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Motivation

Feedback Loops & Interdependencies

The ongoing transformations occurring in the Arctic region are deeply intertwined with regional and global
systems and processes, both in the sense of the Arctic affecting and being affected by systems and processes
reaching beyond the Arctic’s southern borders. Natural sciences generally and climatology specifically have
produced a vast amount of literature as to the ongoing and likely feedback loops between the climatic,
environmental and atmospheric systems of the Arctic and the rest of the globe. Interdependencies between
more social science aspects – such as economic developments, legal frameworks and patterns of livelihoods
and generally organization of societies – affecting and being affected by the ongoing changes in the Arctic
region have so far received less attention.

Both feedback loops and interdependencies are important to understand the interconnectedness
between Arctic and non-Arctic systems and processes and how they affect each other. A feedback loop
literally feeds back to the initial process or system, either amplifying the original effect (positive) or
inhibiting the effect (negative). Interdependencies describe that systems or processes are (either
mutually or unilaterally) affected or affect each other but these can be one way, i.e. they do not “feed
back” to the initial process or system. Interdependencies can be differentiated between “causing” and
“effecting” or “being a cause/having an effect” and “being affected” between systems in and outside the
Arctic. [1]

Economic supply and demand side
of Arctic energy resources

International financial investors, (Re)Insurance offerings, Technological innovations and
infrastructure development
- Most Arctic development projects are large scale, with long time frames and thus dependent on
international financial support such as from the World Bank, the European Bank of
Reconstruction and Development but also national banking actors. [3]

- The domestic market situation within Arctic states co-determines the
feasibility and profitability of Arctic energy projects, including existing
incentive structures (subsidies, infrastructure support, tax breaks), domestic
energy demand, development of domestic energy mix, competitiveness of Arctic
resources with non-Arctic energy resources in same country.

- Given the challenging environment and little experience in Arctic offshore
development, the perceptions of insurance and re-insurance actors concerning
prospects of Arctic oil and gas developments and their respective offerings
decisively affect Arctic economic development.

- Arctic energy resources are predominantly intended for export to nonArctic regions, thus the resource demand especially from Europe, North America and
Asia affects resource development in the Arctic. Their Arctic resource demand in turn
depends on the current and future market developments, concerning for example the
future of the energy mix in these potential consumer countries of Arctic oil and gas.

International governance processes and systems affect the level of
regulation and thus also the relationship between permitted activity
and protection/conservation in the Arctic, such as through UNCLOS,
Biodiversity Convention, Stockholm Convention, IMO Conventions etc.

Non-Arctic national jurisdictions and regulations often (co-)determine
the level and pace of activity and protection/conservation in the North.
For example, often federal agencies far away from Arctic regions are in charge
of issuing licenses and establishing national parks, and may also have
jurisdiction over certain land usage rights (such as the subsoil) and over sea areas
beyond 3 nautical miles offshore.

- Technological innovations and developments in infrastructure for production, transport and safety of Arctic energy projects play a crucial role.

- Arctic energy resources compete with other kinds of resources (e.g. shale gas) and with the
same (conventional oil and gas resources) elsewhere (e.g. oil sands in Alberta and in the Gulf of
Mexico, LNG from Australia and Qatar), both within Arctic states and with non-Arctic regions.

Governance

Arctic-specific governance arrangements (specifically the Arctic Council)
provide norms, rules and a general framework also for non-Arctic countries to politically
engage in the region. The rules for observer states in the Arctic Council illustrate this
nicely.[4]

- The volatility of the oil price hugely affects the profitability of Arctic energy developments,
since these projects are highly capital-intensive and thus need high oil price to be
feasible. The slump of the oil price from around $100 in early 2014 to below $50 in
early 2015 shows the large fluctuations possible within a short time span. [2]

Feedback Loop between warming Arctic and access to and
utilization of resources

Geopolitics
The development of the political climate in the Arctic and beyond and the
role and influence of geopolitical tensions can significantly affect Arctic
energy developments.

A warming Arctic makes access to Arctic resources increasingly possible,
which are in demand further south.

Examples include the Russia-Georgia conflict of 2008 and
the 2014 Crimean and ensuing Ukraine crisis affecting relations between
Russia and western countries, including possible “spill-over” effects on
cooperation and economic development.

Development and utilization of these resources further drives the
warming of the planet, and especially the Arctic, where temperature
increases are around double as high, as established by the
Arctic Climate Impact Assessment (ACIA) 2004 Report “Impacts of a
Warming Arctic”.

Economic sanctions imposed on Russia in 2014 are currently slowing
down development of Russian Arctic energy projects.

Changed weather patterns, Ocean circulation,

Pollutants

Sea level rise

Non-Arctic, industrialized regions produce pollutants ending up in the Arctic,
such as persistent organic pollutants (POPs) and short-lived climate forcing pollutants (SLCPs)
such as black carbon (BC).

Less Arctic sea ice, Arctic amplification and a changed North Atlantic Oscillation possibly lead
to changed weather patterns in mid-latitudes as well as possibly effects on the East Asian
monsoon. [9]

Warmer temperatures in the Arctic lead to less sea ice, which affects Ocean circulation and
potentially weakens the Gulf Stream, which will lead to colder temperatures
in Europe. [10]

In case of an accelerated melting of the Greenland ice sheet, sea levels will rise
affecting low lying areas also in mid-latitudes. [11]

Surface albedo, Emission release, Wave activity,

European BC emissions are the largest contributor to Arctic BC surface concentrations, while
East Asian emissions contribute significantly to the BC concentration in the upper
troposphere. Greenland is very sensitive to BC emissions coming from North America. [5]

(feedback loops)
Increased Arctic air temperature leads to increasing ice and snow melt,
which decreases the surface albedo (reflectivity).
This means an increased absorption of solar radiation, which leads to even
further increasing air temperature. [7]

Increasing economic activity in the Arctic may lead to increasing pollutants
(e.g. SLCPs), such as from increasing gas flaring and shipping in the Arctic,
which can potentially travel southwards to non-Arctic regions. [6]

Increased Arctic air and ocean water temperatures lead to thawing of subsea permafrost,
which could lead to increased release of methane and CO2, which leads to increased air temperature.
Less ice and more open water leads to increased wave activity, which potentially
breaks up even more ice. [8]

Conclusion
This poster illustrates some interdependencies and feedback loops between natural systems but especially between thus far rather neglected social processes and systems within and outside the Arctic, focusing especially
on the determining factors of Arctic energy developments. Among other feedback loops and interdependencies between Arctic and non-Arctic regions, this poster especially intends to show the bigger picture of the
Arctic’s (actual and potential) significance in global energy supply and security, and the role of global energy trends for Arctic energy scenarios.
The aim of this poster is to contribute to a broader research effort to develop a new framework and understanding of the Arctic in the Age of the Anthropocene, i.e. as embedded in and interacting with broader regional
and global processes. Interactions between global trends and regional developments do not only play a significant role for the Arctic’s energy resources but are equally important to understand next to all transformations
occurring in the region, ranging from shipping, fishing and mineral resource development to the environmental changes and dangers as well as risks and opportunities for the people living in the Arctic.
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