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tional 10% to the ice melting as compared to the contribution of the atmosphere to the Laptev Sea region. The
highest values temperature anomalies, caused by the river run-off are simulated in the vicinity of the Lena River
Delta. Spreading of these anomalies over the Laptev Sea shelf depends on the direction of the water circulation
in summer season.

We obtained the warm temperature anomalies in the bottom layer of the coastal region. The thawing of
the permafrost from top depends on the sea water temperatures near the sea floor. The simulation of the perma-
frost shows that a significant change in the permafrost depth occurs at the seafloor warming in the Arctic Sea.
The submarine permafrost degradation from above is the most rapid in the near-shore coastal zone of the shelf
and in the areas affected by the Lena River outflow. The influence of a heat signal in the bottom layer of water
on the thermal regime of the bottom sediments in the area of the river delta was verified by the numerical calcu-
lations. The research has shown that an increase in the bottom temperature by 1-2° C in the summer period
brings about a growth of the speed of the submarine permafrost thawing in the area of warm river currents.

Acknowledgments. This investigation is supported by RFBR under Grants 14-05-00730a, 15-05-02457a
and German Federal Ministry of Education and Research (BMBF, Project LenaDNM", Grant identifier
01DJ1400).
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MODERN PALUDIFICATION ON VASUYGAN MIRE
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2 State Hydrological Institute , Saint-Petersburg, Russia
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It should be noted that our understanding of the peat and carbon accumulation rates and the paludification
rate during the Early Holocene (different time intervals) is more comprehensive when compared with the rate of
the bog formation process for the last 100 years.

In this article were analyzed the paludification rate and the carbon accumulation in peat during the Holo-
cene (and different its periods). The recent carbon net-accumulation rate was calculated on model by R.Clymo
(modified by I.Turchinovich) on Vasuygan Mire (VM).
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According to experts, two main methods can be used to determine the current accumulation rate of carbon
in bog ecosystems. One of them involves offsetting the carbon balance in the ecosystem, based on determining
the primary productivity of bog plants (NPP), and measuring the flows of the CO> and CHas gases (the emission
from the soil surface) and the removal of carbon by bog waters. The other approach implies making use of the
models for the peat and carbon accumulation processes, based on historical data on the functioning of the bog
ecosystemtogether with data on the density of the peat profile, age, etc.).

Results from determining the current carbon accumulation rate in bogs using the balance method are
highly limited. A positive example may be provided by our investigations in Western Siberia on the ridges of the
VM. By studying over a number of years the net primary production (NPP), the emission of gases from the soil
surface, CO2 and CHas, and the removal of carbon by bog waters, it was shown that the overall carbon flow rate
in the bog ecosystems used in the study is considerably below the level of photosynthetic net accumulation, 77.4
and 125 g C/m? per year, respectively (the mean values for the entire period of observation). A major portion of
carbon losses is due to the emission of carbon dioxide (averaging 69 g C/m? per year, or 55.2% of NPP) and me-
thane whose share is considerably smaller (0.3-6.5 g C/n? pear year, or 2.7% of NPP). The experimentally de-
termined removal of carbon by bog waters that includes dissolved organic matter constitutes 5.5% of NPP (6.9 g
C/m? per year). This led to the conclusion about a predominance of the process of carbon accumulation in the
peatland, and about the ongoing progressive peat formation process. According to our estimates, the carbon ac-
cumulation rate averages 48 g C/m2 per year.

The model of vertical growth of bogs as developed for investigating raised bogs has been recently prac-
ticed widely in calculations. Our calculations used the values of net productivity, the acrotelm thickness, and the
density of absolutely dry matter in the acrotelm from published data [Elina, G.A., Kuznetsov, O.L. and Maksi-
mov, A.l, 1984, Kuz’min, G.F., 1993, Bazilevich, N.I., 1993, Botch, M.S., Kobak, K.I., Kol’chugina, T.P., and
Vinson, T., 1947].

The contemporary carbon accumulation rate (with 51.7% being the mean carbon content in absolutely dry
matter) varies from 10,3 g C/m? per year for polygonal bogs to 51.7 g C/m? per year for low-level grass bogs.
The estimates were made without taking into consideration the losses of organic matter in the layer of peatland
that was formed over the lifetime of the bog, and we believe that the values are somewhat overestimated.

There is no question that the World Ocean is the main “consumer” of atmospheric carbon dioxide. The in-
tensity of net sink to bog ecosystems is very small, and this should be taken into consideration when developing
strategies aimed at a curtailment of unfavorable consequences of global climate warming.

COBPEMEHHOE 3ABOJ/IAMUBAHUE HA BACFOTAHCKOM BOJ10TE

Munwesa /1.1., 2Kobak K.N., 3UHnwes H.T.

YTomckuii zocydapcemeennviii nedazoeuveckuii ynusepcumem, Tomex, Poccus
2Tocyoapcemsenmviii 2udponozuueckuti uncmumym, Cankm-Ilemep6ype, Poccus
3 Tomexkuii eocyoapcmeennvlil ynusepcumem, Tomck, Poccus

E-mail: inisheva@mail.ru

B ycnoBmsax yBemmdeHus colepkaHud yrepona B atMocdepe Hanboliee EHHBIMH SBISIOTCS Onoreorne-
HO3bI, KOTOPBIE CTIOCOOHBI MOTIAOTUTE Oosbiie CO2 M3 atMocdepsl U Kak MOYKHO MEHbIIIE BO3BPATUTH OOPATHO.
TakoBbIMH U siBIstOTCSL OosoTa. Kak otmedaer I'.A. 3aBap3un [9], mo coxepxanuto yctoitunBoro (Copr) HOYBBI
Ha eJMHUITY IUIOIaJH 3KocucTeMbl Poccun pacmonaratorcs B psa: 6onota, ctemny, geca. Bor mostomy pactymue
00JI0Ta ABISAIOTCA YHUKAIGHBIMU B Ha3eMHON OMOTE HKOJOTUYECKHMMH CUCTEMAaMHU, CBSI3BIBAIOIIMMH HA JTUTEIb-
ueiid epuoa CO2 atMocdepbl U 3TOMY BOMPOCY MOCBSIICHBI MHOTHE paboTsl [6, 11, 18, 21 u ap.].

Lenpio JaHHOTO COOOLICHHS CTABHIMCH aHAJIMU3 CKOPOCTH aKKyMYJBSIIIMU YIJIEpOJa B TOJIOLIEHE U Olpene-
JICHHE COBPEMEHHBIX CKOPOCTEH aKKyMyJSIMU yriepojaa Ha Bacroranckom Oosnote. [TogpoOnas undpopmanus o
BB npusenena B [19].

MHoroJleTHHE CTalMOHApHBIE MCCIEIOBAaHUS BKIIOUAIM U3y4Y€HHUE IOCTYIJIEHUS U BbIIEJICHUS yIIepoJa.
HameMHyI0 MpOIyKIMIO ONpENesiI YKOCHBIM METOJIOM, ITO/BEMHYI0 — METOIOM MOHOJMTOB. UncTast mepBuY-
Hasl TIPOAYKINS PAacCUUTHIBANIACH KaK CyMMa HAJ3eMHOW M MOJ3eMHON NpomyKnuu. ['a30BEI peknM H3ydaics
«peepers» metonoM. Jns mamepenus smuccun CO2 u CH4 ucnonb3oBascs kaMepHbId MeTo. ['a30BbIi cocTaB
aHamm3upoBamu Ha xpomartorpade «Kpuctamn-5000.1. B kadectBe MOJENbHOTO OOBEKTa [UII WCCIEIOBAHHMA
CTOKa yITepoJa MOBEPXHOCTHBIM CTOKOM Obla MpHHSATA KaTeHa Ha Tepputopuu Bb. Ilpupoct topda 3a Becsh
MePHUOJ TOJIOIEHAa MPOBEJCH MO pe3yibTaTaM aOCOMOTHBIX JATHPOBOK HIDKHHX M BEPXHUX IPAHUIl CIOEB TOP-
(AHBIX OTIOKEHHH COOTBETCTBYIOIIEH MOIIHOCTH. B cioydae OTCyTCTBHS aOCONIOTHBIX HATHPOBOK, BO3PACT CIO-
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€B OMpEeeIsuICS MO pe3yJibTaTaM MaJMHOJIOTHYEeCKOro aHamm3a. COBpeMEeHHBIE CKOPOCTH aKKyMYJBSIIUU YIIepo-
Jia ¥ JIMHEWHOTO MpupocTa Topda onpenersm tarke mo mojaemu Kimimo B momudukanuu N.E. TypunHoBuY.

Cornacuo [10] maccoBoe paszButie 60J0T Ha 3anagHo-CHOMPCKON paBHHHE OTHOCHUTCA K Hayajy amIaH-
TMYECKOTO NepHOJa, XapaKTepHU3YIOIIErocss ONTUMAJIbHBIMU KIMMAaTHYECKUMHU YCIOBUSAMHU I Ipoliecca Top-
¢doobOpazoBanus. B amantnueckuii nepuoa otmedaercs u Gpopmuposanue BB, kotopoe 500 net Ha3an cocTosio
u3 19 oTnenbHBIX 00JIOT, ceifyac, BCICACTBHE pa3pacTaHus dTUX YYacTKOB, 00pa3oBalics CIMHBIH MacCHUB, rue 25
% 3aHMMAaeMOW TEPPUTOPUN UMeeT Bo3pacT He Ooiee 500 et npu HIKHEM mpexaene Bo3pacta 9000 net [13].

Jnst onpenesieHNst COBPEMEHHOM CKOPOCTH aKKyMYJBIIUH YIIepoia B OOJIOTHBIX 9KOCHCTEMaX HCIOB30-
BaHBI JIBA OCHOBHBIX MeToaa [7, 14, 20]: 1 — cBeaeHue OanmaHca yriaepoja B dKOCHCTEME, 2 — HUCIOJB30BAHHE
MOJIeNIel NMPOIEecCoB aKKyMYJHIMU Topda U yriaepoaa, 6a3supyromuxcs Ha HCTOPHIECKIX CBEICHUIX O (yHKIH-
OHHPOBaHUU OOJIOTHOM IKOCHCTEMHBI [16].

PaccmotpuM mpupocT Topda 3a Bech nepuo rojomeHa. Ckopocts HakomieHus Topda B Bb B pannem
rojoueHe Obita paBHa 0.5 Mmm/rom; B cpeaem rojoueHe 0.4 — 0.7 mMm/ron, a B mozgaeM — 0.88 mm/ron [15]. Ha
COBpPEMEHHOM dTare (GakTophl 3a00JaunBaHusl, OTMEUEHHBIE BBIIIE, COXpaHAIOTCS. HO M3 MOMYMHEHHOTO JaHM-
madTa 60J0TO MpeBpalIaeTcs B aBTOHOMHBIN JaHmmadT.

Kak obcrosT mena ¢ npoueccom 3abomaunBanus Ha Bb B Hactosimee Bpemsa? PaccMoTpuM pesyibTaThl
ONpeNieNIeHUs COBPEMEHHON CKOPOCTH akKyMyJysinuu yriepona Ha Bb GamancoBsiM metonoMm. B BI'Ll kateHs! B
pasHble 10 KMatndeckuM ycstoBusM roasl NPP (NPP- unctas epBudHas npoayKiys OHOreoleHo3a) H3MEHs-
etcs B mpenenax oT 206 g0 337 r m2rox! (ta6n. 1), a ero pacnpenenenne no BI'Ll kaTeHBI BBITIAIUT CJieIy0-
MM 00pa3oM: 0COKOBO-carHoBbIid — 240, COCHOBO-KYCTAPHUYKOBO-C(ArHOBBINM ¢ HU3KOW COCHOM -284, COCHO-
BO-KYCTAPHMYKOBO-C(PArHOBBIH ¢ BBICOKOI cocHOM — 258 T m~2roal.

HUccnenoBanne smuccun CO2 u CHs Ha 60J0TE MOKa3ajo, 9TO CpEeNHHUE 3HAYEHUSI NMHTEHCUBHOCTH BBIJC-
neHust CO2 u CHs cocTaBum 0T aBTOHOMHOM K TPAHCAKKY M yJIITUBHOM IIO3ULIMU KaTeHb! cocTaBuiu 48, 51, 90 r Cm~
2rox! (tabm. 1). BosbLias yacTs OTEPH yIvIepoa 00y CIOBIEHa SMUCCHEN IMOKCHIA yIepoa (B cpeareM 69 Cv-
2roxt, umu 55,2 % NPP) u MeTana, 10711 KOTOpOro 3HauuTensHo Menbe (0,3-6,5 r Cm2rox?, um 2,7% NPP).

Tadmmua 1. DnemenTtsl yraepoaHoro 6ananca B BI'L] katens! Bactoranckoro 60ota

NocrynneHue BbiaeneHue
JAenoHuposaHue
BuoreougeHos, Foabl yrnepopaa, yrnepoga rnenona
MUKponaHgwadT no K rmZrog? (CO2+CH4) ‘r, CM_':r: A
(rCm2rogl) r Cm2rogt A

0,51 206 (99) 66 33
OcoKoBo-cdarHoBbin, 1,02 293 (140) 45 9>
MOXOBO-TPaBAHOM 134 222 (106) 33 73

CpegHee 240(115) 48,0 67,0

0,51 337(162) 61 101
COCHOBO-KyCTapPHUYKOBO- 1,02 301 (145) 60 85
cdarHoBbIl C HU3KOM
COCHOW, MOXOBO /IeCHOM 1,34 214 (102) 31 71

CpeaHee 284 (136) 50,7 85,6

0,51 251(121) 80 41
CoCcHOBO-KyCTapHUYKOBO- 1,02 277(133) 111 22
cdarHoBbIl C BbICOKOW coC-
HOM, MOXOBO-1€CHOM 1,34 245 (117) 79 38

CpegHee 258 (124) 90,0 33,3
CpenHee AnA BCelt KaTeHbl 260 (125) 76,6 61,9

BeiHOC yrieposa m €ro AMHaAMUKa ¢ TEPPUTOPHU OOBITHO OINPEIEIIFOTCA MO PACXOAy BOJBI M €ro KOH-
HEHTPALMM B 3aMBIKAIOIIEM CTBOpe BojocOopa. i ompenencHUsl BBIHOCA C YAaCTHBIX ILIOIazel BomocOopa
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(mapmuadToB) HEOOXOAMMO UMETh MYHKTHl HAOMIOJCHHMH 32 CTOKOM BOJBI M KOHILEHTpalMed XUMHUYECKHX dJie-
MEHTOB, YTO MPAKTUYECKA HEBO3MOXKHO Ha 3a00JI0YEHHBIX BojocOopax. [loaToMy isi MPOTHO3a BBIHOCA YTIe-
pona Obula pa3paboTaHa MaTeMaTH4Yeckas MOJEIb BBIHOCA XMMHYECKHX BEIIECTB C MOBEPXHOCTH BOJAOCOOPHOTO
OacceliHa W WX JBWKCHHS IO PYCJIOBOW ceTd. PacdyeTsl Mo Moenu 3a BereTallMOHHBIH MEPUO]] C THAPOTCpMHIYe-
ckuM k03 punmentom CessHuHOBA 1,26 MOKA3bIBAIOT, YTO BBIHOC yriepoja ¢ OOJIOTHBIMH BOJAMH B BHJE Iy-
MHHOBBIX Bemlects (290 kr/(kmM2 B roJ) IOCTHTAeT B OTIACIbHBIE MepHOABI 98% OT OOLIETO BBHIHOCA yIIEPOJa
OOJIOTHBIM CTOKOM, TIPH 3TOM HaMOOJbIuas NOJ MPUHANIEKAT yrieponay (ymsBoBbx kucioT (5790 kr/(km? B
roxn). [lotepu yrimeposma ¢ OOJOTHEIMH BOJAMH, OTIPEACIICHHBIN AKCIIEPUMEHTAIBHO ¥ ITOATBEPIKACHHBIA pacue-
TOM TI0 MOJIEJH, cOCTaBigeT 5,5% NPP npu cpenneM 3HaueHUH BbIHOCA 6900 KI/kM2 B rog,

Ha ocHoBaHWM pe3yJbTaTOB, MPHUBEICHHBIX B TaOJ. 1, MOXHO CHENaTh BBIBOJ O MpeoOJafaHul aKKyMy-
JA0MK yriepoaa B TopdsHol 3anexu (55 r Cm2roal) U coOTBETCTBEHHO IIpoTpeccHpyromeM Toppoobpasosa-
TebHOM Tporecce Ha Bb B coBpemMeHHbIi eproa. Ho BaKHO 0OTMETHTH, 4TO CKOPOCTH Ipoiecca Topdoobdpaso-
BaHHS MOXKHO OXapaKTepPH30BaTh KaK HEBBICOKYIO.

Hamwm pannue uccnenoanus Ha Bb nmokasamu, yTo MakcumalibHas BEJIMYMHA JIMHEHHON CKOPOCTH TOp-
(oHakoTUIeHHsT B TojioleH cocTaBisieT 1,1 MM/ro, 4To 00yCIOBIEHO 3HAYUTEIbHON OHMOJOTHUYECKON MPOIYyK-
mBHOCTRIO BI'L] JiecHOTO, NpPEeBEeCHO-TPABIHO-MOXOBOTO TUIOB. B 3BTpO(HO-TpaBSHBIX MHUKpOJaHAMA(TAX,
npouecc TopdoHakomIeHus Takke 3amemicH — 0,73 Mm/roq u 6oyiee HHTEHCHBHO MPOTEKAET TOJBKO B COCHOBO-
KyCTApHUYKOBBIX c(harHoBbIX (hutoneHo3ax — 1o 1,64 mm/ron. Ilocienyrome padotel [8, 12] moka3amu BepTH-
KapHBIH mpupocT Topda Ha BB B creayromux Bemmannax 0,74-0,80 mwm/rox [5].

JLit ompenenieHns COBPEMEHHOH CKOPOCTH aKKy MYJIILIHH YTIIepo/ia B OOJIO THBIX 9KOCHCTEMaX MOKET OBITh HC-
IIOJIF30BaHa MOJEIb IPOIIECCOB aKKYMYJLLUH Topha U yIiepoa, 6a3upylomascs Ha HCTOPUIECKIAX CBEICHHUIX O
( YHKITMOHEPOBAaHUH O0JI0 THOU 2KOCHCTEMBI (BMECTE C IAHHBIMU O TUIOTHOCTH TOP(PSHOTO MPOQHIIS, €T0 BO3pacTe U
T.1.) [16]. Moens Bep THKaIBHOTO pocTa 00JI0T, pa3paboTaHHast jIsl MCCIIeI0BaHHUS BEPXOBBIX 00J10T [17], B mocieHue
TOJBl IIMPOKO MPHUMEHSACTCS MPH pacdeTax U Wil APYTUX THIOB O0JIOTHBIX dKocucTeM. COTIaCHO 3TOW MOJIEH, C
HAIIUM U JOTIOJHEHUSIMH OBIIN ITP OBEACHBI PACUETHI IIPUPOCTa TOP(ha B HEKOTOPBIX TUITAX 00JIOT COBPEMEHHY IO SIIOXY
(Tabm. 2). B pacueTax HCTIOIB30BAaHBI 3HAYEHHS HETTO-TIPO Iy KTUBHOCTH, MOIIIHOCTHU JEATEIFHOTO CIIOS, INIOTHOCTH
a0COJIIOTHO CYXOTO BEILIECTBa B AEATEIHLHOM CJIO€ M0 JIMTEPATYPHBIM JaHHBIM [2, 3, 4, 5].

Tabmua 2. [IpupocTTopda B HEKOTOPHIXTUTIAX OOJIOT

Tun 6onot MpoAayKTus- NMnoTtHoCTL MowHocTb KoHcraHTa MoToK opraHu- |J/IMHeWHbIN
HOCTb ¢duTo- | TOopda [EATeNbHOro | pas/zioXKeHus, |4YecKoro Belle- |Npupocrt
maccbl, Kkr/(m?|B pesatenn- cnos, m Aa, B rog cTBa Topda,
rog) HOM cnoe, B AeATenbHblt | Mmm/rop,
(ACB) kr/m3 (ACB) cnoi,

kr/(m2 rop),
(Pc), (ACB)

Aana 0,14-0,54 65-90 0,1-0,3 0,02-0,06 0,058 0,46-0,53

I'paposo- 0,43-0,52 30-50 0,38-0,44* 0,01-0,05 0,070 0,88-0,93

MOYa }KUHHbIE 0,42-0,49 p

BEpPXOBble

BepxoBble 06-

NleceHHble: eB- 0,30-0,63 30-50 0,01-0,04 0,063-0,079 1,00-1,10

poneickas 0,21-0,63 0,49-0,54* 0,79-0,84

YacTb 3anagHan 0,47-0,58 p

Cnbupb

HW3uHHbIE 0,78 140 0,85 0,06 0,02 0,10-0,20

(necHble)

HusuHHbIE 0,72 100-110 0,49 0,01 0,10 0,70-0,90

TpaBAHO-

NecHble

Ipumeyanusi: * naHHBIC TOJICBBHIX HAOMIOJCHNH, p — pacueTHble AaHHbIe, ACB — abcooTHO cyxoe op-
raHUYEeCKOE BELIECTBO.

3HavyeHus: napameTpa Aa Uil HCCIeIyeMbIX THIIOB 0OJIOT OLEHEHbl HAMH C MOMOIIBIO MOJEIN BEPTH-
KaJIbHOTO pocta 60J0T. COBpeMeHHas CKOPOCTh aKKYyMYJBIIUH yIieposa (IpU CpeaHeM COoAepKaHUU yIiiepoa B
abcomoTHO cyxoM Bemectse 51,7 %) konebnerca ot 10,3 r CMm2rox! B momronansHeIX 60n0Tax 10 51,7 1 Cm2
rog! B HU3MHHBIX TpaBAHbIX 60J0TaX. Tak Kak pacdeT BHIIONHEH 06€3 ydeTa IOTePh OPTAHHYECKOTO BENIECTBA B
TOp(SHOM 3aJICIKH, MBI [TOJIATAEM, YTO OHH HECKOJIbKO 3aBBIIICHBI.
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Takum oGpazom, mpoBeneHHbIE UccieaoBanus no O6anancy BI'Ll katensl mokaszamm, 4to Ha Bb mpeoOna-
JIACT aKKyMYJSILIUS yriepoaa B TOpGSHOM 3aleku U COOTBETCTBEHHO TOP(POOOpa3oBaHUE MPOTPECCUPYET B CO-
BPEMEHHBIH MEPHOJ, HO aKTUBHOCTh €ro MPOTCKAHUS XapaKTepu3yeTcs 3aMeIeHHbIM TeMIioM. Ha ocHoBaHuu
MOJIESIM BEPTHKAJILHOTO POCTa 0OJIOT OblIa paccuWTaHa COBPEMEHHAs CKOPOCTh aKKyMYJISAIUU yIJepoa, KOTO-
pas m3Mensercs oT 103 r Cm2 rox? B momuroHamsHbIX 6070Tax g0 51,7 1 CM2 rogl B HU3MHHBIX TPaBAHEIX
60JI0Tax.

H3meneHus: TeMneparypbl B Hadaye XXI cToNeTHs 1MOJ BIMSHUEM YCHJICHUS MapHUKOBOTO d(dekra co-
MOCTABUMBI C €€ U3MEHEHUSIMH Ha TPAHUIE MO3/HENCTHUKOBBS — TOJIOTICHA, W OBICTPOE MOTCIUICHHE KIIMMAaTa Ha
9TOW IpaHUIe MOXKET OBITh MPEJCTABICHO KaK BO3MOXKHBIM aHAJOT (JIYKTyalliu KIMMaTa U OKPYIKaIomeH cpeibl
B mepBoif uetBepTH XXI Beka. YUHTBIBasI 3TO, MOYKHO MPEIOJIOKHTH, YTO MPOIEecC 6010T000pa30BaHUs HHTEH-
cupuIupyeTcss B MPENCTOSIIIE JSCATHICTHS] B CEBEPHBIX perHoHax Poccuu, a MHTEHCHBHOCTh TOp(OHAKOILIe-
HUS JOCTUTHET OOpeasbHO-TI03HEATIAHTHIECKOTO YPOBHSI.
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