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Case study objectives

• Investigate predictability of extreme weather 
events associated with marine cold air outbreaks 
in the Arctic

• Understand the linkages between a changing 
Arctic and its’ connotations to climate variability

• Identify how improved forecasts can be used to 
mitigate risks of operating in polar waters
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Key question:
How can we co-develop useful climate services, to project understanding of Arctic processes, and ultimately improve safety and efficiency in maritime operations?



Adapting for blue growth and a “climate economy”
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Iterating improved representation of extremes to build climate resilience – and foster sustainable practices



Stakeholder engagement
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Scoping of 
stakeholder and 

end-user 
requirements 

Development of 
climate services

Dissemination of 
products/end-
user workshop 
on polar lows 

prediction
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Through co-development, joint design, active integration, and stakeholder dissemination



Tailoring a climate service for storm readiness

• Requirements specification
– Who are the users
– What are the needs
– What information
– When and how

• Weighing the benefits
– Risk advisory
– Mitigation strategies
– Search and rescue capacity
– Timely, spatial, and accurate information 



Delineate a relationship between climate effects 
(MCAOs) and risks to maritime operations
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Use of climate predictions in risk 
management and environmental 
protection.
Image for illustration purposes only. 
Øivin Aarnes, DNV GL
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Deliverable: Delineate a relationship between cold air outbreaks and polar storms

MCAOs are a certain kind of weather phenomenon which normally form over Arctic waters. When cold air masses flow over warmer water, they create a spiralling convective force driving winds and evaporation from the oceans surface. They can be large, with a radius of hundreds of kilometers, and their peak typically dissipate within a couple of days. The peak times of MCAOs usually occur when baroclinic waves pass over the regions. Allthough ships are designed and equipped to withstand this kind of weather, polar storms do involve an increased level of risk to people and maritime activities. Ships caught in these storms are often exposed to:

Sea-spray and marine icing
Reduced visibility
Heavy snowfall
Strong winds
Rough seas

To help in the planning process, DNV GL has developed tools which enable users to harness climatological fields (sea ice, wind field, temperature anomalies, etc.), and provide early warnings towards the probability of encountering extreme weather
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The cryosphere – a barometer of climate change

Recognizing a changing Arctic
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The cryosphere – frozen precipitation, snow cover, sea ice, lake and river ice, glaciers, ice caps, ice sheets, permafrost and seasonally frozen ground – is a critically important component of the Arctic Climate System. It is a major indicator of global climate change and plays a fundamental role in Earth’s climate system.

Siting WMO, The cryosphere is the key to providing climate services in the Arctic region where climate prediction skills are currently severely limited and require substantial additional research.

Existing climate products and services – sea-ice monitoring, satellite observations of ice extent and specialized predictions – have to be operationalized and brought to proper application. A cohesive and integrated effort to observe, monitor, assess and predict the state of the cryosphere is needed. And this effort has to be underpinned by coherent and coordinated research and product development.

Source: World Meteorological Organization



…and adapting to a future climate
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Impact of climate change and extreme waves on tanker design, DNV GL report 2015 

How will a future climate impact on operations and ship design?

Presenter
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A recent report on projected changes in significant wave height implies that the future wave climate is closely linked to the individual climate model’s ability to represent realistic extratropical cyclone activity, in terms of tracks, intensity, and number. [Aarnes et. al 2017, Journal of Geophysical Research: Oceans]

[In this report, wind field ensembles from six CMIP5 models force wave model time slices of the northeast Atlantic over the last three decades of the 20th and the 21st centuries. The future wave climate is investigated by considering the RCP4.5 and RCP8.5 emission scenarios.]

Another study shows how scientific findings on climate change and rogue waves can be incorporated in the risk-based approach used in current design practice of tankers, and ship structures in general.

Needs to climate services:
Delimit regions of higher likelihood of exposure, by mapping the underlying mechanisms such as spatial focusing and refraction
Services that meet the needs of design basis, extremes, fatigue measures, materials
Reliable observations of rogue waves, and wave statistics from oil rigs and other platforms
Area specific extremes on waves, significant wave height, probability of exceedance




Polar operations – New IMO Polar Code from 1st

January 2017

Limitations to operations 
are defined by:
• Vessels Ice Class – actual ice condition
• Polar Service Temperature (PST)
• Level of Winterization
• Possible other design limitations

Purpose of The Code: To identify ship specific 
operational limitations, and make owner and 
crew aware of these.

However, it is always the 
responsibility of the Master to 
ensure that the vessel operates 
within these limits!
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Impact of polar lows in trans-Arctic shipping

10

AHI image captured by the Japan Meteorology Agency’s Himawari-8 satellite
SSEC/CIMSS, University of Wisconsin–Madison

Do we anticipate a polar low on this voyage?

Should we and can we, re-route to avoid the 
storm?
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The predictability of polar lows is highly uncertain as they generally form, develop, and dissipate in the lapse of a few hours to a couple of days. Yet, we may provide early warnings to ships on the basis of pressure systems, sea surface temperatures, polar front development, and cold air outbreaks.

Science undertaken in Blue Action shows:
Hazardous weather at sea is more likely to occur during a marine cold air outbreak
The potential for a polar low is closely related to the delta temperature difference between SST and 850 hPa levels (700 m)
It is commonly understood that a potential for skillful climate prediction resides in the ocean. Nevertheless, it remains unresolved to what extent variable ocean heat is imprinted on the atmosphere to realize its predictive potential over land.
Ocean temperature is a more reliable source (than atmospheric circulation) in describing surface air temperature (SAT) variability


Improving safety to shipping is a particular concern in the Arctic. Ships sailing the North-East passage (Northern Sea-Route) may encounter polar lows, and for this reason, we need to understand the causal mode of this weather phenomenon.

Needs from climate services:
Can we identify any hotspots and breeding grounds to polar lows?
Statistical data on frequency and category of polar lows in specific regions
Drivers of polar lows and their linkages to Arctic processes

AHI image captured by the Japan Meteorology Agency’s Himawari-8 satellite
SSEC/CIMSS, University of Wisconsin–Madison
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Trans-Arctic shipping
A feasible option in 2030-2050?

By 2030, part-year traffic from Tokyo hub will be competitive. *
In 2050, Tokyo hub will be profitable for part-year operation and may become 
profitable also with year-round sailing for bunker prices above $900/tonne.* 

Trans-polar shipping from central ports in Asia is 
likely to become marginally profitable only with 
high bunker prices and a long summer sailing 
season in 2050.

Traffic across the Arctic from the southern ports 
in Asia (Singapore hub) will not be profitable due 
to a longer sailing route than via Suez.

Using a trans-polar route may reduce global CO2
emissions from ships by roughly 0.1% in 2030 
and 0.15% in 2030 and 2050, respectively.

* According to a DNV GL study of 2012



Which is more viable, and which is more sustainable?
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Polar Silk Road !



Climate resilient pathways
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Climate-resilient pathways are development trajectories that combine mitigation 
and adaptation strategies to realize the goal of sustainable development

Photo: Dirk Knotz, MPG
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Climate-resilient pathways require an integrated perspective on mitigation, adaptation, and sustainability. 
Mitigation and adaptation strategies are not mutually exclusive, but rather complementary. They are both strategies to reduce and manage the risks of climate change.
While mitigation refers to efforts to reduce or prevent emission of greenhouse gases (GHGs), adaptation refers to the process of adjustment to actual or expected climate change at its effects.

Sustainable development in the Arctic involves both mitigation and adaptation, and for the industry this means identification of trade-offs and co-benefits with mitigation strategies and wider sustainability goals.




Business action to climate change

Key enablers
 Commitment to the UN Sustainable Development 

Goals and the Paris Agreement
 Integration of climate risks and opportunities into 

sustainability strategies and action
 In the strategy process, recognize social and 

environmental drivers to sustainable practice
 Recognize and embed socio-economic side effects into 

strategic planning
 Involvement of users, stakeholders, communities, and 

business
 Bilateral transparency between government, society, 

research, and business
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Business climate action refers to the actions taken by business to reduce and 
manage the risks of climate change
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Business action to climate change requires business to have foresight, and take the necessary steps to act upon a future that is somewhat uncertain.
It requires businesses to recognize what are its main vulnerabilities [to climate change], address the risks, and integrate these into strategic planning.

Some key enablers:
Integration of climate risks and opportunities into sustainability strategies and action.
In the strategy process, recognize social and environmental drivers to sustainable practice.
Transparency in communication between government, society, research, and business.

The UN Global Compact made a call for companies to commit to responsible corporate adaptation in June 2016. Adapting to climate impacts offers many benefits to the private sector, such as improving operations and competitiveness, leveraging new business opportunities, building corporate reputation and protecting value chains. 




Enabling blue-green growth

Sustainable management of the oceans
Protecting terrestrial ecosystems and upholding the livelihoods of 
indigenous communities
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Enabling blue-green growth is first and foremost about sustainable management of the earth’s resources, and in this, recognizing the effects of ongoing climate change.

Climate information along with ecological models, is critical to understand the response of ecosystems to climate change.
We have all heard the term tipping points, and it is fair to say, that today we are at the verge of irreversible degradation of some Arctic ecosystems- Thawing of permafrost (browning of tundra) and the collapse of some Arctic fisheries (degradation of fish stocks)
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