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Abstract

As the Arctic ice level retreat due to global warming, (trans)arctic sailing routes
become economically more viable. Several recent estimates predict the fist ice-free
summers in 2030-2040. Shipping on the Northern Sea Route can reduce sailing
distance by 40% for European-Asian trade and even more when shipping directly
across the North Pole becomes feasible.

The Arctic routes are particularly interesting for LNG shipping due to the high
sensitivity of this form of transport to time. While many studies have investigated the
economic viability of the Arctic routes, research on the economic impacts is barely
undertaken. This thesis investigates the economic impact of increasing navigability
of Arctic shipping routes on global maritime LNG trade. Through the Global
Simulation Model (GSIM), the effects on trade values, directions, prices, route use
and welfare effects have been analysed.

This research uses four feasible scenarios. These four navigability scenarios are
combined with two main scenarios, climatological and aggregated, giving a total of
eight analyses. The main scenarios are used to evaluate the impact of supply and
demand locations on the impact of more open Arctic shipping routes. The
climatological scenario takes only into account current import and production
capacity, thereby isolating the effect of higher navigability. The aggregated scenario
takes into account expected new locations and capacity of supply and demand
among which are a strong increase in Australian production, production in the Kara
region (Russian Arctic) and the shift of the US from importer to exporter of gas.

We find that locations of supply and demand are of critical impact on the use of the
Arctic routes. At current locations, i.e. the climatological scenario, only Norway as
exporter and Japan, China/Taiwan and South Korea as importers slightly benefit in
terms of welfare. Only for Norway, due to its small market share, this is a significant
effect while impacts on other actors and global trade in general is negligible. Taking
into account future projects, a larger role of the Arctic routes can be expected. The
NWP, with a total traded value of $1.64 billion (0.47% of global LNG trade), will only
be used for Northeast America to Asia trades. The NSR will be used more
extensively for multiple importers and exporters (approx. $4.36b and 1.32% of total
traded value). Regions that directly benefit are Norway, Russia Kara region and
Northeast America as exporters and Japan, China/Taiwan and South Korea as
importers. This at the expense of surplus for exporting regions Australia, Arabian
Peninsula and the Malay Archipelago, which are exposed to more competition.
European markets have to cope with higher consumer prices because a part of
supply moves to Asia. Interestingly, some non-Arctic exporters, of which Algeria
significantly, enjoy higher producer prices and surpluses as a result.

Overall a very small (-0.04%) decrease in total traded value is observed. It is
counterintuitive that when trade becomes less restricted, traded value decreases but
it is explained by a stronger net effect on prices than on quantities. This is supported
by the fact that the net producer surplus effect is negative. The opening of the Arctic
routes has a slightly negative impact on Suez and Panama Canal transits.
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1. Introduction

Since day and age sailing routes through the Arctic have been the dream of many
western traders to enjoy a shorter route to the East. The many failed attempts,
among which is the famous expedition by Barentz and Van Heemskerk which
involved the forced wintering on Novaya Zemlya in the Kara region, did not melt the
dream of transarctic shipping. As global temperatures have been rising over the last
century icecaps have been melting and as a result of that, transarctic shipping
routes again captured the attention of opportunistic actors in the maritime industry.
Particularly LNG shipping, due to it’s high value and time sensitivity, is considered
as a high potential cargo for transarctic shipping. In the case of the Northern Sea
Route, the length of the available shipping routes passing through Russian Arctic
waters are reduced approximately by 40% in comparison to the conventional route
transiting the Suez Canal. As sea ice further retreats, shipping routes closer to the
North Pole become feasible with ultimately the transpolar route being the shortest
possible route from Europe to Asia. The Northwest Passages pass through the
Canadian arctic, being in terms of distance attractive for cargoes moving from
Northwest to Northeast America and Europe (and vice versa), is possibly
competitive to the Panama Canal. Besides distance, other benefits such as
avoidance of piracy risk and transit dues may be present for the routes. On the other
hand is shipping in the Arctic is associated with higher vessel building, operating
and insurance costs, as well as the requirement for icebreaker assistance.

It is expected that between 2030 and 2040 the first ice-free summers can be
observed and the Russian Federation is investing heavily both in Arctic
infrastructure, in terms of icebreakers, pilotage and other adjacent services, as well
as Arctic oil and gas exploration. It is estimated that the Arctic holds 13 percent of
the worlds unexplored oil reserves and 30 percent of the world natural gas reserves
(Miller, 2014).

When natural gas is cooled down to a temperature of -163 °C it is liquefied (LNG)
and reduces in volume by a factor 600. This reduction in volume makes of the gas
economically attractive for shipping. Economically LNG shipping is highly dependent
on speed during the voyage, as the cargo absorbs warmth from the surface area of
the tank, the cargo evaporates. LNG carriers are therefore generally designed for
sailing speeds around 20 knots opposed to other bulk carriers that generally sail at
speeds around 12-14 knots.

Several studies have been performed to assess the feasibility of commercial use of
the Arctic routes, for LNG as well as for other cargoes. Research concludes that
there is great potential for commercial use of the NSR and to a lesser extent the
NWP. However, given economic feasibility, research on the economic impact of
open Arctic routes is nearly absent. Knowledge on economic impacts is relevant, for
business as well as other stakeholders, to understand the scope of it's potential and
to whom the Arctic routes are relevant.



This research aims at assessing the economic impacts of open Arctic shipping
routes on global maritime LNG trade in terms of possible deviations in trade
patterns, prices, traded values, relative use of sea routes and welfare effects. The
research question is therefore stated as follows:

What is the economic impact of open Arctic routes on global maritime LNG
trade?

For the analysis of this research question, we use the Global Simulation (GSIM)
Model to simulate LNG trade for 2040 after a certain extent of openness of the
Arctic routes represented by three feasible scenarios; ‘low navigability’, ‘high
navigability’ and ‘most likely navigability’. To put these scenarios further into
perspective a fourth navigability scenario is added where zero sea ice is assumed.

The four navigability scenarios are mapped onto two main scenarios; the
climatological and the aggregated scenario. In the climatological scenario, trade
flows according to current facilities of supply and demand are used for the base
case. The aggregated scenario takes into account new production and import
capacity estimated for 2040 creating several different regions among which the Kara
region in the Russian Arctic as an export hub, a strong increase of Australian LNG
production and the shift for the US from importer to exporter. The distinction
between these two scenarios allows us to observe the impact of the geographical
distribution of supply and demand on the use and effect of the Arctic routes.

The research is structured as follows: First, climatological forecasts are assessed to
later generate composite forecasts on the level of sea ice and length of the
navigable season. Secondly, the infrastructural requirements, history of
development, current state of infrastructure, geopolitical factors and current cargo
volumes are assessed to develop an indication to what extend the infrastructure will
be able to support commercial shipping in the future. Then, in the third chapter,
attention is directed to the LNG market, giving an overview of primarily supply,
demand, future capacity and forecasts. Thereafter the aforementioned methodology
is performed after which the findings are presented.



2. The Arctic Routes

2.1 Definition

The Arctic Circle is an important geographical limit since at this latitude places
experience 24 hours of light once a year. Moving closer to the North Pole the days
of continuous light increase until one reaches the Pole where it remains light for six
months each year. Vice versa, for the other months continuous dark is experienced
and this decreases in time as one moves away from the North Pole. This
seasonality determines the growth and meltdown of ice in the Arctic Ocean and
Arctic Seas. With 14.056 square kilometres the Arctic Ocean is the smallest of the
five oceans. It borders with several coastal seas, which are all seasonally covered
with sea ice (Arctic Council, 2009). The Arctic routes consist of two, not exactly
defined, shipping lanes that cross the Arctic Seas connecting the Atlantic Ocean
with the Pacific Ocean.

The Northern Shipping Route (NSR), previously referred to as the Northeast
Passage (NEP), consists of the shipping routes that connect the Atlantic Ocean with
the Pacific Ocean along the Russian coast of Siberia and the Far East. It crosses
five Arctic Seas; The Barents Sea, the Kara Sea, the Laptev Sea, the East Siberian
Sea and the Chuckchi Sea. The NSR is considered to range from 2100 and 2900
nautical miles depending on the choice of routes, which is mainly determined by the
distribution of sea ice (Liu and Kronbak, 2010).

The Northwest Passage (NWP) consists of the shipping routes that connect the
Atlantic Ocean with the Pacific Ocean along the northern coast of North America
along the Canadian Arctic Archipelago. There are five to seven seaways through the
Canadian Archipelago among which are the McClure Strait, the Prince of Wales
Strait and the Baffin Bay via the Davis Strait, which is the only one suitable for large
vessels (Kittagawa, 2008). In appendix 1 and 2 a more detailed map of the arctic
waterways is shown.

Bathymetr)
i

Figure 1: Arctic Routes. source: Arctic Council (2009)
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2.2 Arctic Ice Conditions, Navigability and Forecasts

The ice in the Arctic comes in different types and shapes. Most of the ice is sea ice,
which is frozen sea surface but also icebergs that originate from land may drift
around. Young ice is less than 30 centimetres thick and generally does not generate
safety issues for vessels. First-year ice grows easily to about one meter in thickness
but rarely thicker than two meters and is generally soft due to air pockets. Ice
strengthened vessels are in most cases strong enough to cope with this type of ice.
Old ice is first-year ice that has survived summer, is extremely hard since during
summer the air pockets drain out the bottom and allow solid ice to grow back. Old
ice is one to five meters in thickness. Old ice is a serious risk, even for ice class
vessels. The ice is harder than concrete and under pressure it can stop the most
powerful icebreakers. Lastly, icebergs are large masses of floating ice. They are
very hard and dangerous to vessels. Smaller icebergs are called bergy bits or
growlers and are very dangerous since they are difficult to spot (Arctic Council,
2009).

Although there are many different projections of the sea ice it is evident that, on
average, the coverage of sea ice has been decreasing over the last decades. In
2004, the Arctic Climate Impact Assessment expected ice-free summers in 100
years (recent expected ice-free summers) with an increase in available unescorted
sailing days from 30 to 120 for current ice-class vessels and 170 days for new
generations of ice class vessels (Ragner, 2008).

More recent studies indicate a more rapid retreat of sea ice. Xu et. al. (2011) found
that the National Snow and Ice Data Center reported the lowest ice extent record in
September 2007 of 4.13 million square kilometres, 39% under the mean level. In
2012 this record was beaten with a total coverage of 3.6 million square kilometres
(Haeffelé, 2013). Especially in the eastern part of the Russian Arctic seas, the ice
retreated more rapidly than initially expected which has opened the Longa Strait in
September since 2002. The Canadian Arctic is likely to open up less extensively
since the ice is land fast longer periods due to the series of islands which protect the
ice form movement by wind and warm ocean waters in summer (Howell et. al.,
2008).

Recent projections on climate change scenarios have been analysed by Smith and
Stephenson (2013). They have made efforts to answer the question how
geophysical changes in sea ice will realistically impact optimal shipping routes in the
Arctic. In doing so, they analysed seven different climate model projections of sea
ice, assuming two different climate scenarios and two different vessel classes, Polar
Class 6 and regular open water vessels (See section 3.3.2 for classification details),
at present (2006 — 2015) and by mid-century (2040 — 2059), for the month
September. Previous studies lacked in combining climate model output with
numerical transportation analysis, Smith and Stephenson (2013) closed this gap by
applying the Arctic Transportation Accessibility Model.



They used two climate change scenarios RCP4.5 (+4.5 Watt/m?) and RCP8.5 (+8.5
Watt/m?) and seven general circulation models (GCM). RCP stands for
‘representative concentration pathway’ and is the most recent generation of
scenarios that is used as input for climate change models. The change in radiative
=forcing, Watt/m?, is the difference in energy that enters the atmosphere and is
returned to space compared to the pre-industrial situation (Bjgrnaes, 2014). The
RCPA4.5 scenario thus assumes an increase of 4.5 watt per square meter to remain
within the atmosphere compared to pre-industrial levels. General circulation models
are used to make estimation on how the climate is likely to evolve under an
assumed RCP scenario.

Smith and Stephenson (2013) computed optimal navigation routes using a least-
costs path algorithm for the two RCP scenarios and two ship classes. They found
that by mid-century the overall navigation potential is likely to have increased
substantially while the present case largely replicated current conditions. The
following three important conclusions have been drawn:

First, the feasibility of regular open water (OW, blue tracks) vessels increased in
frequency and numerous optimal routes shifted northward away from the Russian
coastline. The ice limited the probability of a technically feasible OW transit in the
base case to 40% but the probability increases to 61%-71% for 2006 — 2015 and to
94%-98% for the mid-century case. Second, new optimal navigation routes for Polar
Class 6 vessels (red tracks) through the central Arctic Ocean is evident by mid-
century. Third, the NWP has the lowest navigation potential but opens up
substantially by mid-century.

For vessels of any class to and from Europe it is most optimal to navigate along the
NSR. Vessels from North America are able to enjoy a 30% reduction in distance by
using the NWP over the NSR by 2040 — 2059 (Smith and Stephenson, 2013) and a
transit from Vancouver to Finland saves 1000 nautical miles using the NWP instead
of the Panama Canal (Neuman, 2013), a reduction of 10% (Vesseldistance.com,
2014).

The results of the research by Smith and Stephenson (2013) need to be interpreted
with caution since they have based the research only on reductions in ice thickness,
concentration and on geographical distance, for the peaking month September.
They have not taken into account the infrastructure, regulations, economic aspects
and bathymetry.
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Figure 2: Optimal Routes September. source: Smith and Stephenson (2013)

Stephenson et. al. (2013) made effort to quantify the length and variability of the
NSR navigation season as constrained by both sea ice and bathymetry over the
next fifteen years under a minimum forcing scenario (RCP®6). Aside ice thickness,
bathymetry is a key constraint for navigation in certain areas of the NSR since draft
restrict the route choice. The Dmitry Laptev Strait (6.7m) and Sannikov Strait (13m),
both between the New Siberian Islands are especially shallow. Ports along this
regions coastal route can handle vessels with a draft up to 9m and directly north of
the New Siberian Islands the vessels may have a draft of 12.5 meter. Other large
straits generally do not restrict navigation based on bathymetry (Stephenson et. al.,
2013).

Polar@lass@ | Barents Kara Laptev | East@iberian | Chukchi
January 30 1| 28 2| 23 7| 24 7| 28 3
February 27 1| 26 2| 21 5 20 7| 24 3
March 30 1 28 1| 22 6| 17 10( 23 5
April 29 1 25 2| 18 7| 13 9| 18 6
May 29 2( 24 3| 15 8| 13 9 19 7
June 28 1( 24 3| 14 9| 14 9 23 6
July 30 1 27 3| 20 10( 22 9 29 4
August 30 1 29 3| 24 8| 27 5 31 0
September 30 1| 29 2| 27 5 28 5[ 30 0
October 31 1| 29 2| 27 5 28 4] 31 0
November 29 1| 28 2 24 7 26 5| 29 1
December 30 1 28 2| 24 7| 26 5/ 30 2
Annual 353 8324 21(258 75| 258 68/314 31

Table 2: PC3 Average and SD of Navigable Days NSR 2013 - 2027 (RCP6). Source: Stephenson et. al. (2013)
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Another study, performed by DNV (2010), assessed feasible transit routes for a
6500 TEU vessel with an icebreaking stern and for a 6500 TEU PC-4 vessel. Four
routes, shown in figure 3, have been considered. Route 1 passes primarily through
Russian territorial waters, route 2 avoids some of the shallow areas, route 3 passes
mostly through areas outside Russia’s territorial waters and route 4 goes directly
across the North Pole. For vessels with an icebreaking stern DNV (2010) assumed
all-year navigation over route 3 in every scenario while 100 and 120 unassisted
sailing days for PC-4 vessels were assumed for the 2030 and 2050 scenario
respectively.

Figure 3: Navigiable routes 2030 — 2050. Source: DNV (2010)

Other projections on the accessibility of the arctic routes using different GCMs were
made by Howell et. al. (2008), Francois and Rojas-Romagosa (2013) and Khon et.
al. (2010) which had similar projections on the locations and extend of the retreat of
sea ice.



2.3 Infrastructural Requirements

Haeffelé (2013) touched upon several fundamental challenges when navigating the
Northern Sea Route. Issues concern the presence, thickness and density of ice, fog,
whether the vessel is capable of following the icebreakers’ track, the capability to
cope with emergencies, pushing-off winds, pushing-to winds and moving ice blocks.
The Arctic Council (2009) addressed the following environmental factors concerned
with navigating in the Arctic; ‘presence and movement of sea ice, icebergs, cold air
and water temperatures, variable and unpredictable severe weather, magnetic
variation, solar flare activity and extended daylight or night-time conditions’.

Large areas of the Arctic lack infrastructural quality to ensure safe navigation. This
includes ‘accuracy and availability of timely information needed for safe navigation,
availability of search and rescue assets, pollution response assets and supporting
shoreside infrastructure, port reception facilities for ship-generated waste,
availability of deepwater ports, places of refuge and salvage resources’ (Arctic
Council, 2009). The Arctic Council (2009) also found that universal, mandatory and
formal education and certification is required to supply skilled mariners.

Ho (2011) identified six general issues that need tie bee resolved for the reliability to
use the NSR as a transit route. These requirements, logically, also apply to the
Northwest Passage. The provision of meteorological, oceanographic and sea ice
information through environmental monitoring and forecasting, Icebreaking and
search and rescue service assets, experienced mariners, ship technology for
independent vessel operations in ice covered waters, vessel tracking along narrow
straits and an integrated governance and regulatory framework.

The Arctic Council (2009) and Ragner (2000) elaborated quite extensively on the
infrastructural requirements and shortcomings of the Arctic infrastructure. The Arctic
Council (2009) putting more emphasis on the NWP and Ragner (2000) covering
solely the NSR. Although generally only mildly covered, infrastructure is widely
considered as the second major determinant of feasibility for commercial use of the
arctic routes. From the literature covered in this section, along with the papers by
Kittagawa (2008) and Christopher (2008), the following general requirements can be
derived. When looking at the individual subjects one could endlessly go into detall
on the requirements and current state. Evaluation of the current state and
shortcomings of the infrastructure will be covered in the sections on the NSR and
NWP individually where the infrastructure will be discussed more in detail.



2.4 The Northern Sea Route
2.4.1 History and Development

In pursuit of new seaways to Asia, European countries, primarily Great Britain and
the Netherlands, have set up expeditions since the 15" century to explore a sailing
route towards the East (D’Anglure, 1984). Sailing distance over the NSR can result
in as much as 40% distance savings over the Suez Canal route (Liu and Kronbak,
2011) and is three times shorter than the route around the African Cape. Initial goals
were often abandoned when more accessible resources such as cod, whales and
beavers were discovered (D’Anglure, 1984). It took until 1879 that a complete transit
over the NSR was made for the first time. The Swedish-Finnish explorer Adolf Erik
Nordenskitld, departing from Europe, reached the Bering Strait after spending one
winter on the way with the steamer ‘Vega’'. Nordenskiold concluded that the route
was too difficult to sail for commercial use. However, European trade did reach the
Ob and Yenisey rivers in the Kara Sea sporadically (Ragner, 2008).

Granberg (1998) identified four stages of development; Up to 1932, Individual
expedition sea voyages; 1932 to early 1950s, organisation of regular navigation and
construction of a specialised fleet and ports; 1950 to 1970, transformation into a
normally functioning line during summer-autumnal seasons and since the late
1970s, start of year round use of the NSR.

The development of the routes is mainly done by Russia and the Soviet Union. After
the Russian Revolution in 1917, access to the Russian Arctic was restricted for non-
Soviet vessels, the Kara routes were further developed by the Soviets to support the
industrial development their Arctic recourses and settlements. A military role
evolved when navy fleets were to be transferred from the Pacific to the Barents Sea
in 1942 (Ragner, 2008). In the late 1970s powerful ice breakers and cargo ships
were being put into operation and ports along the route were remodelled. Since the
late 1970s regular year-round voyages were undertaken on the western part of the
NSR (Grandberg, 1998). In the 1980s approximately 5 to 6 million tons of cargo was
carried yearly along the NSR (Liu and Kronbak, 2010), these volumes were mainly
driven by the development of natural resources (Kitagawa, 2008). However, after
the Soviet Union seized to exist, the level of subsidies required to maintain the
activities on the NSR could not be sustained and the cargo volumes disappeared
(Ragner, 2008).

In October 1987, Secretary-General Gorbachev declared in a speech that the NSR
would be opened for international traffic and in 1991 regulations were approved (Liu
and Kronbak, 2010). However, cargo volumes decreased over the years and since
the early 2000s Russia has neglected the NSR resulting in poor maintenance of
ports and ageing of icebreakers. In 2008 the route opened for international transit
during July and August and in 2013 the route was open from July to November. In
2012 there were, according to Russian authorities, 46 transits made with a total
cargo volume of 1.2 million tonnes. The positive trend in commercial cargo volumes
is expected to continue (Haeffelé, 2013).
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2.4.2 (Geo)politics

After Gorbechev’s announcement of opening the route, an international NSR
knowledge base was created, the International Northern Sea Route Program
(INSTROP) to investigate the potential increased international use of the route (Liu
and Kronbak, 2010). Russia has been enthusiastically promoting its international
use but claims sovereignty and jurisdiction over the route. As more indications show
that the NSR will most likely become an important transit route and source of natural
resources in the future, many countries are trying to get a stake in the Arctic among
which are several non-Arctic states.

Russia’s claims on sovereignty conflict with the statements made by the EU and the
US, that the NSR passes through international straits. Also Asian countries, such as
South Korea, Japan and China anticipate on the probability of the Arctic and the
NSR to become an important maritime factor. So far, most parties have not actively
challenged Russia’s control (Blunden, 2012).

Countries try to increase and justify their influence in the Arctic region for a great
part by conducting research. The main institution in the region is the Arctic Council,
consisting of the US, Canada, Denmark, Iceland, Norway, Finland, Sweden and
Russia (Arctic Council, 2009). It is does however have no decision-making power.
The pursuit for power in the Arctic comes with risk of political tensions and could
escalate into a new ‘great game’. The European Union tried to join the Arctic
Council but their bid has been rejected (Kefferpiitz, 2010).

The European Commission has shown interest in gradually exploring and improving
conditions for navigating in the Arctic. It emphasizes that member states should
defend the right of freedom of navigation and innocent passage. The EC noted that
possible future expansions of the Suez Canal result in larger vessels and more
traffic in de Mediterranean resulting in bigger risks and acknowledges the
importance of the NSR (Blunden, 2012). In 2008 five coastal states (Canada,
Norway, Russia, The US and Denmark for Greenland), also referred to as the Arctic
5 or the A5, issued the llulisat Declaration, trying to insulate governance over the
Arctic region (Keppferpitz, 2010). Obviously the EC, and especially Germany which
is most passionately seeking influence, were alarmed by this declaration (Blunden,
2012).

As Europe’s largest exporter with an expected increase in trade volumes, Germany
is aware of the potential of the shorter trading route to Asia. German shipping
companies already operate in western Siberia and the German shipbuilding industry
is building relatively many ice class vessels. Since Iceland is due to its location,
deep fjords and land availability is a good candidate as a strategic location for cargo
and offshore activities in the Arctic, Germany is very supportive in negotiations to
include Iceland as a member of the EU (Blunden, 2012).

Russia is very keen on strengthening and securing its influence in the Arctic and has
led a very proactive policy for the region. The philosophy behind this is that moving
fast will give Russia a competitive advantage to establish a strong position in the
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Arctic. To quote Nikolai Patrushev, secretary of the Security Council, ‘if we do not
move fast, we will be forced out’ (Schepp and Traufetter, 2009; Kefferpttz, 2010). In
2008 Russia’s strategy with respect to the Arctic is defined in their ‘strategy towards
the arctic until 2020 and beyond’ and is divided into three main stages (Kefferputz,
2010).

First (2008 — 2010), provide extensive scientific evidence of a justified claim, expand
possibilities for international cooperation, establish a framework for the development
of port infrastructure, high-tech industrial clusters and special economic zones in
Russia’s northern regions. Second (2011 — 2015), invoke international legal
recognition of Russia’s external borders and expand competitive advantages in the
extraction and transportation of resources. Third (2016 — 2020), transform the
Russian High North into the leading strategic resource base. In pursuit of these
goals, the country intends to use all available means. Among which are increasing
military and security presence but also actively cooperate in bilateral discussions
(Kefferputz, 2010).

Recently however, the diplomatic relations between Russia and primarily western
(EU, US) economies has worsened dramatically. The Ukraine crisis, where Russia
actively supported pro-Russian separatists, led to a changing perception of Russia’s
role in the international community. This process accelerated drastically after the
crash of passenger flight MH17 and the actions Russian separatists and Russia in
the aftermath. Sanctions from western economies may influence investments in gas
pipelines or financial justification of Russian (Arctic) gas exploration. The outcome of
current tensions remains to be seen but uncertainties surrounding Russia’s relation
with the West will always exist.

Although it is cautious in questioning the existing legal regime in the Arctic, Japan
would like the Arctic to be considered as ‘common heritage of humankind’. In 2009
Japan applied for membership for the Arctic Council and since the country has the
largest merchant fleet in Asia by flag, the importance of the maritime industry to the
country is evident. It is currently funding research into Arctic-class tankers and,
given the location close to the Bering Strait, hopes on becoming an alternative hub
location to Singapore. Enthusiasm was encouraged when in 2011 a Japanese
vessel, the world’s largest ice-class bulk carrier, made a transit through the NSR in
half the time of the Suez Canal route saving approximately 22 days (Blunden,
2012).

China has great interests in the Arctic, both as a transit route as well as for the
supply of raw materials. Although China has not made any firm statements yet on
Arctic manners China watchers expect that in the future the country will try to claim
a stronger position in the Arctic. So far, the country seems to defend the idea that
the Arctic is common heritage of humankind but the possibility that China will make
regional claims in the area should be considered. China has shown to be very keen
in improving its bilateral relations with Norway and Iceland. Chinese planners have
anticipated on the idea on building large Arctic-class vessels and a Chinese tycoon
has announced intentions to acquire 300 square kilometres in Iceland (Blunden,
2012).
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Concluding, Russia seems to be very enthusiast in developing the Northern Sea
Route but political issues with respect to sovereignty play an important role. The
development of the region might be accelerated by the competition for power.
Russia initially seemed cooperative with other major players but a worsening
diplomatic climate may result in a more isolated approach. This could negatively
affect the potential of the Northern Sea Route as a transit route since political
tensions invoke uncertainties.

2.4.3 Infrastructure

Although the NSR is more developed than the NWP, according to Arctic Council
(2009) the Arctic region in general is underdeveloped in terms of infrastructure to
ensure a safe transit.

In 2000, Ragner (2000) did a study on the current state and future potential of the
NSR infrastructure. Although out-dated, it gives a good impression of what position
the infrastructure came from. In 2000 the infrastructure was suitable for handling the
volumes transported at that time but Ragner (2000) recognised the limitations with
taking into account expected growth in cargo volumes. Most attention was given to
the ice-class cargo vessels, icebreakers and ports and he touched shortly upon
communication systems, navigational aids, ice-forecasting and emergency facilities.

Russia has the world’s largest fleet of icebreakers with, in 2013, 37 icebreakers
operational, 4 under construction and 8 more planned for future order. Ten of their
operational icebreakers are nuclear powered, four of which, and one diesel powered
have been to the North Pole. Most of the icebreakers are under the management of
state owned company Rosatomflot (USCG, 2013) but there are also private
companies providing piloting and icebreaking service. Among the newbuilds is the to
be largest nuclear icebreaker in the world, the LK60. It is designed to navigate
through three meters of ice thickness and has a power of 60 megawatts. It can
adjust its draft between 8.5 to 10.8 meters and has a maximum design width of 34
meters. This is four meters wider than the class of icebreakers it will replace (World
Maritime News, 2012). According to World Maritime News (2012), this class of
icebreakers is ‘exactly what Rosatomflot needs to open the Northern Sea Route for
commercial traffic all year around’. The prototype is planned to be ready for delivery
in 2017 and two subsequent vessels are ordered for 2019 and 2020 at a total
contract value of 2.3 billion dollars (Pettersen, 2014). Aside from icebreakers, there
are large building plans by different parties for ice strengthened LNG carriers.

With respect to communication two main systems based on geostatic satellites are
used, the international INMARSAT and the Russian OCEAN system. However,
since only few of the INMARSAT receivers were compatible with the OCEAN
system there was a critical communication gap. INMARSAT satellites face a
coverage gap in the Laptev Sea and north of Severnaya Zemlya while OCEAN has
better coverage in the eastern Laptev Sea (Ragner, 2000). Kvamstad (2014) argued
that the geostatic satellites have little or no coverage at all and that the sharp angles
make them more vulnerable for disruptions external influences. The only satellite
that fully covers the Arctic is ‘Iridium’ but systems disconnects occasionally which
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results in a connection gap of several minutes. Digital navigation charts are all
considered to be sufficiently in order and published in Russian as well as in English
(Ragner, 2000).

With respect to coastal navigation the NSR, an efficient system of coastal navigation
aids have been developed. Since the Russian Arctic is relatively low and flat and
therefore difficult to detect, highly accurate positioning systems are required. This
includes radio beacons, lighted landmarks and lighthouses, sea daymarks, radar
responder beacons, passive radar reflectors and buoyancy obstruction beacons.
Especially dangerous areas are well equipped with navigational markers. The GPS
system has a 95% accuracy to position vessels within at least 100 meters. A
differential mode (DGPS) is 95% accurate to 10 meters and the complete coastal
line should be covered by DGPS after 2000 (Ragner, 2000).

The Marine Operations Headquarters manages search and rescue operations,
which is a subsidiary of the Northern Sea Route Administration (NSRA). These
institutions will be covered in the next section. In 2000 there little yards available,
which could only do minor repairs on relatively small vessels. Also no adequate
salvage operations were possible (Ragner, 2000). Although there are several ports
on the NSR, the absence of repair locations and the capacity to accommodate for
vessels in distress is still an issue. Also adequate infrastructure in terms of weather
stations is lacking. Also there is not an effective system to prevent and enact on oil
spills and other industrial disasters (Arctic Info, 2013). Although the latter is more
aimed at the exploration of natural resources in the area, there also needs to be
such a system in place for merchant shipping. It is planned that 10 emergency
rescue centres will be set up in the Arctic region, mainly in regions with much
industrial activity (Arctic Info, 2013).

With respect to formal training of arctic maritime personnel and the adaption of
unified classification the IMO is making efforts to develop a ‘Polar Code’. It covers
design, construction, equipment, operational, training, search and rescue and
environmental protection issues relevant to vessels operating in the Arctic regions
(IMO, 2014). Since there are many aspects of the proposals that required lots of
negotiation before agreements were made it has taken a long time for it to complete.
The current completion is scheduled in 2014 and changes will go into force in 2016
(Eason, 2014).

In conclusion, the infrastructure of the NSR has been neglected for years but since
the retreat of the ice and the increasing potential of the NSR as a transit route and
especially as an exploration site for raw materials. Russia is heavily investing in its
icebreaker fleet as well as other infrastructural aspects in order to meet
requirements and cope with future cargo volumes. Although some argue that the
revival of the Russian Arctic Routes is ‘at least 10 years away’ (Vukmanovic and
Koranyi, 2013), on the longer run we can expect further development and better
service for transiting vessels.
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2.4.4 Institutions and Transit Regulations

The Russian Federation regulate shipping in the Arctic under article 234 of the ‘UN
Convention on the Law of the Seas’ (UNCLOS) which allows coastal states to adopt
special regulations for the Arctic region. In 1990 Russia adopted ‘Regulations for
Navigation on the Seaways of the Northern Sea’ which has been revised in 1995.
Priority is given to preservation of the maritime environment and these regulations
are therefore stricter than MARPOL. Application for navigation is required at the
NSRA, which assesses safety and environmental aspects. For example, a ship’s
inspection is required, at least two pilots need to be taken on board, the crew size
must be sufficient to allow for a three-shift watch and the master is required to have
a minimum of 15 days sailing experience in ice conditions (Arctic Council, 2009).

The Rules for Navigation on the Seaways of the Northern Sea include the following
critical aspects (Chernova and Volkov, 2010); Borders of the Northern Sea Route,
types of pilotage, a list of required documents, technical requirements and
standards, information about transit dues, inspection procedures, regulation for
icebreaker and pilot guidance and requirements for design, equipment and supplies.

The Northern Sea Route Administration (NSRA), a department of the Russian
Ministry of Transport, manages compliance with these rules and aims on ensuring
safe navigation and protection of the NSR marine environment. The main functions
of the NSRA are obtaining and considering the submitted applications and issuing
the permissions for navigation through the Northern sea route, issuing the
certificates of the ice conventional pilotage on the Northern sea route, researching
weather, ice, navigational and other conditions on the Northern sea route,
coordination of installation of navigational aids and harmonization of regions to carry
out hydrographic surveys operations on the Northern sea route, assistance in the
organization of search and rescue operations in the water area of the Northern sea
route, assistance in eliminating the consequences of pollution from vessels of
harmful substances, sewage or garbage, rendering the information services in
relation to the water area of the Northern sea route, making recommendations about
development of routes of navigation and using icebreaking fleet in the water area of
the Northern sea route, ice and navigational conditions there, timely data retrieval
from Russian hydrometeorological service about hydrometeorological forecast and
ice analysis (NSRA, 2014).

In 2013, the Russian Ministry of Transport adopted the most recent version of
regulations under the title: Rules for Navigation in the Water Area of the Northern
Sea Route (Ministry of Transport of Russia, 2013). Applications for navigation are
considered within 10 working days since reception and in the case the NSRA
refuses permission the applicant is informed by email with the reasons of refusal
(Ministry of Transport of Russia, 2013).

The Russian government sets a tariff ceiling and ice breaking and piloting
companies may set their tariffs as long as it does not exceed the ceiling. The tariff is
set for the summer-autumn period (1 July — 30 November) and the winter-spring
period (1 December — 30 June) and is dependent on the tonnage, the amount of
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transit zones passed (see Table 1) and the class of the vessel (Novikov, 2014a).
Russia applies it's own classification for the vessels: ‘The Ice class of a vessel is
determined in accordance with the classification of the Russian Maritime Register of
Shipping’ (Nvikov, 2014Db).

PILOTAGE ZONES NORTHERN SEA ROUTE

The South-Western part of the Kara Sea  68°35' East longitude in the West
79°00' East longitude in the East

The North-Eastern part of the Kara Sea 79°00' East longitude in the West
105°00' East longitude in the East

The Western part of the Laptev Sea 105°00' East longitude in the West

125°00' East longitude in the East
The Eastern part of the Laptev Sea 125°00' East longitude in the West

140°00" East longitude in the East
The South-Western part of the East 140°00' East longitude in the West
Siberian Sea 160°00' East longitude in the East
The North-Eastern part of the East 160°00' East longitude in the West
Siberian Sea 180°00" East longitude in the East
The Chukchi Sea 180°00' East longitude in the West

168°58'37" West longitude in the East

Table 2: Pilotage Zones Northern Sea Route. Source: Novikov, 2014b

In conclusion, the regulatory framework of the Northern Sea Route has developed
extensively over the last decennia and provides shipowners with clear information
about the requirements for transit and governing institutions. The applications are
considered in a reasonable time frame and based on clearly defined requirements.
Complications might occur in the case of classifying the vessels since Russia uses
it'’s own classification framework while internationally uniform classifications still
does not exist. However, after introduction of the IMO Polar Code in 2016 most
issues around regulative imbalances will most likely be solved.

2.4.5 Current Cargo Volumes

In 2013 a total of 71 transits were made of which was the LNG carrier ‘Arctic
Aurora’, owned and operated by Dynagas. The Arctic Aurora has an Al (PC-7) ice
classification, a gross tonnage of just over 100.000 and has a cargo capacity of
155.000 cbm. It made the transit from Hammerfest, Norway to Futtsu, Japan. The
transit took place from 22 September until 6 October, spending 14,7 days at the
Northern Sea Route and traveling an average speed of 7,1 knots (NSR Information
Office, 2014).

One year earlier a total of 46 transits were made and Dynagas made the first LNG
transit ever over the NSR ever with the ‘Ob River’, a vessel of similar size and with
the same ice classification. It departed the November 8™ from Hammerfest to arrive
the 16" of December in Tobata, Japan. Having spent a total of 9 days on the NSR
the Ob River travelled an average speed of 12,5 knots (NSR Information Office,
2014) and was guided by two nuclear icebreakers and had two pilots on board
(Haeffelé, 2013).
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2.5 The Northwest Passage
2.5.1 History and Development

Although not as enthusiastically developed as the Northern Sea Route, opening the
Northwest Passage has been a goal for many explorers over history. Europeans
have made expeditions to Iceland and Greenland since 325 B.C., but it was not until
the 1490s that they started exploring the NWP as an alternative route to Asia. It took
eventually until 1906 until the Norwegian explorer Roald Amundsen made a
complete transit. It took him three winters to complete the journey. In the ages
between, the primary driver of activity in these waters was whaling (Arctic Council,
2009).

From the end of the Second World War until the late 1960s the main driver for
navigating the NWP was Canadian and U.S. national security. During the Cold War
the Distant Early Warning line was constructed; a chain of communication and radar
systems spanning 3000 miles from the northwest coast of Alaska up to Greenland.
During the construction over 300.000 tonnes of cargo have been transported over
the NWP. Since many vessels were not suited to navigate through the ice, the
American Military Sea Transportation Service initiated a construction program for
Arctic vessels (Arctic Council, 2009).

The first commercial vessel to cross the passage was the SS Manhattan in 1969, an
oil-super tanker refitted with an ice-breaking bow and under surveillance of a
Canadian icebreaker. Although the journey was successful, the risk and impact of
pollution was considered to be too high and there was eventually decided on the
Trans-Alaska Pipeline for the transportation of oil (Kitagawa, 2008).

As a result of global warming, in August 2007 the NWP became accessible to ships
without the guidance of an icebreaker and at least three vessels made a successful
transit. The European Space Agency announced that the passage had opened for
the first time since records were made. This has reclaimed interest in the passage
for commercial use. The passage lacks however in infrastructure to make this a
viable commercial sailing route (Kitagawa, 2008). In section 2.5.3 there will be
elaborated on the current state and investment requirements with respect to the
infrastructure of the Northwest Passage.

2.5.2 (Geo)politics

Aside from the general geopolitical issues covered in section 2.4.2 the Northwest
Passage is subject to another, more specific, dispute over sovereignty. Canada
claims the Northwest Passage is part of its historic internal waters while the United
State considers it as an international strait (Elliot-Meisel, 2009). Although the legal
dispute already existed since the 1880s, the discussion was seriously brought into
play since 1985 when the US informed the Canadian government that the USCG
icebreaker ‘Polar Sea’ would transit the Northwest Passage. The US invited the
Canadian Coast Guard to participate in the transit. In response Canada stated that
the Nortwest Passage is part of Canada’s internal waters but that it was committed
to facilitate navigation through the NWP. After the transit of the ‘Polar Sea’, Canada
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reinforced their sovereignty in the area by drawing straight baselines connecting the
outer lands of the archipelago and defining the outer limits of Canada’s internal
waters. Objections were only made by the US and by the European community
(Byers and Lalonde, 2009).

Although both countries have sound legal arguments that are supported by the
International Court of Justice, a strictly legal solution to the NWP is unlikely
(Charron, 2005). Security concerns with respect to the NWP are shared by the US
and Canada. Although this requires effective presence in the area, Canada is still
poorly equipped in this manner. The US and Canada are close partners with respect
to border security in the North but the US still does not recognise Canada’s claim for
sovereignty. The major reason is that if the US does so, they face the risk that other
countries bordering straits and channels could arbitrate for imposing their own
regulations with respect to navigation (Byers and Lalonde, 2009).

2.5.3 Infrastructure

Especially in the Canadian archipelago good infrastructure is lacking. In 2008 still
most transportation for Arctic communities have been done by air and since the
announcement of the Panama Canal expansion the pressure to open up the NWP
for shipping has decreased. Also the construction of port facilities has been very
limited and efforts to improve communication and information technologies in the
region has been motivated by connecting the communities rather than from a
shipping perspective (Christoper, 2008).

In 2007 the Canadian prime minister announced the refurbishment of an existing
deep-water wharf on northern Baffin Island for refuelling and support to the navy
and coast guard. He also announced that six to eight ice-class patrol ships would be
built. Also 900, to a total of 5000, part-time reservists will expand the Canadian
Ranger program. Many of them are Inuit and other locals equipped with
snowmobiles to fulfil search-and-rescue and surveillance functions in their living
area (Byers and Lalonde, 2009). These developments however seem to be little
focussed on accommodating commercial shipping but rather strengthening in the
sovereignty discussion and to support growing regional (maritime) activities.

The existing Canadian icebreaker fleet is aging, underperforming and not designed
to assist commercial vessels. Also good charts of bathymetry are lacking and the
GPS system has of course the same coverage issues as discussed for the Russian
Arctic (Penty and Dmitrieva, 2013). Canada has to come from much farther with
respect to infrastructural development (i.e. investments) than Russia. Combined
with the fact that the ice conditions in the Canadian archipelago are less favourable
and that less capital is available, it is questionably to what extend the Canadian
government will follow trough with the infrastructural development required for
commercial shipping. Investments will likely have to come from private investors
(Penty and Dmitrieva, 2013) meaning that, unlike the NSR, there is less allowance
for the unprofitable start-up period, which can be very extensive with the risk of the
NWP not being able to compete with the NSR and Panama Canal at all.
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With respect to the US Arctic there are also major shortcomings. First of all, the
icebreaking fleet is aging, underperforming and at risk of not being able to support
current national interests in the arctic regions (Elliot-Meisel, 2009). There are no
deep-water ports in the US Arctic but research for the development of a deep-water
port in north Alaska is being done. Aside the two in operation now, a new USCG
icebreaker is planned to be build for operations in 2020, which will be used for
emergency response, research assistance and patrol. New nautical maps for parts
of the US Arctic are being made but there are no current plans to expand the aids of
navigation in the region and good weather forecasting facilities are also lacking.
With respect to the industry perspective, little shipping companies expect to use the
NWP as a transit route. Besides the fact that the infrastructure is lacking, they show
greater interest in the NSR since the NWP is more difficult to access for larger
vessels due to shallow waters and is less reliable due to harsher ice conditions
(GAO, 2014).

2.5.4 Institutions and Transit Regulations

The Canadian and US Coast Guard regulate shipping in the Canadian and US
Arctic respectively. Construction and navigation aspects are governed by the Arctic
Shipping Pollution Prevention Regulations, the Canada Shipping Act and several
other legislations, which aim to prevent pollution and ensure safety of navigation.
This includes the need for ice navigators, pollution prevention and other certificates,
icebreaker assistance etc. Canada embraces the development of the IMO Polar
Class regulations and PC vessel classification. The Canadian Arctic is divided into
Safety Control Zones shown in figure 4. Zone 1 contains the most harsh ice
conditions and zone 16 the least. For PC6 vessels there is only a one-month
window, 15th of August to the 15th of September, of allowable entering days
(Canadian Coast Guard, 2012).
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Figure 4: Safety Control Zones Canadian Arctic. Source: Canadian Coast Guard (2012)
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There is no fee system for the NWP and although the Canadian Coast Guard
monitors shipping in the region, there have been vessels that navigated the NWP
without knowledge of authorities. Currently the Coast Guard does not charge fees
for assistance and according to Eger (2010), Canada is not likely to impose fees in
the (near) future to encourage future shipping. An ice navigator costs $295 per day
and icebreaker assistance costs approximately $50.000 per day, which is currently
at the expense of the CCG (Weber, 2014). It is assumed that in the future, when
cargo volumes increase, the Coast Guard will charge on a cost-covering basis.

2.5.5 Current Cargo Volumes

So far, only one commercial cargo vessel has made a transit through the NWP. The
75,000-ton Nordic Orion sailed under escort of an icebreaker from Vancouver to a
port in Finland carrying coal (Penty and Dimitrieva, 2013). According to the Danish
operator the vessel was able to carry 15,000 more tons of coal than the Panama
Canal would have allowed and would save $80,000 dollar in fuel cost over the 1000
nautical mile shorter route (Neuman, 2013). The voyage took place in September
2013 and the vessel had an Al (PC-7) ice class. Penty and Dimitrieva (2013) wrote
that the Nordic Orion saved six days of voyage time and had a total saving of
$200,000 dollars including tolls. After the success the Danish operator is planning to
use the route more often (Weber, 2014).

Although GAO (2014) found that there is little interest in the NWP from commercial
shipping companies, which currently look at the NSR as the most promising
alternative route, viability has been proven. Conditions would still be less favourable
than for the NSR but the option of the NWP as a shipping route must not be ruled
out.
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3. The LNG Industry
3.1 LNG Defined

LNG is liquefied natural gas that is cooled down to a temperature of at least -161
degrees Celsius at atmospheric pressure. By liquefying the gas, the volume
decreases by factor 600, making it economical for transportation. Especially for long
distances (700 miles for offshore and 2200 miles for onshore pipelines) LNG is
competitive compared to pipelines, which are inflexible and have limited throughput
capacity. Natural gas is composed of several different hydrocarbons, primarily
methane, and other molecules such as water and carbon dioxide. In order to
prevent solidifying of components such as water and carbon dioxide when liquefying
the gas, most non-methane components need to be removed. The gas that remains
for liquefaction consists of about 95% of methane and when liquefied it's odourless,
colourless, non-corrosive and non-toxic (Foss, 2012).

The LNG value chain can be broken down in four main stages; exploration,
liquefaction, shipping and storage & regasification. Natural gas is often discovered
in the search for oil and is extracted in a similar way. Gas fields are generally
located, either offshore or onshore, away from current markets. After the
contaminants are removed the gas is cooled by refrigerants. Storage is done in
double walled storage tanks. The outer wall is generally made out of carbon steel
and concrete while the inner tank is build with materials that enable a strong
construction under lowering temperatures. The space in between the storage tanks
is filled with insulation. In order to regasify the LNG, it is pumped through various
terminal components where it is heated under a controlled environment (Foss,
2012). In section 3.3 there will be elaborated on LNG shipping.

The development of an international LNG market has taken off mainly because of
the widespread use of natural gas in electricity generation. Gas fuelled power
stations can be built relatively fast and have economic and environmental benefits
over power stations that run on other fossil fuels.

22



3.2 The LNG Market
3.1.1 Characteristics

The LNG trading market primarily taking place on inelastic terms (Gkonis and
Psaraftis, 2009) with 69% of total volumes characterised by long-term contracts (20
years plus). In the short-term market, Asian buyers made up 72% of the spot traded
volumes in 2012 with Japan, Korea and India alone accounting for 61% (IGU, 2013).
Motivation behind long-term contracts on the buyer’s side is security of supply, and
on the production side, commercial security for project financing. Buyers, especially
in Asia, typically seem to be willing to pay a premium for a reliable source of supply
(Poten and Partners, 2010).

With respect to pricing, the global LNG market shows a wide disparity. This is
mainly caused by the differences in contractual formulas. US LNG prices are
indexed on Henry Hub gas-on-gas prices while European prices (approximately
60% parity) and Asian prices (approximately 90% parity) are indexed to oil prices.
Oil prices are currently relatively high compared to gas prices, which leads to higher
LNG prices for oil-linked pricing. In 2009, US, UK and Spanish LNG prices were
priced at respectively 43%, 53% and 73% of Japanese LNG prices (Poten and
Partners, 2010).

As mentioned, LNG trade traditionally has been under long-term contracts. In 2005
only 5% of total volumes were traded on the spot market, which gradually increased
to the current share of 31%. The major factors accounting for this increase in spot
trading are (IGU, 2013);

e A growth in contracts with destination flexibility

¢ Increase in number of exporters and importers

e Lack of domestic production in Japan, Korea and Taiwan resulting in a need
for spot trades to cope with sudden changes in demand

Continued great disparity in prices resulting in arbitrage opportunities

Large growth of the LNG fleet

Decrease in competitiveness compared to other fuels

Large increase in demand in Asia and emerging markets

Hollins (2013) stated that the global market is increasingly becoming inter-
connected and pricing is becoming inter-dependent. There is a growing
complementary between European and Asian markets. As a result of the growing
spot market, gas sellers are taking more price risk in Europe and in Asia this risk is
generally taken at the buyer’s side. In Europe suppliers enjoy increasing destination
flexibility trough market diversification while in Asia buyers are moving upstream or
to US markets to capture destination flexibility.
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3.1.2 LNG Supply
Current situation

At the beginning of 2013 a total of 58 liquefaction plants existed and in 17 countries
and 26 ports facilitated these exports (Clarksons, 2013). Qatar, already being by far
the largest exporter, increased supply with 1.9 MT leading to a total share of 32.6%
of global supply in 2012. Together with Australia (+ 1.6 MT) and Nigeria (+ 1.2 MT)
they accounted for 75.6% of project specific supply growth in 2012. The following
figures show the shares of LNG exports by country at the end of 2012 (IGU, 2013):

Yemen Eq. Guinea Norway Usa Country m.t.Exports sharef@vorlod \

B EgpreM [ Qatar - 77.4 32.58%
N Malaysia 23.1 9.72%

& Brunei_ OAE Australia 20.8 8.75%
i Nigeria 20 8.42%

Oman Indonesia 18.1 7.62%
Trinidad 14.4 6.06%

i Russia Algeria 11 4.63%
Russia 10.9 4.59%

Oman 8.1 3.41%

Brunei 6.8 2.86%

~ Trinidad UAE 5.6 2.36%

Egypt 5.1 2.15%

Yemen 5.1 2.15%

Peru 3.9 1.64%

& Indonesia Eg.Buinea 3.8 1.60%
Norway 3.4 1.43%

“ Nigeria _ USA 0.1 0.04%

“ Australia Total 237.6 100.00%

Figure 5 and Table 3: LNG Exports in 2012 by Country. Data: IGU (2013)

In 2012 Angola was expected to join the club of LNG exporters (IGU, 2012) but due
to delays in the construction of the LNG plant in Soyo the project was eventually
commissioned in 2013. The plant is expected to be able to output 5.2 MTPA of LNG
per year and it had its first cargo shipped in June 2013 (AngolaLNG, 2014). The
plant is however still coping with technical difficulties resulting in a shutdown in April
2014 (UpstreamOnline, 2014).
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Liguefaction Capacity and Future Supply

At the end of 2012 global liquefaction capacity was at 280.9 MTPA but a total of 110
MTPA capacity was under construction in 2013 and another 158 MTPA was at
some stage in front-end engineering (FEED). Also 357 MTPA of liquefaction
capacity had been proposed in 2013 and is under evaluation for investment. Global
capacity is expected to be 366 MTPA by 2017. Australia will be the main driver of
new capacity with seven projects under construction in 2013, accounting with 62
MTPA for 61% of all capacity that has reached the FID an is still the construction
phase (IGU, 2013).

After Australia the US, with 18 MTPA liquefaction capacity under construction in
2013, has the largest expected growth in export capacity. According to IGU (2013)
new liquefaction projects continue to be proposed almost monthly with a total of 180
MTPA capacity having not reached the FID. Most of these projects are located in
the Gulf of Mexico (many of them are regasification terminals up for conversion).
According to Clarksons (2013) it is unlikely that all these projects will actually be
executed due to high financial cost of developing and the need for guaranteed
buyers. However, the shale gas revolution did lead to a staggering increase in gas
production leading to a drop in Henry Hub prices. With respect to energy exports,
political issues have generally been restrictive but most liquefaction projects have
obtained export licenses to countries with which the US holds a free trade
agreement (FTA). Japan and other Asian countries are under FTA negotiations
under the Trans-Pacific Partnership but non-FTA approvals are likely to come first
(IGU, 2013). US exports are particularly competitive in Asian markets since prices
are based on the Henry Hub gas-on-gas index while Asian contracts are based on
much higher oil-indexes.

In Western Canada projects with a total capacity of 55 MTPA are proposed and
Tanzania and Mozambique projects with a total of 30 MTPA capacity are proposed.
The natural resources however could support an exploitation rate of more than 75
MTPA and domestic demand in these countries is low (IGU, 2013).

Major projects proposed in the Arctic are the two Yamal LNG projects, one under
development by Russia’s state controlled Gazprom and one by Russia’s largest
independent gas producer Novatek in partnership with Total and CNPC. The Yamal
peninsula is located at the Kara Sea. Total expects a capacity of 16.5 MTPA. The
project includes the commissioning of 16 ARC-7 (PC-4) LNG carriers (Total, 2014a).
Gazprom’s gas production forecasts for the Yamal peninsula and adjacent offshore
areas are shown in the following table and the company is exploring the option of
building a liquefaction plant (Gazprom, 2014).

Russia has lifted former legislation that prohibited other companies than Gazprom to
export LNG and is planning to double Russia’s share of global LNG exports by
2020. Aside the Yamal projects, there is a 15 MTPA project in Vladivostok
scheduled for exporting the first cargoes in 2018. Also a smaller, 2.5 MTPA, plant is
being developed at Indiga in the southeast part of the Barents Sea (Clarksons,
2013).
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Another major Arctic LNG project is the Alaska LNG project. With an estimated cost
between $45 and $65 billion it is among the largest natural gas development
projects. It includes the construction of an 800-mile pipeline from Alaska’s North
Slope to a liquefaction plant and shipping terminal in Nikiski. The LNG plant would
have a capacity of 20 MTPA. The project is still in the pre-FEED stage, which is
expected to be finished in 2015-2016. The developers have recently requested a
permission to export the LNG, which is currently under evaluation (ArcticGas, 2014).

Finally there are some projects in Africa either under construction or at development
stages. Especially East Africa is considered as a potential export hub since large
deposits have been discovered off Mozambican and Tanzanian coasts (Clarksons,

2013).

UAE Peru
Yemen Orw?y /
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Russia
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Liquefactionf

capacityR share®fEl  |Utilisation®
Country (mtpa) world inR012
Qatar 77 27.21% 101%
Indonesia 34 12.01% 56%
Malaysia 24 8.48% 97%
Australia 23 8.13% 92%
Nigeria 22 7.77% 91%
Algeria 19 6.71% 57%
Trinidad 16 5.65% 92%
Egypt 12 4.24% 42%
Oman 11 3.89% 75%
Russia 10 3.53% 114%
Brunei 7 2.47% 96%
Yemen 7 2.47% 77%
UAE 6 2.12% 96%
Norway 5 1.77% 77%
Angola
Peru 4 1.41% 88%
Eq.@uinea 4 1.41% 104%
USA 2 0.71% 12%
Total 283 100.00% 84%

Figure 6 and Table 4: Liquefaction Capacity in 2012 by Country. Data: IGU (2013)

A map with locations of liquefaction capacity can be found in appendix 4.
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3.1.3 LNG Demand

Current situation

Trade has grown very rapidly from around 100 MTPA in 2000 (Poten and Partners,
2010) to almost 240 MTPA in 2012 (IGU, 2013). In 2012, Japan (87.3 MT) and
Korea (36.8 MT) were the largest importers of LNG worldwide accounting for 52% of
the market. After the earthquake in 2011 that destroyed the Fukushima nuclear
power plants Japan closed most of it's nuclear power generation capacity (43% in
2011 and another 89% in 2012) that accounted for 30% of power generation before
the disaster and was brought down to just 3 % at the end of 2012. As a response
LNG, that before the disaster fuelled 30% of Japan’s power generation, was
boosted as an emergency solution resulting in 12% higher imports in 2011 and an
increase of 11% in 2012 (IGU, 2013).

Europe’s share of global LNG imports fell by 20% as a result of increased
competitiveness of coal, pipeline gas, renewable energy and weak economic
growth.

. lgium Country m.t.Amports|share@®f@vorld
Mexico__ Chile KUWE_TT /‘P ortugal  pest of Japan 87.3 36.71%
us azl World SouthEorea 36.8 15.48%

Argentina B China 14.8 6.22%
Italy Spain 14.2 5.97%
Turkey India 14 5.89%
Taiwan 12.8 5.38%

France UK 10.5 4.42%
France 7.5 3.15%

Turkey 5.7 2.40%

Italy 5.2 2.19%

Argentina 3.8 1.60%

Mexico 3.6 1.51%

V us 3.3 1.39%

Chile 3 1.26%

Brazil 2.5 1.05%

Kuwait 2.1 0.88%

Belgium 1.9 0.80%

Portugal 1.7 0.71%

Rest@fANVorld 7.1 2.99%

Total 237.8 100.00%

Figure 7 and Table 5: LNG Imports in 2012 by Country. Data: IGU (2013)

Regional distribution of global LNG demand is distributed as follows (IGU, 2013):
North America (1%), Latin America (21%), Asia (46%), Europe (19%) and Middle
East (6%).
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Import Capacity and Future Demand

The last years a strong increase is countries that hold regasification capacity is
observed. Between 2002 and 2012 the number of countries with LNG import
capacity grew by 150% with half of these countries entering markets in the last two
years. Singapore, Israel and Malaysia opened terminals in early 2013. At the end of
2012, 98 regasification terminals with a total capacity of 649 MTPA existed
worldwide. Although at a slower pace, regasification capacity is still growing with
new importers entering the market. In 2013, 23 terminals were under construction of
which three were in countries that had never imported LNG before; Colombia,
Lithuania and Poland (IGU, 2013).

Due to the seasonal nature of many gas markets, global utilisation of regasification
capacity has always been under 50%. As a result of low demand in Europe and
North America, utilisation fell to 37% in 2012. The US had a regasification utilisation
rate of only 3% in 2012 due to the strong increase in domestic gas production since
the shale gas boom. In Europe the drop was accounted for by substitution from coal,
pipe gas and renewable energy (IGU, 2013). The low utilisation rate of US import
terminals, together with the increase in liquefaction capacity, supports the global
expectation that the US is becoming an exporter rather than an importer.
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Total 652| 100.00% 37%

Figure 8 and Table 6: Regasification Capacity in 2012 by Country. Data: IGU (2013)

A map with locations of regasification capacity can be found in appendix 5.
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According to Poten and Partners (2010) Asia Pacific LNG demand is expected to
grow with an average of 2.7% per year in the period 2014 to 2035. IHS (2014)
expected a reintroduction of Japanese power generation in 2014 but it is unlikely
that Japan will ever return to pre-Fukushima levels of nuclear power generation. As
a result of this reintroduction a slight decline in LNG imports in 2014 and 2015 and a
steeper decline in 2016 and 2017 with eventually imports of less than 80 MT in
2018. However, over the past five years, China has quadrupled its capacity growing
to 2.9% of global import capacity in 2012 and still planning to expand (IGU, 2013).
Poten and Partners (2010) projected global LNG trade to reach more than 360
MTPA by 2020, 400 MTPA by 2025 and 270 MTPA by 2035.

As natural gas fields in Europe are depleting, gas imports into Europe are expected
to increase. There are several projects designed to increase pipeline gas capacity
into Europe, which are received with great interest due to interruptions of Russian
gas supply and recent worsening diplomatic relations. The South Stream Pipeline
would bring Russian gas into Europe via the Balkan, bypassing some transit
countries. The Nabucco Pipeline (which is put on hold) and the Trans Adriatic
Pipeline (completion expected in 2018) could bring Central Asian gas into Europe
via Turkey. Even if all potential pipelines into Europe are built, it would not be
sufficient to satisfy demand and shipping LNG would be the only solution
(Clarksons, 2013).

The following table shows the expected growth in global natural gas demand
according to Clarksons (2013):

NG@Demand: CompoundBnnualf@GrowthRated2010R2040)
OECD 1.0%
Americas 1.1%
USA 0.1%
Europe 0.1%
Asia 1.3%
Japan 1.0%
Non-OECD 2.1%
E-Eur/Eurasia 1.0%
Russia 0.8%
Asia 3.1%
China 5.1%
India 1.9%
MiddleEast 2.1%
Africa 2.9%
LatinBAmerica 1.9%
Brazil 3.7%
World 1.6%

Table 7: Expected Global NG Demand Growth 2010 - 2040. Source: Clarksons (2013)
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3.3 LNG Shipping

3.3.1 Characteristics

Traditionally in LNG shipowners were integrated energy majors but recently also
independent owners started to operate in the market. In 2009, 10% of the world fleet
was under control of independent owners (Gkonis and Psaraftis, 2009). Some of
these owners integrate and try to position themselves more upward in the supply
chain, primarily by chartering out converted LNG carriers as floating storage and
regasification units (FSRUS). In general shipping is a relatively weak link in the LNG
chain and rates are not a major determining factor for final prices. Most power lays
at the producers and to a lesser extend at the customers while shipping is, by
nature, derived demand (Gkonis and Psaraftis, 2009). Shipping accounts on
average for approximately 25% of the cost of the LNG supply chain (Stopford,
2009), but this percentage differs strongly among different markets due to a strong
global imparity in LNG prices.

The LNG fleet, just like LNG trade, has historically been engaged on long-term
contracts (time-charter). As a spot market is developing for LNG trade short-term
charter fixtures followed. This is however still a fraction of total shipping demand.
Since the market is primarily based on long-term time charters competition typically
takes place when a charter expirers or when a new vessel enters the market. This
makes the LNG shipping market less volatile compared to other bulk shipping
markets (Clarksons, 2013).

An important aspect of LNG shipping is the boil-off or vaporising of the LNG. As the
cargo absorbs heat from air and water surrounding the hull and cargo tanks, the
LNG starts to vapour and tank pressure rises. Depending on the fuel system, the
vapours are often used as fuel for the vessel but some vessels re-liquefy the gas.
As the value of the cargo is relatively high and gets lost during the voyage, sailing
speed is an important factor in LNG shipping. Therefore vessels are, unlike for
example crude carriers, designed for higher sailing speeds and have a less bulky
hull design. LNG carriers typically travel at 19 knots and have a cargo boil-off rate of
0.3% per day (Stopford, 2009).
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3.3.2 The LNG Fleet

Containment systems

LNG carrier types are generally referred to by their containment system and size.
The most common types of vessels are the Moss-type and membrane-type. They
have a carrying capacity between 125.000 and 180.000 cubic meters (IGU, 2013).

The Moss type vessel has spherical, independent, single wall-storage tanks. The
tank is supported by a vertical skirt, which runs though the centre of the tank, and is
directly mounted on the deck foundations (Moon et. al, 2005). The membrane type
vessels have one or more prismatic tanks. The insulation is integrated in the ship’s
hull and a membrane covering inside the tank is used for structural strength. The
membrane type is the most common containment system and used in nearly 70% of
the existing fleet and in 91% of the vessels on order (Clarksons, 2013).

The newest and largest generations of LNG vessels are the Qflex (21.000 —
217.000 cubic meters) and the Qmax (263.000 — 266.000 cubic meters) developed
by QatarGas and have a membrane type containment system (QatarGas, 2014).

Propulsion

Currently the most commonly used propulsion system is the LNG fuelled steam
turbine. The vessel uses it's own cargo to fuel (primarily boil-off gas) to power the
engines. However, the high value of LNG made shipowners to look at other fuel
types. Currently steam turbine accounts for about 70% of the fleet while diesel-
electric (14%) and slow speed diesel engines (16%) are the lesser popular
propulsion methods. When looking at the orderbook a rigorously different
composition can be foreseen since diesel-electric account for 80% of the new
ordered vessels while steam turbine and slow steam diesel engines both account for
10%. The advantage of diesel-electric over the steam engine is higher efficiency,
more compact and it gives the shipowner more freedom in crewing. For larger
vessels such as the Qflex and the Qmax vessels, slow speed diesel engines with a
re-liquefaction plant are recommended (Clarksons, 2013).

Ice Class

The classification of a vessels capability to navigate through ice is referred to by the
IMO as polar class but there are many different classifications and they are often
referred to as ice class. In appendix 3 a conversion table can be found that
translates the IMO Polar Classes to the Swedish-Finnish and other classifications.
In general, vessels require a hull strengthening structures, special equipment that
can operate in the cold, special building materials such as abrasion and corrosion
resistant coatings, safety equipment, operation routines, etc. The guidelines set by
the IMO (2010) cover general, construction, equipment, operational and
environmental protection and damage control aspects. In the following table the
allowable conditions for navigation in ice-covered waters, according to the IMO
(2010) guidelines, are presented:
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POLAR CLASS GENERAL DESCRIPTION

PC 1 Year-round operation in all ice-covered waters

PC 2  Year-round operation in moderate multi-year ice conditions

PC 3 Year-round operation in second-year ice which may include multi-year ice
inclusions

PC 4 Year-round operation in thick first-year ice which may include old ice
inclusions

PC5 Year-round operation in medium first-year ice which may include old ice
inclusions

PC 6 Summer/autumn operation in medium first-year ice which may include old
ice inclusions

PC 7 Summer/autumn operation in thin first-year ice which may include old ice
inclusions

Table 8: Polar class general description. Source: International Martime Organisation (2010)

In July 2013 there were 29 ice class vessels in the fleet with five on order
(Clarksons, 2013). A major order this year was made by the Total-Novatek joint
venture to Daewoo Heavy Industries for the construction of the 16 PC-4 ice class
carriers for the Yamal LNG project (Total, 2014b). The vessels are intended as
shuttle tankers during the sailing season from May to December (Clarksons, 2013).
They have an icebreaking stern and therefore do not require the escort of the
Russian icebreakers (Total, 2014).

3.3.3 Current Trading Routes

Since trade is moving from each location of supply (red areas) to many different
import hubs (green areas) it is difficult to identify typical trading routes. LNG is
moving from everywhere to everywhere. However, it is obvious that East Asia
generates the largest flows as importing regions and Qatar the largest as exporter.
As a result the Suez Canal and Malacca Strait are primary transit points for LNG
trade. Figure 9 gives a geographical overview of different supply hubs and importing
regions as used in the model hereafter. Note, the size of the areas does not
necessarily indicate higher volumes but are only chosen to represent a geographical
area. The world has been divided in the following regions that are used in the
model:

Origin (Supply) Destination (Demand)
Alaska 0.07% Arabian Sea 7.55%
Algeria 3.60% Argentina 1.27%
. Brazil 1.86%
Australia 10.18% Chile 1.08%
Eastern Russia 4.13% China/Taiwan 23.86%
Egypt 1.99% GoM, Carribean 3.23%
Hammerfest, Norway 1.26% Japan 31.35%
Malay Archipelago 22.39% \“/"ved'ttefa'éea" j;:j
. . estern europe . (]
Arabian Peninsula 40.23% Northeast America 0.76%
Peru 1.35% South Korea 14.45%
Trinidad 5.91% Thailand 0.67%
West Africa 8.90% Mexican Westcoast 0.09%

Tables 9 and 10: Supply and demand regions with share of traded volume (2012)
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Figure 9: Supply (red) and Demand (green) Map

From these locations the following trade routes can be derived. The follwing routes
are used in the model, which will be discussed in the next section.

- Direct/Regional Route
- Panama Canal

- Cape Hope

- Cape Horn

- Suez Canal

- Northern Sea Route

- Northwest Passage
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4. Methodology
4.1 The GSIM Methodology
4.1.1 The Model

The Global Simulation (GSIM) Model has been developed by Francois and Hall
(2002) and is designed to analyse changes in global trade policy. It is a partial
equilibrium model, being industry based and excluding income effects. The model is
built on the relative difference in the free-flow of trade linkages (origin-destination),
represented by import tariff equivalents. These are represented in three input
matrices: initial origin-destination trade flows that represent import demand, initial
import tariff equivalents and final import tariff equivalents.

General assumptions are:

Markets are clearing

Imports are imperfect substitutes for each other

Elasticities of supply, demand and substitution are held constant
Fixed prices i.e. demand changes are solely driven by tariff changes

The assumption of imperfect substitutes is questionable since LNG is a very
homogeneous product. On the other hand, countries and companies are from a
strategic perspective generally inclined to diversify their energy supply. Therefore,
even though the product and its quality are very homogeneous (95%-98% methane
gas), imports do not have to be perfect substitutes. This assumption is supported by
the data that shows that countries import LNG from often many different regions,
regardless if supply is available in large amounts (and presumably at competitive
prices) closer located to the destination port. This discrepancy might also be
explained by (non)tariff trade barriers other than transport cost such as language
and cultural differences, bureaucracy, risks, regulations etcetera.

When looking at the third and fourth assumption, one has to realise that the
navigability of Arctic shipping develops over an extended period of time rather than
over night or the chick of a button.

The application of this model to this problem is chosen because it enables
identification of deviations and changes in the relative size of trade flows and the
use of shipping routes as a result of a (partial) removal of the trade barrier for
transarctic trade relations. Appendix 6 contains a summary of the mathematical
foundation for the GSIM methodology.

This research assumes a market situation in 2040 based on current trade data,
which is adjusted according to demand, export capacity and import capacity
estimates at current prices. Prices in 2040 however are unlikely to be the same
levels as 2012. It is beyond the scope of this research to forecast the 2040 market
situation as it is focussed solely on the (relative) impact of open Arctic shipping
routes.
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Indexes

r.s Origin points
A Destination points

Table 11: Notation Indexes GSIM. Source: Van Elswijk (2012)

Parameters

Es Elasticity of substitution
Em(v) Import demand elasticity
Ex(r) Elasticity of export supply

Table 12: Notation Parameters GSIM. Source: Van Elswijk (2012)

Calibrated coefficients

N@)(@r,r) Own price demand elasticity

N@)(r,s) Cross-price elasticity

T(v),r The power of the trade barrier, T=(1+t)
o(v),r Demand expenditure share

ov),r Export quantity share

Table 13: Notation Calibrated coefficients GSIM. Source: Van Elswijk (2012)

Variables

M Imports (quantity) by demanding regions

X Flow of LNG to demanding markets (quantity)

P Composite domestic price

P*(r) World price for LNG leaving r

P(r),v Internal prices from origin/route r destined for destination v
tr)v Barrier to trade (tariff equivalent) fromr to v.

Table 14: Notation Variables GSIM. Source: Van Elswijk (2012)

Calibration of coefficients in the model is done through the following formulas (Van
Elswijk, 2012):

M(v),r Tw),r

(1) e(i, V)' r= IM(v),s T(i,v),s

2) o@G,v),r= EM(iw),r

(3) N(i,v)(r,s) =]0(i,v),s (Em + Es)

4)
N(i,v)(r,r) = 0(,v),rEm — X,,.0(i,v),s Es = 0(i,v),r Em — (1 — 6(i,v),r)Es
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(5) Market clearing condition: X; , = M; ,

EX(LT‘)P - ZN(HJ)(T‘T‘)P(HJ)T‘+ZZN(lU)(TS)P(lU)S
ZN(lU)(T'T‘) P +T(lL)T +ZZN(LU)(TS) P +T(Lu)s]

4.1.2 Application to this Research

The model was initially built to analyse changes in bilateral trade but in this situation
supply and demand is clustered in regions and in combination with the use of the
maritime trade lanes, discussed in section 3.3.3, the impact on trade and shipping
routes is analysed. Costs of maritime transport are expressed as a percentage of
total trade value, which is the tariff equivalent.

The analysis of the scenarios is performed in two steps. First the impacts of the
reductions in tariff equivalents per main and sub scenario are modelled in
accordance with the GSIM methodology. Second, each trade flow will be split into
seven sailing routes. Trade between Eastern Russia and the Arabian Sea region
thus will be expressed in the following way:

E. Russia (Direct) Arabian Sea
E. Russia (Panama) Arabian Sea
E. Russia (Horn) Arabian Sea
E. Russia (Hope) Arabian Sea
E. Russia (Suez) Arabian Sea
E. Russia (NSR) Arabian Sea
E. Russia (NWP) Arabian Sea

The lowest tariff equivalent will be assumed to be the determinant of the chosen
shipping route (i.e. the most economical route will be used for every single trade). In
the case where the Arctic routes are most economical, where generally no year-
round navigation is possible, the weighted average of the Arctic route and the
conventional routes is used in the GSIM runs after which the trade flows will be split
based on days of navigability.
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4.2 Scenarios

Two main, supply based, scenarios will be used that will be projected upon three
navigability scenarios. One of the main scenarios assesses solely the climatological
impact (C) and one, aggregated scenario (A), takes into account the new production
and regasification facilities that have currently passed the FID or are in a (pre)FEED
stadium. For the year 2040, three scenarios of navigability are made, the high
navigability (HN), the low navigability (LN) and the most likely scenario (ML). This
results in the following integrated scenarios:

C-HN: Climatological, High Navigability Scenario
C-LN: Climatological, Low Navigability Scenario

C-ML: Climatological, Most Likely Navigability Scenario
A-HN: Aggregated, High Navigability Scenario

A-LN: Aggregated, Low Navigability Scenario

A-ML: Aggregated, Most Likely Navigability Scenario

To put these results into perspective, two scenarios were added where zero ice (NI)
is assumed. Although these scenarios are not feasible, they give a good indication
of the upper boundary of Arctic shipping under current and aggregated LNG market
conditions.

e C-NI: Climatological, No Ice Scenario
o A-NI: Aggregated, No Ice Scenario

One should be aware that the LNG trade is affected by seasonality. Especially on
the northern hemisphere gas is used for heating, which boosts LNG demand in
winter. At the same time the Arctic routes experience their lowest navigability
season. Seasonal effects of the LNG market have been considered outside the
scope of this research.

4.2.1 Climatological Scenarios

In the climatological scenarios current existing import and export locations are taken
into account with 2012 traded volumes increased by the compounded annual growth
rates up to 2040 from table 7. New production capacity and import capacity is not
taken into account and hereby solely the effect of the retreating sea ice is analysed.

4.2.1 Aggregated Scenarios

The Aggregated Scenarios take into account the new projects that currently have
passed the FID or are in a (pre)FEED stadium, taking into account the shift from the
US as an importing to an exporting nation. This is particularly interesting since it, in
comparison with the climatological scenarios, will show what the impact of Arctic
LNG production and other new facilities will mean for (trans)arctic LNG shipping and
how locations of supply and demand affect the results.
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New liguefaction capacity

The most important developments in liquefaction capacity for the coming decade
have been discussed in section 3.2.1. | total there are 16 projects (total capacity: 95
MTPA) under construction, 20 projects (total capacity: 168.9 MTPA) in the FEED
stage and 44 projects (total capacity: 329.45 MTPA) proposed among which the
Yamal project and several projects in the US (Clarksons, 2013). Also it is assumed
that decommissioning of existing capacity will be either replaced at the same
location, or taken over by new capacity in the region.

Newcomers to the liquefaction club are Columbia (only 0.5 MTPA), Papua New
Guinea, United States (Gulf of Mexico and Oregon), Canada (primarily British
Colombia), Mozambique, Israel, Cameroon, Cyprus and Tanzania.

2012/newltapacitydmpta) Post2021@&ank

Region 2012 [new Region Capacity@mpta)
Arabian@eninsula 101 3.2 GulffaMexico 189.45
Malay®@rchipelago 65 23.5 Australia 106.2
WestBfrica 26 48.6 Arabian@eninsula 104.2
Australia 23 83.2 NorthwestB\merica 95.6
Algeria 19 9.2 Malay®@rchipelago 88.5
Caribean 16 1 WestBfrica 74.6
EastiMediteranean 12 13 NortheastBAmerica 45
Russiafast 10 20 Russiaara 32.5
Norway,BHammerfest 5 RussiaEast 30
Peru 4 Algeria 28.2
NorthwestBAmerica 2 93.6 Eastfrica 26.6
East@frica 26.6 EastiMediteranean 25
GulffIMexico 189.45 Caribean 17
Russiaara 32,5 Norway,BHammerfest 5
Northeast@\merica 45 Peru 4
Total 283 588.85 871.85

Table 15: Current and Future Liquefaction Capacity. Data: Clarksons (2013)

New regasification capacity

In the market for LNG imports are Poland, Ukraine, Lithuania, Jordan, Pakistan, Sri
Lanka, Bangladesh, Benin, Estonia, Finland, Lebanon, Sweden, Uruguay, Vietnam,
Bahrain, Croatia, Ireland, Kenya, Philippines, South Africa, Morocco and Latvia. The
regions used in the climatological scenario are adjusted for new importers and
exporters into the regions shown in tables 15 and 16. Figure 10 shows the map with
new regions of capacity adopted for the aggregated scenario.
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2012/newtapacitydmpta) Post2021&ank

Region 2012 | new Region Capacity@mpta)
Japan 180 6 Japan 186
GoM, Carribean 130 -80 Mediteranean/Ukraine 140.5
South Korea 91 4.5 South Korea 95.5
Mediteranean/Ukraine) 73 67.5 Arabian Sea 79.8
Western Europe 59.5 19.6 Western Europe 79.1
China/Taiwan 32 26.2 China/Taiwan 58.2
Arabian Sea 20.5 59.3 GoM, Carribean 50
Northeast America 15 3 Bay of Bengal 38.4
MalayBArchipelago/SEA 18.6 23.7 MalayRArchipelago/SEA 42.3
Mexican Westcoast 13 9.8 Mexican Westcoast 22.8
Argentina/Uruguay 8 2.5 Northeast America 18
Brazil 6 5.9 Chile 129
Chile 4 8.9 Brazil 11.9
Baltic 8.4 Argentina/Uruguay 10.5
Bay of Bengal 38.4 Baltic 8.4
South/EastB\frica 4.5 South/EastB\frica 4.5
[Total 650.6| 208.2 858.8

Table 16: Current and Future Regasification Capacity. Data: Clarksons (2013)
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Calibration into Trade Flows Usable for Model

New capacity is calibrated based on initial trade from the climatological scenario.
For countries that already had existing figures on trade, demand was increased
according to the growth of import capacity (i.e. per column). For the tree (Bay of
Bengal, Baltic and South/East Africa) importing and exporting regions that had no
initial existing trade flows were based on reasoning. The initial shares if import
origins have been used as a starting point after which the new export capacity has
been integrated.

In the initial situation US exports are not ranked as largest which might seem in
contradiction to the liquefaction capacity. However, the vast majority of projects in
the US have not passed the pre-FEED stage yet and it is unlikely that all would be
executed. Therefore a downward correction has been made to account for this.
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4.3 Initial Tariff Equivalents for Maritime LNG Trade

For the analysis, only the use of 155000 cbm fully laden, PC6 or OW, LNG carriers
running on boil-off gas is assumed. The reason for this assumption is that multiple
vessel sizes with different dimensional restrictions and economies of scale
unmanageably complicate the analysis. This assumption is not unreasonable since
the 155000 cbm LNG carrier is often referred to as the standard in terms of carrying
capacity. Also empty legs are not separately taken into consideration. Since in the
case of a shuttle service the empty leg is generally subsidised by the fully laden leg,
the cost of the empty haul therefore considered to be incorporated in the freight rate.

4.3.1 Direct Cost Savings

The most important determinant of cost is the amount of sailing days. Aside from the
charter rate, the trader is exposed to fuel cost and inventory holding costs. Boil-off
costs is assumed to be incorporated in the fuel cost since the boil-off gas either acts
as a fuel or is re-liquefied by fuel consuming cooling units.

Charter rate

As a charter rate for regular, open water, LNG carriers with a cargo capacity of
155,000 cbm the average spot charter rate of $122,000 from August to November
2012 (RS Platou, 2012; Haeffelé, 2013) is used.

The charter rates for polar class or regular open water vessels differ of course.
Although both prices are determined by the market and are not likely to behave the
same with only proportional differences, it is difficult to assess polar class charter
rates individually since there is not yet a clear developed market existing. Therefore
in the analysis the difference in CAPEX and OPEX between open water and PC-6
vessels (discussed in the next section) is used to make an estimate of the PC-6
LNG Carrier charter rate.

4.3.2 Capital, Operating and Voyage Cost
Capital costs

To compare the investment capital cost of a PC6 and a regular open water carrier
with both 155.000 cbm cargo capacity three neworder vessels were compared.

Yard or owner Ice class Capacity Price Source

Dynagas 1A S (PC6) 155 000 cbm $235m  (Clarksons, 2013)
(on order 2013) (Howard, 2014)
Newbuid price No 150 000 cbm $185m (Clarksons, 2013)
2013

Newbuid price No 160 000 cbm $200 m (Clarksons, 2013)
2013

Table 17: LNG Carrier Newbuild Prices (2013)
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It is a very simplistic approach and should be interpreted with care since capital cost
for vessels can vary drastically (Stopford, 2009). However, due to availability of
information and the scope of this research, PC6 vessels are assumed to be 22%
more expensive than regular open water LNG carriers. This does not differ much
from the assumption of 30% higher building cost DNV (2010) used for assessing the
feasibility of the NSR for 6500 TEU PC4 container vessels.
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Figure 11: Cost Structure LNG Shipping. Data: Petroleum-Economist (2011)

It is assumed that the complete difference in cost is translated into the charter rate
(i.e. profit margins for the shipowner are assumed to be equal for PC6 and OW
vessels). Given the distribution of costs in figure 11, the charterer of a PC6 LNG
carrier pays a charter rate of 22%*44.65% = 9.832% more caused by a higher
building cost. This translates into a contribution to the charter rate of $11995.

For the oil/gas industry (sub: integrated) a WACC of 7.71% is assumed based on
the estimates consolidated by NYU Stern (2014).

The daily inventory cost for the cargo at sea is therefore: (LNG trading
price)*618/365

0.0771 _
365

LNG Trading Price * Trading Volume *

Traded Value * 0.021% = Daily cost of inventory at sea
Operating costs

DNV (2010) assumed 50% higher operating cost for 6500 TEU PC4 and for double
acting (i.e. icebreaking stern) vessels compared to open-water vessels with the
same cargo capacity. Since DNV (2010) considered no difference in operating costs
between different ice class vessels and only differences in capital costs (120%
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higher for double acting PC2 compared to 30% for PC4), this assumption is adopted
and a 50% higher operating cost for PC6 LNG carriers is considered over open-
water LNG carriers.

Just as in the case for capital costs, the 50% higher operating cost is assumed to be
fully absorbed into the charter rate resulting in a 50%*13.85% = 6.925% increase.
This translates into a contribution to the charter rate of $8449.

Voyage costs

The most important part (counting for approximately 66%) of voyage cost is fuel
consumption (Stopford, 2009). The following table shows the fuel consumption at
different sailing speeds for a 150.000 cbm LNG carrier that runs on boil-off gasses.
At low speeds the vessel consumes less fuel than boils off and loses cargo.
Especially when this happens for longer periods. Therefore sailing speeds should be
around 12.5 knots minimum (Haefellé, 2013).

Speediknots) |boilbfffuel/daydtons)
19 104.05
18 93.12
17 84.62
16 76.92
15 69.23
14 63.97
13 58.70
12 54.66

Table 18: Fuel Consumption of a 150.000 cbm LNG carrier. Data: Haefellé (2013)

Vessels transiting the Panama and Suez Canal burn less fuel due to slower speeds
and waiting times. These savings are assumed to be offset by cargo loss due to
boil-off. On the Arctic routes the vessels require an extra consumption of 4 tons of
LNG per day for the winterization of the vessel (Haefellé, 2013).

It is very likely that technologies improve over the coming 28 years that will
decrease the consumption of fuel and thereby reduces the importance of sailing
distance. In this research, a possible increase in fuel efficiency is ignored since it is
unclear how these benefits will be distributed over regular or PC vessels. Also the
aim of this research is to assess the impact of open Arctic shipping routes (i.e.
shorter sailing distances), if based on loose assumptions the importance of distance
will be decreased it will be more difficult to identify the impacts of Arctic routes.

For the routes facing a piracy thread and for the Arctic routes, insurance premiums
need to be taken in to account that are not yet integrated in the aforementioned
charter rate. For the routes crossing the grey shaded areas in figure 12 this includes
extra insurance for the crew and war risk to cope with the thread of piracy. These
insurance costs can, in comparison, be neglected for other shipping routes (US
Maritime Administration, 2008).
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Figure 12: Piracy Activity Map. Source: OECD (2003)

According to Haeffelé (2013) the cost of insurance for a 155.000 cbm LNG carrier
when transiting the Suez Canal is approximately $65,000. In this research this
insurance premium is assumed for all routes navigating through piracy risk areas.
The insurance cost of transiting the NSR for the Ob River in 2012 was $160,000 for
a fully laden transit (Haeffelé, 2013), i.e. $17778 per day. The same daily premium
is assumed for the NWP. The premium is mainly driven by higher pollution risk and
hull and machinery damages.

4.3.3 Transit Dues
An LNG carrier with a cargo capacity of 155.000 cbm has a gross tonnage of

approximately 100100 metric tons. For the chosen vessel size the following transit
dues are calculated:

Transit Fee/ton TonsEargo totaldee

SuezlTanal 62753 $554,732.60
PanamalLanal 4.68/ton 62753 $345,825.64
Northwest®assage |50265/day 62753 $359,037.87
Northern@eaRoute |$40739/day@Z15000 62753 $381,648.00

Table 19: Transit Dues. Data: Haeffelé (2013), Canal de Panama (2012), Eger (2010)

The NSR fee is based on the fee that the Ob River paid in 2012 and includes
pilotage cost of 2*$600/day (Haeffelé, 2013) and commercial agency costs of
$15000 (Haeffele, 2013). As there is no fee system for the NWP, the icebreaker cost
of $50,000 per day according to the Canadian Coast Guard is assumed as the
transit fee (Eger, 2010) plus $265 per day for a pilot (Somanathan, 2007). The Suez
Canal dues include expenses for pilotage, tugs, mooring etc. (Bimco, 2014), the
same costs are assumed for the Panama Canal.
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4.3.4 Ice Restrictions and Annual Navigability

Looking back at section 2.2 where Smith and Stephenson (2013) assessed
technically feasible transits the feasibility of the OW transit in the period 2006 —
2015 for both RCP (+4.5 and +8.5) for the month September highly resembles the
route the Ob River made in November 2012 and the Arctic Aurora made in
September 2013. Following this observation the probability of a technically feasible
transit provided by Smith and Stephenson (2013) of 61%-71% (66% average) for
OW vessels on the NSR will be adopted as the actual probability of feasibility for
PC6 class vessels including all relevant factors.

The first PC6 vessel entering the NSR in 2012 was made on the 23th of July while
the last was the Ob River, leaving the NSR on the 18th of November (NSR
Information Office, 2014). Therefore, at 2012 ice levels, 139 navigable days for a
PC6 vessel are assumed. The tariff equivalent of a particular trade using an Arctic
route is based the weighted average of navigable sailing days per year and the
probability of a feasible transit.

N
P(T|AR) 5oz = ANF

66% 2 = 02513
’365

Where P(T|AR) is the probability of a feasible transit over the Arctic routes (blue
lines in figure 2) during the navigable season and N is the amount of navigable days
per year.

If the tariff equivalent for the Arctic route, regardless of navigability, is smaller than
the conventional routes, the Arctic routes is assumed to be used when navigable.
The distribution of total traded value is estimated based on the navigability factor
where ANF times the total traded values (during the navigable season) is shipped
over the Arctic route and the remaining (1-ANF) is shipped over the conventional
route during the rest of the year.
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4.3.5 Conclusion

In the following table a summary of the costs from which the tariff equivalents can
be derived is presented.

Direct/Regional?)

Cargolinventoryi@ost |-

0.021%*Sa,bVa,bPb

Vessel| costi@iiriver Routel Panamaanall |CapefHopel CapefHorn SuezTanal@ NorthernBea®Route? |Northwest®; |

OW [CargoTapacity@bm 155000 155000 15500 155000 155000|- -
Cargoapacitydm.t.) 62753 62753 6275 62753 62753|-

Daily@harter®Rate $122,000 $122,000 $122,000 $122,000 $122,000]-

Charteritost 1.994Sa,6Vab 1.994Sa,6Vab 1.994Sa,6Vab 1.994Sa,bVab 1.994Sa,6Vab

Insurance@remium |$65000@p $65000@Dp $65000@p $65000Dp $65000@Dp

Fuel@ost 104.05*Sa,0 104.05*Sa0 104.05*Sa,0 104.05*Sab 104.05*Sa0

Transit@ues - $345,825.64 |- - $554,732.60|-

Cargolinventory@ost |0.021%Sa,bVabPb|0.021%Sa,bVabPb [0.021%Sa,bVa,bPb|0.021%Sa,bVabPb|0.021%Sa,bVabPb|- -

PC6 |CargoTapacity@bm |- - - - - 155000 155000
Cargolapacity@m.t.)|- 62753 62753
Dailyharter@ate $143,000 $143,000
CharteriTost 2.28SabVab 2.28Sa,bVab
Insurance@remium |- $17778/day $17779/day
Winterisation $4Sa $4Sa
Fuelfost 104.05*Sa,b+56.68*Sa[104.05*Sa,b+56.68*Sa
Transit@ues $40739*SaB%15000 |50265*Sa

0.021%*Sa,6Va,bPb

Table 20: Summary of LNG S

hipping Costs

Taking the shipping costs as a proportion of total trade value for each trade relation
over the feasible routes generates the values of tariff equivalents. The tariff

equivalent for trade relation (a;b) over route i is explained by the following formula:

T(a;

T(a;

Sab =
Vab =

Po
Dp=
Ti

Fo

b)|PAN =

b)|PAN =

199484 pV g, p+Sa,pFoPp+0.00021S 4 pV 4 pPp+65000D,+Tpc

VanbPp

Sqb(125129.48+117.28P})+65000D,+Tpc

+1

62753P,

Sailing days between a and b
Shipped volume in tons between a and b (62753 tons since a fully laden

155000 cbm LNG carrier is assumed)
$ Price of LNG per ton in destination b
Dummy variable for piracy risk (1 if yes; O if no)
Transit dues for route i
Fuel consumption per day in open water (104.05 tons of LNG at 19 knots)
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For Arctic routes the tariff equivalents are calculated according to the following
formulas:

SapVa,p(2.28+0.00021P)+S4(17778+40739)+Pp ((Sa,p—Sa)Fo+SaFa)+15000

T(a; b)|NSR = N
VabPb
1
T(a; b)|NSR _ Sq,p(143076.84+117.23Pp)+54(58517—-43.37P},)+15000 1
62753P)
T(a; b)|NWP _ Sqp(143076.84+117.23Pp)+S4(68043—43.37Pp)+15000 1

62753P),

Sa= Sailing days in Arctic ice covered waters
Fa = Fuel consumption per day in the Arctic (60.68 tons of LNG at 12.5 knots)

In the initial situation however, shipping on both the NSR and the NWP is assumed
to be completely restricted by the ice and the lacking of a supporting ice class fleet
and Arctic infrastructure. Although shipments have taken place, these are
considered to be trial journeys. The routes are currently not widely accepted as an
alternative for the conventional routes, which indicates another nontariff barrier for
transatlantic maritime LNG trade, which is industry perspective. In the initial situation
the tariff equivalents are set at 5 meaning that shipping on the Arctic routes is in no
case preferred over. Also for other routes where it simply makes no sense to use
(for example Algeria to Europe through the Suez Canal) a tariff equivalent of 5 is
marked down.

In the scenarios of navigability the industry perspective is not considered to be of
any restrictive influence anymore and therefore left out.
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4.4 2040 Tariff Equivalents for Maritime LNG Trade
4.4.1 Competitive Pricing Panama and Suez Canal

When the Arctic routes are becoming more economically attractive due to retreating
sea ice, they become viable competitors to the Suez and the Panama Canal. More
intensive use of the Arctic routes will therefore most likely put pressure on transit
dues for the Suez and Panama Canal. Pricing strategies of the Suez, Panama, NSR
and NWP is a research on itself and is considered outside the scope of this
research.

4.4.2 Assumptions
Infrastructure and Regulatory Framework

With respect to the state of Arctic infrastructure it can be assumed that, based on
the research in section 2.5.3, that infrastructure in the Canadian Archipelago most
likely will not be developed to an extend comparable to the NSR. Although the first
cargo has been transited the Passage, this route is significantly more difficult to
navigate and therefore costly than the NSR. The NWP is much more subject to sea
ice and the future potential of the NWP as an economically viable shipping route is
still questionable. Also, according to DNV (2010), the NWP is not accessible for
large vessels. Together with low current investments, the infrastructure on this side
of the Arctic is assumed to develop slowly over the coming decades.

The Northern Sea Route on the other hand has been developed extensively over
the last decade and is considered as a very potential shipping route (see section
2.4.3). The Russian Federation has made the NSR one of its priorities and
competitions around sovereignty seems to speed up investments. More importantly,
the exploitation of natural resources is an important driver of NSR infrastructure
development. The route is currently already being used as a transit route and a
strong increase in cargo volumes is expected. The recent investment in a new
generation of icebreakers is another indicator of Russia’s commitment to develop
the Russian Arctic region. Also a clear framework of institutions exists that manage
the development and governance of the NSR (see section 2.4.4). Considering that
the infrastructure along the NSR is currently considered to be 10 years away from
it's required level (Vukmanovic and Koranyi, 2013) we can assume that
infrastructure along the NSR in 2040 will not be a restrictive factor any more.

Shipping Supply

Shipowners are opportunists and therefore the supply of ice-class shipping capacity
is assumed not to be a restrictive factor since capacity will grow when there is
demand for transarctic shipping. Freight rates are a result of demand and supply in
the shipping market, resulting from trade rather than the other way around.
Therefore freight rates are assumed to be constant.
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4.4.3 Navigability Scenarios

As a basis for the navigability scenarios the +4.5 and +8.5RCP ice forecast with
corresponding navigability probability estimates for PC6 vessels by Smith and
Stephenson (2013) are used in combination with DNV (2010) estimates of navigable
days. The probability of a feasible transit over the routes presented by Smith and
Stephenson for OW vessels increase from 64% to 96% for +4.5 RCP and 71% to
98% for +8.5 RCP. DNV (2010) estimated between 100 and 120 unassisted
navigable days over route 3 (figure 3) for a PC4 vessel in 2030 and 2050
respectively. Be aware that this analysis uses strict route distances for the Northern
Sea Routes but in reality vessels are likely to gradually move away from the pole as
sea ice starts to grow and vice versa.

In the case of the NWP, tariff equivalents are assumed to be only dependent on
navigable days as distance; sailing speed and transit dues do not change. The
reason for this rather simplistic approach is that climatological conditions for the
NWP are not considered to change to an extend that it will have impacts on the cost
per transit but rather on the amount of feasible sailing days (and transits) per year.
For costs to be reduced, conditions will have to improve to the extend where there is
no requirement for icebreaker guidance, ice class and winterisation of vessels and
sailing speed restrictions. Even in the most favourable scenario do these expenses
exist for the NWP and is year round navigation not feasible.

High Navigability Scenario

Using the +8.5 RCP forecast with the PC6 (red) routes form Smith and Stephenson
the transpolar becomes feasible. Infrastructure in the Canadian Arctic, as well as
sufficient availability of Russian icebreakers at the North Pole is expected. In the HN
scenario a PC6 vessel is assumed to be able to navigate unassisted for 70 days in
2040 and year round under assistance of an icebreaker directly across the North
Pole (Transpolar Passage) with a probability of a feasible transit of 100%. On the
NWP an average sailing speed of 12.5 knots and is navigable 250 days under
icebreaking assistance. For the transpolar route an estimated average speed of
12.5 knots is assumed.

Sap(143076.84 + 117.23P,) + 318P, + 513960
62753P,

T(a; b)|TPP =

The tariff equivalent for the NSR for this scenario is a bit more complex. A major
driver of the reduction in the tariff equivalent for the NSR is the shorter sailing
distance. The route directly across the North Pole, also referred as the Transpolar
Sea Route or the Transpolar Passage (TPP), is 700 nm shorter than the coastal
NSR undertaken by the Ob River in 2012 (Ostreng et. al., 2013). The total distance
of the route is therefore 700nm shorter with an Arctic route of 2700-700 = 2000 nm,
which results in 6.67 days of sailing on the TPP.
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Given that this route does not navigate through Russian national waters the fixed
commercial service fee ($15000) payable at the NSRA will not be applicable
anymore. However, since Rosatomflot is likely to offer icebreaking services in these
waters the daily icebreaking plus pilotage fee of $40739 is taken into account.

Transits through the outer bounds of the NSR are for 98% percent likely to be
feasible for OW vessels in September (Smith and Stephenson, 2013). Under the
assumption that year round navigation is possible for vessels with a lower ice class
than PC6, the tariff equivalent for this route is generated. For lighter ice class
vessels the same capital and operating cost as OW vessels, 12.5 knots sailing
speed, the same transit dues as initial NSR dues and the same insurance premium
is assumed. The following three tariff equivalents are considered to generate a
consolidated tariff.

e Transpolar route for a PC6 vessel during 70 day unassisted navigability; In

this case the transit tolls and icebreaking fees have been subtracted.

Sap(143076.84 + 117.23F;) +5,(58517 — 4337P,)
62753P,

T(a; b)|TPP =

e Transpolar route for a PC6 vessel during the residual 295 days where it
needs icebreaker assistance over the route.

Sap(143076.84 + 117.23P,) +5,(17778 — 4337P,)

T(a; b)|TPP =
(@bl 62753P,

e Coastal NSR for an OW vessel without icebreakers but with the fixed transit
toll of $15000 and $1200/day for two pilots.

Sap(125129.48+117.23P)+S4(58517—43.37P})+15000
62753P),

T(a; b)|NSR = +1

During the 70 days of unassisted navigability all traffic is assumed to take place over
the transpolar passage and for the residual days the choice of route depend on
which has the lowest tariff equivalent. The PC6 icebreaking route will be chosen if:

Scapirppy(143076.84 + 117.23P,) + Scuirppy (17778 — 43.37P,)
62753P,

<

Sapinsky(125129.48 + 117.23P,) + S(apnsry (58517 — 43.37P,) + 15000
62753P,
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Solving for the average LNG price of $524 gives S(a,b|TPP) < 2.41 S(a,b|NSR) +
3.71 which is always true since S(a,b|TPP) < S(a,b|NSR). Therefore the Transpolar
Passage (TPP) with icebreaking assistance will always be preferred over the coastal
route. This enables us to generate one consolidated tariff equivalent based on the
weighted average of both PC6 tariff equivalents:

70 Sqp(143076.84+117.23Pp)+S4(17778-43.37P) | 295 Sq p(143076.84+117.23Pp)+54(58517-43.37Pp,) n
365 62753P) 365 62753P)

1=

Sa,p(143076.84+13.178P},)+338196

+1
62753P,

T(a; b)|TPP =

Low Navigability Scenario

Using the +4.5 RCP forecast with the OW (blue) routes form Smith and Stephenson
a shorter Northern Sea Routes become available (comparable to DNV route 3). For
the LN scenario only 200 assisted sailing days over route 3 are assumed at 96%
probability of a feasible transit. Infrastructure for the Canadian Arctic is expected to
be underdeveloped while icebreaking services Russia are expected to be sufficient
to support traffic. For the NWP therefore only 140 assisted sailing days are
assumed. The average sailing speed on route 3 as well as the NWP is assumed to
be 12.5 knots.

For the NSR, navigation happens almost entirely outside Russian national waters.
Therefore the formula excluding tolls, as discussed in the high navigability scenario,
is applicable. Major differences in this situation are in the ANF and the sailing
distance. Arctic sailing distance is approximately 2000 nm, which is 400 miles
shorter than the initial coastal route and takes approximately 7.67 sailing days in the
Arctic.

ANF(NSR) = 96% 200 _ 4526
— 770365

Sap(143076.84 + 117.23F;) + 332.65P, + 448825

T(a; b)|NSR =
(a; b))l 62753P,

If using the NSR is the most economical route there will be 0.526*365 = 192 days of
sailing on the NSR and (1-0.526)*365 = 173 days of sailing on the conventional
route annually.
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For the NWP the same approach is taken:

140
ANF(NWP) = 98%—- = 0376

Sap(143076.84 + 117.23P,) + 318P, + 513960

T(a; b)|NWP =
(@; b)) 62753P,

Leaving 137 navigable days on the NWP and 228 days on the conventional routes

annually.

Most-Likely Navigability Scenario

As a basis for the most likely navigability scenarios the average of the +4.5RCP and
+8.5RCP ice forecast with corresponding navigability probability estimates for OW
vessels by Smith and Stephenson (2013) are used. DNV (2010) estimated between
100 and 120 unassisted navigable days over route 3 (figure 3) for a PC4 vessel in
2030 and 2050 respectively. This route correlates highly with the OW Northern Sea
Routes from Smith and Stephenson (2013). Given the current attention to the arctic
route from Russia the availability of icebreakers and other infrastructural
requirements can be expected. PC6 vessels are assumed to be able to navigate
unassisted for 100 days in 2040 and year round under assistance of an icebreaker,
both with 98% probability of a feasible transit. With respect to the NWP only 250
assisted sailing days with a 98 probability of a feasible transit are estimated,
primarily due to the harsher ice conditions in that region and the expectation that the
infrastructure will only moderately be developed. Along both routes an average
sailing speed of 12.5 knots is assumed.

ANF(NSR) = 98% = 0.98

This leads to 358 navigable days on the NSR and 7 days of navigation annually
over the conventional routes.

S,,(143076.84 + 117.23P,) + 332.65P, + 363217.4 i1
62753P,

T(a; b)|NSR =

250
= 0fy —— =
ANF(NWP) = 98% = 0.671

Leaving 245 days of navigation on the NWP and during the remaining 120 days, the
conventional route will be used.

Sa»(143076.84 + 117.23P,) + 318P, + 513960

T(a; b)[NWP =
(@; b)INW 62753P,
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Zero lce Scenarios

For the zero ice scenarios, year round navigation through the NWP and over the
TPP is assumed with regular OW vessels and without the cost of icebreaker
guidance and transit tolls.

Sap(125129.48 + 117.28P,)
62753P,
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4.5 Data
4 5.1 Trade Data

Bilateral trade data (in volumes) for 2012, as well as the ports that accommodated
these trades, has been obtained from the Clarksons (2013) report. These values
have been multiplied by compounded regional growth rates to be fitted for the 2040
initial scenario (Clarksons, 2013). The trade in volumes has been converted to
metric tons and from metric tons to dollar values based on data from the Federal
Energy Regulatory Commission (2012).

The input trade data for the aggregated scenarios is calibrated as discussed in
section 4.2.

4.5.2 Sailing Distance and Speed

Distances per sailing route have been determined by taking the average port-to-port
distance, obtained from www.vesseldistance.com (2014), between the clustered
supply and demand areas. The application gave the shortest and alternative routes
including the NWP but excluding the NSR. The NSR distances between A and B
were found by taking the distance from A to Hammerfest and B to Tobata for Asia
bound shipments and B to Dutch Harbour for America bound shipments. These
distances were then added to the Hammerfest-Tobata (or Hammerfest Dutch
Harbour) distance distilled from the NSR Information Office (2014) statistics on NSR
transits.

From the distances the sailing days were be calculated, based on the assumption of
19 knots sailing speed in open water and 12.5 knots in arctic waters which is based
on the Ob River PC-6 transit over the NSR in 2012 (NSR Information Office, 2014).
Delays for the Suez Canal were calculated based on information from the NGIA
(2011) and delays for the Panama Canal were presented by ACP (2014).

transit@imel
Track knots nautical@niles (days)
SuezTanal SuezCanal/Bay 7.60 105 0.58
GulfdfBuez 16 160 0.42
RedBea 16 1080 2.81
waitingltime 0.46
average/total 13.15 1345 4.26
Panamalanal CanalfTransitd@ncl.@Vaiting 50 1.02
Oceans@ndBeas Open@Vater 19
NWP BaffinBayR@BeaufortBea 12.5 2200 7.333333333
NSR Karaf@GateRF@ezhneviGate 12.5 2700 9
NSRRouteB Kara@GateRF@ezhneviBate 12.5 2300 7.666666667
TPP 12.50 2000 6.666666667

Table 21: Transit Times. Data: ACP (2014), NSR Information Office (2014), NGIA (2011), Ostreng et. al.
(2013)
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4.5.3 Elasticities

The GSIM model requires three types of elasticities as input; Composite demand
elasticity, industry supply elasticity and substitution elasticity. The elasticities of
substitution are expressed as absolute numbers and elasticities of industry supply
as positive numbers and are set on a value of 10 and 1.5 respectively for all
destinations as done by Francis and Hall (2002).

For several regions (taking the average of available elasticities from countries within
that region) elasticities of LNG import demand was available at the World Bank
(2014). In cases were no estimates of LNG elasticities were available, elasticities of
import demand for natural gas have been used. For a few regions elasticities were
still not available through the World Bank database and estimates were made based
on figures used by Baron et. al. (2013) and by own reasoning.

In the case for the US and Canada (regions: Northeast America and Gulf of Mexico
only in the climatological scenarios) a current elasticity of import demand of -0.38
was estimated by Baron et. al. (2013). They forecasted, due to the increase in
domestic production, a decrease in import elasticity to -0.53 in 2038. The elasticity
of -0.38 and -0.53 is used for the climatological scenario and the aggregated
scenario respectively.

The following elasticities have been used:

& &
IS @ < o
s /& /A 4
S s /8 s /& /8 /¢ s
& & g > @ S > S kS IS
& 3 N & o 5 ¢ & § &
L S R ? IS & & S S 2 &
S ) Y g s /s /& S & & s o &
< < £ & S G o S > S < < <
CompositeMemand | _-0.12] -0.12] -0.12] -043] -0.9] -0.20] -0.17] -0.51] -0.38] -0.38] -0.55] -0.45] -0.10
industryBupply 150] 1.50] 1.50] 1.50] 1.50] 1.50] 1.50] 150] 150] 150] 150] 150] 150
Substitution 10.00] 10.00] 10.00] 10.00] 10.00] 10.00] 10.00] 10.00] 10.00] 10.00] 10.00] 10.00] 10.00

h v
> o‘\%l @Q & >
o?rb IS \’go \3- éu 5 $ ¢
$ > s & 9 s /5 /& & &
S 33 o o L o 5 o I3 $
i & N 4 & & N}
g A IS S I S IS S ES & b &
& & @ 3 > S & S » o & N
& /8 & S /& § /9 & & & /X &
S & S @ ? IS 5 S & N S S 2
5 /& /& /8 J& /F LS )S /g /E S S /S S/ /8
< < & & Q@ S S © <@ S S S < S S S
Composite@emand -0.42| -0.12| -0.77 -0.42| -0.12| -0.43| -0.19| -0.20f -0.17| -0.45| -0.51| -0.10 0.53| -0.55| -0.25| -0.38
IndustryBupply 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
Substitution 10.00| 10.00| 10.00( 10.00( 10.00( 10.00( 10.00( 10.00( 10.00f 10.00| 10.00| 10.00| 10.00| 10.00| 10.00| 10.00

Table 23: Elasticities used for the the Aggregated Scenarios. Data: World Bank (2014), Baron et. al. (2014)
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5. Results

The results obtained through the GSIM analysis can be presented in several forms
including percentage, share and value changes in route use, changes in (total or per
route) values traded per importer and exporter, composite prices as well as absolute
and relative impacts on consumer surplus, producer surplus and total welfare. In this
section the results of the scenarios are presented in different forms and interpreted.
Summarised results are presented to assess the relative impacts of navigability
while here and there emphasis is put on the ‘most likely’ scenario results.

In the previous chapter the initial trade values, initial tariff equivalents and final tariff
equivalents were estimated. In this chapter the impact of the reduced tariff
equivalents (i.e. reduced barrier to trade due to sea ice and other factors) will be
estimated through GSIM.

In section 5.1 the results of the Climatological scenarios are presented, in section
5.2 the results of the Aggregated scenarios are presented and in section 5.3 the two
main scenarios are compared. In section 5.4 conclusions are made based on the
three preceding sections.
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5.1 Climatological Scenarios

The initial and post-GSIM trade values for the four navigability scenarios, together
with the shares and percentage changes for exporters and importers are shown in
table 24 and 25 respectively.

TOTAL VALUES SHARES PERCENTECHANGES

EXPORTER NI HN ML LN INITIALINI HN ML LN INITIAL NI HN ML LN
BRlaskal 127 127 128 128 128] 0.08% 0.08%| 0.08%| 0.08%| 0.08%f -0.21%| -0.21%| -0.11%| -0.06%
Rlgerial 5799 5803| 5785| 5783| 5781] 3.60% 3.60%| 3.59%| 3.59%| 3.59%] 0.31%| 0.38%| 0.07%| 0.04%
RAustralial 18923 18923| 18938 18946| 18954) 11.75%|( 11.75%| 11.76%| 11.76%| 11.77%] -0.17%| -0.17%| -0.09%| -0.04%
EasternRussiall 7801 7801 7807| 7811 7815] 4.84% 4.84%| 4.85%| 4.85%| 4.85%|] -0.18%| -0.18%| -0.10%| -0.05%
Egyptl 3604| 3604 3605 3605 3605} 2.24% 2.24%| 2.24%| 2.24%| 2.24%] -0.03%| -0.03%| -0.02%| -0.01%
BHammerfest,Norwayd 2158 2154 2129 2109| 2088] 1.34% 1.34%| 1.32%| 1.31%| 1.30%] 3.32%| 3.15%| 1.92%| 0.99%
MMalay@rchipelago 23480| 23480 23493| 23499 23505] 14.58%| 14.58%| 14.59%| 14.59% 14.60%] -0.10%| -0.11%| -0.05%| -0.03%
Arabian@Peninsulal 71324| 71324) 71350| 71364| 71378] 44.30%| 44.30%|( 44.31%| 44.32%| 44.32%] -0.07%| -0.08%| -0.04%| -0.02%
Perul 2217 2217( 2216| 2216( 2216] 1.38% 1.38%| 1.38%| 1.38%| 1.38%] 0.04%| 0.05%| 0.02%| 0.01%
@rinidad 9943 9942| 9937| 9933 9929] 6.18% 6.17%| 6.17%| 6.17%| 6.17%] 0.14%| 0.13%| 0.08%| 0.04%
AV estifricall 15637 15637| 15640| 15642| 15644] 9.71% 9.71%| 9.71%| 9.71%| 9.71%] -0.05%| -0.04%| -0.03%]| -0.01%
TOTAL 161013 | 161012| 161028 | 161035(161043] 100.00% | 100.00% | 100.00% [100.00% (100.00%] -0.02%| -0.02%| -0.01%| 0.00%

Table 24: Traded Values (million USD), Shares and Percent Changes per Exporter (Climatological)

TOTAL VALUES SHARES PERCENTECHANGES

IMPORTER NI HN ML LN INITIALINI HN ML LN INITIAL NI HN ML LN
ArabianBeal 14164 14164| 14163 14163 14162] 8.80% 8.80%| 8.80%| 8.79%| 8.79%| 0.01%| 0.01%| 0.01%| 0.00%
BArgentinal 2649 2649 2647| 2646 2645] 1.65% 1.64%| 1.64%| 1.64%( 1.64%] 0.14%| 0.13%| 0.08%| 0.04%
Brazil@ 3872 3872| 3871| 3871| 3870] 2.40% 2.40%| 2.40%| 2.40%( 2.40%] 0.06%| 0.05%| 0.04%| 0.02%
Ihiled 2202| 2202 2201 2201 2201)] 1.37% 1.37%| 137%| 1.37%| 1.37%] 0.03%| 0.03%| 0.02%| 0.01%
Ehina/Taiwan@ 43113 43112| 43120| 43124| 43127] 26.78%| 26.78%| 26.78%| 26.78%| 26.78%| -0.03%| -0.03%| -0.02%( -0.01%
oM, Earribean 4387 4387| 4387| 4386| 4386 2.72% 2.72%|  2.72%| 2.72%| 2.72%] 0.01%| 0.01%| 0.01%| 0.00%
Bapantl 41186| 41187 41196( 41202 41209 25.58%| 25.58%| 25.58%| 25.59%| 25.59%] -0.05%| -0.05%| -0.03%| -0.02%
Mediteraneantl 15040( 15040| 15039| 15038| 15037] 9.34% 9.34%| 9.34%| 9.34%| 9.34%] 0.02%| 0.02%| 0.01%| 0.01%
WesternEuropeld 5113| 5114 5114| 5115| 5115 3.18% 3.18%| 3.18%| 3.18%| 3.18%| -0.03%| -0.03%| -0.01%| -0.01%
INortheast®mericall 444 444 444 445( 445) 0.28% 0.28%| 0.28%| 0.28%| 0.28%| -0.02%| -0.02%| -0.01%| -0.01%
BouthXoreal? 27445| 27445( 27447| 27448| 27449]) 17.05%| 17.05%| 17.04%| 17.04%| 17.04%] -0.01%| -0.01%| -0.01%| 0.00%
Thailand 1207 1207| 1207| 1207| 1207] 0.75% 0.75%| 0.75%| 0.75%| 0.75%] 0.00%| 0.00%| 0.00%| 0.00%
Mexican@Vestcoast 190 190 190 190 190] 0.12% 0.12%| 0.12%| 0.12%| 0.12%] -0.04%| -0.04%| -0.02%| -0.01%
TOTAL 161013 161012 161028 161035 161043] 100.00% 100.00% 100.00% 100.00% 100.00%f -0.02% -0.02% -0.01% 0.00%

Table 25: Traded Values (million USD), Shares and Percent Changes per Importer (Climatological)

As shown in the figures above the impact in terms of total traded values is only

marginal, a reduction of 0.01% for the Most Likely scenario and 0.02% if all the ice
would disappear. The reduction in traded value is explained by a stronger negative

effect on world prices than the positive effect on traded quantities. This theory is
supported by the fact that net producer surplus decreases when the routes become
more navigable (table 27). The strongest and only really significant change in total
traded value is from Hammerfest, Norway (+1.92% in the ML scenario). The effect

on its trading partners China, Japan and North Korea are as a percentage smaller;

first, since the traded value originated from Norway is split into three destinations
and second, Norway’s initial total traded values is much smaller in relation to the

traded values from the three aforementioned importing countries which leads to a
larger proportional effect.
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The following table gives more detailed insight in the changes in traded values. The
most significant trade deviations are from Norway where an increase in traded value
to Japan (+46.6%), South Korea (39.8%) and China/Taiwan (+24.3%) is observed.
As shown in the table, trades to other trading partners of Norway decreased
between 6.9% and 7.7%.
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Alaska 0.0 0.0 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 0.0
Algeria -0.3 0.0 0.0 0.0 -0.5 0.0 -0.8 0.1 -0.1 0.0 -0.5 0.0 0.0
Australia 0.3 0.0 0.0 0.0 0.1 0.0 -0.2 0.0 0.0 0.0 0.1 0.0 0.0
EasternfRussia 0.0 0.0 0.0 0.0 0.2 0.0 -0.1 0.0 0.0 0.0 0.2 0.0 0.0
Egypt 0.1 0.9 0.0 0.4 -0.2 0.3 -0.4 0.5 0.3 0.0 -0.1 0.0 0.0
Hammerfest,MNorway -7.7 -6.9 -7.2 -7.3 24.3 -7.4 46.4 -7.3 -7.4 0.0 39.8 0.0 0.0
Malay@rchipelago 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Arabian®eninsula 0.1 1.0 0.6 0.5 -0.1 0.4 -0.4 0.6 0.4 0.3 -0.1 0.1 0.0
Peru 0.0 0.0 0.0 0.0 0.0 0.2 -0.6 0.3 0.0 0.0 0.0 -0.1 0.0
Trinidad -0.3 0.5 0.1 0.0 -0.6 -0.1 -0.8 0.1 -0.1 -0.2 -0.5 -0.4 0.0
West@frica 0.1 0.0 0.6 0.4 -0.1 0.4 -0.4 0.5 0.3 0.0 -0.1 0.1 0.0

Table 26: Percent Changes in Trade Value per Trade Relation (Climatological)

MOSTAIKELY

Importers CS Price Exporters PS Price
FArabianBeal 0.30(-0.002%| BAlaskal -0.06| -0.045%
BArgentinall -2.27| 0.081%| BAlgerial 1.63| 0.028%
@Brazil -1.90| 0.046%| BAustralial -6.52| -0.034%
EhileR -0.85| 0.036%| [EasternfRussial -3.02| -0.039%
hina/Taiwank 10.78|-0.024% | Egyptd -0.28| -0.008%
EoM,arribean -1.25| 0.026%| EHammerfest,INorwayfi 16.09| 0.766%
Bapank 23.23|-0.053%| MMalay@Archipelagol -4.70| -0.020%
Mediteraneani -6.76| 0.043%| BArabian@eninsulal -10.94| -0.015%
AVesternFEuropel -1.35| 0.024%| @Perul 0.15| 0.007%
MNortheasttBAmerical -0.07| 0.014%| EIrinidad® 3.20( 0.032%
Bouthoreal? 6.90|-0.024% | @WVest@Africal -1.61| -0.010%
Thailand 0.07(-0.005%

Mexican@Vestcoast 0.041-0.020%

Total@onsumerBurplus 26.87 Total@Producer®urplus -6.04
NETBNVELFAREEFFECT 20.82

Table 27: Welfare Effects (million USD) and Price Changes for the C-ML scenario

For more accurate insight in the effect on importers and exporters one has to look at
the welfare effects. A total net welfare effect of $20.82 million and comparing this to
the other scenarios, no massive differences are observed. The No Ice scenario
shows a total net welfare effect of $40.70 million, HN of $40.64 million and the LN of
$10.66 million. This in relation to a total market of $161 billion can be interpreted as
a negligible. Remarkable is that the net welfare effects of the HN and NI scenarios
are very close indicating that the marginal welfare effect is diminishing with

navigability.
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A closer look at the individual actors (see table 27 and figures 14 and 15) show that
Hammerfest is, as expected, the main gainer among the producers. Among the
importers China/Taiwan, Japan and South Korea the countries that gain directly and
the most from the opening of the Arctic routes, which is in line with expectations
since this demand located relatively close to the Bering Strait. Since these are the
only trades that benefit directly from the increased navigability and Norwegian
exports are in relation to the total market very small, the total welfare effects are
marginal.

The following figures emphasise the differences in absolute impacts on producer
and consumer surpluses. One has to take into account that relatively these differ
depending on the market share of the producer or consumer. The negative impact
on the surplus of the Arabian Peninsula for example is approximately one third
smaller than the positive impact on Norway. In terms of prices however, the positive
price effect for Norway (+0.766%) is much stronger than the negative price effect on
the Arabian Peninsula (-0.015%). The reason for this is that Norway is a small
exporter (5 MPTA liquefaction capacity) in relation to the Arabian Peninsula (Qatar
only already has a liquefaction capacity of 77 MPTA). A relation between Norway’s
positive and Arabian Peninsula’s negative effect exist because the Arabian
Peninsula is, together with Australia, one of the major suppliers for Asian gas
markets.

Because trade from Norway deviated towards Japan, China/Taiwan and South
Korea, supply to the other regions decreased causing an increase in consumer
prices for the Mediterranean, Western Europe, Gulf of Mexico, Argentina, Brazil and
Northeast Americas. This reduction in supply allows Algeria, Peru and Trinidad to
enjoy higher prices leading to an increase in surplus for these countries.
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Figure 13: Consumer Surplus C-ML
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Figure 14: Producer Surplus C-ML
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Tables 28 and 29 give an overview of the use of the NSR per importer and exporter
for the different scenarios. In none of the cases is the NWP used and therefore a
similar table for the NWP is left out.

NSR

EXPORTER NI HN ML LN NI HN ML LN
BAlaskal 0 0 0 0 0.00%| 0.00%| 0.00%| 0.00%
BAlgerial? 373 0 0 0] 37.36%| 0.00%| 0.00%| 0.00%
BAustralial 0 0 0 0 0.00%| 0.00%| 0.00%| 0.00%
EasternRussial 0 0 0 0 0.00%| 0.00%| 0.00%| 0.00%
Egypth 0 0 0 0 0.00%| 0.00%| 0.00%| 0.00%
EHammerfest,MNorwayel 626| 271 197 89] 62.64%(100.00%(100.00% | 100.00%
@alayBArchipelagol 0 0 0 0 0.00%| 0.00%| 0.00%| 0.00%
BArabian@eninsulal 0 0 0 0 0.00%| 0.00%| 0.00%| 0.00%
@Perul 0 0 0 0 0.00%| 0.00%| 0.00%| 0.00%
ETrinidad® 0 0 0 0 0.00%| 0.00%| 0.00%| 0.00%
EVestBAfrical 0 0 0 0 0.00%| 0.00%| 0.00%| 0.00%
TOTAL 999 271 197 89] 100.00% 100.00% 100.00% 100.00%

Table 28: NSR Trade Flows (million USD) and Shares per Exporter (Climatological)

NSR

IMPORTER NI HN ML LN NI HN ML LN \
BArabianBeal 0 0 0 0 0.00%| 0.00%| 0.00%| 0.00%
BArgentinal 0 0 0 0 0.00%| 0.00%| 0.00%| 0.00%
Brazil? 0 0 0 0 0.00%| 0.00%| 0.00%| 0.00%
hilel 0 0 0 0 0.00%| 0.00%| 0.00%| 0.00%
hina/Taiwank 300 304 45 25] 30.02%| 30.34%| 16.66%| 27.91%
@oM,Larribeank 0 0 0 0 0.00%| 0.00%| 0.00%| 0.00%
BAapank 578| 574 193 53] 57.82%| 57.34%| 71.31%| 59.49%
@editeraneant 0 0 0 0 0.00%| 0.00%| 0.00%| 0.00%
MVesternEuropel 0 0 0 0 0.00%| 0.00%| 0.00%| 0.00%
INortheastBAmerical 0 0 0 0 0.00%| 0.00%| 0.00% 0.00%
BouthEKoreal 122 123 33 11] 12.16%| 12.32%| 12.02%| 12.60%
Thailand 0 0 0 0 0.00%| 0.00%| 0.00%| 0.00%
Mexican@Vestcoast 0 0 0 0 0.00%| 0.00%| 0.00%| 0.00%

Table 29: NSR Trade Flows (million USD) and Shares per Importer (Climatological)
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ROUTE NI HN ML LN INITIAL JNI HN ML LN INITIAL

Direct 129899(129896( 130068 130152| 130241] 80.68%| 80.67%| 80.77%| 80.82%| 80.87%
Panama 4040| 4041 4043 4045 4047 2.51%( 2.51% 2.51%| 2.51%| 2.51%
Horn 13614| 13613| 13636( 13645 13655 8.46%( 8.45%| 8.47%| 8.47%| 8.48%
Hope 337 337 336 335 335 0.21%( 0.21%| 0.21%| 0.21%| 0.21%
Suez 12123| 12125| 12674 12626( 12765 7.53%| 7.53%| 7.87%| 7.84%| 7.93%
NSR 999( 1001 271 232 |G 0.62%| 0.62%| 0.17%| 0.14%| 0.00%
NWP 0 0 0 0|Em 0.00%| 0.00%| 0.00%| 0.00%| 0.00%
TOTAL 161013(161012| 161028 | 161035| 161043 100% 100% 100%( 100% 100%

Table 30: Traded Values (million USD) and Shares per Shipping Route (Climatological)

Table 30 shows the total traded values and shares per sailing route. Although
absolute values are small, over the different scenarios a significant effect in terms of
route choice can be observed. Logically as the share of trade on the NSR increases
decreases the share of Suez transits since Norwegian gas that initially went
eastbound through the Suez Canal is now shipped on the NSR.

The small impact is attributable to the locations of supply and demand, established
initial trade relations and the small share of the only favourable located supplier
Norway. In the following table an overview is given, based on the tariff equivalents,
when which route deviation is economical. As shown only sixteen of the current
trade relations could benefit directly from increased navigability in the Arctic. Of
these 16 relations, seven could benefit in the ML case of which only six (Norway —
China/Taiwan, Japan, North Korea and Algeria — China/Taiwan, Japan, North
Korea) had established trade flows in the initial situation.

ECONOMICALBAILINGEDEVIATIONSESUMMERROUTES)

Table 31: Summer Routes and Navigable Days (Climatological)

The table shows the origin-destination trades with navigable days (U = unassisted,
A = assisted) in the left column and the route in the right. The column ‘conv’ shows

the conventional routes that are used when no Arctic routes are navigable. This is

the case for the blank cells.
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NI HN ML LN CONV
Alaska Mediteranean 365.U |[TPP [70.U/295.A TTP 100.U/258.A/7 |NSR/PAN 192.A/173 |NSR/PAN JPAN
WesternEurope 365.U |[TPP [70.U/295.A TTP 100.U/258.A/7 |NSR/PAN 192.A/173 |NSR/PAN JPAN
NortheastBAmericas [365.U |NWP PAN
Algeria China/Taiwan 365.U [TPP SUEZ
Japan 365.U [TPP SUEZ
SouthXorea 365.U |TPP SUEZ
Eastern@Russia Brazil 365.U [NWP [70.U/295.A TTP PAN
WesternEurope 365.U |TPP [70.U/295.A TTP 100.U/265.A NSR/SUEZ [192.A/173 |NSR/SUEZ JSUEZ
Mediteranean 365.U |TPP [70.U/295.A TTP SUEZ
NortheastBmericas |365.U |NWP J250.A/45.A/70.U [NWP/TPP PAN
Hammerfest China/Taiwan 365.U |TPP [70.U/295.A TTP 100.U/258.A/7 |NSR/SUEZ J192.A/173 |NSR/SUEZ JSUEZ
Japan 365.U [TPP 70.U/295.A TTP 100.U/258.A/7 |NSR/SUEZ [192.A/173 [NSR/SUEZ JSUEZ
South®orea 365.U |[TPP [70.U/295.A TTP 100.U/258.A/7 |NSR/SUEZ [192.A/173 [NSR/SUEZ JSUEZ
Thailand 365.U |TPP [70.U/295.A TTP 100.U/258.A/7 |NSR/SUEZ J192.A/173 |NSR/SUEZ JSUEZ
Malay@rcipelago WesternEurope 365.U |TPP [70.U/295 TPP/SUEZ SUEZ
Northeast@mericas |365.U |TPP SUEZ



5.2 Aggregated Scenarios

To assess the impact of locations of supply and demand the Aggregated scenarios
can be assessed in comparison to the Climatological scenarios. In this section the
results from the Aggregated scenarios GSIM runs will be interpreted after which in
the next section the two main scenarios will be compared

The initial and post-GSIM trade values for the four navigability scenarios, together
with the shares and percentage changes for exporters and importers are shown in
table 32 and 33 respectively.

TOTAL VALUES SHARES PERCENTELHANGES

EXPORTER NI HN ML LN INITIAL | NI HN ML LN INITIAL [NI HN ML LN
GulffiMexico 33677| 33702| 33681 33677 33671] 10.17%| 10.18%| 10.17%| 10.17%| 10.16%] 0.02%| 0.09%| 0.03%| 0.02%
Australia 51149| 51555| 51410( 51506( 51612] 15.45%( 15.58%| 15.52%| 15.55%| 15.58%| -0.90%| -0.11%| -0.39%| -0.21%
Arabian®eninsula 66822| 66951| 66969 67016 67068] 20.18%( 20.23%| 20.22%| 20.23%| 20.24%|] -0.37%| -0.17%| -0.15%| -0.08%
Northwest@merica 6951 6974 6990 7005 7022 2.10%| 2.11%| 2.11% 2.11%| 2.12%] -1.00%| -0.68%| -0.46%| -0.24%
Malay@rchipelago 52014 52347| 52239 52317 52402 15.71%| 15.82%| 15.77%| 15.79%| 15.81%) -0.74%| -0.11%| -0.31%| -0.16%
West@\frica 22231 22352 22282( 22292 22302 6.72%| 6.75%| 6.73% 6.73%| 6.73%] -0.32%| 0.22%| -0.09%| -0.05%
Northeast@®merica 16605| 16602 16426 16392 16351 5.02%| 5.02%| 4.96% 4.95%| 4.93%] 1.55%| 1.53%| 0.46%| 0.25%
Russiaara 14862| 14889 14585| 14467| 14339 4.49%| 4.50%| 4.40% 4.37%| 4.33%] 3.64%| 3.83%| 1.72%| 0.89%
Russiafast 17792 16473 17721| 17712| 17706 537%| 4.98%| 5.35% 5.35%| 5.34%] 0.49%| -6.96%| 0.09%( 0.04%
Algeria 11144] 11197 11108| 11096| 11083 3.37%| 3.38%| 3.35% 3.35%| 3.34%] 0.54%| 1.03%| 0.22%| 0.12%
East@\frica 13605| 13644 13638| 13649| 13661 4.11%| 4.12%| 4.12% 4.12%| 4.12%] -0.41%| -0.12%| -0.16%| -0.09%
East@Mediteranean 12826| 12865 12847| 12852| 12858 3.87%| 3.89%| 3.88% 3.88%( 3.88%] -0.25%| 0.06%( -0.08%| -0.04%
Caribean 6011 6020 6005 6003 6001 1.82%( 1.82%| 1.81% 1.81%| 1.81%] 0.17%| 0.33%| 0.08%| 0.04%
Norway,BHammerfest 3322 3323| 3268 3247 3226 1.00%| 1.00%| 0.99% 0.98%| 0.97%] 2.99%| 3.00%| 1.30%| 0.67%
Peru 2046 2046| 2050 2048 2046 0.62%| 0.62%| 0.62% 0.62%| 0.62%] 0.00%| -0.01%| 0.18%| 0.10%
TOTAL 331057 | 330939 | 331218 331280 | 331347 | 100.00%| 100.00%| 100.00%| 100.00%|100.00%| -0.09%| -0.12%| -0.04%| -0.02%
Table 32: Traded Values (million USD), Shares and Percent Changes per Exporter (Aggregated)
TOTAL VALUES SHARES PERCENTECHANGES

IMPORTER NI HN ML LN INITIAL |NI HN ML LN INITIAL |NI HN ML LN
ArabianBea 50266| 50267 50276| 50279| 50282] 15.18%( 15.19%| 15.18%| 15.18%| 15.17%] -0.03%| -0.03%| -0.01%| -0.01%
Argentina/Uruguay 3541 3528 3535| 3534| 3532 1.07%| 1.07%| 1.07% 1.07%| 1.07%] 0.25%| -0.10%| 0.10%| 0.06%
Baltic 2838| 2840 2841| 2842 12843] 0.86%| 0.86%| 0.86%| 0.86%| 0.86%] -0.19%| -0.11%| -0.07%| -0.03%
Bay®fBengal 12580| 12544| 12539| 12529 12517] 3.80%| 3.79%| 3.79% 3.78%| 3.78%] 0.50%| 0.21%| 0.17%| 0.09%
Brazil 8358 8356( 8355| 8354| 8353 2.52%| 2.52%| 2.52% 2.52%| 2.52%] 0.06%| 0.04%| 0.03%| 0.01%
Chile 8027 8009( 8023| 8021| 8019 242%| 2.42%| 2.42% 2.42%| 2.42%) 0.10%| -0.13%| 0.05%| 0.03%
China/Taiwan 76484 76491 76586| 76621| 76660) 23.10%| 23.11%| 23.12%| 23.13%| 23.14%] -0.23%| -0.22%| -0.10%| -0.05%
GoM,Tarribean 2706| 2705 2705| 2705 2704] 0.82%| 0.82%| 0.82%| 0.82%| 0.82%] 0.04%| 0.02%| 0.02%| 0.01%
Japan 65837| 65815 65944| 65996| 66055 19.89%( 19.89%| 19.91%| 19.92%| 19.94%] -0.33%| -0.36%| -0.17%| -0.09%
Malay@rchipelago/SEA 15104( 15104| 15111| 15113( 15116 4.56%| 4.56%| 4.56% 4.56%| 4.56%] -0.08%| -0.08%| -0.03%| -0.01%
Mediteranean/Ukraine 38931| 38930( 38883| 38858| 38829 11.76%| 11.76%| 11.74%| 11.73%| 11.72%] 0.26%| 0.26%| 0.14%| 0.07%
Mexican@Vestcoast 460 460 461 461 461 0.14%| 0.14%| 0.14% 0.14%| 0.14%] -0.30%| -0.28%| -0.13%| -0.07%
Northeast@®merica 1574 1574 1573| 1572 1572] 0.48%| 0.48%| 0.47%| 0.47%| 0.47%] 0.14%| 0.10%| 0.04%| 0.03%
South&orea 27562| 27516( 27569| 27572| 27575] 8.33%| 8.31%| 8.32% 8.32%| 8.32%] -0.05%| -0.21%| -0.02%| -0.01%
South/East@frica 1252 1252| 1253 1253 1253 0.38%| 0.38%| 0.38% 0.38%| 0.38%] -0.03%| -0.03%| -0.01%| 0.00%
WesternEurope 15539( 15550| 15565| 15572 15577 4.69%| 4.70%| 4.70% 4.70%| 4.70%] -0.25%| -0.18%| -0.08%| -0.04%
TOTAL 331057 | 330939 331218 331280 | 331347 100.00%| 100.00%| 100.00%| 100.00%(100.00%| -0.09%| -0.12%| -0.04%| -0.02%

Table 33: Traded Values (million USD), Shares and Percent Changes per Importer (Aggregated)
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When looking at the percent changes in traded value per exporter it is evident that
the exporters located close to the NSR considerably trade more and at higher prices
(see tables 32, 33 and 35) when the ice retreats. Especially the Kara region would
enjoy an increase in traded value from the higher navigability (+1.72% in the ML
case, approx. $246 million). Together with Hammerfest, Norway (+1.30% in the ML
case, approx. $42 million) and Northeast Americas (+0.46% in the ML case, approx.
$75 million) these account for the largest relative increases. Eastern Russia
(+0.09% in the ML case) also an increase in traded values but the initial established
trade relations that might benefit from lower costs from shipping across the Arctic is
smaller in relation to their total trade, therefore the impact is smaller. Eastern Russia
for example is located very close to the major demand hubs with which it has
established a strong LNG trade relation. Trades moving to Europe only account for
a small proportion of their total traded value. Remarkable is that traded value of
Northwest Americas decreases by 0.46% in the ML case while it could enjoy lower
shipping costs from the NWP and the NSR. An explanation for this decrease is that
initial trades of NW America were primarily Asia bound which after increased
navigability of the Arctic faces stronger competition from Hammerfest, the Kara

region and NE America.
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GulfdfiMexico 0.6 11 16 20 02 05 16 02 25 1.0 17 0.0 0.7 0.6 0.3 0.1
Australia 12 0.0 0.0 38 0.0 0.0 02 0.0 0.8 0.0 0.0 0.0 0.0 03 0.7 0.0
ArabianPeninsula 0.2 19 24 28 1.0 13 038 0.0 17 02 25 0.0 0.0 0.2 0.1 0.5
Northwest@merica 0.0 0.0 0.0 0.0 0.0 0.0 04 0.0 0.5 0.0 0.0 03 0.0 0.0 0.0 0.0
MalayRrchipelago 0.0 0.0 0.0 34 0.0 0.0 0.2 0.0 11 05 0.0 0.2 0.0 0.1 05 0.0
Westfrica 0.0 0.0 22 25 08 11 11 0.7 20 04 22 0.0 0.0 0.4 0.0 03
NortheastBmerica 0.0 0.9 04 0.0 18 15 2.1 18 103 0.0 04 0.0 04 6.0 14 11
Russialkara 0.0 6.7 6.2 5.8 0.0 73 395 0.0 60.2 0.0 6.1 0.0 0.0 283 43 40
RussialEast 0.4 13 374 22 0.0 0.7 14 0.0 24 0.0 18 0.0 0.0 0.5 0.1 15.0
Algeria 14 0.0 038 11 0.0 0.0 25 0.0 34 0.0 08 0.0 0.0 11 0.7 04
FastAfrica 03 2.0 25 28 11 14 0.8 0.0 17 0.1 25 0.0 0.0 0.2 02 0.5
EastMediteranean 0.0 16 22 25 0.0 11 11 0.7 2.0 0.0 22 0.0 0.0 0.4 0.0 03
Caribean 08 08 14 0.0 0.0 03 19 0.0 28 12 14 0.0 0.0 0.8 0.4 0.1
Norway,Hammerfest 6.1 45 39 36 53 50 249 0.0 462 0.0 39 0.0 0.0 209 31 28
Peru 0.0 0.0 0.0 13 0.0 0.0 00 05 32 16 10 0.0 0.0 0.0 0.0 0.0

Table 34: Percent Changes in Trade Quantity per Trade Relation (Climatological)

Table 35 shows strong increases in traded quantity from the Kara region to
China/Taiwan (39.5%), Japan (60.2%) and South Korea (28.3%). The same goes
for Norway that experienced increases of 25.9% to China/Taiwan, 46.2% to Japan
and 41.2% to South Korea. Eastern Russia experienced an increase in trade to the

Baltic (37.4%) and Western Europe (15%). Note that in opposed to the
Climatological scenarios, Eastern Russia had some trade to Western Europe in the

initial situation due to the increased liquefaction capacity in Vladivostok and higher
demand in the European regions. In absolute terms are not as large as the
aforementioned figures imply since the share of Eastern Russian LNG that is

destined for Europe is relatively small.
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Northeast America experienced 10.3% increase in traded gquantity to Japan and 6%
increase to South Korea while it experienced slight reduction in traded quantity to
the other trading partners including China/Taiwan (-2.1%). The reason for the
reduction in China/Taiwan bound traded quantity is because it experiences no cost
reduction from the NWP and will still be using the Panama Canal. Some Eastern
American trade will therefore divert from China/Taiwan to Japan and South Korea
since they have become more attractive destinations.

The strong decrease in supply to Europe from Norway and the Kara region is
partially taken over by the Arabian Peninsula, East Africa, West Africa, East
Mediterranean and Eastern Russia.

For a better assessment of the impacts on importers and exporters the welfare
effects, shown in table 35 and figures 15 and 16, are interpret.

MOSTALIKELY

Importers CS Price Exporters PS Price
Arabian®ea 20.73(-0.036% | GulfbfIMexico 7.55| 0.022%
Argentina/Uruguay -6.12( 0.133%|Australia -87.57| -0.157%
Baltic -5.97| 0.199%|Arabian@eninsula -41.15| -0.058%
BaydfBengal -31.54| 0.230%|Northwest®merica -14.09( -0.182%
Brazil -4.85| 0.046%|Malay@rchipelago -70.13( -0.124%
Chile -8.23| 0.080% |West@Africa -7.71| -0.033%
China/Taiwan 121.65(-0.143%|NortheastBAmerica 34.03| 0.225%
GoM,Earribean -0.94| 0.043%|Russiaara 109.90( 0.803%
Japan 182.95(-0.236% |Russialast 0.71| 0.004%
Malay@rchipelago/SEA 13.42]-0.080% [Algeria 11.30( 0.106%
Mediteranean/Ukraine -78.29| 0.199% |East@\frica -9.32| -0.065%
Mexican@Vestcoast 0.88|-0.150% |EastitMediteranean -4.24] -0.031%
NortheastBmerica -0.87| 0.155%|Caribean 3.08| 0.047%
SouthXorea 34.521-0.105% [ Norway,@Hammerfest 18.71| 0.577%
South/EastBfrica 0.40|-0.030% |Peru 1.80| 0.088%
Western@urope -2.65( 0.024%

Total@onsumer@urplus | 235.08 Total@roducerBurplus -47.13
NETANVELFAREEFFECT 187.95

Table 35: Welfare Effects (million USD) and Price Changes for the A-ML scenario
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WesternlEurope,32.652
South/East@frica,D.400
South@orea,34.520
Northeast®merica,20.870
Mexican@Westcoast,[.882

Mediteranean/Ukraine,278.298
MalayRrchipelago/SEA,A3.420
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Figure 15: Consumer Surplus A-ML (million USD)

Peru,.800
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Caribean,3.088
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Malay@rchipelago,270.130
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Arabian@eninsula,241.15Q
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GulffiMexico,.557

RussiaXara,[109.902

-100.008 -50.00@ 0.00@ 50.00@

Figure 16: Producer Surplus A-ML (million USD)

100.00@ 150.00@

Starting with the consumer surplus, it is clear that Japan (approx. $183 million) and
China/Taiwan (approx. $123 million) enjoy by far the largest increase in surplus.
This is attributable to direct cost advantages on imports from Hammerfest, the Kara
region and Northwest Americas, which are transported on the Arctic routes (see
table 36). The Arabian Sea as an importer enjoys lower prices due to excess supply
in the region that was in the initial situation bound for the three main Asian markets

but overtaken by transarctic trade when navigability increases.
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The sharp reduction in consumer surplus for the Mediterranean/Ukraine market
(approx. -$78 million) is attributable to the shift of Norwegian, Northeast American
and Russian Kara supply towards the Asian markets. This results in an increase in
consumer prices for the Mediterranean/Ukraine. For the Baltic the price effect is
similar (see table 25) but since the market is much smaller the absolute effect is
also small. Also has the Baltic a fairly diversified supply portfolio and enjoys cheaper
imports from Eastern Russia. The price effect on Western Europe is small since
these countries have a very diversified supply of LNG and are not very dependent
on the aforementioned suppliers.

The gain in producer surplus (+$110m) and price effect (+0.8%) for the Kara region
is the highest since it is a large supplier combined with its location high in the Arctic.
Eastern Russia’s positive effects from better access to European markets is offset
by increased competition in the Asian markets. Other suppliers that enjoy
significantly higher prices are Northeast America (+$34m PS, prices +0.18%) and
Hammerfest, Norway (+$19m PS, prices +0.58%). Algeria enjoys an increase in
producer surplus since it takes over some of the supply left by Norway, Kara and
Northeast America at higher than initial prices (+0.1%). The same goes to a lesser
extend for Peru, Caribbean and the Gulf of Mexico.

Australia (-$89m) and the Malay Archipelago (-$70m) are in terms of producer
surplus the biggest losers. The three Asian importers are by far their most important
customers and they are among the largest exporters worldwide. The price effect of
increased competition for these producers is -0.16% and -0.12% respectively. The
Arabian Peninsula experienced a reduction in surplus of $41 million and a price
effect of -0.06%. The reason for the smaller impact on Arabian Peninsula’s surplus
is that their exports are more diversified.

When comparing these impacts on the HN and the LN scenario, the large spread
should be mentioned. In the LN scenario total consumer surplus is estimated at
$122m and the producer surplus at -$25m while in the HN scenario the consumer
surplus is estimated at $537m and the producer surplus at -$83m. This gives a total
(rounded off) range of welfare effects from $97m to $455m (see appendix 12)
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NSR trade

Gulf of Mexico
Australia

Arabian Peninsula
Northwest America
Malay Archipelago
West Africa - - - - - - - - -
Northeast America - - - - - - - - 494 - - - - 90
Russia Kara - - - - - - 764 - 1,580 - - - - 270
Russia East - - 202 - - -
Algeria - - -
East Africa

East Mediteranean
Caribean - - - - - - - - - - - - - -
Norway, Hammerfest - - - - - - 341 - 223 - - - - 39
Peru - - - - -

439

584
2,613
642

603

Totals - - 202 - - - 1,104 - 2,297 - - - - 399 - 439

4,442

NWP trade

Gulf of Mexico
Australia
Arabian Peninsula
Northwest America
Malay Archipelago
West Africa - - - - - - - - - - - - - -
Northeast America - - - - - - 445 - 1,007 - - - - 183
Russia Kara - - - - - - - - -
Russia East
Algeria
East Africa
East Mediteranean
Caribean
Norway, Hammerfest
Peru

1,635

Totals - - - - - - 445 - 1,007 - - - - 183

1,635

Table 36: Transarctic Trade (million USD) in the A-ML Scenario

The following tables give an overview of the share of transarctic trade by exporter
and importer for the NSR and the NWP respectively.

NSR

EXPORTER NI HN ML LN NI HN ML LN

GulffaMexico 0.00% 0.00% 0.00%
Australia 0.00% 0.00% 0.00%
Arabian@eninsula 0.00% 0.00% 0.00%
NorthwestPAmerica 0.00% 0.00% 0.00%
Malay@Archipelago 0.00% 0.00% 0.00%
West@frica 0.00% 0.00% 0.00%
Northeast@\merica 0.00% 6.84% 13.14%

O OO O o oo
O O O O o o
o O O O O O O

672 584

Algeria 664 654 0 0 6.96% 6.66% 0.00%
EastBAfrica 0 0 0 0.00% 0.00% 0.00%
EastiMediteranean 0 0 0 0.00% 0.00% 0.00%
Caribean 0 0 0 0 0.00% 0.00% 0.00%

o O

Peru 0 0 0 0 0.00% 0.00% 0.00%

0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

RussiaEara 5824 5635 2613 1164 61.05% 57.34% 58.84% 66.57%
RussiafEast 1926 1780 642 301 20.19% 18.12% 14.45% 17.23%

0.00%
0.00%
0.00%
0.00%

Norway,JHammerfest 1126 1086 603 283 11.80% 11.05% 13.57% 16.20%

0.00%

Table 37: NSR Trade Flows (million USD) and Shares per Exporter (Aggregated)
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TOTAL 9540 9827 4442 1748 100.00% 100.00% 100.00% 100.00%




NSR

IMPORTER NI HN ML LN NI HN ML LN
Arabian®ea 0 0 0 0 0.00% 0.00% 0.00% 0.00%
Argentina/Uruguay 0 0 0 0 0.00% 0.00% 0.00% 0.00%
Baltic 274 260 202 94 2.87% 2.64% 4.56% 5.38%
Bay®fBengal 2969 2941 0 0 31.12% 29.92% 0.00% 0.00%
Brazil 0 0 0 0 0.00% 0.00% 0.00% 0.00%
Chile 0 0 0 0 0.00% 0.00% 0.00% 0.00%
China/Taiwan 1830 1758 1104 516 19.19% 17.89% 24.87% 29.51%
GoM,Earribean 0 0 0 0 0.00% 0.00% 0.00% 0.00%
Japan 2370 2820 2297 793 24.84% 28.69% 51.71% 45.39%
Malay@rchipelago/SEA 0 0 0 0 0.00% 0.00% 0.00% 0.00%
Mediteranean/Ukraine 1008 955 0 0 10.56% 9.72% 0.00% 0.00%
Mexican@Vestcoast 0 0 0 0 0.00% 0.00% 0.00% 0.00%
Northeast®America 0 0 0 0 0.00% 0.00% 0.00% 0.00%
SouthXorea 444 529 399 138 4.66% 5.38% 8.97% 7.88%
South/East@frica 0 0 0 0 0.00% 0.00% 0.00% 0.00%
WesternEurope 644 565 439 207 6.75% 5.75% 9.89% 11.85%
TOTAL 9540 9827 4442 1748 100.00% 100.00% 100.00% 100.00%
Table 38: NSR Trade Flows (million USD) and Shares per Importer (Aggregated)

NWP

EXPORTER NI HN ML LN NI HN ML LN
GulffEMexico 0 0 0 0 0.00% 0.00% 0.00% 0.00%
Australia 0 0 0 0 0.00% 0.00% 0.00% 0.00%
Arabian@eninsula 0 0 0 0 0.00% 0.00% 0.00% 0.00%
NorthwestBAmerica 0 0 0 0 0.00% 0.00% 0.00% 0.00%
Malay@rchipelago 0 0 0 0 0.00% 0.00% 0.00% 0.00%
WestAfrica 0 0 0 0 0.00% 0.00% 0.00% 0.00%
NortheastBAmerica 3239 2034 1635 891 100.00% 100.00% 100.00% 100.00%
Russiaara 0 0 0 0 0.00% 0.00% 0.00% 0.00%
RussiaEast 0 0 0 0 0.00% 0.00% 0.00% 0.00%
Algeria 0 0 0 0 0.00% 0.00% 0.00% 0.00%
East@frica 0 0 0 0 0.00% 0.00% 0.00% 0.00%
EasttMediteranean 0 0 0 0 0.00% 0.00% 0.00% 0.00%
Caribean 0 0 0 0 0.00% 0.00% 0.00% 0.00%
Norway,BHammerfest 0 0 0 0 0.00% 0.00% 0.00% 0.00%
Peru 0 0 0 0 0.00% 0.00% 0.00% 0.00%
TOTAL 3239 2034 1635 891 0.00% 100.00% 100.00% 100.00%

Table 39: NWP Trade Flows (million USD) and Shares per Exporter (Aggregated)
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NwWP

IMPORTER NI HN ML LN NI HN ML LN
ArabianBea 0 0 0 0 0.00% 0.00% 0.00% 0.00%
Argentina/Uruguay 0 0 0 0 0.00% 0.00% 0.00% 0.00%
Baltic 0 0 0 0 0.00% 0.00% 0.00% 0.00%
Bay®fBengal 0 0 0 0 0.00% 0.00% 0.00% 0.00%
Brazil 0 0 0 0 0.00% 0.00% 0.00% 0.00%
Chile 0 0 0 0 0.00% 0.00% 0.00% 0.00%
China/Taiwan 883 573 445 252 27.27% 28.18% 27.20% 28.24%
GoM,Tarribean 0 0 0 0 0.00% 0.00% 0.00% 0.00%
Japan 1991 1233 1007 541 61.48% 60.61% 61.62% 60.76%
MalayBrchipelago/SEA 0 0 0 0 0.00% 0.00% 0.00% 0.00%
Mediteranean/Ukraine 0 0 0 0 0.00% 0.00% 0.00% 0.00%
Mexican@Vestcoast 0 0 0 0 0.00% 0.00% 0.00% 0.00%
NortheastBAmerica 0 0 0 0 0.00% 0.00% 0.00% 0.00%
South@orea 364 228 183 98 11.25% 11.21% 11.18% 11.00%
South/EastBfrica 0 0 0 0 0.00% 0.00% 0.00% 0.00%
WesternEurope 0 0 0 0 0.00% 0.00% 0.00% 0.00%
TOTAL 3239 2034 1635 891 100.00%  100.00%  100.00%  100.00%
Table 40: NWP Trade Flows (million USD) and Shares per Importer (Aggregated)

In the ML scenario approx. $4.42 billion is shipped on the NSR and $1.64 billion is

shipped on the NWP annually. Approximately $3.3 billion of total transarctic traded

value is destined for Japan. See table 36 for estimated traded values between

regions over the NSR and NWP in the ML scenario.

The NWP will only be used for Northeast American trades going towards the three

major Asian markets. In none of the scenarios will the NWP be used for other

trades. Note that the NWP uses both Arctic routes. When the navigable season of

the NWP closes trades will move over the NSR, which has almost year-round

navigability.

The NSR however will be used more extensively in any scenario. Remarkable is

that Northeast America trade is shipped on both the NWP as well as the NSR in the

ML scenario. The reason for this is that the NSR is navigable for a longer period but

the NWP is, if navigable, more economical. These trades will therefore go over the

NWP as long as navigability allows so and will use the NSR and the conventional

route for the other days.

ROUTE NI HN ML LN INITIAL NI HN ML LN INITIAL
Direct 267862 268367 269546 269979 270444 77.23% 77.37% 77.69% 77.80% 77.92%
Panama 15089 15371 15440 16720 17543 4.35% 4.43% 4.45% 4.82% 5.05%
Horn 19173 19229 19359 19443 19536 5.53% 5.54% 5.58% 5.60% 5.63%
Hope 1606 1599 1581 1573 1564 0.46% 0.46% 0.46% 0.45% 0.45%
Suez 30324 30453 34969 36675 38004 8.74% 8.78% 10.08% 10.57% 10.95%
NSR 9540 9827 4442 1748 0 2.75% 2.83% 1.28% 0.50% 0.00%
NWP 3239 2034 1635 891 o | 0.93% 0.59% 0.47% 0.26% 0.00%
TOTAL 346833 346881 346972 347028 347090 100% 100% 100% 100% 100%

Table 41: Traded Values (million USD) and Shares per Shipping Route (Aggregated)

Table 41 shows the total traded values and shares per sailing route. In the
aggregated scenarios a larger role of Arctic LNG shipping can be expected. As
shown in the table above this happens mainly at the expense of Suez transits and a
minor effect on Panama transits is expected.
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When comparing the ML, to the LN and the HN results we see that the use of the

Arctic routes gradually increases as navigability increases from 0.50% in the LN

case and up to 2.83% in the HN case for the NSR and 0.26% in the LN case and

0.57% in the HN case for the NWP. When looking at the zero ice scenario, we see

that, at some point when the NWP becomes more navigable, it will take some share
from the NSR. More generally in all scenarios the Suez and Panama Canal transits
decrease, naturally the NWP causes this effect for the Panama Canal and the NSR
for the Suez Canal.

In the following table an overview is given, based on the tariff equivalents for supply
and demand in the Aggregated scenarios, when which route deviation is
economical. As shown only 27 of the trade relations could benefit directly from
increased navigability in the Arctic. Given the initial situation of maritime LNG trade
13 of these relations benefited from increased navigability in the ML scenario.

ECONOMICALBAILINGIDEVIATIONSISUMMERROUTES)

NI HN ML LN CONV
NorthwestBmericas |Baltic 365.U TPP 70.U/295.A TTP 100.U/258.A/7 TPP/NSR 192.A/173 |NSR/PAN  |PAN
Mediteranean 365.U TPP 70.U/295.A TTP PAN
WesternEurope 365.U TPP 70.U/295.A TTP PAN
Northeast®mericas |China/Taiwan 365.U NWP 250.A/45.A/70.U |NWP/TPP ]100.U/258.A/7 TPP/NSR 192.A/173 [NSR/PAN JPAN
Japan 365.U NWP 250.A/45.A/70.U |NWP/TPP PAN
Malay@rchipelago |365.U NWP 250.A/45.A/70.U |NWP/TPP ]100.U/258.A/7 TPP/NSR 192.A/173 |NSR/PAN  |PAN
South@orea 365.U NWP 250.A/45.A/70.U |NWP/TPP  ]100.U/258.A/7 TPP/NSR 192.A/173 |NSR/PAN  |PAN
Russiaiara China/Taiwan 365.U TPP 70.U/295.A TTP 100.U/258.A/7 TPP/NSR 192.A/173 |NSR/SUEZ |SUEZ
Japan 365.U TPP 70.U/295.A TTP 100.U/258.A/7  [TPP/NSR  |192.A/173 |NSR/SUEZ JSUEZ
Malay@rchipelago ]365.U TPP 70.U/295.A TTP 100.U/258.A/7 TPP/NSR 192.A/173 |NSR/SUEZ |SUEZ
SouthXorea 365.U TPP 70.U/295.A TTP 100.U/258.A/7  [TPP/NSR  |192.A/173 |NSR/SUEZ JSUEZ
Bay®fBengal 365.U TPP 70.U/295.A TTP SUEZ
Eastern®Russia Baltic 365.U TPP 70.U/295.A TTP 100.U/258.A/7 TPP/NSR 192.A/173 |NSR/SUEZ |SUEZ
GulffiMexico 365.U NWP 70.U/295.A TTP PAN
Brazil 365.U NWP 70.U/295.A TTP PAN
WesternEurope 365.U TPP 70.U/295.A TTP 100.U/258.A/7 NSR/SUEZ |192.A/173 |NSR/SUEZ [|SUEZ
Mediteranean 365.U TPP 70.U/295.A TTP SUEZ
NortheastBmericas |365.U NWP 250.A/45.A/70.U |NWP/TPP PAN
Algeria China/Taiwan 365.U TPP 70.U/295.A TTP SUEZ
Japan 365.U TPP 70.U/295.A TTP SUEZ
South@orea 365.U TPP 70.U/295.A TTP SUEZ
Hammerfest China/Taiwan 365.U TPP 70.U/295.A TTP 100.U/258.A/7  |TPP/NSR  |192.A/173 |NSR/SUEZ JSUEZ
Japan 365.U TPP 70.U/295.A TTP 100.U/258.A/7 TPP/NSR 192.A/173 |NSR/SUEZ |SUEZ
Southorea 365.U TPP 70.U/295.A TTP 100.U/258.A/7 TPP/NSR 192.A/173 |NSR/SUEZ |SUEZ
Thailand 365.U TPP 70.U/295.A TTP 100.U/258.A/7 TPP/NSR 192.A/173 |NSR/SUEZ |SUEZ
MalayBrcipelago WesternEurope 365.U TPP 70.U/295 TPP/SUEZ SUEZ
Northeast@mericas |365.U TPP SUEZ

Table 42: Summer Routes and Navigable Days (Aggregated)
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5.3 Scenario Comparison

When comparing the two main scenarios it is evident that the geographical
distribution of supply and demand is one of the major determinants of the use of the
Arctic routes and the economical impacts resulting from that use. Naturally, the
closer actors are located to the Baffin Bay (NWP), the Bering Sea, and/or the Arctic
Ocean, the more likely trade will benefit from a reduction in shipping costs as a
result of higher navigability in Arctic waters.

Secondly, the market share of producers and consumers at these locations
determines the magnitude of the local and global impacts. In both of the scenarios
total share of exports was, except for the Kara region, relatively small in comparison
to the importer and global share. This results in a small estimated impact even if no
ice would be present.

Also, the GSIM model uses initial trade shares in combination to the tariff reductions
to determine relative changes in demand. It might be that opening of Arctic routes
makes certain trades economically attractive where initially zero trade would exist.
These trades are not identified in this analysis but it does not mean that on every
trade lane that could benefit from the Arctic routes positive trades would occur. As
initial trade values already implied does LNG trade depend on many more aspects
than just shipping costs. Otherwise imports form far away regions while there is lots
of supply available close to home could not be explained.

In both main scenarios the NWP will only ever be used for trades coming from or
going to Northeast America. In the Climatological scenarios the share of NWP trade
was non-existent but in the Aggregated scenarios the traded amount (approx. $1.5
billion in the ML case) is significant. This accounts for 0.45% of total traded value
globally and is slightly more than the share of trade going around Cape Horn
(0.40%).
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6. Conclusions
6.1 Summary and Conclusions

Due to rising global temperatures, the feasibility of the Arctic routes as a transit
route between the East and the West is improving. Particularly LNG, for which time
is essential due to the high value of the cargo and boil-off gasses, is widely
considered as a high potential cargo for transarctic shipping. In the case of the
Northern Sea Route, sailing distance between Northwest Europe and North East
Asia reduces by approximately 40% in comparison to the conventional route
transiting the Suez Canal. As sea ice further retreats, shipping routes closer to the
North Pole become feasible with ultimately the transpolar route being the shortest
possible route from Europe to Asia. The Northwest Passages passes through the
Canadian Arctic and possibly being able to compete with the Panama Canal but the
route faces harsher ice conditions. Besides distance, other benefits such as
avoidance of piracy risk and transit dues may be present for the routes. On the other
hand is shipping in the Arctic associated with higher vessel building, operating and
insurance costs, as well as the requirement for icebreaker assistance.

It is expected that between 2030 and 2040 the first ice-free summers can be
observed and the Russian Federation is investing heavily both in Arctic
infrastructure, in terms of icebreakers, pilotage and other adjacent services, as well
as Arctic oil and gas exploitation. This indicates that the NSR will likely become a
feasible transit route. The NWP is expected to be less developed and faces harsher
ice conditions and is therefore expected to be navigable for a shorter period per
year.

Several studies have been performed to assess the feasibility of commercial use of
the Arctic routes, for LNG as well as for other cargoes. Research concludes that
there is great potential for cost advantages using the NSR and to a lesser extend
the NWP. However, given economic feasibility, research on the economic impact of
open Arctic routes is nearly absent. Knowledge on economic impacts is relevant, for
business as well as other stakeholders, to understand the scope of it's potential and
to whom the Arctic routes are relevant.

This thesis was aimed at identifying the economic impacts of more navigable Arctic
shipping routes on global maritime LNG trade in terms of deviations in trade
patterns, prices, traded values, relative use of sea routes and welfare effects. As
guidance for the research the following research question had been used:

What is the economic impact of open Arctic routes on global maritime LNG
trade?

For the analysis the Global Simulation Model (GSIM) has been used to simulate
LNG trade for 2040 after a certain extend of openness of the Arctic routes

represented by three feasible scenarios; ‘low navigability’, ‘high navigability’ and
‘most likely navigability’. To put these scenarios further into perspective a fourth
navigability scenario is added where zero sea ice is assumed. The GSIM model,
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developed by Francois and Hall (2002), is an industry-level, multi region, partial-
equilibrium trade simulation model originally designed to simulate impacts of trade
policy changes. The tariff equivalent used in the model is a share of total value with
which prices are increased due to a trade barrier. In the initial situation the tariff
equivalent of the Arctic routes is at a prohibitive level meaning that navigable
conditions are not sufficient to accommodate a reliable shipping route. The final tariff
equivalents are made according to the navigability scenarios with several trade
relations enjoying reduction in shipping costs due to increased navigability in the
Arctic.

From the literature, 100 days of unassisted and year round assisted navigability on
the Northern Sea Route passing mostly outside Russian territorial waters is
estimated for 2040 for the ‘most likely’ case. For the Northwest Passages 250
assisted navigable days is estimated.

The navigability scenarios have been analysed in combination with two main
scenarios; the climatological and the aggregated scenario. In the climatological
scenario, trade flows according to current facilities of supply and demand are used
for the base case. The aggregated scenario takes into account new production and
import capacity estimated for 2040 creating several different regions among which
the Kara region in the Russian Arctic as an export hub, a strong increase of
Australian LNG production and the shift for the US from importer to exporter. The
split between the two scenarios was made to identify the importance new supply
and demand. The findings presented hereafter are based on the ‘most likely’
simulation outputs.

For the current LNG market situation (climatological scenario), the impact of
increased navigability would be negligible since at current locations only trades from
Hammerfest to Asia, which is a very small share of total trade, benefit from cost
reductions. Even in the most favourable navigability scenario, the impacts are
marginal. This means that if navigability on the short run would increase, impacts on
global maritime LNG markets would still remain negligible. The only players that
enjoy trading cost benefits would be Norway as a supplier, enjoying an increase in
prices of 0.766% and an absolute increase in producer surplus of $16 million, and
China/Taiwan, Japan and South Korea as consumers.

Taking future projects into consideration the use of arctic routes is likely to become
a significant trading route. As concluded in the previous section, are the locations
and market shares of supply and demand hubs economically close to the Arctic of
determining importance. In the climatological scenarios half as much trade relations
(7) could benefit from the increased navigability in the ML case than in the
aggregated scenario, where 14 trade relations could enjoy reductions in shipping
costs. This translates into strong increases in trade from Norway, Northeast America
and the Kara region to the three major Asian markets, namely Japan, China/Taiwan
and North Korea.
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The total consumer surplus is expected to increase by approximately $235 million
while the total producer surplus decreases by approximately $47 million, leaving a
net welfare effect of $188 million. There is quite a large spread in the estimations of
welfare effects over the different navigability scenarios. The low navigability net
welfare effect is estimated at $97m while in the high navigability scenario an
increase in welfare of $455m is estimated.

In terms of consumer surplus, Japan (approx. $183 million) and China/Taiwan
(approx. $122 million) enjoy by far the largest gain. This is attributable to direct cost
advantages on imports from Hammerfest, the Kara region and Northwest Americas
that use the shorter Arctic routes. The Arabian Sea, as an importer, enjoys lower
prices due to supply in the region that was initially bound for the three main Asian
markets but were overtaken by transarctic trade.

The sharp reduction (approx. -$78 million) in consumer surplus for the
Mediterranean/Ukraine market is expected due to the shift of Norwegian, Northeast
American and Russian Kara supply towards the Asian markets. This results in an
increase in consumer prices (+0.2%) for the Mediterranean/Ukraine. The same price
effect is observed for the Baltic but since the market is much smaller the absolute
effect is also small. Also does the Baltic enjoy a small positive effect from NSR
imports from Eastern Russia. The price effect on Western Europe is small since
these countries have a very diversified supply of LNG and are not very dependent
on the aforementioned suppliers.

The gain in producer surplus (+$110m) and price effect (+0.8%) for the Kara region
is the highest since it is a large supplier combined with its location high in the Arctic.
Eastern Russia’s positive effect from better access to European markets is offset by
increased competition in the Asian markets. Other suppliers that enjoy significantly
higher prices are Northeast America (+34m PS, prices +0.18%) and Hammerfest,
Norway (+$19m PS, prices +0.58%). Algeria enjoys a strong increase in producer
surplus since it faces less competition for the European market. Peru, Caribbean
and the Gulf of Mexico also enjoy slightly higher prices and a gain in producer
surplus.

Australia (-$88m) and the Malay Archipelago (-$70m) are in absolute values the
biggest losers. The three Asian importers are by far their most important customers.
The price effect of the increased competition for these producers is -0.16% and -
0.12% respectively. The Arabian Peninsula experienced a reduction in surplus of
$41 million and a price effect of -0.06%. The reason for the smaller impact on
Arabian Peninsula’s surplus is due to a more diversified export portfolio.

1.28% of total traded value is expected to transit the Northern Sea Route and 0.47%
will transit the NWP, taking off a slight market share from primarily the Panama and
Suez Canal. The total value transiting the NSR annually is estimated at $4.44 billion
and the total value transiting the NWP annually is estimated at $1.64 billion. Most of
these trades are bound for Japan ($2.3b NSR, $1b NWP) and China/Taiwan
($764m NSR, $445 NWP) and coming from primarily the Kara region ($2.6b) over
the Northern Sea Route and Northeast America ($1.64b) over the Northwest
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Passage. Northeast America is the only exporter for which the use of the NWP
might be the most economical alternative. When the NWP is not navigable the NSR
will be used for the same trades.

Given the aforementioned observations is safe to conclude that, provided that the
expected new import and export capacity will be developed, especially the NSR and
to a lesser extend the NWP will become a significant alternative shipping route. In
terms of producer surplus will the Kara region (Russia), Hammerfest (Norway) and
Northeast America be the greatest gainers while Australia, the Malay Archipelago
and the Arabian Peninsula will face a reduction in surplus. Japan, China/Taiwan and
South Korea will be benefit most as customers while the European markets will face
a reduction in consumer surplus

6.2 Limitations

Given the scope of this research there has been a necessity to make a lot of
assumptions. Especially in the generation of tariff equivalents this has been the
case. There have for example three fixed Northern Sea Routes assumed, one
passing through Russian national waters, one shorter route (referred to as route 3)
passing outside Russian waters and the Transpolar Passage. In reality there are
infinitely many routes that move towards and away from the North Pole as the ice
melts and grows with the seasons. Also for the generation of initial bilateral trades
for the Aggregated scenario assumptions had to be made due to the absence or
unavailability of forecasts on bilateral trade.

There are several issues one has to keep in mind when interpreting the results.
Most importantly the research has not taken into account the seasonality of natural
gas markets. Gas demand in the Northern Hemisphere peaks in winter when gas is
used for heating. At the same time the Arctic route experience the lowest, if not
zero, navigability. This may result in a lower actual use of the Arctic routes because
demand and supply may not be able to meet at the same costs for this route during
the winter season.

Also economies of scale are not taken into account. In the analysis a gas carrier
with 155.000 cbm capacity is assumed. Arctic vessels generally have these
dimensions, partially because draft restrictions on the routes. On oceanic routes
however, shippers can enjoy economies of scale with the use of larger (VMax,
Qmax) vessels. Also in the Arctic economies of scale may exist. Increased traffic
allows for joint use of icebreaker guidance and sailing in convoys. This could
substantially reduce the average icebreaker assistance costs.

Finally, the model used makes a simulation of trades based on initial trade shares in
combination to the tariff reductions to determine relative changes in demand. It
might be that opening of Arctic routes makes certain trades economically attractive
where initially zero trade existed due to a high overall trade barrier. These trades
are not identified in this analysis. On the other hand, it does not mean that on every
trade lane that could benefit from the Arctic routes positive trades would occur.
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6.3 Recommendations for Further Research

As explained, the locations of supply and demand are of critical importance to the
impact of open Arctic routes. For this research initial trade flows were estimated
based on reasoning supported by existing data on import and export capacity
growth since forecasts of bilateral trade was lacking. More accurate estimations of
future (bilateral) LNG trade based on new supply and demand could strongly
improve the accuracy of the estimated impacts of increased Arctic navigability.

Also accurate studies on pricing strategies of the Panama and Suez Canal, taking
into account the Arctic routes would valuable. If there is a price effect of increased
navigability of Artic routes on the Panama and/or Suez Canal, tariff equivalents of
other trade relations are also affected and more spill-over effects could be identified.
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Appendices

Appendix 1: Russian Maritime Arctic Map

Northern Sea Route

----- Connecting Routes

_ Russian Exclusive
Economic Zone (EEZ)

ource: Stephenson et. al. (2013)

Appendix 2: Canadian Archipelago

Ty

Source: Astral Express (:2010)
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Appendix 3: Ice Class Classification Conversion Table

Conversion Table

Classification
Finnis-
IMO Polar |Swedish
Class Ice Class |RMRS

Ice conditions (cm)

Required minimum

icebreaking
capacity (m)

PC1 -
PC 2 -
PC3 -
PC 4 -
PC5 -
PC 6
PC7
- B
- IC

Category I

ARC 9
ARC 8
ARC 7
ARC 6
ARC 5 (UL)
ARC 4 (L1)
ICE 3

ICE 2

ICE 1

Muli-year > 400
Multi-year 300 - 400
Secon-year 200 - 300
First-year 120 - 200
First-year 90 - 120
First-year 70 - 90
First-year 50 - 70
White ice 30 - 50
Grey-white ice 15 - 30
Greyice 10- 15

2.4
1.8
13

0.7
0.5
0.25
0.25
0.15

Source: Tsoy, 2010

Appendix 4: Liquefaction Capacity Map
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Appendix 5: Regasification Capacity Map
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Appendix 6: Initial Consumer Prices (Climatological)

Importer Price/ton

Arabian®ea €3574.45
Argentina €536.51
Brazil €®536.51
Chile €#527.28
China/Taiwan €%53.93
GoM,[Tarribean €716.22
Japan €582.14
Mediteranean €97.51
WesternEurope €342.36
Northeast?BAmerica €779.52
SouthXorea €%82.14
Thailand €353.93
Mexican@Westcoast €527.28
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Appendix 7: Initial Consumer Prices (Aggregated)

Importer price/ton

Arabian®ea S$574.45
Argentina/Uruguay $636.51
Baltic $524.00
Bay®fBengal $524.00
Brazil $636.51
Chile $627.28
China/Taiwan $553.93
GoM,arribean $416.22
Japan $582.14
Malay@Archipelago/SEA $553.93
Mediteranean/Ukraine $497.51
Mexican@Vestcoast $627.28
NortheastBAmerica $179.52
SouthEorea $582.14
South/West@frica $524.00
WesternEurope $342.36
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Appendix 8: Traded Values (Climatological Scenarios)

3 o & o $
S e S/ N Y Al
S S £ JE E S Je
g < X 5 y < N & N N @ N X
3 & & N $§ N $ S & & § 3 & g
< < ¥ & & S & S > £ S N S <

INITIAL Alaska - - - - - - 128 - - - - - - 128
Algeria 386 - - - 186 - 112 4724 332 - 41 - - 5781
Australia 54 - - - 7591 - 10737 - - - 572 - - 18954
Eastern Russia - - - - 443 - 5795 - - - 1577 - - 7815
Egypt 589 57 - 138 866 30 741 696 19 - 470 - - 3605
Hammerfest, Norway 172 179 207 41 69 106 249 789 233 - 44 - - 2088
Malay Archipelago - - - - 13878 - - - - - 9437 - 190 23505
Arabian Peninsula 11046 65 1568 183 17748 1440 17467 4491 3499 152 13017 701 - 71378
Peru - - - - - 456 533 864 - - - 364 - 2216
Trinidad 225 2344 1596 1642 148 1946 199 460 316 292 697 63 - 9929
West Africa 1690 - 499 197 2199 409 5247 3014 716 - 1594 79 - 15644
Totals 14162 2645 3870 2201 43127 4386 41209 15037 5115 445 27449 1207 190| 161043
Low Alaskal - - - - - - 128 - - - - - - 128
Rlgeri 386 - - - 185 - 112 4728 332 - 41 - - 5783
Rustralial 54 - - - 7594 - 10726 - - - 572 - - 18946
[EasternRussiall - - - - 443 - 5790 - - - 1578 - - 7811
Egyptd 589 57 - 138 866 30 739 697 19 - 470 - - 3605
MHammerfest,NorwayE 166 173 200 40 77 103 310 762 225 - 53 - - 2109
Malay@rchipelagod - - - - 13874 - - - - - 9435 - 190 23499
Brabian@Peninsulal 11053 66 1573 183 17740 1442 17432 4503 3506 152 13011 702 - 71364
Perud - - - - - 456 531 865 - - - 364 - 2216
Erinidad@ 224 2350 1598 1643 147 1946 198 460 316 292 695 63 - 9933
M est@Africal 1691 - 500 197 2198 410 5236 3022 717 - 1593 79 - 15642
Totals 14163 2646 3871 2201 43124 4386 41202 15038 5115 445 27448 1207 190| 161035
MOSTALIKELY | Alaska - - - - - - 128 - - - - - - 128
Algeria 385 - - - 185 - 111 4731 332 - 40 - - 5785
Australia 54 - - - 7596 - 10715 - - - 572 - - 18938
Eastern®Russia - - - - 443 - 5785 - - - 1579 - - 7807
Egypt 589 57 - 139 865 30 738 699 19 - 470 - - 3605
Hammerfest,Norway 160 168 193 39 86 99 368 737 217 - 62 - - 2129
MalayBrchipelago - - - - 13870 - - - - - 9433 - 190 23493
Arabian®eninsula 11059 66 1577 184 17731 1445 17400 4515 3512 152 13006 702 - 71350
Peru - - - - - 456 529 867 - - - 363 - 2216
Trinidad 224 2356 1599 1643 147 1945 198 460 316 292 693 63 - 9937
WestRfrica 1692 - 502 197 2196 411 5225 3029 718 - 1592 79 - 15640
Totals 14163 2647 3871 2201 43120 4387 41196 15039 5114 444 27447 1207 190| 161028
HIGH Alaskal - - - - - - 127 - - - - - - 127
Rlgeri 381 - - - 197 - 143 4704 329 - 49 - - 5803
Rustralial 54 - - - 7597 - 10698 - - - 573 - - 18923
[EasternRussiall - - - - 444 - 5778 - - - 1580 - - 7801
Egyptd 589 58 - 139 863 30 735 703 19 - 469 - - 3604
MHammerfest,NorwayE 152 161 185 37 106 95 431 706 207 - 74 - - 2154
Malay@rchipelagod - - - - 13861 - - - - - 9430 - 190 23480
BArabian@Peninsulal 11071 67 1584 184 17706 1449 17347 4546 3523 153 12992 702 - 71324
Perud - - - - - 457 527 871 - - - 363 - 2217
[rinidada 224 2364 1601 1643 146 1945 196 462 316 292 691 63 - 9942
MVest@Africal 1692 - 503 198 2192 411 5205 3048 720 - 1589 79 - 15637
Totals 14164 2649 3872 2202 43112 4387 41187 15040 5114 444 27445 1207 190| 161012
NOGACE Alaska - - - - - - 127 - - - - - - 127
Algeria 382 - - - 191 - 136 4714 330 - 47 - - 5799
Australia 54 - - - 7598 - 10697 - - - 573 - - 18923
Eastern@Russia - - - - 444 - 5777 - - - 1580 - - 7801
Egypt 590 58 - 139 863 30 735 703 19 - 469 - - 3604
Hammerfest,Norway 151 160 183 37 109 94 442 701 206 - 75 - - 2158
MalayBrchipelago - - - - 13861 - - - - - 9430 - 190 23480
Arabian®@eninsula 11071 67 1584 184 17708 1450 17344 4544 3523 153 12993 702 - 71324
Peru - - - - - 457 527 870 - - - 363 - 2217
Trinidad 224 2365 1601 1644 146 1945 196 462 316 292 690 63 - 9943
WestRfrica 1693 - 504 198 2192 412 5205 3046 720 - 1589 79 - 15637
Totals 14164 2649 3872 2202 43113 4387 41186 15040 5113 444 27445 1207 190| 161013
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Appendix 9: Traded Values (Aggregated Scenarios)

o s K 5 Je :
& 5 § S $ $ 5 g
o S g § & & g & & . /8 /$
§ s § 5 & & § s g § 5 (G
iS5 & & S 3 & 5
s JE e § /s § g /s g S SESESSE s
g & ¥ S & & § s & g & & 5 § § & F
INITIAL < < L5 &5 @ S S S & < S S < S S = <0
GulfbfiMexico 2872.24| 1273.02 395.77 351.59| 4455.56 5018.21 1695.49 1248.66| 1287.83 1279.85 5791.93 - 179.52 5350.63 82.90 2826.57 33671
Australia 488.10 - - 258.74 - -| 27142.67 -| 26584.76 - - - - 1440.18 6.54 - 51612
ArabianPeninsula 33864.25 37.63 169.01 63.37 1030.79 244.05| 12391.14 -| 6894.48 5539.32 3380.04 - - 5814.37 209.88 1757.86 67068
Northwest@merica - - - - - -| 1661.80 -| 5821.42 - - 250.91 - - - - 7022
Malay@rchipelago - - - 813.84 - -| 22149.80 -| 15201.85| 8308.98 - 301.09 - 9238.96 524.00 - 52402
West#frica 2872.24 - 166.69| 1621.18| 1329.91 866.82| 4431.46 221.76| 4657.13 273.40| 3482.59 - - 2551.53 141.00 684.72 22302
Northeast®merica - 640.54 224.93| 3597.32| 1273.02 738.07 675.88 218.71| 1358.59 -| 3980.10 - 359.03 245.60 51.10 1755.65 16351
RussiaKara - 318.25| 1048.00| 2346.29 - 530.51 553.93 - 998.23 -| 6307.68 - - 176.92 35.93 1292.68 14339
RussialEast 2525.56 318.25 150.28| 2233.58 - 489.23| 2769.66 -| 6403.56 - 746.27 - - 2910.71 33.37 342.36 17706
Algeria 1820.58 - 63.78 118.09 - - 407.74 - 139.52 -| 7462.70 - - 51.38 24.71 521.70 11083
East@frica 5107.73 9.84 64.77 22.24 342.13 64.89 3593.67 -| 2017.33 180.93 977.32 - - 1418.05 67.49 529.83 13661
EasttMediteranean 4661.02 143.47 5.90 93.19 - 313.64| 3131.75 22.32 1498.37 -| 2624.86 - - 983.58 64.06 48.24 12858
Caribean 509.21 1416.01 29.81 -| 1478.66 1254.55 157.10 361.27 120.40 82.68 507.71 - - 424.50 6.48 236.44 6001
Norwa fest 401.49 133.00 524.00 324.99 236.22 79.24 276.97 - 154.96 - 883.62 - - 27.85 5.37 181.50 3226
Peru - - - 672.61 - - - 75.43 245.53 313.87 721.82 - - - - - 2046
Totals 50282 3532 2843 12517 8353 8019 76660 2704 66055 15116 38829 461 1572 27575 1253 15577 331347
Low
GulfbfiMexico 2863.84| 1280.44 399.22 355.27| 4461.60| 5033.05| 1681.29| 1250.15| 1270.67| 1273.33| 5842.77 - 180.77 5316.75 82.68 2828.39 33677
Australia 490.81 - - 263.65 - -| 27145.78 -| 26456.24 - - - - 1443.28 6.58 - 51506
ArabianPeninsula 33894.01 37.99 171.13 64.28| 1036.10 245.70| 12334.50 -| 6828.82| 5532.17| 3422.54 - - 5799.66 210.13 1765.67 67016
Northwest®merica - - - - - -| 1664.04 -| 5800.46 - - 251.12 - - - - 7005
Malay@rchipelago - - - 828.00 - -| 22118.16 -| 15104.90| 8324.36 - 300.51 - 9244.62 526.27 - 52317
West@\frica 2871.42 - 168.58 1642.43 1335.22 871.67| 4406.04 222.61| 4607.36 272.73 3522.34 - - 2542.11 141.00 686.97 22292
Northeast®merica - 637.85 224.63 3598.94| 1261.96 732.85 669.10 216.77 1439.78 -| 3975.12 - 357.94 260.74 50.45 1739.16 16392
RussiaXara - 308.47 1018.83 2285.13 - 512.67 668.49 -| 1315.81 -| 6132.50 - - 227.95 34.52 1246.22 14467
RussiaEast 2521.08 320.48 178.70 2259.55 - 491.24| 2749.65 -| 6325.58 - 753.68 - - 2895.62 33.32 393.69 17712
Algeria 1808.09 - 64.08 118.86 - - 402.72 - 137.11 -| 7498.82 - - 50.85 24.55 519.98 11096
East@frica 5113.89 9.94 65.61 22.57 344.00 65.35| 3578.43 -| 1998.78 180.76 989.93 - - 1414.93 67.60 532.36 13649
Mediteranean 4659.34 144.67 5.96 94.40 - 315.37| 3113.55 22.41| 1482.24 -| 2654.62 - - 979.88 64.06 48.39 12852
Caribean 507.13| 1422.63 30.04 -| 1478.96| 1256.81 155.60 361.28 118.66 82.17 511.58 - - 421.33 6.46 236.32 6003
Norway,fHammerfest 390.06 130.38 515.20 320.11 230.51 77.45 312.09 - 192.49 - 868.83 - - 33.76 5.22 176.98 3247
Peru - - - 677.59 - - - 75.29 241.50 311.30 725.93 - - - - - 2048
Totals 50279 3534 2842 12529 8354 8021 76621 2705 65996 15113 38858 461 1572 27572 1253 15572 331280
MOSTAIKELY
GulfbfiMexico 2856.51 1287.19 402.26 358.63| 4466.74| 5046.63 1668.34| 1251.39 1255.35 1267.50| 5889.68 - 181.80 5286.65 82.49 2827.46 33681
Australia 493.27 - - 268.07 - -| 27145.13 -| 26342.80 - - - - 1446.13 6.61 - 51410
ArabianfPeninsula 33921.91 38.32 172.99 65.09 1040.77 247.18| 12281.83 -| 6770.22 5525.67 3461.30 - - 5786.62 210.35 1771.03 66969
Northwest@merica - - - - - -| 1665.77 -| 5781.83 - - 251.31 - - - - 6990
Malay@rchipelago - - - 840.81 - -| 22086.88 -| 15018.89| 8338.17 - 299.99 - 9250.11 528.32 - 52239
West#frica 2870.78 - 170.25| 1661.67| 1339.85 876.03| 4382.55 223.35| 4562.87 272.12| 3558.63 - - 2533.71 141.01 688.34 22282
Northeast®America - 635.98 224.51| 3603.74| 1252.95 728.77 662.83 215.19| 1501.41 -| 3974.67 - 357.05 272.43 49.91 1724.12 16426
RussiaKara - 299.26 991.04| 2227.32 - 495.93 779.17 -| 161177 -| 5967.85 - - 275.84 33.21 1201.46 14585
RussialEast 2515.91 322.32 206.45( 2282.00 - 492.81| 2729.91 -| 6252.69 - 760.10 - - 2880.73 33.26 448.42 17721
Algeria 1796.77 - 64.34 119.55 - - 398.11 - 134.94 -| 7532.05 - - 50.37 24.40 517.90 11108
East@frica 5119.69 10.02 66.34 22.86 345.66 65.76| 3564.27 -| 1982.26 180.60| 1001.44 - - 1412.19 67.69 534.14 13638
diteranean 4657.86 145.75 6.02 95.50 - 316.92| 3096.66 22.48| 1467.79 -| 2681.73 - - 976.55 64.05 48.49 12847
Caribean 505.29 1428.64 30.23 -| 1479.10| 1258.88 154.23 361.26 117.10 81.70 515.16 - - 418.49 6.44 235.99 6005
Norway, fest 379.10 127.81 506.31 315.20 224.94 75.71 347.82 - 227.93 - 854.21 - - 39.41 5.07 172.43 3268
Peru - - - 682.07 - - - 75.15 237.87 308.96 729.70 - - - - - 2050
Totals 50276 3535 2841 12539 8355 8023 76586 2705 65944 15111 38883 461 1573 27569 1253 15565 331218
HIGH
GulfdfiMexico 2843.88| 1303.79 408.40 348.84| 4484.78| 5078.40| 1640.96| 1254.89| 1230.65| 1256.02| 5957.84 - 185.48 5232.35 82.17 2828.62 33702
Australia 497.84 - - 264.44 - -| 27081.42 -| 26200.40 - - - - 1451.36 6.68 - 51555
ArabianPeninsula 33981.08 39.04 176.64 63.72| 1051.26 250.22| 12158.14 -| 6680.56| 5510.08| 3521.70 - - 5763.41 210.83 1782.52 66951
Northwest@®merica - - - - - -| 1663.14 -| 5755.10 - - 251.37 - - - - 6974
MalayBArchipelago - - - 827.84 - -| 21993.27 -| 14908.85| 8362.50 - 299.28 - 9266.30 532.51 - 52347
West@frica 2877.24 - 173.93 1627.33 1354.05 887.26| 4340.54 225.44| 4504.65 271.49 3622.63 - - 2524.80 141.40 693.16 22352
Northeast®merica - 625.35 221.34| 3396.34| 1220.29 711.53 836.84 209.30 1799.74 -| 3903.62 - 353.78 332.77 48.19 1672.63 16602
RussiaXara - 283.40 941.46 2589.09 - 465.86 914.49 -| 1815.42 -| 5645.57 - - 315.79 30.80 1120.37 14889
Russia®East 2494.10 325.13 259.78 2210.36 - 493.84| 2673.41 -| 6102.61 - 955.36 - - 2838.83 32.99 565.17 16473
Algeria 1768.20 - 64.61 114.93 - - 419.26 - 173.10 -| 7536.02 - - 61.88 24.03 512.23 11197
Eastf#frica 5131.91 10.22 67.78 22.39 349.36 66.61 3530.73 -| 1957.33 180.21 1019.53 - - 1407.45 67.89 537.95 13644
iteranean 4659.13 148.29 6.14 93.34 - 320.36 3060.76 22.65 1446.08 -| 2724.80 - - 971.17 64.10 48.73 12865
Caribean 501.47| 1442.72 30.60 -| 1480.49| 1262.93 151.21 361.15 114.41 80.70 519.56 - - 412.85 6.39 235.35 6020
Norway,fHammerfest 356.18 122.57 487.01 351.58 213.49 72.05 423.89 - 264.17 - 818.32 - - 46.53 4.77 162.96 3323
Peru - - - 668.03 - - - 75.88 234.88 308.33 743.21 - - - - - 2046
Totals 50267 3528 2840 12544 8356 8009 76491 2705 65815 15104 38930 460 1574 27516 1252 15550 330939
GulffiMexico 2838.88| 1310.69 410.25 350.59| 4495.53| 5091.52| 1631.38| 1257.49| 1219.62| 1251.81| 5981.32 - 187.72 5211.63 82.06 2818.38 33677
Australia 499.63 - - 267.12 - -| 27075.82 -| 26117.99 - - - - 1453.60 6.70 - 51149
ArabianfPeninsula 34004.10 39.33 177.84 64.19 1056.23 251.44| 12118.28 -| 6638.36| 5505.26 3543.52 - - 5755.00 211.05 1780.41 66822
Northwest@merica - - - - - -| 1664.00 -| 5741.31 - - 251.49 - - - - 6951
MalayBrchipelago - - - 835.45 - -| 21966.30 -| 14846.30| 8371.83 - 298.90 - 9271.36 534.12 - 52014
West@\frica 2877.62 - 175.02 1638.40| 1359.73 891.13| 4323.84 226.31| 4473.56 271.10 3643.20 - - 2519.71 141.47 691.96 22231
Northeast®America - 617.15 218.29| 3348.37| 1200.07 699.97 883.24 205.76| 1991.48 -| 384717 - 351.75 364.48 47.19 1634.06 16605
Russiaara - 279.93 929.23| 2612.68 - 458.54 962.80 -| 1916.03 -| 5567.94 - - 332.69 30.15 1094.31 14862
RussialEast 2481.69 325.85 274.01| 2214.38 - 493.57| 2648.95 -| 6027.36 -| 1007.83 - - 2818.31 32.84 644.42 17792
Algeria 1760.09 - 64.74 115.20 - - 423.99 - 176.76 -| 7546.21 - - 62.95 23.93 508.92 11144
East@frica 5136.86 10.30 68.26 22.56 351.10 66.96| 3520.21 -| 194557 180.11) 1026.12 - - 1405.81 67.98 537.47 13605
EastiMediteranean 4659.24 149.32 6.18 93.97 - 321.73| 3048.62 22.73| 1435.92 -| 2740.03 - - 969.10 64.13 48.64 12826
Caribean 499.88 1448.46 30.70 -| 1482.03 1264.49 150.10 361.41 113.21 80.32 520.92 - - 410.62 6.37 234.17 6011
Norwa fest 349.96 121.48 482.32 356.11 210.82 71.17 443.64 - 277.27 - 809.86 - - 48.74 4.69 159.80 3322
Peru - - - 670.54 - - - 75.95 232.47 306.91 745.25 - - - - - 2046
Totals 50266 3541 2838 12580 8358 8027 76484 2706 65837 15104 38931 460 1574 27562 1252 15539 331057
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Appendix 10: Welfare Effects C-LN, C-HN, C-NI

NOACE

HIGH

LOW

Importers CS Price Exporters PS Price
FArabianBeal 0.62|-0.004% | BAlaskal -0.11| -0.084%
BArgentinall -3.81( 0.140%| BAlgerial 7.19| 0.124%
Brazilkl -3.20| 0.078%| FAustralial -12.55| -0.066%
EChilel -1.41| 0.061%| FEastern@ussial -5.70| -0.073%
®hina/Taiwank 22.79]-0.050% | Egyptl -0.50( -0.014%
oM, Tarribeank -2.11| 0.044%| BHammerfest,INorwayfi 27.81( 1.319%
Bapani 43.32|-0.099% | @Malay@rchipelagoR -9.75( -0.042%
@Mediteraneant -15.10| 0.096%| BArabian@®eninsulal -21.37| -0.030%
MVesternEuropel -2.44] 0.043%| @Perul 0.38| 0.017%
MNortheastBAmerical -0.11| 0.022%| @rinidad@ 5.47( 0.055%
BouthKoreal 13.93|-0.048% | @Vest@frical -2.85| -0.018%
Thailand 0.13(-0.010%

Mexican@Vestcoast 0.09]-0.042%

Total@onsumerBurplus 52.69 Total@roducerBurplus -11.99
NETEVELFAREEFFECT 40.70
Importers (&) Price Exporters PS Price
FArabianBeal 0.63|-0.004% | BAlaskal -0.11| -0.083%
BArgentinall -3.69( 0.132%| BAlgerial 8.87| 0.153%
Brazilkl -3.00| 0.073%| FAustralial -12.53| -0.066%
EChilel -1.36| 0.058%| Eastern@Russial -5.67| -0.073%
Ehina/Taiwani 23.33|-0.052% | Egyptd -0.48( -0.013%
oM, Tarribeank -1.98| 0.042%| BHammerfest,INorwayfi 26.37| 1.251%
Bapani 42.82|-0.098% | @alay@rchipelagoR -9.98( -0.042%
@Mediteraneant -15.94| 0.101%| BArabian@®eninsulal -21.46| -0.030%
MVesternEuropel -2.37| 0.042%| @Perul 0.41| 0.018%
MNortheastBAmerical -0.10( 0.020%| @rinidadn 5.17( 0.052%
BouthKoreal 14.25]-0.049% | @Vest@Africal -2.74] -0.018%
Thailand 0.12(-0.009%

Mexican@Vestcoast 0.09]-0.042%

Total@onsumerBurplus 52.80 Total@roducerBurplus -12.16
NETEVELFAREEFFECT 40.64
Importers () Price Exporters PS Price
BArabianBeal 0.15]-0.001%| BAlaskal -0.03| -0.023%
BArgentinal -1.17( 0.042%| BAlgerial 0.84( 0.014%
Brazilkl -0.98( 0.024%| BAustralial -3.35| -0.018%
Ehileld -0.43| 0.018%| FEastern@Russial -1.56( -0.020%
hina/Taiwank 5.49(-0.012%| FEgypta -0.14( -0.004%
fGoM,Tarribeank -0.64| 0.014%| BHammerfest,INorwayfi 8.23| 0.393%
Bapani 11.96(-0.027%| MMalay@rchipelagol -2.40( -0.010%
@editeraneant -3.47( 0.022%| BArabian®eninsulal -5.61| -0.008%
MVesternEuropel -0.69( 0.012%| @Perul 0.08| 0.003%
MNortheastBAmerical -0.04| 0.007%| ETrinidadd 1.64| 0.017%
BouthXoreal 3.54(-0.012% | AVestBfrical -0.83| -0.005%
Thailand 0.04(-0.003%

Mexican@Vestcoast 0.02]-0.010%

Total@onsumerBurplus 13.79 Total@roducerBurplus -3.13
NETAWELFAREEFFECT 10.66
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Appendix 11: Welfare Effects A-LN, A-HN, A-NI

NO@ECE

HIGH

LOW

Importers CS Price Exporters PS Price
Arabian@®ea 50.77(-0.089% | Gulf@faMexico 11.65| 0.034%
Argentina/Uruguay -15.23| 0.331%|Australia -199.94| -0.359%
Baltic -12.89| 0.429%|Arabian@®eninsula -100.44| -0.141%
Bay@f@Bengal -0.33| 0.002%|NorthwestBAmerica -30.91| -0.401%
Brazil -12.99| 0.122%|Malay@Archipelago -165.63| -0.294%
Chile -19.01| 0.185%|West@frica -26.93| -0.116%
China/Taiwan 301.44|-0.354% | Northeast@BAmerica 116.32| 0.765%
GoM,Xarribean -2.27| 0.104% |Russiaara 230.92( 1.676%
Japan 392.99(-0.507% |RussiaFast 18.55| 0.098%
Malay@Brchipelago/SEA 33.03|-0.197% | Algeria 29.05( 0.273%
Mediteranean/Ukraine -148.48| 0.377%|East@frica -22.77| -0.158%
Mexican@Vestcoast 2.00|-0.341% |East@Mediteranean -12.31| -0.091%
Northeast@BAmerica -2.88| 0.515%|Caribean 7.15| 0.108%
SouthXorea 79.36(-0.242% [Norway,l Hammerfest 42.75] 1.311%
South/East@frica 0.971-0.072% | Peru 0.75| 0.037%
WesternEurope -0.21| 0.002%

Total@onsumerBurplus 646.27 Total®ProducerBurplus| -101.80
NETANVELFAREEFFECT 544.47
Importers CS Price Exporters PS Price
Arabian®ea 41.56|-0.073% | Gulf®f@Mexico 10.92| 0.032%
Argentina/Uruguay -12.61| 0.274%|Australia -167.47| -0.300%
Baltic -11.31| 0.377%|Arabian@®eninsula -82.78| -0.116%
Baymf@Bengal 7.06|-0.051% | NorthwestEAmerica -25.79| -0.334%
Brazil -10.19| 0.096%|Malay@rchipelago -139.14| -0.247%
Chile -15.99| 0.155%|West@BAfrica -22.59| -0.097%
China/Taiwan 254.06(-0.298% |NortheastZAmerica 85.35| 0.562%
GoM,XTarribean -1.76| 0.080% |Russia@ara 205.99( 1.497%
Japan 327.03|-0.422% |Russiafast 11.49( 0.061%
Malay@Archipelago/SEA 27.58(-0.165% | Algeria 25.64( 0.241%
Mediteranean/Ukraine -130.85| 0.332%|EastAfrica -18.75| -0.130%
Mexican@Vestcoast 1.67(-0.285% |East@Mediteranean -9.94( -0.073%
NortheastBAmerica -2.13| 0.381%|Caribean 6.00| 0.091%
South®orea 66.60(-0.203% |Norway,dHammerfest 37.80( 1.160%
South/East@frica 0.81|-0.061% | Peru 0.43| 0.021%
Western@Europe -4.15( 0.038%

Total@onsumer@urplus 537.39 Total@®Producer@Burplus -82.83
NETEBWELFAREEFFECT 454.56
Importers CS Price Exporters PS Price
Arabian®ea 10.81(-0.019% | Gulf@f@Mexico 4.19| 0.012%
Argentina/Uruguay -3.23| 0.070%|Australia -45.86| -0.082%
Baltic -3.19| 0.106%|Arabian@eninsula -21.39| -0.030%
Bay@f@Bengal -16.59| 0.121%|Northwest@B\merica -7.40( -0.096%
Brazil -2.65| 0.025%|Malay@rchipelago -36.67| -0.065%
Chile -4.37| 0.042%|West@frica -3.97( -0.017%
China/Taiwan 63.09(-0.074% [ NortheastBAmerica 18.71| 0.124%
GoM,Xarribean -0.52| 0.024%|RussiaXara 56.91| 0.417%
Japan 96.28(-0.124% |RussiaEast -0.09( 0.000%
Malay@BArchipelago/SEA 6.99|-0.042% | Algeria 5.95| 0.056%
Mediteranean/Ukraine -41.00| 0.104% |East@Africa -4.84( -0.034%
Mexican@Vestcoast 0.46 [-0.078% | East@Mediteranean -2.20( -0.016%
NortheastBAmerica -0.48| 0.086%|Caribean 1.65| 0.025%
SouthXorea 18.11(-0.055% |Norway,Hammerfest 9.55| 0.295%
South/East@frica 0.21]-0.015%|Peru 0.94| 0.046%
WesternEurope -2.01| 0.018%

Total@onsumerBurplus 121.90 Total®ProducerBurplus -24.52
NETAVELFAREEFFECT 97.38
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Appendix 12: Traded Values per Route (C-ML)
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Appendix 13: Traded Values per Route (A-ML)
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Appendix 14: Percent Changes Traded Quantities (Climatological)

< /& < & /e S
§ e g g g g 3 /& $
¢ /f g /5 & & g ¢ [z /s
8 g = ® 3 - < L & & S I yé
§ /8 /& & /s /5§ /8§ [§ J§ /& /5 [z /5

LN < < @ 5 S S g s ES 2 8 g s
Alaska 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Algeria -0.2 0.0 0.0 0.0 -0.3 0.0 -0.4 0.1 0.0 0.0 -0.3 0.0 0.0
Australia 0.2 0.0 0.0 0.0 0.1 0.0 -0.1 0.0 0.0 0.0 0.1 0.0 0.0
Eastern Russia 0.0 0.0 0.0 0.0 0.1 0.0 -0.1 0.0 0.0 0.0 0.1 0.0 0.0
Egypt 0.0 0.5 0.0 0.2 -0.1 0.2 -0.2 0.2 0.2 0.0 -0.1 0.0 0.0
Hammerfest, Norway -3.9 -3.5 -3.7 -3.8 12.1 -3.8 23.9 -3.7 -3.8 0.0 20.4 0.0 0.0
Malay Archipelago 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Arabian Peninsula 0.1 0.5 0.3 0.3 0.0 0.2 -0.2 0.3 0.2 0.1 0.0 0.1 0.0
Peru 0.0 0.0 0.0 0.0 0.0 0.1 -0.3 0.2 0.0 0.0 0.0 -0.1 0.0
Trinidad -0.2 0.2 0.1 0.0 -0.3 0.0 -0.4 0.0 0.0 -0.1 -0.3 -0.2 0.0
West Africa 0.0 0.0 0.3 0.2 -0.1 0.2 -0.2 0.3 0.2 0.0 -0.1 0.0 0.0
HN

Alaska 0.0 0.0 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 0.0
Algeria -1.3 0.0 0.0 0.0 2.5 0.0 21.3 -0.3 -0.8 0.0 14.4 0.0 0.0
Australia 0.6 0.0 0.0 0.0 0.2 0.0 -0.3 0.0 0.0 0.0 0.2 0.0 0.0
Eastern®Russia 0.0 0.0 0.0 0.0 0.2 0.0 -0.2 0.0 0.0 0.0 0.3 0.0 0.0
Egypt 0.1 1.5 0.0 0.7 -0.4 0.6 -0.8 1.0 0.6 0.0 -0.3 0.0 0.0
Hammerfest,INorway -13.2] -11.8( -12.4| -12.6 57.3| -12.8 75.01 -12.3] -12.8 0.0 68.4 0.0 0.0
Malay@rchipelago 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Arabian@eninsula 0.3 1.7 1.1 0.9 -0.2 0.7 -0.7 1.2 0.7 0.5 -0.2 0.2 0.0
Peru 0.0 0.0 0.0 0.0 0.0 0.3 -1.1 0.7 0.0 0.0 0.0 -0.3 0.0
Trinidad -0.6 0.8 0.2 0.0 -1.0 -0.1 -1.5 0.4 -0.1 -0.3 -1.0 -0.6 0.0
West@frica 0.1 0.0 1.0 0.8 -0.3 0.6 -0.8 1.1 0.6 0.0 -0.3 0.1 0.0
NI

Alaska 0.0 0.0 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 0.0
Algeria -1.3 0.0 0.0 0.0 2.5 0.0 21.3 -0.3 -0.8 0.0 14.4 0.0 0.0
Australia 0.6 0.0 0.0 0.0 0.2 0.0 -0.3 0.0 0.0 0.0 0.2 0.0 0.0
Eastern®Russia 0.0 0.0 0.0 0.0 0.2 0.0 -0.2 0.0 0.0 0.0 0.3 0.0 0.0
Egypt 0.1 1.5 0.0 0.7 -0.4 0.6 -0.8 1.0 0.6 0.0 -0.3 0.0 0.0
Hammerfest,Norway -13.2] -11.8( -12.4| -12.6 57.3| -12.8 75.01 -12.3| -12.8 0.0 68.4 0.0 0.0
Malay@rchipelago 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Arabian@eninsula 0.3 1.7 1.1 0.9 -0.2 0.7 -0.7 1.2 0.7 0.5 -0.2 0.2 0.0
Peru 0.0 0.0 0.0 0.0 0.0 0.3 -1.1 0.7 0.0 0.0 0.0 -0.3 0.0
Trinidad -0.6 0.8 0.2 0.0 -1.0 -0.1 -1.5 0.4 -0.1 -0.3 -1.0 -0.6 0.0
West@frica 0.1 0.0 1.0 0.8 -0.3 0.6 -0.8 1.1 0.6 0.0 -0.3 0.1 0.0
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Appendix 15: Percent Changes Traded Quantities (Aggregated)
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LN < < Q Q @ 0 0 o s S S 3 ? @ N
GulfdfiMexico -0.3 0.6 0.9 1.0 0.1 0.3 -0.8 0.1 -1.3 -0.5 0.9 0.0 0.7 -0.6 -0.3 0.1
Australia 0.6 0.0 0.0 2.0 0.0 0.0 0.1 0.0 0.4 0.0 0.0 0.0 0.0 0.3 0.7 0.0
Arabian®eninsula 0.1 1.0 13 15 0.5 0.7 -0.4 0.0 -0.9 -0.1 13 0.0 0.0 -0.2 0.1 0.5
Northwest@merica 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 -0.3 0.0 0.0 0.2 0.0 0.0 0.0 0.0
Malay@rchipelago 0.0 0.0 0.0 1.8 0.0 0.0 0.1 0.0 0.6 0.3 0.0 -0.1 0.0 0.1 0.5 0.0
West@frica 0.0 0.0 1.2 1.3 0.4 0.6 -0.6 0.4 -1.1 -0.2 1.2 0.0 0.0 -0.4 0.0 0.3
Northeast@®merica 0.0 -0.5 -0.3 0.1 -1.0 -0.8 -1.1 -1.0 5.8 0.0 -0.2 0.0 -0.4 6.0 -1.4 -1.1
Russia&ara 0.0 -3.5 -3.2 -3.0 0.0 -3.8] 202 0.0 313 0.0 3.2 0.0 0.0] 283 -4.3 -4.0
Russia®ast -0.2 0.7 18.9 1.2 0.0 0.4 -0.7 0.0 -1.2 0.0 1.0 0.0 0.0 -0.5 -0.1 15.0
Algeria -0.7 0.0 0.4 0.6 0.0 0.0 -1.3 0.0 -1.8 0.0 0.4 0.0 0.0 -1.1 -0.7 -0.4
East@frica 0.2 1.0 13 1.5 0.6 0.7 0.4 0.0 -0.9 -0.1 13 0.0 0.0 -0.2 0.2 0.5
East@Mediteranean 0.0 0.9 11 13 0.0 0.6 -0.6 0.4 -1.1 0.0 1.2 0.0 0.0 -04 0.0 0.3
Caribean -0.4 0.4 0.7 0.0 0.0 0.2 -1.0 0.0 -1.5 -0.6 0.7 0.0 0.0 -0.8 -0.4 -0.1
Norway,FHammerfest 3.1 -2.3 -2.0 -1.8 -2.7 250 123 0.0 239 0.0 -2.0 0.0 0.0] 209 -3.1 -2.8
Peru 0.0 0.0 0.0 0.7 0.0 0.0 0.0 -0.2 -1.7 -0.9 0.5 0.0 0.0 0.0 0.0 0.0
HN

GulffiMexico -1.0 2.4 3.2 -0.8 0.6 1.2 -3.2 0.5 -4.5 -1.9 2.8 0.0 33 -2.2 -0.9 0.0
Australia 2.3 0.0 0.0 2.5 0.0 0.0 0.1 0.0 -1.1 0.0 0.0 0.0 0.0 11 24 0.0
Arabian®eninsula 0.5 3.9 4.6 0.7 2.1 2.6 -1.8 0.0 -3.0] -04 43 0.0 0.0 -0.8 0.6 1.5
Northwest@merica 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 -0.8 0.0 0.0 0.5 0.0 0.0 0.0 0.0
Malay@rchipelago 0.0 0.0 0.0 2.0 0.0 0.0 -0.5 0.0 -1.7 0.9 0.0 -04 0.0 0.5 1.9 0.0
West@frica 0.3 0.0 4.4 0.5 1.9 2.5 -2.0 1.8 -3.2 -0.6 4.1 0.0 0.0 -1.0 0.4 1.3
Northeast®merica 0.0 -2.9 2.1 -6.1 -4.7 4.1 231 48| 317 0.0 -2.5 0.0 -2.0( 347 -6.2 -5.3
RussiaXara 0.0 -12.3| -115 8.7 0.0 -13.5 62.7 0.0 79.2 0.0 -11.8 0.0 0.0 759( -15.6( -14.6
RussiaEast -1.3 21| 728 -1.1 0.0 0.9 -3.5 0.0 -4.8 00| 279 0.0 0.0 -2.5 -1.2|  65.0
Algeria 3.1 0.0 11 -2.9 0.0 0.0 2.6 0.0 2338 0.0 0.7 0.0 0.0] 201 -3.0 2.1
East@frica 0.6 4.0 4.8 0.8 2.2 2.8 -1.6 0.0 -2.8 -0.3 4.5 0.0 0.0 -0.6 0.7 1.7
East@Mediteranean 0.0 3.4 4.2 0.2 0.0 2.2 -2.2 15 -3.4 0.0 3.9 0.0 0.0 -1.2 0.1 1.1
Caribean -1.6 1.8 2.6 0.0 0.0 0.6 -3.8 -0.1 -5.1 -2.5 2.2 0.0 0.0 -2.8 -1.5 -0.6
Norway,BHammerfest | -12.3 -8.9 -8.1 6.9 -10.7 -10.1 51.3 0.0 68.5 0.0 -8.5 0.0 0.0 65.2 -12.2( -11.2
Peru 0.0 0.0 0.0 -0.7 0.0 0.0 0.0 0.6 44| -1.8 2.9 0.0 0.0 0.0 0.0 0.0
NI

GulffiMexico -1.2 29 3.6 -0.3 0.9 1.4 -3.8 0.7 -53 -2.2 3.2 0.0 4.5 -2.6 -1.0 -0.3
Australia 2.7 0.0 0.0 3.6 0.0 0.0 0.1 0.0 -1.4 0.0 0.0 0.0 0.0 13 2.9 0.0
Arabian®eninsula 0.6 4.7 5.4 1.4 2.6 3.2 2.1 0.0 -3.6 -0.5 5.0 0.0 0.0 -0.9 0.7 1.4
Northwest@merica 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 -1.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0
MalayBrchipelago 0.0 0.0 0.0 3.0 0.0 0.0 -0.5 0.0 2.1 1.1 0.0 -0.4 0.0 0.6 2.2 0.0
West@frica 0.3 0.0 5.1 1.2 24 2.9 -2.3 2.2 -3.8 -0.7 4.7 0.0 0.0 -1.1 0.5 1.2
NortheastBmerica 0.0 -4.4 -3.7 -7.6 -6.4 -5.9 29.7 -6.6 45.5 0.0 -4.1 0.0 -2.8 473 -8.4 -7.6
Russiafara 0.0 -13.5| -12.8 9.5 0.0 -15.0f 70.9 0.0|] 888 0.0| -13.2 0.0 0.0| 849| -175| -16.7
RussiaEast -1.8 23| 822 -1.0 0.0 0.8 -4.5 0.0 -6.0 00| 349 0.0 0.0 -3.3 -1.7]  88.0
Algeria -3.6 0.0 1.2 -2.7 0.0 0.0 3.7 0.0 263 0.0 0.8 0.0 0.0| 222 34 -2.7
East@\frica 0.7 4.8 5.5 1.6 2.8 3.4 -1.9 0.0 34| -03 5.2 0.0 0.0 -0.7 0.9 1.6
EastMediteranean 0.1 4.2 4.9 0.9 0.0 2.7 -2.6 1.9 -4.1 0.0 4.5 0.0 0.0 -1.4 0.2 0.9
Caribean -1.9 2.2 2.9 0.0 0.1 0.7 -4.6 -0.1 -6.1 -3.0 25 0.0 0.0 -34 -1.8 -1.1
Norway,lHammerfest | -14.0 -9.8 -9.1 82| -119| -113| 58.1 00| 76.6 0.0 -9.5 0.0 0.0| 72.7| -13.8] -13.1
Peru 0.0 0.0 0.0 -0.3 0.0 0.0 0.0 0.6 54| -23 3.2 0.0 0.0 0.0 0.0 0.0
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Appendix 16: Weighted Tariffs on Navigable Days (Climatological)

o Lg o‘:g;
s g 5 s £ g
g £ g & & g g H

& I g &l 19 5 2 S ° g

3 g < S & < 2 & g s § 8

g $ 5 2 s 5 g g g 3 5 5 &
initial barriers < < o S S 6] ° S = =z S S S
Alaska 111 1.10 1.10 1.08 1.06 1.10 1.04 1.16 1.20 1.26 1.05 1.08 1.03
Algeria 1.08 1.07 1.05 1.10 1.13 1.07 1.13 1.01 1.03 1.10 1.13 111 1.10
Australia 1.05 1.10 1.10 1.10 1.04 1.19 1.04 1.13 1.20 1.39 1.04 1.03 1.10
Eastern Russia 1.07 1.13 1.14 111 1.02 1.16 1.01 1.15 1.23 1.35 1.01 1.04 1.07
Egypt 1.06 1.08 1.06 111 111 1.09 111 1.02 1.05 1.14 111 1.10 111
Hammerfest, Norway 111 1.09 1.07 111 1.16 1.08 1.17 1.05 1.03 111 1.17 1.15 1.10
Malay Archipelago 1.05 1.11 1.11 1.11 1.02 1.19 1.03 1.13 1.19 1.39 1.03 1.02 1.09
Arabian Peninsula 1.01 1.09 1.09 111 1.06 1.16 1.07 1.08 1.13 1.29 1.07 1.05 1.13
Peru 1.14 1.05 1.07 1.01 1.12 1.06 111 111 1.13 1.16 111 1.14 1.04
Trinidad 1.13 1.05 1.03 1.06 1.14 1.03 1.13 1.06 1.07 1.07 1.13 1.15 1.05
West Africa 1.09 1.05 1.04 1.08 1.12 1.09 1.13 1.06 1.08 1.15 1.13 1.11 1.10
Low Navigability
Alaska 111 1.10 1.10 1.08 1.06 1.10 1.04 1.16 1.19 1.26 1.05 1.08 1.03
Algeria 1.08 1.07 1.05 1.10 1.13 1.07 1.13 1.01 1.03 1.10 1.13 111 1.10
Australia 1.05 1.10 1.10 1.10 1.04 1.19 1.04 1.13 1.20 1.39 1.04 1.03 1.10
Eastern Russia 1.07 1.13 1.14 111 1.02 1.16 1.01 1.15 1.20 1.35 1.01 1.04 1.07
Egypt 1.06 1.08 1.06 111 111 1.09 111 1.02 1.05 1.14 111 1.10 111
Hammerfest, Norway 1.11 1.09 1.07 1.11 1.14 1.08 1.14 1.05 1.03 1.11 1.14 1.15 1.10
Malay Archipelago 1.05 111 111 111 1.02 1.19 1.03 1.13 1.19 1.39 1.03 1.02 1.09
Arabian Peninsula 1.01 1.09 1.09 111 1.06 1.16 1.07 1.08 1.13 1.29 1.07 1.05 1.13
Peru 1.14 1.05 1.07 1.01 1.12 1.06 111 111 1.13 1.16 111 1.14 1.04
Trinidad 1.13 1.05 1.03 1.06 1.14 1.03 1.13 1.06 1.07 1.07 1.13 1.15 1.05
West Africa 1.09 1.05 1.04 1.08 1.12 1.09 1.13 1.06 1.08 1.15 1.13 1.11 1.10
Most Likely
Alaska 111 1.10 1.10 1.08 1.06 1.10 1.04 1.15 1.17 1.26 1.05 1.08 1.03
Algeria 1.08 1.07 1.05 1.10 1.13 1.07 1.13 1.01 1.03 1.10 1.13 111 1.10
Australia 1.05 1.10 1.10 1.10 1.04 1.19 1.04 1.13 1.20 1.39 1.04 1.03 1.10
Eastern Russia 1.07 1.13 1.14 111 1.02 1.16 1.01 1.15 1.17 1.35 1.01 1.04 1.07
Egypt 1.06 1.08 1.06 1.11 1.11 1.09 1.11 1.02 1.05 1.14 1.11 1.10 1.11
Hammerfest, Norway 111 1.09 1.07 111 1.13 1.08 111 1.05 1.03 111 111 1.14 1.10
Malay Archipelago 1.05 111 111 111 1.02 1.19 1.03 1.13 1.19 1.39 1.03 1.02 1.09
Arabian Peninsula 1.01 1.09 1.09 111 1.06 1.16 1.07 1.08 1.13 1.29 1.07 1.05 1.13
Peru 1.14 1.05 1.07 1.01 1.12 1.06 1.11 1.11 1.13 1.16 1.11 1.14 1.04
Trinidad 1.13 1.05 1.03 1.06 1.14 1.03 1.13 1.06 1.07 1.07 1.13 1.15 1.05
West Africa 1.09 1.05 1.04 1.08 1.12 1.09 1.13 1.06 1.08 1.15 1.13 1.11 1.10
High Navigabilithy
Alaska 111 1.10 1.10 1.08 1.06 1.10 1.04 111 1.13 1.26 1.05 1.08 1.03
Algeria 1.08 1.07 1.05 1.10 1.12 1.07 1.10 1.01 1.03 1.10 1.10 111 1.10
Australia 1.05 1.10 1.10 1.10 1.04 1.19 1.04 1.13 1.20 1.39 1.04 1.03 1.10
Eastern Russia 1.07 1.13 1.11 1.11 1.02 1.16 1.01 1.11 1.13 131 1.01 1.04 1.07
Egypt 1.06 1.08 1.06 111 111 1.09 111 1.02 1.05 1.14 111 1.10 111
Hammerfest, Norway 111 1.09 1.07 111 1.09 1.08 1.07 1.05 1.03 111 1.08 1.10 1.10
Malay Archipelago 1.05 111 111 111 1.02 1.19 1.03 1.13 1.19 1.39 1.03 1.02 1.09
Arabian Peninsula 1.01 1.09 1.09 1.11 1.06 1.16 1.07 1.08 1.13 1.29 1.07 1.05 1.13
Peru 1.14 1.05 1.07 1.01 1.12 1.06 111 111 1.13 1.16 111 1.14 1.04
Trinidad 1.13 1.05 1.03 1.06 1.14 1.03 1.13 1.06 1.07 1.07 1.13 1.15 1.05
West Africa 1.09 1.05 1.04 1.08 1.12 1.09 1.13 1.06 1.08 1.15 1.13 1.11 1.10
Noflce
Alaska 111 1.10 1.10 1.08 1.06 1.10 1.04 1.09 1.06 1.07 1.05 1.08 1.03
Algeria 1.08 1.07 1.05 1.10 1.12 1.07 111 1.01 1.03 1.10 111 111 1.10
Australia 1.05 1.10 1.10 1.10 1.04 1.19 1.04 1.13 1.20 1.39 1.04 1.03 1.10
Eastern Russia 1.07 1.13 1.14 111 1.02 1.16 1.01 1.10 1.07 1.08 1.01 1.04 1.07
Egypt 1.06 1.08 1.06 111 111 1.09 111 1.02 1.05 1.14 111 1.10 111
Hammerfest, Norway 111 1.09 1.07 111 1.08 1.08 1.07 1.05 1.03 111 1.07 1.10 1.10
Malay Archipelago 1.05 1.11 1.11 1.11 1.02 1.19 1.03 1.13 1.11 1.11 1.03 1.02 1.09
Arabian Peninsula 1.01 1.09 1.09 111 1.06 1.16 1.07 1.08 1.13 1.29 1.07 1.05 1.13
Peru 1.14 1.05 1.07 1.01 1.12 1.06 111 1.11 1.13 1.16 111 1.14 1.04
Trinidad 1.13 1.05 1.03 1.06 1.14 1.03 1.13 1.06 1.07 1.07 1.13 1.15 1.05
West Africa 1.09 1.05 1.04 1.08 1.12 1.09 1.13 1.06 1.08 1.15 1.13 1.11 1.10
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Appendix 17: Weighted Tariffs on Navigable Days (Aggregated)
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GulffMexico 1.138| 1.076| 1.074| 1.153| 1.052| 1.061| 1.144| 1.006| 1.134| 1.168| 1.078| 1.051| 1.062| 1.128| 1.124| 1.086
Australia 1.051 1.104 1.143 1.058 1.102 1.101 1.036 1.186 1.044 1.030 1.128 1.097 1.394 1.043 1.071 1.198
Arabian@Peninsula 1.008| 1.095| 1.109| 1.027| 1.091| 1.110| 1.061| 1.163| 1.071| 1.049| 1.080| 1.132| 1.286| 1.068| 1.036| 1.134
NorthwestBAmerica 1.123 1.109 1.152 1.108 1.094 1.071 1.074 1.089 1.060 1.092 1.144 1.027 1.000 1.068 1.147 1.178
Malay@rchipelago 1.049 1.110 1.153 1.048 1.107 1.110 1.022 1.190 1.030 1.022 1.126 1.090 1.388 1.029 1.063 1.194
West@#Africa 1.089 1.054 1.067 1.015 1.036 1.080 1.121 1.088 1.128 1.109 1.058 1.104 1.154 1.126 1.057 1.077
Northeast@merica 1.116| 1.071| 1.049| 1.131| 1.047| 1.068| 1.138| 1.026| 1.141| 1.149| 1.055| 1.059| 1.023| 1.150| 1.113| 1.054
Russia@ara 1.114 1.098 1.032 1.135 1.074 1.116 1.173 1.092 1.178 1.160 1.144 1.042 1.133 1.176 1.131 1.040
Russia@East 1.073 1.128 1.179 1.057 1.136 1.113 1.016 1.160 1.008 1.039 1.152 1.066 1.346 1.009 1.093 1.229
Algeria 1.078 1.068 1.033 1.090 1.047 1.097 1.126 1.072 1.133 1.113 1.010 1.096 1.101 1.130 1.090 1.029
East@frica 1.032 1.071 1.117 1.039 1.067 1.086 1.068 1.130 1.081 1.060 1.081 1.126 1.274 1.070 1.013 1.146
EastiMediteranean 1.061 1.084 1.050 1.073 1.061 1.113 1.109 1.093 1.113 1.096 1.019 1.112 1.142 1.114 1.072 1.052
Caribean 1.125 1.052 1.064 1.127 1.028 1.058 1.143 1.015 1.127 1.146 1.058 1.055 1.065 1.132 1.096 1.071
Norway,MHammerfest 1.114 1.089 1.022 1.129 1.066 1.107 1.163 1.080 1.169 1.151 1.045 1.104 1.110 1.166 1.121 1.028
Peru 1.135 1.045 1.104 1.140 1.065 1.014 1.124 1.062 1.109 1.139 1.108 1.038 1.156 1.113 1.108 1.135
Low@Navigability®
GulffiMexico 1.138 1.076 1.074 1.153 1.052 1.061 1.144 1.006 1.134 1.168 1.078 1.051 1.062 1.128 1.124 1.086
Australia 1.051 1.104 1.143 1.058 1.102 1.101 1.036 1.186 1.044 1.030 1.128 1.097 1.394 1.043 1.071 1.198
Arabian@eninsula 1.008 1.095 1.109 1.027 1.091 1.110 1.061 1.163 1.071 1.049 1.080 1.132 1.286 1.068 1.036 1.134
Northwest@merica 1.123| 1.109| 1.145| 1.108| 1.094| 1.071| 1.074| 1.089| 1.060| 1.092| 1.144| 1.027| 1.000| 1.068| 1.147| 1.178
Malay@Archipelago 1.049 1.110 1.153 1.048 1.107 1.110 1.022 1.190 1.030 1.022 1.126 1.090 1.388 1.029 1.063 1.194
West@frica 1.089| 1.054| 1.067| 1.015| 1.036| 1.080| 1.121| 1.088| 1.128| 1.109| 1.058| 1.104| 1.154| 1.126| 1.057| 1.077
Northeast@merica 1.116 1.071 1.049 1.131 1.047 1.068 1.137 1.026 1.132 1.149 1.055 1.059 1.023 1.141 1.113 1.054
RussialKara 1.114| 1.098| 1.032| 1.135| 1.074| 1.116| 1.144| 1.092| 1.135| 1.150| 1.144| 1.042| 1.133| 1.137| 1.131| 1.040
RussiaEast 1.073 1.128 1.158 1.057 1.136 1.113 1.016 1.160 1.008 1.039 1.152 1.066 1.346 1.009 1.093 1.211
Algeria 1.078 1.068 1.033 1.090 1.047 1.097 1.126 1.072 1.133 1.113 1.010 1.096 1.101 1.130 1.090 1.029
East@#frica 1.032 1.071 1.117 1.039 1.067 1.086 1.068 1.130 1.081 1.060 1.081 1.126 1.274 1.070 1.013 1.146
East@Vlediteranean 1.061| 1.084| 1.050| 1.073| 1.061| 1.113| 1.109| 1.093| 1.113| 1.096| 1.019| 1.112| 1.142| 1.114| 1.072| 1.052
Caribean 1.125 1.052 1.064 1.127 1.028 1.058 1.143 1.015 1.127 1.146 1.058 1.055 1.065 1.132 1.096 1.071
Norway,Hammerfest 1.114| 1.089| 1.022| 1.129| 1.066| 1.107| 1.145| 1.080| 1.136| 0.603| 1.045| 1.104| 1.110| 1.138| 1.121| 1.028
Peru 1.135 1.045 1.104 1.140 1.065 1.014 1.124 1.062 1.109 1.139 1.108 1.038 1.156 1.113 1.108 1.135
MostAikelyR
GulffiMexico 1.138 1.076 1.074 1.153 1.052 1.061 1.144 1.006 1.134 1.168 1.078 1.051 1.062 1.128 1.124 1.086
Australia 1.051 1.104 1.143 1.058 1.102 1.101 1.036 1.186 1.044 1.030 1.128 1.097 1.394 1.043 1.071 1.198
Arabian@Peninsula 1.008 1.095 1.109 1.027 1.091 1.110 1.061 1.163 1.071 1.049 1.080 1.132 1.286 1.068 1.036 1.134
Northwest@BAmerica 1.123 1.109 1.136 1.108 1.094 1.071 1.074 1.089 1.060 1.092 1.144 1.027 1.000 1.068 1.147 1.178
Malay@rchipelago 1.049 1.110 1.153 1.048 1.107 1.110 1.022 1.190 1.030 1.022 1.126 1.090 1.388 1.029 1.063 1.194
West@Africa 1.089 1.054 1.067 1.015 1.036 1.080 1.121 1.088 1.128 1.109 1.058 1.104 1.154 1.126 1.057 1.077
Northeast@®merica 1.116| 1.071| 1.049| 1.131| 1.047| 1.068| 1.137| 1.026| 1.124| 1.149| 1.055| 1.059| 1.023| 1.134| 1.113| 1.054
Russia@ara 1.114 1.098 1.032 1.135 1.074 1.116 1.116 1.092 1.096 1.139 1.144 1.042 1.133 1.101 1.131 1.040
RussiaEast 1.073 1.128 1.137 1.057 1.136 1.113 1.016 1.160 1.008 1.039 1.152 1.066 1.346 1.009 1.093 1.191
Algeria 1.078 1.068 1.033 1.090 1.047 1.097 1.126 1.072 1.133 1.113 1.010 1.096 1.101 1.130 1.090 1.029
East@frica 1.032| 1.071| 1.117| 1.039| 1.067| 1.086| 1.068| 1.130| 1.081| 1.060| 1.081| 1.126| 1.274| 1.070| 1.013| 1.146
EastiMediteranean 1.061 1.084 1.050 1.073 1.061 1.113 1.109 1.093 1.113 1.096 1.019 1.112 1.142 1.114 1.072 1.052
Caribean 1.125| 1.052| 1.064| 1.127| 1.028| 1.058| 1.143| 1.015| 1.127| 1.146| 1.058| 1.055| 1.065| 1.132| 1.096| 1.071
Norway,lHammerfest 1.114 1.089 1.022 1.129 1.066 1.107 1.126 1.080 1.106 1.144 1.045 1.104 1.110 1.111 1.121 1.028
Peru 1.135| 1.045| 1.104| 1.140| 1.065| 1.014| 1.124| 1.062| 1.109| 1.139| 1.108| 1.038| 1.156| 1.113| 1.108| 1.135
HighiNavigability
GulffiMexico 1.138[ 1.076] 1.074| 1.153] 1.052| 1.061| 1.144| 1.006| 1.134| 1.168] 1.078] 1.051| 1.062| 1.128] 1.124| 1.086
Australia 1.051 1.104 1.143 1.058 1.102 1.101 1.036 1.186 1.044 1.030 1.128 1.097 1.394 1.043 1.071 1.198
Arabian@®eninsula 1.008 1.095 1.109 1.027 1.091 1.110 1.061 1.163 1.071 1.049 1.080 1.132 1.286 1.068 1.036 1.134
NorthwestBAmerica 1.123 1.109 1.097 1.108 1.094 1.071 1.074 1.089 1.060 1.092 1.123 1.027 1.000 1.068 1.147 1.143
Malay@rchipelago 1.049 1.110 1.153 1.048 1.107 1.110 1.022 1.190 1.030 1.022 1.126 1.090 1.388 1.029 1.063 1.194
West@#frica 1.089 1.054 1.067 1.015 1.036 1.080 1.121 1.088 1.128 1.109 1.058 1.104 1.154 1.126 1.057 1.077
Northeast@America 1.116 1.071 1.049 1.131 1.047 1.068 1.103 1.026 1.094 1.100 1.055 1.059 1.023 1.102 1.113 1.054
Russia@ara 1.082 1.098 1.032 1.108 1.074 1.116 1.080 1.092 1.064 1.097 1.144 1.042 1.133 1.068 1.131 1.040
Russia@ast 1.073 1.128 1.097 1.057 1.136 1.113 1.016 1.157 1.008 1.039 1.123 1.066 1.346 1.009 1.093 1.149
Algeria 1.078 1.068 1.033 1.090 1.047 1.097 1.117 1.072 1.099 1.113 1.010 1.096 1.101 1.103 1.090 1.029
East@Africa 1.032 1.071 1.117 1.039 1.067 1.086 1.068 1.130 1.081 1.060 1.081 1.126 1.274 1.070 1.013 1.146
East@Mediteranean 1.061| 1.084| 1.050| 1.073| 1.061| 1.113| 1.109| 1.093| 1.113| 1.096| 1.019| 1.112| 1.142| 1.114| 1.072| 1.052
Caribean 1.125 1.052 1.064 1.127 1.028 1.058 1.143 1.015 1.127 1.146 1.058 1.055 1.065 1.132 1.096 1.071
Norway,Hammerfest 1.114| 1.089| 1.022| 1.108| 1.066| 1.107| 1.088| 1.080| 1.071| 1.101| 1.045| 1.104| 1.110| 1.075| 1.121| 1.028
Peru 1.135 1.045 1.104 1.140 1.065 1.014 1.124 1.062 1.109 1.139 1.108 1.038 1.156 1.113 1.108 1.135
Nodcel
GulffiMexico 1.138 1.076 1.074 1.153 1.052 1.061 1.144 1.006 1.134 1.168 1.078 1.051 1.062 1.128 1.124 1.086
Australia 1.051| 1.104| 1.143| 1.058| 1.102| 1.101| 1.036| 1.186| 1.044| 1.030| 1.128| 1.097| 1.394| 1.043| 1.071| 1.198
Arabian@Peninsula 1.008 1.095 1.109 1.027 1.091 1.110 1.061 1.163 1.071 1.049 1.080 1.132 1.286 1.068 1.036 1.134
Northwest@®merica 1.123| 1.109| 1.086| 1.108| 1.094| 1.071| 1.074| 1.089| 1.060| 1.092| 1.115| 1.027| 1.000| 1.068| 1.147| 1.113
Malay@rchipelago 1.049 1.110 1.153 1.048 1.107 1.110 1.022 1.190 1.030 1.022 1.126 1.090 1.308 1.029 1.063 1.194
West@frica 1.089| 1.054| 1.067| 1.015| 1.036| 1.080| 1.121| 1.088| 1.128| 1.109| 1.058| 1.104| 1.154| 1.126| 1.057| 1.077
Northeast@merica 1.116 1.071 1.049 1.131 1.047 1.068 1.092 1.026 1.075 1.110 1.055 1.059 1.023 1.085 1.113 1.054
Russia@ara 1.073 1.098 1.032 1.106 1.074 1.116 1.068 1.092 1.050 1.090 1.144 1.042 1.133 1.055 1.131 1.040
Russiafast 1.073 1.128 1.086 1.057 1.126 1.113 1.016 1.121 1.008 1.039 1.115 1.066 1.236 1.009 1.093 1.120
Algeria 1.078 1.068 1.033 1.090 1.047 1.097 1.115 1.072 1.094 1.113 1.010 1.096 1.101 1.100 1.090 1.029
East@frica 1.032 1.071 1.117 1.039 1.067 1.086 1.068 1.130 1.081 1.060 1.081 1.126 1.274 1.070 1.013 1.146
EastiMediteranean 1.061 1.084 1.050 1.073 1.061 1.113 1.109 1.093 1.113 1.096 1.019 1.112 1.142 1.114 1.072 1.052
Caribean 1.125 1.052 1.064 1.127 1.028 1.058 1.143 1.015 1.127 1.146 1.058 1.055 1.065 1.132 1.096 1.071
Norway,BHammerfest 1.114 1.089 1.022 1.105 1.066 1.107 1.077 1.080 1.060 1.094 1.045 1.104 1.110 1.065 1.121 1.028
Peru 1.135 1.045 1.104 1.140 1.065 1.014 1.124 1.062 1.109 1.139 1.108 1.038 1.156 1.113 1.108 1.135




Appendix 18: Average Sailing Distances in Nautical Miles (Climatological)

Origin Destination DIRECT |PANAMA HOPE HORN SUEZ NSR NWP
Alaska ArabianZea 9613
Argentina HHHHHHE 11222 | HHHHAHHA 9024
Brazil HEHHHHT 8324
Chile 7406
China/Taiwan 4750
GoM,Rarribean HHHHBH 5736
Japan 3849
Mediteranean HHHHAH 10831 8344 8589
WesternFEurope HUHHHE 10351 6484 7540
NortheastPAmerica HHHHRH 7674 8672 6826
SouthXorea 4175
Thailand 6664
Mexican@Vestcoast 2987
Algeria ArabianFea HHHHHE | HHHRHHHEH 10802 | #HHHAHH 4718 | HAHARE | HHHHHH
Argentina 6227
Brazil 4241
Chile HHHHHH 7744 | HHHHAHA 8778
China/Taiwan HHHHHH | HHAHHHEH 13347 | HHHHAHH 8585 10286 12900
GoM,arribean 4935
Japan HEHAHE | HHHHHHEH 14299 | HHHHHH 9537 8954 9478
Mediteranean 779
WesternFurope 1719
NortheastEAmerica 3534
SouthEorea HHEHHHT | HHHBHEHT 14074 | HHHHHH 9312 9404 12500
Thailand HHHHAT | HHHAHERT 12290 | #HHHHHA 7528 11500| 12600
Mexican@Vestcoast | #####HH 7479
Australia ArabianBea 4370
Argentina HHHHAH | HHHAHHRT 9439 9677
Brazil HHHHHE | HHHHHART 9285 11522 12155 | ##HH#AH | HHHAHHHA
Chile 9152
China/Taiwan 3011
GoM,Xarribean HHHHHHE 12032 12708 | #H#HAHH 13296 | #HHAHHE | HHAHAH
Japan 3777
Mediteranean HHHHHHE | HHARHHEBH 11728 | #HHHHAHH 7982 | #HHHHHA | HHAHAH
WesternEFurope HHHHHE | HHARHHHBH 11767 | #HH#HAHHE 9608 | #HAHHAHH | HHHHHHA
NortheastEBAmerica 11505 | #H##HHHAH | HHAHHHA
South®orea 3721
Thailand 2500
Mexican@Vestcoast 8795
EasternRussia Arabian@ea 6190
Argentina HHEHHHT | HHHBHEHT 12704 11643
Brazil HHHHAH 12060 | 12382 | #HHHHH | HHHAHH 10991 11531
Chile 10252
China/Taiwan 1356
GoM,arribean HHHHBH 9643
Japan 694
Mediteranean 9818 8545 9417
WesternFEurope 11444 6685 9012
NortheastEBAmerica HHHHHH 10672 8873 8290
SouthXorea 752
Thailand 3241
Mexican@Vestcoast 5984
Egypt ArabianFea HHHHHHR | HHHHHHHBH 12205 | #HH#HHAHH 3294 | #HHHHE | HHAHAH
Argentina 7664
Brazil 5531
Chile HEHHHT 9181 | HHHHHH 10215
China/Taiwan HHEHAHT | HHHHHEHT 14785 | #HHHHHH 7166 | HAHHAH | HHAHHHA
GoM,Rarribean 6372 10500 8314
Japan HHEHHHT | HHHBHEHT 9736 | #HHAHHHAH 8117 | #HHHHHE | HHHHHAH
Mediteranean 1452
WesternEurope 3074
NortheastEPAmerica 4971
SouthEorea HHHHAT | HHHAHHRT 15531 | #H#HHHHHA 7912 | HHHHAH | HHHAHHHA
Thailand HHHHHE | HHHHHART 13727 | HHHHHH 6108 | #H#HHHHAH | HHHAHHHA
Mexican@NVestcoast | ###H#H#HH 8916
Hammerfest,@ANo| Arabian®ea HHEHHHH | HHAHBHEH 12738 | HHHHHH 7810 11300 | #H#H#HHH
Argentina 8133
Brazil 5974
Chile HHHHHE 8474 | HHHHAHHA 10688
China/Taiwan 11681 7159 10348
GoM,arribean 5488
Japan 12633 | 5827.0 9419
Mediteranean 3528
Western@Furope 1668
NortheastEFAmerica 3856
SouthXorea 12408 6277 9744
Thailand 10624 8500 | #H#HHHHH
Mexican@Vestcoast | ####H#HH 8209
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Malay@rchipelag Arabian@ea 4143
Argentina HitHHH | HE##ER]E | 10044 | 10408
Brazil HHHHHT | HHHHAHER O722 | HHHHHH 11854 | HH#HHHE | HHHHAH
Chile 9883
China/Taiwan 1851
GoM,[arribean HiHHHHE 11665 | #i##itH | Hi##iH | 12560 | #i##iH | Hiu##in
Japan 2608 | #H#HHHHHHE | HHHHHH | HHHHHHE | HHHEHEH | HHHHEH | HHHHEH
Mediteranean HiHHH] | HEgHEREE | 12333 | ##HHHE 7771 | Hi#HiH | g
Westernfurope 9398 | 10232 | ##H#HH
NortheastBAmerica 11294 | 12420 10812
Southorea 2489
Thailand 1780
Mexican@Vestcoast 8112

Arabian@Peninsul Arabian®ea 703
Argentina HiHHHE | HERHHR]E 8637 | #i##i# | 10432 | Hi#HiH | Hi#HiH
Brazil HiHHHE | HHAHHHEH 8315 | #HitH#HH#H 8298 | Hit##H#H | HHHHHHA
Chile HiHHE | HE#HHR]E OO31 | #Hit#t#it#t | 11940 | Hi#HiH | Hi##iH
China/Taiwan S039 | #Hit#HHHHHE | HEHEHH | HHEHEH | | | R
GoM,[Earribean HiHHHE | HagdEREE | 11955 | ##4#HE 9140 | Hit#ith | Hut#in
Japan 6074 | HH#HHHAHT | HAHHHT | HAHAHT | HAHAHT | #AHAHT | HHAHTH
Mediteranean HHHHHT | HHHHAHEHR 10925 | #HHHHHA 4216 | #HHHHHE | HHHHHE
Western@Europe HitHHH | HERHEREE | 10964 | #H##H#HE 5842 | #i#it## | HiHHHH
NortheastBAmerica HHHARAH | HHHHHHHHE 11791 | #H#H#HHH 7738 | #####HH | HEH#HA#HH
South®orea 5850
Thailand 4065
Mexican@Vestcoast 11944

Peru Arabian®ea HHAHHH | HHAHEHAH | #A#HE# | 11529 11372 | #HA#HHAH | HEHHHE
Argentina HiHHHH] 7511 | ###iH# 4101
Brazil HitHHHHE 5352 | ###iH#H S5O47 | #i#itH#H | HAHHAH | HAEHHHH
Chile 1256
China/Taiwan 10285 | ##HHHHHH | HitHHHH | HHEHEE | R | BHEE | R
GoM,Xarribean HHHHHHT 2934 | #####H# | 10018
Japan 9362
Mediteranean HHHHAAHE 7071 | ###### | 10402
Westernurope HHHAHRT 6605 | #####H# | 10439
Northeast@B\merica HHHHHE 3963 | #HHHHH | 10224 | HHHH#HH
Southorea 9749
Thailand 11568 | #iH#t#iH | HHHHEH | HHHHHE | #HEHE] | BHEHEH | HEHHT
Mexican@Vestcoast 3440

Trinidad Arabian®ea HiHHHE | HERHHAHE | 10670 | #H#HAHH 8771 | Hit### | HHHHHH
Argentina 4699
Brazil 2540 | #HAH##HHHHE | HHHHEH | HHEHEH | BHEHEE | BHEHHE | HHH
Chile HHHHAH 4005 | #HHHHE 7267
China/Taiwan HHHHHHT 10679
GoM,Earribean 1715
Japan HiHHHH 9715
Mediteranean A501 | #i#HHHHE | HHHHHE | #HEHEH | BHEHEH | HEHH | #H 3
Westernurope 4179
Northeast@B\merica 2297 | ###HHHH | HHEHEH | HEHEHE | #HEHE] | BB |
SouthXorea HitHHHH 10102
Thailand HitHHHHE | HERHHAHE | 12191 | ####H## | 11585 | #H#HAHH | HHHAHH
Mexican@Westcoast | ##HH## 3740

West@Africa Arabian®ea HitHHHH | HERHHEHT 7612 | #HitH#H 8758 | #Hit##tHt# | Hit#H#HHH
Argentina 4945
Brazil 3256
Chile HiHHHHE 8432 | HtHHHH 7187 | HAHHHAH | HHHHHH | HHHHHH
China/Taiwan HiHHHE | HERHHA#E | 10071 | ###H#H#H | 12861 | #H#HHAHH | HHHAHH
GoM,Rarribean 6035
Japan HiHHHH | HERHEREE | 11018
Mediteranean 4504
WesternEurope 4542
NortheastBAmerica 5377
SouthXorea HitHA#HE | HAHBHEHT 10798
Thailand HHHRAAH | HHHHHHHHE 9062 | HHHHHH 11560 | #H###HH | HHHHAH
Mexican@Westcoast | #H#HH#H#H# 8167 | ####HHH# | 11363

100



Appendix 19

: Average Sailing Distances in Nautical Miles (Aggregated)
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Origin |Destination DIRECT PANAMA [HOPE HORN SUEZ NSR NWP

GulffMexico Arabian@ea HHHHHH | BT 12765 | #itHiHH# 9879 | #itHHH# | HHHHHEH
Argentina/Uruguay 6942
Baltic 5919
Bay®fBengal HuHHHHE] | HEHHHEH 13123 | #itHiHHEH] 11144 | He#H#HE | HHHBHER
Brazil A783 | HitHHHEE | HHBHHEE | HEHHHHHY | HHEHEE | BHHHHEE | #HEHEE
Chile Bt 4315 | #itHHHEH] O510 | #itHHHi | HHHHHEHT | HEHHHHH
China/Taiwan HiHHH 10767 | ##
GoM,Tarribean AQO | HHH#HHHH | HHHHEHE | BHEHHEHE | HHHHHE | SHHHE | BHH Y
Japan Bt 10269 | HH#HHHE | HHHHHEHE | HHHHHE | BHGHE | BT
MalayBArchipelago/SEA HitHHHHE# 12767 | ###HHHE | #HHHHHHH 12923 | #i##HHHEH | #HHHHEH]
Mediteranean/Ukraine 6080 | HHHHHHH | HHHHHHH | HHHHHHHHE | B | B | B
Mexican@Vestcoast HitHHHH# 3431 | HHHHHHH | HEHHHEE | | HHEHE | B
Northeast®America 2184 | HiHHHEH | BHEHHHE | HEHHHHE | HHHHRE | HERHHEE | #HERHHE
SouthXorea 11024
South/East@\frica BRI | B 9925 | #itH#HHH#H 10638 | #it#H##H#H#E | HEHHHHH
WesternEurope 5127

Australia Arabian@ea 4370 | #it#Hi | ##
Argentina/Uruguay HUHHHERH | HEHHHHH 9439 0677 | HiHiH#H | HEHHHHH | HHHHHHY
Baltic 114809 | HiHHHHH | HHHHHEE | BHBHEHE | BHEHHE | GHEHERE | SHHEHEE
Bay®fBengal Bt 3737 | HHHHHEE | HHHHHHH | B | GRS | #HEREE
Brazil HHHHHHEE | HEHHHHH 9285 11522 12155 | ###HHHE | #HHEHEE
Chile Q152 | HHHHHHH | HHRHHHE | BHEHHHHE | HHHHHE | HHEHHE | HHEHE
China/Taiwan 3011 | HHHHAHH | HHHHH | B | B | B |
GoM,Tarribean HiHHHHE# 12032 12708 | ####H#HHHE 13296 | ###HHHH | #HHHHEHE
Japan 3777 | HHHHRHH | HHHH | | B | B | B
Malay®@rchipelago/SEA 2500
Mediteranean/Ukraine HHHHHH | B 11728 | #itHHH##] 7982 | HitHHH#HIH | HEHHHHH
Mexican@Vestcoast 8795
NortheastBAmerica HHHHHHEE | HHHHHE | BHGHHEE | HHEHHEEE 11505 | ####HHH#E | #HHHHEE
South®Xorea 3721 | HHHHHHH | HHBHHHE | BHHHEHHE | HHEHEE | HEEEHEE | HHEHEHE
South/East@frica 5720 | HHEHEHE | HHHEHEHE | SHHEHEHEE | S | S |
WesternEurope HHHHHHHE | B 11767 | ###HHIHE 9608 | #itHiHi# | #HHHHEE

Arabian@®eninsula Arabian@®ea 703 | HiHHHEE | HHHHHH | HEHHHHE | HHEHEE | BT | #HEHE
Argentina/Uruguay HHHHHHHE | B 8637 | #itHHHH#H 10432 | ##HiHEH | #HHHHEE
Baltic HHHHEHHE | HEHHHH 11943 | ####HHHHE 6822 | HiH#H#HIH | HEHHHHH
Bay®fBengal 2267 | HHHHHHH | HHHHHE | B | HHEHHH | B | B
Brazil HHHHEHHE | HHHHHH 8315 | #HHHHHH#H 8298 | #itHHHH | HHHHHEH]
Chile BRI | B 9931 | #HHHHEHH 11949 | HiH#HHIH | #HHHHEH]
China/Taiwan 5039 | #it#HHIH | BHHHHHE | HHHHHTE | HHEHREE | HHEHHEE | RS
GoM,Tarribean HUHHHHEH] | HEHHHHH 11955 | #i###HH#HHE 9140 | #HH#HHH | HEHHHHH
Japan 6074 | HHHHHHH | HHBHHHT | BHHHEHHE | HHSHH | HHEHHEE | $HEHEHE
Malay@Archipelago/SEA AQGS | HiHHHER | HHHHHEE | HEHHHHE | HHHHEE | TR | #HEHE
Mediteranean/Ukraine HHHHHEE | HEHHHHE 10925 | ####HIHE 4216 | #itHHHEE | #HHEHEE
Mexican@Vestcoast 11944 | HEHHHHE | BHHHHEE | HHEHHHIE | BHEHHE | BHEHEHE | #HEREE
NortheastBAmerica HHHHHEE | HEHHHHH 11791 | ####HHEHE 7738 | HitH#HHH | HHHHHES
SouthXorea 5850 | HiHHHHIH | HHHHHHHE | HHEHHHHE | HHHHHH | HEGHHEH | BHEH S
South/East@frica 2838 | HHHHHHH | HHHHHHH | HHHHHHHHE | HHHEHE | B | B
WesternEurope HHHHEHHE | HEHHHE 10964 | ####HHIHE 5842 | HiH##HIH | HHHHHHE

Northwest@B\merica Arabian@ea 10506 | H##HHHH | HHHHHHE | B | S | B | #HE
Argentina/Uruguay HitHH 10252 | #itH#HH#E | HEHHHHHE 8054 | #it##HH# | HEHHHHH
Baltic HitHHHHHH 10960 | #it#H#HH#E | HEHHAHHE | HERHHHH 7588 9133
Bay®fBengal 9217
Brazil HuHH ] 7354 | HitH#HHE | HEHHHHE | HHEER | R | R
Chile 6436 | HiHHHHH | HHHHHE | B | HHEHR | R | fHHR
China/Taiwan 6207 | HHEHEHE | HHHEHEHE | S| S | S |
GoM,Tarribean Bt A766 | HHHHHEHE | HHHHHHH | HHHEHHE | BHEHREE | #HHREE
Japan 5130 | HH#HHHH | BHEHHER | HEHHHHEE | HHHHRHT | HERHERE | #HERHHH
Malay@Archipelago/SEA 7627 | HHHHHHH | HHRHHHE | B | HHHHHH | HHEHHE | BHEH
Mediteranean/Ukraine B 9936 | #itHHHEE | HHHHHHIE | HEHHHHH 9612 9805
Mexican@Vestcoast 2446 | HHHHEHIH | HEHHHH | B | HHEHHE | G | B
NortheastBAmerica 6506 | HHHHAHH | HHHHHHE | B | - 6210
South®orea 5839 | HitHHHHH | HHHHHHE | HUHHHHHE | HEHHRHH | HEGHHEE | HHERHHE
South/East@\frica 11827 | HiHHHHH | HHHHHHE | HHHHHHEE | | B |
WesternEurope HitHHHHH 9183 7379 8458




Malay®rchipelago Arabian®ea 4143
Argentina/Uruguay HHHHHHH | HEHHEE 10044 10408
Baltic 10377 | #iHtHHitH | HfHH#
Bay®fBengal AQ72 | HHHHHEH | HHEHHE | HHEHHHE | HHEHE | HHEH T |
Brazil HtHHEHI | 722 | #ittHtit 11854 | HittHtH | HitH i
Chile 9883
China/Taiwan 1851
GoM,Larribean HiHHHEHE 11665 | #it##HH# | HiHHHHHE 12569 | ittt | HiHHHHE
Japan 2608
MalayBArchipelago/SEA 1780
Mediteranean/Ukraine HHHEHI | 12333 | ittt 7771 | HiHsH##H | HitHHH
Mexican@Vestcoast 8112 | HHHHHHHE | HHHHHHE | HEHHHHH] | HHHERHE] | HHHERHE | HHHR
Northeast®merica 11294 | #itHitH##H 10812
South&orea 2489
South/East@frica 5051
WesternEurope 0398 | ##t#H###HH | HHHHHHHR
West@Africa Arabian@ea HitHHHEH | 7612 | HitHHHiHHT 8758 | HittHHH | HitHiHHHH
Argentina/Uruguay AOAS | HHHHHHE | HEHHHIH | HHEHEHI | RS | BHEHHE |
Baltic 5367 | HitHii | HitH |
Bay®f@Bengal HiHHHEH] 7418 | HHHHHHHH 8360 | #HHuHHHHH | HHHHHHHE
Brazil 3256
Chile HiHHHEHE 8432 | HttHHHHH 7187
China/Taiwan HiHHH I | T 10071 | #iHiHH# 12861 | H#itHitHH | HiH#HHH
GoM,[Xarribean 6035 | HiHH#HHHE | HittHHI | | | S | HiHHH
Japan HHHEHI | 11018 | it | HHHHHEHE | i | ]
MalayB\rchipelago/SEA HEHHHE | HHHH 9062 | #H#H#HHHHE 11560 | ####### | HHHH#H#
Mediteranean/Ukraine 4504
Mexican@Vestcoast HHHHHHHH 8167 | #HitH##H#H#H 11363
NortheastfBAmerica 5377
SouthXorea HitHHHH | 10798 | H#iHtHH#H# | HHHHHE | i |
South/East@frica HHHHEH | AST8 | #tHHitHH | HEHRHE | P | HiH
Western@Europe ASA2 | HitHiHHHE | HHHHE | BHEHH | S | B |
NortheastBAmerica Arabian®ea HEHHHT | HH 11961 | #######H#E 8036 | #HHHHHHH | HHHHHHHE
Argentina/Uruguay 6480
Baltic 3964
Bay®fBengal HtHHEH | 12319 | #iHtHHHH# 9302 | HiHHHH#H | HitHiHHH
Brazil A320 | HitHHHHHE | HEHIHH | HHEHEHEE | S | B |
Chile HHHHHEHE 4969 | HitHHHHH O0A47 | HHH#HIH | HiHHHHHE | HHHHHH
China/Taiwan HHHHHEHE 10300 | ####### | HHHHHHHE 11752 11333 7700
GoM,Xarribean 1749
Japan HiHHHEHE 10923 | #it##H## | HiHHHHHE 12500 9733 6500
Malay@rchipelago/SEA HHHHHHHH 11200 | #i#H###H# | HAHHTHHH] 11081 11933 9200
Mediteranean/Ukraine A238 | HHHHHEH | HHEHIEH | BHEHTHE | HEHHEHE | HEHSEHE | HEHEEHE
Mexican@Vestcoast HittHHS A08S | HitttHHE | HEHEHIH | HHHEHE | HHHEHE |
Northeast@merica 800 | #ittHHH | HHHHIH | HiHHEHEHE | I | S |
SouthXorea HHHHHEHE 11679 9733 7300
South/East@frica HEHHHTTH | HH 9121 | #H##H#HHHHE 8795 | #HHuHHHHH | HHHHHHH
WesternEurope 3174
Russia®Xara Arabian@ea 7810 6915 | HitH#H#HHH
Argentina/Uruguay 8943 | HHHHHHH | HHHHHHH | HHHHHHEE | HEHEHH | HHEHEHE | HHHHHH
Baltic 2567 | HitHHiH | HitHH | |
Bay®f@Bengal 1E+200| ####### | HHHHHE#E | HHHHHHH 9655 9763 | HitH#HH#H
Brazil 6784
Chile HHHHHHHE 0284 | #ittHH 10688
China/Taiwan 12491 6349 | HitH#HHHH
GoM,Tarribean 6298 | HittHHHHH | HHHHHHE | HEGHHIE | HHEGH | ST | T
Japan HHEHEH | | R | 13443 5017 | #itHH
MalayBrchipelago/SEA HHHHEHE | S | R | 11434 8173 | HittHHH
Mediteranean/Ukraine 3781
Mexican@Vestcoast HHHHHHHH 8400 7333 | HitH#HHH
Northeast@\merica 4666
South&orea 13218 5467 | HitH#HH#H
South/East@frica 1E+200 | #HitHtHi# 10560 | #itt ittt 9149 | HiHHH#H | HiHHHHHH
Western®Europe 2358 | HiHH#HHHE | HitHH | S | R | | HiHHH
RussiaEast Arabian@ea 6190 | HiH#HHH | HHtHEHH | HHHEHH | HHHHEHE | B |
Argentina/Uruguay HEHHHTE | HHE 12704 11643
Baltic 12424 7584 9582
Bay@®fBengal 4831
Brazil HitHHHHHE 12060 12382 | HiHtHH#HE | HHHEHE | HiHHEHE 11531
Chile 10252 | H#iHHH#H | HiHHHE | | Y
China/Taiwan 1356 | HitHHHHE | HHHHHEHE | HHEEHEHEE | S | S |
GoM,Xarribean HHHHHHE 9643 10500 8314
Japan 694
MalayBArchipelago/SEA 3241
Mediteranean/Ukraine 9818 9608 9417
Mexican@Vestcoast SO8A | HHHHHH | HHHHHH | HEHHHHH | HHEHEE | HHHEER |
NortheastBmerica HittHHS 10672 | ittt | HitHHHHE | HiHHEE 10845 8290
SouthXorea 752
South/East@\frica 7440
WesternEurope 11444 7795 9012
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Algeria Arabian@ea HHHHHHAH | HAEHHHHHR 10802 | #H#HHAHHHAH 4718 | HHHAHAHE | HHAHHHH
Argentina/Uruguay 6227
Baltic 2617
Bay®fBengal HHHHBHEHR | HHBHHRH 10979 | ##HHAHHHH 5749 | ####H#H# | HHHHBHE
Brazil 4241
Chile HitH TT7AA | HitHHHHH 8778
China/Taiwan HHHHHEHE | HHHHHE 13347 | #####HHH 8585 10286 10700
GoM,XTarribean 4935
Japan HiHHHHHE | 14299 | #####H#H#H# 9537 8827 9478
Malay@rchipelago/SEA HHHHHBHE | HHHHHEE 12290 | ####H#HH# 7528 11527 12600
Mediteranean/Ukraine 779
Mexican@Vestcoast HHHHHHHH 7479
Northeast@BAmerica 3534
SouthXorea HHHHHHAH | HEHAHHEHR 14074 | #HAHHAHHEH 9312 9277 10300
South/East@frica HHHHHFHE | HAHEH? 7781 | #iHitHHH 5243 | ##HHHHH | HHEHHHHH
WesternEurope 1719
East@Africa Arabian®ea 2683
Argentina/Uruguay Hi#H#HHE | HAEHEHH? 6424 | HHH#AHAHHE 11074 | #H#H#HE | HHAHHHI
Baltic HHHHHE | HHH 9731 | #HHHHHHHH TAG3 | HtHHHHH | HHHHHHH
Bay®fBengal 3345
Brazil HAHH#HHE | HEHEHEHR 6102 | #HHHAHAHHE 9840 | #HAHHHHH | HHHHHHH
Chile 7718
China/Taiwan 5685
GoM,Xarribean HAHH#HHE | HEHEHEHR 8851 | HHHHHHHH 9151 | #AHHHHE | HHEHHHHH
Japan 6943
Malay@rchipelago/SEA 5014
Mediteranean/Ukraine 4333 | HUHHEHY | HHEHERH
Mexican@Vestcoast HHHHHHHH 11183 | HHH#HHH 11341
Northeast@BAmerica HHHHHEHE | HHHHHE 0612 | HHHHHHHH BA30 | HHHHHHH | HHHHHHH
SouthXorea 5977
South/East@frica 1000
WesternFurope HHHHHE | HHHEE 8772 | HHHHHHHH 6505 | HHHHHHH | HHHHHHH
East@Mediteranean Arabian®ea HAHHHHAH | HEHAEHHHR 12205 | ##HHAHHEH 3294 | #AHHHHE | HEHHHHE
Argentina/Uruguay 7664
Baltic 4031
Bay®fBengal HHHHHHAH | HAEHABHER 12393 | ##HHAHHHAH 4355 | #H#HAHRE | HHAHHHE
Brazil 5531
Chile HHHH R 9181 | HitHHHHHH 10215
China/Taiwan HAHBHBHE | HHHHHEHR 14785 | ######## 7166 | HHHHHHH | HHHHHHH
GoM,Xarribean 6372
Japan HHHHHHE | HH 9736 | #HitHHHHHHHH 8117 | HtH#HHHH | HEHHHHH
Malay@rchipelago/SEA HHHHHEHE | HHHHHEE 13727 | #####HHH 6108 | HHHHHHH | HHHHHHH
Mediteranean/Ukraine 1452
Mexican@Vestcoast HHHHHHHH 8916
Northeast@BAmerica 4971
SouthXorea HHHHBHEE | HHEHHHT 15531 | #H#HHAHHHEH 7912 | HAHHHHE | HEHHBHE
South/East@frica HiHH#HH | HEHEH? 9195 | #H#HHH#EHHT 3848 | #HHHHHH | HHHHHHH
WesternEurope 3074
Caribean Arabian®ea HHHHBHH] | HHBHHRE 10670 | ##HHHHHH 8771 | #HAHHHHH | HHHHAHH
Argentina/Uruguay 4699
Baltic 5150
Bay®fBengal HHHHBHHR | HHEHHRH 10880 | ##HHHHHH 9806 | ###HHHHH | HHHHAHH
Brazil 2540
Chile HHHH R 4005 | #HitHHHH 7267
China/Taiwan HHHHHHHE 10679
GoM,XTarribean 1000
Japan HHHHHHHH 9715
Malay@rchipelago/SEA HHHHHE | HHHHH 12191 | ####H##HH# 11585 | ####### | HiHHHH#
Mediteranean/Ukraine 4501
Mexican@Vestcoast HHHHHHHH 3740
Northeast@BAmerica 2297
SouthXorea HHHHBHHH] 10102
South/East@frica HHHHHHHE | HEHAHH? 7682 | HHHHAHHHHE 9299 | #Hi#HH#HH | HiHHHIHHH
WesternEurope 4179
Norway,lHammerfest ArabianZea 7810 11300 | #H#H#HHH
Argentina/Uruguay 8133
Baltic 1757
Bay®fBengal HHHHBHHE | HHEHHRE 12948 | #HHHHHHEH 9110 9700 | #HH##HHHHA
Brazil 5974
Chile HHHHHHHH 8474 | #HitH#tHHH 10688
China/Taiwan 11681 7159 10348
GoM,Xarribean 5488
Japan 12633 5827 9419
Malay@rchipelago/SEA 10624 8527 | #H#HHHHH
Mediteranean/Ukraine 3528
Mexican@Vestcoast HHHHHHHH 8209
Northeast@BAmerica 3856
SouthXorea 12408 6277 9744
South/East@frica Hi#H#HHE | HAEHEHH? 9750 | #HHHHHHH 8339 | #HAHHHHH | HHHHHHH
WesternEurope 1668
Peru Arabian®ea 11529 11372 | #H#HHAHE | HHAHHHH
Argentina/Uruguay HHHHHHHH 7511 | ##HAHHH 4101
Baltic HHHH R 7050 | H#t#H#H#HHH 11720
Bay®fBengal HHHHBHE] | HHBHHRE 119009 | ##HHHHHH 11981 | #HH#HH#AHH | HHAHHHH
Brazil HHHHHHHHE 5352 | ##H#HHH 5947
Chile 1256
China/Taiwan 10285
GoM,Xarribean HHHHHHIHR 2934 | #HHAHHHHH 10018
Japan 9362
Malay@rchipelago/SEA 11568
Mediteranean/Ukraine HHHHHHEH 7071 | HHHHHRHE 10402
Mexican@Vestcoast 3440
Northeast@America HHHHHHHHE 3963 | HH#HHHHH 10224
South&orea 9749
South/East@frica HHHHHHHH 100095 | #it#tH 8711
WesternEurope HHHHHE R 6605 | Hit#H#HHHH 10439
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Appendix 20: Average Days at Sea (Climatological)

Origin Destination DIRECT |PAN |HOPE HORN [SUEZ |[NSR [TPP |NSREB [NWP |TPPENI [NWPENI
Alaska Arabian®ea 211 (HHEHHH | HHHE | | B | R | HHE | B | BHE | B | BHEH
Argentina HEHAHE | 25.5 | HHHHHHT 19.8 | HHHHH | HHHH | HHHHE | HHHHE | HHH | HEEE | B
Brazil HHHE | 192 | HHHHHH | HHEHE | | | | S | | |
Chile 16.2 | HHHHH | HEHH | HHEHEE | B | R | | | | B | B
China/Taiwan 10.4 | HEHHH | HHHH | HEHE | | R | HHE | B | BHER | B | BHERH
GoM,Xarribean HHHHRE | 13.5 | HHHEH | | B | B | | B | | B | B
Japan B4 | HHHHHH | HHHHHH | | S| S | | R | | SRR |
Mediteranean HEHERE | 24.7 | #HHHHH | HHEEE | #HEHE| 21.4( 20.6 20.9( 21.3 16.8 18.8
WesternEurope HEHEHE | 23.6 | HHHHHH | HHHEE | #HHHH| 173 16.5 16.8| 19.0 12.7 16.5
NortheastBAmerica |###### | 17.7 | HiHHH#H | #8888 | #4800 22.1( 21.3 21.6( 17.5 17.5 15.0
SouthXorea O.2 | HHHHH | HHHHHH | HHHHE | | HHER | | BHEE | B | B | B
Thailand 14.6 | HHHHH | HHHHEHE | HHEHEE | | HHE | | | | |
Mexican@Vestcoast 6.5 | HHHHH | | HHEHHH | | B | | R | B | B | HHE
Algeria Arabian®ea HHHBH | 23.7 | #HHH#H | 117 | HHHH | HHEE | B | BHER | HEEEHE | BHEBRH
Argentina 13.7 |HEHHH | HHEHH | | | R | B | B | BHEE | B | BHEH
Brazil O.3 | HHHHH | HHHHH | HHHH | B | HHER | | B | | BHEHEE | B
Chile HEHAHE | 17.O | #HHHHH 1O.3 | HHHHH | HHHH | HHHHE | | | B |
China/Taiwan HEHAHE | 29.3 (#####| 20.1| 25.6( 24.8 25.2( 30.8 21.0 28.3
GoM,Tarribean 10.8 |HEHHH | HHHHH | HHEHEE | | R | HHE | B | BHER | B | BHERH
Japan HHHH | 31.4 | #HaHHH| 22.2( 22.7| 21.9 22.3| 233 18.1 20.8
Mediteranean 1.7 |HHHHE | HEHHE | B | | BHEE | B | B | | B | B
WesternEurope 3.8 | HHHH | | | S| | | B | | B | B
Northeast@merica T .7 | B | | | S| | | R | | B | B
SouthXorea HHHEH | HHHHH 30.9 | ###HH#H| 21.7( 23.7| 22.9 23.2| 29.9 19.1 27.4
Thailand HHHHH | HHHHH 27.0 | HHHHH 17.8| 28.3| 27.5 27.8| 30.1 23.7 27.6
Mexican@Vestcoast | ###### | 17.3 | HHHHHHH | HHHHHE | B | B | | B | | |
Australia ArabianBea O.6 | HHHHHH | HHHHHHH | | B | | | B | | B | HH
Argentina HHHBHT | HHHHE 20.7 201.2 | HiHHHE | HEHHE | HEHH | BHERE | B | B | R
Brazil HHHHHT | HHHHH 20.4 25.3| 28.0 | HHH# | HEHH | HHHEH | HEHH | BHEHE | B
Chile 20.1 (HHEHHH | HHHHH | | | R | B | B | BHEE | B | B
China/Taiwan 6.6 | HEHHHH | I | | S| | | B | | R | B
GoM,arribean HEHAHE | 27.3 27.9 | HHHH# | 30.5 | HiHHH | HHHH | HEEHE | ] | HEEEEE | BT
Japan 8.3 | HHHHH | HHHHEHH | HHHHE | HEHEHE | HHER | | HHHEE | B | BHEHE | B
Mediteranean HHHHHT | HHHHH 25.7 | HiHHH 18.8 | HHH# | HHEHH | HHHHEH | HEHE | HHEHER | HEHHHE
Western@Europe HHHHH | 25.8 | HHHHE | 22.4 | HHHH | HHHH | HEHEE | B | B | HEEHEH
NortheastBAmerica | HH#H###H# |HHHHH | HHHH | B | 26.5 | HiHH | - | BHEE | - | B | B
South®orea 8.2 | HHHHH | | HHHHH | | | | R | B | B | B
Thailand 5.5 | HHHH#H | HEHHHHH | HHE | B | BHER | | BHEEE | B | R | B
Mexican@Vestcoast 19.3 | HHHHH | HEHHEH | HEHE | B | B | B | BHEE | B | B | B
Eastern@Russia Arabian@ea 13.6 | HHHHH | HHHHEHE | HHEHEE | | | | | | |
Argentina HEHHH | 27.9 25.5 | HHHHHHE | | B | HEEEE | | B | B
Brazil HEHAHE | 27.4 27.2 | HiHH#H | HHHHH| 27.2| 26.4 26.7| 27.8 22.6 25.3
Chile 22.5 | HHEHHH | HHHEHH | HEHE | | R | B | B | BHEE | B | HHERH
China/Taiwan 3.0 |HHHHH | HHHHH | | B | R | | B | B | B | B
GoM,Xarribean HHHE | 2201 | HHHHHH | HHEHE | | S | S | B | | |
Japan 1.5 (HHHHH | HHEH | HEEEE | B | R | | | | B | B
Mediteranean HHHH | | HHEH | #HEEE | 22.8( 21.8| 21.0 21.4| 23.2 17.2 20.7
WesternEurope HHHH | | fHEH | 3R 26.4| 17.7 | 16.9 17.3| 22.3 13.1 19.8
NortheastBAmerica | ###### | 24.3 | HHHHH#H | HHHHE | HHHHE| 22.5( 21.7 22.1| 20.7 17.9 18.2
SouthXorea 1.6 |HHHHH | HHHHHE | HEEEE | B | HEEH | | | | B | R
Thailand T .1 | B | | S| | | B | | B |
Mexican@Vestcoast 131 | HEHHH | HHHHH | S | | BHEHE | B | B | BHER | B | BHERH
Egypt Arabian®ea HHHH | HHHHH 26.8 | HHHHH 8.5 | HitHH | HHHHE | HEHHH | HHHHE | HEEHHH | B
Argentina 16.8 | HHHHHH | HHHHHE | | HHHHH | | S | | | |
Brazil 1201 (HHHHH | | HHEEEE | | HHEH | | | S | | B
Chile HHHBHA | 21.0 | HH#HHH 22.A | HiHHE | HEHE | HEHH | BHERE | HEEE | B | R
China/Taiwan HHHBHT | HHHHH 32.4 | HHHHH 17.0 | HHH## | HiHH | HHEHE | HEE | BHEHE | B
GoM,Xarribean 14.0 | HHHHH | HEHHHEE | HEHEE | #### ) 26,1 25.3 25.7| 20.7 21.5 18.2
Japan HHHHH | HEHHH 21.4 | HHHHE | 19,1 | HHHH | HHHH | HEHEE | S | HEEEEE | #HEE
Mediteranean 3.2 | HHHHH | | | S| | | R | | B | B
Western@urope 6.7 |HHHHH | HHHHEHH | HHEHE | | BHER | | R | | SR | R
Northeast@®America 10.O | HHEHHH | HHHHHH | HEHE | B | R | B | B | BHE | B | B
SouthXorea HHHHH | 34.1 | HHHHH 18.7 | HHHH | HHHH | HHHEH | HEHE | BHEHEE | B
Thailand HHHHH | SO.1 | HH# | 1A4.7 | HHH | HHHH | HEEEE | | |
Mexican@Vestcoast | ###### | 20.5 | HHEHHHH | HEEHE | B | B | B | B | B | | BRI
Hammerfest, Arabian®ea HHHBHT | HHHHH 27.9 | #####H| 18.4( 27.9| 27.1 27.4 | #iHH 23.2 | #HiHHARH
Norway Argentina 17.8 |HHHHH | HEHHE | HHHH | | B | B | B | B | B | B
Brazil 13.1 (HHHHH | B | | | | | | | |
Chile HEHAHE | 19.5 | HHHHHH 23.4 | HHHHHE | | | BHEE | | B | B
China/Taiwan HHH | | B | #HEE# | 26.9| 18.8| 18.0 18.3| 25.2 14.2 22.7
GoM,Tarribean 12.0 | HHEHHH | HHHHHH | HEHE | B | R | BHE | B | BHER | B | BHERH
Japan HHHH | | HHEH | #EEE | 29.0| 15.9| 15.1 15.4| 23.2 11.2 20.7
Mediteranean T.7 |BHHHHE | HEEH | | B | BHER | | BHEEE | B | BHHEE | B
WesternEurope 3.7 | HHH | | | S| | | R | | B | B
NortheastBAmerica 8.5 |HiHHH | HHHHHHH | HHHEHHE | | BHER | | B | | | R
SouthXorea HHHHH | | fHE | #HEEE | 28.5( 16.8| 16.0 16.4| 23.9 12.2 21.4
Thailand HHHHT | | HHEH | | 24.6| 21.7 | 20.9 21.3 | HiHHH 17.1 | HHHHHH
Mexican@Vestcoast | ###### | 18.O | HHHHHH | B | HHHHHE | I | | BT | | HEEEE | >
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Malay@rchipelago|ArabianBea O.1 | HittHHE | HiHHIH | HHEHHE | I | S | B | | | | #HHH
Argentina HiHHHH | HiHH] 22.0| 22.8 | HiHHH | HiH#E | HEHHT | HEHH | HEHE | HHEHE | S
Brazil HHHHHE | HiHHE 2013 | HitHH | 27.3 | HiH# | HiHHE | HiHHEE | HEHHE | S | S
Chile 2.7 |HHH | S | | HEHE | S| HEHH | | SR | S | HEHE
China/Taiwan 4.1 | HtHHE| HEHHE | HHEHHE | B | S | B | | | | $HHH
GoM,arribean 26.5 28.9 | #Hit## | HHHH HiHH
Japan 5.7 |HitHHE | HEHHE | | | S| B | | S | | HiHH
Mediteranean HHHAHT | HHHHH 27.0 | #tHi | 18.4 | Hit#H | #HH# HiHH
WesternEurope RIS |HEHHHE | S | #R | 21.9| 25.5( 24.7| 25.1| #iHH 20.9 | #HiHiH#
Northeast@BA\merica | #i#H#HH | HitH | | ####) 26.1| 30.3| 29.5( 29.9| 26.2 25.7 23.7
SouthEKorea 55 HitH# | #HAHH Hitt
Thailand 3.0 |HtHHE | HEHE | HHEHHE | | S | B | B | HH | | HiHH
Mexican@Vestcoast 17.8 Hitt | HitHH H#iHtH

Arabian@®eninsula |Arabian@ea 1.5 (Bt | HHsHE | T | S| R | S | | S | R | S
Argentina HEHHHE | HHH 18.9 | HitHH | 24.2 | HiH#H | HitH#H HiHH
Brazil HiHHHH | HiHHEE 18.2 (##H#HHE |  19.5 | HiHHE | HHHH | | HH#H | | T
Chile HiHHHE | HiHH 201.8 | HitHH | 27.5 | #iH# | HiHHH | HiHHE | HEHE | I | S
China/Taiwan 11,1 (B | HHEHEH | S | | HEH | | R | S0 | B |
GoM,Tarribean HiHHHHE | HiHHE 26.2 | Hitf | 20.4 | #H# | HEHHE | HiEHEE | HEEHE | S | S
Japan 13.3 (A | HHHHH | SHEHE | HHEHE | HHH | | S | HHEE | B |
Mediteranean HHHHE | HiHHE 24.0 | HitiHH | 10.6 | #i# | HiHHE | HiHHEE | HEEHE | S | S
WesternEurope HHHAHT | HHHHH] 24.0 | #i##HH | 14.1 | HuHE | HHH#H HiHH
Northeast@merica | ##H#H | #itHH 25.0 | HitHH | 18.3 | H#iH# | HiHHH | HitHHHE | HiHHE | I | S
SouthEorea 12.8 Hitt | HiHE HiHH
Thailand 8.9 |HittHHH | HHHEHH | HHHHHE | HiHHE | HHHE | HEHE | S| HHEH
Mexican@Vestcoast 26.2 Hitt# | HitHH Hitt

Peru Arabian@ea i | HEHHE | S| 25.3 | 26.2 | #iH#E | HEHH | HEHH | HEHE | I | S
Argentina HiHHE | 17.4 | #iH O.0 | HHtHHHE | HitHH | | S | 1 | I | S
Brazil HiHHHE | 12.6 | HEHEHE | 13.0 | HEHER | #HEE | R | IS | HEHE | HHEHIE |
Chile 2.8 |HHHHH | HHHH | I | | | | S | S | HEHHEH | S
China/Taiwan 22.6 |HiHH | HEHEHE | HHEH | HEHHE | S | HEHH | HHEHE | R | S | #HHH
GoM,[Tarribean HiHHH 7.3 | HHHHHE | 22.0 | HHHH | $HH | S | HEHE | S | B | S
Japan 20.5 |HitHH | HEHEHE | HHEEH | HEHHE | S | HEHH | HHEHE | SR | S | #HHHE
Mediteranean HiHHHE | 16.4 | HEHHE | 22.8 | HiHHEE | HHHHE | S | HEEHEE | HEHE | I | HHHEHH
WesternEurope HitHEE | 15.4 | #HEHEH | 22.0 | HHHHHE | HHHHE | HiHE HiHH
Northeast@merica | ##### O.6 | HtHHHIH | 22.4 | HiHHH | HHHH | S | HEHIE | HHH#
SouthEorea 214 Hitt | HiH HiHH
Thailand 25.4 | HitHHH | HEHEHE | | HEHE | S | B | S HHRH
Mexican@Vestcoast 7.5 Hitt# | HitHHE Hitt#

Trinidad Arabian@ea HiHHHT | HiHH] 23.4 | #HitHHH | 20.5 | HiH#E | HEHE | HEHH | HEHE | B | S
Argentina 10.3 (HHHHE | HitHHHE | S | HEHHE B | S | S | | HHHHH | S
Brazil 5.6 |HitfHH | HEHHHE | HHEHE | | S| HEE | T | SR | S | #HHE
Chile HiHHH O.7 | #ittHH | 15.9 | HiHHHH | | HEHHH | HiHHE | HiHHE | B | S
China/Taiwan 24.3 HiHH | HiHE HiHH
GoM,Earribean 3.8 | HittHHE | HEHHE | S | B | S| B | | | | HHHH
Japan 22.2 HiHH | HiHE HiHH
Mediteranean O.O |HHHHH | HHHHHH | HHRHE | HHHHH | HHHH | HHEH | HEHEH | HEHE
WesternEurope 9.2 HitH# | #HAHH H#itH#
Northeast@merica 5.0 |HHHH#E | HHHHH | HHEHE | HHEH | HHHH | HHEH | HEHEH | HEHE
SouthXorea 23.1 HitH | HiHE HiHH
Thailand HiHHHH | HiH] 26.7 | #HiH#HHE | 26.7 | HitH# | HEHE HiHH
Mexican@Vestcoast | ##### O.1 | HHHHH | HiHHEE | HHHEHE | | S | B | HHHE | S | S

West@\frica ArabianBea HiHHH | HiHH] 16.7 |##H | 20.5 | HiHH | HiHH | | $HEH | | T
Argentina 10.8 |#itHHHE | HittHHHE | HHEHE | HHHHE I | S | S | | S | S
Brazil 7.1 | HtHHE | S | | B | S | B | | | | $iHH
Chile HiHHE | 19.4 | #HHHHE | 15.8 | HiHHEE | #HHEE | HEHHE | HIHHEE | HEHHE | I | S
China/Taiwan HiHHHH | HiHH] 22.1 | HitHHHE | 29.5 | HiHHH | HiHH | HHEHE | HEH HitHHHH
GoM,Tarribean 13.2 (HHHHHE | HiHIH | BHEHE | T | HEHE | S8 | S | #HEE HitHHH
Japan HiHHHH | HiHHE 24.2 | HitHHH | HEHER | HHHE | HEHE | HHEHE | HHRH HitHHHH
Mediteranean 9.9 HitH# | HEHH HitH#

WesternEurope 10.0 HitH# | HAHH H#itH#
Northeast@merica 11.8 HitH#E | #HAHH Hitt
South®orea HHHHHE | HiHHE 23.7 | HitHHH | HHHEE | S | S | HEHHEE | HEHE | S | S
Thailand HiHHHE | HiHHT 19.9 (| 26.7 | it | HitdH | | $HHE | |
Mexican@Vestcoast | ######H | 18.8 | H#t#HH##H | 24.0 | HitHH# | HiHH | HiHH | HHEHH | HHEH | |
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Appendix 21: Average Days at Sea (Aggregated)
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Origin [Destination DIRECT |PAN HOPE |HORN |SUEZ |[NSR |TPP [NSR®B |NWP |TTPENI |NWPENI
GulffiMexico Arabian@ea 28.0 23.0| HiH#H# | HHH#H HitiH
Argentina/Uruguay 15.2 HiHH#H HEHH | HEHES | HHEH HiH
Baltic 13.0 | it | HHHHE | HHEHHE | SHHEE | S | | S (S|
Bay@®fBengal 28.8 25.7 | it | it HitiH
Brazil 10.5 HHHHH HitH# HitHH HitH#
Chile HitHHHH 10.4 | #iH#H 20.9 | HitHH | HHHHE | HiHHE HitH#
China/Taiwan HitHHR] 24.5 | HiHtH# HitH# HitHH HitH
GoM,Tarribean 0.9 | HHHHHH | HEHHH | HHAHE | S | T | SR | S| | HEHHE | S
Japan HitHH ] 23.4 | HiHtH# HitH# HitH#H HitH
Malay@rchipelago/SEA | ##t#it#i# 28.9 | HiHHIH | HHHEH# | 20.7 | HiHH#H | HEHH HitHE | HHHH | HEHE
Mediteranean/Ukraine 13.3 | HHHHHEH | | BHEGHE | SHEY | HHHEH | HEHH HEHE | HEHHHHE | HEHEHYE
Mexican@Vestcoast HiHEHE S.A | HHHHH | HHHHHE | HHHH | B | HHEH | B | | B B
Northeast®America A8 | HHHHE | HHHRH | | HHEH | SR | | | SR (| fHEHHEE
SouthXorea 24.2 | HiHHHH | HHH | HERHE | HHER | HHEHE | S| HHEHHE | | HEHHE | S
South/EastB\frica B | IS | 21.8 | HitHEHHE | 24.6 | HitHEY | #HHH HEHE | HEHHHH | HEHEHYE
WesternEurope 11.2 | HH#HaHE | HEHEH | BHEHER | HHEE | #HEHE | HEHE HHH | HEHHE] | HHEHH
Australia Arabian@ea O.6 | HiHHIHHE | HHHIH | HHHHE | | S | i HitHE (#H
Argentina/Uruguay HEHHHE | #7207 21.2 | HiH | HiHHHH | HHHE HitHE | HHHH | HEHEE
Baltic 25.2 | HiHHH | HHHI | HEHH | S | | HEEH HitHE (#H
Bay@®fBengal HitHH Y O.1 | HitHHHE | HHHEHH | B | HHHHE | B S| S | S| S
Brazil HEHHHE | HUHHE] | 204 25.3( 28.0| #iHt# | Hit## | HHHHHE | | HHEEHE | S0
Chile 20.1 B | S | I | HHEE | ST | | HHEHHE | | B S
China/Taiwan 6.6 | HiHHIH | HEHHE | I | S | | S | S| | B S
GoM,Tarribean HitHiHE 27.3| 27.9|#Hi#HH | 30.5 | it | HiHHE| HHEHIE| T B S
Japan 8.3 | HiHHIHH | HHHI | HHHHIE | S | HHEHE | S | S| | B S
Malay@rchipelago/SEA 5.5 | HiHHHE | HEHHI | I | | | S | S| | B S
Mediteranean/Ukraine | ###H### | | 25.7 | ##HHHE | 18.8 | HEHHHE | | HIHHEHE | HHHHE | HEEHEHE HEEHEH
Mexican@Vestcoast 19.3 | HitHHHH | HiHHE | HHEHHE | S | S | B | S (S |
Northeast@merica HEHIHE | HEHH | B | | 26.5 | S | B (| S (S
SouthXorea 8.2 | HHHHIHH | HEHHI | I | S | HHHEHE | S | S| B | B S
South/EastBfrica 12.5 | it | HHHHE | B | S | S | B (| S (S |
WesternEurope HittHIHE | HiHHH | 25.8 | HHHHHHE | 22.4 | S | HitHE S| S | S S
Arabian®eninsula Arabian@ea 1.5 | HithHH | HHHHE | S | | S | B (| S (S |
Argentina/Uruguay HitHIH | HHHHH | 18.0 | HHHHHHHE | 24.2 | #HHHE | HitHHE [ HHHEHHE | SHHHE | S
Baltic HItHHHHE | HHHHHE | 26.2 [ #HHH | 16.3 | HiHHE | | I | HHEHE || #iHHHT
Bay@®fBengal 5.0 | HiHHH | HHHEE | I | | S | S| S| | B
Brazil HitHH | #0182 | #HHHHHHE | 19.5 | #HHHH | HitHH (| HHHHE (S
Chile 21.8 27.5 | HiHHH | i HitHi
China/Taiwan 10,0 | HiHHH | HHHHE | T | S | S | (| S (S |
GoM,Tarribean 26.2 21.4| HitHit | #Hay HiHH
Japan 13.3 HitHHH HitH# HitH#H HitH#
Malay@rchipelago/SEA 8.9 | HiHHIHH | HEHHIH | HHHHE | | HHHEHE | S | S| | B S
Mediteranean/Ukraine 24.0 10.6 HiHHE HitHE
Mexican@Vestcoast 26.2 | HEHEHE | HHHRH | | HHEH | HHEHE | | | SR (R #HEHEE
NortheastBAmerica 25.9 18.3 HitHH HitHH
SouthXorea 12.8 HiHHHH HitH# HitH#H HitH
South/East@frica 6.2 | HEHHHE | HEHHH | HHEHHE | S | S | S | S| | HEHHE | S
WesternEurope 24.0 14.1 HitH#H HitHH
Northwest@merica Arabian@ea 23.0 | HHHHH | HHHHHE | HHHHHE | $HHE | HHH | Hitt | | S
Argentina/Uruguay HitHH ] 23.4 | HEHHH | HHHHEE | 10.0 | #HHHE | HAHE HHHH | HEHHE] | HHEH
Baltic HAHHH] 24.9 | HiHHHH | HERHHH | HHHH 19.7| 18.9 225 15.1 20.0
Bay®fBengal 20.2 | HiHHH | HEHHI | HERHI | S | S | HEHH HitHHE | HHHH | HEHE
Brazil HiHHHE 17.0 | Hitt | HHHHHE | | #H>E | 88 HitHHE | HHHH | HEHEE
Chile 14.1 | HHHHHHHE | HEHHE | | S | SR | HEHE HitHHE | HHHH | HEHEE
China/Taiwan 13.6 | HitHHHH# | HiHHE | | S | S | HEEE (B | S (S
GoM,Tarribean HitHiHE 11.4 | HittHH | B | S | S | B (| S (S | #HH
Japan 11.3 | HHHHH# | HiHE | | S | S | HEEE (B | S (S S
Malay@rchipelago/SEA 16.7 | HitHHH# | HiHHE | TS | S | S | HEE (B | S (S | S
Mediteranean/Ukraine | ##t#### 22.7 | HiHHH | HiHHI | $H#E | 24.2( 23.4]  23.7| 240 19.5 215
Mexican@Vestcoast 5.4 | HHHHE | HEHIH | HHEHE | SIS | S | S | S| B | B S
Northeast@merica 0.0 15.2 | HittHHE | HHHHHE | S | S | HEH () 161 (#HHH 13.6
SouthXorea 12.8 | HitHHHH# | HiHHE | T | S | S | B (| S (S |
South/East@frica 25.0 | HiHHHHE | HHHHI | HEEHHEE | S | S | S| | | B
WesternEurope HitHHE 20.0 | HitHH | HiHHI | $HiHE 19.3| 18.5 18.8| 21.1 14.6 18.5



Algeria ArabianBea 23.7 11.7 HiHH HiHH
Argentina/Uruguay 13.7 HitH Hitt# HiHH
Baltic 5.7 HHHH HiHH HHHH
Bay@®fiBengal 24.1 13.9 | H#HHH | HHHHE HEHH
Brazil 9.3 HHHH HHHH HiHH
Chile HitHHH 17.9 | #H#HHH 19.3 | #H##H | HEHHHR | HHHE HEHH
China/Taiwan 29.3 20.1 25.6| 24.8 25.2| 26.0 21.0 23.5
GoM,Xarribean 10.8 | HHHHHH | HHHH | HEEHHE | HHEH | HEHEE | #HEE HiHH
Japan 31.4 22.2 22.4| 21.6 22.0| 23.3 17.8 20.8
Malay@rchipelago/SEA 27.0 17.8 28.4| 27.6 27.9| 30.1 23.7 27.6
Mediteranean/Ukraine 1.7 HiHH HHHH HitHH
Mexican@Vestcoast HitHHH 17.3 | HH#HH | HEHERE | HHHH | HEHER | #HEH HiHH
Northeast@B\merica 7.7 | HHHHEH | HHHBH | BHEHER | HHEE | BHERE | B HHHH
South@Eorea 30.9 21.7 23.4| 22.6 23.0| 25.1 18.8 22.6
South/East@frica 17.1 12.8 | HiHiH | HHHE HitHH
Western@urope 3.8 | HiHHH#AH | HHHHE | HEHBHH | HEHH | HHHB | HHEH HiHH
East@frica Arabian@®ea 5.9 | HitHHHH | HiHHHE | HHHEHH | | SR | HEEH HHHH
Argentina/Uruguay 14.1 25.6 | #H#HHH | HHHH HitHH
Baltic 21.3 17.7 HiHH#H HHHH
Bay@®fiBengal 7.3 | HHHHH | HHHE | HHEREH | HEHE | HHERE | HEEH HiHH
Brazil 13.4 22.9 HiH#H HHHH
Chile HEHHHH | HHHHE | HHBHH 16.9 | #H#H | HHHHHR | HHHHA HHHH
China/Taiwan 12.5 HHHH HiHH# HHHH
GoM,Xarribean 19.4 21.4 | HHHHH | HHHHA HHHH
Japan 15.2 HHHH HHHH HHHH
Malay@rchipelago/SEA 11.0 | HHHHHH | HHHHH | HEHHAH | HHHH | HEHEE | #HHE HHHH
Mediteranean/Ukraine 10.8 HiHH HiHH
Mexican@Vestcoast HUHHHH 25.4 | #HH#H# 24.9 | #HHHH HHHH HHHH
Northeast@BAmerica 21.1 19.8 HHHHH HHHH
SouthEorea 13.1 HHHH HHHH HHHH
South/East@frica 2.2 | HHHHHEH | HHHEH | HHEHE | $HEH | HEHEE | #HEE HHEHH
WesternFurope 19.2 15.6 HH#H HiHH
East@Mediteranean  ArabianZea 26.8 8.5 HiHHH HHHHE
Argentina/Uruguay 16.8 HiHH HiHHH HiHH
Baltic 8.8 HHHH HHHH HHHH
Bay@®fBengal 27.2 10.9 HiHH HHHH
Brazil 12.1 | HHHHHEH | HHEHH | HEEHHE | HHEH | HEHEE | #HEE HiHH
Chile HUHHHH 21.0 | #H#H#H# 22.4 | HHAH#H HiHH HHHH
China/Taiwan 32.4 17.0 | H##H##H | HHHE HEHH
GoM,[Xarribean 14.0 HiHH HiH#H HiHHH
Japan 21.4 19.1 | H#HHH | HHHHE HEHH
MalayBArchipelago/SEA 30.1 14.7 HitH# HiHH
Mediteranean/Ukraine 3.2 | HHHHEH | HHHHHE | HHBHHHE | HEEH | BHER | HHEH HHEHH
Mexican@Vestcoast HHHH 20.5 HHHHT HiHH HHHH
Northeast@\merica 10.0 | HHHHHH | HHHHH | HEEHHEH | HHRH | HEHE] | #HHH HHHH
SouthEorea 34.1 18.7 | #H####H | HHH# HHHH
South/East@frica 20.2 O.7 | HHHH# | HHHH HHHH
WesternEurope 6.7 | HitHHHH | HiHHH# | HHHEH | | R | HHHH
Caribean ArabianZea 23.4 20.5 | #HitH## | HHHHA HHH#
Argentina/Uruguay 10.3 | HHHHHH | HHHHH | HEEHHH | H3EH | i | #HHE HHHH
Baltic 11.3 | HHHHHH | HHHHH | HEHHAH | HHAH | HEHEE | #HHE HHHH
Bay@®fBengal 23.9 22.8 HiHH#H HHHH
Brazil 5.6 | #iHH##HH | HiHHHE | HEHEHE | HEHH | #HERE | HEEH HHHH
Chile HHHHHH 9.7 | #iti## 15.9 | #### HiH# HHHH
China/Taiwan HHHHH 24.3 HHHH HHHHE HHHH
GoM,[Earribean 2.2 HitHH HiHH HitHH
Japan HiHHAH 22.2 | HiH#H | HHBHER | HAEHE | HHAEHH | HEHE HHHH
MalayBArchipelago/SEA 26.7 26.7 Hitt# HitHH
Mediteranean/Ukraine O.0 | HiHHHHH | HHHHHE | HAEHBHE | HEHHE | HHHBH | HEHH HHHH
Mexican@Vestcoast HEHHH 9.1 HHHH HiHH HHHHH
NortheastBAmerica 5.0 HHE HitHHH HiHH
South&orea HHHHHE 23.1 HHHH HHHH HHHH
South/East@frica 16.8 21.7 HHHH HHHH
Western@urope O.2 | HHHHHH | HHHHE | HEHBHH | HEHHE | HHHBH | #HEH HHHH
Norway,lHammerfest Arabian@ea 18.4 27.9| 27.1 27.4| HiH# 23.2 | HHHHHH
Argentina/Uruguay 17.8 | HHHHHH | HHHHH | HEEHHEH | HHEH | HEHE] | #HEH HHHH
Baltic 3.9 HHHH HHHH HiHHH
Bay@®fiBengal 28.4 21.3 24.4| 23.6 23.9| #HHHHA 19.7 | HHHHHAH
Brazil 13.1 HHHH HHHH HiHHH
Chile HitHHH 19.5 | #H##HH 23.4 | HHHH | HEHEH | HEHH HHHH
China/Taiwan 26.9 18.8| 18.0 18.3| 25.2 14.2 22.7
GoM,Xarribean 12.0 | HHHHHH | HHEHH | HEHHRE | HHEH | HEHE] | #HEH HEHH
Japan 29.0 15.9( 15.1 15.4| 23.2 11.2 20.7
Malay@rchipelago/SEA 24.6 21.8| 21.0 21.3 | #HHH#A 17.2 | #HH#HHHAH
Mediteranean/Ukraine 7.7 | HHHHHH | HHHEH | HHEHER | HHEE | BHERE | BHEH HHHH
Mexican@Vestcoast HiHHEH 18.0 | HH#HHH | HiHHHHH | HHHH | HEHER | HHHE HiHH
NortheastBAmerica 8.5 HHHH HiHH HHHE
SouthEorea HHHHH 28.5 16.8| 16.0 16.4| 23.9 12.2 21.4
South/East@frica 21.4 19.6 HitHH HiHH
Western@urope 3.7 | HEHHAH | HHHE | HEHEHH | HEHH | #HEE | HHEH HHHH
Peru Arabian@®ea HEHAH | HHHHAH | BB 25.3| 26.2| #HitH#H | HHHH HHHH
Argentina/Uruguay HEHHAH 17.4 | #HH#HHH O.0 | #HHH | HHHHH | HHHHA HiHHH
Baltic HHAHT 16.4 | #HH##H#H 25.7 | #H##H# | #HH#EH | HEHH HHHH
Bay@®fiBengal 26.1 27.6 | HHH#HH | HHHHA HHHH
Brazil HHHHHH 12.6 | #H#H#H#H 13.0 | #### HHHH HHHH
Chile 2.8 | HHHHHH | HHHAH | HHHHAH | HHAH | HEHEE | #HHE HHHH
China/Taiwan 22.6 HHHH HHHH HHHH
GoM,[Xarribean HHHHH 7.3 | HHHHH 22.0 | HHAHH HHHH HiHH
Japan 20.5 HHHH HHHH HHHH
MalayRArchipelago/SEA 25.4 HiHHH HitHH HitHH
Mediteranean/Ukraine | #####H# 16.4 | ##H#H#H 22.8| #H#H#H# HHHH HHHH
Mexican@Vestcoast 7.5 | HitHHHH | HHHHE | HEHEHE | HEHE | HHERE | HEEH HHHH
Northeast@\merica HHHHHH 9.6 | #HHHH 22.4 | #H#H#H# HHHH HHHH
SouthEorea 21.4 HHHH HiHH HHHH
South/East@frica HHHHHE 23.0 | HH#H#HH 19.1 | ###H#H HHHH HHHH
Western@Europe HiHHHH 15.4 | #H#HHH 22.9 | HHH#H HHHH HHHH
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Malay@rchipelago  Arabian@ea O.1 | HHHHHH | HEHHHE | BT | HHEH | BHEHH | HEHE | | R (S |
Argentina/Uruguay HHHE | R 22.0 22.8 | HHHH | HHHHE | HHHE | HHEHEH | | SR | R
Baltic Hitti 24.1| HitHiH | HiH Hit
Bay@®fBengal 8.9 | HitHHHH | HiHHHE | R | HHEH | BHEHH | HEHE | | S (S |
Brazil HHHHHE | #2013 | #HHHE | 27.3 | HEHEH | HHEE | HEHE | HEHE | BB
Chile 21.7 Hitt Hi | HEHEY | HHdH HitH
China/Taiwan 4.1 | HiHHHE | HEHHEE | | B | B | HEHE | | S (|
GoM,Tarribean HitHHHE 26.5 | HiH#H | HHH | 28.9 | HHAHHE | HEHHE (S | HHE (HEE |
Japan 5.7 Hitt Hi | HiHEY | HHEH Hit
MalayBrchipelago/SEA 3.0 | HitHHHHE | HiHHHE | B | HHEH | BHEHE | HEHE Hiti#h
Mediteranean/Ukraine | ###H | #iHH | 27.0 | #H#HE | 18.4 | HHHH | HHEH | HEHHHHE| HEHE | HHBHE| B
Mexican@Vestcoast 17.8 HiHHH HiHH | HiHHE | HHHE Hit
Northeast@\merica HiH#HH 26.1| HitHHE | HHHH | HEHE ) 26.2 |HitHE 23.7
South®orea 5.5 | HiHHHH | HiHHH | I | HHEH | SHEHE | I | | S (|
South/EastBfrica 111 | HiHHHHE | S | S | S | SHEH | HEH HitH
WesternEurope HitH i 21.9| #Hi#H#H#E | HitHE HitHH

West@frica Arabian@ea B HE | | 16,7 | #itHH | 20.5 | HiH | | S| S | HEHIE | HiHY
Argentina/Uruguay 10.8 | HHHHHH | HEHHEE | HHBHES | S | SHEHH | || I [ |
Baltic 11.8 | HitHHE | HiHHE | BT | $HEH | SHEHE | HEHE Hiti
Bay@®fBengal HitHHH 0.9 16.3 |####### | 10.6| #HitHHH | HiHH | HHHHIE | ] (] |
Brazil T 1| HEHHHH | B | | HHEH | BHEH | | | (R |
Chile HitHH 19.4 | #itt# 15.8 | Hit# | #H#H | HitHH HitH
China/Taiwan 22.1 29.5| #HitHit# | HitHH HitHh
GoM,Tarribean 13.2 | HHHHHH | HIHHHE | HHBHEH | HHEH | BHEHH | I | | (|
Japan 24.2 HiH | HEHEH | HHEH Hit
MalayBrchipelago/SEA 19.9 26.7 | Hi#HH | #HHEH HiHH
Mediteranean/Ukraine O.O | HHHHHH | HEHHHE | HHERHEH | HHEH | HHEHH | HEHE | | (|
Mexican@Vestcoast HitHHg 18.8 | #itHi# 24.9 | HitH | HitHH | HiHE Hit
NortheastB\merica 11.8 | HitHHHE | HiHHE | B | S | SHEHE | HEHE HitH
SouthXorea HHHHHE | HHEHE | 23,7 | HHHHE | HHE | B | | HHE | HEHE | S|
South/East@\frica 10.0 Hi | HEHEY | HHEH Hit
WesternEurope 10.0 | HitHHHHE | HiHHEE | IS | $HEH | SHEHE | HEHE HitiHh

Northeast@merica  Arabian@ea B | I | 26.2 | #itHH | 18.9 | HittHHE | HHHE | HitHHI | HHH | HHIE | HiHHY
Argentina/Uruguay 14.2 HiHHH HiHH | HEHHE | HHHE HitH#H
Baltic 8.7 | HitHitH | HiHHHE | | HHE | SHEHE | B HitH
Bay@®fBengal HHHHHE | HHEE | 27.0 | #H#EE | 21.7 | HEHEH | | HEHE | ST |-
Brazil 9.5 Hitti R s A HitH
Chile HitHHg 11.8 | #itHi# 19.8 | Hi## | #H#H | HitHH Hit
China/Taiwan HitHHH 23.5 | HitHH# | HHHHAH | 27.1( 279 271 27.5| 19.4 23.3 16.9
GoM,Tarribean 3.8 | HitHHHHE | HiHHHE | I | S | SHEHE | HEH HitHH
Japan HitHH 249 | i | HifHaH | 28.7( 24.4| 236 24.0| 16.8 19.8 143
MalayBArchipelago/SEA | ###### 25.5 | #itH#H | HiHH##H | 25.6( 29.2] 285 28.8| 22.7 24.6 20.2
Mediteranean/Ukraine O.3 | HHHHHH | HEHHHE | I | HHEH | BHEHH | I | | (R |
Mexican@Vestcoast HitHHg O.0 | HitHitt | HHHHHI | HHH | HEHEY | HH8H Hit
Northeast@\merica 1.8 | HitH# | HHHHE | HEHEHE | HEHE | HHHHEE | #HEE HitH
South®orea HitHHHE 26.5 | HiH#HE | HHHHHH | #H8H 24.4| 23.6 24.0( 18.5 19.8 16.0
South/East@\frica 20.0 20.6 | #Hit#H | #HiH Hit
WesternEurope 7.0 | HitHiHE | HiHHE | | S8 | SHEHE | HEHE Hiti#

Russiaara Arabian@ea HHHHHE | A | | S 184 18.2( 17.4 17.8 | #i## 13.6 | #HH##H##
Argentina/Uruguay 19.6 HitHAH HiHH | HiHHE | HHHE HiHH
Baltic 5.6 | HitHiHE | HiHHE | G | S8 | SHEHE | HEHE HitH
Bay@®fBengal HIHHHE | R | | 7| 225 24.5( 23.7 24.0| HHH## 19.9 | #Hi#H##
Brazil 14.9 Hitti HiH | HiHEY | HHH Hit
Chile HittH 21.3 | HiHiH#H 23.4 | HitHHE | HitHHE | HHHE Hit
China/Taiwan HHHHHE | A | | S 287 17.0( 16.2 16.5| #### 12.4 | #Hi#H##
GoM,Tarribean 13.8 | HitHiHHE | HiHHH | S | $H | SHEHE | HEHE HitHH
Japan Hitt 30.8 14.1( 13.3 13.6 | #i## 9.5 | HitHit#
MalayBArchipelago/SEA | #i##H | #ithii# | HitHid | HHH#E | 26.4|  21.0( 20.2 20.5| #### 16.4 | #Hit#HiH#
Mediteranean/Ukraine HittHi 21.5| #Hit | #iH HitH
Mexican@Vestcoast 8.3 | HitHitH | HiHHH | BT | HHEH | SHEHE | HEHE | S | HHi 14.5 | #HitHit#
Northeast@merica 10.2 | HiHHHH | HiHHE | HHEHEH | HHEH | BHEHE | HEHE | S | S (|
South®orea HHHH | S | S #3033 15.1( 14.3 14.6 | #Hi## 10.5 | #Hi##H##
South/East@\frica 23.2 21.4| Hit#Hi | HiH Hit
WesternEurope 5.2 | HitHHHHH | HiHHHE | T | 8 | B | B | | HHE [ |

RussiaEast Arabian@ea 13.6 | HHHHHH | HEHHHE | HHEHEH | HHEH | BHEHH | HEHE | | HHE (|
Argentina/Uruguay Hitt | g | 279 25.5| HitH | HitHi | HiE Hit
Baltic HiH#HH 28.6| 19.7| 18.9 19.3| 23.5 15.1 21.0
Bay@®fBengal 10.6 | HHHHHH | HEHHHE | I | HHEE | SHEHH | I | | (|
Brazil HitHH 27.4| 27.2 Hi | HEHEY | HHEH 27.8 25.3
Chile 22.5 | HitHHHH | HHEHE | HEHHEHE | HEHE | $HHHEE | #HEE HitHh
China/Taiwan 3.0 | HHHHHH | HEHHE | HHHEH | HHEH | BHEHH | S | (|
GoM,arribean HitHH 22.1 | HiHH | HiHH | $had 26.1| 25.3 25.7| 20.7 215 18.2
Japan 1.5 | HiHHH | HHEHE | HEHEHE | B | S | HHEE Hit#
MalayB\rchipelago/SEA 7.1 | HHHHH | HEHHE | R | HHEE | B | B S | HHE (|
Mediteranean/Ukraine Hitti 22.8| 24.1|234 23.7| 23.2 19.5 20.7
Mexican@Vestcoast 13.1 | HitHHHHHE | HiHHEE | B | SHEH | SHEHE | HEHE HitH
Northeast@merica HitHHHH 24.3 | HiHHHH | HHRHH#H | #H8H 26.9| 26.1 26.4| 20.7 22.2 18.2
South®orea 1.6 | HHAHEH | | | | B | B B | B | B | B
South/East@\frica 16.3 | HitHHHHE | HiHHE | | S | SHEHE | HEHE HitH
WesternEurope HitHHHE | A | | R 264 20.2| 19.4 19.7| 22.3 15.6 19.8
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