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SESSION 7

Analysis of georadar data to estimate the distributions
of snow cover and peat deposits within the wetlands

'Sinyutkina A., ‘Rochev V.

' Siberian Research Institute of Agricultural and Peat - branch of Siberian Federal Scientific Centre of Agricultural
Biotechnology, Tomsk, Russia

? National Research Tomsk State University, Russia

E-mail: ankalaeva@yandex.ru

give accurate estimates of depth and features of genetic peat layer deposits, depth of mineral subsoil,

mean snow depth (Orlov TV et al., 2016, Karpov, DV Semenov, SP 2012, Lowry C. et al, 2009, Godio
A.,Rege RB, 2016, Mironchev AS et al., 2016). Georadar sounding makes it possible to isolate boundaries that
are well interpretable (for example, between the peat and the mineral bottom of the mire), but in addition there
is a number of difficult interpretation boundaries that determine the need to improve the GPR data processing
methods. The goal of the work is the development and approbation of algorithms for interpretation of GPR data
in conditions of wetlands, in particular, the marginal parts of the bogs with the contrast structure of the peat
deposit.

The study area is located within the southeast West Siberia plain in the interfluve of Bakchar River and
Iksa River (Middle Ob River watershed). GPR survey was conducted in the north-eastern part of the Great
Vasyugan mire near Polynyanka village in Tomsk region of Russia (N56°58' E82°36"). The study area include
typical Western Siberia pine-shrub-sphagnum, pine-shrub sedge- sphagnum ombrotrophic mires and swamp
forest with birch, aspen, Siberian cedar and spruce in the margin part of bog massive. The GPR surveys, which
covered a total distance of 2 kilometers, were conducted in March 2017. We employed GPR system “OKO-2”
(“Logical systems”, Russia) with 250 MHz and 700 MHz shielded antenna and displacement sensor. Measure-
ments were collected with a step size of 50 mm and the receiver set at a 24 ns (700 MHz) and 100 ns (250 MHz)
time window. We placed marks visual as vertical lines on radiograms every 50-100 m during the GPR surveys
to measure of snow depth, collected peat core and to binding high-altitude data. The marks, beginning and end
of GPR transect were located with GPS. Field data were collected in June 2017 to validate GPR data the depth
and properties of peat deposits. The data processing was carried out with the GeoScan32 V.2.6 software (Logi-
cal Systems, 2016) and assumed the following main steps: background removal by applying an average sub-
traction, using gain function to compensate for signal decay, zeroing of depth scale in accordance with the snow
and peat surface, identification of reflector depth representing the peat and mineral subsoil (clay) interface and
interface between the classes of peat, determination of dielectric permittivity and depth of peat layers.

Data processing was carry out on example of GPR transect within the pine-shrub-sphagnum mire from
margins to centre. The length of the transect is 450 m, the number of profile tracks is 9067. Contact measure-
ments are made at 6 points located 100 m along the GPR transect.

The survey results with the 700 MHz antenna were used to estimate the spatial distribution of snow cover
depth. Statistical analysis of GPR and contact measurements data of the snow depth within the main types of
bog microlandscapes using nonparametric criteria for comparing mean values did not reveal significant differ-
ences between the two independent data groups. The difference in the mean values for all survey objects be-
tween GPR and manual measurements data does not exceed 1 cm. This is much less than the error specified by
the manufacturer (10 cm). Four separate georadar complexes with a characteristic wave field distribution are
confidently distinguished on the radargram obtained with the 250 MHz antenna: snow; sphagnum and grass-
sphagnum fibric peat; hemic and sapric peat; mineral subsoil (clay and clay loam).

Thus, four georadar complexes are identified, corresponding to media with different values of the dielec-
tric permittivity as a result of the layer-by-layer interpretation of survey data using the 250 MHz antenna. The
700 MHz antenna was used to estimate the snow cover during the period of maximum snow accumulation. It
showed more accurate data in comparison with the 250 MHz antenna. The 700 MHz use is advisable for survey
of a peat deposit only in summer on shallow and complex structure peat deposits due to the low depth of sound-
ing and high accuracy. The boundaries of the selected georadar complexes with the data of contact measure-
ments are compared; a profile of the structure of the peat deposit and the mineral bottom of the mire is con-
structed. The high accuracy of the data obtained with the use of a georadar, confirmed by the convergence with
the data of contact measurements is revealed. As a result of the study, it was concluded that GPR methods can
be used in conjunction with contact measurements to estimate the snow cover depth distribution, to estimate
the thickness of the peat deposit and its genetic layers.

The Ground Penetrating Radar (GPR) is a promising method for studying of mire systems. GPR is able to
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eopajiapHoe MPOUITUPOBAHHE SIBIISETCS IEPCHEKTUBHBIM METOJIOM U3Y4eHHsI OOJOTHBIX CHCTEM, B IIep-

BYIO Ouepellb JJIsl BBISABIEHUS THA 0OJI0Ta M BEPTHKAIBHBIX 0COOCHHOCTEN TopdsiHo# 3anexu (Opios

T.B. u ap., 2016, Kaprios I.B. Cemenon C.II. 2012), onpenenenus ruaporeooTHIecKux mapaMmeTpon
(runpoctparurpadun) (Lowry C. et al, 2009), riyounsi cHera (Godio A., Rege R.B., 2016, Muponsues A.C. u
np., 2016) u np. ['eopagapHoe 30HIUPOBAHUE TTO3BOJSIET BBIACIATH TPAHUIIBI, KOTOPHIE XOPOIIO MOIAFOTCS
HWHTEpIpeTauy (HalpuMep, M1y TophoM 1 MUHEPATEHBIM THOM 00J0Ta), HO KPOME 3TOTO CYIIECTBYET PSII
CJIOKHO MHTEPIIPETUPYEMBIX TPAHUIL, YTO ONpPEAesieT HeOOXOMMMOCTh YCOBEPIIICHCTBOBAHUS METO/IOB 00pa-
00TKHM reopaiapHbIX JaHHBIX. L{enbio paboThl sBJsieTcst pa3paboTKa 1 arnpooaliyst aIropuTMOB HHTEPIPETAIIUH
JIAHHBIX T€OPaIMOJIOKAIINH B YCIOBHUSIX 3a00JI0YEHHBIX TEPPUTOPHIA, B YACTHOCTH OKPaWHHBIX YacTel BepXo-
BBIX 0OJIOT C KOHTPACTHBIM CTPOCHUEM TOP(SIHON 3aTIeIKH.

I'eopamapnas chemka npoBeeHa B Mapte 2017 B meprol MaKCHMaTbHOTO CHETOHAKOTUICHHS B Mpejienax
OKpanHHOM "acTu bakyapckoro 6010THOrO MaccuBa (MO30Ha IXKHOH Taiiru, 3anaanas CuOuph) ¢ UCTIOIB30-
BanueM reopagapa OKO-2. B nonesoii komruiekt reopagapa OKO-2 BXoauT 010K yrnpaBieHust 1 00paboTKH,
SKpaHUpPOBaHHBIC aHTeHHbIE 0J10Ku AB-250 MI'11 ¢ MakcuManbHOM TITYOUHOM 30HAMPOBAHSI 8§ M U pa3peliaro-
meit ciocobnoctrio 0,25 cM u AB-700 MI'11 ¢ rmyOuHOM 30HAMPOBAHKS 3 M M pa3peniaiieil CiocoOHOCThIO
0,10 M. O6mIas MPOTSHKEHHOCTD TeopalapHbIX MpoduiIeii cocTaBmiIa 2 KM s KaXKJI0TO aHTeHHOTO Ostoka. [Ipu
30HIMPOBAHUU HCIIONB30BAJICS MIAr cKaHMpoBaHus 50 MM Ui 000MX aHTEHHBIX OJIOKOB, YTO OOECHEeUnIIo
CPaBHUMOCTH PE3yJIbTaTOB MHTEPIIPETAIIMH TTOJyYSHHBIX pajaporpamM. PazsepTka o riryouHe cocTasisiia 24
He 1 100 He npu ncnonp3oBannu Ab-700 s AB-250 cootBeTcTBeHHO. BO Bpems 30HAMPOBaHUS YCTaHABIH-
BaJIMCh METKH, OTOOpaXKarolrecs Kak BepTHKaIbHbIE JIMHUN Ha pagaporpamMmax. Kaxmoll MeTke nprcBaunBa-
JIOCh YHMCIIOBOE 3HAYCHUE B COOTBETCTBHUH C TIOPSAKOM ITPOCTAHOBKHU. B mpezesnax kaxaoro npoguisi yctaHas-
nuBaeTcs 4-6 MpoMeKyTOUHBIX MeTOK depe3 50-100 M B 3aBUCHMOCTH OT MPOTSHKEHHOCTH MPOGMIIS U HEOTHO-
ponHOoCTH TOp(siHON 3anexu. [t TOUHON NPUBSI3KH Pe3yJIbTaTOB Te0PaHOIOKAIIMN UCTIONb30BAIICS AaTUHK
nsikenust JI1-32, kpome Toro, mpocTpaHCTBEHHAsI IPUBSI3KA Havaa, KOHIA TPO(UIIs M POMEKYTOUHBIX Me-
TOK TIpoBeJieHa ¢ ucnonb3oBanneM GPS npuemanka.

KoHTakTHBIE U3MEpeHUsl ITyOHHBI CHETra M 30HANPOBKA TOP(MSHO# 3aJ1€)K1 BBITIOTHEHBI B COOTBETCTBUH C
METKaM¥ Te0paapHoro mpoQuiIs IUIsi MPOBEPKH JIaHHBIX, TTOJYYSHHBIX C HCIIOJIb30BaHUEM Teopajiapa. Beicor-
Hasl TIPUBSI3Ka MPOGHIIS POBE/ICHA 110 JaHHBIM HUBEIMPHON ChEMKH MOBEPXHOCTH 00JIOTA C ONpeielieHHeM
BBICOT MOBEPXHOCTH Ha TOYKAX KOHTAKTHBIX U3MEPEHHI.

OO6paboTka W WHTEpIpeTalus JAaHHBIX TEOPAJTMOIOKAIMU TPOBEICHA C HCIIOIB30BaHUE TPOTPAMMBI
GeoScan32. TToaroroBka JaHHBIX K MHTEPIPETANN 3aKII0YAIacCh B YAAJICHUN MOCTOSHHOW COCTaBIISIIOIICH
cUrHaja (MHCTPYMEHT «yHaJeHUE CPEIHEro»), YCUIICHNEe CUTHANla B HIKHEH 9acTH npoduiisi, onpeeIeHun
HYJISL IIKaJTBl ITYOWH U n3MeHeHHuH penbeda npoduiist. OnpeneneHue Hyls IIKajbl TyOUH MPOBOIMIIOCH B JiBa
stana. Ha mepBoM 3Tarie HOMb MIKalbl yOUH YCTaHABIUBAJICS B COOTBETCTBHH C MIOBEPXHOCTHIO CHEXKHOTO
MOKpPOBa B MECTE OCIMJIOPAMMBI, TJIe aMIUINTY/a B NIEPBBIA pa3 NpUHUMAET HyJeBoe 3HaueHue. Ha Bropom
9Tare HOJIb KAl ITyOHH TIEPEHOCHIICS] Ha TOBEPXHOCTH TOP(SIHOM 3aJI€XkKU 10 PE3KOM YBEINYEHHIO aMILIH-
TY/Ibl CUTHAJIa TIPU TIEPEXo/ie B IpyTrylo cpeny. M3mMeHenune penbeda npoduiis BBIMONHSIIOCH TyTeM BBOJA KO-
OpIUHATBI Z ISl K&XKJI0H TPACChI C M3BECTHBIMU 3HAUYEHHUSIMH BBICOT B COOTBETCTBHH C IAHHBIMU HUBEIHPHOM
ChEMKH BJIOJIb JTMHUH MPOQuis. BeiieneHne 0CHOBHBIX 3JEMEHTOB reopaliapHOro mpoduis (reopaiapHbix
KOMILJIEKCOB) BBITIOJIHEHO 110 KOH(HUTYPAIMH, HHTEHCUBHOCTH M MPOTSHKEHHOCTH OCel CHH(a3HOCTH, 4acToT-
HOTO COCTaBa 3allMCH, CKOPOCTH pacrpoCTpaHeHus BOJHbL. ONpe/eneHne TUNEeKTPUIeCKOi MTPOHUIIAeMOCTH
Y pacyeT yOHH 3alieraHusi 1 MOITHOCTH CJIOEB CHETa ¥ TOPH30HTOB Top(a MPOBEICHO MyTeM COMOCTABICHUS
DIyOUH PacIioiOKEeHHUs TPAHUIL MEX/TY BbIIEICHHBIMHU T€0PaapHbIMU KOMIUIEKCAMU BO BPEMEHHOI! IITIKalle ¢
JIAHHBIMH KOHTAQKTHBIX H3MEPEHHIT Ha OMIOPHBIX TOUKAX.

[MocroitHas uHTEpHpeTaus TeopagapHbIX IpoduIieil paccMOTpeHa Ha IPUMEpe Pe3yJIBTaToB reopajap-
HOW ChEMKH, TIPOBE/ICHHOM 110 HAIIPABJICHHIO OT OKPAaWHbI K IEHTPaIbHOM yacTh bakuapckoro 6010THOTO Mac-
CHBa B TIpelellaX COCHOBO-KYCTapHHYKOBO-C(arHoBoro mukponanmmadra. J[nuHa npoduist cocrasiseT
450 M, komuuecTBO Tpacc npoduitst 9067. KoHTaKTHBIC H3MEPEHHSI BBIMIOIHEHBI Ha 6 TOUKAX, PACIIOIOKCHHBIX
yepe3 100 M BJ0Ib TeopaapHOro MpOQHIIs.
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SESSION 7

Ha pamaporpamme, momydeHHo# ¢ ucrnonb3oBaaneM Ab-250, yBepeHHO BBIICISIOTCS YETHIPE OTACTHHBIX
TreopagapHBIX KOMITIEKCa, MEIOMNX XapaKTepPHOE paclpeeNieHiue BOITHOBOTO Noist (pucyHKH 1, 2). IlepBoiid
KOMIIJIEKC COOTBETCTBYET CIIOI0 CHEXXHOTO TOKpOBa. [lJIsi HEro XapaKTepHBI BBITSIHYTHIE MapauICIbHBIE OCH
CcUH(A3HOCTH, HU3KOAMIUTUTY/IHBIE KOJIE€OaHNMS TIPSIMOTO CHTHAJA C TIOCTEIICHHBIM YMEHBIIEHUEM aMIUTUTY/bI
C HIYKHEH YaCTH CIIOA.

[y

Puc. 1. [paHuUbl reopagapHbIX KOMMEKCOB.

BepxHsis rpaHnIia BTOpOro reopagapHOro KOMITIEKCa COOTBETCTBYET IIOBEPXHOCTH 00JIOTA M TOCTATOYHO
YBEPEHHO BBIICISIETCS IO TPAHUIIE MEKIY OCSIMH CHH()A3HOCTH OEJIOT0 U YepHOTO I[BETA TP PE3KOM YBEIHYEC-
HUH aMIUTHTY/BI CUTHAJA. B mpenenax reopagapHOro KOMIUIEKCa HaOMIOMaeTCs MPAKTUIESCKH TTOJTHOE 3aTyXa-
HHUE CUTHAJA y €T0 HIDKHEH IpaHuIbl. B COOTBETCTBHYM C JAHHBIMU PYyYHOTO 30HANPOBAHUS TOP(SIHON 3aIeKU
BTOPO¥ Te0paapHbIil KOMIUIEKC COOTBETCTBYIOT CJIOIO C(harHOBOTO U TPAaBSIHO-C(HarHOBOTO BEPXOBOTO Topda ¢
HU3KOW CTETICHBIO pasziokeHus. [ paHuIa MeX Ty BTOPBIM M TPETHUM Te€OpaapHbIMUA KOMIUIEKCAMH HE YeTKas
1 BBIp2)KCHA HE HAa BCEM MPOTSDKECHUH pafgaporpaMMbl. KOMIUIEKE BRIAETACTCS O HE3HAYUTEIEHOMY YBEITNIe-
HUIO aMIUTATY/IbI CUTHAJIA TIPH TIepexo/ie B 0oiee TUIOTHBIN CIIoN TOp(hSHON 3aI€KH ¢ BBICOKOHW CTETIEHBIO pa3-
JoxeHus. YeTBepThIi reopatapHbIid KOMIDIEKC COOTBETCTBYET OTIIOKECHUSAM MHHEpPAIBHOTO THa 00J0Ta, CIIo-
YKCHHOTO Ha TAaHHOM YYacCTKe TIIMHAMHM U CYyITIMHKaMu. [ paHHUIIa BBIICIACTCS M0 PE3KOMY YBEITHUICHUIO aMILIH-
Ty/bl CUTHaJIa ¥ I3MEHEHHIO PUCYHKA Oocell CHH(a3HOCTH Ha panaporpamMe. Kpome ananmsa u3MeHEHHE PH-
CyHKa oceil CHH(a3HOCTH U aHAIN3a H3MEHEHHS aMIUTUTY/] IPSMOTO CHTHAJIA Ha OCIILIOTPaMMe JUTSl yTOYHE-
HUS TPAHUI] Ha CJIOKHO MHTEPIPETUPYEMBIX YIacTKaX MPOQUIS NCTIONb30BaH HHCTPYMEHT «BBIJICIICHUE OTH-
Garomeii», ¢ MOMOIIBI0 KOTOPOTO BEITIOHACTCS BU3yaIH3alys H3MEHEHHS aMIUTHTYJL IIPH OTCYTCTBUH B pa3pe-
3¢ YeTKUX OTPaKAIOIMINX TPAHHII.
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Puc. 2. Pe3ynbTtaThl NOCNOMHOM UHTEPMpETaLMM reopagmorpamMMel: 1 — cHer; 2 — BepxoBom Topd € HU3KOM CTeNeHbIo pas-
TIOMKEHUS; 3 — NepeXOaHbIA U HU3UHHBINA TOpd C BLICOKOM CTENEHbIO Pa3NOoKeHUs; & — MUHeparbHoe JHO 6onoTa (FuHa).

JI71st OLIEHKH IPOCTPAHCTBEHHOTO PaCIpeIeleHHs BBICOTBI CHEXKHOTO IMOKPOBA MCIIOJIb30BaHbI PE3yJbTa-
ThI CHEMKH C TIPUMEHEHUEM aHTeHHOTO O110ka AB-700. B mporiecce nHTEpIpeTanuy pagaporpaMm OTMEUEHO,



YTO pa3BUTHE MOXOBOH M KyCTapHHYKOBOH PACTUTEIILHOCTH Ha OOJIOTAX JAENIAeT IPAHUILy MEXITY CHETOM H I10-
BEPXHOCTBHIO 0OJIOTAa Ha paJaporpaMMe MEHee YeTKOIl B CPaBHEHHHU C TPaBSIHBIMH COOOIIECTBAMU Ha MHHE-
pabHBIX TI0YBAX, YTO MOXKET MPUBECTH K HEBEPHOMY OIPEISNICHUIO ITPAHHL] MEXKTy T'e0palapHbIMU KOMILICK-
camu. 715 HCKITIOYEeHHs OOOHBIX OIIMOOK IPH OTPUCOBKE HIKHEH I'PaHUIBI CJIOS CHeTa HEOOXOIMMO COB-
MECTHOE HCIIOIb30BaHNE OCHMILUIOPAMM H pafaporpaMm nocie npeobdpasoBanus ['minbepra, ¢ TOMOIIBIO KO-
TOPOTO HANISIHO OTOOpakaeTcs TpaHMIa YBEIMYCHHS aMIUIUTY/Ibl CUTHAIA [P Iepexoe ¢ Oernoil 30HbI Ha
YepHYIO (PUCYHOK 3).

CTaTuCTHYECKHIl aHAIM3 TaHHBIX T€0paJapHOi ChEeMKH M KOHTAKTHBIX M3MEPEHHI CHEKHOTO TIOKpPOBA B
OCHOBHBIX BHJIaX OOJIOTHBIX MUKPOJIaHIIIA(TOB ¢ UCIOJIb30BAaHIEM HellapaMeTPHIESCKHX KPUTEPUEB CPABHEHUS
CPEAHMX 3HAYEHMIT He BBIABIII 3HAUMMBIX PasiIHM4Mi MEXTy IByMs HE3aBUCHMBIMH IPYIIIaMH JaHHbIX. PasHuma
CPEAHHX 3HAYCHUH 110 BCeM 00BEKTaM HCCIICIOBAHMSA MEXTy TaHHBIMH I€0paIHoJI0KAIH M PyYHBIX H3MEPEHHI
HE TIPEBBIIACT | CM, 9TO 3HAYUTENHEHO MEHBIIIE TIOTPELTHOCTH, YKa3aHHOH nmpousBoauTeneM (10 cm).

ol MM R e e e, R e e e =% Puc. 3. Cnoit cHera Ha pa-
' | [aporpamMme nocne Bbiae-
neHua orubaioLen (Ab-
700, 3a605104eHHbIN Nec,
[aTa cbeMKu 21.03.2017).

Takum 00pa3zomM, B pe3yabTare MOCIOHHON HHTEPIPETAIIMY JAHHBIX ChEMKH C HCII0Ib30BAHUEM aHTEHHO-
ro 6moka AB-250 BbiJeNieHbI YEThIpE TeOpaapHbIX KOMILIEKCA, COOTBETCTBYIOIINE CPEiaM C Pa3IMnYHbIMU
3HAUCHUSIMH JINDJICKTPUIECKON MPOHUIAEMOCTH. [l OIIEHKH BBICOTHI CHEKHOT'O MOKPOBA B MEPHOJ MAKCH-
MaJILHOIO CHETOHAKOIIJIEHHWS MCIIOJIB30BaH aHTeHHBIH 00k AB-700, mokasaBiuii 0ojiee TOYHBIE JAaHHBIE B
cpaBaeHIH ¢ AB-250. IIpu 3TOM B CBSI3M C HU3KOH TITyOWHON 30HINPOBAHUS M BRICOKOW TOYHOCTHIO, €TO HC-
MOJIb30BAHUE ISl ChEeMKU TOPQSIHOM 3aJeXkH 11e71eCO00Pa3HO TOJIBLKO B JIETHHH TIEPHOJ] HA MEJIKO3aJIeHKHBIX
yuacTtkax 00J0T. [IpoBeieHO COMOCTaBICHUE TPAHMIL BBIICICHHBIX I'€OpaJapHbIX KOMIUIEKCOB C JIAHHBIMHU
KOHTAKTHBIX U3MEPEHHUA, TOCTPOEH MPO(UiIb CTpOeHHS TOPDIHOM 3a1ekKu 1 MUHEPATIBHOTO HA 000Ta. BhI-
SIBJICHA BBICOKAsI TOYHOCTh JaHHBIX, MTOMYUYCHHBIX C UCIIOIb30BAHUEM reopajiapa, MOJATBEPIKIACHHAS CXOMMO-
CTBIO C JIaHHBIMU KOHTAKTHBIX U3MEpeHUii. B pe3ynbrare ncciieoBaHus C/IeaH BHIBOI O BOBMOKHOCTH MPHU-
MEHEHHsI METOJIOB F€OPaJIMOIOKAIINE COBMECTHO C KOHTAKTHBIMHU M3MEPEHHUSIMU JUUTSl OLICHKH PACTIPE/ICTICHUS
BBICOTBI CHEXKHOTO TIOKPOBA, a TAKXKE ISl OIIEHKU MOIIHOCTH TOP(MSHOI 3a1eXkU U €€ OTIACTbHBIX TOPH30HTOB.

Hccnedosanue 6bINOIHEHO 8 pAMKAX 20CY0apCmEenHo20 3a0anusi no meme «Paspabomrka memoouxu

9IKONL020-MENUOPAMUBHO20 MOHUMOPUHEA U 2EOUHPDOPMAYUOHHO20 MOOETUPOBAHUSL COCMOSIHUSL U

OUHAMUKU TAHOWADMHO20 NOKPOBA 3A00I0UCHHbIX MeppUmopuily (paspadbomka aieopummos

unmepnpemayuu OAHHbIX 2e0PAOUOTOKAYUL 8 YCIOBUSX 3aD0N0UEHHBIX MEPPUMOPULL) U NPU YACMUYHOU

¢unancosoit noddepaicke PODU 6 pamxax nayunozo npoexma Ne 18-35-00387 —mon_a (ananus
2e0PadapHbIX KOMNIEKCO8 8 NPeOenax OKpAunHOU Yacmu O0I0MHO20 MACCUBA).
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