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Southern boundary of the
mapped area is tree line.

Tundra is defined as being
treeless but not absent of
woody plants.

Largest expanses in Russia and

Canada, with some in U.S,,
Scandinavia, and Greenland.

Note the close proximity of all
parts of the biome to
perennially or seasonally
frozen seawaters.

Barmns Prostrate- shrub fumdrs
| | B1. Crypioganm, hisrty barsen | P1. Proatrate dwarf-ahrub, fars urdes
I B Cryphegga m Bamen s plas [Bed o PZ. Prosiraleiemiprostitris dward-sheus hund
I B Roncaborsate esleen o i
Emct- shrub tundras
E O, Caviromie swwonini comple: [ %", Erect dwarf-shub sundra

Graminoid tundras [ 2. Low-shrub tndra

31, Fushigrass, oy, crypiogam undia Watiamnds
] 53, Gramiscid, prostraie dwart-shrub, forh unsra [ | Wt Secigadyra e, moss wetland
| &) Monhssock-andge, dead-shub, mosstunda [ | W2 Sedge, moss, dead-shrub wetiand
[ G, Tussock-andce, dwart-shngh, moes hndr I . Secige, moms, kew-shub westiand

|l | | Wi | | -t A A &




Sea lce Concenftration Summer Warmth Index (SWI
[percent ohangs, 15682 2005) b {psreent changa, 1-aaz,3:-:n£] |
[ =]

w10mEE w1 w5E w30 <35 &13 o1 1 A0 B 40 BR 70 A5 0

200w D0 oTE w50 w25 will o5 W1 1 5 10 35 50 76 003 3H

Figure 1. d

N. Hemiz.

Sea ke Concentration and Summer Warmith Index
(percent change, 10823008 )

M. &rnerica
Eurazia

E. Baring
E. Chukchi |
Bsautort
i, Arch.
Baffin Bay
Dz Str.
Grrind S=a

40 .20 u 20 4 [=41] ]
Sea lom Area Summer 'Warrnth Index

Bhatt et al. (2010)

cC

Maximum MOV (MaxMOW)

ipercanichangs, 19822008
- Tt

=% 30 W13 -0 S -2

e

N. Hzmis.
M. Arnerica
Eurazia

E. Barin

E. Chubchy

Beautort
Can. Arch.
Batfin Bay
Diaviz Str.

Grmind Sea

ars®

'
H
n
L
¥
a
i
.

Time-Integrated MO and Madmum MO

iparceni chargs, 154 2- 20080

Barents
Wi, Kara

E. Kara

Laptew

E. Sib=nian |
'W. Chukechi

[ @ TNV

W Mty -

12 1E




(b) North America Arctic (c)Eurasia Arctic

Bioclimate subzone _Transect (NAAT) Transect (EAT)
EI Glaciated e L Lol zZ

. Subzone A ﬂ
. Subzone B IsaChse

. Subzone C
Subzone D
. Subzone E

D Non-Arctic
® Study location

0 125 250 500 km

@ Circumpolar Arctic / Kera Sod

1250 2500 5000 km
I N

From Raynolds et al. 2012










Aboveground Total and
Shrub Biomass along both
transects
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All sites: y=0.383 Inx + 0.994
R?=0.94, p<0.001
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Change in phytomass
1982-2010

kg m-yr”
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Total ~0.40 Pg C increase in tundra vegetation over 28-year period
Epstein et al. (2012) — up to ~0.2 Pg C sequestered per year.
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Increased length of the growing season
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Figure 2. Spatial patterns of the linear trends in SOS, EOS and
LOS from 2000 to 2010 based on MODIS data. Positive values
(warm colors) indicate later onset (SOS), later finish (EOS) and
longer duration (LOS) of the growing season.

Zeng et al. (2011)



Changes in shrub cover, northern Alaska
1950-2003
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Sturm, M., C. Racine, and K. Tape. 2001. Increasing shrub abundance
in Arctic. Nature 411:547-548.




Yamal Peninsula
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» Changes in alder cover are readily detected using Corona imagery as baseline

» Alder cover increased by 8% (52 ha) during 1968-2003

Frost et al. (in prep.)



Feedbacks between shrubland development and permafrost in
the northwest Siberian Low Arctic

Gerald V. Frost

Friday, 10:15S AM Room 52
Session 2.2.8 — Environmental Consequences of Change
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Yamal Peninsula,
northwestern Siberia,
Russia
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Model setting

ArcVeg simulations were conducted with field collected parameters:

Bioclimate subzones

Soil nutrients - soil organic nitrogen

Grazing: (0.1, 25%), (0.1, 50%), (0.5, 25%), (0.5, 50%)

Climate warming: 2°¢ transient warming and equilibrium warming
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Conclusions

General widespread greening of arctic tundra, but greater increases in
vegetation seen in southern tundra subzones.

Approximately 0.40 Pg C difference in vegetation over past 28 years.

Shrub expansion appears to be accounting for a substantive fraction
of the greening circumpolarly, particularly in the southern tundra .

Grazing may buffer the responses of vegetation to warming, and
interactions among grazing and warming are likely to alter plant
community composition in tundra.
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