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AHHoOTayuA. Hapsagy ¢ npofyKLMOHHON BETBbIO, JECTPYKLMOHHAA UrpaeT BeAYLLYIO posib B OMOTUYECKOM KpYro-
BOPOTE Ha3eMHbIX 3KOCKUCTeM. PaccmaTprBaeTca AvHamMmKa KpyroBopoTa yriepoaa B 60N0THbIX NaHAWwadTax XHO-
TaeXHOWN NoA30HbI 3anagHoit CMbUpKM Ha OCHOBe ONTOBPEMEHHbIX N3MEPEHUI KOMMOHEHTOB yrnepoAHoro banaHca
B8 1999-2015 r.r. onoAHWTENbHON CNOXHOW COCTaBAALWEN Ana 60N0T N0 CPABHEHWIO C APYrUMU IKOCUCTEMAMU
ABNAETCA NPUCYTCTBUE YPOBHA 60M0THbBIX BOA (YBB), HMXe KOToporo pasnoxeHne HOCUT aHaspOoObHbI XapakTep C 0bpa-
30BaHMeM MeTaHa, a Bbllle — a3pOoObHbIil C reHepalueil yrnekncnoro rasa. Yacte andodyHanpyowero uepes tTopdsaHyto
TOJLLY MeTaHa MnorjowaeTca MeTaHOTPOGHbIMU 6akTepuAMU C 0bpa3oBaHMeM JONONAHUTENbHOTO Konmyectsa CO2.
[ina apekBaTHOro onMcaHMA 3TUX npoueccos co3gaHa KOmnnekcHas Mogenb bOnotHbix JIAHAWadToB (KOMBOJA),
cocToAWan u3 Habopa ANHaMNUecKkx 6NOKOBbIX MOZeNel KpYroBopoToB yriepoaa 1 a30Ta, YNCTOrO SIKOCMCTEMHOIO
obmeHa, BOAHOro banaHca, Tennomacconepeoca B TOpGAHOI 3anexun Ha CPeHerof0BoM, MECAYHOM U AHEBHOM Mac-
wrabax BpemeHn. OfHOMEpPHas no rnybuHe 3anexu MoAenb TeNaoBnaronepeHoca 1 TpaHcnopTa ra3os B TopdaHON
3anexm No3BoNAeT afeKBaTHO YUNTbIBATb 3TV NPOLIECCH NPU MOAENNPOBAHUN SMUCCN NaPHMKOBbLIX ra3oB. CTpyKTypa
cnctembl KOMBOJIA no3sonseT co3faBath 113 OTLENbHbIX MOAYNEN COBMECTHYO MOAenb 60n0THOro NnaHawadTa, agan-
TUPOBAHHYI0 K 00beMy UMetoLWnXca JaHHbIX. Takasa Mofenb co3fjaHa Ana naHAwadToB BEPXOBbIX HONOT 0XKHO Talrn
3anagHon Cnbupm n oTkanmbpoBaHa No AaHHbIM O 3anacax 1 NOTOKax yrnepoga, NAOTHOCTU U BNaXHOCTN TOPGAHbIX
CnoeB, TemnepaTypHbIM NPOGUAAM 1 YPOBHAM 60NOTHBIX BOA. [poBefeHbl UMCeHHble SKCNePUMEHTbI C 3TON MOAeNbio
Npu KNMMaTUYECKNX U3MEHEHUAX, TeHepnpyeMblX KnumaTtuyecko mogenpto IPSL npu cueHapuax aHTPONOreHHbIX
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BblibpocoB RCP-2.6 n RCP-8.5.

KnioueBble cioBa: 3K0CMCTEMA, G1ONOMMUYECKMIA KPYTOBOPOT, AUHAMUYECKME MOAENU, KTMMATUYECKII CLEEHAPNIA.

B mecTpyKLMOHHOIT BeTBM 6MOTHUYECKOTO KPYTrOBO-
poTa 6OMOTHBIX S9KOCUCTEM BaKHOE 3HAUECHUE UMeeT
SMICCHUA IA30B OT TPaHCHOPMAINY MEPTBOTO OPTaHu-
YeCKOTO BellleCTBAa B TOPPAHOI 3amexu. [IockombKy
pasoXKeHNe IPOMCXOAUT He TOMBKO Ha IIOBEPXHOCT
HOYBBI, HO U 110 MPOQUII0 TTyOUHBI, TO Pe3yNbTH-
pymoIas SMMICCHSA Ta30B HEOTHEM/IEMO CBA3aHA C UX
reHepalyei, TPaHCIIOPTOM I IOT/IONIeH1eM, KOTOpbIe
COIPOBOX/IAIOTCA TEIJIO- U BIAarornepeHocoM. OTu
IIPOLIECCHI TPOVICXOAAT OfHOBPEMEHHO, @ B 6OJTOTHBIX
9KOCHCTEMAX IIePeyBIaKHEHHbIE YCTIOBYA TOP(IHOIM
3aJIeXV HAJaraloT Ha HYX JIONOMTHUTEIbHbBIE 0COOeH-
HOCTU, CBSI3aHHbIE C Ha/JN4MeM yPOBHS OOIOTHBIX
BoZ (YBB), HiKe KOTOpPOTO pas/noXeHMe UeT B aHa-
9POOHBIX YC/IOBUAX C 06pa3oBaHyeM METaHa, a BhIIIe —
9acTh 9TOTO MeTaHa IPU TPAHCIOPTE OKMUCIACTCA
B a9pOOHOM CJ10€ U TOTPebIsIeTCA MeTAaHOTPOPHBIMM
MUKpoopraHusmMaMmu. ClIoXXHOCTb IPOIECCOB TeIIo-
MaccorepeHoca B TOp(sIHOI 3a/1eX 1 ¥ HETMHETHOCTD
(YHKLIMOHMPOBAaHMS 6MONIOIMYECKOTO KPYroBOpOTa
B 0OZIOTHOI 9KOCHCTEMe MPUBOAAT K HEOOXOAMMO-
CTU MOCTPOEHMsI KOMOVMHMPOBAHHBIX MOJie/Ieil 9TUX
ABJIEHMII Ha pa3HBIX Maciutabax BpeMmeHu. [loatomy
pa3paboTKa COBMECTHBIX AMHAMUYECKNUX MOJeIeit
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bYHKIMOHMPOBAHMA OMOIOTNYECKOTO KPYTOBOPOTA
¥ 6MOTeOXVIMIYECKIUX [IPOLIECCOB B TOPGSHOI 3a/IeXKN
1A 60/IOT pas/IMYHBIX TUIIOB SABAETCA aKTYaabHOI
3ajiadeil B CBeTe HEIIPEpPbIBHO MAVIETO YTOYHEHNA
MeXaHI3MOB B3aUMOJeiicTBYSA 61ocdepbl U KIMMaTa.

KOwmmnnexcuas Mogens bOnotusix JIAugmadTos
(KOMBOJIA) npencraBisieT co60il COBOKYITHOCTD
IMHAMIYECKUX MOJe/Ieil 6MOTIYeCKOTro KpyroBopo-
Ta, HETTO-9KOCUCTEMHOTO 00MeHa, BOZHOTO OajaH-
ca, TEI/IOBJIATONEPEHOCA U TeHepalluu U IepeHoca
CO, u CH, B Topdsanoii 3anexu, TopdhoHaKOIIeHNSA
Ha BEPXOBBIX 00/10Tax B 3aBUCUMOCTU OT YBB Ha
CPeHEeTroloBOM, C€30HHOM U CYTOYHOM MHTEepBa-
nax BpeMenn. Ha puc. 1 usobpaxkena obmas cxema
3/IeMeHTApPHOTO y4acTKa 60/10THOTrO naHpmadTa, Ha
KOTOPOM CTpOUTCA (PYHKUMOHUPOBAHME CUCTEMBI
KOMBOJIA. Oro6pakeHbl B MaKCUMA/IbHO arpern-
poBaHHOI GopMe KOMIOHEHTBI OMOTUYECKOTO KPY-
rOBOPOTa, KOMMYECTBO KOTOPHIX, KaK M CIOXKHOCTb
CBs3ell MEXAY HUMMU, MOKET OBITb IPOU3BOTBHBIM
¥ 3aBUCUT OT 00'beMa U KauyeCcTBa M3MepPeHMIt, JOCTYII-
HBIX UCCTIEJOBATEIIIO.

O6urast apXuTeKTypa IpOrpaMMHOTO KOMIIIEKCa,
peanusyomero cuctemy mogeneii KOMBOJIA, xapax-
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TEPU3YETCA CIOUCTO-MOAYIbHOM CTPYKTYPOIL, CMBICT
KOTOPOJI COCTOUT B TOM, YTO B 3aBUCUMOCTH OT LIe/IN
MOJIeNMPOBaHNsA, BBIOPAHHOTO IIara BpeMeHu (rof,
MecCIl, CYTKI) ¥ HaJIM4nsA UCXOTHBIX TaHHBIX GopMM-
pyeTcst Habop MOJyJIell U3 Pa3HbIX CI0€B, PelLIAIOLIIit
3aflaHHYI0 3a/ja4y. C/r0eM HasbIBaeTCsA HAOOp OJHOTHII-
HbIX ABJICHMII Ha BCeX MPMHATHIX MacIITabax BpeMeHM
U IIPOCTPAaHCTBA. MOAYIb — 9TO YacTh C/10s, BBIfie-
JIeHHas1 Ha KOHKPEeTHOM MaciuiTabe BpeMeHNU U COIIpsi-
JKEHHAsA C YacCTAMM APYTUX CI0eB [ peanu3anun
YacTHOJ MaTeMaTudeckoi mopenu. Ha puc. 1 nerko
BBIZIETIAIOTCSA MOJLY/IM, OTBETCTBEHHBIE 3 KPYTOBOPOT
yIJlepoja 1 TEeIIOMaccollepeHoc B TOpdAHOI 3aje-
XKV Ha CPelHerof0OBOM MacliTabe BpeMeH!U. YPOBEHb
6onotubix Bog, (YBB) Boifensger B 3ameXu gBa 1o —
a9pOOHBINl M aHA9POOHBIN C Pa3MNIHBIMU IIOTHO-
CTAMM, @ KOMIIOHEHTaMM OMOTIYECKOr0 KPyroBOpoTa
CIIy)KaT >KMBOE ¥ MepTBOE OpPraHMYecKoe BelleCTBO.
B kayecTBe 6a30BBIX CTATMYECKUX CXeM KPYTOBOPOTa,
HeoOXOAMMBIX /I KamOpoBKM K03 PUIIMEHTOB ITOTO-
KOBBIX (PyHKIIMII 110 yI/IEPOAY, B3ATHI arperupOBaHHbIE
CpefHerofioBbie cXeMbl 13 pabor [1, 2]. Macco-6ananco-
Bble YPaBHEHNA KPYrOBOPOTA YITIEpOJia OMOMHAIOTCA
6ajlaHCOM BJIary BepXHEro HEHACBIIIEHHOTO C/I0Sl TOP-
¢a, KOTOPBIIT OIIpefieNnAeTCs TOAOBOI CYMMOII OCafIKOB,
CTOKOM, CyMMapHBIM JCIIapeHNeM U IPUTOKOM BJIaru
3 COCEJHMX JIAHAUIAPTOB, 1 ypaBHeHuAMM fuddysun
YIJIEKUCIIOTO Ta3a 1 TEIIONepeHoca B a9pOOHOM cr1oe
TopdsHoII 3anexxu. Mopenb 6110TNYeCcKOro KpyroBopo-
Ta IprobpeTaer BUA:

dc

dtl =Ci(p(Co, (W) —m, —ay,)
dcC, d;C dswC
—2=q,+a,C,-m,C, ——22 22
a T T T T dgwe (D
dt I+d,w

rie C, - 3amachl yr/epoyia B Imynax akocuctemsl (rC/m?),
W — BIArOCOfiep)KaHle HeHAChII[eHHOTO cost Topda
(%), g, — BXOTHDbIE MOTOKM U3 COCEHUX IKOCUCTEM,
NPP=C,¢,(C) ¢,(w) - uucras neppuyHas HpOAyKIN
(rC/m*/rox), MeX0IOKOBbIE TIOTOKM OIafa, JAbIXaHUs
Yl OTMUPAHMS MMEIOT JOHOPHBII TUII ¢ K09 duLmeHTa-
MM O, P - rogoBas cymma ocajikos, E, - morenumanpHoe
VCIIapEHMNE, dzc — MHTEHCUBHOCTb pasnoxenus MOB,
d? - MHTeHCMBHOCTD TOpdoobpasopanus. Kanmmbpos-
Ka YpaBHEHN [/ B/IATOCOAEPKAHNA BEPXHEro HeHa-
CBILIIEHHOTO /1051 TOp(a OCYILIECTBIIAETCS C IIOMOIIBIO
Benn4yHbl Y BB. 3aBucuMOCTD epBUYHON TPOAYKINN
PacTUTENBHOCTU OT BUTOMACCHI ONpefeNnseTcs pain-
OHA/IbHOM (YHKIVEN Ha OCHOBE CYILIeCTBYIOINX 06a3
IaHHBIX [3] 1 ee 3HAYEHUI! B MU3MEPEHHBIX COCTOSHUSAX.
[ToMMMO 3TOrO IPORYKTMBHOCTD 3aBUCUT OT BJIaroCo-
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Tep>KaHVA U CPESHErOfl0BOI IPU3EMHOI TeMIIEPaTyphbl
YHUMOJIQJIBHO.

OcHoBoOIT oX0fa K MoAenupoBanuio auddysun
u smuccun CO, B TOPQSHOI TOMILE CTana MOIENb U3
pabor [4, 5], koTopast noaBepriach MogUQUKALNU IS
ydeTa 6MOTUYeCKOro KPyroBOpoTa B HaJI3eMHOII YacTu
9KOCHCTeMBI. B pesynbrare nomydaeTcs 3ajfada, Copsi-
>kenHas ¢ (1):

oC 0 oC .
aioz = o (Dcos 8;02)+d2C2Fd (T, w)
oT o© oT
C = ﬂ, 9 (1)
ot oz ( 0z )
CCOZ =0 Cu ’CCOZ =VEB 0,7 =0 Tu

B KOTOPOII Ccoz(z) u T(z) - o61as KOHIEHTpaLus yrie-
KVIC/IOTO Ta3a ¥ TeMIlepaTypa 3ajeXxn Ha IIyOuHe z,
D, (w) - esunbuit koodpurment guddysun, C, T, -
KOHIIEHTpalus B aTMocdepe 1 mpuseMHas TeMIlepa-
Typa Bosnyxa, F (T, w) — pakrop Bimsauus remmnepa-
TYPBI U BJIaTOCOAEP)KAaHNA Ha CKOPOCTDb Pa3JIOXKeHM,
A - K03 GULMEHT TENTONPOBOFHOCTH, a €\ — d(ek-
TUBHAs TEIIOEMKOCTb. Enuublil koaduument aud-
dysun yuanrnisaer kak nuddysuto CO, B razoBoit, Tak
U B XIAKOI (pasax ¢ y4eToM pacTBOPUMOCTU B BOJe
Y HOPUCTOCTY TOP(SAHOTO CIIOA.

Bepuduxanusa monerm guddysnn CO, u Tenmomnepe-
HOCA IPOBefieHa Ha JaHHBIX [0 IVIOTHOCTY, CTpaTudu-
Kauuy topda 1 mpodUIsIM COTep>KaHNsI TapPHUKOBbIX
ra3oB B TOPQSHON 3aMeXM TUNNIHBIX OMUTOTPOd-
HBIX OOIOTHBIX JIAHAIIA(TOB IKHOI TAIrY 3amafHol
Cubupu: 0cokoBO-c(HarHOBO TOIY, HU3KOTO U BBICO-
Koro psiMoB. 3azaun (1)-(2) peuraoTcst COBMECTHO Ha
CP€JJHEr0JI0BOM Il1are BpeMeHIL.

Jlns MopenupoBaHuUs NMOCNEACTBUI M3MEHEHUI
K/IMMaTa JMCIIOTb30BAHBl KIMMaTU4YeCKue IPOeK-
uun mopenu IPSL, ocHoBaHHBIE Ha [BYX CIleHApMAX
RCP aHTpomoreHHbIX BBIOPOCOB B atMocdepy B 6/1m-
xarmue 100 ner - «kectkom» RCP-8.5 u «mArkom»
RCP-2.6. OTHOCUTEeNbHO MATKUII CIleHapuil U3MeHe-
HYSI CPeTHETOfJ0BOII TeMIIEPATYPhI ¥ CYMMBI OCaJKOB
RCP-2.6 mpusoput B Tedenue 100 neT Kk HeGOIbIINM
U3MEHEHMAM KPYTrOBOPOTa yIeposia B 6OIOTHBIX 9KO-
CUCTeMaXx, U MOBBILIEHNIO CyMMapHOI SMICCUU YTIIe-
pozna B atmocdepy (oxono 20 %). OgHako HapacTaHue
CPeJHerof0BOIl TeMIIepaTyphl 1 KOMeOaHUII CyMMBI
0CaJKOB NPMUBOJAT K POCTY aMIUIUTYAbI KOmeOaHWi
¢dbuToMacce 1 BO3pACTAHUIO IMUCCUY, KOTeOaHMs
KOTOPOJI MeHee pe3Kye 3a CYeT MHEePLUOHHOCTH TOP-
(bsHOI 3ameX.

Cuenapuit cunpHoit Harpysku RCP-8.5 Beper
K 60Jiee CylIeCTBEHHOMY IIOBBIIIEHUIO CPELHETOR0-
BOJI TeMIIepaTyphl U COAEPXKAHNUA YITIEKUCIOTO rasa
B aTMocdepe, 4TO CTUMYIUPYET POCT PACTUTETIBHOCTI
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Ha 6ornorax. brarogaps sTomy pocTy, yBenmnunBaercs
U OIaJi, 9YTO B YCIOBUAX 3aMe/JIEHHOTO Pa3/I0KeHNA
BefleT K ycuneHuio toppoobpasosanna. KommaecTo
0CaJIKOB YMEHbIIAeTCsA He3HAYMTENbHO, YTO CIOCO0-
CTBYEeT COXpaHEHMIO cpefgHeromosoro YBB, 3a cuer
Yero ¥ yBe/M4MBAETCS KOHCEPBAllMs OPraHMYeCKOTOo
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Puc. 1. Obmiast cxema 37leMEHTapPHOTO y4acTKa 60TOTHOrO IPOoduIs 1 KOMIIOHEHTbI KoMItiekcHOI Mozenu
6onotHbIx nangmagpros KOMBOJIA
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COMBINED MODELLING OF BIOTICTURNOVER AND HEAT AND MASS TRANSFER IN PEAT
DEPOSIT FOR DOG LANDSCAPES OF WESTERN-SIBERIAN SOUTHERN TAIGA

Nikolay N. Zavalishin
2A.M. Obukhov Institute of atmospheric physics, Russian Academy of Sciences, Moscow
nickolos@ifaran.ru

Abstract. Among with productive, the destructive branch of ecosystem carbon cycle for peat bog landscapes in Western
Siberia is considered based both on static annual schemes and dynamic data measured during the period of 1999-2015. In
peatlands, additional complexity compared to other terrestrial ecosystems is imposed due to the presence of water table depth
(WTD) under which the destruction is anaerobic with methane generation while above WTD it is aerobic, and a part of the
diffusing methane is consumed by methanotrophic bacteria. COmplex Model of BOg LAndscapes (COMBOLA) is a set of dynamic
models of carbon and nitrogen turnover, net ecosystem exchange, water balance, heat and water transport, generation and
transfer of CO, and CH, in a peat deposit on an annual, seasonal and daily time scales. The first main component is a number
of biotic turnover models - from mass-balance equation on an annual to the NEE dynamics model on the daily time scales.
Another important component of the system COMBOLA is the one-dimensional model of heat, water and gas exchange in
the peat deposit. Thus, a number of interconnected modules constitute an integrated mathematical model of the peatland
landscape adopted for given initial information. Such a model is designed for a sedge-sphagnum fen, low and high forested
bogs (“ryams”) from the Western Siberia southern taiga, calibrated by the data on peat type, density and humidity as well
as the deposit temperature profile and water table depth on monthly-averaged time scale. Numerical simulations with the
model are carried out under two projections of climate change by the IPSL model with anthropogenic emission scenarios
RCP-2.6 and RCP-8.5.

Keywords: ecosystem, biological turnover, dynamic models, climate change scenario.
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