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CoaepaHne nekumnmn

* PacnpocTpaHeHne MHOrosieTHEN MepP3/10Tbl.

* [Ilpodunnun Temnepatypbl B noyse. InHamuKa temnepatypbl MMI1 B
YCNOBUNAX COBPEMEHHOIo Kanmarta.

 ObpaTHasn cBA3b MNAapPHUKOBbLIE ra3bl-KIMMaT-Mep3/10Ta. 3anachbl
yrnepoaa B nouyse.

e [lInHaMmmKa BbI6BPOCOB NAPHUKOBLIX ra30B B aTMOCPEpPY B 30HE
pacnpocTtpaHeHna MMII.



PacnpocTpaHeHne MHOroneTHEN MepP310Thl

* MHOronetHAA Mep3a10Ta - MOYBA HAXOAUTCA B 3aMOPOXKEHHOM COCTOAHUM Bonee,
yem 2 roaa

e : Southern
Pacific =
Ocean e Ocean

Okhostk  +~
Sea

Weddell
Sea
o
SOUTH
IORT|
HogrTH POLE
X it Ocean - n, f
- i B i j iy
P e & _
+ f ' Ross
f - : Sea
T Southern -
Atlantic % Ocean
Ocean
Turich
& Bl Continuous permafrost

Il Discontinuous permafrost

B Sporadic permafrost
Isolated patches Source: Brown et al. (1997);
Subsea permafrost International Permafrost Association



Ha Yem OCHOBAHbl HalLUWM OLLEHKWN
DACMNPOCTPAHEHMNA MEP3/10TbI ?

...pyHAaMeHTanbHaa npobsema cOCTOMUT B TOM, YTO NPU CO34aHUN KapT
PACNPOCTPAHEHMA MEP310Tbl, Mbl KapTorpadmpyem KOHUENUUIO UK
YCNOBUA, HO HE MAaTePUabHbIN OOBEKT.

..bonee TOro, aTm ycnoBuss He ABAAIOTCA HEU3IMEHHbIMM, KaK Ha
reo/IorM4eckMx macwTtabax BpemeHn, TaK M Ha ropa3go 6bonee
KOPOTKMX MacLUTabax 4yeNnoBeYECKOM *KU3HM.

J. Alan Heginbottom, Geological Survey of Canada



[1aHHble ANA KapTorpadupoBaHUA

Boobuie, 3To Hanbosee BaXKHbI BONPOC, MOTOMY YTO 63 KaYeCTBEHHbIX AaHHbIX,
obbeMHEHHbIX B paMKax noaxoAsawen napaaurmbl, Henb3a caenatb

KauyeCTBEHHYIO U NOJIE3HYIO KapTy.
* J. Alan Heginbottom, Geological Survey of Canada

_ MNpamble usmepeHus KocBeHHble usmepeHusn

feonorndeckne meroabl SN ER LT Kanmatmuyeckune gaHHble, aHaNuU3
JTabopaTopHbIit aHann3 obpasuoB naHAawadTa, KapTbl PACTUTENBHOCTHU

Lo Lol BTN S i M3mepeHmne TemnepaTypbl Pagapbl, reotepmasibHoe
MOBEPXHOCTU, TEPMUYECKUX MoJennpoBaHue




[Toobnembl ¢ AAHHbIMMA

* I3amepeHna: OypeHne CKBa*KMHbl CO34aeT 3HayuTeNbHble BO3MYLLEHUA
TEN/IOBOro Mosisi B CKBa*KMHe. OcobeHHO B cay4vae MybOKUX CKBaXKUH,
BO3BpALLUEHME K HEBO3MYLLEHHOMY COCTOSIHUIO MOMKET 3aHATb MecCAUbl, 3 TO U
roapl.

* HakonneHue AaHHbIX NpoucxoamT B TedeHue npumepHo 70 net. KapTa, KoTopyio
Mbl MCNOIb3YEM KaK obpasel, OCHOBaHAa Ha AaHHbIX, COOPaHHbIX B Pa3/IMYHbIE
nepunoabl. HUKaKMX NONbITOK FOMOreHU3npoBaTb AaHHble, UCMOAb3yA, Hanpumep,
MmoaennpoBaHue, He npegnpPUHMMANOCh.

* MHTEepnonAuMA M 3KCTPaNoONAUMA: KapTbl PACnNpPOCTPaHEHUA Mep3/10Tbl Oblan
CKOMMUANPOBAHbI M3 OrPaHMYEHHOro KOAMYecTBa [AaHHbIX W3MEpPEeHUMN B
CKBa*KMHAX, [AOMNOJIHEHHbIX JAaHHbIMKM METEOHAbNIOAEHNA U HEKOTOpbIMU
cneunpunyeckumm Habopamum (KapTbl pPacTUTENbHOCTU, reomMopPONornyeckue
KapTbl, NO3BONAIOLME NAEHTUPULNPOBATL TUNKYHbIE GOpMbl penbeda).



Pa3HI/ILI,a B 0O03Ha4YeHUa Ha PaA3/IMHYHbIX KaPTaX

(Hedinbottom, 2002)

Table 1 Selected examples of permafrost distribution classifications used on maps and in reports

% Permafrost 10 20 30 40 50 60 70 a0 a0 100
Kudryavtsev ef al. ? Sporadic permafrost Island permafrost Massive [Continuous permafrost]
(1978) island p.

Baulin (1982a)

Scattered
islands

Permafrost islands

Discontinuous permafrost

Contin.
pmf.

Permafrost Sub-
committee (1988)

Sporadic discontinuous

permafrost

Widespread discontinuous permafrost

Continuous permafrost

French (1996) Sporadic discontinuous Widespread discontinuous permafrost Continuous permafrost
permafrost

IPA Map 1997 Isolated Sporadic discontinuous permafrost Extensive discontinuous permafrost Continuous

(Brown et al., 1997) patches permafrost

IPA Glossary, 19938 Isolated Sporadic discontinuous Intermediate discontinuous Extensive discontinuous Continuous

(English usage)® patches permafrost permafrost permafrost permafrost

IPA Glossary, 1993 ? Sporadic permafrost Island permafrost ¢ Massive [Continuous permafrost]

(Russian usage)® island p.

Yershov (1998) Islands and sporadic Massive-island permafrost Discontinuous Mainly | Contin.
permafrost permafrost contin. | pmf.

Motes:

"Wan Everdingen (1998), based on Heginbottom and Radburm (1992).
"\an Everdingen (1998), based on Kudrvavtsev et all (1978).

OTeyecTBeHHbIe
MCTOYHUKMU VS

3apyberkHbie
MCTOYHUKM



CoaepxaHne nekunm

* Mpodunn Temnepatypsbl B noyse. IMHamuKa tTemnepatypbl MM B
YC/I0BUAX COBPEMEHHOTro KAmmara.



[Toodunb TeEMnepaTypbl B TO/LLE
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YtBepxKaeHne AR1.3 n3 CneunanbHOro ot4yeTa no
oKkeaHy 1 kpnocdpepe (SROCC)

* TemnepaTtypa Mep3N0Thbl e s ot oiia
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* TemnepaTypa Mep310Tbl -
Temnepartypa Ha rmnybunHe Hyn1eBoun
aMnNANTYAbl I e
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CpeaHerogoBas TemnepaTtypa Ha rMybuHe HyneBon amnanTyapl
Biskaborn et al., Nat. Comm. (2019)



M3mepuTeibHble TOYKM MO UTOram
MexxayHapoaHoro MonapHoro roaa (2007-2009)

e laHHble n3 Global Terrestrial Network — Permafrost (GTN-P)
* 2007-2016: 123 cKkBa*KUHbI
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Sites Temperature change ("C)

Temperature change (°C)

I3meHeHne TemnepaTypbl Mep310Tbl

06 06 30Ha CNAOLWHOW Mep3/10Tbl, APKTUKA:
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. . 0.39+0.15C.
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TemnepaTypa BO3ayXa M TO/ILLMHA CHEXXHOMO MOKPOBA

Air temperature change (°C)
snow depth change (cm 1071)
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NPEepPbIBUCTON MEP3/10TbI



BAnaHme CHeXXHOro NoKpoBa Ha MepP3/10Ty

Mean Winter (Nov-Apr) Snow Depth . Winter (Nov-Apr] mean scil temperatures
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Figure 2. Mean winter (November—April) snow depth and standard Figure 3. Winter (November—April) mean ground temperatures at
error in the manipulated and control plots. 15 cm depth and standard error.
a0
Johansson et al 2013 Environ. Res. Lett. 8 035025 - Gl
Fg 70
* JKCNnepMmMeHT B 061acTM  NPepbIBUCTON
mep3nothbl (LLseuns). f o
55
* YBennyeHue TO/NTIWUNHDBI CHEXHOIO MNOKpPOBA
Ha 10 CM anBOpIMT K npOTaMBaHV”'O 2005 2006 007 xos 2009 2010 a1 012
Ce30OHHOTANO0oro cnoAa Ha 20%. Figure 4. Mean active layer thickness and standard errors. (Note

that measurements from 2005 were made at the outset of the
experiment to record baseline information.)



XapaKTepmn3aLuma CHEXKHOIO Ce30Ha
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CoaepxaHne nekunm

e ObpaTHanA cBsA3b MAPHMKOBbIE ra3bl-KJMMaT-MepP3/10Ta. 3anachl
yriepona B nouse.



YTBepxaeHne AR1.3

* B nouyBax APKTUKM N HGOpeanbHOM 30HbI
cogepuntca 1460-1600 [T opraHnu4eckoro
yrnepoaa - Be/IMMMHA, MOYTM B 2 pasa
npeBblWaoWan KOAMYECTBO Yyriepoaa B
atmocdepe (medium confidence).

* ObpaTHan CBA3b:

norteniaeHmne ->

yBennyenme mouiHoctn CTC -> mmnKkpobHas

AeATeNbHOCTb -> BblaeNeHne NapHUKOBbIX

ra3oB -> nortenjeHue

* [louBbl B 30HE Mep3/10Tbl - rNyboKume
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CoaeprkaHume yrnepoaa B pa3/IMyHbIX NOYBaX:
MOBEPXHOCTHbIN PE3€epB
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Everett K, Structural geology, 1987



KapTorpadmpoBaHune coaepkaHus yrnepoaa B noyse

150%W 180° 150°E
1 — i 1

* CumBosiamm 0603Ha4YeHbl MecTa
3abopa o06pa3uLoB

* MeTtop (Hugelius et al., Earth Syst. Sci.
Data, 2013)

e 3360p 06pa3LOB NOYBbI NJIOLLAAbLIO
1x2 n rnybmnHon 1-3 m (negoHbl) u
N3MepeHue coaeprKkaHua yrnepoaa B
nabopatopum

e [1aHHblE:

* 0-1 m: 1778 pedons,
e 1-2 m: 524 pedons,
e 2-3 m: 326 pedons

T =T - E—
30°W 0 30°E

Hugelius et al., 2014



KapTa 3anacoB opraHM4yecKkoro yraepoaa

* 3 m noysbl B 30He MMI1 copgepxKaTt
1035+150 Nr C (high confidence)

3 M noysbl robanbHo — 2050 Mr C

* [lpy TOM, 4YTO 30Ha MMII

cocTtasnAaer NNwb 15%
KOHTUHEHTa/IbHOWN MOBEPXHOCTU, B
Hen coaepKunTca NPUMEPHO

NONOBUHA OPraHNYECKOrIo yriepoaa

Thick sediments Thin sediments High Arctic region  Cireumpolar
Soil area (km?): 6.2 x 105 (35%) 10.6 x 105 (59%) 1.0 x 10° (6 %) 17.8 x 106

SOC stocks (Pg):

0-0.3m 90 117 103 217+12
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12m 161 =14 18779 TS5 355181
2-3m 11916 86139 3+3 207142
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[nyboKUI peseps yrnepoaa - e40Ma

» dopmupoBaHue: nocneaHumn
neaHunKkosbin nepuog, (20 000 nert
Ha3ag). HakonneHue yrnepoaa B
TeYeHMe TbicAY NeT

* MexaHusm: AKKymynauma néecc co
CKOPOCTbIO HecKo/NbKo cm/rog ->
arrpagaumsa Mep310Tbl, 3axBaT
PacTeEHMM U ApP. OPraHMYeCcKoro

maTtepuana

9TO OCHOBHOM UCTOYHUK HeonpeaeneHHOCTU
B OUEHKe pe3epBoB yrnepoaa: 327-466 [r C

USGS




CoaepxaHne nekunm

e [lnHaMmmKa BbI6BPOCOB NAPHUKOBbLIX ra30B B aTMOCPEpPY B 30HE
pacnpocTtpaHeHna MMII.



AR1.3 yTBepxaeHue,

 Medium evidence n low agreement o Tom, YTO B 30HE Mep3/10Tbl B
HacToAlWee BpemMa MPOMCXoaAT AOMNOJHUTENbHbIE BbIOPOCbl METaHa U
VINEKNCNOro ra3a n3-3a TasaHus.



* YuCThit 0OMEH 3KOCUCTEMBI:
* NEE = GPP —R

* [loTOK yrnekucnoro rasa:
* Feo, =<w'CO;" >

Photosynthesis
(@cm?d’

Respiration
(gCm?d")

POoTOCKMHTE3 N pecnmpaLms

10 —— Trees —— Ground vegetation

0 4 i : . I e u ) .
1.1.2002 1.1.2003 1.1.2004 1.1.2005 1.1.2006 1.1.2007

Carbon fluxes (photosynthesis and respiration) of the
forest trees, ground vegetation and forest soil over 5
years (Kolari et al, 2009)



Bblbpochl «cTaporo» yrnepoaa (Schuur et al, Nature, 2009)

* Anacka: 3 KOHTPOJIbHbIX . 3a mecal .3uma . fon
y4yacTKa, C Pa3NNYHOMN 5 o) [ Rummaa 2]
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CKOpOCTb pa3/ioxKeHna yrnepoaa

JKCnepuMeHTanbHOE n3yyeHue
NPOLECCOB Pa3/ioKeHnA yrnepoaa
NpM OTTaMBaHUM NOYBbI (BbIBPOCHI U3
CTC n mep3non no4ysbl) B APKTUKe, B
YCNOBUAX OKNCIeHNA (aapobHbIX)

121 obpasey,

Table 1 Mean residence times (£5D) at 5 °C for the fast,
slow, and passive C pool grouped by soil type. Letters indicate
significant differences by Tukey Kramer honestly significant
difference (HSD) test

MET (years)

Fast Slow Passive C
Organic 0.41 + 087" 7.21 + 432 =125
Mineral < 1 m 0.48 + 0.51° B.76 4+ 6.11 = 25000
Mineral > 1 m 0.21 4+ 0.17" 642 4+ 499 = 25000

C pool size (% of initial C)
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boICTpbIN pe3epB: pa3noreHue B TedeHume 1 roaa,
MepaseHHbIN: pa3noxeHune B TeueHme 10 ner,
[1aCCUBHbIN: COTHU-TbICAYUN NeT

O6paTuUTe BHUMAHME Ha NacCUBHble pe3epBbi!

MeaneHHble pe3epBsbl

OopraHN4yeCKmx noys

b6onblue, yem pe3epBbl MUHEPAbHbIX

Schdédel et al., Glob. Change Biol., 2014



BanaHWe rmaponornm Ha nepeHoc yrnepoda

JKCNepUMeHTaNbHOE NOTENNIEHME — CHEXHbIE HAaHOCbI. POCT TemnepaTypbl
nousbl Ha 1°C Ha rybuHe 5-40 cm.

50 -
30 1 JKCNEPUMEHT: YEPHDbIN,

doHoBble ycnoBua: benbin
60 -
20 -

G pool (kg m2)

- JKCNepumeHT

10

Maximum thaw depth (em)

80 ~

T T T T T 0
2009 2010 2011 2012 2013 2009 2010 2011 2013

Year Year

* 5.4% noTepb B rod 1 TO/IbKO NOJIOBMHA U3 HUX MOXKET bbITb 06bACHEHA
BbIOpOCamm NapHUKOBbIX ra3oB

rOpM3OHTaﬂbeIIZ nepeHocC yrnepoaa, I'VI,EI,pOJ'IOI'VIH?
Plaza et al., Nature Geosci., 2019



3aK/ItoYyeHme

* Temnepatypa MMI1 noBbilaeTca, YTO CBA3AHO C 0OWMM NOTENNIEHMEM KIMMATA U
M3IMEHEHNEM XapPaKTEPUCTUK CHEXHOIo NOKPOBa.

» CoaeprkaHue yrnepoaa B NoYBe B 30HE BEYHOW MEP310Tbl BABOE NPEBbLILWAET €ro
TEeKyllee coaep)kaHue B aTtmocdepe. B ApKTuKe 3aPpMKCUMPOBaHbl BblIOPOCHI
‘cTaporo’ yrnepoaa 13 rnoysbl.

 OgHaKko HeobxoanMMo y4nTbIBaTb CKOPOCTb MOCTYNAEHMA yrnepoaa B aTmocdepy
npn TaAaHUU Mep300Tbl. [10 coBpeMeHHbIM OUeHKaM, Be/IMYMHA NACCUBHOIO
pe3epBa No4Bs, boraTbix OpraHMKomn, coctaBasaeT okono 80%.



Carbon dynamics under different warming

scenarios (McGuire et al,

PNAS, 2018)

e Carbon dynamics in the permafrost area with regards to RCP4.5
(aggressive climate mitigation) and RCP8.5 (no action) scenarios

Two counteracting effects are
known: CO, fertilization and carbon
loss from permafrost

Table 1. Models used in this study to assess responses of permafrost dynamics, carbon dynamics, and sensitivity of carbon dynamics to
changes in atmospheric CO,, air temperature, and precipitation

Used to simulate Used to evaluate
permafrost Used to simulate  sensitivity of carbon
Model acronym Model name dynamics carbon dynamics dynamics
CLM4.5 Community Land Model, Version 4.5 Yes Yes No
ColLM Common Land Model Yes No No
JULES Joint UK Land Environmental Simulator Yes No No
ORCHb Orchidee Land Model, Version b* Yes Yes Yes
UVic University of Victoria Earth System Climate Model Yes Yes Yes
TEM6 Terrestrial Ecosystem Model, Version 6 Yes Yes Yes
SiBCASA Simple Biosphere/Carnegie-Ames-Stanford Approach Model Yes Yes No
GIPLb Geophysical Institute Permafrost Lab Model, Version b* Yes No No
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Fig. 1. The spatial extent of the permafrost region in the Northern Hemi-
sphere defined in this study. Subregions include boreal Asia (BOAS), boreal
Europe (BOEU), boreal North America (BONA), Glaciers and Ice Sheets (Ice),
and other permafrost areas (Other). Reprinted with permission from ref. 2.



Permafrost dynamics
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Changes in simulated carbon storage
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Model sensitivity

Only CO2 increase or only temperature
increase, other climatic factors being fixed

Drastic increase in NPP due to carbon
dioxide fertilization under RCP85 in two
models, green model simulates N-related
constrain on productivity

NPP response is btw 1.9 and 15.4% -
mean 13% from FACE experiment in
temperate forests

NPP and respiration response to
temperature are also poorly constrained
under RCP85
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Siberian craters

* Can Siberian craters be hydrates
explosions?

These two are located on Yamal
Peninsula.

20 July 2017 The..
G

All hell breaks loose as the tundra thaws

Arecent heatwave in Siberia's frozen wastes has resulted in outbreaks of deadly
anthrax and a series of violent explosions

trange things have been happening in the frozen tundra of northern Siberia.

Last August a boy died of anthrax in the remote Yamal Peninsula, and 20

other infected people were treated and survived. Anthrax hadn’t been seen

in the region for 75 years, and it’s thought the recent outbreak followed an

intense heatwave in Siberia, temperatures reaching over 30C that melted the
frozen permafrost.



CO, Flux (umol m2s™") CO, Flux (umol m2s™")

Importance of early winter respiration
(Commane et al., PNAS, 2017, Euskirchen et al., Ecology, 2017)

* Prolongation of warm season

* Regional assessment: Flights were made during approximately two weeks of each
month between May and September 2012, April and October 2013, and May and
November 2014.

o A
~ 4 — PVPRM-SIF —— Optimized Flux Interpolated Flux A & Biogenic CO; flux from Alaska ' B
: @ |
o ™ Nwm m f‘d&u
V N/’ 2 )
- S i
™ | = Mixed =
[} - & g
o e S [}}
> b=
o - — NS Tundrg —— SW Tundra —1 Boreal Forest B () & Tun‘ﬁra =
o , =2 35
- = NS
s Tundra -
(] e — ©
o
"l o
@
' o)
o | w
: S
<

Jan Apr  Jul  Oct Jan Apr Jul Oct Jan Apr Jul Oct Jan ' 2012 2013 2014 165 160 -155  -150  -145  -140
2012 2013 2014 Longitude (W)



Greenhouse gase emissions

e Carbon loss: 0.5% per year in wet sedge tundra, 0.2% per year in heath tundra.
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