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U3-3a omcymcemeuss OaHHBIX O NPOCMPAHCMEEHHOU usmMeHyusocmu yoeavhvix nomokoe CH, 6 nousax noo
U3OLIMOYUHO  YGNANCHEHHBIMU eCAMU, UX POIb 8 2I00AIbHOU IMUCCUU MemaHd 00 CUX Nnop He GviicHeHd. B
HAYUOHATLHBIX OMYemax Cmpan dmu eca omHocsim K "zero-emited ecosystems"” (mo ecmov um npunucvléaemcs Hyieeds
omuccuss CH,), umo mnesepno ompadicaem ux ¢akxmuueckue e6vlOpocwl. B pabome oan 0630p numepamypul,
codepoicawell pe3yrbmamsl KOHKPEMHbIX USMEPEHU, d MaKdice CyMMUPOBAHbl MemoObl UMEPEeHUs. IMUCCUU MEMAHA
u3z nous necos. Hezasucumo om ceocpaghuueckoco mecmononodceHus nepeyeiadNcHeHH020 iecd, YOelbHble HOMOKU
memana mozym docmueams 10 meCH,w™" . U xoms omoenshvie usmepenus 6 mponuxax oanu oecsmiu meCHyu™' -y
? HO COBOKYNHOCMb NPOAHANUSUPOBAHHBIX FKCNEPUMEHMATLHBIX DE3YIbMAmMoE NoKA3bI6aAem, Ymo eUYUHa NomoKa
onpeodessiemcsi He CMOJbKO MeMRepamypou, CKOIbKO YCIO8UAMU YenadicHenus. B cmamve npedcmaenen 0630p
HAKONJICHHbIX 8 HAcmosujee 6peMsi UCCAeO08aHUL, NOCEAUEHHbIX IMUCCUU MEMAaHA U3 U30bIMOYHO VEIAINCHEHHbIX
71eco8.

Knwuesvie cnosa: noroxu MCTaHa, M3MCHCHHMEC KJIMMarTa, HU30BITOYHO YBJIQXXHCHHBIC JI€cCa, 3a00JI0UeHHbIE Jieca,
TNEPCYBIAKHCHHBIC JICCa.

Methane is one of the most important greenhouse gases that cause climate change [Karol and Kiselev, 2003]. An
increase in the atmospheric concentration of methane contributes to an increase in the temperature on the Earth, because
this gas absorbs outgoing thermal radiation from the Earth's surface [Berdin, 2004]. Methane has a much shorter
atmospheric lifetime than carbon dioxide (CO,), but CH,4 absorbs certain wavelengths of energy more efficiently than
CO,. The global warming potential of CH, is 28 times greater than that of CO, over a 100-year period [IPCC, 2013]. Its
contribution to the formation of the greenhouse effect is 30% of the value assumed for carbon dioxide (Bazhin, 2006).
Methane is removed from the atmosphere by photochemical oxidation in the troposphere and, to a lesser extent, by
microbial oxidation in soils (Kirschke et al., 2013).

Methane sources can be both natural and anthropogenic. The latter includes, firstly, industrial processes:

e fuel use [Omara et al., 2018; Johnson et al., 2023] (if the fuel is not completely burned, then methane gas is
emitted into the air, besides it can also be released during the extraction and transportation of natural gas [Hawken et al.,
20171);

e food production (eg CH, can be generated from the fermentation of food residues that were not used in the
production process [Stephan et al., 2006]);

e as a result of microbial activity during the processing of waste in landfills and compost heaps (for example, in
the process of biological waste treatment, methane can be produced in large quantities if the process is not properly
controlled [Singh et al., 2017]).

Secondly, two types of agricultural production are anthropogenic sources:

e rice cultivation [Seiler et al., 1984; Dannenberg and Conrad, 1999; Wang et al. 1997; Wang et al., 1999];

e cattle breeding [Gerber et al., 2013; Johnson et al., 2023; Ellis et al., 2007].

CH, is formed as a result of the biological decomposition of organic matter in the absence of oxygen
[Dlugokencky and Houweling, 2003]. The most significant natural sources of methane are wetlands. Besides, methane
can be emitted from aquatic ecosystems such as lakes and rivers. The decomposition of organic wastes in the soil, such
as plant residues and animal manure, is also a natural source of methane (Smith et al., 2014) if this decomposition
occurs under anaerobic conditions.

Of great interest is the study of wet forests [Glukhova et al., 2021], since their contribution to methane emission
can be quite significant. It is generally recognized that forests are CH, sinks [Lemer and Roger, 2001; Megonigal and
Guenther, 2008; Smith et al., 2000]. Nevertheless, very high CH, fluxes were detected during spot measurements in
some wet forests [Lohila et al., 2016; Tathy et al., 1992], that were comparable to the fluxes observed in wetlands
[Harriss et al., 1982; Sabrekov et al., 2011; Glagolev et al., 2012; Davydov et al., 2021] (Fig. 1). However, single
measurements of fluxes at individual spatial sites are clearly not enough to assess the role of wet forests in the overall
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methane balance. This role can be assessed only by knowing the dynamics of emission in time and its distribution in
space.

A comprehensive study of the variability of methane emission (from soils in general) began at the end of the
20th century in countries with significant areas of waterlogged soils: Brazil, Canada, the USA, and Russia [Bartlett et
al., 1988; Moore et al., 1990; Disse, 1993; Glagolev et al., 1999]. At present, the emission spatial variability is studied
in almost all regions of the world, including Finland, Mexico, and China [Zhang et al., 2020; Gonzalez-Valencia et al.,
2021; Que et al., 2023]. However, there is very little data on the spatial variability of methane emissions in wet forests.
Therefore, it is evident that current research should be focused on assessing the spatial variability of emissions in
different types of wet forests.

Emission of methane in wet forests. The main works devoted to measurements of the specific flux of methane in
wet forests are summarized in Table 1. 1-3. It can be seen from the tables (and Fig. 2) that there is no clear relationship
between the specific flux and the geographic location of the wet forest: in the “north” (in the boreal zone - about 57-
67°N), values of ~4+9 mg'h'l'm'2 can be measured [Lohila et al., 2016; Mochenov et al., 2018], that are similar to those
typical for the tropics (~3+8 mgh™*m™ [Devol et al., 1990; Tathy et al., 1992]). On the contrary, in the south, values <1
or even <0.1 mg-h™-m™ can be measured that are more typical for northern territories.

There is no doubt, everything is determined by environmental factors. The results of [Ulah and Moor, 2011]
show that changes in soil temperature and moisture can have a significant impact on CH, fluxes from forest soils. This
often leads to so-called "hotspots" such as peak emissions from poorly drained soils when the pore space is filled with
water and to a lower CO,:CH,4 emission ratio. However, these factors are likely to be unequal.

In fact, the flow rate is determined rather by the degree of anaerobiosis, depending on the conditions of humidity,
than the temperature (the formation of CH, should be very active at both 40° and 20°C assuming that temperatures
around 20°C are quite common for the summer period in the boreal zone). It is certain, under the same humidity
conditions, based on the well-known van't Hoff low, one can expect that the rate of methane production in the tropics at
40°C should be approximately 4-9 times higher than that at 20°C under boreal conditions. Yet, if there is a very deep
anaerobiosis in the boreal zone (due to the complete watering of the soil) but wet soil in the tropics, then the above
mentioned ratio can be reversed.

The extremely strong dependence of methane production on the degree of anaerobiosis (and, hence, on humidity
conditions) provides a very wide spatial variability of the emission. It can be seen from the data in Table 1 that, for
example, in three seasonally flooded forests in Western Siberia, located at a distance of only about 5-10 km from each
other, the entire spectrum of possible specific CH4 fluxes was observed at the same time, from absorption at a level of
~0.1 mg h™ m™ to a very active emission of ~10 mg h™ m™ [Mochenov et al., 2018]. An even more contrasting picture
is observed, for example, in the mountain forest in Brazil and in the tropical forest of the Congo: within the same forest,
the specific flux varies from 0 to 54 mg-h™-m™ [Bartlett et al., 1988] and from -0.31 to 150 mg-h™-m™, respectively (see
Table 3). However, it is not always possible to find out the dependence of the flow on certain factors. For example, the
measurements reported in Tang et al. [2018] showed that CH, flux from tropical peat forest was similar to that from
other managed and natural wetland ecosystems, including those located in different climate zones. However,
meteorological variability in the rainforest does not correlate well with CH, flux. Such apparent lack of correlation can
be explained by the small range of micrometeorological variables in the tropical peat ecosystem.

Ambus and Christensen [1995] studied several ecosystems where temporary waterlogging was possible. They
made the following important assumption: the calculation of the total flux for periodically waterlogged ecosystems
should be performed taking into account the topography of the landscape. Indeed, a more accurate estimate of methane
consumption and emission can be obtained in this way, but the correct estimations of the gas flow by the chamber
method requires taking into account the relative water levels during flooding. Knowing the topography and hydrology
of each site in the area makes it possible to determine how long and how often this site remains relatively wet or dry
[Glagolev et al., 2018].

From the above data, it is clear that there is a need to improve the quantitative assessment of the global methane
emission from the soils of wet forests. Despite the establishment of a complex infrastructure for monitoring greenhouse
gases on a global scale (eg ICOS, GMB, etc.), ground-based observations in wet forests on various continents are still
underrepresented. Therefore, the contribution of forests to the global atmospheric exchange of CH, remains uncertain.

Key words: methane flux, climate change, flooded forests, extensive moisture forests, waterlogged forests, forest
ecosystems, carbon sinks, greenhouse effect, soil gases, biogeochemical processes, global methane budget.
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COKPAILIEHUA
N3VYJI - u30bITOYHO yBIIaXKHEHHBIC JIeca;
KPC - xpynHbIil poraTelii CKOT;
[T - mpubpexHbIe Jieca;
YI'B - ypoBeHb I'PYHTOBBIX BOJ;
VII — yaenbHbIN TOTOK.

BBEJIEHHME

MeraH sBIsIeTCS OJJHHM M3 HanOoliee BaXKHBIX MAPHUKOBBIX I'a30B, KOTOPHIC BHI3BIBAIOT M3MCEHEHUS
knumata [Kaposs u Kucenes, 2003]: ero Bkiaja B hopMupoBaHue nmapHukoBoro s¢dexra cocranisier 30% ot
BEIMYWHBI, IPUHATON i1 AByokucu yriepona [baxun, 2006]. Honroe Bpems, no cepenunbl X VII Beka,
KOHIICHTpalusi MeTaHa B aTmocdepe ObUIa TMPAKTHUECKU IOCTOSHHOW, OJHAKO TOCJe TPOMBIIUICHHOM
PEBOIOLINY OHA Hayvaja rocrerneHHo pacti. K cepennne XX Beka CKOPOCTh POCTa KOHIGHTPAIMK MeTaHa B
atMocepe nocrurnia okono 1% B TON, W B HACTOSAINIMA MOMEHT OHa IMPOJODKAST YBEUYMBATHCS. PocT
KOHIICHTpAIlMM MeTaHa B aTMoc(epe CIOCOOCTBYET YBEIMUYEHHIO CPEIHETOJOBOH TEMITEpaTyphl, Tak Kak
3TOT Ta3 MOIJIOMIAET UCXOIAIee TEIIOBOe H3ydeHne ot nopepxuocta 3emnu [bepaun, 2004]. Cpok xu3Hu
MeTaHa B aTMoc(epe HaMHOro Kopode, 4eM y aByokucH yriepoaa (CO,), Ho CHy noromaer onpeaeieHHbIe
JUIMHBI BOJIH 3HEpruu Oojiee 3PQPeKTUBHO, YeM YIICKUCIbIH ra3. [loTeHiuan rio0anbHOr0 MOTEIUICHUS Y
CH,4 B 28 pa3 6omnbine, uem CO, 3a 100-neranii nepuon [IPCC, 2013]. Meran ynansercss u3 arMocgepsl
myTeM (OTOXUMHUYECKOT0 OKHCIICHHS B Tporocdepe U B MEHbIIEeH CTeNEeHH 3a CYeT MUKPOOHOTO OKHCIICHUS
B mouBax [Kirschke et al., 2013]. Takum oOpa3oM, KOHTPOJIb COAEPKAaHUS MeTaHa B aTMochepe SIBISETCS
OJIHOM W3 aKTyalbHBIX 3a/lad COBPEMEHHOM HayKH B TIpollecce IOMCKa IyTed MpHCIOCOOJICHHUS K
TI100aTbHOMY TIOTEIICHHIO.

Hcrounnkn meraHa MOryT OBITh aHTPOIIOTCHHBIMH U ecTecTBEHHBIMH. OCHOBHBIC aHTPOIIOTCHHBIC
HCTOYHUKHU MeTaHa POPMUPYIOTCS B PE3yNbTaTe JACATEILHOCTH YeNIOBEKa B CIACAYIOMIUX 00IaCTAX: CEIbCKOE
X03sHCcTBO (pHcoBble TutaHTanmu u passereHue KPC), noObiua m mepepaboTKa MOJE3HBIX HCKOMAaeMbIX
(3a1IT10BBIE BBIOGPOCHI TIpH HehTen00bIUE), CTOYHbIE BOJbI, CBAJIKH HE IepepabOTaAHHBIX ObITOBBIX OTXOIOB. '

Hamnbonee 3HaYMMBIMU €CTECTBEHHBIMHA HCTOYHUKAMH METaHa SBISTIOTCS Oomota. MeTtan oOpasyercs B
pe3ynbraTe OWOJOTHMYECKOTO PA3NIONKEHUS OPraHWYECKUX BEIIECTB B YCIOBUSIX OTCYTCTBHUSI KHCIOpOIA
[Dlugokencky and Houweling, 2003]. Takxe MeTaH MOXET BBIACIATHCS U3 BOIAHBIX SKOCHCTEM, TAKHX KaK
03epa W pEKH, TIie OH oOpa3yercs B pe3ysibTaTe OMOJIOrMYECKOTrO Pas3ioKEHUs OPTaHWYEeCKHX BEIICCTB.
PasnoxeHnue opraHNn4ecKuX OTXONOB B MOYBE, TAKMX KaK PACTHTENBHBIE OCTATKH W HABO3, TAKXKE SBISICTCS
€CTECTBEHHBIM MCTOYHMKOM MeTaHa [Smith et al., 2014], ecnu 3T0 paznokeHrue TPOUCXOAUT B aHAIPOOHBIX
YCIIOBHUSX.

Hdonroe BpeMms CYMTalIOCh, YTO TIOYBEHHBIH TIOKPOB CIIOCOOCTBYET TMIOTJIOMICHUIO METaHa |
MOCNEAYIONIEMY ero OKHcieHHt0. OJJHAKO MHOTHE HMCCIEOBAaHUS MOATBEPKAAIOT, YTO B 3aBUCHMOCTH OT
KOHKPETHBIX 3KOJIOTHYECKUX YCJIOBUI IMOYBEHHBIM IMOKPOB MOXET TaK IOTJIOIIATh METaH, TaK U HAlPOTHUB,
SIBIISIETCS €T'0 UCTOUHUKOM.

Bosnbioli MHTEpEC MpeACTaBiseT U3yueHue n30bITOUuHO yBiIakHeHHBIX JiecoB (M3VYJI) [Glukhova et
al., 2021], mockoJIbKY MX BKJIaJ B 3MHCCHIO METaHa MOXKET OKa3aThCs BEChbMa 3HAUWTEIBHBIM (B JAaHHOH
pabore moJ M30BITOYHO YBIIAKHEHHBIM JiecaMH Mbl OyJeM TOHHMMATh TAKOW THIT JIECHBIX KOCHUCTEM, TIie
YPOBEHb MOYBEHHO-TPYHTOBBIX BOJI OOJNBIIYIO YaCTh TOJIa HAXOMUTCS OJM3KO K MOBEPXHOCTH MOUBHI (0T 30-
40 cM HIKE MOBEPXHOCTH TMOYBHI U BhIIE)). Jleca, Kak MpaBUIIO, PacCMATPUBAIOTCA B KauecTBE TOJBKO
nornotutenei CHy [Lemer and Roger, 2001; Megonigal and Guenther, 2008; Smith et al., 2000], HO
TOYEUHBIE H3MEPEHUs B OTAenbHBIX M3V ]I 00Hapy uii BechbMa BEICOKME 3HAUCHUS yIeNbHBIX TOTOKOB CHy
[Lohila et al., 2016; Tathy et al., 1992], cpaBHuMBle ¢ Temu, 4To Habmopatorcss B Oomorax [Harriss et
al.,1982; Sabrekov et al., 2011; Glagolev et al., 2012; Davydov et al., 2021] (Puc.1). OmHako pa3oBbIX
W3MEpPEHH MTOTOKOB B OTJEIBHBIX YKOCHCTEMAaX HEAOCTATOYHO JIJIsl OIIEHKH POJNU M30BITOYHO YBIAKHEHHBIX

! O630p MHPOBBIX BHIGPOCOB TIAPHHUKOBBIX TA30B OT KPYITHOTO poratoro ckora (KPoC) M JPYrHX JKHBOTHBIX, @ TAK)Ke Pa3IHUHBIE
METOJIBI CHIDKEHUS TaKuX BBIOpOCOB MeTaHa MokHO HaiTi B ordere FAO [Gerber et al., 2013]. Johnson et al. [2023] obcyxnatoT
Mmeroasl usmepenus Boiopocos CH, or KPoC, ucnonb3ys TeXHUKY TPaccHpOBKU rekcadTopuioM cepbl. OHU TakoKe MPefoCTaBIIsIOT
OLICHKH BBIOPOCOB METaHa JUIsl Pa3HbIX BHJOB CKOTa U pa3iMyHbIX yciaoBuil kopmienus. Ellis et al. [2007] npoBenu sKcriepuMEHTHI ¢
UCIOJIb30BAHUEM MHOXKECTBA JKMBOTHBIX, BKIIFOYAs KOPOB M OBIKOB, M M3Mepwin ux BbIOpocsl CH, B TeuyeHue omnpeeneHHOro
nepuoza BpeMeHH. OHM Tarke coOpaiy JaHHbIE O Pa3IMYHBIX (PAKTOpaX, TAKUX KaK BO3PACT JKUBOTHBIX, BEC, THUIl KOPMICHHS U
JIpyrue napaMeTpsl, KOTOpbIe MOI'YT BIMATH HA BIOPOCHI METaHA.
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JISCOB B 00IIeM OajnaHce MeTaHa. DTy POJIb MOXHO OYET OLIEHHTh, TOJIBKO 3HAs JUHAMUKY SMHUCCHH BO
BPEMEHH U PACIpE/ICiCHHE €€ B TPOCTPAHCTRE.
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Pucynox 1. YcpemHeHHbIC 3HAYCHUS YICTbHBIX IOTOKOB METaHa U3 OOJIOT M 3a00JI0YCHHBIX JICCOB.
Mpumeuanne: *[Glagolev et al., 2012]; **[Lohila et al., 2016]; ***[Tathy et al., 1992]; ****[Devol et al., 1990]; *****[Mochenov
etal., 2018].

[TosHOIIEHHOE M3YYCHHUE M3MEHYMBOCTH DMHUCCHHM MeTaHa (M3 IOYB BOOOINE) Hayajaoch B KoHIE XX
BEeKa B CTpaHax, 00JaJalolIuX 3HAYMTEIbHBIMH IIONIAIAMHU MEPEYBIAKHEHHBIX MOuB: bpasmiuu, Kanane,
CIILIA u Poccuu [Bartlett et al., 1988; Moore et al., 1990; Dise, 1993; I'marosnep u np., 1999]. B Hacrosimee
BpeMs IIPOCTPAHCTBEHHAS M3MEHUYNBOCTh SMUCCHH HU3Y9aeTCs MPAKTHUECKH BO BCEX PErHMOHAX MHUpPA, B TOM
yucie B Gunnsuaauu, Mekcuke, Kurtae [Zhang et al., 2020; Gonzalez-Valencia et al., 2021; Que et al., 2023].
Ho nmaHHBIX O mpocTpaHCTBEHHOW BapHaOenbHOCTH SMuccud MeraHa B M3YJl ouens mano. [loatomy
OYEBUIHO, YTO B HACTOSIIECEC BPEeMs HCCICIOBaHMS JODKHBI OBITh COCPEIOTOYCHBI Ha OICHKE
MPOCTPAHCTBEHHOW BapruaOenbHOCTH SMUCCHU B pa3HbixX Tunax N3VYJL

TakuM o00pa3oM, [EIbI0 HACTOSAIIETO HCCICIOBAHHUS SBJSICTCS PAcCMOTPEHHE H30BITOYHO
YBIQXHEHHBIX JIECOB, KaK IIOTEHIIMAIBHBIX WMCTOYHMKOB METaHa C YYETOM TIPOCTPAHCTBECHHOU
M3MEHYMBOCTH BEJIMYMHBI HAOJI0JaeMbIX TTOTOKOB. [Ipeanosiaraercs, 4To W30bITOYHO YBIaKCHHBIC Jieca HE
MOTYT CUHTAThCSA DKOCUCTEMaMH C HYJICBOM AMUCCHEH, UTO MOATBEPKIACT aHAIN3 PACCMOTPEHHBIX HIKE
pEe3yAbTAaTOB UCCIIEIOBAHU.

METO/BbI, ITPUMEHABHIMECSH TP UI3MEPEHUMAX B JIECAX

CymiecTByeT MHOXECTBO METOJOB Ui M3MEPEHHsI CyMMapHOW SMHCCHM MeTaHa W3 mouB [Burba,
2005; I'marones, 2010; Foken, 2008; Kim and Kim, 2013]. Kaxxaplii Meroax UMeeT CBOU MPEUMYIIECTBA U
OrpaHU4CHUA. BBIGOp TOI'0 WX MHOIro METOoAa 3aBHCUT OT KOHKPETHBIX YCJIOBI/Iﬁ u ueneﬁ HUCCJICa0BaHus, B
YaCTHOCTH OH ONPEACISICTCS HCCIEAYEMbIM T'a30M, HEOOXOJMMOW TOYHOCTHIO M3MEPEHHS, JOCTYITHOCTHIO
obopynoBaHus M T.J. [Ipy HW3MepeHUsIX B JIECHBIX HKOCHUCTEMax IPHUMEHSIICS, TJIaBHBIM 00pa3oMm,
CTaTUYECKUI KaMepHBIH MeTo]l (KaK B BapuaHTE PYyYHBIX, TaK U aBTOMAaTHYECKHX KaMep) M U3peIKa METO]
MUKpOBUXpeBbIX mynbcanuii (eddy covariance) [Devol et al.,, 1990; Esrpagosa u ap., 2010; Ullah and
Moore, 2011; Lohila et al., 2016].

Metoa cTaTHYeCKHX Kamep

JlaHHBII MeTOA MPEAEIBHO IPOCT:

1) OcHoBaHue (OOBIYHO U3 HEP)KABEIOIICH CTaM) 3apaHee YCTAHABIMBACTCS HA M3Y4YaeMbIid Y4acTOK;
pasIuYHbIe aBTOPHI ENAI0T 3TO MpeaBapUTenbHO (0T 15 MuH 10 24 4acoB 10 Hayana U3MEPEHUH).
Taxkas npeaBapuTeiibHasd yCTaHOBKa HCOGXOI[I/IMa, tITOGI)I HUBCIMPOBATH BOSMYIICHHA, CO3JJaHHBIC
MIpH Bpe3aHUH OCHOBaHWs B 1mouBy [Sabrekov et al., 2015; 2022].

2) Ha ocHoBaHWE ycTaHaBIMBaeTCS Kamepa, yalle BCero umermomias (HopMy napajulenenureaa Win
nuraapa [Kim and Kim, 2013] 6e3 nuxHelt rpann. O0beMbl BapbupyioT oT 3.5 1 [Jacinthe, 2015]
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1o 36 1 [Sabrekov et al., 2015]. KaMmepbl MOT'YT OBITh U3rOTOBJICHBI U3 Pa3HbIX MA30HCHIPOHHUIIAEMBIX
MaTepuanoB TakuX, kak [IBX, oprcrexno [Mochenov et al., 2018] amromuuuit u np. dns Toro,
9roOBl CBECTM K MHHHMYMY IIepenajasl BHYTPEHHEH TeMIlepaTypbl, Kamepy OOKJICHBAIOT
COJIHIIE3AIIUTHOM TJIEHKOH, T1M00 HAKPHIBAIOT MaIapoOBBIM OJIESJIOM C BBICOKOHW OTpakaromniel
cnocobHocthio [Crill et al., 1988].

3) Ot0op mpob raza oCyLIECTBISAETCS 4Yepe3 paBHbIe MHTEepBaibl BpemMeHu (oT 20 muu [Devol et al.,
1990] 1o 120 mun [Christiansen et al., 2011]). [Tockonbky ra3 Beiaensercs (MOTJIOMIASTCS) MTOYBOH,
TO B KaMmMepe ero KOHIEHTpalus Oyaer M3MEHAThCs. [10 CKOpOCTH 3TOr0 H3MEHEHHS MOXKHO
paccumTaTh yACNbHBIN IMOTOK ra3a Ha rpaHuile noysa/armocdepa [Smagin et al., 2003; Cupun u np.,
2012; Glukhova et al., 2021; Davydov et al., 2021].

HecMmoTpst Ha JOCTYITHOCTH 3TOrO METO/a, OH MMEET PsiJi HEAOCTATKOB, CBA3aHHBIX C OMPAaHUYCHHON
TOYHOCTBIO, HAPYHMICHUEM CCTCCTBCHHOI'O IIOTOKA ra3a IIpU BPE3aHMU OCHOBAHHA B IMOYBY, HAPYIICHUEM
TEMIICPATYPHOI'0O 1 CBETOBOI'0 PCKMUMOB, YTO INPUBOJAUT K HEraTUBHOMY BJIMAHHIO Ha PACTCHHA, KOTOPBIC B
HEKOTOPBIX CIIy4asiX MOTYT CITIOCOOCTBOBATh BBIICIICHHUIO UJIH MOTJIONICHUIO METaHa.

C npyroii cTOPOHBI, UCIONB3yeMOe 000PYIOBaHHIE TOCTOSTHHO COBEPIICHCTBYETCS, Pa3padaThiBatOTCs
HOBBIC I'a30aHaJIU3aTOPbI, MHOTHEC N3 HUX JIMIICHBI YaCTU IMEPECUYUCIICHHBIX BBINIC HEJOCTATKOB (K IIpuMeEpy,
noptraTuBHBIN razoanamusatop tuna LiCor 7810), 4To rOBOPUT B TONB3Y TOTO, YTO METOJ| CTATHYECKHX
KaMCp HMECT IICPCIICKTHBLI B I[aﬂbHeﬁIHeM HCIIOJIB30BaHUM JJId OHNPCACICHUSA OMHUCCUHU MCETaHa U3
9KOCUCTEM.

MeToa MUKPOBHXPEBBIX MYJIbCALMIT

Mero MUKPOBHXPEBBIX MYJIbCAIMA, U3BECTHBIN B aHTIIOA3BIYHON TUTEpaType Kak “eddy covariance”,
MpEeACTaBIsAeT COO00H MHKPOMETEOPOIIOTHYECKUI METOJl, HUCIONB3yeMBbId JUIi HM3MEpPEHUS W pacdera
BEPTUKANBHBIX TypOyJICHTHBIX MOTOKOB B MPU3EMHOM clioe arMocepbl (B YacTHOCTH, HaJ BOIHO-
0ooTHBIMU 3KOcHcTeMaMHu ). OH MO3BOJIIET U3MEPUTh MTOTOKH Ta30B, Takux kak CO,, H,O, CHy, NOy, SO u
IpyruX, a TakXkKe MOTOKM JHEpPruu (NMpUXoadumied W yxofjsmed paguammu). s 3Toro Mcmonb3yercs
CeUallbHOE  BBICOKOYACTOTHOE  O0Opy/ZOBaHME, BKIIOYapmiee B  cedd  3akperuisieMble  Ha
METEOPOJIOrHYECKUX MauTaxX JaTYUKH JUIS U3MEPEHHsI CKOPOCTH BETPa, TEMITEPATYPhI, BIAXKHOCTH U APYTHX
mapaMeTpoB OKpYXKAIOIIEH cpeibl, a TakkKe Ta30aHAIM3aTOPhl JUIS HM3MEPEHUs KOHIICHTpAIlMK Ta30B.
KoneuHo, STOT MeToJ] HMEeT HEKOTOpble OrpaHHYeHHUs, CBS3aHHBIE C KayecTBOM JAHHBIX U
HeMpecKa3yeMol MPHUPOAOH TypOYJICHTHBIX ITOTOKOB, HO €ro KJIIOUEBBIM MPEUMYIIECTBOM SIBISIETCS
BO3MOXKHOCTh U3MEPEHHS TTOTOKA B PEKUME peanbHoro BpeMenu [byp6a u np., 2013] cpa3y ¢ OTHOCHTENBEHO
Gonmpmioii Tepputopun (~10°+10* M* - cp. ¢ ~0.1+1 ™M’ s KaMepHOro Merona) 6e3 HapyIICHHS
XapaKTePUCTUK TTOYBEHHO-PACTUTEIHLHOTO MOKPOBA.

HN3mepenne npoguisi KOHIEHTPALIMM ra3a B 104Be

Megonigal and Guenther [2008] orMeuanu, YTO T€ MOYBBI, KOTOPBHIC PAacCMATPUBAIOTCS TJIABHBIM
00pa3oM B KauecTBE MOTJIOTUTENEeH METaHa, MOTYT TaK)Ke M MPOAYIIMPOBATE €r0 TOT/A, KO/l UX BIaXXHOCTh
CYIIECTBEHHO Bo3pactaeT. Ho mockonbky HeoOxomuMoe i 00pa3oBaHUsl METaHa BO3pacTaHWe BIaKHOCTH
OOBIYHO JTOCTHUTAETCS JIUIIB JIOKATFHO B IIPOCTPAHCTBE (HAIIPUMED, B TOHWKEHHX penbeda) /1 BpeMeHH,
TO BO3HHMKAaeT BOMNPOC: Kakas dYacTb Jieca B ONTHUMAIBHBIX (I SMUCCHH) THIPOMETEOPOIOTHYECKUX
ycnoBusix ctaHer ucrouHukoM CH4. Ha 3ToT Bompoc HEBO3MOXHO OTBETHTH, €CIIM HCIIONB30BaTh TOJIBKO
M3MEPEHNS NTOTOKA B KAKOM-TO IPOU3BOJIBHBI MOMEHT BPEMEHH. [[€CTBUTENBHO, B 3TO BPEMS yCIIOBUS IS
SMHCCHUU MOTJTH OBITh HEMOIXOAANIMMHU (HAalpuMep, W3MEPEHHSIM IPEIIeCTBOBAIA JUTUTENbHAS 3acyXa).
Toraa Bmecto Bhinenenus CHy uccnenoBatens oOHapyKuT ero norioiieHue [Mochenov et al., 2018]. Kak
K€ yCTaHOBUTH, YTO JAaHHBIA 3a00JIOYCHHBIH JieC, KOTOPHIH B HACTOSIIMHA MOMEHT (B HEONTHMAbHBIX
YCIIOBUSIX) SIBJISIETCS TIOTJIOTUTEIEM METaHa, Yepe3 HeKOTOpOe BPeMsI MOXKET OKa3aThCsl €ro HCTOUHUKOM?

WzMepeHvst KOHIIEHTPAIIMOHHOTO MPOQHIIS B IIOUBE KaK pa3 M MO3BOJISIOT OTBETHTH Ha ATOT Bompoc. B
nmpocTeifieM ciydae BO3MOXHBI TPH BapuaHTa MpOoQHIIs KOHIEHTPAllMd MeTaHa B IOYBE: BO3PACTAIONINH,
najalomuii U HE MEHSIOIUICS ¢ TIyOMHOH (a TakKe MX KOMOWHAIMM B 3aBHCUMOCTH OT TIyOHHBI
paccMoTpeHusi B mouBe). Bozpacratomuii  npoduib  KOHIEHTpaWKM  MeTaHa  (TIOJOKHTENbHBINR
KOHIIEHTPAIOHHBIA TPaJuEHT) CBUAETEIBCTBYET O HAJIMYUH METAaHOT'€HHBIX OPTraHM3MOB M OTCYTCTBUU
(unmu c1abo¥t aKTHBHOCTH) METaHOTPOHBIX. B 3TOM ciydae modBa mpocTo SBISIETCSs UICTOYHUKOM MeETaHa.
[Mamatommii wiu HyneBoH NpodWiIb KOHIEHTpPAMK MeTaHa (OTPUIATEIBHBIM WU HYJICBOW T'paJlieHT)
TOBOPUT 00 OTCYTCTBHH (MO0 KpaiiHe HU3KOH aKTUBHOCTH) METaHOTCHHBIX OPraHM3MOB M BBICOKOM
AKTUBHOCTH METaHOTPO(QHBIX. B 3TOM ciydae moTok MeraHa OyJaer OTCYTCTBOBAaTh, WM XKe, NMPH KpalHe
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BBICOKOH aKTUBHOCTH METaHOTPO(QHBIX OPraHM3MOB MOXET OBITh OTPHLATENBHBIM (TO €cTh Oynmer
HAOJI0IaTHCSI TIOTJIONICHUE METaHa TIOYBOI U3 aTMOC(EpHI).

Takum obpazom, ecnu 6 eepxHeil uacmu npohuaa ommeueHn HYNe60U WU OMPUYAMETbHBLI
2paduenm KOHUEHMpaAuyuu MemaHd, a Hux@ce — NOT0HCUMENbHbL, IMO 2060PDUM O MOM, YMO HpU
OmMKNWYeHuu  «memanompogpuozo  uaempa» (6  cayuae  popmuposanus  onpeodeeHHbIX
2UOPOMEPMUYECKUX YCIOGUN U 00CHAMOYHOU OUPPy3uoHHOI NPOHULAEMOCHU) NOUBA MOIICEm CHAMD
ucmounuxom memana [Mochenov et al., 2018].

Metoa u3mMepennsi my3bIpbKOBOr0 MOTOKA

Ha nacrosimmii MOMEHT st OONOTHBIX DKOCHCTEM NPUHSTO BBIACISTH CIEAYIONINE MEXaHU3MBI
TpaHcnopTa ra3oB: MudQy3us ra3a yepe3 BOIY MU BO3IYX, 3allOTHSIIONINE MOPBI B TPYHTE, My3bIPHKOBBIH
MEPEHOC U TPAHCIIOPT MOCPEACTBOM pacTeHuil [Walter et al., 1996]. Cnenyer oxuaath, 4T0 B 3a00JI0UEHHBIX
necax OynyT QyHKIIMOHHPOBATH TE )K€ MEXaHU3MBI. [I0CKONIBKY B pa3iIMyHBIX YCIOBHUSAX Ha MEpEIHUN TUIaH
MOXET BBIXOJIUTH TO OJIMH U3 HUX, TO JPYT'OH, MPEICTABIISECT HHTEPEC H3MEPHUTH BKIIAJl KAXKIOTO MEXaHU3Ma
B OOIIMIA [TOTOK.

Jis m3MepeHHs “Ty3bIPhKOBOM™ coOCTaBisIONIeH oOmero moroka MeraHa Weyhenmeyer [1999]
WCTIOJIB30BAJT CIEAYIOMNH MeTon: Oonbiine BOpoHKH (auamerpoM 30 cM) YCTaHaBIHMBAJIHCh IIMPOKUM
KOHIIOM BHH3, a Y3KHH MX KOHEI| 3aKyIOpUBAJICS PE3MHOBOH MPOOKOH, uepe3 KOTOpyIo ObUIa MpomylieHa
CTEKJISIHHAs TpyOKa, Takoke 3aKkpbiTas nmpobkoil. Yepesz 3Ty TpyOKy MOKHO OBLIIO OTOMpaTh MpoObI rasa,
HAKaTUTMBABIIIEr0Csl B BOPOHKE Y BEPXHETO e Kpasi.

Boponku pasmemniaior B paauyce 10 cM OT OCHOBHON M3MEPUTEIHHON KaMepsl (IIPU MOMOIIH KOTOPOii
ONPEIEISIIOT CYMMapHBIH MOTOK). Kakayro BOPOHKY TOJHOCTBIO TOTPY)KalOT IOJ BOAY U JOBEPXY
3aIONHSIOT BOJOH. BOPOHKM yCTaHaBIMBAIOT Ha BECh MEPUOJI U3MEPECHUI, HO B Hadaje TOrO JHS, KOrja
MPOBOAATCSI U3MEPEHMSI, BECh HAKOMMBIIUICS B HAX Ta3 U3BJICKAIOT, YIUTHIBAIOT €ro 00bEM M aHATH3UPYIOT
xumudeckuit cocraB [Weyhenmeyer, 1999]. MoxeT moka3aThcs, 4TO B BOPOHKE OYAET U3MEPAThCI CyMMa
“maddy3nonHoro” U “myssippkoBoro”’ Merana. Ho mudysust uer mo rpagueHTy KOHIICHTPAIWU, U Kak
TOJBKO B BOPOHKY MOCTYIHUT XOTSl ObI 1 My3BIpEK, 3TOT TPajHeHT “‘TepeBepHETCS OTHOCHTENIHLHO TOTO,
KOTOpBII MMEET MECTO B ECTECTBEHHBIX YCIIOBHX. [IOCKONBKY OOBIYHO ITy3BIPBKH COJEpKaT MeTaH B
BBICOKOH KOHIIGHTpAIMH, TO MOMYYUTCS, YTO B BOPOHKE HAJl MOBEPXHOCTHIO BOJBI KOHIICHTPAIUS MeTaHa
(IpUHECEHHOTO MY3BIPHKOM) Oy/EeT BechbMa OOIBIION, CIIENOBATENLHO, MO 3aKOHY [ eHpH, BBHICOKOW OHa
CTaHEeT W B TMIOBEPXHOCTHOM CJIO€ BOJIBI (TOr/Ia Kak B CBOOOMHOW aTMocdepe OHa Malia M, COOTBETCTBEHHO,
HEBEJMKA B BOJIE, rpaHHyalieil ¢ 3Tord arMocdepoii). O4eBHIHO, UYTO Terepb B BopoHke nuddysus merana
Oyzmer HampaBlieHa HE CHHU3y BBEpPX — W3 MOYBBl B aTMocepy (Kak B €CTECTBEHHBIX YCIOBHUAX), a B
MPOTHUBOIOJIOKHOM HampaplieHnd. KcraTw, TOYHBIE HM3MEpEHHS JOJDKHBI 3TO YUYUTHIBATh — CICAYET
BBIYUCIUTH 00paTHBIN Au(dy3MOHHBII MOTOK B BOPOHKE U MPUOABUTH €ro K M3MEPEHHOMY ITy3BIPEKOBOMY
(BpoueM, ¢ Hy3HOHHBIN MOTOK OOBIYHO TaK MaJl, YTO MM YaCTO MOXKHO MpeHeOpeyb).

HesaBucumo ot E. Weyhenmeyer, anajgoruunbii Meron npemnoxunu Glagolev et al. [1999] (mis
KpaTKOCTH 3TH METOJIBI Jajiee OyAyT oOo3HauaThes Kak “W-meron” u “G-meron”, COOTBETCTBEHHO). XOTs
METO/Ibl OTJIMYAIOTCS JPYr OT JIpyra OYeHb HE3HAYUTENBHO, HO STH Pa3iMyHs MPEICTABISIOTCS BechMa
BaYKHBIMH.

1) OueBuano, uro “W-merox” MOXKET MPUMEHATHCS JHIIb IPU HAJHMYWUU JOBOJIBHO BBICOKOTO CJIOS BOJABI
HaJ[ TIOYBOH - Bellb BOPOHKA J0JDKHA OBITh MOJIHOCTBIO HOrpyskeHa B Bony (B [Weyhenmeyer, 1999] stot
METO/I HCTIOIH30BAJICS TOIBKO P H3MEPEHHX B MPyAaX, YCTPOCHHBIX B Jecy 0oopamu). B “G-merone”
BOPOHKA MOKET YCTaHABJIMBAThLCS B JIIOOOM MECTE, TJ€ €CTh XOTsI Obl HEOONBIIOW CJIOH OTKPBITOH BOJIBI
(ecnu HYXKHUK Kpail BOPOHKH MOTPYXKEH B BOMY, TO BOJa BCE paBHO HE OYyJIeT BHUIMBATHCS U3 BOPOHKH,
MOKa HAKAIUTUBAIOIIUIACS Ta3 HE BBIIABUT €¢).

2) B “G-merone” MCHONb3yOTCSd BOPOHKHM MPHUMEPHO B 2 pa3a MEHBIIETO AMAMETPa, a 3TO yBETUYHBAET
BEPOSTHOCTh YCTAHOBKH MX B TaKHE MeCTa Ha IOYBE, IJIe MPAKTHUECKU HET pacTeHHd (ecid pacTeHus
MOMAaJaT B BOPOHKY, TO ra3 B Hee OyJeT MOCTYyNaTh HE TOJNBKO 3a CYET Iy3bIPHKOB, HO M 3a CYET
MexaHH3Ma TPaHCIIOpTa, CBA3aHHOTO C PACTCHUSIMH).

3) Hakomner, B “G-meToae” BOPOHKU MOKPHIBAIOTCS CBETOOTPAKAIOIINM MaTepHaIoM. BEUTo 3amMedeHo, 4To
0e3 3TOro B HMX MOTYT aKTHBHO Pa3BHBATHCS BOAOpOCHHM (M IHMaHOOAaKTepuu). Beimensembrii umu
KHCJIOPOJ MCIOJIb3YETCsT METaHOoTpodaMu JUIsi OKWCIIEHHsS MeTaHa, a T.K. OTOOp rasa U3 BOPOHKH
ocymiecTBisiercsl 1 pa3 3a JECATKH YacoB, TO CYIIECTBEHHAs JOJIi METaHa MOXET OBITh 32 3TO BpeMs
MOTJIONIEHA METaHOTPO(aMHU, B CBSI3U C YeM MOIYYHUTCS CHUIBHO 3aHMKEHHOE 3HAYEHHE My3bIPHKOBOTO
MOTOKA.

Metoa u3mepenusi Au¢@y3uoHHOIO MOTOKA

172



Huddy3nonHbii TOTOK Ha TpaHUIle Bojxa/aTMocepa pacCUMTHIBAIOT C HMCIOJIb30BAHHUEM MOJEIHU
MaccooOMeHa, YUUTHIBAIONICH KOHIICHTPAIIUIO PACTBOPEHHOI0 METaHa B IIOBEPXHOCTHOM CIIO€, TEMIIEPATYPY
BOIIBI U CKOpPOCTh Berpa. s u3MepeHus] KOHIIGHTpAalMU MeTaHa B IIMIpHUI], 00beM KoToporo 60 mi,
otouparot okono 30 mi Boxsl M n06aBistoT 30 Ma aTMocepHOro Bo3ayxa, 1mocje 4ero MIpHl] SHEPTUIHO
BCTPSIXHBAIOT OKOJIO 2 MUH. M3 ra3oBoii (ha3el Kaxkaoro mipuia 0epyT a8e mpoObl o 10 M1 1 onpeAessioT B
HUX KOHIeHTpanuio Merana [Weyhenmeyer, 1999], mo kKoTopoii 3aTeM BBIYHCISIFOT KOHIIEHTPAIIHIO B BOJIE,
HCIIONB3Ys 3aKOH 1 eHpu.

[IpuHIMNIHATBHO IPYTOM METOM, JUIS OLICHKHM SMHUCCHH U3 Mo4B, mpemiokuin Glagolev et al. [2001].
Omnwmpasick Ha onpeneneHne TUPPY3MOHHOTO MOTOKA, OHH TMPEIUIOKUIA BBIYUCIATH €ro HEMOCPEICTBEHHO
o 3akoHy ®uka (F=-D-dC/dz, rne D - adpdexrusnblii kodpunment nuddysuu, C - konnentpanus CHy, z -
rmyouna). Jns BO3MOKHOCTH oTOOpa mnpod mo rinybuHe ¢ HebompmmM mmarom (1-2 cM) aBTOpPHI
HCIIOIB30BAIA CUCTEMY TOHKUX (1-2 MM) TpyOOK, YTO MO3BOJIMIO UM ONpPEneNiaTh Mu¢Gy3HOHHBIC TOTOKU
Ha pasHbIX TIyOMHax B mpodmie nmouBsl. Ho ecnm Hac wHTEepecyeT MUQPQPY3MOHHBIA MOTOK TOIBKO Ha
rpaHulle MmouBa/atMocdepa, TO JOCTATOYHO OTOOPATh MPOOBI JIKIIh Ha 2 TIyOMHAX BOJU3U IOBEPXHOCTH
MOYBBI, TOCNIE dYero (MpHONMKEHHO aNNpOKCHMHUPOBAB IPOWU3BOMHYI0 KOHEYHBIMH PA3HOCTSIMH)
1 Py3uOHHBIN TOTOK MOXKHO BBIYUCIUTH MO (OpMyJIe:

F=—=D-(C;—Cy)/(22 — z1) (1)
rae C, u C| - KOHIIGHTpAIMK MeTaHa, COOTBETCTBEHHO, Ha TIIYOMHAX Z U Z1.

Metoa nHKyOHUpoBaHHus 00pa3lLoB

Amaral and Knowles [1994] u Keller et al. [1999] u3y4anu criocoOHOCTh MOYB TOIJIOMIATH METaH
METO/IOM WHKYOMpPOBaHHUS TIOYBEHHBIX 00pasnoB. MeTox WHKYOamuu TIOYBEHHBIX O0Opa3lmoB — 3TO
nabopaTopHBIi METOJ/I, OCHOBAHHBIH Ha HM3MEPEHHHM KOHIEHTPAllMd KaKOro-ITMOO Tra3a B TI'epPMETHYHBIX
EMKOCTSIX TIpU OIpEIEeNICHHOW TeMIlepaType B TEUEHHUE ONpENeIeHHOro BpeMeHH. B mporecce orbopa
00pas3iibl OYBBI PA3ACISIFOTCS 110 MHTEPBAJIaM Pa3JIMYHOM TTyOMHBI, a IPU JajbHEHIIEeH MPoOOIOAroTOBKE
MPOCEUBAIOTCS JUIsl YAaJIeH!s1 KaMHel U (pparMeHTOB KOpHEH.

3arem 00paslbl TOYBHI IOMEMIAIOT B TEPMETUYHBIE EMKOCTH U HHKYOUPYIOT MPH OMpPEeTIeHHOH (UTO
JOCTHTAETCsl TIOCPEICTBOM TEPMOCTATUPOBAHHS) TEMIIEpaType B TEUEHHE HEKOTOPOro BpeMeHH (0OBIYHO
MOPSIJIKA YacoB WJIM CYTOK). Bo BpeMs MHKyOalnuy KOHIIEHTPAIMKU METaHa M3MEPSIOTCS Yepe3 perysipHble
MPOMEXYTKH BPEMEHH C IOMOIIBIO Ta30BOH XpoMarorpaduu. 3aTeM CKOpPOCTh MOTpeOieHust MeraHa
paccumThiBaeTCS IyTeM MOJIOHKH JaHHBIX O 3aBHCHMOCTU KOHIICHTPAIMM OT BPEMEHH K YpaBHEHHUIO
SKCMOHEHITNATBHOTO 3aTyXaHHUS .

OTOT METOA OCHOBaH Ha MPHUHIHIIE, COTJIACHO KOTOPOMY MHKPOOPTaHU3MBI, OKUCISIONINE METaH B
MOYBe, MOTPEOJISIIOT METaH B KA4eCTBE MCTOYHHWKA SHEPTMU W MPOM3BOIAT YIIIEKHCIBIA Tra3 B KauyecTBE
MoOOYHOTO MpoayKTa. V3Mepsisi CKOpoCTh OTPEOICHHS] METaHa, HCCIIEAOBATEIH MOT'YT OICHUTh aKTHBHOCTh
3THX MUKPOOPTAaHM3MOB M UX MOTEHIIMAIBHOE BIMSHIE Ha KOHIIEHTPAIMIO MeTaHa B aTMocdepe.

OMUCCHA METAHA B 3ABOJIOYEHHBIX JIECAX

OcHOBHBIE PA0OTHI, TOCBSIICHHBIE WM3MEPCHUSM YACNbHBIX IOTOKOB MeTaHa B H30BITOYHO
YBII2XKHEHHBIX JIecax, CYMMHUPOBaHbI B Ta0M. 1-3.

.
Tadauna 1. M3mepenust YII CHy B 3a0601m049eHHBIX Jiecax OOpeanbHOro mosica.

Yoenvnwuit
Ikocucmema -
Pezuon nomox, Kommenmapuii Hcmounuk
mew’om?
Poccusi. . W3mepenus: kaMepHBIM
I'omorenHsIi ) [EBrpacoa u ap.,
JlenbTa p. 04-+14 MeTosioM. Bennuuna
JIMCTBEHHUYHUK 2010]
Jlena ynensHoro noroka CHy

? 31ech HEOOXOTUMO OTMETHTH HEKOTOPBIE OCOOEHHOCTH PacyeTa CKOPOCTH MOTPEOICHHs MeTaHa (UTo, GE3yCIIOBHO, MOXKET ObITh
MIPUMEHHNMO U K JIpyruM cyocrpaTtam). OUeBHIHO, YTO TaK KaK KOHIIEHTpALUs METaHa CHIDKAETCS SKCIIOHEHIHAIEHO, CKOPOCTh €ro
noTpedeHnst OakTepHsMH HEIIOCTOSIHHA M, 0OJiee TOro, OMHCHIBAETCS HEKOTOpOHM yObIBaromed QyHkuued. Haiitn ee MOXXKHO Kak
MIPOU3BOAHYIO OT (PYHKIMM KOHLIEHTPAI[MH METaHa M0 BpeMeHH. TakKe O4EeBUIHO, YTO BaKHEHIIINM KPUTEPUEM CKOPOCTH YOBIBAHHUS
MIPOU3BOAHON (KOTOpasi KOCBEHHO OTpakaeT OHMOMaccy >KM3HECIIOCOOHBIX MHUKPOOPTaHM3MOB B MOMEHT BpeMeHH f) Oyner cama
KOHIIGHTpalUsl MeTaHa, KOTOPHIA B KaXKIBIH IMOCIEIYIOIIMH MOMEHT BPEMEHHM ! JIOCTYIIEH Kak cyOcTpar Juisi OakTepuil BO Bce
MEHBIIIEM 1 MEHBIIIEM KOJIMYECTBE.
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(72°N,

3aBHUCClIa OT KOJIMYECTBaA

126°E) 0CaJIKOB
H3mepeHus mpoBOAUIHCH
CeBepHas KaMEpPHBIM METOIOM.
dl)ngnﬂ"Hz[m. bopeanbHbie MOUBHI or -0.014£0.03 OOWIbHBIE OCAJIKU CO31AI0T [Lohila et al.,
enttarova BBICOKOTI'OPHBIX 03.8341.13 YCIIOBHS, IIPU KOTOPBIX 2016]
(67°59.237'N, JIECOB so 2. ’ JiecHasl TIo4Ba MpeBpaIiaeTcs
24°14.579'E) W3 MOTJIOTUTENS, B MOIIHBIM
HCTOYHUK METaHa
Ce30HHO
et 1600 | o 0052007
. +
. Baxuap (56.96189 | 20 20+08
}(c));f;ﬂ;} 82.51528)
Taﬁri Ce30HHO
3anagHoi 3aTOIIIACMEIi nec M3mepenus: kamepHbIM
+
Cubupu (160 BHa FpaHmue or 0.050.04 MeToaoM. Benmuuna [Mochenov et al.,
aK4apcKoro 1m0 0.14+0.13
KM K 3amajy Gostora (56.83169 SMUCCHH 3aBUCENA OT YPOBHS 2018]
ropoaa 82 851 éz) TPYHTOBBIX BOJ
( ;1“ 6(2’1?51’% Ce30HHO
2040'F ’ 3aTOIUIAEMBIH JIEC B
8 ) npenenax ot -0.03+£0.02
OCYIIIEHHOT'O 10 5.5+0.2
6onora (56.87217
82.84978)
Poccust. 3aTOIUIeHHBII
IOxnas CTOPEBIIHIA
N ., H3mepeHus mpoBOAUIHCH
Tatira Oepe30BhIii JIec
3 . Horu6 1.6~ 10.9 KaMEPHBIM METOJIOM. [Glagolev et al.,
araxHOMN oruomme u . . -
YCB=-20cMm 2018]
Cubupu OTJENIEHO KHUBBIC
(56°54.6'N, nepeBbs Betula
82°41.8'E) péndula
Hacun. et weroton
BectckoBen SoBLIi 0.065=1.6 Bui6 p 6 /IOM. [Christiansen et
(55°5725"N, JlyOoBBIii J1ec . = 1. BIOPOCHI HAOJFOIATIHCh al., 2012]
VAL TOJIBKO TIPH COJICPKAHUU
12°16'12"E) o
BOZLI B ITOUBE BoImIe 45%.
BopeanbHsIit sec. W3MmepeHus noTokos
Kanana JIOMHUHAHTHBIN BUT MIPOBOIMIIUCH KAMEPHBIM
M o — Picea mariana, meronoM. Taxoke
aHuToOa . . [Savage et al.,
(55°40N Betula papyrife, 0.8+2.5 U3MepsUTUCh pH MOYBEHHOTO 1997]
9705 2’W5 Populus pacTtBopa, TemmepaTtypa
tremuloide, Pinus (aTMocdepb! 1 TOYBBI HA
banksian. riryoune 20 cm)
Janus H3mepeHust KaMepHBIM
KOHCHFal;eH EnoBsie u OykoBbIE 0.01 =29 MetoaoM. [IpencraBieHa [Ambus and
(55°33'N Jieca Ha o rojioBasi IMHAMUKA, YYACTKH Christensen,
1203 2’E)’ cyTiecuyaHoi MoyYBe. W3MepeHnil ObUTN 3aTOILIEHBI 1995]

C z[eKa6pﬂ 110 a1ipeiib

*TIpuMeyaHue: oJIOKUTENIbHbIC 3HaUeHns Y11 yka3bIBatOT Ha SMUCCHUIO, @ OTPHULIATEIIbHbIC - HA OTpeOJICHNE METaHa.
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.
Ta6amuua 2. M3mepenus YII CH, B 3a00104€HHBIX Jecax YMEPEHHOIO MOsICA.

Ilomok -
Pezuon IKocucmema MZ'll-I'Miz Kommenmapuii Hcmounuk
[Betinapust.
DpMaTHHTCH H3MepeHnus moTokoB
P oA 1 B necax npeobnaganu Fagus 0.08 P
(47°40 'N, . . . KaMEpHBIM MeToJIoM. Taroke
oAr sylvatica n Picea abies, TOYBBI
9°4'E) ObUTH U3MepeHbl: Temriepatypa | [Frey et al.,
CPEIHECYTIIMHUCTHIC, HO B
Opannys. atMochepsl U Ha TITyOHHE 3 CM, 2011]
N DpMaTUHTEHE —TJIMHUCTHIE.
XatTepeH (550 M HazL ypoBHEM MOps) 0.04 a TaKke aTMocdepHoe
(47°58'N, P P ’ NaBJIEHHE U BJIAXKHOCTH IIOUBLI
7°32.5'E)
CTapoBO3pacTHBIN Jec.
Y4acTku ¢ BBIICICHUEM
MeETaHa - II0X0
0.07+0.02
JIPEHUPOBAHHBIC WIINCTHIE
CYTJIUHKH.
JloMmuHaHTHBIN BUA - Fagus
randifolia
£ e H3mepeHus IpoBOAUIHCH
To ke camoe, HO
Bocrounas . KaMEPHBIM METOJIOM.
JIOMUHAHTHBINA BUA - Tsuga 0.18+0.11 .
Kanapna. . [Mpumeyanue: B ce30H [Ullah and
. Canadensis .,
Osxnb1i KBeOek [ O —— BECEHHUX OTTENENEH - MapT U Moore,
(45°28.7'N, yynp : ampents - B 2007 u 2008 roaax 2011]
om gt Y4acTku ¢ BBIICICHUEM
73°2.4'W) MaKCHMAaJIbHOE 3HAUCHUEC
METaHa - ITOX0 coctaBmio 0.125
JIpEHUPOBAHHBIM MIINCTHIN 0.90+0.28 )
CYTJIMHOK.
JloMuUHaHTHBIE BUIIBI - Acer
saccharum
To ke camoe, HO
IOMUHAHTHBIN BUX Fraxinus 0.15+0.05
Americana, Carya cordiformis
CoCHOBBIH JieC Ha TIECUAHOM M3MeDCHIS IDOBOLIIIICE
CLIA. Hyio frosBe Kalee HBIM rlzdeToﬂ oM
Jxepcu JloMuHaHTHBIC BUIBL: Pinus 0.06 = 0.04 OCHOBEOﬁ e eMeZIl{H(;ﬁ [Aronson
(39°55'N, echinata, ' ' <OPDEIH }omeII;I c HOTOK;M et al.,2012]
74°35'W) P.rigida, Quercus ilicifolia, Q. PPEIIDY
. . CH,, Obl1a BIaKHOCTE ITOYBEI
prinus, Q.velutina
CIHIA. Unanana IIpudpexnsie meca (ILT), 013
Vaiit-Pusep B 3alIMIIEHHBIE OT HABOJIHEHUI )
IOro-
} [epromuyecku 3aTOILIIEMBbIC 0.07 VIsMepeHH KaMEpHBIM .
IenTpansHoi I1 [Jacinthe,
METOZ0M
YacTH IITaTa 2015]
(39°46'N, 0.03
TIJI (gacTo 3aTorIeHHBI
86°11'W) JT (4acTo 3aTomICHHEIC) max = 1.88
H3mepeHus IpoBOAUIKNCH
KaMEPHBIM METOIOM.
IOxnas Kopes. OTMedanoch BIUSHUC
KBanmxky, ropa | EcTecTBeHHBIN Jiec U3 COCCH U BJIQYKHOCTH Ha YMHCCHIO .
. [Kim and
ToBa JINCTBEHHO-KAIITAHOBBIX -0.12+0.12 MeTaHa. J[pyrue napameTpbl .
o ' Kim, 2013]
(37°17.49'N, JIepeBbHEB MOYBHI, TaKue Kak pH MouBHI 1
127°17.31'E) XUMHMYECKUH COCTaB, TAKXKe
00CY)KIATUCh B OTHOIIECHUH
BBIOPOCOB MAPHUKOBHIX I'a30B

*TIpuMeyaHue: NOJIOKHUTENbHbIE 3HaYeHNs! Y11 yKa3hIBaroT Ha HOMUCCHIO,  OTPULIATEIIBHBIE - Ha IIOTPEOJICHIEe MeTaHa.

175



.
Tadauna 3. M3mepenus YII CH, B 32005104€HHBIX JIecax TPOIMHUYECKOT'O Mosica.

Ilomok -
Pezuon Ikocucmema MZ'll-I'Miz Kommenmapuii Hcmounuk
Namepsiics nud ¢ y3MOHHBIH TOTOK
®dnopuna. (o xonrenrpanuun CHy B
BEpIJICH, . TIOBEPXHOCTHOM BO/IbI). Barber
o e[l He, Ac JIncTBEeHHBIN J1EC 1.17+13.6 OBEPXHOCTHOM CTI0€ BOJIHI) [Barber et
(25°51'N, Hannuue pacTurenbHOro mokpoBa al., 1988]
81°23'W) yMeHbIaa0 aud ¢ y3HOHHBIN
norok. Cpennuit YCB 31 cm
Marnasus. beronr Ny H3Mepenus MeToaoM
oy 3a0onoYeHHBIH Jec Ha , . [Tang et al.,
(1°27'N, N 0.75+1.73 MHKPOBUXPEBBIX MYILCAINHA B
con’ TOopdsIHON ITOUBE 2018]
111°80'E) TEUEHHUE JIeKaOps - HOAOPs
Hcnonp3oBajcs KaMepHBIH METO.
Tponuyeckue jeca Ha YBiaXHEHHBIC JIeca MOTYT
CyIeCYaHo! MOYBe. KOMIICHCHUPOBATh ITPeo0IIaIaromumit
IenTpanbhas JIoOMUHAHTHBIE BUJIBI: Ha Tepputopun Konro crox CHy,
™ Hevea brasiliensis, Ouratea . HECMOTPS Ha TO, YTO OHU [Barthel et
Adpuka. Konro . -0.31+ 150 o N
(1°0'N, 31°27E) arnoldiana, Pentaclethra MTOKPBIBAOT JIMIIH 7% BCel al., 2022]
’ eetveldeana, ITOBEPXHOCTH JIECOB, a
Strombosia tetandra u 3aTOIUICHHBbIE PaOHBI 3aHUMAIOT
Daniella pynaertii. quie 10% oT o0Iel ionaam
OacceliHa
ITocTosinHO 3aToTUIsIEMast
30Ha JIECOB, H3mepeHnss KaMepHBIM METOJIOM.
pacIoyioKeHHAsT BJIOJIb 433 Benuuuna sMuccuu 3aBucesa ot
Oacceiina pek YOaHTH U ’ YPOBHS CTOSIHHS BOJBI.
enTpanpHas Komnro. I'myouHa BosI HecMmotpst Ha TOBOJIEHO XOPOIIYIO [Tathy et al
Adpuxka. Kosrro. cocraisiia ot 10 10 40 cm OJTHOPOJHOCTH Cpeibl B 1 9}/92] s
(1°38'N, 18°4'E) To xe camoe, Ho YCB pETMOHATIBHOM MacITabde,
HAXOIWICSA IPUMEPHO Ha MECTHBIC TTIOTOKH
10-20 cMm HUXKE 0.20 XapaKTEPU3YIOTCS BHICOKOM
MTOBEPXHOCTH BJIAYKHBIX HU3MEHYHUBOCTBIO
TTOYB
AMA3OHCKHH TODHAL J1ec Hcnonp3oBajcs KaMepHBIH METO.
P N3mepenus ObUTH IPOBEICHBI B
Bpazuius. Paspalum repen, ) .
Manayca Echinochloa polystachy 0+54 TeYEHHUE OJHON YacTH [Bartlett et
) L . ’ avg =4.5 rugporpauYeCcKoro MuKiIa, Koraa al., 1988
(3°15'S, 60°34'W) Salvinia auriculat, & Aporpad ! A ]
Eichornia crassipe YPOBHHU BOJIbI OBUTA OTHOCHTEIIHLHO
BBICOKUMU
3aTorICHHBIC JIeca B
OacceiiHe p. AMa30HKa MpH W3mepeHus npoBOAUINCH
Bpazuius. MAaJIOBOJIBE. KaMEPHBIM METOJIOM.
Mexay T. Ooumymr (OCHOBHBIE BUIBI 2.8+0.8 JluHamuka BEIOPOCOB MeTaHa [Devol et al
(55°29W) ur. Echinochloa polystachya, CBsi3aHa C KOJIeOaHUSMH YPOBHS 1990] ?
Cubeko Paspalum fasciculatum n BOJIbI, TEMIIEPATYPOU U
(67°13'W) Paspalum repens) Pa3IoKEeHUEM OPraHUYeCKOro
To ke camoe, HO TIpH BeIllECTBa
» HOTIp 7.67+1.7 H
MTOJTHOBOJIHE

*TIpuMeyaHue: NOJIOKHUTENbHbIE 3HaYeHNs! Y11 yKa3bIBarOT Ha HOMUCCHIO, a OTPULIATEIIBHBIE - Ha IIOTPEOJICHIEe MeTaHa.

W3 tabmui (v puc. 2) BUIHO, YTO KaKOW-JIMOO YETKOM CBS3M BEMYMHBI YAENbHBIX MoTOKOB CHy ¢
reorpaUuecKuM MECTOIOJOKEHUEM TepeyBIKHEHHBIX JIeCOB HE MMeercs. Hampumep, B OopealbHOM
nosice (0KOIO 57-67° ¢.II.) MOIYT HabTIOAThCS BEMUMHEI YETbHBIX HOTOKOB 10 ~4=9 Mr-u M~ [Lohila et
al., 2016; Mochenov et al., 2018], aHaJIOTUYHBIC TEM, UTO XapaKTEPHBI JJIs TPOIMUYECKOro mosica (~3+8 mMr-u’
"m? [Devol et al., 1990; Tathy et al., 1992]); HAIPOTHB, B TPOITMUYECKUX IIMPOTAX BIIOTHE MOXKHO BCTPETHT
BemmunEbl <1 mmm paxke <0.1 mr-u’-M”, KOTOpbIe, Ka3anoch Obl, JOJKHBI ObITh GoNee XapaKTepHbI JUIA

CEBEPHBIX TEPPUTOPUIL.
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Pucynok 2. Teorpadus uccIeTOBaHUN SMHUCCHU MeTaHa* B W30BITOYHO YBJIAKHECHHBIX JiecaX, MPEICTABICHHBIX B
o030pe.

*[Ipumedanue: 3nauenus YII merana ykazaHo B Mr-q'l-M'Z, TIOJIOXKUTENbHBIE 3HAUeHHMs! (KPACHBIH [[BET) YKa3bIBAIOT HAa IMHUCCHIO, a
OTpHUIAaTENbHbIE (CHHUH 1IBET) - Ha ITOTpeOICHHE.

Be3zycnoBHO, BETMUYMHBI MMOTOKOB OMPEACISIFOTCS B TIEPBYIO OYepellb SKOJOTHUECKHMHU YCIOBHIMH
KOHKpETHBIX MecToobuTanmii. Hanpumep, pesynpratst [Ulah and Moor, 2011] moka3siBarot, 4To U3MEHEHUS
TEMIIepaTypbl ¥ BIAXKHOCTH IMOYBBI MOTYT OKa3bIBaTh CTONb CYIIECTBEHHOE BiusHUE Ha motokun CHy u3
JIECHBIX TIOYB, YTO 3TO NPUBOIUT K (POPMHUPOBAHMIO TaK Ha3bIBAEMBIX ‘‘XOTCIOTOB” OMHCCHH METaHa.
[TpuMepoM TaKUX UCTOUYHHKOB SIBJISIFOTCS TUIOXO APEHUPOBAHHBIC MIOYBBI, B KOTOPBIX IIOPOBOE MPOCTPAHCTBO
3all0JTHEHO BOJIOM, YTO NPUBOIUT K (OPMHUPOBAHHMIO YCTOMYMBBIX BOCCTAHOBUTEIBHBIX YCIOBUH U
CHIDKEHUIO oTHOMIeHUS BbIOpocoB CO, k CHy.

B T0 ke Bpemsi, B pa3NUHBIX IPUPOAHBIX 30HAX OMPEACISIONINE BEICOKYIO SMUCCHIO SKOJIOTHYECKHE
(akTopbl MOTYT OBITH Pa3HBIMH: MPH OJUHAKOBBIX YCJIOBHIX BIa)KHOCTH, UCXOJSl M3 M3BECTHOTO IMpaBHIIa
Bant-I'odhda, MOKHO 0XKHIaTh, YTO, BCE-TAKH, CKOPOCTh MPOMYKIMUA MeTaHa B Tpornukax mnpu 40°C Oymer
npumepHo B 4-9 pa3s Gonbiie, ueM npu 20°C B GopealnbHbIX YCIOBUAX. HO eciid B MOCIEIHEM CIydae MBI
OyJeM UMETh O4YeHb TTyOOKHI aHa3pOOHO3KC (3a CUET MOJHOr0 OOBOAHEHHS MOYBKI), @ B TPOITUKAX — IIPOCTO
BIIAXKHOBATBIN TPYHT, TO YKa3aHHOE COOTHOIICHUE BIIOJIHE MOXKET MEPEBEPHYTHCS B 00PAaTHYIO CTOPOHY.

Upes3BblYaifHO CHIIbHAsI 3aBUCHMOCTh TPOJYKIIMH METaHa OT CTEIeHH aHa’poOmo3a (Kak CIEeICTBHE
YCTIOBUH YBIIaXXHEHUS) ONPEACISICT OYEHb NIMPOKYIO MPOCTPAHCTBEHHYIO BapuaOenbHOCTh dMuccuu. U3
JNaHHBIX Tabm. 1 BUIUM, YTO, HANpHMEpP, B TPEX CE30HHO 3aTOIUIIEMBIX Jiecax B 3amajgHoii Cubupw,
PACIIONOXKEHHBIX JIPYT OT JPYyra Ha PacCTOSHHH BCero okono 5—10 kM, B 0JJHO W TO ke BpeMs HabIroaancs
BECh CIIEKTP BO3MOXHBIX YIeIbHBIX MoTokoB CH, oT mormomenust Ha ypoHe ~0.1 mr-u-M” 10 BechbMa
akTHBHOM smuccun ~10 Mr-u”-M~ [Mochenov et al., 2018]. Eme Gonee KOHTPaCTHYIO KapTHHY BHIMM Ha
MpHUMepe TOPHOTO Jieca B bpasuiuu: B mpeziesax oJJHOrO M TOTO JKe Jieca YACNbHBIN MOTOK MeHsiercs ot 0 1o
54 mr-a'-m” [Bartlett et al., 1988], a B Tpomrueckom necy Kouro — ot -0.31 10 150 mr-ua™'*M™ (cM. Tabauiy
3).

OnHako 3aBHCUMOCTD MTOTOKA OT TEX WJIM UHBIX (DAKTOPOB B TIOJIEBBIX YCIOBHUSIX yIACTCS BBISICHUTH HE
Bcerna. Hanpumep, usmepenus Tang et al. [2018] mokasanu, uto motok CHy M3 TpOmM4ecKoro TopdsHoro
neca OBbUI CXOJICH C BETMYMHON BBIOPOCOB B JIPYTUX YHPABISEMBIX M €CTECTBEHHBIX 3KOCHCTEMAaX BOJHO-
OOJIOTHBIX YrOJMi, B TOM YHWCIIC NPH UX PACCMOTPEHHU B PAa3MYHBIX KIMMAaTHYECKHX 30HaX. [Ipu aToM
W3MEHYHBOCTh METEOPOJIOTMUECKUX YCIOBHI B TPOITMUECKOM JIECy IIOXO KoppenupoBana ¢ motokom CHy:
BIIPOYEM, KaKyllleecs OTCYTCTBHE KOPPEISIUM B JIAHHOM Cllydae MOXET ObITh OOBSICHEHO HEOOIBIINM
JIANa30HOM W3MEHEHUS MUKPOMETEOPOIOrHUECKHUX TIEPEMEHHBIX.

Ambus and Christensen [1995] u3y4uian HECKOJBKO KOCHUCTEM, Ile OBLJIO OTMEYEHO BPEMEHHOC
3a0omaunBanne. OHM BBIABUHYJIHM CIEAYIOIIEE BaKHOE INPEANOIOKEHHE: pacuer OOIIero MOTOKa s
MEPUOJIMUCCKH TTePEYBIAKHEHHBIX JKOCHUCTEM CIIEIYeT BBIMOIHATh C y4eToM Tomorpaduu ianamadra.
Takum 00pa3oM MOXKHO TMOJNYYUTH OoJiee TOYHYIO OIIEHKY IMOTPEOJIEHHS M DMHCCHU MeTaHa, HO B ATOM
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cimy4ae, JIS TpaBUIbHON oreHkn moroka CH,; KaMepHBIM METOIOM, HEO0OXOIMMO TOYHO OIICHHBATH
OTHOCHUTEJBHBIC YPOBHHU BOJIbI B TIOUBE BO BpeMsi M3MepEHUH. 3Hast Tormorpaduio 1 THIPOIOTHYECKHI PEXIM
Ka)XI0W TOYKM MECTHOCTH, MOJKHO OIPEICTUTh, KaK JOAr0 M KaK 4acTo 3Ta TOUYKA SBIIAETCS OTHOCHTEIBHO
BJIQ)KHON WJIH CyXOﬁ, YTO MOXET CYHMECTBCHHO YJIYYHIUTH MPOTHO3WPOBAHUC H3MCHUYHMBOCTU BCINMYUHLI
IMOTOKOB MeTaHa 31ech [Glagolev et al., 2018].

3AKJIIOYEHUE

J4 K BBILNICTIPUBECACHHLIX OaHHBIX BHUJIHA HCOGXOZII/IMOCTB YIYUUICHHUA KOJINYECTBEHHOMN OLCHKH
rI00abHON AMICCUH METaHa M3 TI0YB TepeyBIIa)KHEHHBIX JIECOB C MCIIOIb30BAHUEM KOMIUIEKCA PAa3IMIHBIX
MeToioB. HecMoTpst Ha co3gaHue TUIOTHOW WHQPACTPYKTYpbl HAONIOJCHUsS 32 MAapHUKOBBIMH Ta3aMy B
robdaiabHOM MaciTabe (Hampumep, ICOS, GMB u np.), Hazemuble HaOmroaeHus B M3YJI Ha pa3ninyHbIX
KOHTHHEHTaX Bce eme HemocTaTouHo mpexactasieHbl. YII CH; MoXer 3HAUWMTENhbHO BaphbHUPOBATHCS B
3aBHCUMOCTH OT KJIMMAaTHYECKUX YCIOBHU M Apyrux (akropoB. Hampumep, B Tponuueckux necax YII CHy
mersiorest oT -0.31 1o 150 mru''M™ (ta6n.3), a B HEKOTOPBIX JECHBIX SKOCHCTEMAaX yMEPEHHOro mosica
TG OoKoJo Hyns (Tabn.2). Usmepenns YII CH, B 3a00soueHHBIX jecax OopeaibHOTO Tosica Ha MpHMeEpe
Oxnoii Taiiru 3amagHort Cubupu (Tadi.1) JEMOHCTPUPYIOT BapuaOenbHOCTh B auamna3zone ot -0.08 go 20
Mg v

Hnst Ooiee TOYHOM OLEHKH TIOOATbHOM OIMHCCHHM METaHa W3 TIOYB IICPEYBJIAKHEHHBIX JIECOB
HeO6XOZII/IMO IIPOBOANTE JOIMOJHHUTEIIBHBIC UCCIICAOBaHNA, COCPEIOTOUCHHBIC HA OLICHKE HpOCTpaHCTBeHHOfI
BapI/Ia6eJIBHOCTI/I OMHCCHHU B Pa3HbIX TUIIAX I/I36])ITO‘IHO YBJIA)KHCHHBIX JICCOB.
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