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The Arctic may seem 
remote, but it is relevant to 

the Czech Republic. 
 

80% of Czech gas comes 
from Northern Russia. 
 
USGS estimates 25% of 
the global undiscovered 
oil is in the Arctic.  
 
Effects of climate change 
in the Arctic have global 
connections that will be 
felt at more southerly 
latitudes. 



The Arctic has received a lot of press lately due 
to climate change and retreating sea ice. 

The Arctic could be ice free during 
September by mid century (image 
NSIDC 2007). 

Temperatures are projected to 
increase by 5-7º C over the 
next 100 years, twice the 
global average (ACIA 2004). 



A related issue is the 
increasing pressure 
to develop the natural 
resources of the 
Arctic. 
 
Opening of the Arctic 
Ocean will accelerate 
development and increase 
ocean transport.  
 
The issues related to 
natural resource 
development are viewed 
by the Nenets people of 
the Yamal Peninsula in 
Russia as a greater threat 
to their livelihood than 
climate change. 
 
 

GLOBIO, Vital Arctic Graphics: http://www.grida.no/publications/vg/arctic/   

Major areas of Arctic  
oil and gas development 



Overview of the talk 
•  Brief overview of climate change and resource 

development in the Arctic. 
•  Focus on Northern Alaska and Yamal Peninsula, 

Russia where the changes have so far been the 
greatest. 

•  Brief history of the oil discovery at Prudhoe Bay and 
review of the cumulative effects of oil and gas 
development on the Alaska Arctic Slope.  

•  Socio-ecological effects of gas development on the 
Yamal Peninsula, Russia. 



Main resource 
for Alaska 
cumulative 

effects 

NRC, 2003, Cumulative 
environmental effects of oil and 
gas activities on Alaska's North 
Slope: Washington, DC, The 
National Academic Press, p. 
304. 
 



Main resource 
for Yamal 

cumulative 
effects 

Forbes, B.C., Stammler, F., 
Kumpula, T., Meschtyb, N., 
Pajunen, A., and Kaarlejärvi, E., 
2009, High resilience in the Yamal-
Nenets social-ecological system, 
west Siberian Arctic, Russia: 
Proceedings of the National 
Academy of Sciences, v. 106, p. 
doi: 10.1073/iti5209106, 
22041-22048. 
 

And other papers resulting 
from the ENSINOR project 



Also 
Walker, D.A., Forbes, B.C., Leibman, M.O., 

Epstein, H.E., Bhatt, U.S., Comiso, J.C., 
Drozdov, D.S., Gubarkov, A.A., Jia, G.J., 
Karlejaärvi, E., Kaplan, J.O., Khumutov, V., 
Kofinas, G.P., Kumpula, T., Kuss, P., 
Moskalenko, N.G., Raynolds, M.K., 
Romanovsky, V.E., Stammler, F., and Yu, Q., 
2011, Cumulative effects of rapid land-cover 
and land-use changes on the Yamal 
Peninsula, Russia in Gutman, G., and 
Reissel, A., eds., Eurasian Arctic Land Cover 
and Land Use in a Changing Climate, 
Volume VI: New York, Springer, p. 206-236. 

 



•  61% of the tundra is within 50 km of sea ice 
(blue buffer).  

 
•  80% is within 100 km (magenta and blue 

buffers).  

•  100% is within 350 km (all colors).  

Map by Hilmar Maier. 

Walker, D. A., 2005. The Circumpolar Arctic Vegetation 
Map. Journal of Vegetation Science. 

The Arctic tundra is a maritime biome 
 



Change in multi-year sea ice 

Rigor and Wallace 2004, updated to 2009 

•  It is conceivable that the Arctic ocean could be ice free during 
September by as early as 2030. 



Albedo effects of ice 

Courtesy of NSIDC: http://nsidc.org/seaice/processes/albedo.html 



Trend in surface temperatures  

Courtesy of  NASA: http://data.giss.nasa.gov/cgi-bin/gistemp/ 

Land-surface temperatures of North America north of 
60˚ N rose at rate of 0.84± 0.18 ˚C per decade 
between 1978 and 2006 (Comiso 2006). 


Dec-Feb Anomalies (2000-2010) Jun-Aug Anomalies (2000-2010) 



 Present and projected (2032) development 
impacted areas in the Arctic (UNEP 2004) 

•  Some estimates (UNEP, 2001) project that perhaps as much as 80 percent of the 
Arctic land area will become impacted by development by 2050 if current trends 
continue. 



Projected development in the Mackenzie River 
corridor, Canada 

Example of the type of projected impacts that will occur in the next few 
years as natural resources are developed. 



Changes in Alaska North Slope region 

•  230,000 km2 about = Romania or about 3 x Czech Republic. 
•  Population in 2001 = 7,555.  
•  Naval Petroleum Reserve 4 (now NPR-A) explored in the 1960s with 

only minor finds of oil and gas. 
•  ANWR set aside as wilderness except for 1002 Area.  
•  Currently producing about 7 billion bbl of  oil (7% of the annual 

domestic U.S. consumption in 2001), mostly on State of Alaska land. 



Discovery of oil at Prudhoe Bay 

Alaska and Polar Regions Collections, Elmer E. Rasmuson Library, 
University of Alaska Fairbanks. 

•  1967: 
Discovery of 
Prudhoe Bay 
field. 



All equipment was initially flown in or towed by 
tractors over snow and ice roads. 

C-130 Hercules at Prudhoe Bay Alaska and Polar Regions Collections, 
Elmer E. Rasmuson Library, University of 
Alaska Fairbanks. 

In 1968 there was 
virtually no roads on 
the North Slope of 
Alaska.  



Construction of 
Trans-Alaska 

Pipeline 

•  1974-1977. 

•  Buried under rivers and 
areas with low-ice 
permafrost 



First required construction of Dalton Highway. 

•  667 km from 
Livengood to 
Prudhoe Bay. 

•  Constructed in 
one year! 1974. 

•  Yukon River 
bridge required 
another 1.5 yr. 



Trans-Alaska pipeline 

•  1287 km. 

•  Oil takes 12 days to travel from Prudhoe Bay to Valdez. 

•  Aboveground pipeline mode in areas of ice-rich permafrost. 
 



Documenting history of exploration 

•  1968: Discovery of Prudhoe Bay field 
•  1969: Discovery of Kuparuk, West Sak & Milne Point fields. 
•  1970-80s: Exploration and expansion mainly in areas around Prudhoe Bay. 
•  1990s: Expansion into NPR-A and south of the Prudhoe Bay. 
•  2000s: Rapid expansion of leases in the Arctic Foothills, mainly gas exploration. 

1969:  



Growth of Prudhoe Bay infrastructure 
(1968-2001) 

1968 

1973 

NRC 2003 



Growth of Prudhoe Bay infrastructure 
(1968-2001) 

1983 

2001 

NRC 2003 



Unique photo-history of development 

NASA CIR aerial photo. 

•  The area presents a 
unique opportunity 
to examine the 
conversion from a 
remote wilderness 
in 1968 to an 
sprawling industrial 
complex in 2011. 

•  The entire history is 
contained in aerial 
photographs and 
remote sensing 
images spanning 
the period 1949 to 
the present. 



Schematic of oil field operations 



Complex of roads, pipelines, production facilities, 
contractor service centers, but no permanent 

population 

Total area 
affected is 
about 2,600 
km2 

 (about 
the size of 
Rhode Island 
or 
Luxumborg). 



Growth of Prudhoe Bay infrastructure, 
1968-2001 

Na#onal Research Council 2003 

       Length of Roads        Areas of gravel placement 
 

 Gravel roads (km)         400 
 Pipelines (km)         450 
 Powerlines (km)                  219 
 Produc<on pads (count)      115 
 Airstrips   (count)           4 
 Culverts  (count)              1395 
 Bridges (count)                     17 

 
 Gravel area (km2)           37.5 
 Gravel mines            25.7 
 Off‐shore gravel               0.6 
 Other impacted areas           7.1 

 
 

Total directly impacted area:        70.2 km2 



Documenting changes to natural 
ecosystems 



Marine spills: The Exxon Valdez Spill 

•  38,800 metric tonnes of oil spilled (17 Olympic-size 
swimming pools). 

Exxon Valdez Oil Spill Trustee Council 



Area of Exxon Valdez spill 

•  Affected 1,300 
miles of coast 
line (200 miles 
were heavily 
affected). 

Exxon Valdez Oil Spill Trustee Council 



Road-related impacts 

•  Thermokarst 
•  Gravel spray 

from road. 
•  Road dust. 



Road-
related 
impacts 

•  Roadside 
flooding, 
mainly in 
drained 
thaw-lake 
basins 
related to 
lack of 
culvert 
problems. 



Comparison of direct and 
indirect impacts within 

Map 22 

Solid lines: Direct impacts 
Dashed lines: Indirect impacts. 
 
 
Indirect impacts are 

about double those 
of the direct 
impacts. 

 
These trends need to be 

updated to 2010. 



Effects on wildlife 

Post-calving caribou, Arctic Coastal Plain. Photo: Ken Whitten 



North Slope caribou herds 



Roads and pipelines in the Prudhoe Bay 
at time of study in 1995 

Main area of intensive 
 Prudhoe Bay development  



Locations of radio collared caribou during the 
study 



Radio-collar data show few caribou utilizing the 
main Prudhoe Bay area after 1980. 

Main area of Prudhoe Bay development  

•  By 1978, caribou use of the main Prudhoe Bay area had declined 
by 78% and lateral movements had declined by 90%. 



Birthing rates of caribou were less within the 
oilfield and much less during periods of high 

insect activity. 
•  East area is 

outside the 
oilfield. 

•  West area is 
within the oil 
field. 

•  Effect of the 
oilfield on 
parturition rates 
is greatest in 
years of high 
insect activity. 
oil-field 
development,  



Major conclusions from the caribou 
portion of the NRC report 

•  Current technology will probably continue to evolve, 
but adverse effects on caribou are likely to increase 
with both the density of infrastructure development 
and the area over which it is spread. 

•  Unless future requirements for infrastructure can be 
greatly reduced, exploitation of oil and gas reserves 
within the calving and summer ranges of caribou 
herds will likely have negative effects on the herds. 



Social effects of oil development:  
 

Shift in lifestyles from exclusively subsistence hunting 
to providing services and government  

zPhotos (from left): David Policansky, Ken Stenek, Larry Moulton. 



Seasonal subsistence cycle at Barrow 
and Anaktuvuk Pass 



Immediate and cumulative effects of 2007 sea-
ice minimum on coastal communities in 

Alaska 

Feedbacks from changing 
environmental conditions and 
global processes: 

–  Greater distance traveled 
–  Higher cost of fuel 
–  Lower success of harvest 
–  Higher cost of purchased 

goods 
–  Needs for wage labour 
–  Out migration to cities 
–  Impacts on health 

Butchering seals on the ice at Shishmaref, 
Alaska. Photo: K. Stenek 

From: M. Murray. Talk at  State of the Arctic 
Conference, Miami, Fl. 16-19 March, 2010. 



Effects of development on employment 

Major oil and gas resources in the Arc3c 
 

Employments in thousands 
 

From: M. Murray. Talk at  State of the 
Arctic Conference, Miami, Fl. 16-19 March, 
2010. 



Effects of oil on 
North Slope 
Borough, Alaska 
per capita income 

Per capita income 1999:  
NSB (average):    

 $20,540.  
 
Arctic Village (outside NSB):

 $10,761.  
 



 
Growth of North Slope population (1939-1998) 

•  North Slope population increased 6x between 1939 and 
1998. 

•  Barrow increased nearly 13x, due to Naval Research Lab 
in the 1950-1973, and government and oil activities 
starting in about 1973.  



North Slope Borough local population 
employment by sector 

Mostly government. 

Oil industry has not been 
successful in its 
attempts to employ local 
residents. 



Growth in total aggregate personal income, 
1970-1999  

•  About a 17x 
increase in 
aggregate 
personal 
income from 
1970-1999. 



Per capitata income (1999) 



Trend in Alaska oil production, 1975-2009 

• Peak oil was in 1988. 

• Current production is 
similar to that in the 
early phases of the 
Prudhoe Bay field 
despite greatly 
expanded 
infrastructure. 



Arctic Demographics 

From Hamilton 2009, h:p://carseyins#tute.unh.edu/alaska‐indicators‐
northern.html 

• Boom in the 
Arctic has 
shifted from 
Alaska to 
Canada and 
West Siberia, 
Russia. 



Potential future development: Strip mining of 
coal and/or development of coal-bed methane 

deposits. 



Major conclusions regarding social dimension 
on the North Slope 

•  Major changes occurred to North Slope life style and 
incomes as a result of oil development. 

•  The current standard of living for North Slope 
residents will be impossible to maintain unless 
significant external sources of local revenue are 
found.  



•  Currently, large 
undeveloped  
areas with no 
roads, but… 

•  large-scale gas 
and oil potential,  

•  extraordinarily 
sensitive 
permafrost 
environment 

•  traditional 
pasturelands for 
the nomadic 
Yamal Nenets 
people.  

 

The Yamal: 

Photo: D.A.  Walker 



Finnish ENSINOR project 
•  Environmental 

and Social 
Impacts of 
Industrialization 
in Northern 
Russia 
(ENSINOR). 

•  Funded by 
Finnish 
Government 
because Finland 
is almost totally 
dependent of 
Russia for gas. 

•  Social-ecological 
systems, 
including herding. Photo: Bryan and Cherry Alexander 



 
Yamal: Center of future gas production in Russia 

Courtesy of A. Gubarkov 



Gas deposits 
in Yamalo-

Nenets 
Autonomous 

Okrug 

Courtesy of A. Gubarkov 

 
Bovanenkova is one of 18 

large gas fields on the 
Yamal that are planned for 

development. 
 



Huge potential gas reserves 

Courtesy of A. Gubarkov 



Terrain factors that make the Yamal region so 
sensitive to disturbance 

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.

 

 

T. Kumpula: Yamal LCLUC Workshop, 
Moscow, 28-30 Jan 2008. 



The Nenets people and their reindeer 

  

Florian Stammler: Yamal LCLUC Workshop, Moscow, 28-30 Jan 2008; Central photo: D.A. Walker.  



Working with sociologists: 
Combining remote sensing and traditional 

knowledge 

Florian  Stammler interviewing members of Nenets 
brigade using remote sensing products to learn 
about their land-use patterns. 
 
Photo: Bruce Forbes 

•  Presently, the 
Nenets view the 
benefits of 
industrial 
development as 
outweighing the 
negative impacts.  

 



Effects of reindeer herding 



Photos:  Bruce Forbes. . 

Overgrazing Trampling

Grassification Wind erosion



Analysis of impacts of resource extraction 
to pasturelands 

Brigade migration 
corridors VIII and IV 

Timo Kumpula: Yamal LCLUC Workshop, Moscow, 28-30 Jan 2008.  



Timo Kumpula: Yamal LCLUC 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 



Comparison of Bovanenkova and North Slope 
development** 

                      Area (length), km2 (km)   
                 Bovanenkova    North Slope   

Direct impacts: 
 Roads                 2.9 (79)    12.0 (954)   
 Airstrips               0        1.1  
 Gravel pads              2.1      23.5 
 Quarries               4.3      25.8 
 Off‐shore gravel placement      0              0.6 

Total direct impacts:                      9.3       62.4 
            

Other affected area:             24          7.1 
 
Total extent of field(s) perimeter 

 including currently enclosed 
 unimpacted areas.         448         2600 

 
**Data: North Slope (NRC, 2003), Bovanenkova (Kumpula 2011)  
 



Yamal is currently at the stage of development that 
Prudhoe Bay was in 1974 before construction of the 

Dalton Highway. 

•  Development has 
been delayed 
since the 1980s 
by several 
factors including 
settlement of 
Nenets land 
claims.  

•  Currently no road 
or train access. 

•  Train and road 
access in place 
by summer 2011. 

Courtesy of A. Gubarkov 



Yambourg Gas Field, Tazovsky Peninsula 

•  Discovered in 1981 and rapidly 
developed with winter road access. 

•  Rate of development on the Yamal 
will be comparable but much larger. Photos: Gazprom web site 



General conclusions from the ENSINOR project 

1.  The Yamal-Nenets social ecological system has 
successfully reorganized in response to recent 
shocks: anthropogenic fragmentation of a large 
proportion of the environment, socioeconomic 
upheaval, and pronounced warming in summer and 
winter.  

2.  Particularly crucial to success in the future is the 
unfettered movement of people and animals in 
space and time. Future institutional arrangements 
must specifically target mutual coexistence. 



The Inuit and Nenets view themselves as resilient to change. 
They have adapted to dramatic changes in the past and can 

adapt now if they are given a voice in development plans. 
 
 
 
 
 
 
 
 

The larger value of an analysis of cumulative effects in 
Alaska and the Yamal Peninsula will be in the lessons learned 

and the applications of those lessons to other areas of 
potential development. 
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