J1é0 u CHez - 2020 - T.60 - N° 3

YAK551.515.6

The relationship between methane transport to the atmosphere and the decay
of the Kara Sea ice cover: satellite data for 2003-2019

L.N. Yurganov

University of Maryland Baltimore County, Baltimore, USA
Yurganov@umbc.edu

CBaA3b MEX]Iy NEPEHOCOM METAHA B aTMOC(hepy 1 pa3pylieHHeM JieITHOro NOKpoBa
Kapckoro mops: cnyTHukosblie Aannbie 3a 2003-2019 rr.
© 2020 r. JI.H. IOpranos

Mbapunenackuii yuusepcutet, bantumop, CILIA
Yurganov@umbc.edu
Received February 3, 2020 / Revised April 12, 2020 / Accepted June 7, 2020

Keywords: Arctic climate, greenhouse gases, methane, satellite data, sea ice.

Summary

Satellite spectrometers operating on the outgoing long-wave IR (thermal) radiation of the Earth and placed in sun-
synchronous polar orbits provide a wealth of information about Arctic methane (CH,) year-round, day and night.
Their data are unique for estimating methane emissions from the warming Arctic, both for land and sea. The article
analyzes concentrations of methane obtained by the AIRS spectrometer in conjunction with microwave satellite mea-
surements of sea ice concentration. The data were filtered for cases of sufficiently high temperature contrast in the
lower atmosphere. The focus is on the Kara Sea during autumn-early winter season between 2003 and January 2019.
This sea underwent dramatic decline in the ice cover. This shelf zone is characterized by huge reserves of oil and natu-
ral gas (~90% methane), as well as presence of sub-seabed permafrost and methane hydrates. Seasonal cycle of atmo-
spheric methane has a minimum in early summer and a maximum in early winter. During last 16 years both summer
and winter concentrations were increasing, but with different rates. Positive summer trends over the Kara Sea and
over Atlantic control area were close one to another. In winter the Kara Sea methane was growing faster than over
Atlantic. The methane seasonal cycle amplitude tripled from 2003 to 2019. This phenomenon was considered in terms
of growing methane flux from the sea. This high trend was induced by a fast decay of the sea ice in this area with ice
concentrations dropped from 95 to 20%. If the current Arctic sea cover would decline further and open water area
would grow then further increase of methane concentration over the ocean may be foreseen.
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MpoaHanusnpoBaHbl MK cnyTHKOBbIE AaHHbIE O KOHLEHTPaLUWK MeTaHa B cJioe aTMmochepbl 0-4 KM Hag
Kapcknm 1 bapeHLeBbiM MOPSAMUN B CPAaBHEHNUN C MUKPOBOJTHOBLIMY CMYTHUKOBBIMUW M3MePeHMaMU Negs-
Horo nokpoBa Kapckoro mops. 3a nocnegHve 16 neT amnnuTyaa Ce30HHbIX Bapuauuii MeTaHa Hag ceBep-
HOW YacTblo Kapckoro mops Bbipocia B 3 pa3a, a niowazib MOBEPXHOCTY TOMO e paiioHa, CBoO6oAHasA oT
nbpa, ysenuuunach B 4 pasa. CaenaH BbiBO O 3HAUMTENIbBHON POSN NeAHOIO NMOKPOBa B 3KPaHUPOBaHUN
noToka MeTaHa B atmocdepy.

Introduction

doi: 10.31857/52076673420030049

The Arctic has experienced the fastest warm-
ing on the Earth over recent decades with the Arctic
Ocean warming at nearly double the rate of the world’s
oceans [1]. The area of ice cover, its thickness and con-
centration have been significantly reduced [2]. There is
concern about release of huge reserves of climate-ac-
tive greenhouse gas methane (CH,) in hydrates, per-
mafrost and other reservoirs [3]. The radiation warm-
ing potential of methane is 28—34 times that of carbon

dioxide (CO,) over a 100-year time horizon [4]. The
Barents and Kara seas (BKS) have extensive proven re-
serves of oil and natural gas [5]. Thermogenic methane
seeps through sedimentary layers and forms hydrates at
and below the seafloor. A review article [3] describes the
principal processes that regulate methane distributions
in the Arctic seafloor sediments, its fate in the water col-
umn, and subsequent release to the atmosphere. En-
hanced dissolved methane concentrations in the seawa-
ter are likely. They are related, at least in part, to melting
of gas hydrates and submerged permafrost. Methane is
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slowly oxidized by methanotrophic bacteria in deep lay-
ers with time-scales of weeks or years [6]. As it was con-
cluded by [3], effects of reduced sea-ice cover on meth-
ane emissions to air are especially poorly constrained.
Satellite data presented here allow to fill this gap.

Warm Atlantic currents make the BKS a climati-
cally important region. A decline in BKS sea ice in
early winter influences synoptic processes in the rest
of the Northern hemisphere [7]. The Barents Sea is
a shallow sea (average depth 230 m) with depressions
up to 400 m. The Kara Sea is even shallower (aver-
age depth 100 m). One can expect release of methane
from the seabed as a result of degradation of the sub-
marine permafrost [8] in the Kara and southern Bar-
ents Seas. The Barents Sea is mostly free of ice year-
round, while the Kara Sea winter ice cover underwent
dramatic decline during early winters in 2000s [9].

Presence of sources is just one condition for meth-
ane to enter the atmosphere; a transport of the gas from
the sea floor to the surface is equally important. The
relatively warm and salty layer of Atlantic water (pycno-
cline) plays a role of a natural barrier for the penetration
of methane into the surface layer of the sea in summer/
early autumn between May and October [10]. Numer-
ous direct studies have shown that during this season
the flux in the Barents-Svalbard area is negligible [11—
13]. These field investigations, however, discover strong
sources at the seabed and huge concentrations of dis-
solved methane in deep waters. The flux of methane
may be significant only after a breakdown of the pycno-
cline in November and deepening of the Mixed Layer.
The Mixed Layer Depth (MLD) in the Arctic summer
does not exceed 50 m. It increases sharply since No-
vember and, finally, the bulk of the Barents Sea water
column is mixed down by December [14]. Increased
turbulent diffusion induces methane emission to the at-
mosphere [15]. Methane over the Kara Sea was mea-
sured by IASI (Infrared Atmospheric Sounding Inter-
ferometer) [16]. A significant increase of methane from
2010 to 2016 was found for late autumn/winter season
in BKS. A further AIRS-based (Atmospheric InfraRed
Sounder) study [17] reported large positive methane
anomalies around Franz Josef Land and offshore West
Novaya Zemlya. Satisfactory explanations for signifi-
cant positive trends in methane were not found.

Ice cover, like the pycnocline, plays the role of a nat-
ural barrier to methane. A degradation of sea ice [3] may
increase methane flux and its atmospheric concentra-
tion. Satellite observations in the thermal IR range are
extremely useful for characterizing methane over sea.

They are especially helpful during the polar night, when
space-borne Short-wave IR sensors (e.g., TROPOMI,
that stands for TROPOspheric Monitoring Instrument)
are useless and ship measurements are very difficult lo-
gistically. This paper analyzes methane concentrations
in the lowest tropospheric layer over BKS delivered by
AIRS between 2003 and 2019 with a focus on Novem-
ber-January period. These data were coupled with satel-
lite microwave measurements of ice concentration. This
area demonstrated the fastest decline in ice concentra-
tion for the entire Arctic Ocean in winter. The degra-
dation of ice and increasing methane flux look like the
most obvious explanation of the methane seasonal am-
plitude increase during last 16 years. Moreover, this al-
lows one to expect further growth of methane emission
from the Arctic Ocean, provided that the ice cover decay
would proceed further.

Satellite data

The AIRS diffraction grating spectrometer was
launched in a sun-synchronous polar orbit in May 2002
on board the Aqua satellite [18]. The instrument scans
+48.3° from the nadir, which provides full daily cov-
erage in the Arctic. Spectral resolution is 1.5 cm™! at
the methane v4 absorption band near 7.65 um. Cur-
rently (April 2020), the AIRS is still operational. Start-
ing in September 2002, methane data were processed
using a single version 6 of the standard algorithm de-
veloped by NASA [19]. Monthly average Level 3 meth-
ane, surface and air temperatures between October 2002
and January 2020 are available on-line on a 1° x 1° lat-
itude/longitude grid (AIRS3STM.006): https://disc.
gsfc.nasa.gov/datasets/. Methane profiles were ob-
tained for a 3 X 3 matrix of 9 pixels with a diameter of
13.5 km in nadir each. The profiles were averaged for
the lower troposphere from the surface to the level of
600 hPa (~4 km). An empirical sensitivity to methane
variations, 0.4—0.5, was based on comparison with si-
multaneous aircraft measurements at three stations in
the United States [15]. A physical meaning of the sen-
sitivity is a change in retrieved concentration that cor-
responds to the unit change of the «true» value. E.g.,
the sensitivity 0.5 means that real variations are under-
estimated by 100%. The Thermal IR reliable measure-
ments require the surface to be warmer than air above
it. The data were filtered for cases of Thermal Contrast
ThC > 10°C [20], where ThC = T, ,— Tgp, T, is sur-
face temperature, and 7, is air temperature at 600 hPa
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air pressure. Grey color in Fig. 3, d corresponds to areas
with low ThC. So, vast areas of land and ice-covered
ocean in winter can not be monitored using the current
version of the processing technique.

Sea ice concentration data are archived by the
NASA National Snow and Ice Data Center Distrib-
uted Active Archive Center (https://nsidc.org/data/
NSIDC-0081/versions/1). The mean monthly data
set [21] for 2003 — January 2019 is generated from the
surface brightness temperature data and is designed to
provide a consistent time series of sea ice concentrations
C,, (the fraction of ice for each 20 x 20 km? pixel) span-
ning the coverage of two passive microwave instruments
developed as a part of the Defense Meteorological Sat-
ellite Program (DMSP), DMSP-F8 and Special Sen-
sor Microwave Imager/Sounder (SSMIS) DMSP-F17.
In our paper we use also the fraction of open water:
C,.:= 1 — C,, for comparison with methane concentra-

wa ice
tions and their seasonal cycles.

Results

Methane in the mid-high Northern hemisphere has
a maximum in winter and a minimum in summer. This
cycle is driven mainly by seasonal changes in the tropo-
spheric photochemical sink, a reaction of methane with
hydroxil OH [22]. Hydroxil concentration has a winter
minimum and a summer maximum,; its source is also
photochemical and requires ultraviolet solar radiation.
Variations of hydroxil concentration with years are usu-
ally estimated as negligible or uncertain [23 and refer-
ences therein]. Any changes of the methane seasonal
cycle amplitude are supposed to be caused by chang-
es in its sea-air flux after the November breakdown of
the pycnocline [15]. Monthly mean low tropospheric
methane concentrations for 2003—2019 in the North-
ern Kara Sea (Box 1, Svyataya Anna Trough) are plotted
in Fig. 1, a. For comparison, a similar time series is pre-
sented for a control box between Iceland and Scandina-
via (Box 2, see location of boxes on maps of Fig. 3), see
Fig. 1, b. Least-squares linear regression lines were cal-
culated separately for November—January (designated
in what follows as «winter») and for April—July («sum-
mer»). The summer slopes are very close one to anoth-
er, but the winter slope for the Kara Sea is significantly
steeper. Amplitudes of the seasonal cycle (see Fig. 1, ¢)
were calculated as a difference between winter and pre-
ceding summer averages. Parameters of regression for
these and other cases are listed in Table.

The methane amplitudes in the Kara Sea grow with
years, the amplitudes in a control Atlantic area also
grow, but much slower (see Table). In fact, in 2003 the
amplitudes of the methane cycle in these two places
were the same, but in 2018 the amplitudes of methane
in the Kara Sea were two to three times higher than in
the Atlantic. A positive amplitude trend in the Kara Sea
may be treated as a result of growing sea-air flux there
due to a decline of the sea ice cover. To test this hypoth-
esis, satellite data on ice concentration were used. Cir-
cles in Fig. 1, c are mean fractions of open water C,,,, for
the Box 1 (Kara Sea) for November—January in percent.
Open water area in Northern Kara Sea almost quadru-
pled in 16 years. Corresponding methane seasonal cycle
amplitude almost tripled. General trends are obvious,
but inter-annual variations of both methane and open
water in the Kara Sea are significant. It is natural to as-
sume that many other atmospheric and oceanic process-
es are involved in these variability: the correlation coef-
ficient R for methane and the open water area variations
is not high (Fig. 2, see Table).

This part of the Arctic Ocean in winter time is
unique in respect to the sea ice decline. This is illus-
trated by maps of mean open water fractions for peri-
ods: November 2003 — January 2004 (Fig. 3, a) and for
November 2018 — January 2019 (see Fig. 3, b). Fig. 3, ¢
is a simple difference between those two maps. Black
continuous and dash lines correspond to ice edges, i.e.,
ice fraction (concentration) of 0.15. Fig. 3, d plots a dis-
tribution of late autumn/winter methane increase dur-
ing last 16 years. A background methane concentration
change (e.g., in Northern Atlantic) in 16 years may be
estimated as 40—50 ppb. One should not forget, how-
ever, about a reduced sensitivity of satellite data to the
lower troposphere, that tends to underestimate gas vari-
ation, see section «Satellite data» and [15]. Arctic meth-
ane increase in 16 years may be as high as 80 ppb, i.e., a
contribution of the Arctic sources may be estimated as
30—40 ppb. Both long-term data (see Fig. 1) and com-
parison of maps for 2003 and 2018 (see Fig. 3) are con-
sistent with an idea of ice cover decline as a reason for
growing amplitude of the atmospheric methane concen-
tration in northern parts of BKS.

Discussion
In our previous publication [15] TASI and AIRS

methane data for the ice-free area to the South-West
of Svalbard were analyzed. We found a good correla-
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tion between a seasonal course of methane month-
ly anomalies averaged over 2014—2016 and monthly
MLD: after late October both methane and MLD
increased. We connected this fact with the destruc-
tion of pycnocline in early November and increased
turbulent diffusion. The water mixing is blocked
by highly stratified seawater in summer. Changes
in methane flux with years were not considered in

Fig. 1. Low troposphere (0—4 km of altitude) methane
concentrations in N. Kara Sea and a control Atlantic do-
main. Ice-free fraction of the Kara Sea surface.

a — dots (/) are monthly mean methane for the Box 1 (Kara Sea).
Solid line (2) is linear regression for periods November to January
(winter). Dotted line (3) is linear regression for periods April to July
(summer). Open circles (4) and open triangles (5) are for winter and
summer seasonal averages, respectively. & — The same but for the
control Box 2 (Northern Atlantic). ¢ — Circles (/) are for open water
fraction (C,,,= 1 — C,,) for Box 1. Line 2is linear regression. 3 and
5- monthly mean amplitudes of seasonal cycles for Boxes 1 and 2,
respectively. 4 and 6 — regression lines for methane amplitude,
Boxes 1 and 2, respectively. Slopes are shown in Table

Puc. 1. KoHueHTpauuyu MeTaHa B HUXKHE Tporocdepe
(0—4 xM o BeIcOTe) Han ceBepoM Kapckoro Mopst v Haz
KOHTPOJIbHBIM ATJIaHTUYESCKUM TOMeHOM. OTHOCUTEb-
Has TUIoIIaAb MOBEPXHOCTU, CBOOOMHON OTO Jbaa, Kap-
CKO€E Mope.

a — Touku (1) — cpeqHeMecsTYHble KOHICHTPALMKM METaHa st
noMeHa 1; (2) — nuHeitHast perpeccus sl iepuoaa ¢ Hosiopst
1o sIHBaph (3uMa); (3) — JIMHeHast perpeccust AJs eproa ¢
anpeJss 1o UioJib (JIETO); MmycThie KPYKKU (4) U TpeyrojJbHU-
KU (5) ISt 3UMBI U IS JIeTa COOTBETCTBEHHO. b — TO Xe, HO
IJIs1 KOHTposibHOTO foMeHa 2 (CeBepHas ATiaHTUKA). ¢ — (1) —
OTHOCUTeJIbHAS IUI0Ianb OTKpbITOi Boabl (C,,, = 1 — C,,) Mt
nomeHa 1 B mpoueHTtax, Kapckoe mope; (2) — nuHeiHas pe-
rpeccust; (3) u (5) — cpenHeMeCsTYHbIE aMIUTUTYIBI CE30HHOTO
LIMKJIa [UTSI TOMEHOB 1 1 2 COOTBETCTBeHHO; (4) U (6) — MTUHUKA
perpeccuu Ijisi 1oMeHOB 1 u 2 cooTBeTcTBeHHO. HakiioHbBI
JIMHUI PErpeccuy MPpUBEICHbI B TAOIHIIC

that paper. Such analysis is conducted in the present
study in regard to ice degradation in the Kara Sea.
We found that during last 16 years a maximal trend of
methane amplitude was observed over partially ice-
covered Kara Sea (see Fig. 1—3 and see Table).
Mean autumn-winter ice concentration in the
Northern Kara Sea (Box 1) diminished from ~95%
in November 2003 — January 2004 to only ~20% in
November 2016 — January 2017. This degradation of
the ice cover significantly facilitated methane flux to
air: the amplitude of the methane seasonal cycle for
Box 1 increased from ~20 ppb to ~60 ppb. In fact,
quadrupling open water area resulted in tripling meth-
ane cycle amplitude. During «<normal» Kara Sea con-
ditions, prevailed before early 2000s, most of methane
emitted from the seafloor was oxidized by methano-
trophic bacteria under the sea ice. Ice cover played
the role of a lid that let bacteria to consume dissolved
methane. Presently the situation is changing. The ice
cover is declining, open water area is growing, the dif-
fusion easily moves methane through the seawater col-
umn and numerous leads into the atmosphere. The
diffusion seems to be faster than the bacterial oxida-
tion that has timescales of weeks to months [6]. In a
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Statistical parameters of linear regressions*
Craructudeckue mapaMmeTpsl TMHETHOI perpeccumn™

Line Data and Box Slope Intercept LCB UCB Corr. coeft.
1 Methane winter vs time, Box 1 5.01 —8129.61 4.3 5.72 0.93
2 Methane summer vs time, Box 1 3.05 —4220.35 2.53 3.57 0.90
3 Methane amplitude vs time, Box 1 2.49 —4967.72 1.63 3.34 0.60
4 Methane amplitude vs open water, Box 1 0.64 6.99 0.37 0.90 0.41
5 Methane winter, vs time Box 2 4.07 —6279.24 3.7 4.44 0.97
6 Methane summer vs time, Box 2 3.33 —4812.04 3.03 3.64 0.97
7 Open water vs time, Box 1 3.91 —7833.56 2.11 5.74 0.28

*LCB and UCB are lower and upper confidence bounds for slope at 95% confidence, calculated according to [29]. Units: lines 1—6, ppb/year

or ppb. Line 7, percent/year or percent.

*LCB 1 UCB — HIXHSSI M BEpXHSIS TPaHUIIBI JOBEPUTEILHOTO MHTepBaia [Tl HakiioHa [29]. EmuHUIIE u3MepeHusT: cTpoku 1— 6,

ppb/Tonm v ppb: cTpoKa 7 — MPOIEHT,/TOI WX TIPOIICHT.
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Fig. 2. Scattergram of methane cycle amplitude versus
fraction of open water for Box 1 for 2003—2018

Puc. 2. 3aBUCUMOCTb aMILIMTYAbl CE30HHOTO LIMKJIA Me-
TaHa OT OTHOCUTEJIHHOM TUIOIIAAN OTKDPBITO BOIBI IJIsI
nomeHa 1, 2003—2018 rr.

longer perspective, the sea ice may decline further and
the winter ice degradation would expand to other Arc-
tic seas. A further increase of methane flux from the
Arctic Ocean surface may be expected. Satellite moni-
toring is important for elucidation of different factors
influencing the methane cycle and trends.

A significant methane flux to atmosphere was re-
ported for East Siberian Arctic Shelf seas [24], though
later studies downplayed those high estimates, con-
clusions, and predictions [25, 26]. Unfortunately, re-
liable satellite data for this part of the Arctic in winter
time are missing (grey areas on the map of Fig. 3, d).
However, the influx of Pacific warm waters into the
Chukchi Sea through the Bering Strait makes winter
satellite measurements possible there too, but this area
needs special consideration. Aircraft observations [27]

in November, 2009, to the North of Bering Strait (2
circles in Fig. 3) showed a clear signature of meth-
ane flux from sea surface through leads. A discussion
of the nature of methane sources is beyond the scope
of this study; we discussed the role of modern changes
in flooded permafrost and the seepage of thermogenic
methane elsewhere [28].

Conclusions

1. We found that the amplitude of the methane
seasonal cycle in the Northern Kara Sea tripled dur-
ing the last 16-years period. The Kara Sea ice cover
in the autumn-winter periods underwent crucial
changes between 2003 and 2019: mean ice concen-
tration diminished from 95% (2003/04 winter sea-
son) to 20% (2016/17 winter season) and open water
area in November—January quadrupled. Ice cover
plays a role of a barrier for methane. Its decline in-
duces increase of the methane flux.

2. If the ice cover decay would proceed further, a
growth of methane flux from the rest of the Arctic in
late autumn/winter season is expected. In this regard
our preliminary estimate of the Arctic Ocean meth-
ane contribution for 2010—2014 as ~2/3 of that from
land [20] may be re-evaluated.

3. It's reasonable to assume that presently and in
the near future ice cover decline would play a lead-
ing role for the methane trends in the Arctic, more
important than deep seawater temperature chang-
es. Growing methane in conjunction with warming
seawater surface may induce positive feed-back link
during winter with significant climatic consequences
for populated mid-latitudes [7].
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for November 2003 — January 2004; b — C,,,, for November 2018 — January 2019; ¢ — difference in water fraction be-

tween (b) and (a). The solid and dashed lines indicate the edge of the ice (ice concentration 15%). d — difference in low tropospher-
ic methane concentration between winters of 2018/19 and 2003/04. Average depths for Boxes: 1 — 313 m; 2 — 2100 m
Puc. 3. OtHocutenbHad miowanb oTKpeiToil Bonsl C,,,, 1 U3MEHEHUE KOHLIEHTpaLUMW MeTaHa AJil MOpe apKTuye-

ckoro 1enbda Poccun.
a-—C,

wa

, ¢ Hos10ps1 2003 o siuBapb 2004 1.; b — C,,,, ¢ HOs0ps 2018 o ssHBapb 2019 r.; ¢ — pasHMLA B OTHOCUTEIBHOM TUIOILANN

OTKPBITOM Bombl Mexkmy 3uMamu 2003/04 1. 1 2018/19 r., crutonIHas ¥ IITPUXOBAsT JMHUU 0003HAYAIOT KPOMKY Jibla (KOHIIEHTpa-
M apna 15%); d — pa3Hulla KOHLEHTpalMii MeTaHa B HUxKHe#l Tporocdepe Mexmy 3umamu 2018/19 r. u 2003/04 r. CpenHue

r1yOuHbI 11t foMeHoB: 1 — 313 m;2 — 2100 m

Pacmmpennsiii pepepat

Mertan (CH,) — mapHUKOBBIii ra3, BTOPOii 10 3Ha-
YEHMIO TSI TI00ATbHOTO TIOTETUICHUS TTOCe TUOK-
cupa yraepozna (CO,). [IpumepHO MoI0BMHA UCTOY-
HUKOB MeTaHa B aTMoc(epe MMeeT aHTPOIIOTeHHYIO
MPUPOIY U HAXOAUTCS Ha KOHTUHEHTe. MexXay TeM,
nof wmejnbgoM CeBepHoro JIegoBUTOro okeaHa CKphI-
TBI OTPOMHBIE 3aMachl 3TOTO ra3a, KOTOPbI MOXET
BBIJIENISITECSL B aTMOC(epy 1o Mepe MOTeIIeHUsT Ap-
KTUKKU. MeTaH nmpocayuBaeTcsl U3 MECTOPOXICHUMN
YIJIEBOIIOPOAOB, MOCTYIIAET U3 CyOaKBaJIbHOM Mep3JI0-
ThI ¥ 3 METAaHOTUAPaTOB. B pe3ysbTare NapHUKOBOTO
a¢deKkTa MOXET BO3HUKHYTD MOJIOKUTEIbHAs o0paT-
Hasl CBsI3b, KOTOPasi IIPUBEAET K YCKOPEHUIO TIOTeIlIe-

nus. U3mepenust armocgepHoro metaHa Han CeBep-
HbIM JIEIOBUTHIM OKEaHOM MPOBOIATCS Ha Cylax U B
Tpoliecce SMM30IUIECKUX CAMOJIETHBIX SKCIIEPUMEH -
ToB. CJI0XKHBIE KITUMAaTUYECKUE YCJIOBHS HE TIO3BOJISI -
10T BECTU Takue paboThl B 3uMHee BpeMs. CIyTHUKH,
3amylICHHBIC HA MOJISIPHBIC COJTHEYHO-CUHXPOHHbBIC
TeOLICHTPUYECKIE OPOUTBI, 1AI0T BO3MOXHOCTh U3Me-
PATB ra30BbIi cOCTaB aTMOCGEPHI, IPUYEM TTOKPBITUE
MOBEPXHOCTU APKTUKM CYLIECTBEHHO JIydIlle, YeM B
Tporukax. CreKTpOMETPHI, UCITONb3YIOIINE COTHEY -
HbIl cBeT (HanmpuMmep, TROPOMI) no u3BecTHBIM
NpUIrHaM B ApKTHUKE Hea(PPeKTUBHBI, 0COOEHHO BO
BpeMsI TTONISIpHOM HouM. 7151 TpruOopoB, paboTaOIINX
Ha cooctBeHHOM U K-m3nyuyenun 3emian u atMocde-
Pbl, TAKKX OTPAaHUYEHUI HE CYIIICCTBYET.
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B crathe mpuBeneHbl JaHHBIE 00 aTMoOchep-
HoM MeTaHe Han CeBepHBIM JICTOBUTEIM OKEaHOM,
nonyyenHble MK-crrekrpomerpom AIRS B 1rocien-
Hue 16—17 ner. McxonHble JaHHBIE, 0OpabOTaHHBIE
HACA, mmorpe6oBaim 100aBOYHOM (PIIBTPALINN JIJIST
BBIIEJICHUS CIydaeB JOCTAaTOYHO TEILIOM ITOBEPX-
HOCTH: pa3HMIIAa MEXITy TeMIIepaTypaMU ITOBEPXHOCTHU
¥ BO3IyXa Ha BBICOTE 4 KM IHOJDKHA OBITH HE MEHEe
10 °C. KoHnenTpauym, ycpemHEHHBIE 110 ¢J1010 0—4 KM
BBICOTHI, ObUIM BAIMIMPOBAHBI C IIOMOIIBIO CHCTEMA-
TUYECKMX CAMOJIETHBIX M3MEPEHMUIA Ha TPEX CTaHIIM-
ax HOAA B CIIIA. YyBcTBUTETHHOCTH K MI3MEHEHUSIM
KOHIIEHTPAIlMK MEeTaHa B HIDKHEN Tporocdepe ore-
HeHa B mrana3oHe 0,4—0,5 (oTHomeHne n3MepeHHO
BapHalMy MeTaHa K peanbHolt). Kpome MetaHa, mc-
TOJIb30BaHbI TaHHBIE MUKPOBOIHOBBIX CITyTHUKOBBIX
M3MEPEeHMIT KOHIICHTPAIIAHN JIbAA (TOJIM IUIOIIAIN JIbIa
B rukceste 20 X 20 km?2). JloJs YUCTOi BOIBI B JOMEHE
COIIOCTABJISUIACH C BapHAallsSIMU KOHIIEHTpaIlu MeTa-
Ha. IToToku MeTaHa B aTMochepy 3aBUCAT OT HATNIHS
HMCTOYHMKOB MeTaHa Ha JHE MOPSI, B OCAIOYHBIX I10-
ponax 1/vim B cy0aKBaJIbHOI Mep3aiiore. Bropoe ycio-
BME [UISI CYIIIECTBOBAHMS 3HAYMTEILHOTO TIOTOKA ra3a
B aTMoc(epy — ero mepeHocC OT IIIyOOKOBOIHBIX CIIOEB
K IIOBEPXHOCTH. JIeTOM CyIIIeCcTByeT eCTeCTBEHHEBII Oa-
phep IJI1 BEpTUKAIHHOIO IIepEeMEIINBAHUS BOTHBIX
MacC — MUKHOKJIVH, IIPEICTaBIISIONINI CO00M pe3-
KU CKaYOK IUIOTHOCTH BOIBI HA ITyOMHE HITKE Iepe-
MeIIeHHOro c¢1os. I1oTok MeTaHa ycuamBaeTcs Iocie
Ppa3pylieHs MMKHOKJIMHA B HOs1ope. Ho ecim moBepx-
HOCTb BOIBI B HOSIOpe—IeKaope IMOKPHITA CIUIOITHBIM
JIBIOM, Kak 310 0610 10 2003 1. B Kapckom Mope, To
€ro MOTOK B aTMoc(epy ocTaéTcss MUHUMAaIbHBIM. Pac-
TBOPEHHBIN M30BITOYHBIA METaH B TEUCHUE 3UMBI U
JIETa OKUCIISIETCST OaKTePUSIMMU.
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