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Abstract

The future sustainable development of the Arctic
region and its environmental protection require co-
operation. Perhaps the greatest challenge is to balan-
ce the needs of the local population and the need to
maintain the pristine nature of the region against the
degradation caused by anthropogenic pressures. Here
a short discussion is given of a future that allows both
economic exploitation but, at the same time, holds the
development in check by balancing all requirements to
the overarching good of the whole.

1. Introduction

The seriousness of multiple facets of future
and current development of the Arctic region
(Fig. 1) and their intermeshing, overlapping
and synthesis into an integrated sustainable
whole cannot be understated but must be un-
derscored.

A difficulty in trying to present such an ho-
listic picture for the future is the scope of the
problem. One has to try to present information
on a global scale, involving individual nations
and their approaches to what they deem as in
their best individual national objectives and
interests. One must also try to present an out-
line of what policies are most relevant with
the hope that such assessments are as objec-
tive as possible and also with the hope that
nations, acting together, will see the worth
of such integrated development and so act
accordingly. However, not wishing to usurp

the sovereign rights of nations nor wishing to
pre-empt the directions in which individual
nations may plan their involvement in Arctic
development either individually or collec-
tively, this position paper deliberately refrains
from discussing the behaviour of individual
nations. While such a ploy may not please
every reader, nevertheless inclusion of such a
discussion would make for a very long article
indeed and one that would defeat the purpose
of presenting a general overview of integrated
facets. For that reason such detailed discus-
sions have been eschewed.

A second difficulty is to be aware of the
extent of Arctic ice cap melting (Fig. 2) and
variations in temperature and rainfall (Fig. 3)
throughout the Arctic region as a whole be-
cause such influence the sort of development
that should be undertaken. Indeed, not only
such need to be considered but also the in-
dividual ports and routes that should be es-
tablished for either commercial industries or
tourist endeavours. A complete description of
all such effects is a massive undertaken and
one that would defeat the main purposes of
this article, as listed above.

A third difficulty is that there are a myriad
of possible strategic and methodological op-
tions available for sustainable management
and to attempt to categorize even a sam-
pling of such would again defeat the purpose
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Fig. 1 The Arctic region. Courtesy of NOAA.

of providing an integrated overview of the
various pros and cons that one has to face.
Thus while it is appropriate to provide broad
and generalized objectives that should be in-
corporated into a consistent whole, to go into
more detail would require massive input from
all the Arctic lands and users. Such detail is
best left to future international agreements on
what is appropriate to undertake as the de-
velopment proceeds apace. Associated with
this sort of problem is also the lack of knowl-
edge, to varying degrees, of how various fac-
tors would synergistically interact in forcing
new perceptions as time unfolds of mistakes
made and corrections to be undertaken. Such
a dynamic steering of the overall Arctic de-
velopment comes only when specific plans
are laid and undertaken so that one proceeds
with the clear understanding that changes will
be needed to achieve what one deems to be
acceptable sustainable management. This sort
of multi-nation steering requires very high
level diplomatic agreements that can often
be tricky to agree upon and even trickier to
implement.

As a consequence of the above remarks this
paper does not identify specific sites of inter-
est in the Arctic (and also does not enter into
the debate of to whom the specific sites are of
interest and why).

The overall discussion presented here is fo-
cused mainly on a broad- brush approach, at-
tempting to identify many of the conflicting
and overlapping interests that arise. There-
fore, one is attempting to impact policy in
the Arctic development with the least amount
of detailed “clutter” but with the maximum
amount of scientific direction.

To what extent one is successful with such
an article is likely to be seen at future meet-
ings and conferences where individual nations
collectively set their priorities for sustainable
development of the Arctic region.

One analyses the conflicting nature of future
resource use in the Arctic, for instance the in-
terplay between fisheries, oil and gas extrac-
tion, transport, resource mining, and tour-
ism. Success criteria for Arctic development
are given in Table 1. These criteria consider
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Fig. 2 Sea Ice changes with time over the last 30 years. Courtesy of NOAA.

Difference from average temperature (*F)

-11 1] 11

Fig. 3 Changes in temperature from 1970's (left panel) through to 2011 (right panel). Courtesy of
NOAA.
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Table 1 Arctic Development Criteria

Success criteria for Arctic development

Worst cases for Arctic development

The rich biotic resources of the Arctic, such
as fish and shrimp, are exploited in a sus-
tainable manner and so support a thriving
fishing industry

The fish and biotic stocks of the Arctic are
not managed in a dynamic way that consid-
ers climate change, and as a result they are
overexploited and collapse.

The opening of maritime shipping routes
through the Arctic Ocean provides oppor-
tunities for the development of the Arctic
region. Container ports are built in strategic
locations and provide sustainable employ-
ment for Arctic people.

The Arctic Ocean becomes a convenient
short cut for maritime shipping. Ship emis-
sions pollute the Arctic atmospheres. Ships
dump garbage at sea. Oil tankers flush their
tanks causing chronic oil pollution. Inade-
quate safety at sea results in acute incidents,
as in the Exxon Valdez. Alien species are
imported by ballast water.

The exploration and exploitation of abiotic
resources, such as oil, natural gas, and other
mineral resources, cause the least distur-
bance possible to the environment and the
ecosystem, including fish and sea mammals.

Oil and gas exploration proceeds without
considering noise pollution, upsetting both
fish stocks and marine mammals. Mining
proceeds without proper containment of
mine tailings, and these leach into the envi-
ronment.

Arctic tourism develops in a sensitive man-
ner, respecting the environment and the local
populations. The Arctic becomes a model of
sustainable ecotourism and provides alterna-
tive employment for Arctic people.

Arctic tourism increases rapidly and over-
whelms the infrastructure and environment.
Ships compete for scarce berthing and mob
the sights. Cruisers circle around wildlife,
such as polar bears, like the 4x4 vehicles
that signal the presence of a pride of lions
in African safari parks. Arctic tourists that
disembark tread on the fragile soils and buy
cheap imitation curios made in factories far
from the Arctic. Native people are dressed
up in “original” costumes and “perform” to
entertain the tourists.

The Arctic population has sustainable liveli-
hoods including low unemployment, i.e. a
maximum of 4%, which is considered to be
the “natural” rate of unemployment. The
development leads to new opportunities for
the resident Arctic population.

The Arctic population loses the basis of its
livelihood and does not possess the skills
necessary for the new economic develop-
ment. The Arctic is flooded with migrant
workers who have no long-term residency
or interest in Arctic conservation. There is a
rise in the crime rate.

The Arctic population have an equitable
distribution of wealth, that is no-one with
less than half of the mean income of the rest
of the population.

The Arctic population is polarised with rich
climate entrepreneurs, “the winners”, and
the poor who have lost their livelihoods and
failed to adapt to the changing conditions.
There is a rise in social unrest.
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Table 1 Arctic Development Criteria

Success criteria for Arctic development

Worst cases for Arctic development

Economic development is robust. It is not
vulnerable to a single fluctuating resource
such as the natural fluctuations of a fish
stock, or dependant on a single company,

or a single activity such as oil extraction.
The build-up of new and diverse business
ventures has long-term objectives to provide
economic sustainability. The economy is di-
verse, multi-sectoral and well integrated into
the global macro-economy. Communities
and settlement grow in a planned manner
with the adequate infrastructure.

Investors from outside the Arctic region con-
trol the development with short-term gain as
a priority and no interest in Arctic regional
sustainability. Short-term gain opportuni-
ties lead to a cycle of boom and bust, as one
resource is exhausted and another exploited.
“Boom” towns spring and after an economic
downturn are full of unemployed workers.
Communities depend on a single activity

or company for their livelihood and col-
lapse when the company moves away or the
resource is exhausted.

Appropriate governance structures are

in place at all levels, from International
conventions to local best practices. These
ensure that the Arctic society develops into
a law abiding community, living in a spirit
of democracy and respecting human rights.
Transparency and competition ensure that
licensing is reasonable and fair.

Lack of suitable governance structures lead
to bribery and corruption, lack of transpar-
ency, unfair licensing, cartels and monopo-
lies, little respect for the law, human and
democratic rights.

The geopolitics of the Arctic is stable and
the Arctic Nations participate in joint gover-
nance of the Arctic and its resources.

There is an increase in geopolitical tensions
in the Arctic region leading to a new “cold”
war.

aspects that are fundamental to a desirable
future. The well-being and health of people
living in the High North depends not only on
employment opportunities and adequate pub-
lic service but also on the recognition of cul-
tural characteristics, overall political partici-
pation and the utilisation of local knowledge
in planning and policy development. The
success criteria are aspects fundamental to
a socially and environmentally viable Arctic
future. Some of the contrasting “undesirable
developments” for future Arctic sustainability
are also presented in Table 1.

The historic evidence for the vulnerability
of a society to the depletion of its resources
is overwhelming (HELmM & HEPBURN 2009).
Modern society has a great capacity to under-
stand and document the process of resource
degradation but struggles to develop the

governance to reverse these trends, many of
which are irreversible on human time-scales.
The choice is stark: self-destruction or active
reorganization. Reorganizing towards sus-
tainability in the Arctic represents a challenge
in its extent and complexity, but also presents
a strong advantage in that experimentation
and cooperation can be realized at a geopo-
litical scale.

The outcomes include a quantification of
climate change impacts on economic sectors
in the Arctic. To enable good policy-making
and practical budgeting one needs to antici-
pate rather than react to the risks and costs of
the environmental state-change in the Arctic
Ocean.

Sustainable development is a major cross-
cutting dimension of EU policies. The EU
policy relevance to the Arctic includes the
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Bird and Habitat directives, Agenda 21, Lis-
bon and Goéteborg Strategies, Water Frame-
work Directive, Sustainable Impact Direc-
tive, ICZM recommendations, the Maritime
Strategy Directive and forthcoming ICZM
directive. These policies interact with most
other thematic or sector strategies (rural or
urban development, resources management).
A sustainable development framework in the
Arctic Ocean must consider the need for bet-
ter integration of scientific knowledge with
policies at the most appropriate level.

Research needs to make sustainability a re-
ality include:

e 1.To quantify and enhance knowledge of
fish resources and fishery impact responses to
climate change in key Arctic fishery regions,
including primary production and the con-
sequent fishery industry economic impacts,
particularly at ice edges; to examine potential
impacts of marine pollution from increased
marine transport on Arctic fisheries and re-
sources.

e 2. To examine and quantify economic/
market opportunities from the opening of the
Arctic sea routes for the shipping sector and
for the socio-economic development of Arctic
regions; to provide an improved knowledge
base for marine transportation and routing in
the Arctic, and including environmental im-
pacts and responses to protect arctic marine
ecosystems; to define requirements to ensure
sufficient monitoring of environmental and
other standards, and to draft concepts regard-
ing monitoring and reporting procedures for
vessel traffic in the Arctic considering mari-
time security, safety and protection of the
environment and their potential impacts to
the socio-economic development of the re-
gion; to assess the state of Arctic ports and
infrastructure (i.e. stable roads, contingency
planning, etc.) impacts of climate change (i.e.
permafrost loss, wildlife migrations) on the
socio-economic development of Arctic com-
munities.

e 3. To assess and quantify the develop-
ment of marine tourism (geographical, eco-
logical and adventure), including evolving

tourism activity driven by climate change and
consequent marine safety and security risks
in specific areas; and to investigate the mari-
time safety and environmental issues related
to increased tourism cruise vessel activity and
how emergency and environmental response
capabilities will need to be enhanced.

® 4.To assess the potential economic growth
areas for oil and gas development and poten-
tial linkages to existing/new arctic sea routes;
to link the understanding of potential impacts
to the arctic marine ecosystems of resource
extraction (principally gas and oil ) to base-
line biological resources and an understand-
ing of environmental and economic threats
from shipping, of the risk of spreading inva-
sive species and of petroleum hydrocarbons
including PAHs, heavy metals, and potential
conflicts/impacts with other sectors such as
fisheries and tourism; and to assess potential
local economic/community impacts of in-
creased oil and gas vessel activity on marine
mammals (i.e. noise/ship strikes), polar bears,
arctic birds, and local marine ecosystems.

e 5. To develop an integrated GIS-based
database to quantify the Arctic resources and
national boundaries - not an easy task in view
of conflicts which have already been identi-
fied (e.g. Denmark-Canada, Norway-Russia).

2. Research and Development Gaps

Knowledge is needed to strengthen inter-
national efforts that address climate change
impacts and to inform policy directions and
decision-making at the local community, na-
tional, European and international levels with
respect to the sustainable development of the
Arctic. Knowledge gaps include:

2.1 Fishery Resources and Fisheries

Evaluation of climate impacts on several
key fishery resources and marine mammal
populations, including vessel noise impact
affecting their aggregation, distribution and
movements, assessment of commercial fish-
ery benefit gains/losses due to opening of the
Arctic to increased fishing vessel activity (Fig
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5) and potential reduction to traditional ice
fish/mammal harvesting.

2.2 Maritime Transport in the Arctic

An economic assessment of the potential
opportunities for the shipping sector in the
Arctic and its potential impacts on the socio-
economic development of the Arctic regions,
a comparative study on legal aspects of vessel
traffic in Arctic regions and comparisons with
other regions (i.e. Antarctica), technical in-
frastructure and operational challenges in the
Arctic, consideration of monitoring and re-
porting requirements, necessary amendments
and modification to ensure maritime security,
safety, protection of marine environment and
monitor compliance with standards, and case
studies to investigate existing and application
of best operational practices. A study of train-
ing and educational needs and the conceptual
design of maritime educational modules for
crews operating in Arctic regions are neces-

sary.
2.3 Tourism/Cruise

A survey and economic assessment on mar-
itime requirements specifically arising from
tourism and cruise activities in the Arctic. An
economic assessment of the primary tourism
interests in the Arctic and how such are shift-
ing due to recent and on-going climate change
(e.g. examination of Svalbard as a case model
for cruise vessel tourism).

2.4 Port/Infrastructure

Assessment and quantification of current
port infrastructure in the Arctic and identifi-
cation of future needs, including a survey of
port state control and flag state regimes to en-
sure maritime security/safety, environmental
and socio-economic needs and requirements
for Arctic ports, and including the capacity to
address oil spills (preparedness and response)
and the need for reception facilities.

2.5 Resource Extraction

Assessment and quantification of the expan-

sion areas for the gas and oil industries and
their transport linkages to new/old shipping
routes, community/port infrastructure growth
expectations with their potential environmen-
tal implications as well as for coal mining, and
potential conflict areas with existing fisheries,
hunting for marine mammals, and other tradi-
tional activities of local indigenous peoples.

2.6 Data Fusion

Integration of all sector data compiled into a
GIS database of all sources of data, for exam-
ple monthly sea ice coverage from available
remote sensing sources, and including port
infrastructure, commercial trans-Arctic ship-
ping and traffic, fishing activities, and cruise
ship operations, data, etc., and fused into an
integrated database.

In order to achieve the overall objective, the
thrust is to:

» Synthesize International Polar Year find-
ings relevant to Arctic economic develop-
ment,

» Make an analysis of climate change sce-
narios enabling Arctic development;

* Identify opportunities for the development
of Arctic fisheries, maritime transport,

shipping and tourism;

» Develop a trans-sector quantification of
Arctic economic development;

* Assess the environmental Impact of Arctic
development;

* Develop guidelines for the protection and
conservation of marine mammals in the con-
text of Arctic development;

* Quantify the Arctic economic growth
and vulnerability in the context of the global
economy;

* Develop guidelines for social adaptation
to climate change in the Arctic;

* Provide a roadmap for governance of the
Arctic;

* Develop guidelines for deliberation and
conflict management in Arctic development;

* Develop a strategy for adaptation to cli-
mate change in the Arctic;
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* Construct a framework for ecosystem
based management of the Arctic;

* Make an analysis of Arctic development in
the context of policies, including opportuni-
ties and constraints;

* Provide recommendations for social sta-
bility and security of the Arctic.

NOTE: Now follows a more in-depth look at
each of the points summarized in this section. This
repetition is deliberate so that one can obtain a
more detailed idea of some of the many factors
involved in each aspect of Arctic ecology. These
descriptions run from section 3 through section
8 and can be skipped by those more interested in
the summary list of needs for a sustainable future
given in section 9.

3. Maritime transport

Several factors control maritime transport
including:

» Natural endowment, i.e. the availability
of a good or service in one region, e.g. tea
growth in China, such also includes relative
labour costs;

* The relative and absolute price differences
for goods in different parts of the world;

* The balance between supply and demand.

Costs have been decreasing as the design of
ships has improved, but also because of the
economy of scale from large cargos and the
improved logistics in container ports. How-
ever, further reductions are possible because
of shorter routes.

The three possible routes in the Arctic are
the North East passage, along the coast of
North Russia; the North West passage through
the Canadian Arctic archipelago, and the
transpolar route that cuts right across the Arc-
tic Ocean. Of these, the North East passage
is already practicable in the summer months
in some years (2009), whereas the other two
routes may become practicable in the future.
The opening of the different routes benefits
different regions, for example the North East
passage would benefit principally the trade
between Asia and Europe. Nevertheless, the

use of the North East passage is conditioned
by several factors that need investment, in-
cluding:

* The number of ships in the cargo fleet that
are fit for the purpose, i.e. with the necessary
fetch and hull characteristics;

* Operational logistics such as the availabil-
ity of icebreakers.

* Infrastructure such as adequate port facili-
ties and rescue services.

The cooperation of the Russian government
will be necessary for this route to be truly vi-
able and to guarantee free and safe passage
under International Maritime conventions.

4, Fisheries

The objective for Arctic Ocean fisheries is
ecological sustainability, socially and eco-
nomically. An increasing proportion of fish
consumed in Europe is from aquaculture and
the development of this activity in the Arctic
(Fig. 4).

The Arctic economy relies on only a few
commercial species, such as cod, herring,
shrimp, and pollack. Climate change is ex-
pected to impact marine fishing in the Arctic
Ocean in several ways. Changing tempera-
tures will increase the stocks of some com-
mercial species while reducing the stocks
of others. Expected impacts may include:
changes in stocks and species, alteration of
migration routes, uncertain harvesting costs,
and increased stock productivity.

Some species, such as cod, are shifting their
migratory routes northwards, and new species
are emerging in the north (e.g. mackerel, blue
whiting). Fish stocks are sensitive to varia-
tions in temperature and the timing of phyto-
plankton blooms, and such may be aggravat-
ed as a result of changing climate conditions.
In addition to bio-physical changes, expected
impacts also include uncertain harvesting
costs in terms of distance to fishing grounds,
and new and different technologies.

At present, the Arctic Ocean fishery is
dominated by large ships that bring the catch
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Fig. 4 Typical coastal waters Arctic fishing boat. Courtesy of Norwegian Tourism Council.

of shrimp and fish back to distant ports, for
example in Denmark or Norway, where the
catch is processed and marketed.

There are major information gaps on fishing
yield because of the unresolved issue of Ille-
gal Unreported and Unregulated (IUU) fish-
ing highlighting the need to examine options
for future management within the wider con-
text of ecosystem constraints integrating such
into the wider marine socio-ecological system
in order to investigate trade-offs and syner-
gies with other legitimate uses of the Arctic
Ocean, and environmental factors including
climate change.

The capacity to sustain revenues and em-
ployment implies that high value preda-
tor species fisheries should be maintained
through careful management and that the
social dimension of fisheries as a source of
employment should continue. This goal coin-
cides with that of ecologists who have shown
that high mortality of top predator species
may lead to ‘trophic cascading’ that unbal-
ances ecosystems and damages resilience and
diversity. On the other hand, climate change
is resulting in a northward movement of many

stocks and it may not be possible to conserve
the same top predator species when trying to
achieve social and ecological goals.

The current management of fish is distinct
from the management of their habitat, (of-
ten through the regional seas commissions
and environment ministries or their equiva-
lent). Management decisions on the marine
environment are currently made on the ba-
sis of compliance with relevant regulations,
voluntary targets and short-term economic
considerations. There is a small element of
collaborative goal setting and problem man-
agement, but such is usually confined to very
small areas.

The concept of Ecosystem Based Manage-
ment focuses on management, and recogni-
tion of the role of humans within present day
ecosystems. One includes:

» Management objectives as societal choice;

* Management decentralised and multi-sec-
tors;

* Appropriate temporal and spatial scale;

» Conservation of ecosystem function and
resilience;
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* Appropriate balance between conservation
and use;

* Management within system limits;

* The outward vision (respect interconnect-
edness) and long-term vision (change is in-
evitable);

* Broad use of knowledge, scientific and tra-
ditional; and

* Incorporation of economic considerations
(e.g. costs and benefits).

. Two aspects are emphasized in particular:

* the need for multidisciplinary science to
support the implementation of EBM; and,

* the fact that nature is not stable; natural
and global change must be understood and
accommodated in any effective policy frame-
work.

5. Resource Extraction

The Arctic Ocean and surrounding coasts
are rich in abiotic resources (Fig. 5) includ-
ing natural gas, oil and oil sands as well as
methane hydrates. There is also a wealth of
mineral resources, such as rare-carth miner-
als, lead, silver and uranium in Greenland;
coal in Svalbard, diamonds in Alrosa (Rus-

sia), gold and mercury near Pevek (Russia).
All are potentially important sources of pollu-
tion, as are mine tailings and climate change
feedback from fossil fuels.

However, these resources are not distributed
evenly across the Arctic region. Oil and gas
fields have already been identified off Alaska,
Russia, Norway and Greenland. Examples
include the Shtokman natural gas field in the
Barents Sea and the oil and gas fields of the
Lofoten Islands. Nevertheless, exploration
continues in the Arctic Ocean and generates
conflicts with both the fishing industry, as in
the case of the Lofoten Islands, and wildlife
conservation especially of marine mammals.

The exploitation of these resources implies
the development of infrastructure in the Arc-
tic Ocean and also along the Arctic coast.
Apart from the investment in infrastructure,
the operational risks in Arctic waters are even
greater than in other offshore exploitations.

There are also additional issues such as
whether gas will be pipelined or whether Arc-
tic industries will grow to use the resource in
situ. The latter would make the region rich in
cheap fossil fuel energy, as well as providing
the potential of using hydropower from melt-

Fig. 5 Coal mining on Svalbard with attendant detritus. Courtesy of NOAA.
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ing glaciers, and would support industrial de-
velopment in the Arctic. Further research and
technological developments are necessary to
enable the economic exploitation of the enor-
mous methane hydrate resources.

6. Tourism

What do Arctic tourists “seek”? And what
do Arctic inhabitants gain from tourism?
What about the perspective of the inhabitants
of the Arctic? What about the local impacts
of tourism? What is the benefit for social and
cultural sustainability in the region and re-
cipient communities? Tourism must not focus
solely on the needs and requirements of the
visitors, while ignoring the local inhabitants.

Most Arctic tourism occurs in the summer
months when tourists benefit from the long
daylight hours; the “midnight sun” or “white
night” experience. There is a shorter winter
season for which the main attractions are the
Aurora borealis “Northern lights”, ice hotels,
ice sculpture and Christmas tourism with vis-
its to “Santa’s workshop” on reindeer sleighs.

The huge media focus on climate change
issues and the plight of iconic species, such
as polar bears, serves as an enormous public-

ity campaign for Arctic tourism. The Arctic
Ocean and coast have different endowments
with respect to tourist attractions. While some
areas have spectacular ice-sheets and glaciers,
polar bears (Fig. 6) and walruses, others have
musk-ox, reindeer, geysers and volcanoes.
Cetaceans, especially whales and narwhals
(Figs 7 and 8), are an added attraction and,
in some cases, whale watching may replace
commercial whaling.

Archaeological sites, traditional lifestyles
and crafts are an added attraction with dog
sleighs and igloos being an attraction while
seal and narwhal hunting are not, at least
not for many visitors. While some tourists
want to participate in activities such as sport
fishing and reindeer hunting, many want to
preserve the illusion of “Ecotourism” while
avoiding any discomfort. Cruise tourism, as
one form of marine tourism, is a favoured
option (Fig. 9). However, very little money
is then spent locally, mainly on curios (such
as soapstone carvings) when a ship calls into
port. The labour is also not local, as the crew
accompanies the ship. The main requirement
for cruise tourism is ports that can accommo-
date the huge cruise ships. Some tourists fly
into the Arctic requiring a greater investment

Fig. 6 Habitat-threatened polar bear species as a consequence of sea ice shrinkage. Courtesy of

NOAA.
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Fig. 7 Narwhals as a tourist attraction.
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Fig. 8 Whale watching as a tourist attraction, but whales are also slaughtered by certain Arctic
countries. Courtesy of NOAA.
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in infrastructure for airport, hotels and other
land-based developments.

The WWF nature program has developed
10 principles of action and a code of conduct
for Arctic tourism and infrastructure. Infra-
structure for rescue operations is largely lack-
ing and unfortunately incidents have already
taken place, such as that of M/S Explorer off
Antarctica in 2007.

Arctic economic development in the con-
text of climate change may also affect the
tourism sector. While tourists find the calv-
ing of icebergs from glaciers spectacular, the
muddy runoff of melting permafrost is less
attractive. Ugly cities in beauty spots that
spring up after rapid urban development, such
as Ushuaia (Tierra del Fuego, Argentina), are
also unattractive to tourists. Grey, dirty snow,
oil slicks, garbage and flotsam, mining ac-
tivities and mine tailings all spoil the tourist
illusion of the “pristine” Arctic as does red,
blood-stained snow and water from hunting
activities. Most of all tourists want to see and
photograph their experience and Arctic fog is
a problem that may become more pronounced
as a result of climate change.

7. Trans-sector approach

Development of the 4 economic sectors fo-
cused on can become the source of trans-sec-
tor conflicts, such as with the exploitation of
oil and or gas and on-going fisheries activity,
or between tourism and industrial develop-
ment.

The importance of fisheries in the Arctic
Ocean has led to international conflicts. There
is also the tension between the fisheries sector
and conservation interests.

Guidance on conflict resolution should be
an integral part of a wider mechanism for im-
plementing adaptive management. Objective
information on costs and benefits can assist
but there is no ‘one size fits all’ for conflict
resolution. Collaborative problem solving is
one of the most promising techniques devel-
oped.

8. Issues of Scale:

Scales are important to consider. For ex-
ample, if the global price of oil is so high that
a distant fishing ground becomes unviable a
local manager cannot address such an issue.
Introduction of invasive species by ship bal-
last water has also to be considered.

Development of private companies in the
Arctic will depend on four principal produc-
tion factors: labour, capital, natural resources
as well as management and entrepreneurial
skills.

The availability and allocation may not be
the same across the four economic sectors
thus favouring the development of particular
sectors. So, the allocation efficiency of the
four production factors will determine the
production efficiency of individual compa-
nies and sectors. Public investment will also
be necessary to enable the initial develop-
ment, for example by enabling the construc-
tion of better port facilities.

9. Sustainable Future Objectives

9.1 Fishery Resources and Fisheries

To quantify and enhance understanding of
fishery resources and fishery impacts in re-
sponse to climate change in key Arctic fish-
ery regions, including primary production
and the consequent fishery industry economic
impacts, particularly at ice edges; to examine
potential impacts on fisheries and resources
from increased maritime activities in the Arc-
tic.

9.2 Maritime Transport in the Arctic

To examine and quantify economic market
opportunities from the opening of Arctic sea
routes for shipping and its impact on the so-
cio-economic development of Arctic regions;
to provide an improved knowledge-base on
marine transportation and routing in the Arc-
tic, including environmental impacts and re-
sponses to protect Arctic marine ecosystems;
and to develop concepts related to monitoring
and reporting of procedures for vessel traffic
in the Arctic, taking into account maritime se-
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Fig. 9 Arctic tourist ship giving some idea of the sizes of tourist groups.

Fig. 10 The World Seed Bank on Svalbard to preserve as many sorts of seeds as possible in case of
extinction. Courtesy of Norwegian Research Council.
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curity, safety, and protection of the environ-
ment and the potential impacts of maritime
transport on socio-economic development of
the Arctic region.

9.3 Cruise/Tourism

To assess and quantify the development of
marine tourism (geographical, ecological,
and adventure) and cruise vessel activity in
the Arctic (Fig. 9), including evolving tour-
ism activity driven by climate change and
consequent marine safety and security risks;
and to investigate the maritime safety and en-
vironmental issues related to increased tour-
ism and cruise vessel activity, and develop
protocols for enhancement of emergency and
environmental response capabilities.

9.4 Port/Infrastructure

To assess the state of Arctic ports and sup-
porting infrastructure (i.e. stable roads, har-
bours, reception facilities, contingency plan-
ning), and the impacts of climate change (i.e.
permafrost loss, sea level rise, wildlife migra-
tions) on the socio-economic development of
Arctic communities and peoples.

9.5 Resource Extraction

To assess economic growth areas for non-
renewable resource (i.e. oil and gas) develop-
ment and its potential linkages to both existing
and new Arctic sea routes; to link resource ex-
traction to potential impacts on Arctic marine
ecosystems; to inventory biological resources
needed for human sustenance. This aspect is
partially addressed pragmatically by the Sval-
bard Food Bank (Fig.10) where seeds are held
to ensure an ongoing supply in case of need.
Quantify environmental and economic threats
from shipping (i.e. the risk of spreading in-
vasive species) and petroleum hydrocarbon
exploration and extraction (i.e. polycyclic
aromatic hydrocarbons, heavy metals), and
potential conflicts/impacts on other maritime
sectors; and to assess local economic/com-
munity impacts of increased oil and gas ves-
sel activity on marine mammals (i.e. noise/
ship strikes), polar bears, Arctic birds, and lo-
cal marine ecosystems.

9.6 Data Synthesis

To develop an integrated GIS-based data-
base for quantification, analysis, and synthe-
sis of all data.

10. Conclusions

The overview provided here should act as a
stimulus for those actively involved in Arctic
ecology and sustainability. While much more
could be said about the policies of nations and
the desirability of controlling and limiting in-
dividual aspects of such Arctic development
the authors are not the right people to address
such issues because political involvement is
not our metier. Suffice it to say that the basic
principles and tenets laid out here on a scien-
tific basis should serve as a blueprint for all
future endeavours. As the years go by we will
be curious to see to what extent our thinking
is included in Arctic evolution and sustain-
ability and to what extent unorganized and
uncontrolled development takes place to the
benefit of none but to the detriment of all.
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