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1. How will climate change realistically 
enable access to the Arctic?

2. To what extent do these predictions 
depend on model choice?

3. How do oil and gas resources shape 
economic development in the Arctic?

2008

Presenter Notes
Presentation Notes
What has your research shown are the major threats from climate change in polar regions?  
What lessons can be applied from your research for addressing the big 21st Century changes in polar regions and their implications for global and local society?

USGS: “Circum-Arctic Resource Appraisal:  Estimates of Undiscovered Oil and Gas North of the Arctic Circle”
Key finding:
 Arctic contains 22% of the undiscovered, technically recoverable oil and gas resources in the world (13% oil, 30% natural gas)

When USGS report came out, it didn’t say anything about how accessible these resources would be, or whether they would be economically viable.
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Polar Class 3 
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Open-water 
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Number of ship-accessible days July-October for Polar Class and open-water 
vessels (red: average; blue: standard deviation) for 2011-2030 under a medium 
climate change scenario (RCP 6.0)

Stephenson et al., 
Climatic Change (2013)
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Presentation Notes
Investigation of variability found a consistent zone of variability at the marginal ice zone…




Optimal September navigation routes from Rotterdam/St. John’s to the Bering Strait 
from 2040-2059 as driven by ensemble-average climate model projections

Climate scenario:
RCP 4.5

Vessel Classes:
Polar Class 6
Open-water

Smith & Stephenson, 
PNAS (2013)



Observations: black
Multi-model average (unweighted): orange

Massonnet et al. (2012)

September Arctic sea ice extent as simulated by 29 climate models 

Presenter Notes
Presentation Notes
All models produce errors intrinsic to their fundamental structure.  Ensemble averages generally compare better with observations than single-model output, as combining models causes errors in individual models to at least partly cancel, resulting in more skillful projections (Tebaldi and Knutti, 2007). 

Issues with Ensemble Averages

Risk of producing implausible results – variables related nonlinearly in one model won’t necessarily be related in the same way when averaged over several models (Knutti et al., 2010)
Regional dynamics represented well in some models may be absent or poorly represented in an ensemble (Tebaldi & Knutti, 2007)
Weighted averages may produce worse results from improper weighting due to lack of consensus on which metrics should be used to evaluate model performance (Knutti et al., 2010)

 Therefore, climate model analyses should incorporate both robust outcomes of multiple models (ensemble averages) and spatiotemporal differences and divergent outcomes of individual models




10-model average of year-round density of least-cost navigation routes from 
Rotterdam, The Netherlands and Halifax, Nova Scotia to the Bering Strait by open-
water vessels under RCP 4.5

2011-2035 2036-2060

By 2060, eastern/central Arctic encompasses 70% of total routes

Stephenson & Smith, 
Earth’s Future (2015)
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Presentation Notes
Several general patterns can be observed in the 10-model ensemble average. Figure 1X depicts the 10-model average of aggregate year-round density of least-cost routes projected during the early-century (2011-2035) and mid-century (2036-2060) periods by open-water vessels under RCP 4.5. 

Early-Century:
Density is greatest in the eastern/central Arctic.
Route density along the NWP from 2011-2035 is relatively low. 
The central Arctic Ocean is projected to have very limited, sporadic accessibility before 2035.
 
Mid-Century:
By mid-century, these spatial patterns remain broadly similar as overall route density increases. Most routes remain concentrated in the eastern Arctic with the majority of routes entering the NSR north of Novaya Zemlya. Many of these routes migrate north of the coastal NSR in parallel with the northward retreat of the marginal ice zone. The central Arctic Ocean also experiences a significant increase, with XX% of eastbound routes diverted north of Russia’s Exclusive Economic Zone (EEZ). Most of these routes are concentrated along a central corridor roughly aligning with the “trans-polar” great circle route over the North Pole. Together, the eastern and central Arctic comprise 70% of the total routes by mid-century (80/114), while the NWP remains minor (34/114) (Table 1X). 

In relative terms, route density along the NWP increases substantially by mid-century (260%), representing XX% of routes originating from North America. 



ACCESS1.0 ACCESS1.3 CCSM4 GFDL-CM3 HADGEM2-CC

IPSL-CM5A-LR IPSL-CM5A-MR MIROC5 MIROC-ESM-CHEM MPI-ESM-MR

Single-model deviation from 10-model average least-cost route density for open-
water vessels in standard deviation units (2036-2060, RCP 4.5)

• By 2060, only two models (CCSM4, MIROC5) project no “trans-polar” routes
• Northwest Passage robustly accessible in only 2 models (MIROC5, MPI-ESM-MR)

Stephenson & Smith, 
Earth’s Future (2015)
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Analysis of route densities from individual models reveals considerable spatial differences in projected trans-Arctic routes. 

While all models project at least some accessibility in the eastern Arctic throughout the study period, the NSR (narrowly defined) is the dominant route in only two models from 2011-2035 (CCSM4, IPSL-CM5A-LR), while it is only one of many possible routes spanning the eastern/central Arctic in most models (ACCESS1.0, ACCESS1.3, GFDL-CM3, HADGEM2-CC, IPSL-CM5A-MR, MIROC-ESM-CHEM). 

By 2060, five models (ACCESS1.0, GFDL-CM3, HADGEM2-CC, IPSL-CM5A-MR, and MIROC-ESM-CHEM) exhibit higher-than-average route density via the “trans-polar” route, suggesting substantially reduced ice cover less than 10 cm thick. Only two models (CCSM4 and MIROC5) project no trans-polar routes by 2060.




Number of months in which an eastern/central Arctic route (E/C; includes 
the NSR) or the Northwest Passage (NWP) was projected to be the least-cost 
route from Rotterdam, Halifax, or both, under RCP 4.5

> 1 SD below 
average

> 1 SD above 
average

> 2 SD above 
average

3 models account 
for 73% of NWP 

routes

No NWP routes 
projected in 4 

models

3 models 
account for 
11% of total 

routes

3 models 
account for 
49% of total 

routes
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In contrast, route density in the western Arctic is strongly dominated by only a few models. GFDL-CM3, MIROC-ESM-CHEM, and MPI-ESM-MR together account for 73% of the total routes via the NWP by 2060 (Table 1X). MPI-ESM-MR is a clear outlier here, with projected NWP routes greater than two standard deviations above average at early-century (56). 

While MIROC5 accounts for a relatively small proportion of the total NWP routes (14%), its routes are strongly skewed toward the NWP at both early- (NWP: 15; eastern/central: 2) and mid-century (NWP: 22; eastern/central: 49). MIROC5 and MPI-ESM-MR are the only models for which a majority of routes transit the NWP (73% and 62%, respectively). 

No NWP routes are projected by 2060 in four models (ACCESS1.0, CCSM4, HADGEM2-CC, IPSL-CM5A-LR). NWP routes for all other models increase from early-century to mid-century, with the greatest increases occurring in MIROC-ESM-CHEM (+63) and GFDL-CM3 (+60).

The overall density of projected routes also varies significantly among models. In general, CCSM4, IPSL-CM5A-LR, and MIROC5 are conservative, together accounting for only 11% of the total routes for open-water vessels from 2011-2060 under RCP 4.5 (Table 1X; 2%, 4%, 5% respectively). The number of projected routes is greater than one standard deviation below the 10-model mean for these models at early-century and remains so by mid-century for CCSM4 and MIROC5. 

In contrast, GFDL-CM3, MIROC-ESM-CHEM, and ACCESS1.3 are comparatively aggressive, together accounting for 49% of the total open-water routes under RCP 4.5 (18%, 16%, 14%).  GFDL-CM3 stands out as the only model to exceed the average aggregate projected routes from 2011-2060 by more than one standard deviation (1.6). Furthermore, routes in GFDL-CM3 and MIROC-ESM-CHEM are more evenly distributed between the eastern/central Arctic and the NWP than in most models (67% and 64% eastern/central), indicating that trans-Arctic accessibility is both high and widespread in these models.
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Presenter Notes
Presentation Notes
Dimensions of embeddedness:
On land
Europe vs. Asia: demand/infrastructure mismatch
State majority control of means of production/transport, but lacking necessary technology and capital

While elements of this type of gamesmanship are at times visible, nonetheless the Arctic is better characterized by what might be called dynamic cooperation. This is not to say that environmental NGOs are not often at odds with resource
developers, or that indigenous groups find certain initiatives by environmental NGOs patronizing or contrary to their lifeways. But more broadly, because of the physical constraints of production
in Arctic climates, the remoteness of sites and the relative lack of labor, the development of resources, or equally the resistance to development, requires people to work together. This
cooperation suggests that a network of relations helps to determine which lands and waters are accessed and how profits are split, rather than the more popular vision that there is a race and
that one nation might somehow win the Arctic “prize.”



Stephenson & Agnew, 
Environment and Planning A (2015)



1. Druzhba
2. Baltic 1 & 2
3. North-West
4. Caspian

5. Baku-Novorossiysk
6. East Siberia-Pacific 

Ocean (ESPO)

7. Northern Lights
8. Yamal-Europe I
9. Soyuz
10. Bratstvo

11. Nord Stream
12. Bovanenkovo-Ukhta
13. Power of Siberia

Oil Trunklines Gas Trunklines
7. Northern Lights
8. Yamal-Europe I
9. Soyuz
10. Bratstvo

11. Nord Stream
12. Bovanenkovo-Ukhta
13. Power of Siberia
14. Altai

Major oil and gas pipelines in Russia Stephenson & Agnew, 
Environment and Planning A (2015)
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Let’s look at whether the NSR will 
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The Northern Sea Route: a new LNG transport corridor?
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Let’s look at whether the NSR will 





Source: Novatek

Local Stakeholder Impact

Business owners, providers of goods and 
services within YNAO

Employment, business opportunities

Residents of Seyakha (closest settlement) Employment, educational opportunities, 
construction and upgrade of infrastructure 
and housing

Residents of other rural settlements (Yar-
Sale, Novy Port, Panavevsk, Salemal)

Employment, long-term improvement of 
regional social and transport infrastructure

Stated Local Economic Impacts of Yamal LNG

However:
• No permanent settlements near Yamal LNG, so no local 

employment effect
• Workers will most likely originate from throughout Russia and 

abroad
• Most contracting companies are foreign (e.g. Germany, Japan, 

Korea, U.S.)
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Stakeholders and impacts of Yamal LNG:

Business owners and providers of services, goods and materials within the Yamalo-Nenets Autonomous Okrug and other parts of Russia:  
Employment and generation of additional job opportunities / opportunities for cooperation
 
Residents of other rural settlements within the Yamalsky District (Yar-Sale, the transport hub of Mys (Cape) Kamenniy, villages of Novyi Port, Panayevsk, Salemal):
Employment and training opportunities, Long-term improvement of the District’s and regional social and transport infrastructure

Residents in the village of Seyakha: Yamal LNG’s development program for the settlement in 2011-2015 includes: 
Employment and educational opportunities 
Construction and upgrade of social infrastructure and housing; removal of dilapidated dwellings  
 
The population of the Yamalsky District, where the project site is located, was 16,310 persons, of which 69 per cent belong to indigenous peoples. About 50 per cent of the indigenous population was involved in traditional nomadic activities. 
The closest larger settlement to the project site is the Seyakha village, located 120 km to the south of Sabetta. According to the 2010 Census, Seyakha had a population of 2,600.
In addition, Yamal LNG contributes to modernizing the Seyakha village, which is the closest larger settlement to the project site, located 120 km south of Sabetta. 

There is, however, little reason to expect positive local ripple effects for the existing local economy since the project is located in a remote location with limited population save for nomadic reindeer herders who most likely not will be eligible for employment at Yamal LNG. The closest permanent settlements, Tambey Factoria and Seyakha, have received vague promises of possibilities for “productivity change” and employment opportunities, but also investments in housing projects.
 
As there is no permanent settlement in the Sabetta area, there will be no local employment effect nor any impact on regional housing. Personnel may be recruited from Yamalo-Nenets Autonomous Okrug, but no information on specifically targeted programs for local employment has been identified, and workers at the Yamal LNG site will most likely originate from throughout Russia as well as from abroad.





Contractors for Yamal LNG
Equipment Contractor Country

EPC Technip/JGC France/Japan

Cryogenic heat exchangers APCI USA

Turbine cryogenic 
compressors

General Electric USA

Boil-off gas compressors Siemens Germany

Air cooled heat exchangers Hamon D’Hont Belgium

Integrated control & safety 
system

Yokogawa Japan

Gas turbines for power plant Siemens Germany

LNG tanks Entrepose/Vinci France

Power plant Technopromexport Russia

Acid gas removal system BASF Germany

Arc-7 LNG carriers Daewoo Shipbuilding & 
Marine Engineering

Korea

Adapted from Gyetvay, 2013
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In parallel with Gazprom’s pipeline projects, the Russian state has turned to LNG as a way to deliver its Arctic gas to high-demand markets, particularly in Japan and Korea. While oil shipping from the Arctic has been ongoing via the Varandey terminal on the Pechora Sea since 2008, gas shipping from the region will be led by Yamal LNG, Russia’s second LNG plant and first in the Arctic. The project is majority-owned by independent producer Novatek with foreign minority partners Total and CNPC. First commercial shipments from the adjacent port at Sabetta are planned for 2017, and total liquefaction capacity will exceed 37 million cubic meters (EIA, 2013). 

While the majority of Yamal LNG’s workforce (7,000 at peak) are Russian, the project is very much an international effort, involving the coordinated activities of more than 10 foreign contractors including General Electric (turbine cryogenic compressors), Siemens (gas turbines), and Technip (engineering, procurement and construction) (Gyetvay, 2013). The state has signaled strong support for Yamal LNG despite the fact that foreign firms own 40% of the project and Russian state-controlled companies hold no stake. In October 2013, Putin ordered the government to increase tax incentives for gas production on the nearby Gydan peninsula if the gas produced there is sent to Yamal LNG. Even more significant was the decision two months later to liberalize exports of LNG, ending Gazprom’s long-standing monopoly on gas exports. Rather than leading to the demise of the project, U.S. sanctions against Novatek had the effect of further increasing government support, as Moscow allocated $2.46 billion from the National Wealth Fund to continue construction during sanctions and lifted the value-added tax on all technical equipment destined for Yamal LNG (Samofalova, 2015; Staalesen, 2015a). 

State interest in Yamal LNG appears to be driven mainly by the prospect of tax payments (24% of net cash flow) rather than local development, as the lack of a previous permanent settlement in the Sabetta area precludes a local employment effect (Lunden and Fjaertoft, 2014). Nevertheless, the project has the potential to promote agglomeration in settlements throughout the Yamalsky District through targeted investments and employment opportunities. Yamal LNG’s development plan for the region involves infrastructure modernization (e.g., construction and upgrade of social infrastructure, transportation, and housing) and employment and job training for residents of the nearest settlement of Seyakha (population: 2,600) and other rural settlements such as Yar-Sale, Novy Port, and Salemal (Yamal LNG, 2013). Business owners and providers of goods, services and materials within the Yamalo-Nenets Autonomous Okrug are also expected to benefit from additional jobs created by the project (Lunden and Fjaertoft, 2014). Unlike historical “company towns” in which employment is strictly localized at the site of extraction, Yamal LNG may be better understood as an intermediary enclave in which tightly spatially-delimited extraction at one site may promote agglomeration in a secondary settlement (Phelps et al., 2015). However, as most services (other than direct labor) will be supplied from outside the region, aggregate benefits of agglomeration from Yamal LNG will be spatially dispersed.




Climate Change: Current Geographic Issues

Shell’s retreat “for the foreseeable future”

Presenter Notes
Presentation Notes
FT: Shell’s Arctic defeat: http://www.ft.com/intl/cms/s/0/d90812ee-65df-11e5-97d0-1456a776a4f5.html



Climate Change: Current Geographic Issues

“Kayaktivists,” Seattle 2015

Presenter Notes
Presentation Notes
Protesters on the Willamette River in Portland, Ore., waited as a Royal Dutch Shell icebreaker prepared to leave for Alaska in July. �
 



How much fuel is “unburnable” in order to keep warming 
below 2° C?

• Globally, 1/3 of oil reserves and over 80% of coal reserves are unburnable
• 75% of Canada’s reserves are unburnable, and 85% of its bitumen (oil sands)
• Coal reserves are the least-used fuel (82% unused by 2050)
• All Arctic resources are unburnable

Projected oil (left) and coal (right) production under a 2° C warming scenario 

McGlade & Ekins (2015)

Presenter Notes
Presentation Notes
Caption: Oil, gas and coal production in the TIAM-UCL 2 6C scenario (with CCS) and comparison with all other 2 6C scenarios in the Intergovernmental Panel on Climate Change Fifth Assessment Report (AR5) database5.

It’s estimated that “globally, a third of oil reserves, half of gas reserves and over 80 percent of current coal reserves should remain unused from 2010 to 2050” to keep the plant from heating up more than 2 degrees C, according to a January study published in the journal Nature. International climate talks in the past have called for emissions reductions sharp enough to limit warming to 2 degrees.
“It’s companies and countries that hold large coal reserves that are going to suffer under a 2 degree scenario, and also the Arctic oil,” Christophe McGlade, author of the Nature study and a professor at University College London, told Mashable.
 
The reserves of oil, gas and coal that shouldbe classified as unburnable within each region, and the percentage of current reserves that remain unused, are set out in Table 1. Since total production is most sensitive to assumptions onCCS, and since it has been suggested that the deployment of CCS will permit wider exploitation of the fossil fuel resource base16, Table 1 includes the unburnable reserves from two alternative 2 uC scenarios. One scenario permits the widespread deployment of CCS from 2025 onwards, and the other assumes that CCS is unavailable in any time period.

Globally, when CCS is permitted, over 430 billion barrels of oil and 95 trillion cubicmetres of gas currently classified as reserves should remain unburned by 2050. The Middle East, although using over 60% of its oil reserves, carries over half of the unburnable oil globally, leaving over 260 billions of barrels in the ground. Canada has the lowest utilization of its oil reserves (25%), as its natural bitumen17 deposits remain largely undeveloped (see below) while the United States has the highest, given the proximity of supply and demand centres. The Middle East also holds half of unburnable global gas reserves, with Former Soviet Union countries accounting for another third, meaning that they can use only half their current reserves.

Coal reserves are by far the least-used fossil fuel, with a global total\ of 82% remaining unburned before 2050. The United States and the Former Soviet Union countries each use less than 10% of their current reserves, meaning that they should leave over 200 billion tonnes (Gt) coal (both hard and lignite) reserves unburned. Coal reserve utilization is twenty-five percentage points higher inChina and India, but still they should also leave nearly 200 Gt of their current coal reserves unburned.

Regarding the production of unconventional oil, open-pit mining of natural bitumen in Canada soon drops to negligible levels after 2020 in all scenarios because it is considerably less economic than othermethods of production. Production by in situ technologies continues in the 2 uC scenario that allows CCS, but this is accompanied by a rapid and total decarbonization of the auxiliary energy inputs required (Extended Data Fig. 2). Although such a decarbonization would be extremely challenging in reality, cumulative production ofCanadian bitumen between 2010 and 2050 is still only 7.5 billion barrels. 85% of its 48 billion of barrels of bitumen reserves thus remain unburnable if the 2 uC limit is not to be exceeded.

Finally, we estimate there to be 100 billion barrels of oil (including natural gas liquids) and 35 trillion cubic metres of gas in fields within the Arctic Circle that are not being produced as of 2010.However, none is produced in any region in either of the 2 uC scenarios before 2050. These results indicate to us that all Arctic resources should be classified as unburnable.




What are the major threats from climate change in 
the polar regions?

 Access to resources that must stay in the ground if we hope to 
avoid catastrophic climate change

 Access to central Arctic “trans-polar” routes far from ports and 
search and rescue stations

 Variability of future Arctic routes pose uncertainties for strategic 
planning by governments, environmental agencies, and the global 
maritime industry

 Arctic development offers opportunities for international 
cooperation and strategic positioning of the Northern Sea Route, 
but without clear benefits for local populations (Yamal LNG)

Presenter Notes
Presentation Notes
What has your research shown are the major threats from climate change in polar regions?  
Major threats are the opening of new resources, but this depends on economics

What lessons can be applied from your research for addressing the big 21st Century changes in polar regions and their implications for global and local society?

Yamal LNG does not offer a sustainable long-term solution to economic development in YNAO:
Regional communities may see employment growth, but no privileged access to employment
Infrastructure upgrades insufficient to stimulate long-term growth – industry agglomeration will occur elsewhere




Thank You
Scott R. Stephenson
stephenson@uconn.edu



Climate Change: Current Geographic Issues

Greenpeace’s protest and the arrest of the “Arctic 30” (2013)



Climate Change: Current Geographic Issues

Maritime jurisdiction and boundaries in the Arctic (IBRU)

Blue areas: Arctic state 
internal territorial waters

Dark shaded areas: Arctic 
state EEZ

Light shaded areas: 
outstanding claims to 
additional EEZ beyond 200 
nautical miles in the 
international “high seas”

Hatched areas: theoretical 
future claims
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In August 2007 Russian scientists sent a submarine to the Arctic Ocean seabed at 90° North to gather data in support of Russia's claim that the North Pole is part of the Russian continental shelf. The expedition provoked a hostile reaction from other Arctic littoral states and prompted media speculation that Russia's action might trigger a "new Cold War" over the resources of the Arctic.
While there are a number of disagreements over maritime jurisdiction in the Arctic region - and potential for more as states define the areas in which they have exclusive rights over the resources of the continental shelf more than 200 nautical miles from their coastal baselines - so far all of the Arctic states have followed the rules and procedures for establishing seabed jurisdiction set out in the 1982 United Nations Convention on the Law of the Sea (UNCLOS). Russia, Norway and Denmark have made submissions to the Commission on the Limits of the Continental Shelf (CLCS); Norway's submission was the subject of CLCS recommendations in 2009 while Denmark’s 2014 submission and Russia’s 2015 resubmission await review by the CLCS. Canada and the USA continue to gather data in preparation for future submissions to the CLCS, although the USA will probably need to ratify UNCLOS before it can make a submission.
In response to numerous enquiries relating to maritime jurisdiction in the Arctic, IBRU has prepared a map and a set of briefing notes on the current state of play in the region. The map identifies known claims and agreed boundaries, plus potential areas that might be claimed in the future. Comments and questions concerning the map should be sent toibru@durham.ac.uk - but please read the briefing notes carefully first.
 


https://www.dur.ac.uk/ibru/resources/arctic/


Optimal September navigation routes from Rotterdam/St. John’s to the Bering Strait 
from 2006-2015 as driven by ensemble-average GCM sea ice projections

Forcing:
RCP 4.5 W/m2

Vessel Classes:
Polar Class 6
Open-water

Trans-Arctic 
shipping

Smith & Stephenson, 
PNAS (2013)
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PNAS study showed that optimal routes vary considerably due to sea ice variability. 
These differences in route tracks matter enormously not just in terms of distance and time savings to destination, but also:
Safety – distance from ports, SAR, support facilities
Economics – routes determine whether transit fees and ice escort will be required
Environment – ice complicates spill response, and emissions of BC matter for a climate response only if deposited on ice




Yamal LNG

Northern Sea Route



ACCESS1.0 ACCESS1.3 CCSM4 GFDL-CM3 HADGEM2-CC

IPSL-CM5A-LR IPSL-CM5A-MR MIROC5 MIROC-ESM-CHEM MPI-ESM-MR

Single-model deviation from 10-model average least-cost route density for open-
water vessels in standard deviation units (2011-2035, RCP 4.5)

NSR is most reliably accessible, but dominates in only two models 
(CCSM4, IPSL-CM5A-LR)

Presenter Notes
Presentation Notes
Analysis of route densities from individual models reveals considerable spatial differences in projected trans-Arctic routes. 

While all models project at least some accessibility in the eastern Arctic throughout the study period, the NSR (narrowly defined) is the dominant route in only two models from 2011-2035 (CCSM4, IPSL-CM5A-LR), while it is only one of many possible routes spanning the eastern/central Arctic in most models (ACCESS1.0, ACCESS1.3, GFDL-CM3, HADGEM2-CC, IPSL-CM5A-MR, MIROC-ESM-CHEM). 
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