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“Arctic sea ice is melting rapidly, and within the next decade polar warming may transform the region from an inaccessible
frozen desert into a seasonally navigable ocean.”
(Humpert & Rasputnik, 2012)

Greenland is listed by the Center for Global Development as the number three country in the world to be at direct risk of rising
sea levels. If the entirety of Greenland’s ice sheet were to melt, the world’s sea level would rise by six to seven metres, which
would not only affect Greenland but coastlines around the globe (Dahl-Jensen, 2000).
An ice sheet is a mass of glacial land ice that is larger than 50,000 square kilometres, which doesn’t melt entirely during summer.
There are only two ice sheets on the planet, located in Greenland and Antarctica, and they are both losing ice mass each year
due to globally rising temperatures (Shepherd, 2007).
Approximately 80% of Greenland’s surface is covered by its ice sheet and together with Antarctica’s ice sheet they contain 99%
of the world’s freshwater ice. The two major impacts of rising temperatures are the enlarged and extended melt season, and
the melting of the ice from below.
INCREASED MELTING OF GREENLAND’S ICE SHEET
Big parts of Greenland’s ice sheet melt each year during the summer months, which is a natural process. But as it is clear in Figure
4, the melt area has increased. Additionally, research has shown the melt season to be longer each year, which has both global
and local impacts. This contributes to rising sea levels which has accumulated at an average of 3.2 milimetres a year. Over the
past 20 years sea level has risen 10-20 centimetres, which is twice the average speed of the preceding 80 years.
OCEAN MELTING GREENLAND FROM BELOW
Greenland’s ice sheet is not only affected from above. Oceans Melting Greenland (OMG) is an ongoing NASA project which
seeks to measure the impact of warm salty water on Greenland’s ice. The project has not yet reported its results but they could
revise our understanding of how quickly the ice is melting.
The rising temperatures and increased melting of Greenland’s ice contributes more fresh water to the oceans, which raises sea
levels and reduces the ice area which reflects sunlight, creating larger areas to absorb heat radiation from the sun. Greenland’s
ice sheet should be at the centre of our concerns because it will have both local and global impacts.

Figure 1 - Arctic sea ice minimum extent observations 19702007 and forecasts 2030-2100 (Humpert & Rasputnik, 2012)

Figure 2 - Arctic shipping routes passing around Greenland
(Humpert & Rasputnik, 2012)

Will the expected increase in shipping in the Arctic Ocean act as a driver of climate change in the region and/or globally?
Commercial ships tend to use Heavy Fuel Oil (HFO), although some are switching over to Liquified Natural Gas (LNG) or reduced
sulphur Light Fuel Oil (LFO). All produce CO2 and other greenhouse gases when burned, so we would expect an increase in
Arctic shipping to contribute to climate change. Some have argued, however, that the opening up of shorter shipping routes
will reduce the amount of fuel burned - Bekkers et al (2015) calculate that the Northern Sea Route (NSR) will use a third fewer
shipping days than the Southern Sea Route (SSR) [see Figure 3].
CARBON DIOXIDE
Bekkers et al argue that although using the NSR will result in lower total CO2 emissions from shipping itself, this will be offset by
two things: the higher volume of trade between Northeast Asia and Northwest Europe, and the shift to more carbon-intensive
production in East Asia. Their conclusion is that shipping in the Arctic will only slightly increase the amount of CO2 the shipping
industry emits on a global level, by about the same amount as the yearly emissions of Latvia or Lithuania.
OTHER POLLUTANTS
In addition to CO2, HFO, LNG and LFO all produce other harmful gases and particulates - carbon monoxide, methane, black carbon and organic carbon all have
warming effects, while sulphur oxides and nitrogen oxides have a shorter-term cooling effect.
Lindstad et al (2015) argue that when all of these additional factors are considered
there are no benefits to the climate of utilising the NSR, even if the less polluting fuels
like LNG and LFO were universally used. Here’s an example of one pollutant that
could have an effect:
Black carbon, a sooty product of incomplete combustion which occurs when engines are at low power, will be particularly dangerous to Greenland and the Arctic
region. When it lands on snow and ice, it reduces albedo and increases surface
temperature, leading to additional melting, which then further decreases albedo,
and so on (Lindstad et al, 2015, p. 25). According to Lack, there is a risk that the
emission of black carbon will be higher in the Arctic, because ships probably won’t
Figure 3 - the NSR and SSR shipping routes be able to transit the Arctic at the steady speed their engines are optimised for due
(Bekkers et al, 2015)
to icebergs and other adverse conditions (2016).
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Figure 4 - The average annual melt of Greenland’s ice sheet during the summer months in 1986, 2003 and 2007 (NASA Scientific
Visualization Studio).
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