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Pedepar. Crarhs mocCBsIlieHa SMIUPUIECKOMY aHAIHM3y PSAIOB CpeIHEMEeCsd-
HBIX KOHIIEHTpAIIUH MeTaHa B MPUIIOBEPXHOCTHOM cJI0€ arMoc(ephl ¢ IOoOaTbHOMI
ceTn ctaHiMii MOHUTOpUHTA. OHM QyHKIHOHUPYIOT B pamkax ['CA — [mobanbpHOi
ciyx0s1 atMmocheps! (GAW — Global Atmosphere Watch) — ox sarunoii Beemmup-
HOU MeTeoposorudeckoin opranusanuu (BMO). [lanabie HaX0AATCSI B CBOOOTHOM
Joctyne B MUpOBOM LiEHTpe AaHHBIX 1Mo mapHUKOBbIM razam ['CA/BMO (World
Data Centre for Greenhouse Gases GAW/WMO — WDCGG) Ha ero mHTEpHET-
pecypce https://gaw.kishou.go.jp/. Bpemennoi#i oxsatr — ¢ 1980x romos. Paccmo-
TPEHBI PSAJBl JaHHBIX ¢ 69 cTaHUUN, U3 KOTOPBHIX 22 CTaHIUU NPEACTABISIOT IIIO-
OanpHBI (oH. OcTaNbHBIC CTAHIINK — PerHOHaNbHBIC. Mccen0BaaIucy MHOTOJICT-
HUE TPEHbl KOHLIEHTPALUI U BHYTPUTOJOBIE (MEXMECSUHbIE) OTKIOHEHUS Cpel-
HEMECSYHBIX KOHIIEHTPALUHA OT MHOTOJIETHUX TPEHA0B. MHOTOJIETHUI TPEH] olie-
HUBAJICA C TIOMOIIBIO Psiia CKONB3SIIUX 12-MeCSIHBIX cpeqHux. s HCKITIoueHus
CHUCTEMaTHUECKHUX pa3INuuil B KOHLUEHTPAIUAX METaHa 3TU PAJBI «ITPUBOAUIIMCHY»
K psAy Ul BBICOKOLIMPOTHOHM apkTuueckod cranuuu Alert (82° 30° c.mr., 62° 21°
3.1.). AHaJaM3 TOKa3aJl, YTO MHOTOJIETHHUE TPEHIbl HEJIWHEWHHI (B TOM YHUCIE C
M3BECTHOM may30ii B pocte ypoBHel MeTana B 1999-2006 rr.), HO cXOmHBI Ha OOJb-
IIMHCTBE PacCMaTPUBAEMBIX CTaHIWN. VICKITIOUeHNsT — 6 PEeTHOHANBHBIX CTaHIIHH,
KBaJTU(UIIPOBAHHbIE KaK «aHOMAaJIbHBIE)» 10 MeTaHy. Bo3Mo)XXHAs mpuYrHaA aHO-
MaJbHOCTH — HAaXOXJIEHUE IOJ BIMSHHEM ONPEICTCHHBIX UCTOYHUKOB METaHa —
AHTPONIOTEHHBIX WIIM K€ €CTECTBEHHBIX. MHOTOJIETHHE TPEHIBl Ha OCTAIBHBIX
CTaHIMSI HE3HAUYMTEIHFHO OTJIMYAIOTCA OT CPEeIHETO TPEHIa JJIs II00aNbHBIX CTaH-
uid. Psipl BHYTpUTOmOBBIX (MEXMECSUHBIXK) OTKJIOHEHUH CPeHEMECSYHBIX KOH-
[EHTPAIMi OT MHOTOJIETHUX TPEHAOB /ISl MHOTHUX CTaHIIMN, 1a)Ke PacIOI0KEHHBIX
Ha OYEHb 3HAYUTENBHBIX PACCTOSHUAX APYT OT Jpyra, OOHapy>KMBAIOT BBICOKOE
KOpPETAILUOHHOE ¢X0ACTBO. OIHAKO OHO MPOSBIAETCS MPU ONTHUMAIbHOM BpEMEH-
HOM CIBHUTE OT 5 Mec. B HalpaBJIeHWH OoJlee paHHUX JaT 0 6 Mec. B HalpaBICHUH
Ooree mo3aHMX Aat. Pe3ynpraTsl aHain3a COBMECTUMBI C TIPEATIONOKEHUEM O TOM,
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YTO BHYTPHUIOIOBAasi U3MEHYMBOCTh KOHILICHTPALlMM METaHA yNpaBISETCS B 3HAYM-
TEJBHOW Mepe CEe30HHBIMH (DaKTOpaMu, CYIIECTBEHHO CBSI3aHHBIMU C IIUPOTOM,
CpeIu KOTOPBIX BEPTHKAIEHOE NIepeMENIBaHne B aTMOc(]epe U pa3pylieHne B TPO-
nocgepe B peakiusax ¢ ruipokcuiioM. CpeaHeKBaIpaTHIeCKie 3HAaYeHUS! BHYTPH-
TOZIOBBIX (MEXMECSUHBIX) KoJeOaHUil KOHIIEHTpalMy MeTaHa 3aMETHO 3aBHCST OT
mupoTel. UeM BhIIIe MUPOTA, TEM, B LeJOM, Oolblie 3HadeHne. MakciuManpHbIe
JIOCTUTAIOTCS B IIMPOTHOM TMosice 45-50° c.amn., a ganiee, K ceBepy, 3HaUCHUS yObI-
BaloT. Takol XapakTep BHYTPUTOIOBBIX KOJCOAHUU ypOBHS COICPKAHUS METaHa
BO3MOYKHO OOBSICHSIETCS B TOM YHUCIIE CYIIECTBEHHBIMH MEKCE30HHBIMH KOJICOaHU-
SIMHA aHTPOIIOT€HHBIX BEIOPOCOB METaHa B YKa3aHHBIX IIMPOTaX B CTPaHaX C pPa3BH-
TOM 3KOHOMMKOM, pacmonoxkeHHbIX B CeBepHOM AMmepuke u 3anaaHoil EBpore.
HccnenoBanne koppersiuii psAAOB BHYTPHUIOMOBBIX (MEXKMECSYHBIXK) KOJIEOaHUN
cpenHemecsunblx KoHueHTpauuii CHy u CO, mokaszasio, 4To NpH ONTHMAIbHBIX
BPEMEHHBIX C/ABHraXx OHM OBIBAIOT 3HAYUTENbHBIMH — okono 0.8. IIpuuem 370
HaOTIOIAeTCsl KaK Ha HEKOTOPBIX MOJSPHBIX CTAHIUAX, TAK U HA TPOMUIECKHUX. ITO
MOATBEPKAAET TPEANONIOKEHHE O TOM, YTO B (POPMHPOBAHMUHM BHYTPHTOAOBBIX
(MeXMecSYHBIX) OTKJIOHEHUH cozlep)KaHusl MeTaHa U TMOKCH]IA YITIepoa B MPHIIO-
BEPXHOCTHOM CJIO€ OT MHOTOJIETHUX TPEHIOB 3HAYUTEIBHYIO POJb UIPAIOT €CTe-
CTBEHHBIE CE30HHBIE OHMOTCOXHMHYECKHE W TE€O(PU3NIECKHE IPOLECCH —
BEPTUKAJIbHOE IIEpeMEIIBaHUe BO3ayXa, nonmomenus CO, Ha 3eMHOI [IOBEPXHO-
CTH, pa3pylIeHUs MeTaHa B Tponocdepe B peakHsixX ¢ THAPOKCUIIOM.

KiroueBnle cjioBa. Atmochepa 3eMin, MPUTIOBEPXHOCTHBIN CJI0H, METaH, JTaH-
Hbl€ MOHUTOpPHHTA, TIOOANBHBIN aHa N3, COBPEMEHHBIE KOHIIEHTPAIlUH, MHOTOJIET-
HUE TPEHbl, BHYTPUTOA0Basi K3MEHYUBOCTb, IIPOCTPAHCTBEHHBIE 3aKOHOMEPHOCTH,
KOPPESIIUOHHOE CXOACTBO.

BBepeHune

[MapuukoBomy 3¢ dekty Ha 3emiie Mbl 00s13aHBI, B OCHOBHOM, IISITH T'a3aM: BOJS-
HoMmy mapy H,O, mmoxcumy ymepoma CO,, merany CHy, 3akucu aszora N,O u
030Hy O3. MetaH, cocTaBisisi HE3HAUUTEIbHYI 4YacTb aTMOC(EpPHOro BO3AYyXa
(ceituac — okoJO 2 ppm), OKa3bIBAET MOIIHOE BO3CCTBUE Ha KiiuMar 3emid. [Ipu
BpemeHHoM ropuzonte 100 ner mis GWP (Global Warming Potential) B pacuere Ha
SIMHUITY BEIOpOca B aTMOc(epy MeTaH yCHINBaeT MapHUKOBLIHN d(DekT mpumepHO
B 30 pa3 adpdexTuBHEE, yeM yniekucisiii raz CO, (Myhre et al., 2013, p. 8SM-39).
Oxono 50% rnobaibHON TONOBOM 3MHCCHMM METaHA C 3€MHOM IMOBEPXHOCTH B
arMocdepy npuxoauTcs Ha anTpornorennsie ucrounukn (Kirschke et al., 2013), B
TOM YHCJIE PUCOBOJICTBO, )KUBOTHOBOJICTBO, TOpEHHE GHOMACCHI.

CucremMarnyecKue M3MEPEHHs CONEP)KaHUs MMapHUKOBBIX T'a30B B IPHIIOBEPX-
HOCTHOM CJI0€ aTMocdephl Hadanruch BO BTopoi mojoBuHe XX Beka — U.J1. Kumuar
¢ coTpynHukaMu B 1958 r. Hauan usMepars conepxkanue CO, HAa CTaHIIUM MOHUTO-
punra Mayna-Jloa (Cemenos, 2018), 4TO MO3BOIHIO BIOCIEICTBUH CIIENATh PSIIT
BakHbIX 3akimroueHuit (Keeling et al., 2005). C Tex mop ceTh CTaHITUH MOHHTO-
pHHTa, TIIe U3MEPSETCS CoJepiKaHne MapHUKOBBIX Ta30B B arMocdepe, crana rio-
OanpHOI. Ha MeXIyHapOoIHOM ypOBHE 3TH CTaHIHMH (PYHKIIMOHHPYIOT B paMKax
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I'CA — I'mobGameHoO# cmy)061 atMochepsr (GAW — Global Atmosphere Watch) —
ozt arusioit Bcemupuoi meteoponoruyueckoit opranuzamnuu (BMO). Ouu pacmono-
JKCHBI HA MaTepUKaX U OCTPOBAX B OKEAHE M XapaKTEPU3YIOT COAEp KaHHE ITAPHUKO-
BBIX [a30B B IIPUIIOBEPXHOCTHOM CJIOE€ aTMOC(EPHI.

JlaHHBIE CTAaHIIMOHHBIX HAOMIOAEHUH XpaHATCS B MHUPOBOM IIEHTpE JaHHBIX 110
napHukoBbIM razam ['CA/BMO (World Data Centre for Greenhouse Gases GAW/
WMO - WDCGG). Ha ero pecypce https://gaw.kishou.go.jp/ B Tom uucine pacmo-
JoXeHbl AaHHble 00 ypoBHsAX comepxanusi CH,, aHanmusy KOTOPBIX MOCBALICHA
JaHHAs! CTaTh4.

Hens narHON pabOTHI — MO MAHHBIM TOOATHEHON CETH CTAaHIIMH MOHHUTOPWHTA
I'CA o comepxaHMM MeTaHa B IMPUIIOBEPXHOCTHOM CJIO€ arMoc(epbl BBIIOIHUTD
M00aNbHBI aHaJIW3 COBPEMEHHOTO CONEPKAHWS METaHa B IPHUIIOBEPXHOCTHOM
CJI0€, MHOTOJIETHUX TPEHIOB U BHYTPUTOOBOIH U3MEHYUBOCTH.

[daHHbIe n meTOoAbI

B nmanHOl paboTe aHANMM3UPYIOTCS 69 CTaHIIMOHHBIX PSJIOB JaHHBIX O CPEIHEME-
CSIMHOM COJZIEp’)KaHMHM METaHa B NPHIIOBEPXHOCTHOM CJIoe aTMOCQepbl, IpeACTaBlIeH-
HBIX Ha pecypce https://gaw.kishou.go.jp/ (maHHBIE, HaxomsImuecs B OTKPHITOM
nocrytie, ckadansl 23.03.2020). MicxoaHble m3Meperns ObIIA IPOBEIEHBI Pa3IIHBIMU
KOJJIEKTUBAMH MCCIIEZIOBATENIeH B X0 M3MEPEHUH in Situ WK K€ TTOCIETYIOMETO
mabopaTOPHOTO aHamu3a MPoO BO3AyXa, OTOOPAHHBIX B CIEIHAIBHBIE €MKOCTH.
I'mobGanbHOE pachpejesieHue CTaHIMK Mmoka3aHo Ha puc. 1. HacTh 3THX cTaHIUi
— 22 cTaHIUU — OTHOCATCS K KaTeTOPHH TII00ABHBIX CTaHIUi. OHU MPEICTaBISIOT
rmobanbHOe (OHOBOE COJIEpIKAHWE METaHa, IMOCKOJIBKY HAXOIATCS BHE IPSMOTO
BIIMSIHUS OINIPENENICHHBIX MCTOYHUKOB 3Muccun CHy. Pansl ocTanbHBIX cTaHLMH,
PETHOHANBHBIX, XapaKTePU3YIOT PETHOHATIFHBIE YPOBHH U TPEH/IBI.
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Pucynok 1. I'mo6ansHOe pacnpeneneHie CTaHIMi MOHUTOPHHTA YPOBHS COACP)KaHMS TApHUKOBBIX
ra3oB, JaHHBIE KOTOPBIX 110 METaHy MCIHOJIb30BaHbl B JAHHOH paboTe; KpUTEpHit aHOMaTbHOCTH
PETHOHAIBHBIX CTaHLUH OyneT 00CyKaaThCs I03KE B ITOH CTaThe

Figure 1. Global distribution of GHG monitoring stations the methane data of which are used
in this work; the criterion for abnormality of regional stations will be discussed later in this article

B a10i1 pabote, ¢ UCTOIL30BaHUEM OMUCAHHBIX BHIIIC JAHHBIX, IPOBE/ICH aHa-
JIM3 COBPEMEHHOTO COAEPKAHUE METAaHA, MHOTOJIETHUX TPEHIIOB U BHYTPHUTOOBOU
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M3MEHYHMBOCTH COZIEPKaHUS METaHa B IMPHUIIOBEPXHOCTHOM ciioe arMochepsl. AHa-
T3 TPOM3BOAMIICS B COOTBETCTBUE C METOHOJIOTHEH, MPEJIOKEHHOW B pabdorte
(Cemenos, Ky3oBkun, 2019). [Ipu pacuerax ucmons30Bascs 36K IPOrpaMMHPOBa-
HuA R, cpencrBa xotoporo Haxomsarcs B cBobomHoM moctyme (The R Project for
Statistical Computing, https://www.r-project.org/). I[loBTopuM KpaTko OCHOBHBIC
METOAMYECKNE MOMEHTHI.

JlJ1s1 oLleHKM MHOTOJIETHUX U3MEHeHuH copepkanusa CH, i cTaHum nenons-
3yeTcsl €€ Ps CKOJIB3AIINX 1 2-MeCSYHBIX CpelHUX 3Ha4eHuit {B(n)}, MOCTPOCHHBIH
Mo UCXOmHOMY psny {A4A(n)} cpeaHeMecsSYHBIX KOHIIGHTpAIUl MeTaHa Ha 3TOH
craunuu. s maHHOTO Mecsina # 12-MecsiaHOe CpejHee BBIUNCISAETCS, HCXOI U3
3HAYeHHA B n-U Mecsll, 6 MpeNIecTBYIOMUX 1 6 TIOCIeAyIOMUX MecaleB. Borumc-
JICHWE TPOU3BOAMTCS, €CIIM BCE ITH MCXOJHbIC TaHHBIE B Hanu4uuu. [lpu Berdmcie-
HUU CPEAHEr0 3HAYEHWS 3a TEePBBIH M TOCIETHUN MECSIBl yYUTBHIBAIOTCS C
koa¢punmentom 0.5, a octanbHble — ¢ KO3 duuuentom 1.

s neneli cpaBHEHHSI MHOTOJIETHUX TPEH/IOB HAa Pa3IMYHBIX CTAHIIMSIX HCITOIb-
30BaJIICh HE HEMOCPEACTBEHHO psiabl {B(7)}, a UX aHAJIOTH — PSAbI, «IIPUBEICH-
HBIe» K penepHoil cranumuu Alert (82.5° c.mr.; 62.34° 3.1). 9TO HEOOXOIUMO TIO
CJIEIYIOIUM TPUYMHAM. B pa3HBIX TOYKax reorpaduueckoro mpoCTPaHCTBA HMe-
IOTCSl pa3NIniusl B YPOBHE aHTPOIIOTEHHOW 3MUCCHH MeTaHa B arMocdepy, CKOpo-
CTH €ro XMMHYECKOTO CTOKa M TIpoleccax IlepeHoca B Tpomocdepe. 1o
00yCJIOBITMBAET CHCTEMATHIECKUE PA3INIUs B YPOBHSX COJEPIKAHMS METaHa, KOTO-
pBIE TIPY OIIEHKE TPEHa [eIeco00pa3HO HCKITIOYUTD. J{JIs 9TOT0 s KakKI0W CTaH-
UM BBIUUCISIACH CPENHAS Pa3HOCTh 3HAaueHUU B(n) Ha cTaHmmu AJEpT W Ha
JIAHHOW CTaHIMK (KOHEYHO, 32 TE MECSIIBI 32 KOTOPbIE 3T 3HAYCHUSI UMEIOTCS IS
obenx crtaHIWii). 3aTeM dTa MOMpaBKa MpHOABIIACH K KOKIOMY JIEMEHTY psiia
{B(n)} nns nanHoit cranuuu. llomydeHHBI TakuMm oOpazoM psn Oyaer o0o3Ha-
4aThCA {B*(n)}. Brruncnennas monpaBka BIIOCIEICTBHU TAaK)K€ HCIOJIb30BaJIACh
JUTSL XapaKTepHU3aliyd CUCTEeMAaTHUECKUX Pa3IiYuil B YPOBHE CONEpKaHUS METaHa
Ha cTaHnuu Alert u Apyrux CTaHIUSX.

Br16op B 1aHHOM cilydae B Ka4eCTBE PENEpHOI CTaHIIMH UMEHHO cTaHuu Alert
HE MMEET KaKoro-IM00 CHeNHnaJbHOTO 3HAaYeHHs. JTa BBHICOKOIIMPOTHAS CTAHIINA,
OYEBHTHO, TPEACTABISACT TII00AIBHBIA (JOH U UMEET AOCTATOYHO MOJHBIHA PsIl AaH-
HBIX HaOmroneHn# (oHu BexyTes ¢ 1985 rona).

B npupoze Ha goNTOBpEeMEHHBIC U3MEHEHUSI COJIEPKAHUS METaHa B aTMochepe
HaKJIaJBIBAIOTCSl CE30HHBIE KonebaHus. Beap m ero sMmuccuu (€CTECTBEHHBIE U
AHTPOIIOTEHHBIE) C 3eMHOU IMOBEPXHOCTH B aTMOC]epy, U MIPOIECCH TOPU30HTAIIb-
HOTO MIepeHOCca U BEPTUKAILHOTO MepEMEIINBaHUsS, U THOCIH B PEaKIUsIX, B YacT-
Hoctn, ¢ ruapokcuioM (Kucenés, Kaponb, 2019) wumeror ce30HHBIC
cocrasisttortye. [loaTroMy, moMrUMO aHaIH3a MHOTOJIETHHX H3MEHEHUH BaKHO TPO-
M3BECTH OIICHKY CE30HHBIX KOJICOAHUH cofepKaHus MeTaHa. B nanHoi paboTe as
sToro ucnonbdyercsi psan {C(n)}, KOTOpBIA MNONMydYaeTcs BBIYMTAHUEM M3 psna
{A(n)} cootBercTBytomero psna {B(n)}. Pax {C(n)} xapakTepusyer BHYTPHIOAO-
BbI€, CE30HHBIE KOJICOAHMUSI.

Psaner {C(n)} mis pa3nuyHBIX CTAaHIUN CPaBHUBAIOTCS IO UX CPETHEKBaIpaTH-
YEeCKOMY 3HAYCHHIO (aHAJOT aMIUIUTYIBl KOJeOaHWH) W MO «ONTHMAIEHOMY»



https://www.r-project.org/

dyHoameHTanbHasa 1 npuknagHas knumaronorus, 3/2020

C/IBUTY BO BpeMeHH. Tak Il yrmopsiio4eHHOM Maphl psioB 0003HAYACTCS CIIBUT BO
BpPEMEHH Ha k MeCSIIEB BTOPOTO psijia OTHOCUTENBLHO TIEPBOTO, T.€. TIEPEX0l K PsLy
{C(n + k)}, npu xoTOpOM KOppeJsLHs PAOOB JOCTUraeT Makcumyma. [Ipu stom
MIPH TTOMCKE ONTUMYMa pacCMaTPHUBAIOTCS 3Ha4ueHUs k oT (-5) mo 6. [Ipu k& > 0 310
OyzeT Ha3bIBaTHCS CABUIOM Ha k MECSIEB MPOTHUB BpeMEHH (T.€. B HANpPaBICHUH
Ooree paHHUX 1ar), a ipu k < 0 Ha | k | Mecs1eB 110 BpeMeHH (T.e. B HalpaBlIeHUH
Oonee mo3mHMX naar). Takue OIEHKH ONTHMAJIbHOTO CIABHTAa MOXKHO JI€JIaTh HE
TOJIBKO B OTHOILICHUHU Maphl PSIIOB COACPKaHUS MEeTaHa, HO W JJIS Taphl PSAOB IS
Pa3HBIX T'a30B, HAIPUMED, JUIS Tapbl METaH-YIIEKUCIIBIH Ta3.

PesynkTatbl U 06CyXaeHue

Mnozonemuue mpenovt u adcoomule YypOEHU COOEPHCAHUA

Pesynbrarsl pacdera cpemHEero sl MHOTOJETHHX TPEHIOB, MPEJCTaBICHHBIX
psanamu {B *(n)}, s obansHbIX craniuid (GB, orpaxkaer mobansHoe hoHOBOE
M3MEHEHHUE COIEPKaHUS METaHa) U PErMOHaNbHbIX cTaHuuil (RB, oTpaxaet cpexn-
HEe PEeTHMOHAJbHOE HM3MEHEHHE COAEp)KaHWS METaHa) MPEACTABICHBI Ha pHC. 2.
MoskHo 3aMeTuTh, 4To KpuBble RB 1 GB BecbMa 0m3kH (pa3nuuust He MPeBOCXO-
AT 6 ppb), T.e. pernOHANbHBIE CTAHLIUU B CPEIHEM YKa3bIBAIOT HA TOT XK€ MHOIO-
JIETHUW TPEH] COMAEepKaHMsl MeTaHa, YTo M miobanbHble. CXONCTBO MHOTOJIETHUX
TPEHIOB COACP)KAHUS METaHa, BO3SMOKHO, OOBSCHIETCS OTHOCHUTEIBHO OBICTPBIM
IepeMelIMBaHueM METaHa B HIW)KHEHl arMocdepe M0 CPaBHEHHIO C BPEMEHEM
JKU3HU — BpeMsI IepeMEeLINBaHNs COCTABIAET He Ooee HeCKOIbKuX MecsueB (Emm-
cees, 2018; Kucenes, Kapons, 2019), a Bpems xu3nu — oxono 10 net (Voulgarakis
et al., 2013; Emucees, 2018).

3aMeTuM, YTO 3TOT TPEHJ| CYLIECTBEHHO HEIMHEHHBIH. B TOoM ymcne xoporo
3aMeTHa Iay3a B pocTe ypoBHel MeTana B 1999-2006 1T., Ha YTO yKa3bIBaJld MHO-
THe aBTOpPHI, cM., HanpuMmep, (Dlugokencky et al., 2009).

Ha puc. 2 hoHOM naHbI Takke MakCUMallbHble 1 MUHUMAaJIbHBIE HIMBHyalb-
HBIC OTKJIOHEHUS Ul CTaHIUH OT CPEIHETr0 U3MEHEHHs — IJIsl TII00aNbHBIX CTaH-
nuit or GB, a 11 pernoHanbHBIX cTaHIwil — oT RB. Pa3HocTh MakcuMansHOTO U
MUHUMAJIBHOTO 3HAUY€HUs] MHIWBUAYAJIbHOTO OTKJIOHEHHS COCTaBISAET I IVIO-
OanbHBIX cTaHLMH He Oomnee 12 ppb, a 1151 pernoHanbHEIX — B OCHOBHOM, HE Oornee
18 ppb, uro mpuMepHO cooTBETCTBYEeT 1% COBPEMEHHBIX 3HAYCHHH COICpPKAHUS
METaHa B MPUIIOBEPXHOCTHOM CJI0€ aTMOoCc(hepshl.

OnHako 111 HeOOJBIIOTO YKCiIa CTAHIMH OTKJIOHEHHUs Ooiee 3HaYnTenbHbI. MX 6:
Seretta, Southern Great Plains, Park Falls, Constanta, Tateno, Tae-ann Peninsulla. Mer
KBaNMM(HULMPYEM TH CTaHIIMHU KaK «aHOMAaJbHbIE)» [0 MeTaHy. Bo3MokHast mpryrHa
AQHOMAJIBHOCTH - HaXOXKAEHWE CTAHLUH IO BIUSHUEM OIIPEAEIECHHBIX HCTOYHUKOB
BEIOpOCOB MeTaHa. Ha puc. 3 mpencTaBiieHBl CpeIHHE MHOTOJICTHUE H3MEHCHUS
conepxannst CHy B ppb B IpUIIOBEPXHOCTHOM CI10€ aTMOC(EPHI LISl TPYIIIbl PEruo-
HaJbHBIX cTaHiui (RB, cMHWMIT IBET) M MHAMBUAYATbHBIE U3MEHEHUs! 17151 «aHOMaJb-
HBIX» PETHOHAJbHBIX cTaHUMi. Ha pucyHke BHIOHO, YTO OTKJIOHEHUS Ul TaKUX
CTaHILMI OT CPEIHETO BeCbMa CYIIECTBEHHBI. DTH CTAHIIUM MBI HCKITIOYaeM U3 1ailb-
HEHIIEero paccCMOTPEHUS.
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Pucynok 2. CpenHne MHOroleTHHE n3MeHeHust conepxkanus CHy B MpUTIOBEPXHOCTHOM clI0€
aTMocgepsl (ppb): KpacHbIH LBET — A1 TpyNIibl r1obanbHbIX cranuid (GB), a cunmii ner —
JUISL TPYIINIBI PETHOHANBHBIX cTaHui (RB); pa3HOCTh MaKCHMAaJILHOTO M MUHUMAJIBHOTO
WHIMBHUIYaJIbHOTO OTKJIOHEHUS JUIS CTAHIUH OT CPEHEro TPEH a 110 MX IPYIIe MOKa3aHa PO30BBIM
1 roxyOBIM ()OHOM COOTBETCTBEHHO

Figure 2. Average long-term changes in CH,4 content in the near-surface layer of the atmosphere

(ppb): red for a group of global stations (GB), and blue for a group of regional stations (RB); the

difference between maximum and minimum deviations for individual stations from the average
change for respective group is shown in pink and blue, respectively
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Pucynoxk 3. Cpennue MHOronetHue u3MeHeHus conepxanus CHy B IpUIoBEpXHOCTHOM clioe
aTMocdeps! (ppb) I TPYIIIEI pernoHANBHBIX cTaHmi (RB, cuHuii IBET) M MHANBHUyaIbHbIE
HU3MEHEHHUS 111 «aHOMAIIbHBIX» PETHOHAIBHBIX CTAHINH

Figure 3. Average long-term changes in the content of CH, in the near-surface layer
of the atmosphere (ppb) for a group of regional stations (RB, blue) and individual changes
for ‘abnormal’ regional stations

Pesynbrarel pacuera cucTeMaTHUECKUX pa3IM4YMi COJIepKaHUS METaHa Ha pac-
CMaTpUBAaEMbIX CTAHUMAX M BbLACIECHHOW craHuuu Alert mokazansl Ha puc. 4. Ha
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PHUCYHKE BHIHO, YTO HAa KOHTHHEHTAJILHBIX CTaHIUAX B CeBepHOt AMepuke U EBpa-
3UM, 0COOEHHO, B PErMOHAX C Pa3BUTHIM XO3AHCTBOM, MHOTOJIETHHE YPOBHH COAEp-
xanust CHy B OONBIIMHCTBE CIy4aeB 3aMETHO IMPEBBILIAIOT 3HAYCHUS HAa CTaHLMU
Alert. B lOxnoM nonymiapuu MHOTOJIETHHE YPOBHU coaepskanusi CH, MeHbIne, yem
Ha cranuuu Alert. C yObIBaHHEM IIMPOTHI OTIIMYMS CTAHOBSATCS Bce 3ameTHee. Bo
BHETPONMUYECKOH 30HE OHM A0X0AAT 10 152 ppb, uto cocrasnsieT npumapHo 8-9% ot
CpPEIHETO yPOBHS METaHa 3a BECh MHOTOJIETHUI NepHo/] HaOJIIOICHUH.

Bo3MoxHbIe TPUYMHBI TAKOH 3aBUCIMOCTH MHOKECTBEHHBI. JTO, B IIEPBYIO O4e-
penpb, Hamuue OONBIINX HCTOYHUKOB aHTPONOIEHHBIX BEIOpocoB MeTaHa B Cesep-
HOM TIONyIapuy, 9eM B FOKHOM, 9TO CBSI3aHO ¢ OOIMM 00jiee BHICOKUM YPOBHEM
pa3BUTHS XO3iHCTBAa. DTO CIPaBEUINBO, OJHAKO, U B OTHOIIEHHHM €CTECTBEHHBIX
BbIOpocoB. B IOkHOM momymapuu oxeaH 3aHmMaeT OOJNBIIYI0 YacTh 3€MHOU
noBepxHOCTH, YeM B CeBEepHOM TONyIIapWH, a OKEAaHHMYECKHE BBIOPOCHI MeTaHa
HEBEJIMKHU 1o cpaBHeHUIo ¢ HazemHbIMH (Ciais et al., 2013; Kirschke et al., 2013),
CpeIy HCTOYHUKOB KOTOPBIX €CTh, HAIPUMED, MOLLHbIE OOJIOTHBIE KOMITJIEKCHI.
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Pucynok 4. CucreMaTiHdecKie pa3indusi B MHOTOJIETHHX YPOBHSIX COCPIKaHHUSI METaHA HA CTAHIINU
Alert 1 Ipyrux CTaHIMAX

Figure 4. Systematic differences in long-term methane levels at Alert and other stations

BHympuzoooea;l UmMenuueocmo

BuyTtpuronoBeie (MeXMeCSYHBIE) KOJIEOaHUs COACpKaHUI METaHa Ha CTAHIINN
npencrasieHsl psaoM {C(n)}, C(n) = A(n) - B(n). beutn paccuuTaHs:

- cpenHekBaaparndyeckoe 3HadeHue {C(n)} B OTHOCHTEIbHBIX EIUHHIIAX, a
UMEHHO, TI0 OTHOIIIEHHIO K DTOW BEJIMUMHE JUIs cTaHImu Alert;

- ONITUMAJIBHBIN CIBUT 110 BPEMEHU OTHOCUTENILHO cTaHimu Alert (CM. BbIle —
pasnen «JlaHHbIe U METOMIBI»).

Pesynbrarsl npesicTaBieHb! Ha puc. S U 6.

Kak BugHO U3 puc. 5, cpeHeKBapaTniecKue OTKIOHEHHUS 3aMETHO 3aBHUCAT OT
mMpoThl. UeM BhIIE MIUPOTA, TEM, B IIeJIOM, OOJblie 3HaYeHHe. MakcuMalbHbie
JIOCTHTAIOTCS B ITMPOTHOM Tosce 45-50° c.mr., a nanee, K ceBepy, 3HaYCHHS yObI-
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BAIOT. AHAJIOTMYHAas 3aBUCUMOCTbH Obljla IOIy4€Ha paHee I YIJIEKUCIIOrOo rasa
(Cemenos, Ky3oBkun, 2019). Takoii xapakTtep BHYTPUIOAOBBIX KoJieOaHUI yPOBHS
COZCp)KaHHUsI METaHa BO3MOXKHO OOBSICHSIETCA B TOM YHCIIE CYILIECTBEHHBIMH MEX-
CE€30HHBIMHU KOJIEOaHUSIMH aHTPOIIOI€HHBIX BEIOPOCOB METaHa B YKa3aHHBIX HIMPO-
Tax B CTpaHax C pa3BUTON 3KOHOMMKOM, pacroioxeHHbIX B CeBepHOil AMepuke 1
3anannoi Espore.
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PucyHok 5. CpenHekBapaTHYeCKOe 3HaUCHHE BHYTPUTONOBBIX OTKIOHEHHH conepxxanus CHy
OT MHOTOJIETHETO TPEH/[a Ha Pa3JINYHbBIX CTAHIMSAX; 33 SIUHHUILY IPUHATO CPEIHEKBAIPATHIECKOES
3HaveHue At ctannun Alert (o0o3HadeHa GeTBIM KPyTroM)

Figure 5. Root-mean-square value of intra-annual deviations of CH,4 content from the long-term trend
at different stations; the unit is taken as the root-mean-square-value for the Alert station (indicated
by a white circle)

Pe3ynbrarhl pacuera onTUMaIbHOIO BPEMEHHOTO CABUTA JIJISl PA3TMYHBIX
CTaHIIMI M0 OTHONICHHUIO K perepHoi cTaHmuu Alert mpencTaBiIeHbl Ha puC.
6. Kak BugHO U3 pucyHka, Ha 60JbMHCTBE CEBEPHOTO MONTyIIApHs BHY-
TPUTOJIOBBIE KOJeOaHusi CUH(A3HBI — BPEMEHHOW CJIBUT 10 OTHOILICHHUIO K
ctanuuu Alert paBen 0. OgHako Aus psAa cTaHuui ymepeHHoOH 30HbI (30-
60° c.111.) 3Ha4eHHS ONITUMAJIBHOTO CBUTA OTPUIIATEIBHBI, T.€. «<METaHOBBIE
COOBITHS» HACTYNAIOT paHblle, YeM Ha craHiuu Alert. DTo, BO3MOXKHO,
OOBSCHSETCS 3HAYUTENBHON aHTPOMOTEHHOW KOMIIOHEHTOH BBIOPOCOB
MeTaHa B 3TOM LIHPOTHOM I105ICE, CE30HHOE paclpe/eieHne KOTOPOoi cyliie-
CTBEHHO HE COBMAJACT C CE30HHBIM PACIPE/ICICHUEM €CTECTBEHHON KOMIIO-
HeHTbl. OnTUManbHBIA CABAT BO BpeMeHH B HOxHOM mnosymapuu
MOJIOXKUTEJICH W B 1IEJIOM BO3pacTaeT ¢ yObIBaHMEM IIMPOTHI. ITO COBME-
CTUMO C TPEACTABJICHUEM O TOM, YTO BHYTPHTOJOBBIC KOJICOAHHS YPOBHS
coeprKaHus MeTaHa Ha cTaHIMsAX FOKHOro nosiymiapus B OCHOBHOM OIpe-
JIETISTIOTCST TIPOIIECCAaMU  BEPTUKAIBHOTO TEPEMEIIMBAHUS W Pa3pYILICHUS
ME€TaHa B PEaKIUsIX C TUAPOKCHIOM, CE30HHOCTh KOTOPBIX B 3HAUUTEIbHON
Mepe ONpeaesieTcs: UPOTO.

Jns CHy, xak u qis CO, (Cemenos, Ky3zoskus, 2019), psaner {C(n)}, xapaxre-
PHU3YIOIINE BHYTPUTOOBBIC (MEKMECSUHBIC) OTKJIOHCHUS CPEIHEMECIIHBIX YPOB-
HEeH COACpsKaHUsT MCTAHA OT MHOIOJICTHCTO TPCEHAA, MOrYT ACMOHCTPUPOBATH
BBICOKHE KOppEIAONU C YYETOM OITHUMAJIBHOI'O BPEMEHHOIO CIABUTA. I[JIH WO~
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CTpaIy ATOTO Ha pUC. 7 IPHUBEICHBI TaKWe PSIBI M1 TpeX cranmmii: Alert, Guam
u Easter [sland. DTu cTanuum pacnosioKeHbl Ha 3HAYUTEITHHOM PACCTOSTHUM APYT OT
apyra. Alert — apkruueckast craHius (82.50° c.mr., 62.35° 3.1., 210 M H.y.M). Guam
— CTaHIMS, HaXo[masicss B Tponudeckoi 30He CeBepHOro IMoiymapus B paioHe
OununmnuHckux ocTpoBoB (13.43°c.m., 144.77° B.4., 2 M H.y.M). Easter Island —
TUXOOKEaHCKas cTaHius B HOKHOM NOdymIapuu, HAXOMAMIAsACsS Ha IIONITYTH
Mexay Ynnm u Tawtu (27.17° 10.11.,109.42° 3.1., 41 M H.y.M.). Tem He MeHee, ¢
Y4EeTOM ONTHMAJILHOTO BpeMeHHOro ciuBura (-5) mius craniuu Easter Island, psibt
{C(n)} »>TUX CTaHOHMA NIEMOHCTPHUPYIOT CXOAHBIH XapakTep H3MEHEHHH BO
BpeMeHH, U KOp-pensannun 10ctatogHo Beicoku: 0.86 (Alert m Guam) u 0.93 (Alert
u Easter Island).
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Pucynoxk 6. OnTuManbHbIA BPEMEHHON CIBUT (MEC.) PSAAOB BHYTPUTOAOBBIX (MEKMECSIHBIX )
OTKJIOHEHHH CoACpKaHUs ME€TaHa OT MHOI'OJIETHETO TPEHAA I Pa3HbIX CTaHLlI/Iﬁ 10 OTHOLLICHHIO

K craHmuu Alert

Figure 6. The optimal time shift (months) of the series of intra-annual (inter-monthly)
deviations of methane content from the long-term trend for different stat ons in relation

to the Alert station

=
8

3

s 8
=3

—
—_—
o
e
—_—
—
—
—
=

BHYTPHIOZOBEE OTKIOHEHILL, Ppb

50

5}

HYTPITOTOBEE OTKIOHEHI, ppb
8 5 o
——
e

a)

2181982 811.1987 1311993 7241998 1.14.2004 7.62009 12.27.2014 6.18.2020

Bpemsa

6)
2181982 8111987 1311993 7241998 1142004 7.6.2009 12.27.2014 6.18.2020
Bpems

B
&
S

Pucynok 7. Psaaer {C(n)} BHYTPUTOJOBEIX (MEKMECIYHBIX) OTKJIOHEHHH KOHIIEHTPAIIMH METaHa
(ppb) ot MHOrONETHErO TpeHaa A cTanuuii a) Alert u Guam u 6) Alert u Easter Island; k psaay
st craH-ninu Easter Island npuMeHeH caBUr 0 BpeMEHHU Ha 5 Mec. B HampaBJIeHUH Ooliee

MMO3IHUX JaT

Figure 7. Series {C (n)} of intra-annual (inter-monthly) deviations of methane concentration (ppb)
from the multiyear trend for stations a) Alert and Guam and b) Alert and Easter Island; a 5-month time
shift towards the later dates was applied to the series for Easter Island
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Teoperndeckn B HhOpMHPOBAaHUN BHYTPHUTOMXOBEIX M3MEHEHUH YPOBHEH comep-
JKaHMsl METaHa U YIVIEKHUCIIOTO T'a3a 3HAYMTENBHYIO POJIb UTPAET CE30HHBIH (hakTop,
CBSI3aHHBIN C TIOTOKOM COJTHEYHOTO M3iy4deHus. Ero ce30HHOe yCHIICHHE CTUMYIIH-
pyeT KaK BEPTHKAIBHOE MepeMelInBaHne B arMocdepe, CriocoOCTBYIONIee YOBIITH
COZEpKaHMs ATUX I'a30B B IIPUIIOBEPXHOCTHOM Cllo€, Tak U u3barue CO, u3 armoc-
¢bepsl B xo1e horocuHTe3a pacTeHUsIMU U paspyuenne CHy B peakusx ¢ rugpox-
cmwioM. BcenenctBue storo B psamax{C(n)} mIs 3TH Ta30B MOXKHO OXHIATh
HEKOTOpoe cxo/icTBO. Ha puc. 8 mpencrapieH ONTUMaNbHBIA BPEMEHHOW CHBUT
PSZ0B BHYTPUTOMIOBBIX (MEKMECSYHBIX) OTKIIOHEHUH COEpKaHUS METaHa OT MHO-
rosietHero Tpenaa it CHy no ornomenuto xk CO,.
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Pucynok 8. OnTuManbHBI BpeMEHHON CABUT PSIOB BHYTPHTOJIOBBIX (MEKMECSIHBIX) OTKIIOHCHUH
coziepskaHus 0T MHOToNIeTHero TpeHaa a1 CHy o oTHomeHnto k cootBeTcTByromuM psiiam st CO,

Figure 8. The optimal time shift of the series of intra-annual (inter-monthly) deviations
of content from the long-term trend for CHy in relation to respective series for CO,

Kak BumHO Ha puc. 8, onTUMalIbHBI BPEMEHHON CIABUT MEXITY pAaMH, Mpea-
CTaBIISIOIIMMH BHYTPUTOIOBEIE KOJIeOaHUsl YPOBHEH COlEpyKaHUsI MeTaHa IO OTHO-
IIEHWI0 K COOTBETCTBYIOIIUM psAJaM ISl YIJIEKUCIIOTO Tra3a, Ha OONBIIMHCTBE
CTaHIIMI COCTABIISIET IO MOIYINI0 He OonbIne Mecsma. Mecra, rie 3TO MPaBUIIO
HapyLIaeTcsl — COCPEAOTOYCHUS POMBIIIIICHHOCTH M SHEPTETUKH.

B Tabn. 1 anms pa3nuaHBIX CTAHIUHA MTPECTaBICHBl 3HAUSHHS KOPPEISIIIAN PSI0B
{C(n)} BHYTPUTOHOBHIX (MEKMECSIYHBIX) OTKJIOHEHUH COIEp)KaHWs METaHa OT
MHoroseTHero Tpenga g CHy u coorsercrByromux pagos mis CO, npu onrtu-
MaJIbHBIX CABHTaX METaHOBOTO psifa ot psana 1t CO,.

Kak BuznHO u3 Tadmn. 1, koppemsinuu pagos {C(n)} ans CHy u CO, mpu ontu-
MaJIbHBIX BPEMEHHBIX CABHUTaX JIEHCTBUTEIBHO OBIBAIOT 3HAYUTEIHLHBIMU — OKOJIO
0.8. TIpuuem 310 HaOmIOMAETCs KaK Ha IMOJSIPHBIX cTaHIuAx (Hanpumep, Casey,
Alert), Tak ¥ Ha TPOIUYECKUX CTAaHIISIX (Hampumep, Guam). DTo TOATBEPIKIACT
MPEINOI0KEHHE O TOM, YTO B (POPMHUPOBAHWUU BHYTPHUTOMOBBIX (MEKMECSYHBIX)
OTKIIOHEHHH COJIepKaHWsl METaHa W JHOKCHAA YIjiepoja B MPUIIOBEPXHOCTHOM
CJI0€ OT MHOTOJIETHUX TPEH/IOB 3HAYUTEIHHYIO POJIb UTPAIOT €CTECTBEHHBIE CE30H-
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HBIE OMOTeOXUMHUECKHE U Teodn3ndeckue GakTopsl. OHU CBSI3aHBI C TIPOIIECCAMU
BEPTUKAJILHOTO IIepeMEIINBaHus ra3os, nomomenus CO, Ha 3eMHOM NOBEPXHO-
CTH, pa3pylleHs METaHa B Tponocdepe B peakHsX ¢ THAPOKCUIIOM.
Taomauua 1. Koppemsm pspos {C(n)} nns CHy u CO, npu onTHManbHBIX
BPEMEHHBIX C/IBUI'aX METAHOBOT'O psijia OTHOCHTENBHO psina 11 CO,

Table 1. Correlations of the series {C (n)} for CH, and CO, at optimal time shifts
of the methane series relative to respective series for CO,

Ha3zBanue cTanuuu Bpi;‘;::m“ Kl?(?l;l;;gﬁ:z::: IIupora Houarora
Alert 0 0.77 82.50 -62.34
Zeppelin Mountain 0 0.72 78.91 11.89
(Ny Alesund)
Summit 0 0.73 72.58 -38.48
Tiksi 0 0.64 71.59 128.92
Barrow (AK) 0 0.72 71.32 -156.61
Cold Bay (AK) -1 0.47 55.20 -162.72
Mace Head 0 0.51 53.33 -9.90
Shemya Island -1 0.59 52.72 174.10
Estevan Point -1 0.50 49.38 -126.54
Hohenpeissenberg 0 0.53 47.80 11.01
Hegyhatsal 0 0.82 46.95 16.65
Park Falls (WI) -1 0.48 45.93 -90.27
Ulaan Uul 0 0.78 44.44 111.09
Constanta (Black Sea) 0 0.30 44.17 28.68
Trinidad Head (CA) 1 0.46 41.05 -124.15
Niwot Ridge - T-van (CO) -1 0.68 40.05 -105.59
Wendover (UT) 0 0.70 39.90 -113.72
Serreta (Terceira) -1 0.49 38.77 -27.38
Tae-ahn Peninsula 2 0.12 36.73 126.13
Anmyeon-do -1 0.72 36.54 126.33
Mt, Waliguan 6 0.43 36.29 100.90
Lampedusa 1 0.74 35.52 12.63
Tudor Hill (Bermuda) -1 0.69 32.27 -64.88
Izafia (Tenerife) -1 0.68 28.31 -16.50
Sand Island -1 0.72 28.22 -177.37
Key Biscane (FL) -1 0.73 25.67 -80.20
Assekrem -1 0.71 23.27 5.63
Mauna Loa (HI) -3 0.70 19.54 -155.58
Guam (Mariana Island) -2 0.84 13.43 144.78
Ragged Point -1 0.83 13.17 -59.43
Christmas Island -1 0.61 1.70 -157.17
Bukit Kototabang 0 0.37 -0.20 100.32
Mahé 3 0.40 -4.67 55.17
Ascension Island 0 0.65 -7.97 -14.40
Samoa (Cape Matatula) -3 0.14 -14.25 -170.56
Cape Ferguson -2 0.40 -19.28 147.06
Gobabeb 0 0.57 -23.57 15.03
Easter Island -3 0.32 -27.17 -109.42
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Cape Point 1 0.68 -34.35 18.49
Amsterdam Island 0 0.67 -37.80 77.54
Cape Grim 1 0.72 -40.68 144.69
Baring Head 1 0.46 -41.41 174.87
Crozet 1 0.75 -46.43 51.83
Macquarie Island 1 0.73 -54.50 158.94
Ushuaia 2 0.79 -54.85 -68.31
Palmer Station 1 0.80 -64.77 -64.05
Casey 1 0.82 -66.28 110.52
Mawson 1 0.76 -67.60 62.87
Syowa 1 0.75 -69.01 39.58
Halley 1 0.73 -75.57 -25.50
South Pole 0 0.78 -90.00 -24.80
3aknyeHue

[IpoBeneHHbI B NaHHON paboTe AMIUPHYESCKUN aHaIW3 JaHHBIX HM3MEHEHUI
MMOKa3aJj, YT0 MHOTOJICTHHH TPEHI YPOBHS CONEpIKaHWSI METaHa B IPUIIOBEPXHOCT-
HOM cJioe atMoc(epbl 3eMIIH B MOCISIHUE ACCATUIICTHS CXOICH B PA3JIMUHbIX TOY-
Kax reorpadudeckoro mnpocrpaHctBa. OH He nuHeeH. [IposBeHNe cTaOuIM3anyu
ypoBHE# comepkanus merana B 1999-2006 rr. mMerno mioOampHBIA XapakTep. Mx
BHYTpPUTOIOBass M3MEHUUBOCTb HMEET 3HAUUTEIILHOE KOPPEISIMOHHOE CXOJCTBO,
KOTOPOE TIPOSIBIISIETCS TIOCIIE TIPUMEHEHHST BPEMEHHBIX CIBHIOB B LIEJIOM OTPaXKAF0-
IIUX pa3Inymsl KaJICHIAPHBIX Ce30HOB HA pa3MyHBIX mmpoTrax. Hanbonpmue abco-
JIIOTHBIC YPOBHU CONIEPXKAHUS METaHa U aMIUTUTY/bl €70 BHYTPUTOJOBBIX KOJIcOaHHUI
reorpaduyecKu IpUypOIEHBI K HANOOJee XO3SMHCTBEHHO Pa3BUTHIM PETHOHAM.
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Abstract. The article is devoted to the empirical analysis of series of monthly
mean concentrations of methane in the near-surface layer of the atmosphere from
the global network of monitoring stations. They operate within the Global
Atmosphere Watch (GAW) under the auspices of the World Meteorological
Organization (WMO). The data is freely available at the World Data Center for
Greenhouse Gases GAW/WMO (WDCGG) on its website https://gaw.kishou.go.jp/
. The temporal coverage is from the 1980s. Data series from 69 stations are
considered, of which 22 stations represent the global background conditions. The
rest of the stations are regional. Long-term trends in concentrations and intra-
annual (inter-monthly) deviations of mean monthly concentrations from long-term
trends were studied. The multi-year trend was estimated using a series of 12-month
running averages. To exclude systematic differences in methane concentrations,
these series were adjusted to the series for the high-latitude Arctic station Alert (82°
30' N, 62° 21' W). The analysis showed that long-term trends are non-linear
(including with a known pause in the growth of methane levels in 1999-2006), but
are similar at most of the stations under consideration. Exceptions are 6 regional
stations classified as ‘abnormal’ for methane. A possible cause of the abnormality
is being under the influence of certain sources of methane (anthropogenic or
natural). Long-term trends at the rest of the stations are just slightly differ from the
average trend for global stations. The series of intra-annual (inter-monthly)
deviations of mean monthly concentrations from long-term trends for many
stations, even those located at very significant distances from each other, show high
correlative similarity. However, it manifests itself at an optimal time shift from 5
months. towards earlier dates up to 6 months. towards later dates. The results of the
analysis are consistent with the assumption that the intra-annual variability in
methane concentration is largely driven by seasonal factors that are significantly
related to latitude, including vertical mixing in the atmosphere and destruction in
the troposphere in reactions with hydroxyl. The root-mean-square values of the
intra-annual (inter-monthly) fluctuations in methane concentration significantly
depend on latitude. The higher the latitude, the greater the overall value. Maximum
values are reached in the latitudinal belt 45-50° N, and further, to the north, the
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values decrease. This character of intra-annual fluctuations in the level of methane
content may be explained, among other things, by significant inter-seasonal
fluctuations in anthropogenic methane emissions at the indicated latitudes in
countries with developed economies located in North America and Western
Europe. The estimates of correlations of the series of intra-annual (inter-monthly)
fluctuations of the average monthly concentrations of CH4 and CO, showed that at
optimal time shifts, they are rather high, about 0.8. Moreover, this is observed both
at some polar stations and at tropical ones. This confirms the assumption that
natural seasonal biogeochemical and geophysical processes play a significant role
in the formation of intra-annual (inter-monthly) deviations of the methane and
carbon dioxide content in the near-surface layer from long-term trends, namely,
vertical mixing of air, CO, absorption on the Earth's surface, destruction of
methane in the troposphere in reactions with hydroxyl.

Keywords. Earth's atmosphere, near-surface layer, methane, monitoring data,
global analysis, current concentrations, long-term trends, intra-annual variability,
spatial patterns, correlative similarity.
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