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['moCanbHOE TOTEINICHHUE SIBISICTCS] OJHOM M3 BaXXHEUIMHX IpoOJieM COBPEMEHHOCTH, KOTOpasi BHI3BaHA
VCHICHHEM IapHHKOBOTO dddekra armocheprl. KoHNIEHTpanui OCHOBHBIX ITAPHHUKOBHIX Ta30B (Y NIEKHCIOTO
rasa ¥ MeTaHa) cO BpEMEH Hadasla Hay4yHO-TexHudIeckol peposnonuu B 1850-x Bripocim Ha 31 % u 149 % coot-
BETCBEHHO, 4TO OOYCIOBICHO, IIPEX/E BCETO, aHTPOIIOTCHHEIM BIMSHHEM. B ToXe BpeMs, YIICKUCIBIH Ta3 U
METaH HIPaloT KMOUEBYIO POJIb B ICOXUMHYECKOM ITHKIE YIVIEpo/a, 0OBEMISIONEM KOMIUIEKC IIPOIIECCOB, B
X0/ie KOTOPBIX IMPOUCXOMUT MIEPEHOC YIVIEPO/a MEXAY Pa3IMIHLIMH FEOXUMHUIECKIMY PE3epBY apaMu - 06001~
KamMu 3eMym. ['eoxuMIdIecKuil MUK YIIepo/a Beeryia IPOUCXOMT depe3 atMocdepy U ruapochepy, ModToMy
BIHSICT Ha OKPY Kaomylo cpedy u onocdepy. M3MeHeHns IUKIa VITepoaa UIpaill U HPOJIOIDKaIoT UIpaTh KO-
YEBYIO POJH B DBOJIOIHMH Ha 3eMJle, IOATOMY H3YUCHHE YIIEPOJHOTO IHMKIA SBIBICTCS aKTyalbHON HaydHOU
samageit. B pabote mpescTaBIeH 0030p COBPEMEHHBLIX METOJOB HCCICJOBAHUSI DMHCCHM U CTOKOB OCHOBHEIX
IIAPHUKOBLIX Ta30B (OKCH/Ia yINepo/ia, METaHa), a TakKe yIIEPOIHOTO ITHKIA.

HatypHble M3MepeHUs SIBISIOTCSI OCHOBHBIM HCTOYHHKOM JIAHHBIX O KOHIICHTPAISIX ApPHAKOBBIX Ta30B
U JIpyTUX ITapaMeTpax dKOCHCTEM. B Hocie/Hue ACCSITANETHS INIOTHOCTh CETH CTaHNMUi, CO3/aHHBIX VT MOHH-
TOPWHTa IapHUKOBEIX Ta30B B atMocdepe, Oblla yBemmieHa. M3mepenus Ha OOpTy CYJOB U CaMOJIETOB CTAaHO-
BATCSI IOCTYTHEIMH. [losIBILIOTCS crieTman3ipOBaHHbIe CIYTHUKA JUII MOHHTOPHHIA M3 KocMmoca. Pactyimue
00BEMHEl JAaHHBIX 0OCCTICINBAIOT OTPOMHBIN HOTCHIHAT /YISl THCICHHOTO aHalN3a, IPSIMOTO M 00paTHOTO MOJIe-
mpoBanusl. OnTHManbHOEe NpUMEHEHHe OOJBINX MacCHBOB JIAHHEIX HaOIIOICHIH TpeOyeT MpUMEHEHsI Oolee
CJIOKHBIX MaTeMaTHIECKNX MO/IeNel, 6osee TOTHBIX W IPOU3BOMTEILHEIX BEITHCICHUIL.

JUI1 ONEHKH IPOCTPaHCTBEHHOTO M BPEMEHHOTO paclpesielicHHs] MCTOYHHKOB M CTOKOB YINEpoJa, Hc-
HOJB3YIOTCS METObI 0OPaTHOTO MO/ICTMPOBAaHHS, KOTOPHIE CIIOCOOHBI pacuuTaTh IOTOKHU Y IVIEPO/IA, HCTIOMB3Y S
reorpabuuecKy paspeKeHHbBIC U3MEPEHUST KOHIEHTpaIuil mapHukoBbix ra30oB (CO2, CHs) B atmocdepe. [lepnrie
VCIENTHBIE TMOUBITKA 00paTHOTO MOJICIMPOBaHMS Y IVIEKHCIIOTO Tasza B aTMocdepe OBUM NPEAIPUHSTHL B KOHIE
1980-x u mauvanze 1990-x PasBuTHe BLIYUCINATEILHOM TEXHUKA W YHUCICHHLIX METOJOB IIO3BOJIUIO 3HAYUTEILHO
VCOBEPINEHCTBOBATh METOIOIOTHIO. OfHaKo, HECMOTPSI Ha MpOIpecce, HelaBHIE HCCIe0BaHMsI IToKa3ail HeoO-
XOJMMOCTh JIALHEHINETO Y TOUHEHHSL.

B Cubupu cocpefioToueHbl 3HAUUTEILHBIE 3alachl PACTHTENBHON OMoMacchl W MOYBEHHOTO OpTaHHYIe-
CKOTO VIVIEPO/a, UTO JeNaeT STOT PETHOH OJHIM H3 KpY THSHITIIX XpaHWIHUIN Y ITIeposia B MUpe. TOYHBIE ONCHKA
IOTOKOB yIIepo/a B Cubupwm kpaitne BakHBI NI HOHAMAHUS TIOGATHHBIX M PETHOHANBHBIX ITUKIOB YITIEPO/a, a
TaKXe YIS IPOTHO3MPOBaHMs Oyay X m3MeHeHuit B CubupckoM yrepoguom mmkie. [Ipeackasano, ato Gy-
JiyIree MOTEIUICHHE B BEICOKUX IMUPOTAX MO3BOIMT BLICBOOGOMUTH JIOTIOMHHUTENBHEE 00heMBl CO2 13 cubupckoit
BEYHOH MEP3IOTHL, 9T0 0OECHEUUT IIOJIOKUTEILHYIO 00paTHYIO CBsI3b Ha M3MEHEHHe kmMarta. CuOupcekuii pe-
THOH XapakTepHu3yIoTcsl OONMMPHOCTEIO U TPYHOJOCTY THOCTRIO TEPPUTOPHH, MHOTOOGpasneM JaHmmnadpToB U
ci1abo#t M3y IEHHOCTRIO. DTO ONpE/IEeIBIET 0COOCHHOCTH HCCIEA0OBaHNST TAPHUKOBHLIX Ia30B B CHOUpH.

A STUDY OF CARBON DIOXIDEAND METHANE IN THE GLOBALAND REGIONAL
(SIBERIA) SCALES: AN OVERVIEW

1Belikov D.A., 2Maksyutov S., 1Starchenko A.

"Tomsk State University, Tomsk, Russia
2Nal‘ional]nstituteforEnvironme‘ntal Studies, Tsukuba, Japan
E-mail: dmitry.belikov@nies.go.jp; shamil@nies.go.jp; starch(@math.tsu.ru

(lobal warming is one of the most important problems of our time, which is caused by enhanced atmos-
pheric greenhouse effect. Since the beginning of the technological revolution in 1850 concentrations of the main
greenhouse gases (carbon dioxide and methane) are increased by 31% and 149% respectively primarily due to
anthropogenic influence. Carbon dioxide and methane play a crucial role in the geochemical carbon cycle con-

8 | Cekuma 1


mailto:shamil@nies.go.jp
mailto:starch@math.tsu.ru
mailto:shamil@nies.go.jp
mailto:starch@math.tsu.ru

INTERNATIONAL CONFERENCE ON ENVIRONMENTAL OBSERVATIONS, MODELINGAND INFORMATION SYSTEMS
ENVIROMIS’2016

necting a complex processes in which carbon is transferred between different geochemical reservoirs - shells of
the FEarth. Geochemical carbon cycle always occurs through the atmosphere and hydrosphere, so it impacts on
the environment and biosphere. Changes in the carbon cycle have been playing a key role in the evolution of the
world. Therefore the study of the carbon cycle is the actual scientific task (IPCC, 2014). This work presents an
overview of modern methods to study the emission and sink of greenhouse gases (carbon dioxide and methane),
and therefore the carbon cycle.

Many studies have used “bottom-up” or “top-down” approaches to accurately estimate current carbon
fluxes. “Bottom-up” approaches include direct flux measurement and process-based ecosystem modeling. Flux
observations are usually made by a static chamber method (Glagolev et. al, 2011) or eddy covariance measure-
ments (Papale et. al.,, 2006). Substantial progress in estimating the sources and sinks has been made through
combining local observations of emissions with land unit inventories, satellite data or other relevant statistical
information.

However, sites, networks, and opportunities for direct observations are still sparse owing to physical and
logistical limitations. A number of studies using both analyses of available observed data and numerical model-
ling have been carried out (e.g. Slater and Lawrence, 2013). Various numerical modelling schemes have been
developed to treat physical and biogeochemical processes on and below the land surface. Some of these process-
es are site-specific or process-oriented, while others are implemented as components of atmosphere—ocean cou-
pled global climate models (AOGCMs), or Earth system models (ESMs) to interact with the overlying atmos-
phere. Among these processes, snowpack, ground freezing/thawing, and carbon exchange are the most relevant
and important processes in terrestrial process models.

A “top-down” approach is inverse modeling using atmospheric transport models and atmospheric green-
house gases observations. To estimate the spatial and temporal distribution of carbon sources and sinks, inverse
methods are used to infer carbon fluxes from geographically sparse observations of the atmospheric greenhouses
gases mixing ratio (Tans et al, 1989). The first comprehensive efforts in atmospheric inversions date back to the
late 1980s and early 1990s (Enting and Mansbridge, 1989). With the increase in spatial coverage of observations
and the development of three-dimentional (3-D) tracer transport models, a variety of numerical experiments and
projects have been performed by members of the so-called “TransCom” community of inverse modelers (e.g.,
Denning et al, 1999, Gumey et al, 2002). A number of studies have proposed improvements to the inverse
methods of atmospheric transport, i.e. the efficient computation of the transport matrixby the model adjoint, use
of monthly mean GLOBALVIEW ground-based data, development of an ensemble data assimilation method,
flux inversion at high temporal (daily) and spatial (model grid) resolution, using satellite data to constrain the
mversion, and development of a new observational screening technique.

In recent decades, the density of the observationalnetwork established to monitor greenhouse gases in the
atmosphere has been increased, and more measurements taken onboard ships and aircraft are becoming available
(Karion et al, 2013; Tohjima et al, 2015). Satellite observations of the column-averaged dry-air mole fraction of
greenhouse gases have the potential to significantly advance our knowledge of greenhouse gases distributions
globally and provide new information on regional sources and sinks. Observations are available from space-
based mstruments such as the SCanning Imaging Absormption SpectroMeter for Atmospheric CHartographY
(SCIAMACHY; Bovensmann et al, 1999), the Greenhouse gases Observing Satellite (GOSAT; Kuze et al,
2016; Yokota et al, 2009), and the Orbiting Carbon Observatory-2 (OCO-2; Crisp et al., 2004). These satellites
provide unprecedented spatial coverage of the variability in greenhouse gases around the world, with the excep-
tion of Polar Regions and areas with dense clouds. These observations are, however, limited by the orbit of the
satellites, which typically measure in the local afternoon.

Ground-based Fourier Transform Spectrometer (FTS) observations available from the Total Carbon Col-
umn Observing Network (TCCON) provide dense temporal resolution and are more precise and accurate than
space-based instruments (Wunch et al, 2011). However, the number of ground-based FTS sites is limited, with
Just 23 operational sites and several approved for the future. These sites are sparsely distributed, and Siberia,
Africa, South America, and the oceans from middle to high latitudes are poorly covered. Despite this limitation,
FTS observations are used to validate satellite retrievals in order to assess bias, variability, and other key pa-
rameters.

Being one of the largest carbon reservoirs in the world, the Siberian carbon sink however remains poorly
understood due to the limited numbers of observation. The Center for Global Environmental Research (CGER)
of the National Institute for Environmental Studies (NIES) of Japan, with the cooperation of the Russian Acade-
my of Science (RAS), began periodic, precise aircraft measurements of vertical profiles from the planetary
boundary layer (PBL) to the lower free troposphere over Surgut (SUR) in 1993, Yakutsk (YAK) in 1996, Novo-
sibirsk (NOV) in 1997 and Berezorechka (BRZ) in 2002. Similar measurements were carried out from aircraft at
altitudes of up to 4000 m over Zotino (ZOTTO) in central Siberia from 1998 to 2005 by the Max Planck Institute
for Biogeochemistry. In addition, CGER/NIES and RAS constructed a new Siberian tower network (eight towers
in western Siberia and one in eastern Siberia at Yakutsk), Japan-Russia Siberian Tall Tower Inland Observation
Network (JR-STATION) in 2002 to observe regional and short-term variations of greenhouse gases (CO> and
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CHy) (Sasakawa et al, 2010). High-quality, continuous measurements began at the Zotino Tall Tower Observa-
tory at ZOTTO in April 2009.

Eddy covariance data from Siberian sites are representing the main ecosystem types: a natural grassland-
steppe, regenerating grassland and abandoned fields near Hakasia in southern Central Siberia; a bog, a pine for-
est, a mixed forest and a Siberian fir forest near Zotino in Central Siberia; a larch and a pine forest near Yakutsk
in Eastern Siberia; a typical tundra site near Chokurdakh in Northeastern Siberia; and a tussock sedge tundra site
on a floodplain near the latitudinal tree line near Cherskii in the far northeast of Siberia (Dolman et al., 2012).

For CH4 emissions in Siberia, primary reference for in situ observations was the estimate of Glagolev et
al. (2011). This product consists of both a database of over 2000 individual chamber observations from repre-
sentative landforms at each of 36 major sites over the period 2006-2010 and a map of long-term average emis-
sions created by applying the mean observed emissions to the wetlands map as a function of wetland type.

Siberian is target region for a multidisciplinary, multiscale and nulticomponent research programs (ie.
the Pan-Furasian Experiment (PEEX) program (Kulmala et al.,, 2015), Arctic Climate Change Research Project
"Rapid Change of the Arctic Climate System and its Global Influences 2011-2016"
[http//www.nipr.ac.jp/grene/e/grene_E.pdf]), which are aiming at resolving the major uncertainties in Earth sys-
tem science and global sustainability issues concerning the Arctic and boreal pan-Furasian regions.
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Ml npesicTaBIsieM pe3yIbTaThl MOJCIUPOBAHAS COCTOSIHUS BOJI MOpsI JIalITeBRIX HA OCHOBE TpEXMEPHOU
YHCICHHOM perMoHaIHLHON MO/ OKeaHa H MOPCKOTO Jhjia ¢ MCIONIB30BaHACM JIAHHBIX peaHatn3a aTMochepEL.
OcHOBHO# 3a7a1eil SIBISIOCH MCCIEJOBaHAE PACIPOCTPaHEHISI IPecHOU Tetwol Bo/bl peku JIeHB! Ha Imenbde
Mopst JlanTeBBIX. PesynbTaThl THCICHHBIX PacueTOB MOKa3hIBAIOT B3aUMOCBS3h MEXAY H3MEHIMBOCTBIO COJICHO-
CTH TTOBEPXHOCTHHIX BOJ M COCTOSIHHEM aTtMocdepHOil /MHaMUKA perroHa. UncieHHass MOJENb BOCIPOHM3BOMAT
JIB€ OCHOBHEBIE TPAEKTOPHH JBHXCHHSI IIOBEPXHOCTHBIX BOJI, 0OV CIORICHHBIE aTMOc(hepHO#l MpKysiieil pern-
OHa: IUKIOHMYCCKYIO W aHTHUIUKIOHWIECKYIO. [IpH NUKIOHWYECKOM THIE JIETHEH IMUPKYISIUN HPOHCXO/MT
pacmpocTpaHeHHe IPECHLIX PEYHBIX BOJ[ B BOCTOYHOM HAIPaBICHUH. B IepHo/ aHTUIHKIOHHIECKOM ITHPKY -
MM MHTCHCHBHBIA MOTOK, HallpaBICHHLIA Ha ceBep, 0OeCIeTnBacT IEPEHOC IPECHBIX PEUHBIX BOA K BHEITHEH
30HE Iebda.

[loTox Temna, moctynaronmit ¢ BojaMu peku JIeHE, oOecleunBaeT AOTOMHUTEILHOE TasiHIE JhJa B pe-
rmoHe Mops Jlanterix (10% mo cpaBHeHMIO ¢ BKIAJOM atMocdeprl). Hanbonbimue 3HaUEHUSI TeMIepaTypHBIX
aHOMaJHi, BEI3BAHHBEIX PEIHBIM CTOKOM, MOJCIMPYIOTCS B HETIOCPEACTBEHHOM ONM30CTH OT JETLTHL peku. Pac-
IIPOCTpaHEeHAE TUX aHOMAaNnii Ha mesb(e Mops JlanTeBBIX 3aBUCHT OT HAIIPABICHUS IUPKYJLSITHNA BOJBL B JIET-
HUll ce30H.

BaxHo, YT0 MBI IOy YW HOJOKHUTEIBHLIC aHOM AN TeMIEPaTy phl, 00y CIOBICHHBIE PEIHBIM CTOKOM,
B IPWJIOHHOM clloe Menb()oBol 30HLL [losiBreHnE OJNOXUTEIBHEIX aHOM AN TeMIlepaTy phl MOXKET OKa3hIBaTh
BIMSIHAE Ha COCTOSIHHE cyOaxBalbHONW MEpIIOTHL. BimsHEE Telria, MOCTyaloInero B JCTHHI IIEPHOJ ¢ BOJAMHA
pexu JIeHE U pacIpoCTPaHsIOIETOCS. OCEHBIO BJIOJE TOOEPEXDsI B IPHJOHHOM CJIO€, Ha TEIIOBOM peXuM JIOH-
HEIX OTIOKCHUH B paffoHe JENBTH ObUIO HOJTBEPKICHO YHCICHHBIMH pacueTaMu. Jlerpajarnusi BEpXHETO ClIOs
cyGakBaIbHON MEP3IOTHl MIPOUCXOUT Hambosee OBICTPO B MpHOpE)HOM 30HE menbda U B palfoHax, mo/aBep-
KEHHBIX BIMSIHUIO PEIHOTO CTOKA.
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