
Unlocking the Arctic Ocean
Future emissions from petroleum and shipping activities due to 

reduced sea-ice extent 

Sea-ice in 2030 and 2050
Future Arctic ice conditions were extracted from the National Center 
for Atmospheric Research (NCAR) Community Climate System Model 
(CCSM3). The CCSM3 model was found to be closest to observations 
between 1972 and 2007. Four CCSM3 runs were averaged to give the 
ice conditions for 2030 and 2050. 

Arctic Shipping
Reduced sea-ice extent  
will allow faster travel 
between Europe and 
Asia with breakeven 
points situated in south-
east Asia. The 
navigation season for 
the Northern Sea Route 
(NSR) may increase 
from the current 20-30 
days pear year up to 
150 days per year by for 
ships with ice-breaking 
capabilities. 

Ship-owners will use the NSR if it reduces costs, primarily though reduced 
fuel consumption and reduced travel time. However, transiting the Arctic 
Ocean may incur some increased expenses, both through increases in capital 
cost and in operational cost. In addition, it is possible that the many 
uncertainties and potential hazards connected with an Arctic transit will 
result in reduced predictability in transit time and reduced service reliability 
(more frequent delays). 

We formulate the 
problem of finding the 
future Arctic shipping 
traffic as a fleet 
optimisation problem. 
The ice conditions 
determine factors such as 
transit times, amount of 
fuel consumed per trip, 
vessel requirements; 
while the seaborne cargo 
flows determine the 
market potential for arctic 
cargo freight. Preliminary 
results show that future 
shipping activity in the 
Arctic depends on the 
type of ship and the type 
of goods transported.

Oil and gas production
There was rapid growth in oil and gas production in the Arctic from the 
1960’s until 1990. Since the collapse of the former Soviet Union production 
has almost returned to 1990 levels. Current Arctic oil and gas production 
represents around 15% of global supply. 

Despite declining production in some Arctic oil and gas fields, there are 
considerable potential reserves in the Arctic. The United States Geological 
Survey (USGS) estimates that the area north of the Arctic Circle contains 
about 30% of the world’s undiscovered gas and 13% of the world’s 
undiscovered oil.

It is not obvious that the Arctic will sustain its current 
contribution to global supply. We estimate oil and gas 
production in the Arctic using a model of global energy 
markets (FRISBEE) developed at Statistics Norway. The 
model is based on profitability and does not include 
political or environmental constraints. FRISBEE covers 
five Arctic regions: West Russia, East Russia, Alaska, 
Arctic Canada and Arctic Norway. We further grid the 
data at a 1x1 degree level using a combination of data 
provided by IHS Inc and USGS. 

Emissions are estimated for 2004 
using regional emission factors 
per unit production. The data are 
primarily obtained from national 
sources or adjusted to match 
reported emissions. Historic data 
shows little change in emission 
factors over time. We provide two 
scenarios of emissions in 2030 
and 2050; first, we assume the 
emission factors are constant as in 
historic trends, and second, we 
assume that Arctic regulations will 
be strict and use the Norwegian 
emission factors as a best case 
scenario.

Emission
Factors

CO2

(kg/t)
CH4

(g/t)
N2O 
(g/t)

NMVOC 
(g/t)

SO2

(g/t)
NOX

(g/t)
CO 

(g/t)
BC 

(g/t)
OC 

(g/t)

Norway 55 150 0.4 350 2 150 35 3 25
Russia East 94 620 0.4 170 250 180 100 3 25
Russia West 94 620 0.4 170 250 180 100 3 25
Canada 94 150 1 170 100 400 100 1 7.5
Alaska 160 750 1 170 10 400 100 3 25

Contact
For more information on the ArcAct project contact Jan Fuglestvedt
(j.s.fuglestvedt@cicero.uio.no).
For more information on the future emissions in the Arctic contact Glen Peters 
(glen.peters@cicero.uio.no)
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Conclusions and Future Work
We find that there will not be a huge increase in Arctic activities in the short-term. For shipping, the cost savings for reduced 
travel time are often offset by addition costs of crossing the Arctic. For oil and gas production, the large estimated reserves 
do not necessarily translate into increased oil and gas production since the fields are often far from markets and in 
challenging ice conditions. There are many uncertainties in the analysis such as the future development of the sea-ice, 
political constraints, technology development, and future oil-prices. 

The inventories presented here are inputs into atmospheric transport, radiative forcing, and climate models which will 
quantify the impact of the emissions taking place in the Arctic region.

Carbon Dioxide
(Mt)

2004
2050 
No 

Policy

2050 
With 
Policy

Canada 0.2 0.1 0.1
Norway 3.1 2.6 2.6
Russia East 0.1 3.3 1.9
Russia West 76.4 60.6 35.5
United States 21.0 5.0 1.7
Greenland 0.0 0.0 0.0
Total 101 72 42

Sulfur Dioxide
(kt)

2004
2050 
No 

Policy

2050 
With 
Policy

Canada 0.2 0.1 0.0

Norway 0.1 0.1 0.1

Russia East 0.4 8.8 0.1

Russia West 203.2 161.3 1.3

United States 1.3 0.3 0.1

Greenland 0.0 0.0 0.0

Total 205 171 2

The Arctic is now experiencing some of the most rapid climate changes on earth, with temperatures rising at approximately twice the 
rate of the rest of the world. Decreased summer sea-ice in the Arctic Region will effectively “unlock” the Arctic Ocean to expanded 

activities, particularly oil/gas extraction and shipping.  The principal objective of the NORKLIMA ArcAct project is to quantify the 
climate impacts of potential future activities in the Arctic.
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