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ice will become sufﬁciently thin and/or diffuse enough to
surpass a critical technical threshold—and the shortest possible
great circle route will thus become feasible—for ships with
moderate ice-breaking capability.
Third, the NWP, arguably the most historically famed of
potential shipping routes through the Arctic, has the lowest
historical and current navigation potential but will become
substantially more accessible by 2040–2059. Under no simulations (past, present, or future) do ice conditions in the NWP
attract transits to/from Europe for either PC6 or OW vessels.
For transits to/from eastern North America, however, the NWP
becomes optimal 100% of the time for PC6 vessels by midcentury (in either climate-forcing scenario); for OW vessels,
it will often be more efﬁcacious than the NSR. During the
1979–2005 historical baseline period, sea ice limited the probability of a technically feasible OW passage through the NWP
to just ∼15% in any given year, increasing slightly to 17%/27% by
2006–2015 (for RCPs 4.5 and 8.5, respectively) and 53%/60%
by 2040–2059. Put simply, by midcentury, September sea ice
conditions in the NWP will have changed sufﬁciently such that
trans-Arctic shipping to/from North America will often be able
to capitalize on the ∼30% geographic distance savings that
this route offers over the NSR.
Although Arctic shipping potential is limited by diverse factors, including economics, infrastructure, safety, and others (3),
our ﬁndings have important implications for trade, environmental risk, and evolving strategic and governance policies for
the region. The prospect of OW ships (which comprise the
vast majority of the global ﬂeet) entering the Arctic Ocean in
late summer, and even its remote central basin by moderately
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ice-strengthened vessels (like those used today in the Baltic),
heighten the urgency for a comprehensive International Maritime Organization (IMO) regulatory framework to ensure adequate environmental protections, vessel safety standards, and
search-and-rescue capability in this unique and challenging polar
ecosystem (4). Many of the new “Supra-Polar” routes identiﬁed
here deviate outside of the standard 200 nautical-mile Exclusive
Economic Zone of the Russian Federation, thus enhancing
potential appeal of the international high seas and Norwegian,
Greenlandic, Canadian, and US coastal waters for transits relative to the NSR (the Russian Federation currently charges escort
fees for international vessels seeking to traverse the NSR).
Finally, two chronic, long-standing debates over the status of
international shipping through the NWP (now claimed as a
domestic waterway by Canada but international straits by the
US and other countries) and US ratiﬁcation of the United
Nations Convention on the Law of the Sea (5) may warrant
renewed attention, in light of its nascent navigability and the
broader circumpolar changes projected here.
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