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JTUHAMUMKA BOJHOM MACCHI MEP3JIOTHOM 30HBI
CPEJHEN CUBUPHU IO JAHHBIM TPABUMETPUYECKON
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I'paBumerpudeckas chemka GRACE npuMmeHeHa 11 aHamn3a aHOMaJIMi BOJTHOTO 3KBHU-
BajieHTa Maccsl (ABOM) B kpuonuroszone Cpenneit Cubupu. Bapuamun ABOM cBsi3aHbl
C OcaJIkaMHM, TeMIIEpaTypoil Bo3ayxa, MOTEHIIMAIBLHON 3BaNOTpaHCIIMpaIed 1 COCTaBOM
(IpeHHpPOBaHHOCTHIO) MOYBOTPYHTOB. B nuHamuke ABOM BbIAensOTCS ABa MEepHOA:
2003-2008 tr. — momoxkuTenbHEIN TpeHn ABOM, u 2008-2012 rr., xorma Ha OoJbIIei
YaCcTH TEPPUTOPHH MPOUCXOIMIIO CHIDKEHHE BEIMYMHBI TPEH/Ia C OJHOBPEMEHHBIM BO3-
pacranueM (Ha 30—70 %) nucnepcuu ABOM Ha done pocta (10 40 %) BapuabensHOCTH
ocaakoB. CKOpOCTh HapaCTaHHUA BOJHON Macchl MOJOKUTEIEHO KOPPETUPYET C CoAepKa-
HUEM TIeCKa U TpaBus B MoUBOrpyHTax (+ = (0.72) M OTpHULIATENBEHO C COEPIKAHUEM TITHHBI
(r =-0.69...—-0.77). Inst m-oBa TaliMbIp yCTaHOBJICH AS(PHUIUT OCTATOYHON BOIAHOMN Mac-
col (~250 MM 3a mepuoxa 2003-2012 rr.), 9TO yKa3bIBacT HA BO3pACTaHUE TIIyOMHBI OT-
TaWBaHUs MOYBOTPYHTOB. B 30He CpenHecnOUpCKOro IiIaTo HHAMKATOPOM BO3pacTaHUS
TasHUS BEYHOW MEP3JOTHI (M YBEITMYEHHUS MOIIHOCTH aKTHBHOTO CJIOS) CIYXHUT 3HAYH-
MBI TpeHN yBenmueHusi BomHOW Macchl (mepumoxn 2003-2008 rr.). YcraHOBIIEH TpeHI
pOCTa CTOKa BEMTUKUX CHOMPCKUX pek — Ennces u Jlens B Teuenue 20032012 rr.

Kmiouesvie cnosa: xpuomurosona Cubupu, rpaBuMerpuucckas cbemka, GRACE, TastHue Mep3i0ThI.

PACS 93.85.Hj, 92.40.-t

BBenenmne

30Ha MHOTOJIETHEMEP3JIbIX TPYHTOB, B KOTOpPOil pacmonoxeHo 6oixee 60 % Tepputopuu
Poccun, ocobeHHO uyBCTBUTENBbHA K HW3MeHEHUsIM Ttemmneparypsl |Callaghan, Jonasson,
1995]. B stoit yactu Poccuu B mocienHue 4eTeipe ASCATUIICTHS HAOIIOAAIC POCT TeMIiepa-
Typsl Mep3ibiX rpyHTOB Ha 0.3-2 °C [Romanovsky et al., 2010]. IIporHo3upyemsblii K KOHILY
XXI cronerust poct TemnepaTypsl Bo3ayxa B Apktuke Ha +7...+11°C npuBener k yBenuue-
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HUIO TIyOMHBI CE30HHOTO OTTAaMBaHUS M, CIEAOBATEIbHO, K YBEIMYEHHIO MOIIHOCTH Jef-
TETBHOTO CIIOSl, U3MEHEHUSM BOJHOTO OanaHca M yMEHBIICHUIO TUIOMIATU KPHOIUTO30HBI
[Walsh et al., 2005; IPCC, 2013; Sillmann et al., 2013]. lanHble MOIETHUPOBAHUS YKA3bIBAIOT
Ha BEpOsITHOE cokpaleHue kK KoHiy XXI B. ruioniaan BeyHoi Mep3noTsl Ha 37-81 % (Moxenu
RCP2.6 u RCP8.5) [IPCC, 2013]. YBenuuenue riaodanbHoi temmneparypsl Ha 0.5-1 °C npu-
BEJIET K JIeTpaJlalliu apealia MPepbIBUCTON U OCTPOBHOM Mep3ioThl B CHOUPH, a MOTETICHUE
Ha ~1.5 °C BBI30BET CYIIECTBEHHOE OTTAMBAHME 30HBI CILIONIHON MEp3JIOTHI Bbilie 60° C.II.
[Vaks et al., 2013]. TasHue MEP3IIOTHI COTMPOBOXKIACTCS HHTEHCH(DHUKAIMEH COMUGITIOKIINA 1
TEPMOKAPCTOBBIX MPOIIECCOB, YTO TOBIHUSAET HA HHPPACTPYKTYPY MPOMBINIICHHBIX 00BEKTOB
Cubupu, BKiIO4ass HeTerazoBble KOMIUIEKCH [AHucumos, Penesa, 2011]. CyuiecTtBeHHO
TaK)Ke, YTO MEP3JIOTHAS 30HA SIBJISIETCS TUTAHTCKUM «emnoy» yraeposa (1400-1800 I1r), smuc-
CHUsl KOTOPOTO B BHJIE TAPHUKOBBIX T'a30B C POCTOM TeMIIEpaTyphbl BO3IyXa BO3PACTET, YCKO-
psist u3MeHenue knumara [Koven et al., 2011; Shuur et al., 2013; Vaks et al., 2013].

['eorpaduueckuii Macmtad KpHOIUTO30HBI TPeOyeT NMPUMEHEHHs] METOJOB AMCTAHIIMOH-
HOTO 30HIUPOBAHUS, BKIIIOUAs U3yYCHUE TUHAMUKH MEP3JIOTHOTO CJIOS M BOJHOTO OajaHca B
CBSI3M C M3MCHCHHUSMH KIIMMaTa. B 3TOM HampaBiIeHWH JOCTUTHYT Psjl YCIIEXOB HA OCHOBE
npumeHenus: cyTHUKOBoM TpaBumerpun (GRACE, Gravity Recovery and Climate Experi-
ment). Ananu3 marepuanoB cbeMkd GRACE mo3Bonuin 3adukcupoBaTh 3HAUUTENBHOE CO-
KpallleHue BOJIHOM MaccChl B JIGMHUKAX apKTUYECKON W aHTapkTuueckou 30H [Chen et al.,
2006; Gardner et al., 2011; Barletta et al., 2013]. B mep3notHo#t 30oae Cubupu 1Mo JaHHBIM
GRACE BbIsiBIEHBI J1Ba PETHOHA C TOJOXKUTENBHBIMU TPEHIAMH BOJIHOW Macchl [Steffen
etal., 2012]. P.P. Mackert u B.E. Pomanosckuii [Muskett, Romanovskii, 2011a] moka3amnmu,
YTO JUISl BO3BBIIICHHBIX TEPPUTOPUN B 30HE BEUHON MEP3JIOTHI HAOIIOMAIOTCS TOJIOKUTEIIb-
HbIe TpeHAbI BoAHOM Macchl U CO,, B TO BpeMs Kak B HU3MHAX TPEHIbI MAcChl M BO3pacTaHue
CO, — otpuniatenpHbie. B 30He 0CTpOBHOI Mep3n0ThI OacceitHa p. JIeHa ycTaHOBIIEHO Hapac-
TaHHUE MaCChl MOA3EMHBIX BOJ [Velicogna et al., 2012]. Ananoru4Hoe siBieHue 0OHAPYKEHO
JUTS TIOJ3EMHBIX BOJ apKTHYECKOTO TToOepekbs AJISICKH, B TO BpeMs Kak B Oacceiine p. FOkoH
OTMEUYCHO MajieHue BOAHOU Macchl [Muskett, Romanovskii, 2011b].

Llenp maHHOM pabOTHI — aHANHM3 AaHOMAIH BOJAHON Macchl B KpuoiutozoHe Cpenneit Cu-
Ooupu 1o Matepuanam rpaBumerpudeckoi cheMkn GRACE. Pemanuce cienyrommme 3a1a9u:

1) KakoBa nuHaMuka BOJHOW MaccChl?

2) EcTb 11 CBsA3b MEXAY JUHAMUKOW BOJHOM MacChl U KIIMMATUYECKUMU IEPEMEHHBIMU?

Hcnoab30BaHHbIE JaHHbIE H MeTOAbI HCCJIEeJOBAHHUS

Oo0vexkm ucciedosanus

HccnenoBanack ceBepHas dyacth Cpenneir Cubupu (Tpamenus Miomaabio ~ 5.3-10° KMZ),
6osee 90 % KOTOpOI pacmonokeHo B Mep3aoTHOU 30He (puc. 1). Knmumar pernona — pesko
KOHTUHEHTAJIbHBIA, CO CPEIHUMH 3UMHUMU M JeTHUMHU Temnepatypamu —40+20 °C u
+17£15 °C coorBercTBeHHO. ['0f0BBIE OCanku BapbupyioT OT 200400 MM Ha BOCTOKE 110
400-600 mm Ha 3amane, qocturas 700—-1000 mm Ha mumaro Ilytopana [Paxoseckas, /laswioos,
2001]. bonbmias yacTh TEPPUTOPUHN paCIIONOkKeHa B Tipenenax CpeaHecHOMpCKOro MmioCcKoro-
pps 1 iaro Ilytopana; nepenan BeicoT — oT 150 1o 1700 M Hax yp. mopsi. Ha ceBepe neco-
MOKPBITOW TEPPUTOPUH TOMHUHHUPYET JducTBeHHUUa (Larix sibirica, L. dahurica); neca ora u
I0r0-3arajia MpeicTaBiIeHbl CMEIIaHHBIMU IPEBOCTOSIMH, C(OPMUPOBAHHBIMH JIMCTBEHHHULIEH,
cocHoit (Pinus silvestris), xenpom (Pinus sibirica), muxtoit (Abies sibirica) ¢ TIPUMECHIO €1
(Picea obovata) n MENTKONHCTBEHHBIX MTOPO/I.
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Junamuxa 600noi maccel mepznomuoi 30l Cpednei Cubupu... 55
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Puc. 1. Kapra paiiona uccienoBanuii ¢ BbliesieHHBIMU 30HaMH (1—11) ycIIoBHO 0THOPOIHBIX aHOMAIHK BOJHOM
Macchl

1—4 — wmepznotHble 30HH (10 [Brown et al., 2001]): I — cunmomHas; 2 — mpephIBUCTas; 3 — MACCHBHO-
OCTpOBHAs; 4 — OCTPOBHAS M PEAKO-OCTPOBHAS

Ananus éoonou maccol

V3MeHeHHs BOJHOM MacChl aHAJM3WPOBAINUCH 110 TPAaBUMETPHUECKUM JAHHBIM CITyTHHKA
GRACE 3a mepuoz ¢ 2003 1o 2013 . ¢ IpOCTPaHCTBEHHBIM pasperreHneM 1° (~112x44 kv’
Ha mupote 66°), oOpaboranHsle (uiabTpoM [aycca ¢ oxkHOM 200 KM, HOJyYeHBI C caiita
http://grace.jpl.nasa.gov. Marepuanbl CbeMKH MPEICTABISIOT MECSYHBIC aHOMAJIHH BOJIHOTO
sKkBHBasIeHTa Macchl (ABDM) oTHOcuTenbHO 6a3oBoro nepuoja ¢ ssuaps 2004 r. nmo aexadbpb
2009 r.; equHALBI ©3MEPEHHsI — CAHTUMETpPBI. J{aHHBIE COMPOBOKIAIOTCS OIEHKAMH OMIMOOK
U3MEpPEHUil, B KOTOPBIX yuTeH 3(PPEKT MOAHATUS 3eMHONU KOPBI B MOCIEIICAHUKOBBINA MEPHOA.
Hcnonp3oBanbl KOOPPHUIMEHTH MacCIITAOMPOBAHUS ISl BOCCTAHOBJICHHSI CHUTHANA, OCIa0-
JIEHHOT0 B pe3yibTare ¢unbrpauuu [Landerer, Swenson, 2012]. O6paboTka Benach B Ipo-
rpammHbix makerax Erdas Imagine (http://geospatial.intergraph.com) u ESRI ArcGIS
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(http://www.esri.com). Metonom ISODATA [ERDAS Field Guide, 2005] BbIA€IICHBI 30HBI
YCIIOBHO OJHOPOJHBIX ([laiee — OJHOPOIHBIX) aHOMAIH BOAHON Macchl. OTHOPOAHON CUH-
Tajlach 30HA, B MMpeJiesiax KOTOPOH MUKCEIN UMEN CX0XKKe BpeMeHHble cepun ABOM. Bxon-
HBIMM NapameTpaMu npu kiactepusanuu MmeroaoM ISODATA sBisuinch MakCUMallbHOE KO-
JUYECTBO CO3/IaBaeMbIX KJIACCOB, KOJIMUECTBO HTepanuidi u nmopor cxoaumoctu (20, 99 u 0.99
COOTBETCTBEHHO).

OreHka BETMYMHBI CTOKA, O0YCJIOBICHHOTO TasHUEM MHOTOJIETHEMEP3JIOTHOIO CJIOSI, BbI-
MOJIHSJIACh MO cieayrouieil MeToauke. PaccunThiBanach pa3HOCTh MEXTy MaKCUMaIbHBIMU (B
NEepUoA C MapTa MO HIOHb, T.€. B MAKCUMyMe HAKOIUICHHUS TBEPIBIX OCAJKOB) BEIMYMHAMU
ABDM Ttekymiero roja 1 MUHAMAaJIbHBIMHE (32 aBTyCT—OKTAOpb) BemmunHamMu ABOM npenbi-
OylIero rojga. 2Ta BenuuuHa (A+) COOTBETCTBYET CyMMapHOW HAKOIUICHHOW 3a XOJOIHBIN
nepuox BoaHoW Macce (My,). [anee Bwuucasiiach pa3sHOCTh (A—) MEXKIYy MaKCUMyMOM
(c MapTa Mo WIOHB) U MUHUMYMOM (aBTyCT—OKTsI0ph) ABOM Tekymiero rona. Bennunna (A-)
paBHa M, TUTIOC U3MEHEHHE BOJIHOM MacChl 3a TUAPOIIOTUYECKUH TO B IIpeiesax JaHHOU 30-
HBI (ocTaTouyHas BoAHast macca, W,.). W,. paBHa pa3Hoctu [(A+) — (A-)], T.e. rTOOUYHOMY U3-
MEHEHHIO BOJHOW MaccChl B MouBOrpyHTax (W), 3a00710UE€HHBIX TEPPUTOPHUAX B OSCCTOUHBIX
o3epax (W)):

Wae = [(A+) = (A)] = Wi + W

JluHaMuKka BOJBI B MOYBOTPYHTAX OMPEACISACTCS NMPEHUMYIIECTBEHHO TUHAMUKON TasHHS
MEp3JI0THOTO cjo0s. Bapuanuu ctoka pek B mpezenax UCCielyeMbIX 30H B IIEPBOM MpUOIH-
KEHUM HUBEIMPYIOTCS, TMOCKOIBKY peuyHas CHcTeMa B IpelaeliaX BCeX 30H HE3aMKHYTa
(T.e. HET 3HAYUTENIbHBIX OECCTOUHBIX BOAHBIX PE3EPBYAPOB, CBSI3aHHBIX C PEUHOM CETHIO).

Knumamuueckue nepemenHble

[Tomecsunbie knumatudyeckue ganuble (CRU TS 3.21) mnomyuensl ¢  caifra
http://badc.nerc.ac.uk [Harris et al., 2013]. UcxogHoe mpocTpaHCTBEHHOE paspenieHue 0.5°
npeoOpa3oBaHO K paspemieHuo B 1° mis cormacoanus ¢ gaHHbIMH GRACE. [lnsa xaxnaoin
30HBI PACCYMTAHBl BDEMEHHBIE CEPUU CPETHUX TEMIIEpaTyp U CyMMapHBIX OCaIKOB (pucC. 2) U
noTeHIanpHou sBanorpancnuparuu (PET). Ctatuctudeckuii aHaaus MPOBOJAMIICS B MTAKETaX
Statsoft Statistica (https://www.statsoft.ru) u Microsoft Excel (http://office.microsoft.com/en-
us/excel).

Kapmoczpaguueckue mamepuanoi

B uccienoBanny ncnonab30BaHa KapTa KPUOIMTO30HBI, OTOOpaKaroias MPaHULIbl CILIOUI-
HOM, MPEPHIBUCTON, MACCUBHO-OCTPOBHOM U PEAKO-OCTPOBHOM 30H (cM. puc. 1) [Brown et al.,
2001].

s ananmmsa cBsizu ABDOM ¢ mapamerpaMu MoYBOTpyHTOB MpUMeHeHa kapTa Harmonized
World Soil Dataset [FAO..., 2012], npencrasistomias coboit I'IC-cnou u 6a3y JaHHBIX C
IPOCTPaHCTBEHHBIM pasperieHueM 30 c. [IpeHax oToOpakeH CeMbIO YPOBHSIMH: OUYEHb Clla-
ObIi, c1a0bli, HEIOCTATOYHBIN, YMEPEHHO XOPOIIHA, XOPOIIUNA, OTHOCUTENHHO U30BITOYHBIH,
n30bITOUHBIH. Ha OCHOBE yKka3aHHOW KapThl AJS KaKIOW M3 OJHOPOJHBIX 30H (CM. puc. 1)
paccuMThIBalCS CPeIHUN YPOBEHb JPEHaXKa, a TaKXKe MPOLIEHTHOE COAep KaHHue T'paBus, Iec-
Ka, TnuHbl U wia ang BepxHero (0-30 cm) u HmwxkHero (30-100 cm) cinoeB rpyHTa. AHanu3
CBs3€l mapaMeTpoB OJJHOPOJIHBIX 30H C apaMeTpaMH T'PYHTOB BBINIOJHEH HA OCHOBE perpec-
CHOHHBIX MOJIEJIE U METOJOB PEIIAIOIINX JAepeBbeB [DnekTpoHHbIN..., 2012]. Knaccsl Ha-
3eMHOT0 TOKpOBa OMNPENEISUIUCH M0 KapTe pacTuTeslbHOCTH EBpa3uu (mpocTpaHCTBEHHOE

I'EOOM3NYECKUE ITPOLIECCBI 1 BUOCDEPA 2014 T.13 Ne4
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paspemienue 1 km; http://terranorte.ru) [Bartalev et al., 2004]. Ins onenku cBsizu ABOM
¢ penbe)OoM MECTHOCTH (KPYTHU3HOM CKIIOHA) MpHMeHeHa IMdpoBas mMoxens peibeda Aster
GDEM c pazpemennem 30 m (http://gdem.ersdac.jspacesystems.or.jp).

Pe3syabTarsl

Munamuxka anomanuii 600HOI Maccol

B npenenax ucciienyeMoi TEppUTOpUU BbIAEAEHO 11 yCIOBHO OJHOPOJHBIX 30H JUHA-
Mukd ABOM (cM. puc. 1). 30HBI peacTaBiIeHbI IBYMs TPYIITIAMH, PACIIOI0KEHHBIMU TIpe-
UMYIIECTBEHHO B TyHIpe (30HHI 1, 2, 3, 5, 7, 11) nubo BHe ee (30HHI 4, 6, 8, 9, 10). 3ona 9
pacroyioxkeHa MPEeUMYLIECTBEHHO BHE KPHOJUTO30HBI. THUMHUYHBIE BpPEMEHHBIE CEpUU
ABDM npusenens Ha puc. 3. B nunamuke ABOM GonbslmmHCTBA 30H HabmronaeTcs JBa
nepuoza: noysoxurenbHbid TpeHa ¢ 2003 mo 2008-2009 rr. ¢ mocieayroniel cTabuiIn3amm-
el unu nageHueM (cM. puc. 3; Tabnuiy). B mocnennuii mepuos B 30HaX, pacrnoiaoKEHHBIX B
TyHApe (MCKJIOYas 30HY 5, IMHAMHMKa KOTOPOM ONpenessieTcss MPEUMYIIECTBEHHO CTOKOM
p. Enuceit), nabmonancs poct gucnepcun ABOM (Ha 30-70 %; o < 0.05). B ato xe Bpems
B yKa3aHHBIX 30HaX OTMEUEH HEraTHBHBIM TpeHJ MUHUMalIbHOU BennunHbl ABOM (kpome
30HBI 7, BKItouaromiei p. [Isscuna, 6onpiras yacth 0acceiiHa KOTOpOW HAXOAMTCS 3a Ipeje-
JIaMH ATOM 30HBI).

TpeHabl aHOMAJIHI BOAHOT0 SKBHBaJIeHTa Macchbl (ABOM)

2003-2008 rr. 2009-2013 rr. 2003-2013 rr.

No | Cxopocts CKopocTh CxopocTh

MM/TOJT MM/TOJT MM/TOJT
1 +9° 0.07 | 0.02 +1 0.00 | 0.49 -1 0.00 | 0.88
2 +20" 0.06 | 0.04 -35 0.05| 0.14 +1 0.00 | 0.88
3 +16" 0.12 | 0.00 -18 0.04 | 0.16 +1 0.00 | 0.63
4 +10° 0.39 | 0.00 +1 0.00 | 0.71 +4 0.20 | 0.00
5 +10 0.05 | 0.07 +6 0.01 | 0.51 +6 0.04 | 0.03
6 +11" 0.11 | 0.00 —4 0.01 | 0.45 +4° 0.04 | 0.02
7 +8 0.03 | 0.18 +14 0.04| 0.19 +6 0.03 | 0.05
8 +5 0.04 | 0.09 -12 0.07 | 0.07 +0 0.00 | 0.78
9 +4° 0.18 | 0.00 -7 0.04| 0.18 +117 028 | 0.00
10 +10" 0.06 | 0.04 +6 0.02| 0.36 +5° 0.05 | 0.01
11 +21" 0.06 | 0.04 -3 0.00 | 0.61 24 0.03 | 0.27

.
3HaunMEBIe TPEHIBI IPU YPOBHE 3HaUNMOCTH o, < 0.05.

Ipumeuanue. R — K03 PUILIMEHT TeTepMUHALINH AJIs1 ypaBHEHHUH JInHeHoW perpeccun ABOM 3a

COOTBETCTBYIOLINE IEPHOABI BPEMEHH.
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ABIM u napamemput nougozpynmoe

Cpasuutenbubiil ' MC-ananu3 300 ABOM u kapThl IOYB 110Ka3ajl, YTO HAPACTaHUE MACChI
BOJIbI B ieproa 2003—2008 rr. moj0KUTETbHO KOPPEIUPYET C COACPKAHUEM T'PABUSA B BEPX-
HeM (0-30 cm; = 0.73, a0 <0.02) u HuxHeM (30-100 c™m; = 0.72, o < 0.02) cnosix rpyHTa
(puc. 4, a). C conepkaHreM TJIMHBI HA0JII0AaeTCsl OTpULIATEIbHAS KOPPESIIUS (111 BEPXHETO
cnost ¥ =—0.69, o < 0.02; anst HkHero cinos r =—0.77, a < 0.02; puc. 4, 0).

CKkopocTh HapacTaHHWS BOJHOW MacChl BO3pacTacT C YBEIUYCHHEM KPYTH3HBI CKIIOHA
(a0 <0.005; puc. 5).

525 25

E 6

o A

2 201 R = 0.53 AN 20 A

g

o

S 15- 15 -

g R2=048

[=4]

5 10 1 Aﬁ A 10 &

;; A

g 5 A 5 A

§ A

o

(% 0 T T T T 0 1 1 1 1
0 5 10 15 20 25 0 5 10 15 20 25

CopepkaHue rpaBrsl B BEDXHEM

CopepXaHue TJIMHBI B HIDKHEM
crnoe rpyHTa, % 06.

cioe rpyHTa, % BeC.

Puc. 4. 3aBucHMOCTb CKOPOCTH HapacTaHHs! BOJHOW MacChl OT COAEPXKaHUS TPaBHs B BEpXHEM
cioe (@) ¥ TIIMHBL B HIDKHEM clioe (0) TpyHTa uccieayemoit repputopun 3a 2003-2008 rr.
Tpenas! 3HAUNMSBI — 00 < 0.02

K 25
E
;.;20- Q)
g
2 151 O
g
2
§ 10- o Q ¢
&
5
B 5
A OO )
8 R==0.62
o
g 0 1 T T 1
O
5 6 7 8 9 10

Kpyru3sa ckiiona, rpap.

Puc. 5. 3aBHCHMOCTH CKOPOCTH HapaCTAHUS BOJHOW MAacCChl HA UCCIIEAYEMOH TEPPUTOPHH OT KPY-
TU3HEI ckiioHa 3a 2003-2008 rr.
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Junamuka ABIM u knumamuueckue nepemeHHble

Tunuunas ce3oHHas quHamuka ABOM, TemnepaTypsl U 0CaKOB IPECTaBIE€HA Ha puc. 6.
Munumym ABOM HabmrogaeTcst B aBrycTe—OKTIOpe, MAaKCUMYM — B MapTe—Mae (T.€. B TIEPHOJ]
MaKCHMyMa HAaKOIIJIEHUS] CHEKHOM Macchl).
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Puc. 6. TunmuuHas ce3oHHas AMHAMMKa OCaaKoB, TemmepaTyp U ABOM s KpuHOAMTO30HEI
Cpenneit Cubupu

a — TyHapa (TunmgHo A 30H 1, 2, 3, 7 u 11); 6 — 30HBI, BKIIIOYAIOIINE JIeca U JIECOTYHIPY
(TurmmaHO 1715 30H 4, 5, 6, 8 1 10); 6 — 30Ha 9 ¢ ocTpoBHOI Mep3noroit. I — ABOM; 2 — cymmap-
HBIE OCAJKH; 3 — CPEAHUE TEMIIepaTypsl. Puckamu moka3aHsl CTaHAAPTHBIE OTKIOHEHUS

JlunamMuka ocTtaTo4HOM BOaHOHN Maccwl (W,.) mpenctaBieHa Ha puc. 7. OTpunaTeabHbIC
3HA4YEeHUS yKa3bIBAIOT HA YMEHBIIIEHHE MACChl BOJ MOYBOTPYHTOB. bananc octaTo4HOM Macchl
Juisl KpailHuX ceBepHbIX 30H (1-3, 11) 3a mepuox HabmrogeHuil orpuuateneH (—205 mm).
CpenHsisi cyMMapHasi OCTaTOYHasi Macca JIsl LEHTPAIbHBIX U IOKHBIX 30H (4-6, 9, 10) co-
cTaBisieT +74 MM.

Jnist 30161 10 (pacnosioskeHHOM MperuMyIecTBEHHO B npeaenax CpenHecuOupcKoro miaTo)
HaOJIr0/1aeTCsl OJIOKHUTENbHAST KOppensuus W, ¢ TONOBBIMHU U JIETHUMH OcCaaKamu (Kodpu-
ueHT paHroBoil koppensiuuun Crnupmena p = 0.83 u 0.78 COOTBETCTBEHHO) U OTPULIATEIb-
Hast — ¢ netHed PET (p = —0.68) u rogosoit PET (p = —0.63). OrpuuarensHas Koppensuus ¢
PET nabmionaercst Takxke aiist 30HbI 6 (p =—0.62).
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OO0cyxaenue

Bpemennasa ounamuxa 6000t maccol

B nepuon 2003-2008 rr. Bo BceX M3ydaeMbIX 30HAX HAOJIIOAJICS MOJOKUTEIBHBIN TPEHT
ABDM; Haunbounbiue BeMMYUHBI HAOMOMAMKCh B OacceitHe p. Jlena (3oHa 4) u cpeqHeM Te-
yennn Enmces u O6u (3oHa 9): +4 m +11 Mm/roa cooTBeTCTBEHHO. B mocnemyromme roapt
(2008-2012 rr.) B OOJNBIIMHCTBE 30H MPOUCXOIUIIO CHIKEHUE BEJTMUMUHBI TPEHA C OJHOBpE-
MeHHBIM cymiecTBeHHbIM (Ha 30—70 %) Bo3pactanuem nucnepcun ABOM, npoucxonusiiem
Ha (hone 3HaunTenbHOTrO (110 40 %) pocta BapuabeabHOCTH 0caaKoB. [lonoXuUTENbHBIE TPEH-
I6l BojiHOM Macchl B iepro 2003—-2008 rr. ais BepxoBbeB pek O0u u JIeHbI oTMeuanu Takxke
P.P. Mackert u B.E. PomanoBckuit [Muskett, Romanovsky, 2011a] u I'. Ctredpden ¢ coaBTto-
pamu [Steffen et al., 2012]. Junamuka ABOM yka3biBacT Ha YBEIUYCHHUE B TIOCIICIHEE JCCs-
TUJIETHE CTOKA BETMKUX cHOUpCcKUX pek — Enuces u Jlensl (cM. puc. 3), 94TO MOATBEpKAACTCS
npsMeIMu u3Mepenusimu [Shiklomanov, 2010]. Poct croka pek OTMEUEH TakKe Ha CeBepe
AmepukaHnckoro koHtuHeHta [Shiklomanov, 2010]. Bo3pactanue croka B KpHOJIMTO30HE
Cpenneit Cubupu 00yCIIOBICHO MPEUMYIIECTBEHHO YBEITUYCHHEM OCAIKOB (UTO MPOUCXO/IH-
70 BO Bcex 30Hax B nepuof ¢ 2003 mo 2008 r.), Hexxenu BEICBOOOAMBILICHCS IPU OTTaWBaHUU
MEpP3JI0THl BOJHOW MAacCoil. ITOT BBIBOJ COJAEPIKUTCS TAKXKE U B IPYTUX UCCIEAOBaHUAX (Ha-
npumep, [Vey et al., 2013]). B uenom Bo3pactanue BbIHOCA MPECHON BOJBI (U TETJIa) BO3ACH-
CTBYET Ha TEIIOMAacCCOOMEH M IUPKYJSIUIO BOJHBIX MAacC B apKTUUYECKUX MOPSIX, yCHIIUBas,
B YaCTHOCTH, TasHUE JIbJOB (CM., Hanpumep, [Nghiem et al., 2014]).

,ZIuHaJnuKa GOOHOIL MACCHL U COCIAB no460zpynmoe

[TapameTpsl MOYBOrPYHTOB CYIIECTBEHHO OMPENESIOT AUHAMUKY BOJAHOM MacChl: MEXIY
CoOJIep’KaHHEM B MTOYBOTPYHTAX MECKA U TPABUS U CKOPOCTHIO aKKYMYJTHPOBAHHS BOJTHOW Mac-
Chbl HAOJIOIAeTCs MOJIOKUTENbHAS KOPPEIALUs, TOr/1a Kak ¢ COJAEP>KaHUEM TJIMHBI — OTPHIIA-
tenbHast (cM. puc. 4). ddexr, oueBuaHO, 00YCIOBICH YPOBHEM JIPEHAXKA: TPABHI U MECOK
MO3BOJISIFOT MTOYBOTPYHTAM HAKaIUTMBATh BBIMAJAIONIYIO C OCaKaMH BIIAry, TOT/Ia KaK BBICO-
KO€ CoJiep KaHue TJIMHBI OJIOKUPYET MPOHUKHOBEHHE BOJIbI B TNTyOb MOYBOTPYHTOB. Ha CBS3b
BapHaOeTbHOCTH BOJHOW MAacChl C TOTJIOMIAIOMIEH CHOCOOHOCTBHIO IMOYB YKAa3bIBAM TAaKKe
Jlx. Pearep u [x. ®amurnuertu [Reager, Famiglietti, 2013]. C BBICOKOI JOCTOBEPHOCTBIO
(a0 <0.005) ycranoBieHa CBsI3b CKOPOCTH HAKOTUICHHSI BOJHOM MAacCChl C KPYTHU3HOU CKJIOHA
(cm. puc. 5). DddexT, BeposTHO, 00YCIOBICH CPAaBHUTEIBHBIM COCTABOM TOYBOTPYHTOB Ha
CKJIOHAaX M BBIMOJIOKEHHBIX MMOBEPXHOCTAX. B mepBoM citydae 3T0 IrpyHTHI ¢ 00Jjiee BHICOKUM
CoJlep’KaHHUEM IeCKa U TpaBHsl, TOrJa Kak JJi PaBHUHHBIX TYHJPOBBIX U JIECOTYHAPOBBIX
MPOCTPAHCTB TUMTUYHBI CIA00JPEHUPOBAHHBIE TTTMHUCTHIC IIOYBOTPYHTHI.

Knumamuueckue mpenovt u OuHaMuKa 600HOU MaACCobl

JluHaMuKa KIMMaTHYECKUX TMEPEMEHHBIX, BO3JACUCTBYIOIMX HAa COCTOSHUE MEP3JIOTHOTO
ciosi, pasnunyaercs nmo 3oHaM. Ecim B 30Hax, pacnosnoxeHHbix Ha Kpaiinem Ceepe
(m-oB TaiimbIp), TPEHI TEMIIEpaTyp U OCAIKOB IOJIOKUTENICH 32 BECh MEPHOJ HAOIOCHUH,
TO B OCTaJbHBIX 30HAX OH MOJIOXKHUTEJEH TOJIbKO JJI TEMIIEPATYPbI, TOr1a KaK TPEHJ| 0CaJKOB
cta”HoBuTcs otpunarenbHbiM ¢ 2008 1. (cM. puc. 2). Poct cpenHerogoBeix TeMmeparyp Ha
n-oBe Taiitmbip coctaBun 0.24-0.42 °C/rom, 4ro mpeBbIMIAeT TaKOBOH s ceBepa EBpazum
(0.17-0.28 °C/ron) [Muskett, 2013]. Ha Kpaiinem CeBepe HaOmt0onaICs TaKKe MOTOKHUTEIb-
HBI TpEHJ pPOCTa JETHUX U 3UMHUX 0CaJaKOB. VI3BECTHO, YTO BCIIEJCTBUE BHICOKON TEIJIOEM-
KOCTH BOJIbI JKUJKHE OCAJKU CIOCOOCTBYIOT OTTaMBaHHMIO Mep3/0Thl. Bo Bcex 30Hax, 3a uc-
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KItodeHreM 30H 9 u 10, HaOmrogaICcs TakyKe 3HAYMMBIA POCT BEJIMYMHBI TOTCHITHATBHOM dBa-
MOTPAaHCIIMPALUK; IIpU 3TOM Ha I-oBe Taimblp BennuumHa PET mpeBocxonwna BelMYuHy
ocankoB B 1.6—4.4 pa3a.

Bo3spacranne temneparypsl U OCaaKOB JOJDKHO OBLIO MOBJICYh YBEIMYCHHE TITyOUHBI OT-
TaWBaHUS MEP3JIOTHOTO CJIOSl, KOCBEHHBIM IOKAa3aTelieM KOTOPOTO SIBJISIIOTCS BEJIMYMHBI MU-
HUMAaJILHON U ocTaTouHO# (W,.) BOAHOW MacChl; BEJIMUMHA MOCICAHEH ONpeaensieTcs JuHa-
MUKON BJIard B TIOYBOTPYHTaX B OECCTOUHBIX BOJHBIX pe3epByapax. JleiicTBUTENBHO, Ha
n-oBe TaiiMblp HaOIIOJAICS TPEH YMEHBIICHUS MUHUMAJIBLHON M OCTAaTOYHON BOJHOM Mac-
CBI: 32 BeCh nepuoj HaOmoaeHuin aepuuur W,. coctaBmi ~250 MM. YMEHBIIICHHE BOJHOMN
Macchl YKa3bIBaeT Ha BO3pacTaHue IIyOMHBI OTTanBaHus MOYBOrpyHTOB Ha Kpaitnem Ceepe.

BozaeiictBue TasHus mMep3notsl Ha W,., OUYEBHIIHO, MAKCUMAJIbHO B 3aCyIUIUBBIC TOJIBI,
4yTO U HaOII0AaNoCh B 3KcTpeManbHO cyxoi 2010 r. OTMeTuM, 4To 3TOT Toj ObLT OJHUM U3
HanbOoJIee KAPKHUX 3a MMOCIICTHEE CTOJICTUE U COMPOBOXKIAIICS KATACTPOPUICCKIUMHE JICCHBIMU
MOKapamH.

Benuuunna ,I[C(I)I/II_II/ITa OCTaTOYHOM BOHHOI}'I Macchl MOKET OBITh MCITOIL30BaHa JJIA OICHKH
FJ'Iy6I/IHBI OTTauBaHHA MCP3JIOTHOI'O CJI0A; OJIA 3TOr0 HCO6XOILI/IMO UMCETHh JaHHBIC O BJIA’)KHO-
CTH IMOYBOI'PYHTOB U BCIIMUUHC (1)21KTI/ILICCKOI\/‘I 9BAIllOTPAHCIIUPpALU.

B 30Hax k 1ory ot n-oBa TaiimbIp Oananc BogHON Macchl 01M30K K HyIO (~+70 mm). On-
HAKO MHJMKATOPOM BO3PACTaHUS TasHUSI BEUHON MEP3JIOTHI 371€Ch CIYKUT 3HAUMMBIN TPEH
yBenuueHus: BoaHou Mmaccel (mepuoa 2003-2008 rr.; cm. puc. 3). B 3Tux 30Hax, BKIIOYaIO-
mmx CpenHecuOupCcKoe MIaTo M OOJBIIYI0 YacTh OacceitHa p. JIeHa, 3HAYMTEICH MPOICHT
JPEHUPOBAHHBIX MMOYBOTPYHTOB, CIIOCOOHBIX IMOIJIOIIAThH BBIMAJAIOIINE OCAJKU; MPU OTTau-
BaHUH MMOYBOTPYHTOB WX MOTJIOIIAIONIAst CIOCOOHOCTH Bo3pacTaeT. Kpome Toro, mpu orrau-
BaHUM €JIMHMIIBI JIEJOBOM Macchl 00beM BBICBOOOXKAAOMLIEHCS BOJbl cocTaBisier ~0.95, uto
TaK)K€ YBEJIIMYMBACT IMOIJIOMIAIONIYI0 CIIOCOOHOCTh rpyHTa. HakoHel, mpu 3aMopa’kuBaHuU
Je]l He MOJHOCTBIO 3aIMOJIHAET MOJIOCTH B MOYBOIPYHTAX, YTO MPU OTTAaUBAHUU TAKXKE yBEIH-
YHBAET CIIOCOOHOCTH MOYBOTPYHTOB CITY>KHTh PE3€pPBYapOM BOABI. DTH JAaHHBIC YKa3bIBAIOT
Ha BO3pacTaHue IIyOWHBI OTTauBaHMs (M yBeNIWYEeHHs aKTHUBHOro ciost) Ha CpeaHecubup-
CKOM I1aTo u B Oacceiine p. Jlena B mepuoa 2003—-2008 rr. Otmetum, uto @. Jlanaepep ¢ co-
aBTopamu [Landerer et al., 2010] Taxxe yka3plBaau Ha yBEJIMUEHUE aKTUBHOTO CIIOS TIPU BO3-
pacranuu BojHOM Macchl. Uto kacaercs nepuoaa ¢ 2009 mo 2012 r., To onpeaeieHHbIX BBIBO-
JIOB CJllelaTh HEBO3MOXHO BciencTBUe 3HauuTenbHO (Ha 30-70 %) Bo3pocuieil BeJIWYHMHBI
JIACTIEPCUU BOJHON MACCHI.

3akjaoyeHue

Ha ocHoBe naHHBIX rpaBuMeTpuH, nonydeHHbix co cnytHuka GRACE, yctaHoBieHo, 4To
B Kpuosinto3oHe Cpenneit Cubupu HaOIr0aI0TCS TIOCTOBEPHBIE TPEH Il U3MEHEHUs BOJIHON
Macchl B niepuog ¢ 2003 mo 2012 r. B 2003-2008 rr. Habmromancs MOJ0KUTEIbHBIN TPEH/T
ABDM c nocnexayromeid crabunuzanyel, 4To CBA3aHO C KOJMYECTBOM BbINAJIAIOIMIUX OCA-
KOB, TEMIIEpaTypOH BO3/lyXa, a TAK)KE BEIMYNHON MOTEHIUAILHOMN 3BAIIOTPAHCIIMPALIAH.

CKOpOCTh U3MEHEHHUS BOJHOW MacChl 3aBHCHUT OT COCTaBa IMOYBOTPYHTOB U peibeda MecCT-
HOocTU. CIOCOOHOCTH TOYBOTPYHTOB aKKyMYJIHPOBATh BOAY BO3pPACTAeT C YBEIUYCHHEM CO-
JEep>KaHUs TPaBUsI M YMEHbINIACTCS MPU YBEIUYCHUH CoJlep kaHus TIHHBL. [lokazaHo Bo3pac-
TaHHEe MTyOMHBI OTTaUBaHUS MMOYBOIPYHTOB Ha m-oBe TaiiMbip (¢ 2004 mo 2012 r.), na Cpen-
HECHOMPCKOM IIJIaTO M B BOCTOYHOM yactu Oacceitna p. Jlena (mepuog 2003-2008 rr.). Ycra-
HOBJICH TIOJIOKUTENbHBIN TpeHn cToka pek Enuceit u Jlena B mepuon Habmoaenuit (2003—
2012 rr.).
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Abstract. GRACE gravity data were used to analyze equivalent water thickness anomalies (EWTA) in
permafrost zone of Central Siberia. EWTA variations relate with precipitation, ambient temperature,
potential evapotranspiration and soil composition (drainage). Two periods of EWTA dynamics are
obvious: 2003-2008 (positive trends of EWTA) and 2008-2012, when decrease of EWTA was typi-
cal for the most of the analyzed territory along with increasing of EWTA dispersion (on 30-70 %) and
precipitation variation (on up to 40 %). Rate of water mass accumulation positively correlates with
content of sand and gravel in soil (» = 0.72) and negatively correlates with content of clay
(r =-0.69...-0.77). A deficit of residual water mass (~250 mm during the 2003—-2012) was revealed,
which indicates increase of soil thaw depth. Significant positive trend of water mass (during the 2003—
2012) indicates intensification of permafrost thawing in the Central Siberian plateau zone. Positive
trend of water runoff for the largest Siberian rivers — Yenisei and Lena — was identified.

Keywords: cryolithozone of Siberia, gravity data, GRACE, permafrost thawing.
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