
The Yamal is typical of the sorts of changes that are likely to become much more
common in tundra areas of Russia and the circumpolar region within the next decade:
Currently, there are large areas of wilderness with no roads or development, but large-
scale gas and oil development, an extraordinarily sensitive permafrost environment, and
rapid changes in climate threaten the traditional pasturelands for the nomadic Yamal
Nenets people.
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Abstract:
Oil and gas activities over the past 30+ years
have had profound effects on the social-
ecological systems of the Yamal region of
Russia and northern Alaska. Both regions are
also undergoing rapid climate warming, with
important ramifications for tundra vegetation and
permafrost soils. Russian and Finnish scientists
are studying the terrain, permafrost, and socio-
ecological impacts of development on the Yamal
Peninsula. US scientists are collaborating by
examining the climate-related impacts to the
vegetation and how these are related to the
changing sea-ice concentrations. We are
employing state-of-the-art vegetation change
models to predict the combined effects of land-
cover changes due to altered climate and
industrial development.

Here we summarize some of the recorded
effects in the Yamal region of industrial
development, the role of terrain sensitivity,
reindeer herding, and climate change. Our
aim is the co-production of knowledge
relevant to assessing the overall cumulative
effects – both positive and negative – from
past resource exploration and from climate
change. We point the way to a comparative
study of cumulative effects in North America
that would draw on the different lessons
learned in both regions, with a goal of
collaborating intensively with the local people
to develop tools to better predict the
cumulative effects of resource development
and climate change in these and other
regions of the Arctic.

Goal: Develop tools to better predict the
cumulative effects of resource development,

climate change, and traditional land use –
combining scientific and  traditional knowledge
of the landscapes, socio-economic analyses,
remote sensing, climate-change analyses, and

vegetation-change models.

Effects of industrial development:

Vehicle trails created by “vezdekhod” off-road
vehicles viewed with Quickbird imager.

Extent of industrial effects
Planned infrastructure (Direct effects):

Infrastructure 2.1 km2

Quarries 4.3 km2

Roads (79 km) 2.9 km2

TOTAL 9.3 km2

Unplanned (indirect effects):
Off-road vehicle tracks  (2500 km)     24 km2

TOTAL CHANGED AREA 33 km2

Total extent of the gas field (perimeter) including
areas with limited reindeer access due to
roads 448 km2

Timo Kumpula: 2006, Nordia Geographical Publications, 35, 17-30 and in prep.

Extreme ground-ice conditions:
– Extreme ice-rich permafrost makes the region

very susceptible to thermal erosion and
landslides.

Sandy nutrient poor soils:
– Highly susceptible to wind erosion.
– Poor plant production, low plant diversity, slow

recovery.

 

Landscape factors and terrain sensitivity:

 

Anatoli Gubarkov: Yamal LCLUC Change Workshop,
Moscow, 28-30 Jan 2008.

Impacts of Bovanenkovo gas field to summer pasture of
Brigades 4 and 8

• Brigade 4: 225 km2  out of total 1019 km2 summer
pasture

• Brigade 8: 200 km2  out of total 796 km2 summer pasture

.

Effects on and of reindeer herding:

“…in addition to taking part in daily life and seeing with our own eyes exactly how the animals are managed we do more
formal semi-structured interviews. Some of these are recorded on either digital tape or film, or both. In these cases we have
medium or very high resolution satellite imagery of the areas we are discussing to focus on specific places and features that
the herders can recognize easily.”            —Bruce Forbes Effects of reindeer herding

Photos:  Bruce Forbes.

Overgrazing Trampling

Grassification Wind erosion

Florian Stammler: Yamal Land-Cover and Land-Use Change Workshop, Moscow, 28-30 Jan 2008.  Bruce Forbes: 2006.

Effects of climate change: Is the trend in sea-ice affecting Arctic vegetation?

Circumpolar sea-ice retreat, land-surface
temperatures and vegetation greenness

Maximum NDVI trends

.

Beaufort
• High year-to-year variability.
• Negative sea-ice trend and

positive temperature trend.

Kara/Yamal
• Negative sea-ice trend but

nearly flat temperature trend.

Comparison of the Kara/Yamal and
Beaufort Sea regions
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Throughout the Arctic, including the Yamal
and Beaufort regions, the general trend is a
positive summer warmth and NDVI
correlated with positive phases of the North
Atlantic Oscillation and Arctic Oscillation,
and negative correlations with positive
phases of the Pacific Decadal Oscillation.
The strongest NDVI trends are in Beaufort,
E. Siberian, and Chukchi Sea areas.

Uma Bhatt et al.: 2007 AGU Fall Meeting.

Kara/Yamal
• Much lower NDVI than in

Beaufort regions is likely due
to sandy wind-blown
nutrient-poor soils, and
possibly grazing by reindeer.

Beaufort
• Greater rate of change in

Beaufort Region is most likely
due to more positive trend in
ground surface temperatures in
the Beaufort region during the
period of record.
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Cumulative Effects on the Yamal:

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.)

• Negative sea ice, positive summer warmth and positive NDVI are correlated with positive
phases of the North Atlantic Oscillation and Arctic Oscillation.

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.
• Herders generally view the gas development positively because of increased economic

opportunities.

The larger value
of an analysis of

cumulative effects
on the Yamal

Peninsula will be
in the lessons

learned and the
applications of

those lessons to
other areas of

potential
development.

Cumulative effects:
Proposed comparative study of Yamal and

North Slope oil and gas development

Comparison of cumulative effects as detected using
remote sensing and GIS in Alaska and Yamal:

• Resource development (e.g., Walker et al. 2001, NRC 2003,
Kumpula, in prep.).

• Traditional land-use (e.g. Stammler et al. 2008).
• Climate change (e.g. Bhatt et al. 2008).
• Effect of terrain factors (e.g. Gubarkov 2008).

Intensive collaboration and involvement of the local
people (e.g. ENSINOR and CARMA projects Forbes,
2006, Russel et al.  2006).

Predictive change models
• Based on field data from both areas (e.g. Walker et al. 2008).
• ArcVeg and BIOME4/LPJ models (e.g., Epstein et al. 2007).
• Apply to new areas of development.

National Research Council 2003
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Trends in sea-ice concentration (blue line), summer land-surface
temperatures (red lines), maxNDVI, (dark green lines), and integrated
NDVI (light green lines) for 50-km strips along each sea coastline.

 Lost pasture lands:
Brigade 4: 225 km2  out of total 1019 km2 summer pasture
 Brigade 8: 200 km2  out of total 796 km2 summer pasture
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