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CIRCUM-ARCTIC MAP OF PERMAFROST AND GROUND-ICE CONDITIONS

H‘i-.___ T bt m S
- P Lo B e PR S e A e |

e b i
Briirtil ey b e | A
A . e piten, —— et

- s e der o | P Tre—

e e T gt i
FmEha 3o e ) [T

e Wiy (Y S -1""-;-":'-;-":::" -n-.:.-\-__|:|l.'\-u'-
oty aerleca | G i | R Pt | i) I P i | D By i
S R s | ey | COeau) e | B s
™ e M [T 0% -Iiuiudl :I-'!.JI Iwive || 1O mem I.-i' M1

———

U ST R RS e A A e R P SR
BT R B B e e b e 1 B

5. Bl B T L L BT ]

=3 i s i e o e
si i, i3

] Ol B 3 (145 — tafarbaidbes

[y

r — L o Bt i ey = g
Lard Ll 7%
[ R L

W A

Dbl vma i Bl on U0S e =S it e Tae s R s D

- L bt ol £ ga d-Aies Fiopoioet
i o eciiied By oy Brosm, Decar 1. Perione, & s Satan Pt Hewth Pole
1. Man Heg=tofom, s Evgesy 5 Rainbos L n Fops 1.3 005 e
Crigras’ gl vorn on mepared by URE PG HID Aoy, oy T - P b [ - e —
foave: nfemeteral Feratow Auecinten, Mate and bt masen W o T e ——
Gormip, camp. Ll Cpourpriae Aot -Lyer Parrarboee Syoam JOAPS ), ) [] - - LS g
sErmi 1.0 C0-Ra0RE & e et Ao Katoal S and ko Dats Carama, e e e
PRt A Sl et e T, Coddmtes MES0EC, Lok Py of s L
i ol w5 il DBl ol




Permafrost observational programs

Fermafrost

CALM

Circumpelar Active
ayer Monitoring

Circumpalar Active Layer Monitoring (CALM) Network
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Permafrost measurements at CALM site on Svalbard




o S NADYM GRID: AVERAGE THAW DEPTH (130cm) AND TERRAIN
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Malkova et al., 2005
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CALM Site: S2A
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Flow chart of permafirost modeling
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Calculation of surface temperature
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Map of
seasonal thaw depth




Equilibrium permafrost model

ATMOCO®EPA
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Projected for 2050
changes oifi seasonal thaw
depth (relative to 2000)

0 — ocean
1 — permafrost-free land

2 — 0% - 20% Iincrease
3 — 20% - 30% Increase
4 — 30%-50% Increase
5 — >50% Iincrease




Dynamical permafirost modeling

In\cide‘nt S\olar Radiation, Q ’ Cloudiness, n

Air humidity, q Precipitation, R
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Surface energy balance equation

S — 1

Organic layer, water content W

Heat transfer equation

Frozen ground




Surface energy balance equation
Q(l'a) - E r(Ts) B P(Ts) B B(Ts) B LE(Ts) =0

E(T)= E, (T,) (1-0.79 n) + 4 ds T(T,-T): E °(T,) = ds T%(0.39 — 0.058 e*?);

ifW>Wk

P(T,) =r_cvD, (T,-T); E. =r_vD, (e, -¢)

f=mRwiw, ifREE,
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Stochastic permafrost Model

—&— Nonacidic Tundra
—+—  Acidic Tundra
—7v— Shrublands
—X¥— Wet Tundra
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Typical permafrost terrain

Photo by N.Shiklomanov




City Affected buildings, %

Norilsk 10%

TiksI 22%

Dudinka 55%

Dikson 35%

Pevek, Amderma | 50%

Chita 60%

Vorkuta 80%

Anisimov and Lavrov, 2004
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Khrustalev, 2001




Permafrost hazard index, I, fl!l'lll

(Anisimov and Lavrov, 2004) STATE HVDROLOGICAL INSTITUTE

l= kK- (1+5)- (2, — 7)) - C,/ Z;

maximum summer thaw depth under the modern (index 1) and
projected for the future (index 2) climate,

volumetric ground ice content,
salinity of soll,

constant scaling factor.




Regions with low (1), moderate (2) and high (3) susceptibility to permafrost hazard,
GFDL climatic projection for mid-21st century.

Numbered regions on the map designate provinces of oil and gas exploration.

(Anisimov and Lavrov, 2004)




Feedback to the global climate
system through methane
emission from Russian Arctic
wetlands.

Permafost model

Methane model

Area of wetlands




Annual CH, fluxes to the atmosphere, min. T Net

(IPCC, 2001; Anisimov, Lavrov, Reneva, 2005) emizsgion

World wetlands Total
Source

165 550
(100 - 230) (500-600)
Northern wetlands (N of 500) T

63
(54.5 - 72.5)

T T T Total

Other

sink
Sources

West North

Europe Russia America 530

385 (492-576)
10.5 28.5 54

(24 - 33) (20 - 28)

1

West Siberia Arctic soils contain ca. 455 GT C, or 14% of the world soil

25 carbon of which 50 GT are deposited in the wetlands




Fraction of land occupied by wetlands in Russia

Anisimov, Lavrov, Reneva, 2005
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Projected changes of the velume of seasonally thawing
peat (km?3). Water content 600 mm/m / 800 MM/ M.

(Anisimov, Lavrov, Reneva, 2005)

years

2025 2050

models

NCAR - 80,61 / 88,59 -

GFDL 80,88 /90,87 | 137,82/ 150,40 | 153,94 /173,02

ECHAM -4 - 228,92 | 249,04 -
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Parameterization of methane fluxes:

Flux / thaw depth ratio:

J, 1 Io=~/ Ha1/Hdo

Flux / ground temperature ratio:

J;/Jy=exp 0.1(T, - T,)

Combined equation:

J, 1 J,=exp 0.1(T, — T,) +/ Har/Hudo




(Anisimov, Lavrov, Reneva, 2005)

Predicted changes
of methane flux,
GFDL scenario for 2050
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Annual CH, fluxes to the atmosphere, min. T
(Anisimov, Lavrov, Reneva, 2005)

World wetlands Total
Source

165
(60 - 160) 550
Northern wetlands (N of 50°) T

63
(54.5 - 72.5)

T T T Other

West North Sources

Europe Russia -
P America 285

10.5 28.5 o4

[ o
West Siberia \

22.2

Net
emission
20 (+8?)

Total
sink




Projected changes ofi CH4 emissions firom wetlands

CH4 changes

+25%
156-277min.t./yr (+78%)

+20% change

+8% change

26% Increase

+19% increase

+21% increase, N60+

Decreased emission

+38%, N60+
0 to +25%, N60+

Climate change
.59 C

CO, doubling in GISS GCM
(3,49 C)

Uniform £1 °C temperature
change

+20% precipitation change
glebal warming of 2.5 °C

Uniform| +£2.°C temperature
change

+2 OC temperature and +10%

precipitation change

> 4 °C temperature change

+10 em thaw depth

+10 cm water table rise

Source

Anisimoyv et al., 2005

Schindell et all., 2004

Walter et al., 2001

Walter et al., 2001
Liu, 1996: Prinn et al, 1999

Cao et al., 1998

Cao et al., 1998

Cao et al., 1998
Zhuang et al., 2004

Walter and Heimann, 2000
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