Cumulative effects of resource cleveloPment,
reindeer hercling, and climate changc on the Yamal
Peninsula, Russia
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Yamal: Center of future £as Procluction in Russia

Yamal

Bovanenkovo

, .chl'lk

s Contemporary Russia’s gas production is more than 600
billions m3 of gas which makes up 20% of the world
consumption.

= In 2030 gas production on Yamal will be as high as 250 -
260 billions m3/yr.
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Existing and designed pipelines

s "Gazprom" has accepted the Yamal hydrocarbons transportation
scheme of main pipeline across the Baidarata Ba¥ of the Kara Sea.
Four pipelines will transport 50-60 billions m3 of gas each.

Courtesg of A. Gubarkov



The Nenets PcoP/c and their reindeer
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Florian Stammler: Yamal LCLUC Workshol:), Moscow, 28-50 Jan 2008.



Terrain factors that make the Yamal region SO
sensitive to terrain disturbance

Sandy nutrient poor soils: Extreme ground-ice conditions:
— Highly susceptible to wind erosion. — Extreme ice-rich permafrost makes the region
_ Poor plant production, low plant very susceptible to thermal erosion and
’ landslides.

diversity, slow recovery.
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T. KumPula: Yamal LCLUC Workshol:),
Moscow, 28-350 Jan 2008.



Effects of resource extraction:

« Use of remote sensing and GIS to inventory direct
and indirect effects of the Bovanenkovo Gas Field.

T. Kum ula: Yamal LCLUC Worksho , Moscow, 28-50 Jan 2008.
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Detectabi/iiy of lmpacts with
different sensors

* Quickbird best
available sensor
for most gas field
impacts.

« Better than
ground surveys
for detecting off-
road vehicle
trails.

T. Kumpula:

Detectivity |Field Quickbird-2 |Quickbird-2 [ASTER Landsat |Landsat

Impact auryey  [Panchromatic |[Multispectral |[TERRA VNIR |TM MSS
Soil contamination. oil & chemicals / X \ / = \ - - - -
Removal of top soil and vegetation / XXX / XXX \ XHX XX X X
Quarries / XXX \ [xxx \ XHX KHH %X X
Garbage

-metal XX - = - - =
-glass x . - - - =
- concrete XXX X x = = =
-wood XK X P = - =
Pipelines XXX XX x - = =
Pow erlines KK KX X = - =
Roads HXK KKX XXX XXX X X
Offroad tracks XK KKK f X xX X X
Wintsr roads XK \ XX [ XX X X =
Drill towers KK \ KKK I XX X - -
Barracks \ KX X [ \ XX ] X X = =
Trucks/Vehicles \xxx / XX X = - -
Changesin hydrology ;p_(/, kxx[ XX | X X X
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Yamal LCLUC Workshol:), Moscow, 28-50 Jan 2008.




GIS and remote scnsing approaci'l fo cata/og impacts

Bovanenko gas field
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Direct (planned) impacts:
Infrastructure 2.1 km?
Quarries 4.3 km?
Roads 2.9 km2 (79km)
TOTAL 9.3 km?
Digitized from: Indirect impacts with changed vegetation (mainly shrubs to graminoids):
Quickbird-2 imape 16.7.2004 Off-road vehicle tracks 24 km? (250 km)
(2.4 m resolution) y
Aster Terra VNIR image 21.7.2001 b,
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T. Kumpula: Yamal LCLUC Workshop, Moscow, 28-50 Jan 2008.




Effects of reindeer hcrdlhg

Overgrazing Trampling




Florian Stammler interviewing members of Nenets brigade.

Photo: Bruce Forbes

Working with
soc:Jb/ogfsts:

Comblh/hg remote
sensing and
traditional
know/cdgc






lmPad:s of Bovanenkovo gas field to summer Pasturc of Br:gaclcs 4 and 8

Brigade borders
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Datasource:
ASTER TERRA VNIR image
21.7.2001 (15 m resolution)

| Brigade 4: 225 km? out of total 1019 km? summer pasture
» * Brigade 8: 200 km2 out of total 796 km? summer pasture

Quickbird-2 image 15.7.2004
(2.4 m resolution)

Timo Kum ula: Yamal LCLUC Worksho , Moscow, 28-50 Jan 2008.
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Effects of climate change:

Analgsis of sea-ice, land surface tcmpcrature and NDV/
trends

Is the trend Iin sea-ice
affecting Arctic vegetation ?

R e . NG B 5[ b) Min Ice Cover ]
Since 1980, perennial sea ice : '
extent in the Arctic has declined at
the rate of 10.1% per decade.

Comiso et al.. 2008, Geop/ysica/
Research Letters, 35: 1.O170%.
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Division of Arctic Ocean and associated land masses according to Russian Arctic Atlas
and Circumpolar Arctic Vegetation Map

101 & 1* East Bering Sea

102 &2 Chukchi Sea

103 & 3 Beaufort Sea

104 & 4 Canadian Arch. Straits
105 & 5 Hudson Bay

106 & 6 Hudson Strait

107 & 7 Davis Strait

108 & 8 Baffin Sea

109 &9 Lincoln Sea

110 & 10 Greenland Sea

111 & 11 Denmark Strait

112 & 12 Norwegian Sea

113 & 13 Barents Sea

114 & 14 White Sea

115 & 15* West Kara Sea

116 & 16 Laptev Sea

117 & 17 East Siberian Sea
118 & 18 Russian Arctic Basin
119 & 19 American Arctic Basin
120 & 20* East Kara Sea

121 & 21* West Bering Sea 50~l<m buffer seaward and

*Treshnikov basin divided for purposes of this study l anclwa rcl O'F coa stlinc | n each sea
Polar stereographic projection (J. Comiso)
Map by M. Raynolds, March 2008
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Sea-ice and teml:)erature trends in Kara/ Yamal
region of Russia and Beaufort Sea
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Bhatt et al.: NASA LCLUC Workshop, 2008.



NDVI trends in Kara/Yama| region of
Russia and Beaufort Sea
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Much lower NDVI on the Yamal is likely due to sandy wind-blown nutrient-poor soils, and
grazing by reindeer.

Greater change in Beaufort Region most likely due to more positive trend in ground surface
temperatures in the Beaufort region during the period of record.

Bhatt et al.: EGU, Vienna, Proceedings, 2008.



Correlations between climate indices
SWI, seaice, & intcgratcd NDVI

50-l<m zones with climate indices cluring Prececling winter

(DJFM)
Showing bold values with sigwiﬁcancc at 90% level or greater

Correlation Sealce Summer Warmth Integrated NDVI
NAO AO PDO | NAO AO PDO NAO AO PDO
Barents -0.38 -0.34 | 0.26 0.45 0.28 0.16 -0.15
Kara-Yamal -0.41 -0.31 | 0.32 0.28 0.11 0.11 -0.22
Laptev -0.52 0.38 0.23 -0.30 0.56 0.47 -.52
E.Siberian -0.50 -0.59 | 0.42 0.37 0.38 -0.36 0.49 -.60
Beaufort -0.14 .0.28 0.52 0.33 -0.15

Throughout the Arctic including the Yamal, the general trend is positive
summer warmth and NDVI with positive phases of the North Atlantic
Oscillation and Arctic Oscillation, and negative correlations with positive
phases of the Pacific Decadal Oscillation.

Bhat‘c et al.: EGU, Vienna, Proceedings, 2008.



Cumulative effects in the Yamal

Resource development:

» Indirect (unplanned) impacts are greater than the direct (planned) impacts.
* Roads and pipelines: serious barriers to migration corridors.

» Effects will increase as new field are developed.

Landscape factors and terrain sensitivity:
» High potential for extensive landscape effects due to unstable sandy soils, and extremely
ice-rich permafrost near the surface.

Reindeer herding:

« Land withdrawals by industry, increasing Nenets population, and larger reindeer herds are
all increasing pressure on the rangelands.

» Herders view: Threats from industrial development much greater than threats from climate
change.

» They generally view the gas development positively because of increased economic
opportunities.

Climate change:

» Satellite data suggest that there has been only modest summer land-surface warming and
only slight greening changes across the Yamal during the past 24 years. (Trend is much
stronger in other parts of the Arctic, e.g. Beaufort Sea.)

- Kara-Yamal: negative sea ice, positive summer warmth and positive NDVI are correlated
with positive phases of the North Atlantic Oscillation and Arctic Oscillation.






2007 ExPcclition to Yamal Peninsula Regjon, Russia
Logjstics:
Mcmbrs of the ExPeclition:

Nadym Laborovaya and

Vaskiny Dachi Data RCPOT‘t

Data Report of the
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Yamal Peninsula Region, Russia

D.A. Walker, H.E. Epstein, M.E. Leibman, N.G. Moskalenko, J.P. Kuss, G.V.
Matyshak, E. Kaarlejaryi, and E. Barbour

Alaska Gegbotany, Center
Institute of Arctic Biology, University of Alaska
Fairbanks, AK 89775

January 2008

Funded by NASA Grant No. NNGEGEOOA

Active layer

Ground temperatures
http://www.geobotany.uaf.edu/yamal/documents/

yamal_2007_dr080211



Biomass along the Yamal transect

Standing Crop excluding trees (live and attached dead, no dead
moss or lichen)
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Climate trend:
2000-2300 g m2 at Nadym to about 1000-1300 g m at Vaskiny Dachi. EPStCiﬂ et a[,
Effect of sandy soils: NASALCLUC
«  Sandy soils have 250-350 g m less biomass than comparable clayey sites ;
* Much more lichen biomass and less mosses and graminoids. mce’cmg 2008.

Effect of reindeer:
« Ungrazed sandy areas near Nadym — over 1000 g m2
+  Less than 250 g m?2 in sandy areas where reindeer grazing has occurred annually.



Medium Grazing Intensity

Low Grazing Intensity
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Yu and EPStCiﬂ: 2008, NASA LCLUC conference.

Modeled Procluctivitg
of PFTs on the Yamal

* ArcVeg model (Epstein et al. 2002)

« Examines succession of biomass for seven Arctic
plant functional types.

» Five climate scenarios.
« Warming vs. non-warming treatments.
» Three grazing intensities.

» Next steps will incorporate soil type and
disturbance regimes (dust and complete removal of
vegetation), relate to NDVI and develop regional
extrapolations.

Comparison of Total Biomass in Each Subzone
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BIOME4 /L PJ model

» |PCC IS92a scenario

BIOME4 - Vegetation Type Biogeography Model

.-mumh g- concept (rather than species)

" Forout bomes are iied, based on the résulant composiion

o e various PETS.

present

id (0.5° x 0.5°), but does not simulate

......
A

Using the terrain, soil, and Ve;;getation data to iml:)rovc
BIOME4 global Vegctation change model.

Kaplan, J.: Yamal LCLUC Workshop, Moscow, 28-50 Jan 2008.



ComParative stuclg with Alaska oil
e M and gas clevelo[:)ment

= Comparison of Cumulative Effects as
ErrecTts or O1L AND GAS Alaska and Yamal:

ACTIVITIES ON '

ATLASKAS NORTH SLOPE — Resource development

— Traditional land-use
— Climate change

A Develop predictive change models
A i \ — Based on field data from both areas,

— Apply to new areas of development

NATIONAL RESEARCH COUNCIL

Wa”<er et al.: in progress, in Gutman et al.
National Research Council 2003 LCLUC book.
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