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laH Ooksiaoa

* BBepnenue

e MeTo/bl 3MepeHHUs TIOTOKOB MeTaHa B IIPU3eMHOM CJ/I0€

* MojenrpoBaHHe SMUCCHUU MeTaHa C 00J10T

* MojenrpoBaHHe SMUCCUU MeTaHa C TEPMOKApPCTOBLIX 03€p

* OlleHKa NOTOKOB ITaPHUKOBBIX ra30B Ha IOBEPXHOCTHU
pellieHreM 00paTHOM 3a/lauM MepeHoca B aTMocdepe

 OlleHKa NOTOKOB ITaPHUKOBBIX ra30B Ha MO/ICTU/IAIOLIIEH
MTOBEPXHOCTH KaK Ha OCHOBe MHTerpajabHOro OanaHca

e MeTaHoruapaThl, UX BO3MOXKHasi pojib B KIMMaTUueCcKou
cUCTeMe, MOZie/TMpOBaHue
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MemooO 3aKpbimbIXx Kamep

I3meHeHne KOHLUEeHTpaunun MmeTaHa

Kamepbl B KAMEpE CO BPEMEHEM
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Fig. 4. Examples for nonlinear evolution of CH, concentration
in the closed chamber headspace for different microsites and
dates. The exponential fits of the form cCH, = fi; + f; exp(fiz 1)
are also given for each concentration curve.

e l3mepeHue /I0KA/ILHBIX TTOTOKOB MeTaHa Ha I0/ICTHU/IArOIIen
MMOBEPXHOCTH (Ha IaHHOM MHKPO3J/IeMeHTe JIaH/11adTa)



TexHuka kosapuayuu nysbcayuu (eddy covariance - EC)
0/151 U3MepPeHUSs MOMOKOB NnapHUKOBbIX 2a308

[1oTOKHM 3aBUCAT OT Iepro/ia
ocpeZiHeHUs1, TPeOYIOT CI0XKHOM
0bpaboTKu

13MepeHHbIM [TOTOK ra3a B IPU3eMHOM
C/10e orpeziensieTCs TOTOKOM Ha
TTIOBEPXHOCTH B Ipeieiax 00JIbIINX
3HaueHuH (PyHKLMU BausHUs (footprint
function), «obnacTu BAMSHUS»
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ConocmassieHuUe usmepeHull MemoooM Kamep U
Kosapuayuu ny/sbcayuu

e CpeJHul MOTOK B «00/1aCTU BAMSIHUSI» PACCUMTBIBA/ICS 110 MO3aUYHOMY METOAY C
MCII0/Tb30BaHKeM HabJitoieHrH 110 KamepaM, Paciio/ioyKeHHbIX B KOHTPACTHBIX
TUMAax IMOBEPXHOCTHU
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Mooesiu npoyeccos 2eHepayuu, nepeHoca U CMoOKa
MemaHa 8 6os1o0max

e Ivnmpuueckue moaeau (Frolking and Grill 1994; Dalva et
al. 2001; Sachs et al. 2010) cBs3bIBa}OT MOTOKK MeTaHa C
TeMIlepaTypOU ITOUBbI, YPOBHEM I'DYHTOBBIX BO,
aTMOC(epHBIM J1aB/IeHUEM, CKOPOCTBIO BETPa;

 buoxumunueckue mojenu (James 1993; Vavilin et al. 1994)
- HoAp0OHOe OMNrCaHUe KMHEeTUKU 1IelOUKU XMMUUYEeCKHX
peakiiii 00pa30BaHUsI MeTaHa U3 UCXOIHOTO
OpraHUuYeCcKOro BellleCcTBa U AUHAMUKU MUKPOOHBIX
IOy IALIAN

e OpHomepHbIe Mojenu Auddy3un MeTaHa C
[apaMeTpu3aner HCTOYHUKOB U cTOKOB (Walter and
Heimann 1996; Arah and Stephan 1998; Walter et al. 2001;
Zhuang et al. 2004; Wania 2007)



Moodenb Banbmep u XalimaHHa (1996, 2001) — cxema rnpoyeccos

WALTER ET AL.: METHANE-MODEL DESCRIPTION AND RESULTS, 1
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Moodenb Baribmep u XalimaHHa (1996, 2001) — cucmema ypasHeHuUl

3,
= Con,(t,z) = —'Q: - Faisp(t, 2) + Qeruni(t, 2) + Qptani(t, 2)

YpaBHeHue anddpysnm ¢ NICTOUHNKaMU
ANA KOHUEeHTpauum vetaHa B
+Rprod(t, z) + Roria(ty 2) BEePTUKaJ/IbHOM CTOJ/16€ NOYBbI

at

%)
Faifs(t,2) = =Don,(2) - 7 Cen, (1, 2)

| MNMy3bipbKoBas
Qebui(t, z) = —ke - f(Com,) - (Cen, (2, 2) — Bl sMuUccus

CHy +209 — CO2 + 2H50.

N CymmapHasd
Froa(l) = Faigs(tyz = u) + Faur(t) + Fpiani(t) RIS GRIIGRE
B aTMocdepy

~ [paHnyHbIE YCNoBUSA

Cen,(t,z=u+2cm) =




IIoToKM MeTaHa 110 Mo/ie/id BasbTep 1 XanMaHHaA
(Mopgens gesitenbHoro ciosi cymv UBM PAH,

NaHHbIe HAO/TIOeHNH — 3KC1'IEpPIMEHT BOREAS)
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Me)xOyHapOoOHbIU NMPOeKm no cpasHeHUro mooesel
rnpouyeccos 2eHepayuu u amuccuu memaHa 8 6os1o0max
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ey WETland and Wetland CH,4 Inter-comparison of Models Project (WETCHIMP)
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CpaBHEHHE perdoHa/bHBIX U I7100a/IbHBIX MO/Ie/iel AesiTe/IbHOTO CJI0s
00JI0T B TepMHHAX [I0TOKA MeTaHa B aTMoChepy

MeTeOopOJIOTUUeCKUI «(OPCUHI», pacipeaeieHue 000T, IIpU3eMHbIe
KoHL[eHTpaluu CO2 u CH4 3a/1aHbI
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amuccvm MeTaHa TepMOKapPCTOBbLIMMU oaepamu

* TepMOKapCTBObIe
o3epa B Cuoupu
3aHMMaloT Ao

22-48%

naowaann
* Mone
TepPMOKapCTOBbIX 03ep
OYeHb ANHAMWUYHO

MHTEeHCUBHbIN
UCTOYHUK (“hotspot”) -
MOXET ObITb

. . 3 , NCTOYHUKOM
tabular N ! . 3HAUMTENIbHYIO YacTb
sediments :3:: 31IMblI
(thawed ; g
yedoma) -- , °* 8 - 50% OT aHTPOMNOreHHOu aMmmnuccumn

MeTaHa B XXI| Beke B 3aBUCUMOCTU OT
cueHapua MUK
(K. Walter et al., 2006, Nature)



Methane emission: hogs and lakes

Mechanism of methane production

* On bogs the substrate for methane production comes from
surface NPP -> modeling approaches are well developed

* In lakes methane is produced (i) from lake bottom NPP and (ii)
from the old organics, that has been sequestered in permafrost
and comes to positive temperature region while talik is
deepening -> the need for new parameterization

Implication to annual cycle
* On bogs cold season emission is very low;

* In lakes methane is produced in talik, that is under positive
temperatures all year round (40-50% of annual emission happen
In cold period)




Methane concentration in lake talik
oICH]_o | OCH] o

ot 0z “*m o5z

(B. Walter & Heimann, 1996, 2000)

Neglected.:
vegetation transport

Ebullition:
E=k,f,,|A[CH,|A[CH,],
. sediments
A[CH,|=[CH,]-|CH, max e
Production: ) of
(o) thaw nilb o
P=P new T R)ld . P _
_ _ - 10 0 calibrated
P new I)new,O EXP ( anewZ ) f step ( [ ) qOO e parameter




Methane production from
old organics decomposition

* happens only under positive temperatures
* is exponentially dependent on temperature
* is proportional to decomposable organics content

*

T
— 10 * i .
Pold = old,O( ;old fstep (T) dio Pold,o calibrated parameter

@C . _VC,maxCold
Michaelis-Menthen equation ‘ ot Xt C oy

for decomposition (1)
C,old = f(t’tO’aC’VC

,max )

Analytical law

for talik deepening (2) - Z — Ct \/a, ht — Ct \/Z

Combining (1) and (2) yields

—_— *
Pora = Py1qa0Co1a,0 *

10

* (2 e = O+ A0 + 270G - zz))fstep QING



Methane transfer in the water body

CH, emmision from lake

t t f

Oxic water oo

Oxic sediments

Epilimnetic sediment
pathway

Hypolimnetic
pathway

(Bastviken et al., 2002)

CH, produced in anoxic sediments

* dissolved gases:

O methane 6[CH4]_ 0 G[CH4]_V
O oxygen ot 0z M 0z oxid
O carbon dioxide
* processes: - 8[02]: 0 ke, a[02]—2\/0 y
O turbulent diffusion ot 0z * 0z M
O methane oxidation
0| CO 0| CO
[CO,| & ) |CO, | Loy

CH, + 0O, = CO, + 2H,0 ot 0z % 0z oxid



TepmornapoanHamuyeckaa mogens sogoema LAKE

OJJ,HDMEPHE[H NOCTaHOBKa 3ada4M
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- YPaBHEHHWA TENNONPOBOAHOCTHU U NEPEHOCa XKUOKOW Bnaru
B CHEXXHOM NOKpPOBE,

- YpaBHEHWE TENNONPOBOAHOCTH B CNOE NbAa,

- YPaBHEHHWE TENNONPOBOAHOCTHU U NEPEHOCA KWOKOW Bnaru B FPYHTE C YYETOM
SEMEPSHHHHJFTHHHHH.




Case study: Lake Shuchi (Lllyube)

* Time series of atmospheric variables as input to lake model are extracted

from ERA-Interim reanalysis
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Model calibration: Lake Shuchi

The measure

of model error AFZD(Faw_FJ,Vm)z"'(Fas_Fas,m)2
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different lake sections for 2003 — 2004

Model validation

Observations: Lake Shuchi (K. Walter et al., 20006)
hourly observations of ebullition and diffusion methane fluxes in

Annual  methane|A part of open-|{A part of ice-

emission, g/ | water period |covered  period

(m**yr) emission , % emission, %
Observations 22.7 54 46
Model 22.6 54 46

Open water period

Ice-covered period

generation (model) , %

A part of young methane in 47 6
emissions (observations) , %
A part of young methane in net 61 32




Remarks on lake methane model

* The values of calibrated parameters depend on
errors (lack of observations!) of input parameters:
lake depth, water turbidity, atmospheric forcing,
etc.

* The model should be verified on a significant
number of thermokarst lakes

* The model still does not consider thermokarst lake
development (deepening, drainage, etc.)




JdanbHeliwee pazsumue Mooe/iu MemaHa 8 03epe:
o3epa BbICOKUX WUPOM BHe 30HbI BEYHOUI Mep3/10MmblI
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PuHNAHANSA TIPOBO/ISITCS Ha

3assKopeHHOM Oye
e (CraHJapTHbIe

MeTeOopOJ/IoOrndecCkue
N3MepeHHud
* [loToku paguaimn
e U3mepenus EC
rnotokoB H, LE , T,
I_ake huwajaw )
e it Sms © o F(CO2)
[ _“d??“df A 5/ *""‘ Caniaiy 4
.\\ Fake} w\kea_lhctmen k *\5 il ° HpO(l)I/IJ'II/I
SMEAR || HOIS K IWAF e S et e e L temmepatypsi, CO2 u
Stcf:khalm {Tukhnima] VL HEISInkI @2;':1 I;:;f\\:i:rla;Te‘::I:rwlamluas“7:IV:"!I B 03e e
@ T Talimnﬁganmna}{,* @32011§Geacenlre‘5oﬂsuli‘|vns%g' | p
oty SR .




CxemMa gestTenbHOoro cnos cywm ansa mogennpoBaHus
NOTOKOB MeTaHa W1 YrneKknUcsoro rasa ¢ NOBEpPXHOCTU
ana paspeweHns 1-10 kv

. = .

Cxema gesatenbHoro cnod cywun NBM PAH Mogenb Bogoema LAKE
(BosioduHa u dp., 2000) (CmenaHeHKo u dp., 2011)
1) MNMpouecchbl TennoBnarorepeHoca B Nnoyse ¢ y4eToM goasoBblxX k-€ MOZieNb TYPGY/IEHTHOCTH,
nepexoioB cno@ rpyHTa
2) Mogenb cHexHoro nokposa (Mauynbckas) 3) PacTutensHoCTb C BEHHOM Mep3noTon

== =5 BT

BHewHue napameTpbl —» gaHHble ECOCLIMAP (1km X 1KMm):
1) kKoadochnuMeHT WepoxoBaTocTu 2) anibbeano 3) Tunbl PacTUTENIbHOCTU 4) nfowanb BOA0OEMOB




O6pamHoe MmodesiuposaHue UCMOYHUKOB NapHUKOBbLIX
2a308 Ha noocmusarouweli mosepxHocmu

OcHOoBHoOIi annapaT — 4-MepHoe YCBOEHNe AaHHbIX

e [IOTOKM MapHUKOBOIO ra3a Ha IMIOBePpXHOCTH OMNpe/e/IsiFOTCS U3 YCI0BUS
MUHHUMYMa IjesieBoro (pyHkuuoHasna (cost function) (Meirink et al. 2005)

e BeKTop COCTOSIHMS B i-li MOMEHT BpeMeHHM OIIpe/ie/isieTCs Moc/ieloBaTeIbHbIM
MPpYMEHEHWEM OMNepaTopOB Ilara Mo/IeJii MepeHoca ra3a, HauhHasi C Haua/JbHOT O
(0-ro) MomeHTa BpeMeHH!

e MerTo/ibl HaX0XK/AeHUs1 MUHUMYMa J TpeOytoT BbIUMC/IEHUs TpajiieHTa J, B
KOTOPBIM BXOJAT COMpPsDKEHHbIE OIepaTopkl nepeHoca M'

VJ(v) =B (v —vp)+ D M7 --M_HTR(Hx; - y))

i=0

e MeTo/ 1103BOJIIET MOIYUYUTh MTOTOKU T'a3a Ha TTIOBEPXHOCTH C
BbICOKUM pa3pelieHreM (pa3pelleHrueM MO/e/Ir [epeHoca)

e Ha pe3ynbTaThl 00paTHO 3aauy BAKSIOT Ba)KHbIE
Heorpee/IeHHOCTHU, HallpyuMep, HETOYHOCTh 3a/laHKsT MaTpPUI]
KOBapualiM OIIMO0K



YpaBHeHne nepeHoca-gupdysnm-

peakuun Ans KoHUueHTpaumm metaHa C:
oC ouC ovC owC

5t " ox oy oz
oF, OF, OF,

D— -R T
¢ 0 X ay 0z (C’COH’ )’
ou, K ov 0w
D=—+—+
0x 0y 0z

NHTerpupys ero no oo6bemy:

[

nonyvyaem:

TR N

ITn cnaraemble pPa

cneayoLwymM AaHHbIM: JJ L uC) —p — ffyz (uC), o+
1) TemnepaTypa, CKOpoCTH, KoadhdouL, _

TYPOYNEHTHOW ANPdY3NN — permoHasIbHbIN W vCmr = I (vE) ot
peaHanns ,U (WC )= — ff (WC),—o=
2) KOHUeHTpauna metaHa — CMyTHUKOBOE ( J‘ J‘ F, J‘J‘ F )
30HAUpPOBaHME <_ yz. X yz . e

3) KoHueHTpaunsa OH — knnmaTtuyeckue (ff Fyy=r ff EF, y:o)
cpepHue CD) B

OCTaTOuYHbIN Y1EH YypaBHEHNA — \ ff F, .- /
NHTErpasibHbIN NOTOK MeTaHa C NOBEPXHOCTH r 5
pervoHa <_ ffxy F, ,—o




Satellite retrievals of methane concentration

Methane SCIAMACHY 2003
oD SRR e o

Methane column-averaged mole fraction [ppDb]

e |\ I
1660 1695 1730 1765 1800

Univ.Bremen, IUP/IFE

Maximum of methane concentration

1) SCIAMACHY T
over Western Siberia indicates

(SCanning Imaging Absorption spectroMeter for

Atmospheric Chartography, ) high surface emissions

2) GOSAT (Greenhouse gases Observing SATellite, )
3) AIRS (Atmospheric Infrared Sounder. )


http://envisat.esa.int/
http://www.gosat.nies.go.jp/index_e.html
http://airs.jpl.nasa.gov/

MemaHo2uopamsl

Kpucrannuueckasi CTpyKTypa hOpMHUPYETCs MOJIEKY/IaMU BOJIbI,
BHYTPU KapKaca KOTOpO HaXOAUTCs MOjieKy/ia MeTaHa (00bIuHO 1
mosib CH4 nipuxoautcs Ha 5.75 monen H20)

YcToMuuB IpY BLICOKUX JaBEHUSIX

[Tpu nageHun JaB/ieHUs UKW POCTe TeMIlepaTyphbl paciafaeTcs Ha
MeTaH 1 BO/Y, HO MOXXeT CYIlleCTBOBaTh U B METAaCTaOM/ILHOM
COCTOSIHMU (IIPH TemIlepaTypax, MpeBbIlIaoIIUX TeMIlepaTypy
TasTHUSA )
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MemaHo2udpambi 8 MuposomM oKeaHe U /iumocgepe
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Likely Locations of World Gas Hydrates

e (Oco0bblii MHTepeC MpeACTaB/IAIOT ra30ruapaThl APKTUKU, ITOCKOJILKY
MoTeryieHre KarMMaTa U OKeaHa TaM HanboJjiee MHTEHCHUBHO 1 pa3pylileHue
ra3oruipaToB, TaKMM 00pa3oM, Hauboiee BepOsSTHO



MepeHOC MemaHa K NosepxHOCmMu 800bI

e [Ipu my3bIpLKOBOM BbIZIeJIEHUM MeTaHa, My3bIpbKU JJOCTUTat0T
[TOBEPXHOCTH BO/Ibl TOJILKO Ha Ille/ibdaxX, B paoHaX IJ1yOuH
HECKOJ/IbKO IeCATKOB MEeTPOB, 113-3a T'a3000MeHa C OKpY Karolllei
BO/IOU

e [Ipu MexaHnueCKOM BO3/IeMCTBUH KYCKM MeTaHOTU[paTa MOT'yT
OTPBIBAThCS OT /IHA U JOCTHUraTh OBEPXHOCTU BoAbI (Brewer et al.
2002)

o TypOynenTtHas Auddy3us pacTBOPEeHHOI0 MeTaHa —
3((EKTUBHBIM MeXaHU3M [epeH0Ca, IIOCKOIbKY OKUC/IeHe MeTaHa
B OKeaHe xapakTepu3yeTcs BpeMeHeM »xu3HU 50 et (Rehder et al.

1999)






MooesnuposaHue memaHoauopamos

e OpHomepHas mozenb (Grag et al. 2008) TOHHBIX OT/IOKEHUH C
MoAPOOHBIM ONMUCaHUeM MepeHoca-Auddy3un KUAKOKW U ra30BOM
(ba3bl B IIOPUCTHIX OTIOXKEHUSAX HA OKeaHa — IMpHMeHeHue
MO/ie/Id Ha Te0JI0ruYeckoM Maciitabe BpeMeH! (MU/ITMOHBI JIeT)

 Mogens TOUGH+HYDRATE (Moridis et al. 2008) npumeHeHa
NI/ pacueTa SMHUCCHAU MeTaHa TIpU TTOBBIIIeHUH JOHHOM
Temriepatypbl Ha 1 C/100 net, skcriepumenT aymics (300 j1eT)

o Hydrate Zone

Figure 1. lustration of the domain di. tion, GHSZ extent, and boundaries for the 2D sloping system (not to
scale). Gridlines are a schen nresentation only.
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