BHEIIHEH cpenbl. [1o-
JTy4eHHbIE TI0Ka3aTesI MOT'YT OBITh HCIONIB30BaHbI KaK B KAY€CTBE MHIUKATOPOB IPH OLIEHKE UyBCTBUTEIHHO-
CTH PACTEHMI K BHEIIHUM BO3JEHCTBUSAM, TaK U B Ka4€CTBE MapaMeTPOB B MATEMaTUIECKUX MOJENAX IPOAYK-
LIUOHHOTO MpOoIecca U BOAHOTO UKJIA Ha3eMHBIX DKOCUCTEM. B paMKax JaHHOTrO UCCIENOBaHUS Ha IpUMeEpe
BujoB Betula L., B wactHOCTH Oepessl moBucioii (Betula pendula Roth) u 6epessr mymmmcroii (Betula pubescens
Ehrh.), sBnsromuxcst ocHOBHBIMHE JiecooOpazytomumu nopoaamu Ha CeBepo-3anane Poccun Hapsay ¢ BuIaMu
pornos Pinus u Picea, Ob1a npoBeieHa oIleHKa BIUHUS (pakTopoB BHEIIHEH cperpl Ha mokaszatenu CO, u H,0O
oOMeHa Jncta Oepe3 B YCIIOBHSX €BPONEHCKOI YacTH cpeaHeTaeKHoH 30HbI Poccum.

Wzmepenns napamMeTpoB pOTOCHHTE3A, JBIXaHNS U yCTHHYHOM IIPOBOANMOCTH JIMCTa Oepe3bl HOBUCIION
1 Gepessl MyIUCTO NPOBOIMIIN Ha HEOTAEIEHHBIX c(hOPMUPOBABIINXCS JUCTHSIX B CpEJHEN YacTH KPOHBI Oe-
pe3 ¢ momonipio mopraruBHOM porocuaTeTHIecKol crcteMbl LI-COR 6400XT (LI-COR Inc., CIIIA) Ha 3KC-
MIepUMEHTaNBHBIX TUIomansx Mucruryra neca KapHLL PAH (toxnast Kapenus, N 61°45', E 34°20"). B pabore
WCIIONIB30BANIN CTaH/IAPTHYIO JINCTOBYIO Kamepy ¢ ucrouHukoM csera LI-COR 6400-02B LED (LI-COR Inc.,
CHIA). ITpu6op LI-6400XT no3BossieT B aBTOMAaTHYECKOM PEKUME MPOBOJUTH M3MEpeHHs (POTOCHHTE3a H
JBIXaHHS OT/IEJIFHOTO JIMCTa TPH pa3iuyHbIX 3HadeHusx MAP, remmepaTypsl, BIa)KHOCTH W KOHIIEHTpAUU
CO, B m3meputenbHoil kamepe. [Iporpamma n3MepeHuil B MOJIEBBIX YCIOBUAX BKIIIOYAIa NOTYYEHUE YIIIEKUC-
JIOTHBIX U CBETOBBIX KPHMBBIX (POTOCHHTE3a JIMCTHEB NPH PA3HBIX TEMIEpaTypax BO3AyXa M TeMIIepaTypHBIX
3aBHCHUMOCTEN TEMHOBOTO JIBIXaHUSI.

Jns MonenupoBaHust HETTO (DOTOCHHTE3a JINCTHEB JIEPEBHEB M HAIIOYBEHHOH PacTUTENEHOCTH IMPOKO
ncnons3yercs noaxon ®apkxapa (Farquhar et al., 1980, 2001), koTopslii mpenonaraet, Y70 HETTO POTOCHHTE3
JMCTa ONpeeNnsieTcs: CKopocThio kapookcuiuposanus (PBPK/O), ckopocThio mepeHoca SeKTpOHOB IS pere-
Hepanmu akuenropa PB® u remHOBOrO nbixanus. B kauecTBe NOMOIHUTEIBHOTO JUMHUTHPYIONIETO (haKkTopa
(oTOCHHTE3a paccMaTpPUBAETCsI TAK)KE TOCTYITHOCTh BHYTPEHHNX Heopranudeckux Qocdaros (Pi) s nukia
KanpBuna (Sharkey 1985).

Ha ocHoBe nomy4eHHbIX 1aHHBIX 110 MeToauke (Sharkey et al., 2007) paccuuTbiBany 3Ha4eHUS] MAKCH-
MaJIbHO# ckopocTu kKapookcmmposanus PBOK/O (Ve,,,,), CKOpOCTh epeHoca eKTPOHOB JUTSL pereHepanni
akuenropa PB® npu ceeroBom HackimeHuu (J,,,), @ Takke CKOPOCTh yTriau3anuu Tpuo3opocdaros (TPU),
YTO XapaKTepH3yeT IOCTYITHOCTh BHYTPEHHNX Heopranmdecknx ¢ocdaron (Pi) mms nnkina Kanssuna. Temre-
partypHBI€ 3aBUCUMOCTH VC,,,, J,... 1 TPU OBIIM MOTyYEeHBI ITyTEM CTaTUCTUYECKOTO aHaIN3a MHOXKECTBA 3Ha-
yeHuit Ve, 1 ., IpU pa3HbIX TEMIIEPATYPax JUCTA C UCIOIb30BAaHUEM YPaBHEHUH, IPEATIOKEHHBIX TPYIION
nccnenosareneit (Medlin et al., 2002). Temmneparypayro 3aBucumMocts TPU paccunTsIBaiM ¢ HCIIOIB30BAaHHEM
anroputMma (Sharkey et al., 2007). Ha ocHoBaHMH TeMIlepaTypHBIX 3aBUCHMOCTEH OBUTH ITOTy4eHBI TpeaBapH-
TENbHBIE OIEHKH! VC, .., J,... 1 TPU mist BeIOpanHol pedepenTHol Temneparypsl 25°C. AHaNIN3 MOITy9IeHHBIX
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JAHHBIX BBIIBUII, B YaCTHOCTH, HEKOTOPYIO TCHACHINIO OoJiee BRICOKMX 3HAYCHUH Mokazarenedt Ve, ., Jo.x 1
TPU,,,, micTa Gepesbl MyIIICTON TI0 CPAaBHEHHUIO ¢ Oepe3oit moBucioi. Tak, Hanpumep, MaKCIMaJIbHBIC 3HaUe-
Hust Ve, JiIcTa 6epesbl MymucToi ObutH Bbie Ha 14 % 1o cpaBHeHHIO ¢ Oepe30ii OBUCION 1 COCTaBUIIN,
COOTBETCTBeHHO, 111 1 97 Mxmons M? ¢'. MakcumanbHbIe 3Ha4eHus J,,,, TakKe OBUIH MOMYYeHBI I Oepesbl
mymuctoit (J,,, (25) = 164 Mmkmons M? ¢ '), MEHUMaNTBHBIE - 17151 O6epe3sl moBucioi (J,,, (25) = 157 Mmxmoins m?
c¢'). 3nagenus TPU ,, nmucta 6epe3sl mymmcTol 1 Gepe3bl MOBUCION COCTaBIIIN, COOTBETCTBEHHO, 11.7 1 11.0
MkMous M ¢”'. 3naderns Rd (25) nucra uccienyeMsIx 6epe3 He pa3nudanuch U cocTaBuian 2.0 MKkMoIb M2c™.

OcoOb1if MHTEpEC MPEICTABIAIOT PE3YyNIbTaThl MOJEBOTO ONbITa C BHECEHHEM a30THOTO yHOOPEHHS
NH,NO, B ycnoBusAX MOCTaTOYHOW BIaroo0ecCIiedeHHOCTH. M3BeCTHO, YTO OMOJIOTHYECKHM KpPyTrOBOPOTOM
ymeposa B OONbIIEH CTENEHN YIIPABIAET KPyTOBOPOT a30Ta, KOTOPBIH SABIISETCS CaMbIM A€(DUIIUTHBIM JIEMEH-
TOM MHHEPAJILHOTO MUTAHUS TSI pACTCHUI OOpeanbHOM 30HBI BCIEICTBUE 0COOCHHOCTEH THAPOTEPMUIECKOTO
pexxuma stecHbIx mouB (Larcher, 1995, u ap.). B 3T0#1 cBsi3u 06110 IpOBEIeHO HccnenoBanme nokasareneit H,O
u CO, obmeHa nrcta Gepe3bl HOBUCIOHN U Oepe3bl MyIIHCTON IPH Pa3HOil 00€CTIEYeHHOCTH Cpeibl a30ToM. U3-
MEpEeHUs MPOBOIMIIN B THEBHOH AuHamuKke ¢ 9.00 1o 15.00 B nroHe-Hroje B THU C Pa3HBIMU TIOTOJHBIMH yCIIO-
BUSIMU. B OIIBITHBIN nepuos AHEBHbIE 3HaYeHHUS MHTEHCHMBHOCTH PAP, TemmepaTypsl U IeHUIUTA BOASHOTO
mapa B BO3Iyxe BapbupoBany B auamna3oHe 170-1800 mxmons m? ¢, 20-28°C u 0.6-1.6 kIla, cooTBETCTBEHHO.
Konnenrpammst CO, B Bo3ayxe B cpenHeM 3a nepuoa Habmoaenus cocrasmia 370.0 + 0.4 mxmons CO, moms™.
Habmtonenns nmpoBoanny Ha c(OPMUPOBABIINXCS TUCTHIX NPHU OAWHAKOBBIX YCIOBUSAX B JINCTOBOM Kamepe, B
YaCTHOCTH, OCBEIIEHHOCTb, KOHIeHTpalmsa CO, 1 HHTCHCUBHOCTD ITOTOKA BO3/LyXa COCTABUIIN, COOTBETCTBEH-
HO, 1600 Mxmons M2 ¢!, 400 mxmone CO, Mmop” 1 500 Mxmons ¢'. Temneparypa Bo3ayxa U JINCTa B H3MEPH-
TEJNBHOM KaMepe COCTAaBUIIM 3a BeCh IeproA n3MepeHns B cpeqHeM 23.56 £ 0.10 u 24.84 £ 0.12 °C, cooTBeTcT-
BeHHO. Bomusrit norernuan (W) B 0OMUCTBEHHBIX ITOOETax OMpeesIi ¢ IIOMOIIBI0 KaMepsl Aanerus Plant
Moisture Vessel SKPM 1400 (Skye Instruments Ltd., Benuko6purtanmst). Conepxanne BOIBI B CBEKEH HaBECKe
(WC)) B mucthsx, nedunut Bogaoro HaceimeHwst (WSD) u Hackimaromee conepskanue Boas! (WC,) ompenens-
1M BecoBBIM MeTonioM. Onpenienenne cofepkanns a3ota (N) B TUCTHSIX BBITOTHSIIN C TIOMOIIBIO SJIEMEHTHOTO
ananmu3aropa PE-2410 (Perkin Elmer, CIIA) B ananutnueckoit madoparopuu NJI KapHIL] PAH.

[IpoBenenHOE Hccne0BaHME TOKa3aio, uyto mokazarenu H,O u CO, obmeHna nrcta Gepesbl MOBHCIOH U
Oepe3sl MyIHUCTON B Pa3sHON CTENEHH YyBCTBUTENBHBI K BHECEHHMIO a3oTHoOro yaoopenus NH,NO,. Cnexyer
OTMETHUTh MEXBH/IOBBIC PA3INUMs HCCIELYyEMbIX MOKa3aTeNei MpU 3KCIEPUMEHTANBHOM Bo3zeiicTBun. [Ipn
BHeceHnn azota (NH,NO,) s 060ux BUIOB YCTAaHOBICHO YBEIWYCHNE YCTBUYHON MPOBOAUMOCTH (g,), WH-
TeHCHBHOCTH (hoTocuHTe3a (A) 1 Tpancnuparyn (E) mucra. Jlmana3zoHsl BAppbUPOBAHUS g, HHTEHCUBHOCTH A
u E micra nByx BumoB Gepes 3a Iepro ccaeJOBaHuUs ObUTH OTM3KHUE U COCTABIIIH IJ1s Oepesbl moBucioi 0.15
—0.46 moms H,O M2 ¢, 12.66 — 24.25 mxmonb CO, m? ¢’ u 1.58 — 4.86 muimone H,O M? ¢! COOTBETCTBEHHO,
6epessl mymuctol — coorBeTcTBEHHO 0.13 — 0.48 moms H,O M? ¢, 14.42 — 25.76 mxmons CO, m? ¢’ u 1.50 —
5.15 mmmons H,O M? ¢!. OgHako y 6epe3sl MyIHCTOH POCT MHTEHCUBHOCTH E nHCTa COMpoBOXKAACS YBEIU-
yeHrueM BoxHoTro moreHiana (V) obmucTBeHHOTO Mmodera u cHkeHueM oBogHeHHOCcTH (WC;) M HachIIaro-
miero conepkanus Boasl (WC,) mucra. B Toxxe BpeMms y Oepesbl TOBHCIION MPH yBETHIEHUH HHTEHCUBHOCTH E
nrcTa oTMedeHsl cHmkenne W obnucreHHoro nobera n crabummsanus WC, u WC, nucra. Ilpu sTOM Kak B
KOHTpOJIE, TaK U B OIIbITE OoJiee BBICOKHE 3HadeHns1 nHTeHcHBHOCTH A, WC, 1 WC, nricta oTMedeHsI 1Tt 6epe-
31 mymuctoit. HanGonee nH(popMaTnBHBIMU NTOKA3aTEISIMU IS BBISIBICHHS MEXKBUAOBBIX ocobeHHocTel H,O
u CO, oOMeHa nHcTa IPH BHECEHUH a30THOTO YAOOPEHHS B YCIOBHAX JTOCTATOYHOW BIaro00ECIIEYeHHOCTH
okazanuch nHTeHCUBHOCTDh A, WC, 1 WC, ucta 'V obnuctBeHHOTO TTobera.

Amnanms B3aumocBs3u mokazareneit H,O u CO, obmeHa nucta Gepe3bl HOBUCIOH 1 Oepe3bl MyIHCTON
oT cozepxaHust N B JINCTE ABYX 3KCIEPHMEHTANBHBIX TPYIII TAKXXE BBISBUJI MEKBHIOBBIC PA3IUUUS CUIIBI
BIIMSTHUS HCCIIEYEMbIX apaMeTpoB. Tak, onee CUIbHbIEC 3aBUCHMOCTH HHTCHCUBHOCTH A mucTta u 'V obnuct-
BEHHOTO 1mo0era OT cofep KaHus a30Ta B JIMCTE OBUIM OTMEUYCHHI I Oepe3bl TTOBHCIION IO CpaBHEHHIO ¢ Oepe-
30H IyIIKCTOM, 0 YeM CBUACTEILCTBYIOT O0JIee BRICOKHE 3HaueHMs ko3 duimenta nerepmuaanuu (R?), coot-
BETCTBEHHO, 0.67 (r = 0.82, p<0.05), 0.44 (r =-0.66, p<0.05) u 0.60 (r = 0.77, p<0.05), 0.28 (r = 0.53, p<0.05).
Hanpotus, 6oee cunpabie 3aBucumMoctd WC, 1 WC, OT comepikaHus a30Ta B JIUCTE TOyYeHBI I Oepe3sl
MTyIIUCTOH, cooTBETCTBEHHO, 0.68 (1 =-0.83, p<0.05) 1 0.70 (r = -0.84, p<0.05), o cpaBHEeHHIO C Oepe30if mo-
BUCIIOH, /17151 KOTOPOH TaHHBIE 3aBUCUMOCTH yCcTaHOBIEHHI He ObutH (p>0.05). CienyeT OoTMETHTH, YTO 3aBHCH-
MOCTH g, ¥ UHTeHCUBHOCTH E mmcTa oT comeprkanust N B IMCTe U1 HCCIIEAYyEMBIX Oepe3 ObLTH OfHOHAIIPAB-
JICHHBIC ¥ OJIM3KHUE TI0 CHJIE BIMSIHUS ACHCTBYIOIIETo (pakTopa, 0 YeM CBUACTEIbCTBYIOT 3HaUeHHs R 1u1st Gepe-
3BI TOBHUCIIOHN, COOTBETCTBEHHO, 0.59 (r=10.77, p<0.05) 1 0.79 (r = 0.89, p<0.05), ans1 6Gepe3sl mymmucToit — 0.56
(r=0.75,p<0.05) u 0.77 (r = 0.88, p<0.05) cooTBETCTBEHHO.

BrsBrieHHbIe pazmiuns aganTHBHEIX MexaHmMoB perymimin H,O n CO, oOMeHa Ha 3KCTIEpIMEHTAIBHOES
BO3ZICHCTBHE, B 4acTHOCTH, BHeceHre NH,NO,, cCBHIeTensCTBYIOT 0 pa3HOi (DYHKIIMOHATIEHOM IIACTUYHOCTH Oepe3bl
TIOBHCIION 1 Oepe3bl IyIIMCTOM MO OTHOMIEHHIO K YCTIOBHAM MHUHEPATBLHOTO MUTaHKS. [loiTydeHHbIE pe3ynbTaThl uc-
TIOJTB30BaHEI B Tporiecc-opreHTrpoBanHoi moxenu MixFor-SVAT (Olchev et al., 2002, 2008) mist onpeaeneHus Bo3-
MoxHoro otkmika CO,/H,O 6romkera necHbIX skocucteM Kaperniu Ha Oyaytipe KIMMaTHIecKie H3MEHSHHSL.

Pabora BemonHeHa npu punaHcoBoi noxaepxke PODU (rpant 13-04-00827-a u 11-04-01622-a).
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ing in Russian North and Siberia [1-4]. It mainly damages the pine wood which is the basic building

material in the North [5]. In the recent years Hadrobregmus pertinax (L.) is noticed to be the most typi-
cal pests of historic buildings in the museums of wooden architecture — Kizhi, Marcial Waters (Karelia), Vito-
slavlitsi (V. Novgorod), Malye Korely (Arkhangelsk).

The difficulty in the struggle with borers is that the main damage to structures is caused by larva grow-
ing deep in the timber for 2,5-3 years (under unfavorable conditions up to 6-7 years).

The paper presents the model which describes the relationship between the beginning of the borers
emerge period and climatic factors (cumulative temperature and air humidity). The model is based on data ob-
tained during 12-year-long monitoring of borers in the Kizhi open-air museum (Karelia). The monitored struc-
tures were built of pine (Pinus sylvestris L.) timber in XVII[*-XIX" cc. Temperature and air humidity was
measured simultaneously by loggers.

Regression relationships were used to model the dependence of the borers emerge percent (y) on cumu-
lative daily average temperature (t) and air humidity (h) for the different time periods. The series of the obtained
equations gives a substantially good description of the phenomenon being studied with a high confidence prob-
ability and shows that cumulative temperature and air humidity for the previous 3-8 weeks influence the begin-
ning of emerge period. For the goals of forecast was taken a model for the 2 month prior time period (with the
multiple correlation coefficient equals to 0,84):

l l ouse borer Hadrobregmus pertinax (L.) is one of the main destroyers of timber structures without heat-

0, Int < 6.95—-0.0003%;
y=1-741.2+106.6In7+0.026A, 6.95-0.00034 < Int < 7.89 —0.0003%;
100, Int > 7.89 —0.0003 /.

The obtained model enables prediction of both the beginning and duration of the borers emerge period.
It also confirms the hypothesis that these dangerous pests hibernate in both larva and pupa forms.

In addition, this research allows for more effective measures to eliminate this pest. It is known that the
local heat treatment being the most environmentally friendly and efficient way for pest control is conducted
only after the preliminary determination of the areas of this pest, for example by using acoustic detectors,
which may be carried out in two weeks before the emerge period and during it [14]. The obtained model will
enable to plan inspections of monuments to reveal pest activity, and their disinsection particularly in buildings
where trap installation is impossible.

The research is supported with Russian Foundation for Basic Research, grant # 11-06-00165.
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'TocynapcTBEHHbI UCTOPMKO-aPXUTEKTYPHBIIA U 3THOr pacindeckuii My3eii-3anosegHuk «Kumu», Metposasosck, Poccna
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oMoBbIi ToumnbinuK Hadrobregmus pertinax (L.) siBisieTcst OJHUM U3 OCHOBHBIX pa3pyIlUTENe Heo-
TalJIMBaeMbIX JEPEeBSIHHBIX TocTpoek Ha EBpomnetickom CeBepe u B Cubupu [1-4]. B ocHOBHOM OH 110-
pakaeT JpeBeCHHY XBOWHBIX IOPOJ — COCHBI, €M, KOTOPBIE SIBJISIOTCS OCHOBHBIM KOHCTPYKTHBHBIM
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MatepuanoM Ha ceBepe [5]. B OCHOBHOM XKyKH 3acelisitoT HUXKHHE BEHIIbI MOCTPOEK 0 BBICOTHI 1,5 — 2 M,
OOBIYHO C CEBEPHOW CTOPOHBI, TIPEIIOUNTAs BIAXKHYIO APEBECHHY, 0COOCHHO MOBPEKACHHYIO rpudamu Oypoit
rHUM [6].

B nocnenHue roJpl TOYMIBIIUKE OTMEUAIOTCS B KaUeCTBE OCHOBHBIX BpeINTEs el MaMITHUKOB B My3€siX
JepeBsHHOTO 3014ectBa — Kmku, Mapuuansusie Bonsr (Kapenust), Burocnasnuuer (B.Hosropon), Maisie
Kopensr (Apxanrensck). OObsSCHSETCS 9TO, M0 BCEH BUAMMOCTH OCOOCHHOCTSIMH SKCIUIyaTaluu 371aHui. B
OOJIBIIIMHCTBE CBOEM MAMSATHHKH HE OTAIUTUBAIOTCS, MHOTHE U3 HUX B 1980-1990-¢ rr. XX B. moaBepriiuch
DIyOOKOW XMMHMYECKOW TPONMHUTKE Pa3iWYHBIMH XMMHYECKUMH NpernapaTaMu, 4YTO BbI3BAJIO pa3pylleHUE
CTPYKTYDBI IDEBECHHBI M CO3/1aJI0 OJIaronpHsTHBIE YCIOBHS JUIS )KU3HEICATEILHOCTH STOTO BPEIUTEIS.

C110’)KHOCTB OOPBOBI C TOUMIIBIMKAMH 3aKJIIOYAETCSl B TOM, YTO OCHOBHOM BpPE/ KOHCTPYKLUSIM HaHO-
CHT JINUMHKA, CKPBITHO PAa3BHUBAIONIAsICS B TONIIE APEBECUHBI B TedueHHe 2,5 — 3 et (a npu HeOmaronpusITHBIX
ycaoBusIX 1 10 6-7 net). [Tocne okoHYaHus pa3BUTHS, OOBIYHO BECHOM MJIM OCEHBIO JIMYMHKA (POPMHUPYET KO-
JBIOENIBKY-KOKOH U3 KOTOPOH uepe3 2-3 Heleau OTPOXKAACTCs )KYK, KOTOPBIH MPOTrpBI3aeT OKPYIIIoe JETHOE
OTBEPCTHUE 1 BBIXOAUT HAPYIKY, BBITAIKMBAsE OypOBYIO MyKy. BbuIeT )KyKOB M3 IpeBECHHBI TPOUCXO/IUT B BECCH-
He-JICTHUH Ce30H, P MOJOKUTENBHBIX TeMIeparypax [2, 7]. Panee BelgBUranzach runoresa, uTo JIET )KyKOB
HauMHAETCs MPU JOCTHKEHUH CpeHeCYTOUHOM TeMnepaTypsl Bo3ayxa 10°C [7]. CyiiecTByrOT METOABI, YUH-
TBHIBAIOIME KYMYJISITUBHYIO (HAaKOIUICHHYIO) TEMIIEpaTypy AJIsl OLUEHKH CTaIMH PAa3BUTHSI HACEKOMBIX-BpeIUTe-
neii (http://www.ca.uky.edu/entomology/entfacts/ef123.asp).

Ienpro naHHOM PabOTHI OBLIO Pa3paboTaTh HA OCHOBE JAHHBIX MHOTOJICTHHX HAONIOJCHUIN MaTeMaTH-
YeCcKHe MOJICTIH 3aBUCHMOCTH BPEMEHH JIeTa KYKOB OT MOKa3areJieil TeMIieparypbl 1 OTHOCHTEIIbHOM BIIaKHO-
CTH BO3/yXa.

HccnenoBanus mpoBoawInCh B My3ee-3anoBeanuke « Kvkm» (www.kizhi karelia.ru) ¢ 1998 mo 2012 rr.
OTJ10B HacEKOMBIX MPOBOAWIICS B CleNyIOMMX NaMsTHUKax: B IIpeoOpaxkenckoit (1714 1) u ITokpoBckoii
(1764 r.) uepkssix, momax Omesnesa (1876 1.), Enuszaposa (1880 1), Cepruna (1884 r). OCHOBHBIM CTPOUTEITh-
HBIM MaTEPUAJIOM JUIS HUX TOCTYKUJIa JPEBECUHA COCHBI 00BIKHOBEHHOH (Pinus sylvestris L.), omHako B Kpo-
BEJILHBIX KOHCTPYKIIMSIX JOMOB €CTh dJIEMEHTHI, n3roToBieHHble u3 enu (Picea abies Kr.), a rmaBku nepkseit
MOKpBITH 0cHOBBIM (Populus tremula L.) nemexom.

Bce noma-koMIutekcsl ObUTH MpHBe3eHbI Ha ocTpoB Knku B mporiecce popMUpOBaHHUS IKCIIOZULINHT My-
3es B 1960-1980 rr. [8]. Bee o, 3a uckimouenuem [TpeodpakeHCKoM 1IepkBH, ObLIH 00padoTansl B 1980-x rT.
npenaparom [165-211 (nenraxiopdenomnsrt Harpus, Oypa, 6opHas kuciora) [9].

st oTiI0Ba iepeBopa3pyLIAIONINX HACEKOMBIX B UCCIEAYEMBIX TIOMEIICHHUSX HCKIIFOYalIi BCe HCTOYHHU-
KM CBETa 32 MCKJIIOYEHHUEM OKOH, Ha KOTOpBIE YCTaHABJIMBAJIN JIOBYIIIKH, COCTOSIBIIUE U3 OPTCTEKIIa U IPUEM-
HUKA, 3anonHeHHoro Bojoi ¢ CMC. IToacueT sxyKoB IPOBOJMIIN OIVH pa3 B HEJEIIO C CEPeUHBI Masi 10 KOHIIA
utonst. JIns uneHTH(UKAIUN JKYKOB HCIONb30Banu MoHorpaduio B.J[.Jlorsunosckoro [10]. OgHOBpeMeHHO
(buKCHpOBaIHM TapaMeTpbl MUKPOKITHUMaTa ¢ momorsio iorrepoB ACR loggers (Canada). Temneparypa v 0THO-
CHUTEJbHAS BIAXKHOCTb BO3/lyXa PETUCTPUPOBATIUCH C MHTEpBaJIoM | uac ¢ TouHocThio 1°C 1 3%.

MHoroneTHHE UCCIIeI0BaHuUs TOKa3alld, YTO B YCIOBHUSIX My3esi-3anoBeHiKa « Kypku» JET KyKoB-TO-
YUJIBIUKOB JUTUTCS C CEPETUHBI Mast JI0 KOHIA UIOJISl B 3aBUCMMOCTH OT KJIMMaTHYECKUX YCIIoBHi. Bpems Ha-
yana niéra (Puc. 1) BappupyeTcs B JOCTaTO4uHO IIMPOKOM TpoMexyTke ¢ 15 mast (2010 1) mo 14 urons (2008 1),
€ro MPOJIOJDKUTENILHOCTD B 3aBUCUMOCTH OT METEOPOJIOTHUECKUX yCI0BHH cocTaBisieT oT 34 no 70 aueit (2002
1 2010 I'T. COOTBETCTBEHHO).

199" 2001 2003 2004 r 2005 r 2006 r 2007 r 20081 2009 r 2010 r 2011r 2012 r

15 man
17 man
19 oA
23 man
25 Man
27 man
29 man
31 man

MR

2 oA
4 woHA
6 uwoHA
B uaoHA
10 wionn
12 mamA
14 wioms
16 wionn
18 wrima
20 womA
22 maona
24 oA
26 wawd
28 miona
0 womA

Puc.1. Jlnurenn-
HOCTh BPEMEHH JIETA
HKYKOB-TOUHJIBIIIUKOB
10 JAHHBIM MHOTO-
JIETHUX HAOJIOIEHHIA.

2 wana
4 wana
6 waann
8 waona
10 wiona
12 wana
14 wona
16 wona
18 woas
20 wana



http://www.kizhi.karelia.ru

[Ipu nocTpoeHnn MareMaTHYecKuX Mojieliell B KadeCTBE 3aBUCHMON NIEPEMEHHOH paccMarpuBajach Be-
JIMYMHA y, paBHasi KyMYJSITHBHOMY POLIEHTY BBIJIETEBIINX XKYKOB (T.€. y U3MEHsUIach HapacTarouM UTorom ot 0
1o 100%). HezaBucuMbIMH IepeMEHHBIMH SIBIISIFOTCSI BEIMYMHEI t U h, paBHbIE HAKOTUICHHBIM 3a 3aJaHHbIN IepH-
OJ1 CpeTHECY TOUHBIM 3HAYEHHSIM TEMIIEPaTyphl U BIAYKHOCTH, COOTBETCTBEHHO. 3a/1a4ya COCTosuIa B BIOOpE METO-
Jla IoCcTpoeHHs1, To0ope (HOpMBbI 3aBUCUMOCTH, OIIPEeNICHUH NepHoa BPEMEHH, 32 KOTOPBI KIIMMaTHYECKHUE
NIOKa3aTeNy OKa3bIBalOT MAKCHMAJILHOE BIIMSIHHE Ha BPEMs JIeTa KYKOB, OLICHKE a/IEKBATHOCTH 3TUX MOJEJeH 1
BBIOOpE CPEIM HUX HAWITY4IlIeil KaK ¢ TOUKHU 3pEHHMSI CONlepIKaTeNIbHOMN 1[EIIM UCCIIE0BAHMUS, TaK U C TOYKH 3PEHUS
(hopMaJbHBIX MaTeMaTHYECKUX MOKa3aTesei kauecTsa. B kauecTBe npeanecTByOMNX NEPHOA0B BpEMEHN ObLIH
B3sTHI: | nensn, 1 Henens, 2 nenenu, 3 Henenu, 1 Mecsn u 2 Mecsitia. OCHOBHBIM METOJIOM MTOCTPOEHUS MOJIeTIei
ObLI BBIOpaH perpecCHOHHBIN aHanu3. i1 HaxokaeHHus: HauOoJiee aJeKBaTHBIX MOJENel Oblia HCIOb30BaHa
METO/IMKa [OMCKa Hanbosee HH(POPMATHBHOIO MHOXKECTBA IPU3HAKOB. C 3TOH ENbI0 0CYLIECTBIISIINCH (PyHKIIH-
OHaJIbHBIE MIPE0OPa30BaHMUs YYACTBYIOIIUX IEPEMEHHBIX, @ YUCIIO [POCMATPUBAEMBIX YPaBHEHHH ObLIO OrpaHHu-
4yeHO TpeOoBaHUEM yueTa BO3MOXHOTo dddexra B3ayBanus kodpdurmenrta aerepmunaunu (3pdexr A. H. Kon-
Moropoga) [11-12]. ITpoBepka Bcex CTaTUCTUYECKUX THUIOTE3 OCYIIECTBIUIACh C YPOBHEM 3HaUUMOCTH 5%. Pac-
YeThI IIPOBOJIMIIMCH C TIOMOIIIBIO CTATUCTUYECKOTO nakera Statistica 6.0.

AHanu3 MOCTPOCHHBIX MOJIEJIeH MO3BOJISIET CAEIaTh CIeNyIONIMe BBIBOJIBI. Bpems BbuieTa KyKOB B
OOoJIbILICH CTENEHH 3aBUCHT OT HAKOIJICHHBIX 32 MPEAbIIYIINI epHo/] 3Ha4YeHUH TeMIIepaTypbl U B MEHbILEH
CTEINeHU OT HAKOIUICHHOM 32 3TOT MEPUOJ BIAXKHOCTH, TP ATOM TIEPHO BIUSIHUS KIIMMaTHYeCKUX (DaKTOpOB
JIOJDKEH OBITh HE MEeHee Tpex Hezelb. [1o Bcell BUIMMOCTH, 3TO OIPE/IeNSieTCsl TEM, YTO 3TO BpeMsi HE0OX0IMMO
JUISL TOTO, YTOOBI M3 NEPE3NMOBABIIEH KYKOJIKH HOSBHIICS XKyK. VIMEHHO 3TOT nepuoa — 2-3 Heleau yrnoMUHa-
eTcsl B KHMIax 1o 3HToMojorudu [2, 13]. B To ke Bpems onTHManbHOM /Ui pa3BUTHSA HACEKOMBIX SIBIISETCS
temrneparypa 25°C [14], mostomy HauOosee BbICOKHE KOI(DPHUIUEHTHI JETEPMHUHAIMU JAI0T PErPECCHOHHbBIE
MOJIeJH, TIOJTyYeHHBIE ISl OoJiee JITMHHBIX MPE/ILEeCTBYIOMNX eprooB — 4-8 Hepenb. OTyacTd 3T0 0OBSICHS-
€TCsl ¥ TEM, YTO Y JOMOBOI'O TOUMJIBIINKA 3UMYIOT KaK KyKOJIKH, Tak ¥ Ju4uHKU. Korna remneparypa Bo3ayxa
CTaHOBUTCS TIOJIOKUTEIILHOM, IIPOrPeBaeTCsl CyOCTPaT, B KOTOPOM 3UMYIOT JINUMHKH M KYyKOJIKH, 1 HAYNHACTCS
UX pa3BHUTHE.

B kadecTBe MPOrHO3HOM MOJeNu ObUTa BEIOpPaHA CIICAYIOIIast 3aBUCUMOCTS (¢ kK03 (hHUIIEHTOM aeTep-
muHaImu R? = 0,7) ¢ 8-HeenbHBIM IEPUOAOM BIHMSIHUS KJIMMaTHUECKUX (PaKTOpOB:

0, In? <6.95-0.00024 7;
Yy =4-T741.2+106.6In7+0.026h, 6.95-0.0003% <Int<7.89 —0.00024%; ()
100, Inz>7.89-0.00024 A.

Pazpaborannas Mozxens (1) mo3BossieT MPOrHO3UPOBATh Kak BpeMs Hadalia JIETa KyKOB-TOUMIIBIINKOB,
TakK M €ro MpoaoInKuTeNbHOCTH (Prc. 2). Tak, mpu cpeHecyTOUHOH OTHOCHTEIBHON BIAKHOCTH Bo3ayxa 75%
(KyMynsITUBHAs OTHOCHTEINbHAS BlIaKHOCTH 4500), €T HaYMHAETCS TIPH TOCTHHXKEHUN CYyMMAapHOM TeMIepary-
pst 350°C. Uem BBIIIE OTHOCUTEIBHAS BIAXKHOCTh BO3IyXa, TeM Oojiee HU3KUX TEMIIEpaTyp JOCTaTOYHO JUIs
Hayaja JIeTa KyKOB.
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Puc.2. I'paduky 3aBHCHMOCTH HaKOTICHHBIX 3HAYEHHUI TEMIIEPATyphl OT BIAKHOCTH B Toukax y = 0% (Hadaso jieta xy-
koB) 1y = 100% (koHeI] JIeTa )KYKOB).

IIponomKUTENBHOCTD JIETAa JKYKOB TAKXKE OLpPENEseTCs] KIMMAaTUYeCKUMU MapameTpaMu. Tak mnpu
BIIYKHOM U XOJIOAHOM JieTe (TIpH CpeHEel OTHOCUTENBHON BIAXKHOCTH BO3AyXa 85%) JIET )KyKOB HauHEeTCs IPH
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HAKOIUICHUHU TEMIIepaTyphl Bo3ayxa uyTh Oonee 300°C u mpu manbHEHIIECH CPeIHECYTOUHOW TeMIepaType
15°C, net moxeT npogosmkareest A0 17-18 aHeit, ecnu ske Mpu TOH ke BIAXKHOCTH TeMIIepaTypa Bo3ayxa Mmoj-
HuMmetes 1o 20°C, To JIeT MOXKET 3aKOHUMThCS 3a 15 aHeil. B ciydae Gonee cyxoro u xapkoro jiera (cpemHss
OBP 70%) st Hauasia Jieta )KyKOB HEOOXOIMMEI 00JIce BEICOKUE TeMIIepaTyphl. Tak HaKOIUICHHAs CPETHECY-
To4Hast t oyvkHa nper3oitu 375°C. Ecnu nanee cpennsis t Oyaer aepskarbes Ha ypoBHE 20°C, IeT MOXET IPo-
nomxkarbes 18-19 nueit, a mpu t = 25°C — 15-16 aneii.

ITonyuyeHHas MOZIE)Ib BHOCHUT HOBBIN BKJIA]] B PA3BUTUE 3HAHUI O OMOJIOTHHU 3TOTO OIMMACHOTO BPEIUTEIS
U TOATBEPKAAET TUIIOTE3Y, YTO Y JOMOBOTO TOUMJIBILIMKA 3UMYIOT KYKOJIKU U JTUUYMHKH.

Kpome toro, oHa rmo3Bosser 6oee 3hHEKTUBHO MPOBOANTH MEPOIPHUATHS TI0 YHHYTOKEHHIO 3TOTO BpE-
qutens. 3BecTHO, YTO JIOKaIbHAs TEIUIoBas 00paboTKa Kak HanOOJIee KOJOTHUSCKU OC30MacHbIN U JIeHCT-
BEHHBIHN CITOCO0 JIE3UHCEKITUH TPOBOJUTCS TOIBKO MOCIIC MPEIBAPUTEIBHOTO BISBICHHS 30H Pa3BUTHSI 3TOTO
BpEAUTENSI, HAIPUMED, C TTIOMOILBIO aKYCTUYECKUX JIETEKTOPOB, KOTOPOE BO3ZMOXKHO 3a JBE HEJEIH JI0 U B TIe-
puoxn néra xxykoB [ 15]. PazpaboTanHas MoOzeb O3BOJIUT IIAHUPOBATH HHCIICKITHOHHBIC U JIC3HHCCKIIMOHHBIC
MEPOTPUSITUS B YACTHOCTH B T€X 3[JaHUSIX, TJIe YCTaHOBKA JIOBYIIIEK HEBO3MOXKHA.

Pons MaTeMaTHYeCcKOr0 MOJICITHPOBAHUS MPOIECCOB KUIHEICATCILHOCTH KYKOB-KCHIOTPO(DOB MPHO-
OperaeT 0coboe 3HaUCHUE B YCIOBUSIX MEHSIOLIETOCS KJIMMara.

Pabora nonnepxana rpantom Poccuiickoro donna ¢yHnameHTaNbHBIX UCCIenoBaHui, rpanT 11-006-
00165.
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observations in almost any parasitic system the number of parasites & on the host statistically signifi-
cantly has the negative binomial distribution

o+k-1
po=rE=i}=[" "]

We consider the mathematical model of a parasitic system based on the famous representation of this
law as a mixed Poisson distribution with a random parameter having the gamma distribution. To forecast the
development of parasitological situation it is important to know the structure of parasitic infection, i.e. portions
of hosts with given numbers of parasites. Furthermore to estimate the number of hosts killed by excessive para-
sitic infection we have to know the distribution of the maximum number of parasites on the host. The model
assumes that the number of hosts N is known and the total number of parasites does not exceed n. Let 1, denote
the number of hosts with exactly r parasites and 7y, be the maximum number of parasites on the host. Limit
distributions of random variables p, and n, were obtained as n,N—oo.

The negative binomial distribution has a special role in parasitology. According to the results of numerous

p*(-p), k=0]12.;04>0,0<p<l.

Theorem 1. Let n, N—oo in such a way that (n—Na(l —p)/p)/'\/N > %0, 0<p,<p=<p;<l,0<q,
<a< o<, r>2is fixed. Then
1+o(1) —22/2
e

Pl =ki= J2rNp, (- p, )

uniformly in integers k such that z = (k - Np, )/ Np, (1= p, )lying in any fixed finite interval.

Theorem 2. Let n, N—oo in such a way that (7 — No(1 —p)/p)/\/ﬁ —> 40, 0<p,<p <p, <1, 0<
SOLSU.1<OO,

r=[inN+@ - N+ (@ -1)n(p/q)-InT@ )+ z - g)/q]

where ¢ = ‘h (1 — p)‘ R F(a) is the value of the gamma function at o, z is a constant, [x] denote the
integer part of a number x. Then -

P{n(N) Sr}—) e

To prove these limit theorems we used the modification of the generalized allocation scheme.
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E-mail: pavlov@krec.karelia.ru, cher@krc.karelia.ru

paet OC06yIO POJIb B MMapa3uTOJIOTUH. CornacHo pe3yiabTaTtaM MHOTOYMCIICHHBIX Ha6J'IIO,Z[eHHI>i, Ipa-

KTHYECKHU B JIFOOBIX NnapasuTapHbIX CUCTEMAX YUCJIO Mapa3uTOB HA XO35IMHE CTATUCTUYCCKH 3HAYUMO
NOAYHHACTCA OTPULIATCIIBHOMY 6I/IHOMI/IaJ'II>HOMy pacnpeacjacHuro. DTO CBOMCTBO MOXKHO CUHMTATh OCHOBHBIM
3aKOHOM KOJIMYECTBECHHOM MapasuToJIOTUH. B [2] BIIEPBbLIC IPEAJIOKEHA MOJCIIb, O6’L$ICH$IIOIH&H Impupoay 9To-
TO ABJICHUS U OCHOBaHHAas Ha M3BCCTHOM MNPEACTABICHUUN OTPHUIATCILHOTO OHMHOMMAILHOTO pacrpeaciacHus
KaK CMCHIaHHOT'O PACIIPCACIICHUS HyaCCOHa COo CHy‘IaﬁHBIM napaMeTpom, UMCIOIIUM I'aMMa-pacIipeaCjIiCHUEC, a
B [3] 3Ta MOACJIb ObLIa YTO4YHCHA U TPOBEPCHA SKCIICPUMECHTAJILHO. Hcnons3oBanue Takoro noaxoaa ImoJIC3HO
JUIA OUCHKHU CTCTICHU PABHOBECHUSA CUCTEMbI «IApa3uT-XO03sIMH» U JJId IIPOTHO3UPOBAHNS PA3BUTHUSA ITApa3UTO-
JIOTHYECKOM CUTyalluu. OOLIYHO B TaKO# cuUCTEME MapasvuTbl U X03s4€Ba HE «CTPEMATCA» YHHUUTOXUTL APYT

l l 3BECTHO (CM., Harpumep, [1]), 4To oTpunaTenbHOe OMHOMHUAIEHOE PaCIpeIeliCHHE BEPOSITHOCTEH Hr-
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Jpyra, Ha000pOT, 3/IeCh paBHOBECHE 00YCIaBIMBaET CTAOMIIBHOE COCYIICCTBOBAHUE 00CHX MOMYJISIMNA. 3Has
3aKOH paclpeesieHHs] YUCICHHOCTH TIaPa3uTOB U €T0 MapaMeTpPhl, MOXXHO OLIEHUTh yCTOHYMBOCTH Hapa3urap-
HOM cucTeMbl B 1eioM. [103ToMy BayKHO 3HATh CTPYKTYPY 3apasKeHHOCTH, T.€. I0JH 0co0ei, MMEIOIINX orpe-
JIeTICHHOE YMCII0 Mapa3uToB. KpoMe Toro, Asisi IPOrHO3MPOBAHMUS KOJIWYECTBA MOTHOAIONIMX OT YPE3MEPHOTO
3apa)KeHUsl X035€B, HEOOXOAMMO 3HATh paclipeieieHie MaKCHMaJIbHOTO 3HaY€HHsI YMClia apa3uToB Ha OCOOH.
3aja4ya OLIEHKH YMCIEHHOCTH X035€B B NOMYJISIIMHU SIBISETCS TUIIMYHOU ISl IKCIIEPUMEHTAJIbHOW OHOJIOTHH,
ropasjo TpyAHee AOCTaTOYHO TOYHO OIPEIETUTh YHCIIO Iapa3uToB B cucTeMe. Eciii U3BECTHBI U YHCIIO X034-
€B, M YKCJIO Mapa3uToB, TO IS M3YYeHHs CTPYKTYPBI IIapa3UTapHON CHCTEMbI €CTECTBEHHO HCIOJIB30BATh
0000IIIEHHYIO CXEMY Pa3MEIICHHUS YaCTHII 1o siuciikaM [4]. OMHAKO, €CITH MBI MOXKEM TOJIBKO OLICHUTH CBEPXY
BO3MOKHOE YHUCIIO MAPa3UTOB B CHUCTEME, TO CIIEAYET NPUMEHUTH MOAU(UKALIMIO STOr0 METOJa BEPOSITHOCT-
HOW KOMOMHATOPHKH, MPESIIOKHYIO B [5].

B paccmarpuBaemoit Mozienu Oy/ieM CUMTaTh, YTO YKCIIO X0351€B B cUCTeMe paBHO N, a YiCII0 apa3uToB
He npeBocxoauT n. O603Ha4YUM 4epes 1y,..., Ny CIydalHble BETMUYUHBI, COOTBETCTBYIOIINE YHCIY Mapa3suToOB
Ha xo03s51eBax 1,..., N. O4eBUHO, YTO B CUILY YCJIOBHS 1, T... 1y < 1, CIy4dalHble BETUUUHBI 1),. .., Ny SBISIOTCS
3aBUCHMBIMH. BBeneM nanee He3aBUCHMBIE CllydyaiHble BEUUUHEI &,,...,Ey, 00lee pacnpeieneHne KOTOPhIX
SIBJISICTCS OTPHUIATEIBHBIM OMHOMHUAJIBHBIM M UMEET BH/T

po=Pl = k=TT - p),

rmei=l,...,N,k=0,1,2,...; 0> 0,0 <p < 1. YauTsiBas ymnoMsSHYTHI{ BBIIIIE OCHOBHOH 3aKOH KOJIHYe-
CTBEHHOI1 apa3UTOJIOI U, HETPYAHO BUACTh, UTO CIIydallHble BEMUUUHbI &,,...,Ey HA OJMHOXKECTBE pean3a-
LU, YIOBIETBOPSIOMIUX yCIOBUIO & +.. .+ < N, HHAYLUHUPYIOT BEPOSTHOCTHYIO MEPY, ONHCHIBAIOILYIO COB-
MECTHOE PacrpeieieH e 1y, .., Ny TaKHM 00pa3oMm,

P%h =k, Ny =ky }: P{&l =kysCy =ky [E) +. 4 &y < n}-(l)

O0603HaunM Yepes |1, YUCII0 X0351€B, MMEIOIINX POBHO I Tapa3uToB. CortacHo Teopeme 3 [5], cnpasen-

JTUBO PaBEHCTBO P{ —k}— k(l— )N—kP{C ](vr—)k Sn_kr}(Z)
Hy =Kky= k Pr Pr P{CNSn} ’

rae é/N = 51 +...+ éN, é’l(\f_)k = fl(r) +...+ 5](\;—)k’ a Clly4aiiHble BEJIMYMHBI él(r),...,fj(vrlk
HE3aBUCUMBI U

Pl =k =P, =k #r) i=1..N.
ITycts 1y, — MAKCHMAIBHOE YHCIIO IAPA3UTOB HA OXHOH 0COOH HOMYIIALHHA X03s5ieB. BeseM HesaucH-

MBIC OIMMHAKOBO paCHpe)IeHeHHLIe Cﬂy‘laI/IHLIe BCIIMYHNHBI gl geeey §N k TaKHue, 4To
i |
PED =k}=PE, =k|g, <r} i=1..N.

CO=EO 1 +EO P =Pf >r}
U3 (1) u reopemsr 1 [6] cnemyert, uto
PICO<nf |

P{ﬂ(N)Sr}=(1—Pr)NP{CN_

Iockonbky BenmmurHBI N ¥ n 0OBIYHO MPUHUMAIOT OOJIBIINE 3HAYEHHS, HEMTOCPEACTBEHHOE HCIIONB30-
BaHue Gpopmyi (2) v (3) I BEIYUCICHAS HHTEPECYIONINX HAC BEPOSTHOCTEH MMPAKTHIECKH HEBO3MOXKHO. [103-
TOMY €CTECTBEHHO MCIIOIB30BaTh aCHMIITOTHYECKOE TIPEICTABICHIE ATHX BEPOSTHOCTEH mpr n, N—o0. 13 (2)
u (3) SACHO, YTO JJIs HCCIIEAOBAHMS TIPEEIBHOTO IOBEICHUS L, ¥ 1), JOCTATOYHO PACCMOTPETH CIA0YIO CXOIH-
MOCTBH CyMM HE3aBHUCHMBIX CITyYaWHBIX BEITHYNH K IPEICTBHBIM 3aKOHAM, a TAK)KE UCTIOIb30BaTh ACHMIITOTH-
Ky OMHOMMAIBbHBIX BEPOSTHOCTEH.

HerpynHo BuneTs, 4to

m=E¢& :OL(I——p)’ G2 = DE, :()L(l—p)

O0603HaYNM

_ 2 e @
mr:Eé—’l(V):m—rp”, Gf:Dal(r):G— 1— _M
t=p (-p o



CripaBeJTUBBI CIICTYIOIIUE PE3YIIBTATHI.
Teopema 1. [Tycth n, N—0c0 Tak, 4To (n - mN)/W — 400, 0 0<p<p=<p, <L, 0<oy<a<q<co,r>2
HUKCUpOBaHO. Torna
e vo) o
P {p .=k }z e
J2rNp, (1= p,)

PaBHOMEPHO OTHOCHTENBHO LENbIX K, VI KOTOPBIX z = (k— Np, )/ \/Npril— P, ) TEXKUT B JH060M

KOHEYHOM (DpMKCHPOBAaHHOM HHTEpBAJIE.

Teopema 2. ITycts n, N—00 TaK, uto (n - mN)/W — 400, u 0<p,<p <p, <1, 0< ;< a < o,<o0,
r=[nN+@-Dinin N+ (@ -1)n(p/q)-InT(@)+z-q)q] ®)

rae 9 = |1n(1 - P)|,F (OC) - 3HaUCHHE raMMa-(yHKINH B TOUKE O, Z — IPOU3BOJIbHAS OCTOSIHHAS, a [X]

O3HAauaeT LEeNYIo YacTh yrcia X. Torma _
P{T](N) SI"}—) e’

s I[OKaBaTeHI:.CTBa TeopeMslI | 3aMeTHM, 4TO B CHITY IIEHTPAJIFHOM IPEAeTIbHOM TEOpEMBI pacipeese-
HUSI CYMM é’ N> é/ N B(2) cxonsres k HopMabHOMY 3aKoHYy. Mcnonb3yst HopmabHOE NPUOIHKEHHE OUHO-
MHAJIBHBIX BEPOATHOCTEH, OTCIONA U U3 (2) HAXOIUM, 4TO

Ie’”z/zdu
YRS LT MR
pr(l_Pr) J-e*"z/zdu
rae -
. :n—kr—m,,(N—k) _n—mN
' o, NN -k 7 /N

7

C momomsio (4) npu k = Np, +z,/Np, (- P, ) HECIIOXKHO MOKA3aTh, 4TO X,—+00 Tpu y—-+o0, OT-
crofia ¥ u3 (6) creayeT yTBepkKACHUE TEOpeMBl 1.

[1pu BEIIOTHEHHUN YCIIOBHIT TEOPEMBI 2 paciipesielicHue CyMMLI é/ N CXOIHTCS K HOPMAJLHOMY 3aKOHY
0 LEHTPAILHOM MPeIeIbHON TeopeMe. HOCKOJ‘ILKy r—00, cyMMa g N 00pasyer cxeMy cepuid, U B 3TOM CIIy-
yae crabasi CXOAMMOCTh pacipezesIeHus! é/ N K HOPMAJIbHOMY 3aKOHY CIIEJLYET U3 PE3YJILTaToB paboTsl [7].
Hcnone3ys (5), HaxoanM, 9TO CHPaBEIINBO COOTHOIICHUE

NP. > e ™"
& (1)

YuuTeiBas cnalylo CXOAUMOCTb PacHpeeneHNi é/ N> & K HOPMAIbHOMY 3aKOHY, MOXKHO TIOKa-

3aThb, YTO P{C (r) < n}
PiC, <n)

Orctrona u u3 (3), (7) noinyyaem yTBEpKACHUE TEOPEMBI 2.
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Multistage Mate Choice Game with Age Preferences
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he mutual mate choice model of Alpern, Katrantzi and Ramsey [3] is considered. In the problem indi-
I viduals from two distinct groups (for example, males and females) want to form a long-term relation-

ship with a member of the other group, i.e. to form a couple. Each group is large and there is steady state
distribution for the age of individuals. In the model males and females have lifetime m and n respectively. It is
assumed that the total number of unmated males is greater than the total number of unmated females and m > n.
The multistage game is considered. In the game unmated individuals from different groups randomly meet
each other at each stage. If they accept each other, they form a couple and leave the game, otherwise they go to
the next stage unmated and one year older. It is assumed that individuals of both sexes enter the game at age 1
and stay until they are mated or males (females) pass the age m (n). The initial ratio of age 1 males to age 1 fe-
males is given. The payoff of mated player is the number of future joint stages with selected partner. The aim of
each player is to maximize his/her expected payoff. At each stage players use threshold strategies: to accept
exactly those partners who give them at least the same payoff as the expected payoff of the next stage.

In the literature such problems are called also marriage problems or job search problems. In papers [1,
2, 7] investigate the mutual mate choice problems with homotypic and common preferences. Alpern, Katrantzi
and Ramsey [3] derive properties of equilibrium threshold strategies and analyse the model for small m and n.
In this paper we derive analytically the equilibrium threshold strategies and investigate players’ payoffs for the
cases n =3 and large m.

This research is supported by Russian Fund for Basic Research (project 13-01-91158-'®EH_a, project
13-01-00033-a) and the Division of Mathematical Sciences of RAS (the program “Algebraic and combinatorial
methods of mathematical cybernetics and new information system”).
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TUMaJbHOW OCTaHOBKH. OHHM OTPaXaloT CyIIECTBEHHBIE OCOOCHHOCTH peajibHBIX IPOLECCOB BBIOOpa,
HMEIOT MIPOCTYIO IIOCTAHOBKY U JIETKO HHTEPIIPETUPYEMBIE PEILICHUS, UTO JIeJIaeT UX NPUMEHUMBIMU JUIs
MOZIEIIMPOBAHUS ONOIOTUYECKUX, COLIMATbHO-OKOHOMHUYECKHX U TIOJIMTHYECKUX ITpolieccoB. B 3axaue Hamyy-
miero BeIOOpa nepe JIMIOM, IPUHUMAIOIINM PELIEHUE, CTOUT BOIIPOC O BBIOOPE YOBIECTBOPSIOIIETO OIIpese-
JICHHBIM YCJIOBHSIM 00BEKTa M3 OOIEro MHOXeCTBa 00beKTOB. Kak mpaBuiio, B KIIACCHYECKUX MOCTaHOBKAX
MIPUHUMAET PEIICHNE TOIBKO O/IHa CTOPOHA, a BTOpasi BCera coracHa ¢ BEIoopoM. B nociennee Bpemst cranu
paccMmarpuBarhbCs 3a7a4d TaK Ha3bIBAEMOTO B3aMMHOTO BBIOOpa. B Takmx 3amayax OTpa’keHbl OCOOEHHOCTH
JIByCTOPOHHEro BbIOOpa. 3ajaun B3aMMHOIO BBIOOpA MOJEIHMPYIOT TaKHe CUTyallMH, Kak BHIOOp OpauyHOro
TapTHEpPa, HOUCK paboThl (paboTonaresb-pabOTHHK), PEIHOYHBIE OTHOLICHUS (TIPOJIaBEL-TIOKYIATeb).
B nanHOi#1 pabote paccMOTpeHa MOJIeNTb HauIy4IIero B3aMMHOTO BBIOOpa, TIpeioxkeHHas B padote [3],
B KOTOPOH OOJIbIIAs MO pa3/iesieHa Ha JIBE TPYIIIBI (MYXYMHBI U )KCHITUHBI). VIHIUBUIyyMBI N3 ABYX

3 aJlaqyv HaWj1y4mero BI)I60pa COCTaBJISIOT BayKHBIN KJIacc 3aaa4, u3ydacMbIX Teopneﬁ Urp u TeOpI/Ieﬁ OII-
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Pa3IMYHBIX PYII XOTAT BHIOPATh MapTHEpa U3 MPOTUBOIOIOKHOM IPYIINBL sl CO3AaHus mapbl. B kauecTse
XapaKTEePUCTUKH KaXKJJOr0 MHIMBHYYMa, TI0 KOTOPOH OCYIIECTBISIETCS BBIOOD ITapTHEPa, BHICTYIAET €ro BO3-
pact. [Ipu B3aMHOM MPUHSATHH NAPTHEPOB CO3IACTCA Mapa, MPU 3TOM KX IbIii HHIUBHUIYYM MOTy4YaeT OfUHA-
KOBYIO MOJIE3HOCTh, PABHYIO 00IIEMY KOJIHYECTBY MPOXKHUTHIX BMECTE C BEIOpaHHBIM TapTHepoM JeT. [Ipeamo-
JaraeTcsi, 4To OO0IIee YHCIIO MYXKYUH OOMNbIIC YKMCNA KEHIIHMH, a TAKKE MYKUHHBI )KUBYT JOJBIIC JKCHIIUH.
Kasxiplit MHIMBUIYYM 3aHHTEPECOBAH BBIOpATh MAPTHEPA C HAUMEHBIINM BO3PACTOM.

JlaHHast MOZIENb OTMCHIBASTCSI MHOTOIIATOBOM UIPOM HAMITYYIIEro BBIOOpA, B KOTOPOH UMEIOTCS HUIPO-
KM JIByX THIIOB, HA30BEM X MY)KUYHHBI 1 )KCHIIUHBL. B03pacT Ka)KI0ro Urpoka MpUHAMAET LielTble 3Ha4YeHus 1,
2, ... [Ipenmnonaraercst, 4TO UTPOKH NPUXOMAT B UTPY B Bo3pacTe 1 M OCTAIOTCS B UTPE IO CBOETO MaKCHMaJlb-
HOTO Bo3pacta. MakcuMasbHBIA BO3pacT My KYMH paBeH m, a xeHIuH — n. [Ipennonaraercs, 4ro obiee 4u-
CIIO0 MYXYHH OOJIbIIIE YUCITa KEHILIH, U YTO MYXXYHHbI )KHUBYT AOJbLIC XKEHIHH, T. €. m > n. Ha kaxmom nrare
MOJICITUPYIOTCSI CITy4aifHble BCTPEYH UTPOKOB M3 Pa3HbIX rpymil. [IpenouTeHust HTPOKOB 3aBUCSAT OT BO3PACTa
BCTPEUCHHOTO MapTHepa. Eciin Urpoku NprHUMAIOT OPYT OPYyra, TO OHH CO3JAI0T Mapy W MOKHIAIOT MOMYJIs-
1uto. [Ipu 3TOM BBIMTPBILIEM Ka)XKI0T0 HTPOKA ABISIETCS OOIIEE YKCIIO JICT, TPOXKUTHIX C BBIOPAHHBIM MapTHE-
pom. Tak BBIMTPHILIA MY>KYHHBI BO3PACTA i M JKCHILIMHBI BO3PACTa j MPU CO3MaHHU Mapbl ONUHAKOBBI H PABHBI
min{m-i+1, n-j+1}. Ecnu e x0Ts1 ObI OMH U3 UI'POKOB OTKA3bIBAET, TO UTPOKU NEPEXOIST Ha CIISYIOIINH 11T,
ocratorcst 0e3 mapbl U CTaHOBSITCS Ha ToA cTapiie. Ha nocnieaHeMm 1mare npy JOCTHKEHHH CBOETO MaKCHMaJlb-
HOTO BO3PAcTa, €CJIM UTPOK OCTAaJICs 0€3 Mapsbl, TO €ro BBIMTPHILI paBeH HYIM0. KaXKIplil HTPOK CTPEMHUTCS MaK-
CHMH3HPOBATh CBOI OKUIAEMbIil BHIMTPHIL B TAHHOH HIpPeE.

BospacTtHoe pacnpeneneHue MyXYMH M KEHIIUH OINpeessieTcsl BeKTopaMu a = (a,,a,,...,a,) U b =
(by,b,,...,b,) cOOTBETCTBEHHO, T/€ a; U b; — OTHOIIECHHUS YKUC/IA MY*YHH BO3PACTa i M KEHIIMH j K YHCITy KEH-
muH Bo3pacta 1. CnenoBarenbHO, moxyduM b, = 1. Tak kak paccMarpuBaeTcsl MOIMYISIHS, coaeprKaas 0ob-
110€ KOJIMYECTBO UTPOKOB, TO BEKTOPHI @ M b MOCTOSHHEI BO BpeMeHH. O003HaYMM 00111ee YMCIIo MyX4nH A =
a,ta,*...+a,, a eHuwH — B = b +b,+...+b,, r = A/B — BennuuHa, XapaKTepPU3YIOIas COOTHOIICHUE TIOJIOB B
nomynsinud, R = a,/b, = a, — cooTHoOIIEHKE [TOJIOB EPBOr0O BO3pacTa. R sBiseTcst BHENIHE 3alaHHBIM U OTIpe-
JIeTISCTCS B HAYaJIe UTPBL.

OnTuManbHBIMH CTPATETUsIMA HMTPOKOB siBIsifoTCsl moporoBeie crpareruu F = [f.f,...f.] u G =
[81,82>--»8n] JUIA MYXXYHH U JKCHIIMH COOTBETCTBEHHO. MyXK4YKMHA BO3pacTa i MPHHUMACT JKCHIIUHY, TOJIBKO
€CITH €€ BO3PACT He MPEBBIIIACT NOPOrOBOro 3HaueHus f,, paBHOTO CPEAHEMY OXKHIAEMOMY BBIUTPBILILY MYKUIH-
HbI Ha CIIEJIyIOLIEM are Urpbl. J{is KeHIMH IIOPOroBblE CTPATEruH g; ONPEIETIAIOTCS aHATIOTHYHO.

B nuteparype npeacTaBieHbl pa3InyHbIe TOCTAHOBKH 3a/1a4 B3aMMHOTO BbIOOpa. B padorax [2, 7] pac-
CMOTPEHBI 33/1a4K ¢ OOIIMMH MPEANOYTCHUSIMU (UTPOKU BBIOHPAIOT MApTHEPA C HAWITYUIIMMH XapaKTePHCTH-
KaM{) U TOMOTHUITHBIMH MPEINOYTCHUSIMU (MTPOKH BBIOUPAIOT MAPTHEPA C XapaKTePUCTUKAMH OIM3KUMHU K
coOcTBeHHBIM). B pabote [4] uccienoBana cuMMeTpUiHas HETPEPbIBHASI MOJIENb C BO3PACTHBIMU IPEIIOoYTe-
HusMU. JIpyrue 3a7a4u B3aMMHOTO BEIOOpa OBLTH pacCMOTPEHBI B padotax [5, 6, 8]. B crarse [3] Obu1a pa3pa-
OoTaHa MpUBEACHHAs BBIIIE MOJEIb B3aHMHOTO BbIOOpA, OBUTH UCCIICIOBAHBI CBOHCTBA ONTUMANBHBIX CTpaTe-
THi HTPOKOB U MTPOaHAIM3UPOBaHA 3aj1aua JIsl MalbIX 3HaUYeHUI m u n. B HacTosiieil paboTe momy4yeHsl aHa-
JIUTHYCCKH PABHOBECHBIC CTPATETMH MIPOKOB M HCCIICIOBaHbl (DYHKIUH BBIMTPBILICH A ciydas n = 3 U
OO0BLINX 3HAYCHHUH M.

Pa6ora mognepskana rpanramu POOU, npoekr 13-01-91158-IT'PEH_a u npoekr 13-01-00033-a, a Tak-
xe OtaeneHueM MareMarinyeckux Hayk PAH, mporpamma «Anrebpandeckie u KOMOHMHATOPHBIC METO/IbI MaTe-
MaTHYECKOH KHOSPHETUKH 1 HH(POPMAIIMOHHBIE CHCTEMBI HOBOTO TIOKOJICHHS»
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disciplinary scientific theme within NASA’s

Earth Science program. The ultimate vision of
this program is to develop the capability for periodic
global inventories of land use and land cover from
space, to develop the scientific understanding and
models necessary to simulate the processes taking
place, and to evaluate the consequences of observed
and predicted changes (http://Icluc.hg.nasa.gov/).

During the past 17 years the NASA LCLUC
program has conducted around 250 projects, which
included substantial international involvement. Each
year the program consists of about 40 projects with
over 200 researchers involved, including U.S. and
international senior and junior scientists and students.
The program components include: 1) LCLUC im-
pacts on carbon and water cycles, and on ecosystems,
climate and biodiversity (about 30%); 2) LCLUC
monitoring and modeling (about 40%), 3) LCLUC
drivers, vulnerability and adaptation (around 15%),
and 4) LCLUC synthesis (5%). The Synthesis com-
ponent is gradually increasing in proportion on the
account of reducing the proportion of case studies
analysis.

Since the NASA LCLUC program is global it
has always been supporting regional initiatives,
which help building international cooperation in sci-
entific research, validation of satellite-derived prod-
ucts and modeling LCLUC processes as a combina-
tion of physical and societal changes. The regional
programmatic support include the Regional Field
Campaign in Amazon (LBA), the Central African
Regional Project (CARPE), the Monsoon Area Inte-
grated Study (MAIRS), and the Northern Eurasia
initiative (NEESPI), the latter being the focus of the
LCLUC program during the last 8-9 years.

It is well known that Northern Eurasia is a sen-
sitive and rapidly changing area with the signal of cli-
mate change effects already observed in many compo-
nents of the Earth’s system. Space-based remote sens-
ing provides unique information over this vast region.
Additionally, this region of the globe experienced a
shock impact of the abrupt institutional and economic
changes due to the breakup of the Soviet Union.

The NASA Land-Cover/Land-Use is an inter-



http://lcluc.hq.nasa.gov/

The goal of the NEESPI program has been to study climate-ecosystem interactions and societal impacts
in boreal and non-boreal zones of Northern Eurasia. The program has involved 30 countries and more than 200
institutions, with over 700 scientists working in over 150 individual NEESPI projects. Among them the NASA-
funded projects’ proportion has been one third to one half. The four most recent NEESPI projects are on synthe-
sis of the previous LCLUC and carbon cycle studies in Eastern Europe and Siberia/Far East regions. Fig. 1
shows the NEESPI sub-regions. Some of these sub-regions have been studied more intensively, some — less.
Caucasus and Central Russia areas are probably the regions with the least NASA-supported investigations,
while Siberia is probably the best explored part of NEESPI, which is the indicator which areas are and which
are not yet mature for synthesis.

The NEESPI has been implemented by developing international teams, reaching out to regional scien-
tists to build partnerships and combining local data/knowledge with US science. At NASA, the implementation
was done by soliciting research in US, expanding international support by obtaining recognition/sponsorship
from large international programs, such as IGBP and WCRP. During the past three years, at each AGU, EGU
and JpGU Annual Meeting/Assembly (during the past seven years for AGU and EGU), NEESPI sessions were
organized by the NASA Project Scientist and they always include NASA-affiliated investigators.

The NEESPI is in its concluding stage as a focused activity. The legacy of the program is in its estab-
lished connections, ongoing synthesis of the previous studies and a new generation of scientists that came out
from the NEESPI projects, with about 80 Ph.D. students defending their theses in the NEESPI framework, and
over a thousand peer-review articles published. It took more than a year to prepare the NEESPI Science Plan
(released in 2004), to conduct its international peer-review process, and to launch the first generation of NEES-
PI projects. At present, some science questions/ideas and major research pathways that were put forward ten
years ago have been already resolved or, at least, addressed and should be re-focused in response to new envi-
ronmental change challenges and new technologies of the Earth monitoring. Therefore, further post-NEESPI
research planning and formulation of the new key NEESPI science questions are currently underway.

Figure 1. Sub-regions of Northern Eurasia considered in the LCLUC program, overlaid on the MODIS 1-km true color
composite of August, 2004 (courtesy by Dr. Ozdogan, U. Wisconsin)
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iberia Integrated Regional Study (SIRS, http://sirs.scert.ru/en/) is a NEESPI megaproject coordinating
S national and international activity in the region in line with Future Earth Initiative (http://www.icsu.org/

future-earth) approach whose overall objectives are to understand impact of Global change on on-going
regional climate and ecosystems dynamics; to study future potential changes in both, and to estimate possible
influence of those processes on the whole Earth System dynamics as well as on social and economic situation in
the region. Reported are several dimensions characterizing SIRS state of the art and projections. Among those
are SB RAS and other funding bodies support, information-computational and instrumental infrastructure de-
velopment, organizational and capacity building development.

The state of the art

In spite of the fact that promised SB RAS few years ego direct SIRS funding yet not given, overall sup-
port to SIRS domain projects looks not so bad. SIRS oriented activity is supported by two SB RAS basic re-
search multiyear Programs initiated and carried out by IMCES. Those are Program VIII.77.1. “Environmental
and climatic changes in Siberia and Arctic under impact of global and regional factors”, and VIII.80.2. “Scien-
tific and methodical basis for information-computational technologies and measuring complexes for climatic
and ecosystem monitoring”. Also SB RAS funded several thematic integrated projects in which researchers
from different Institutes work jointly on one of SIRS specific problems. Similar projects are currently funded
by the RF Ministry of Education and Science as well as RFBR. Overall funding coming from international
foundations is not very impressive; however such cooperative projects provide Siberian researchers with ac-
cess to modern data and instruments and simplify publication of results obtained in leading journals.

2 reference monitoring stations equipped with modern instrumentation for monitoring from the planned
reference network for monitoring of climatic changes in Siberia is planned for 2012-2017 are operating now in
Tomsk (Vasyuganie and Akademgorodok) and Buryatiya . Recently reconstructed station on Samoylovskii Is-
land is under SB RAS supervision now, which is unforeseen important supplement to the network.

New level in development of SIRS information-computational infrastructure was achieved with
launching into test operation the web-GIS based distributed information-computational platform for collab-
orative multidisciplinary investigations of regional climatic changes and their impacts CLIMATE (http://
climate.scert.ru/, Gordov et al., 2012, Gordov et al., 2013). It provides users with capabilities of heteroge-
neous geophysical data analysis, including high resolution data, and discovering of tendencies in climatic
and ecosystem changes in the framework of different multidisciplinary investigations. Using it even un-
skilled user without specific knowledge can perform reliable computational processing and visualization of
large meteorological, climatic and satellite monitoring datasets through unified graphical web-interface.
Platform combines modern web 2.0 approach, GIS-functionality and capabilities to run climate and meteo-
rological models, process large geophysical geo-referenced datasets and support relevant analysis. It also
supports joint software development by distributed research groups, and organization of thematic education
for graduate and post-graduate students.

Additionally to traditional SIRS education and training program which is run via annual organization in
the region either international multidisciplinary conference with elements of young scientists school ENVIRO-
MIS or young scientists school and collocated international conference CITES (http://www.scert.ru/en/confer-
ences/) online courses on climate change topics to students were developed and supported in operation now by
the CLIMATE platform (http://climate.scert.ru/resources/courses/, Gordova et al., 2013).

Projections

Possible SB RAS climate megascience facility aimed at detailed monitoring of on-going natural and
climatic processes on this territory and prognoses of their dynamics in future, which will include three major
components. Those are the network of monitoring stations equipped with modern instrumentation for monitor-
ing spread across Siberia, the dedicated computing and data center providing an access to instrumental and
modeling data including those from runs of a suite of global and regional climatic and meteorological models,
and information-computational infrastructure supporting knowledge generation on the basis of data available.

Crucial scientific questions for future SIRS projects:

Role of regional geosphere-biosphere interactions (including the surface air layer, the vegetation layer,
soil, and inland water bodies) in regional and global climate formation with special emphasis upon feedbacks
generated by variations of some parameters of regional atmosphere and surface hydrology;

Possible influence of future potential changes in the region on the whole Earth System dynamics;


http://www.icsu.org/future-earth
http://www.icsu.org/future-earth
http://www.scert.ru/en/conferences/
http://www.scert.ru/en/conferences/
http://climate.scert.ru/resources/courses/

Adaptation and mitigation strategy meeting challenges from on-going and projected processes leading
to major regional and global risks rising with regional environment changes including

permafrost border shift, desert - steppe- forest-tundra ecosystems borders shifts, and temperature/pre-
cipitation/hydrology extreme changes;

Weather and climate extremes with special emphasis on atmospheric blockings: from statistics to under-
standing mechanisms.

Acknowledgements

Partial support of RF Ministry of Education and Science grant 8345, SB RAS Program VIII.80.2 and
Projects 69, 131, 140 and APN CBA2012-16NSY project and numerous RFBR grants into SIRS development
is acknowledged.

References:
1. Gordov E.P, Okladnikov I.G., Titov A.G., Bogomolov V.Yu., Shulgina T.M., Genina E.Yu.
Geo-information system for investigation of regional climatic changes and first results obtained / At-
mospheric and Ocean Optics, vol. 25, 2012, No.02, pp.137-143.
2. Gordov E.P, Lykosov V.N., Krupchatnokov V.N., Okladnikov 1.G., Titov A.G., Shulgina T.M. Comput-
ing and information technologies for monitoring and modeling of climate change and its impacts.
2013, Novosibirsk, Nauka, 175 pp. (In Russian)
3. Gordova Yu.E..; Genina E.Yu.; Gorbatenko V.P.; Gordov E.P.; Kuzhevskaya 1I.V.; Martynova Yu.V.;
Okladnikov I.G., Titov A.G., Shulgina T M.; Barashkova N.K. Support of the educational process in
modern climatology within the web-GIS platform “Climate” / Open and distant learning - 2013. - Ne 1.
- P 14-19 (In Russian)

NEESPI/SIRS capacity building program: from CITES/ENVIROMIS YS
conferences to continuous learning on the base of web-GIS platform
«Climate»

'Gordova Yu., 'MartynovaYu., 'Shulgina T., 'Titov A., 'Genina E., *Gorbatenko V., 'Gordov E.,
3Groisman P.Ya., ‘Lykosov V.N.

'Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia

2Tomsk State University, Russia

* NEESPI Project Scientist UCAR Project Scientist at NOAA National Climatic Data Center, Asheville, USA
*Institute for Numerical Mathematics RAS, Moscow, Russia

E-mail: office@scert.ru, Pasha.Groisman@noaa.gov

tific tools to meet the challenges of their domains and fast developing technologies. Such necessity is

especially strong in the Earth system sciences where modern research tools such as sophisticated com-
putational models are used and huge archives of geo-referenced observational and modeling data should be
analyzed. The specialists in this area should be qualified not only in their disciplines but also use modern infor-
mation computational technologies and be able to communicate and work jointly with colleagues from other
fields of science. The environmental data bases and the climate models become more complicated so future
specialists should be prepared to face it. We consider that traditional courses should be combined with trainings
within thematic informational computational systems.

That is why a capacity building program was elaborated with special emphasis to young scientist in-
volvement into this area. First, the program is based on a “two-component” approach: annual organization of
thematic schools CITES (Computational and Information Technologies for Environmental Sciences) for scien-
tists and interdisciplinary conferences ENVIROMIS (Environmental Observations, Modeling and Information
Systems) comprising elements of scientists’ schools [1, 2]. An additional educational moment in the both cases
is in training young scientists in presenting their results during poster presentations. Later targeted workshops
were embedded into the conferences as well as open meetings of partners of large environmental projects be-
longing to NEESPI/SIRS area of interest. Nowadays the CITES and ENVIROMIS events became leading reg-

P ] owadays there is a great need in young scientists which are familiar with modern research and scien-
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ular environmental forums taking place in Russia (http://scert.ru/en/conferences/) gathering researchers and
environmental decisions makers, one half of those are young scientists.

Besides, to make training process continuous and improve skill in working with modern on-line data
processing systems, a web-GIS based platform named “Climate” has been developed at our institute (http://
climate.scert.ru/). This system has a set of tools and data bases to perform climate changes analysis on the se-
lected territory. The platform is functioning now, it is open for registration and all these tools are available. But
besides that the platform has a potential to be used in education. Educational tools are part of the system and
represented as dedicated software modules in the platform. (Fig. 1).
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Figure 1. System structure.

To organize the educational process, we use freeware Moodle. It is an open-source course management
system, so-called virtual learning environment which is used to create effective online learning sites. Using this
course management system gave us an opportunity to combine text and multimedia in our educational courses.
They form a theoretical part of the course that should be studied through before taking test and trainings which
are performed within the platform “Climate” using web-GIS tools.

Now the educational block of the platform “Climate” (http://climate.scert.ru/resources/courses/) [3]
consists of two educational courses (Fig. 2). One of them is “Analysis of regional climate changes”. It contains
description of main statistical methods of processing and analysis of meteorological data which are used to
characterize the ongoing changes of regional climate. Theoretical part of this course is followed by a set of
trainings to study a long-term behavior of climatic variables in the selected regions. The second course is called
“Analysis of future climate”. This course is supported by the set of tasks based on results of the model “Planet
simulator” calculations. “Planet Simulator” is a climate model of intermediate complexity and it doesn’t re-
quire large computing resources. This model allows studying interactions of climate system components and
making computations for different future development scenarios.

Within the framework of first course trainings the students receive the opportunity to use the large set of
modern world-known data archives, which are not presented on their university basic courses. This data can be
compared with the data of station observations. Students can calculate a basic set of climate characteristics for
a chosen region and time period, receive graphically presented results and analyze the dynamics of chosen cli-
matic characteristics.

The second set of trainings involves analysis of the different climatic characteristics changes and their
correlations. The system contains several predefined IPCC scenarios (SRES and RCP). Students are supposed
to compare two climate scenarios and estimate the influence of global change on different climatic characteris-
tics.
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Figure 2. “Educational courses” window.

Work with the courses has the following steps:

1. Register in the system “Climate”.

2. Enter the section “Lectures and courses”

3. Choose the course and enter the educational part of the platform using the same login data.

The following steps depend on the chosen course. For example for the course on future climate analysis
one should go through the theoretical part and then go to the tab “Practical tasks”

=,

. After reading the task one

should go to “Climate software” section and to the tab “Web-GIS system”. Here new layers for calculated
characteristics could be added to preinstalled ones, and scenario, time period and the area of research could be
chosen. The results of calculations are presented as color surface map, where every color means fixed quantita-
tive value of calculated climatic characteristics. It is also possible to get quantitative value of a single point by
choosing it on the map (Fig. 3).
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Figure 3. Report on a practical task.

Both courses are used to prepare bachelors of meteorology, hydrology and ecology in Tomsk State Uni-

versity. It is a test use and these students were pioneers so they helped us to find and fix some minor bugs in the
system and try our tasks and trainings on them. A group of 30 students received their personal accounts in the
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system “Climate” and were subscribed for both educational courses. After reading the theoretical part they
passed through trainings within the systems. Their results were sent to teachers to check their progress and to
the authors of the courses to find out weak points. By now this group has passed both course and practices
working with different data archives, using modern methods of analysis of time series data.

Although the system was only tested we can already speak about some results. We gave students a fresh
point of view on their familiar disciplines and make them acquainted with modern research and modeling tools
and approaches. They are able now to acquire new information and results by themselves and this information
is usually remembered. We hope that the students could try to conduct their own scientific research on the basis
of the available information and theoretical material. Now we plan to work through the courses and add them to
a basic climate change course at Tomsk State University.
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