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The Joint B2B North Atlantic-Arctic Ocean Science Programme Initiative1 
A Draft of Thoughts and an Exploratory Document 

Version 17.0 

Preamble Premise: The premise is that the research, with education, globally and in this North Atlantic-
Arctic region, is faced with a dramatically new and foundationally different world upon which to develop 
its programs. B2B is evolving from this premise and from within the scientific community to innovatively 
transform international scientific research and related education programs in an era with new expectations 
for science in the 21st century. B2B is proposed as a “Programme Initiative” with “Priority Projects” in 
the spirit of IGBP, WCRP, and others international scientific programs, with an explicit scope and 
charter: 

1. The Scientific Element: First and foremost, B2B is dedicated to deepening societally needed 
scientific data, process understanding and knowledge of the North Atlantic-Arctic oceanic region as 
elements of the Earth system and to concurrently to; 

2. An Explicit Science-to-Policy Aspect: Creatively facilitate national regional policy development, 
decision-making and governance capabilities that constructively affects the socio-economic, 
societal well-being and a sustainable future of the nations in the North Atlantic-Arctic region; and 

3. Establishment of Enabling Partnerships within the B2B Region: Explicitly foster and develop 
partnerships with the nations and key elements of the scientific communities, the socio-economic 
organizations, governance units and societal infrastructures within the North Atlantic-Arctic region.  

A Prologue for B2B: The World Economic Forum (WEF)2 suggests that: 

 “We stand on the brink of a technological revolution that will fundamentally alter the way 
we live, work, and relate to one another. In its scale, scope, and complexity, the 
transformation will be unlike anything humankind has experienced before. We do not yet 
know just how it will unfold, but one thing is clear: the response to it must be integrated 
and comprehensive, involving all stakeholders of the global polity, from the public and 
private sectors to academia and civil society”.  

The B2B Initiative is proposed and designed to build its strategic foundations on this emerging pattern of 
technologies and socio-economic change, that increasingly obscures the lines between the socio-
economic, physical, digital, biological and governance spheres. The speed of technological and socio-
economic change has no historical precedent as it is disruptive, and the changes foretell a transformation 
across both public and private spheres of societies3.   

A Strategy for Developing the B2B Initiative: As a foundational strategy, B2B is founded on an  
“evidence-based” strategy4 that focuses on a “use-inspired”5 research and academic education programs 
that contributes to both improved understanding of the relevant North Atlantic-Arctic elements of the 

 
1 This is not necessary the title for the effort, it is simply a working title to get the conversations moving. Another title might be 
the Joint North Atlantic-Arctic Ocean Regional Study (JNAORS), and, our Norwegian science colleagues at the University of 
Tromsø, Norway’s Arctic University, suggested that we call this B2B: From Bermuda to Bear Island in the Svalbard 
Archipelago.  

2 The World Economic Forum’s posits a 21st century “Fourth Industrial or Knowledge Revolution” that is increasingly 
founded on “cyber-physical systems” that involves entirely new capabilities for people and machines. 
(https://www.weforum.org/agenda/2016/01/what-is-the-fourth-industrial-revolution/).  

3 Global Trends 2035: An analysis by the U.S. Defense Intelligence Agency: https://www.dni.gov/files/documents/nic/GT-Full-
Report.pdf 
4 Decision-Relevant Science for Evidence-Based Environmental Policy, a study and report by the NAS: 

https://www.nap.edu/read/11186/chapter/8 
5 Use-inspired” research consists of scientific investigation whose rationale, conceptualization, and research directions are 
driven by the potential use to which the knowledge will be put. https://www.nap.edu/read/12015/chapter/5 
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Earth system and that significantly enhances and facilitates policy development and decision-making 
capabilities that constructively affect the socio-economic and geopolitical well-being and security of the 
nations in the North Atlantic-Arctic region.  

Framing the B2B Research Agenda: These 21st century evolving strategies for research are evolving 
from numerous sources3, arguably into at least four major themes which are the candidates suggested for 
framing a B2B research agenda: 

Ø The Changing Climate, both Globally and Locally: Focused on the dynamic interaction between 
the actions of societies and global climate system, the seeks to address, inter alia, on: How are the 
Earth’s massive ice sheets changing? How fast will sea level rise and affect coastal regions around 
the world? What are the impacts on rainfall, extreme weather events, flooding and drought? How 
do changes in ecosystems and their services affect humankind? How do changes in landscapes and 
water resources impact humankind’s future? and What are the consequences for important oceanic 
(e.g., fisheries) and marine systems (e.g., coastal wetlands, estuaries, and coral reefs) from higher 
levels of CO2 from the consequential increases in ocean acidification?  

Ø Changes in Relevant Socio-Economic Systems: Humankind is nested in global-scale socio-
economic changes (e.g., the globalization on many aspects of modern civilization) that affects 
business and governance over a wide range of foundational issues essential to modern civil 
societies, the origins of which range from population increases, demographic shifts to the 
availability of energy, food and water.  

Ø Challenges that Impact Societal Well-being and Human Well-being: Human health and the 
well-being of civil societies are affected by increasing temperatures and precipitation that increase 
the risk of waterborne and foodborne diseases and allergies and that are increasing the proliferation 
of insects that spread diseases like Zika, West Nile, dengue and Lyme disease into new territories. 
Extreme weather and climate-related natural disasters (e.g., floods and draughts) are affecting 
vulnerable populations, such as the elderly, children, lower-income communities. 

Ø Geopolitical Realities, Governance Issues and Treaties are playing an increasingly important 
role as: (a) Economic, Environmental and Social Disruptions are likely to Continue to Accelerate, 
(b) Global Knowledge-Based Socio-Economic Societies are Evolving, (c) New Management and 
Operating Models are Gaining Traction, (d) Greater Transparency and Accountability will likely be 
Demanded, and (e) An Increase Expectation for Returns on Financial and Programmatic 
Investments.   

There are New Expectation for the Scientific Research and Education Community: The B2B 
Programme Initiative is therefore to address these emerging expectations for science where national and 
private supported research programs are increasingly expecting the science community to address four 
overlapping expectations6: 

Ø Science: Implement Use-inspired Research: Research and related technology research that 
contributes to both improved understanding of fundamental earth system processes, adaptation 
strategies and practices and mitigation changes, all of which facilitate effective policy and decision 
making; 

 
6 Examples:(1) EU’s Europe Horizon: A research and innovation initiative to increase the effectiveness of funding addressing 
clearly defined targets of societal interest from research on adaptation to climate change affecting societal transformation to 
climate-neutral and smart cities (https://ec.europa.eu/info/horizon-europe-next-research-and-innovation-framework-
programme_en) and (2) Sweden's MISTRA program that invests in research aimed at solving key environmental problems and 
promoting Sweden's future competitiveness: https://www.mistra.org/en/. 
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Ø Adaptation: Conduct Research Focused on Adapting to the Climate and Global-Scale Change: 
The B2B is being posited to address these four7 elements: (a) That improve the quality, 
accessibility, and usability of climate hazard and risk information essential to adaptation efforts, (b) 
Increases investment in adaptation-focused research, development, and demonstration from both 
governmental and private sources, (c) Develops means to identify the public and private economic 
costs of adaptation, and (d) 4. Strengthens policies and plans related to adaptation at all levels of 
society. 

Ø Causalities of Change: Initiate Research Focused that Addresses Key Mitigation Realities: 
Importantly, it is for the research community to focus on relevant use-inspired or adaptation-related 
research that facilitates reducing local GHG emissions that help contribute to the national 
contributions of global mitigation of the changing climate. Further, focus aspects of use-inspired 
research that have the potential to lead to economically viable renewable, alternate and/or more 
efficient energy systems, geoengineering or other adaptive technologies and practices that are 
socio-economically acceptable.  

Ø Develop Policy and Decision Support: Identifying Principles and Practices for Effective Policy 
Development and Decision Support: The literature and the related research8 suggests that the 
unparalleled challenges and opportunities of a changing climate suggest that there is a growing 
demand from both the public and private sectors for information and more effective way to support 
climate-related decisions. National Academy of Sciences report sets forth a foundation for 
improved decision support with a set of principles and a framework for policy development 
processes that include information, strategies, and methods (See Appendix I). 

These Key Overarching Challenges have been Identified9:  It is posited that the B2B programme nest 
its program in ways to address challenges such as: 

Ø Address Research Challenges of Relevance in Biogeochemical and Socio-Economic Systems: 
Humankind is nested in global and regional-scale systems that have consequences for modern civil 
societies where these systems have direct relevance to their futures; 

Ø Improve the Usefulness of Climate Forecasts:  Improve the wider understanding of scenarios and 
role of projections of future climate and global change, including using  scenarios that forecast the 
consequences on useful time scales for regional assessments; 

Ø Develop Enhanced Monitoring and Observational Capabilities:  Develop monitoring and 
observation systems for assessments, regional model simulations and the needed process studies of 
global and regional environmental change; 

Ø Develop Strategies and Pathways for Societal and Humankind’s Sustainability: Identify the 
scientific foundations of institutional and behavioral change that provides pathways and practices 
for societal sustainability;   

 
7 https://issues.org/perspective-adapting-to-global-warming-four-national-priorities/ 
8 Evidence-Based Policymaking: http://www.pewtrusts.org/~/media/assets/2014/11/-
evidencebasedpolicymakingaguideforeffectivegovernment.pdf, Improving government policy on risk: Eight key principles: 
https://doi.org/10.1016/j.ress.2018.04.018 and others. 

 
9 These six challenges that have been identified and assembled from the published science literature, by the IPCC, national and 
regional assessments, existing international programs and the research agendas of numerous bodies, e.g., the 2nd Arctic Science 
Ministerial, held in 2018 in Berlin. 
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Ø Explore the Opportunities for Innovative ITC and other Technological Systems: Develop and 
evaluate innovative ITC and other technological systems to facilitate societal well-being and 
sustainability, nested in the B2B region but functioning in global contexts; and 

Ø Develop Strategies for Communication/Outreach Capabilities for the Nations of B2B Region:  
Determine those strategies and communication/outreach practices essential to anticipate, avoid and 
adapt to multi-time scales to relevant changes. 

Planning and Organizing for the B2B Initiative: An ad hoc B2B Steering Committee has evolved that 
engages several dozen scientists, science academies10 and other relevant experts. The B2B team is seeking 
the support among key individuals in the research and policy-interested communities within the B2B 
nations. The ad hoc B2B Steering Committee is identifying the key scientific questions to be addressed, 
the organizational arrangement to organize the B2B Programme Initiative and to explore the funding 
potentials for the support of such and Initiative. To do so, Six Working Group Teams are being developed 
and framed within the proposed programmatic and organizational elements in the diagram that follows: 

 
Ø Team 1: Develop the Overarching Vision of the B2B: A statement of this kind:  “The B2B 

Programme is an international, multi-institutional and interdisciplinary science-based initiative 

 
10 B2B is seeking associations with National Academies of Science throughout the B2B Region:  The U.S. National Academies of Sciences 

by the Ocean Studies Board, Polar Research Board and the Board on Atmospheric Sciences and Climate the Norwegian Academy of Science 
and Letters (Det Norske Videnskaps-Akademi, DNVA) and the Norwegian Scientific Academy for Polar Research (Norges Vitenskapsakademi 
for Polarforskning, NVP). The B2B Team is exploring associations with other National Academies of Science. 
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that seeks to extend and enhance a comprehensive and integrative understanding changes in the 
North Atlantic-Arctic Ocean Region and the socio-economic and cultural consequences for these 
nations and their people” or adaptations of the B2B Premise statement on page 1; 

Ø Team 2: A Strategy for further development of the B2B: Draft an action plan that identifies 
sources of funding for the continued development of the B2B from international and national 
funding agencies and foundations, that includes the funding of the necessary “Glue Money” for  
International Program Offices (IPO’s) in the B2B and its’s Core Projects;  

Ø Team 3: An Overall Scientific Steering Committee: Develop a strategy and plan for an overall 
B2B steering committee-like arrangement and the supporting international programme team to 
facilitate and guide the development of B2B’s implementation plans and, thereafter, facilitate and 
provide for the long-term operational support for a B2B Programme; 

Ø Team 4: Assess the strategy for and the potential kinds of key B2B Core Projects: Example of 
potential Key B2B Core Projects that might be to address: (a) Key process ocean/related studies,  
(b) B2B region-wide and the global connections modeling development and forecasting scenarios, 
(c) an observation and monitoring project that is connected to established and ongoing efforts, (d) A 
B2B region-wide periodic assessment program;   

Ø Team 5: Assess the strategy for and potential sources for Self-Established Projects: Assess the 
potential of and mechanisms to stimulate the development of self-established projects. Identify the 
potential for specific national or local regional self-established projects. What are the criteria for 
self-established projects to be identified as B2B projects and what criteria might be needed to 
provide flexibility in endorsing these self-established projects; 

Ø Team 6: Identify those Ongoing programmes and projects of importance for B2B to Track: 
Identify examples of ongoing and fully operating projects where cooperation and exchange of data 
and findings are appropriate for B2B to track and where, in some case, there are opportunities to 
establish cooperation mechanism. 

Further, a sub-group of the ad 
hoc B2B Steering Group Team 
has identified the academies of 
science or equivalent (listed 
below) in all B2B countries and 
other scientific organizations 
(e.g., Atlantic Ocean Research 
Alliance (AORA) between 
Canada, the European Union 
and the United States was 
launched by the signatories of 
the Galway Statement) are also 
being invited to identify 
individuals to participate in the 
B2B Initiative.  

It is recommended that the B2B 
Initiative Planning Workshop held, potentially virtually, to prepare three key elements of an overall 
implementation plan that addresses the research and a financial base for the continued evolution of the 
B2B Initiative, by developing the: 
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1. Overall Research Program: Planning to develop a research agenda that is built on a “use-
inspired” research program that contributes to both improved understanding of the relevant 
elements of the Earth system and that enhances and facilitates policy development and decision-
making capabilities that 
constructively affect the 
socio-economic and 
geopolitical well-being and 
security of the nations in 
this North Atlantic-Arctic 
region; 

2. Critical Infrastructure 
Elements to Implement 
the Research Program: 
The research program will 
require and depend on an 
enhanced and enabling 
infrastructure; from 
research vessels and 
icebreaking systems, 
instrumented aircraft, the 
new tools of drones and 
autonomous systems, and 
to the instruments of 
analysis. An essential 
element of the enabling infrastructure program is a long-term monitoring and data management 
program; and 

3. Overall Operations and Management Strategy: The B2B Initiative will require an overall 
management strategy and an implementation plan that includes, inter alia, a research-community 
based advisory process, a mechanism to fully engage the policy development and decision-
making communities, a user-engaged and financially viable “research business plan”, and a 
leadership organizational strategy and operational plan. 

In developing this overall implementation plan, it should be so structure to adequately address the premise 
posited for the B2B Initiative which suggests that it should be enabled to operate effectively in a 
foundationally different world where socio-economic change and the speed of enabling technologies have 
no historical precedent in both public and private spheres of societies.   

I. B2B is being developed as a scientific initiative in order to develop a more comprehensive and 
integrated understanding of the North Atlantic-Arctic region ocean and its role in and 
consequences for the nations of this region: The North Atlantic-Arctic region is arguably one of 
the most important geopolitical and socio-economic regions of the world. This region of 20 nations, 
interconnected by the North Atlantic-Arctic Ocean, contains one the most active trade routes in the 
world, one of the most important world fisheries, globally significant economic activities in the 
coastal margins, businesses and industry linked directly to the oceans and the coastal margins and 
socio-economic recreational and tourism activities. Further, global and local changes in the climate 
system are accelerating land-based ice melting, adds substantial to global sea level changes along 
with extreme changes in weather and climate that are increasingly controlled by ocean processes 
that affect global natural systems. The Working Title: “The Joint B2B North Atlantic-Arctic 
Ocean Science Programme Initiative”. The essence of this idea is an initiate that is international, 
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multi-institutional and science-based in scope and scale that seeks to extend and enhance a 
comprehensive and integrative understanding of the North Atlantic-Arctic Ocean Region and its 
socio-economic and cultural consequences of these nations and their people. The implementation 
strategy is to engage a wide range of science institutions, scientists and other leaders, much in the 
spirit of the global-scale research programs (e.g., International Geosphere-Biosphere Program 
(IGBP), the World Climate Research Program (WCRP), Human Dimensions Program initiative 
(HDP), Earth System Science Partnership (ESSP) and more recently, Intergovernmental Science-
Policy Platform on Biodiversity and Ecosystem Services (IPBES in order to substantially enhance 
an understanding dynamics of change within the regions and connect such to enhance the socio-
economic and societal well-being of these nations. A central goal of the B2B Initiative is to 
explicitly connect scientific understanding and the decision-making and public policy needs of 
societies, much in the spirit of a “boundary organization”, that interconnects science and politics in 
order to facilitate evidence-based and socially beneficial policies and programmes.   

II. The  “evidence-based” strategy of the B2B Programme Initiative is to address issues of societal 
importance such as:  

Ø Enhanced understanding the timing and scale open seaways in the region as the shipping (sea 
transport) industry would benefit from greater use of Arctic and circumpolar (sea transport) 
shipping routes such as the Northern Sea Route; 

Ø The North Atlantic-Arctic fishing and aquaculture 
industry would benefit from enhanced understanding of 
effects of climate change on  commercial fish stock 
levels and migration. For example, southern and 
pseudo-oceanic temperate fish species stocks are 
relocating North (Barents and Bering Seas), which 
could lead to unprecedented changes in harvest levels 
affecting directly commercial fisheries from climate 
change, other human influences and natural variability, 
all of which are a present and growing threat, creating 
significant shifts in the range, distribution, and productivity of key commercial species; 

Ø An evaluation of the impact of increased physical access to cold-region oil and gas resources 
including offshore reserves in the Chukchi Sea cold-region, lead and zinc in Alaska, gold in 
Canada, rare earth elements in Greenland, diamonds and iron in Canada and Greenland, 
aluminum in Iceland, and nickel in Russia; and  

Ø The impact of warming of the North Atlantic-Arctic region on the challenges and opportunities 
for the growth of tourism.  

III. The Scientific and National-Interest Challenges: The Arctic and the North Atlantic-Arctic 
regions are changing rapidly as a result of global 
climate change. Over the past five years, warm 
Arctic temperatures and large sea-ice deficits 
(75% loss of sea-ice volume) show 
contemporary climate states outside of previous 
experience. Future changes of the Arctic are 
projected to occur twice as fast as the changes 
further south, leaving the Arctic a much different 
environment by mid-century, with less snow and 
sea ice, thawing permafrost and melting glacial 
ice, and altered ecosystems, all driven by an annual mean Arctic temperature increase of +4°C. 
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Future Arctic changes may in turn impact lower latitudes through tundra greenhouse gas release 
and shifts in atmospheric jet stream patterns11. 

IV. An Initial North Atlantic-Arctic Science Plan12: A science plan has been prepared with support 
from the National Science Foundation Division of Ocean Sciences and the European Union (EU), 
which concludes that research on the North Atlantic-Arctic system will be strengthened by 
international collaborations within and between the EU and North America. Further, they identified 
critical fundamental research questions that will advance understanding of the North Atlantic-Arctic 
system by a focus on, that is posited as a series of scientific questions that can set an initial set of 
science questions:  

Ø Critical Dynamic Processes and 
Feedbacks: What are the critical dynamic 
processes and feedbacks across a range of 
bio/geo/physical and chemical sciences that 
are driving or responding to the variability 
and changes in the North Atlantic-Arctic 
climate system? 

Ø Critical High Latitude Cryosphere 
Process: What are the changing North 
Atlantic-Arctic cryospheric processes that 
influence ocean-atmosphere-ice interactions, 
thereby influencing biogeochemical processes and ecosystem structure? 

Ø Identifying Key Biogeochemical Processes: How will biogeochemical processes of shelf and 
open ocean waters of the North Atlantic and Arctic respond to changes in climate and increasing 
human pressures? 

Ø Enhanced Understanding of Marine Ecosystems: How will marine ecosystem structure and 
function respond to environmental change in climate, ocean physics, biogeochemistry, and human 
pressures? 

Ø Identifying Human Key Influences: What are the interactions between humans and a changing 
North Atlantic-Arctic marine system, considering perspectives of human health and well-being 
and informing sustainable management practices, and how to interconnect such with “boundary-
like mechanisms” that facilitate socially beneficial policies and programmes?  

Ø Enhancing Methods that Link Science and Decision-makers’ and End-users’ Needs: Explore 
the potential of “Boundary-like Organizations” to enable scientists and the needs for critical 
information within the nations in the B2B region productively in order to improve 
communication, translation, and mediation between the two communities to support  policy 
development and facilitate decision making needs13. 

Ø Others will be identified by the planning process; these are initial suggestions. 

 
11 From The Urgency of Arctic Change, A paper in Polar Science online 27 November 2018. 
https://doi.org/10.1016/j.polar.2018.11.008 

12 From: 
https://darchive.mblwhoilibrary.org/bitstream/handle/1912/7776/NATL_Arctic_Sciplan_FINAL.pdf?sequence=3&isAllowed=y 
13 Knowledge systems for sustainable development Cash, D.W., W.C. Clark, F. Alcock, N.M. Dickson, N. Eckley, D.H. Guston, 
J. Jäger, and R.B. Mitchell, 2003. Proceedings of the National Academy of Sciences 100:8,086–8,09, and Scale and cross-scale 
dynamics: Governance and information in a multilevel world Cash, D.W., W.N. Adger, F. Berkes, P. Garden, and L. Lebel 
2006. Ecology & Society 11(2):8. Available: http://www.ecologyandsociety.org/vol11/iss2/ art8/ [accessed November 2008]. 



 

Working Draft Version 17 Page 9 6/29/20 
File: The Joint North Atlantic-Arctic Ocean Science Initiative.Ver.17.RWC.docx  

V. The B2B Initiative, will of necessity, establish its own detailed scientific strategy, research agenda, 
and enabling infrastructure and implementing organization(s). However, it may include, inter alia: 

Ø Identifying the Principle Scientific Strategy for the Initiative: What are the changing 
dynamics of the climate system that have important scientific consequences and for the globe? 

Ø Identifying the Major Driving Force of Change: What are the key driving forces of change in 
the North Atlantic-Arctic Ocean Region and where can research provide the essential insights? 

Ø Articulating the Key Strategic Scientific Agenda: What are the cornerstone changes identified 
in the science of the oceans, from the physics, chemistry, biology, geology and paleo-sciences 
and the social sciences, that reveal the challenges and opportunities that affect the future of the 
region? 

Ø Identifying a Series of Key Use-Inspired Research Issues: Are there national well-being 
issues, socio-economic factors, trade or other national interest factors that need to be integrated 
into this scientific study that crosses and integrates the full range of scientific and scholarly 
interests, e.g., sea level rise, coastal erosion, changes in weather patterns, new socio-economic 
factors, etc. 

Ø Investing to Building the Human Capacities for the Science: What are the key research agenda 
items that underpins the initiative that elucidates research and education elements essential to 
create the next generation of scientists and regional private and public sector leaders, and how can 
the initiative implement and contribute to this critical issue? Enhance joint education across the 
involved nations.  (Idea: Maybe establishing a B2B PhD school and might ARCTOS take the 
lead.) 

Ø Identifying the Science to Policy Challenges and Opportunities: How can the Initiative 
identify the key consequences of change that will affect policy and decision-making for the public 
and private sectors of the affected 20 nations within the North Atlantic and Arctic oceanic region. 

VI. Candidate Scientific and Policy Relevant Themes: The North Atlantic Ocean, its connection to 
the Arctic, and its shelf seas are crucial for the ecological, economic, and societal health and 
resilience of both North America and Europe. This region plays a critical role in the global climate 
system as a significant reservoir of heat, water, nutrients and carbon dioxide, as well as through its 
ability to transport these over large meridional distances and exchange them freely with the 
atmosphere. Changes in climate from annual to centennial scales and attendant changes in 
temperature, freshwater input, and wind patterns will affect physical circulation, including changes 
in upper ocean density, surface currents, stratification, eddy dynamics and the delivery of nutrients 
to the photosynthetically active upper water column. There are several important and unresolved 
research questions and themes associated with this system that This Initiative will address: 

Ø A Candidate Theme for the North Atlantic-Arctic is “Ocean Carbon and 
Biogeochemistry”14: Cycling and transport of carbon, oxygen, and nutrients—particularly links 
between surface and deep processes, exchange between shelf and open ocean systems, and 
efficiency of the biological pump—are inextricably connected to the marine food web. In addition 
to physical and biogeochemical controls, biological responses at the individual, species, and 
community levels will depend on factors such as physiological tolerance, trophic interactions, and 
fisheries extractions. Near-term challenges across human- natural systems in the North Atlantic– 
Arctic region include shifting biogeographic boundaries, increasing resource exploitation, more 
frequent extreme events, changes in carbon cycling, and the need for universally established 

 
14 https://darchive.mblwhoilibrary.org/handle/1912/7671 
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marine ecosystem health metrics. Candidate Research Themes: Key scientific questions remain 
regarding the magnitude and evolution of ocean uptake of anthropogenic carbon and the likely 
biogeochemical and ecosystem responses and feedbacks to future changes in ocean chemistry and 
climate. We will need to develop a quantitative understanding of human pressures on marine 
ecosystems, particularly with regard to fisheries extractions (mesopelagic fisheries, higher trophic 
levels) and associated impacts on carbon cycling and food web structure. Exploration of this link 
between fisheries and carbon cycling will require the development and application of coupled 
biogeochemical-fisheries models. 

Ø A Candidate Theme for the North Atlantic-Arctic is the Role Played by the Meridional 
Overturning Circulation System15. The major oceanic energy-transport element in the system is 
the Atlantic Meridional Overturning Circulation (AMOC), which contains the major currents in 
the Atlantic-Arctic Ocean system as 
it is a northward flow of warm, salty 
water in the upper layers of 
the Atlantic, which has historically 
warmed the northern regions of 
Europe. The southward flow of 
colder water in the deep Atlantic is 
an integral part of the global 
thermohaline circulation process 
(MOC), which is depicted in the 
adjacent graphic. A simplified 
depiction (image) of the region 
graphically depicts the nature of the 
region and the ocean within the 
region, for which the questions, inter 
alia, that would be addressed by a 
Joint North Atlantic-Arctic Ocean 
Region Research Initiative (B2B). 
Candidate Research Themes: There 
remain important, unresolved 
scientific questions about the 
sensitivity of the AMOC to 
anthropogenic warming which have 
been recognized for the past several 
decades, and have resulted in a multinational effort to monitor various parts of the system, 
including the Rapid Climate Change–Meridional Overturning Circulation (MOC) and Heatflux 
Array (RAPID/MOCHA) monitoring the overturning at 26.5N , the Line W program which 
monitored the strength of the deep western boundary current at 40N for about a decade, the 
Oleander project which has monitored the strength of the Gulf Stream since about 1992, and the 
recent Overturning in the Subpolar North Atlantic Program (OSNAP) monitoring the overturning 
system in the subpolar North Atlantic.  These programs have provided much insight into the 
factors affecting the AMOC, there are still significant outstanding questions that need to be 
resolved. For instance, the regular observations from RAPID/MOCHA showed that the AMOC 
can vary as much as 6-fold in a period of months, whereas previously, scientists had assumed that 

 
15  Much of this AMOC was adapted from The National Academies of Sciences, Engineering, and Medicine. 2017. Sustaining 

Ocean Observations to Understand Future Changes in Earth’s Climate. Washington, DC: The National Academies Press. doi: 
https://doi.org/10.17226/24919 
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the circulation only varied on longer time scales (Cunningham, 2007; Srokosz and Bryden, 2015). 
This has serious implications for temporal sampling to infer trends. In fact, the evidence from the 
earlier, infrequent hydrographic surveys appeared to indicate that a slowdown in the circulation 
could already be detected. With the additional data from RAPID/MOCHA it became clear that 
the apparent slowdown could be an artifact of natural variability that could only be detected with 
continuous monitoring. Additionally, although there were large changes in the strength of the 
overturning recorded in the MOCHA-RAPID array, the secular variability in the strength of the 
Gulf Stream did not show similar variability in the Oleander ADCP observations, and 
understanding these differences remains an important goal.  Additional studies have challenged 
the notion of a simple Atlantic “conveyor belt” (e.g. Bower at al., 2009; Mielke, 2013; Wunsch 
and Heimbach, 2013), including its deficiencies in depicting the global overturning circulation 
that includes the Southern Ocean (Figure 2.5 in Marshall and Speer, 2012; Talley, 2013). The size 
of the ocean’s carbon reservoir and the length of time it stays in deep water are both essential 
measures for determining the ocean’s capacity for carbon storage. Given the centrality of the 
characteristics and dynamics of the AMOC, it will be important to assess the implications of 
changes in the MOC/AMOC system. 

Ø A Candidate Theme for the North Atlantic-Arctic is the Variability of the Oxygen Content 
of Open Ocean and Coastal Waters: Recent studies report that the oxygen content of the open 
ocean and coastal waters of the 
North Atlantic-Arctic Ocean 
Region has been declining for at 
least the past half-century, largely 
because of human activities that 
have increased global 
temperatures and nutrients 
discharged to coastal waters. 
These changes have accelerated 
consumption of oxygen by 
microbial respiration, reduced 
solubility of oxygen in water, and 
reduced the rate of oxygen 
resupply from the atmosphere to 
the ocean interior, with a wide 
range of biological and ecological 
consequences. The discovery of widespread oxygen loss in the open ocean during the past 50 
years depended on repeated hydrographic observations that revealed oxygen declines at locations 
ranging from the northeast Pacific and northern Atlantic to tropical oceans. Greenhouse gas–
driven global warming is the likely ultimate cause of this ongoing deoxygenation in many parts of 
the open ocean. For the upper ocean over the period 1958–2015, oxygen and heat content are 
highly correlated with sharp increases in both de-oxygenation and ocean heat content, beginning 
in the mid-1980s. Ocean warming reduces the solubility of oxygen. Decreasing solubility is 
estimated to account for ~15% of current total global oxygen loss and >50% of the oxygen loss in 
the upper 1000 m of the ocean. Warming also raises metabolic rates, thus accelerating the rate of 
oxygen consumption. Therefore, decomposition of sinking particles occurs faster, and 
remineralization of these particles is shifted toward shallower depths, resulting in a spatial 
redistribution but not necessarily a change in the magnitude of oxygen loss. Graphically, the 
essence is depicted; with the largest areal widespread oxygen loss appears to be in the North 
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Atlantic.16 Candidate Research Themes: Further research is needed to understand and predict 
long-term, global- and regional-scale oxygen changes and their effects on marine and estuarine 
fisheries and ecosystems. There are major gaps in understanding the biogeophysical reductions of 
oxygen in the global ocean and characterizing the impacts and the role of other stressors, has the 
potential to provide some protection to species negatively affected by low oxygen conditions, 
which ultimately have consequences for fisheries and the full range of marine bio-ecosystems. 
This study concluded that ultimately, though, limiting deoxygenation and its negative effects will 
“necessitate a substantial global decrease in greenhouse gas emissions, as well as reductions in 
nutrient discharges to coastal waters,” which suggests the need for enhanced understanding of this 
region of the planet. 

Ø A Candidate Theme is the Human 
Dimensions of Environmental Changes in 
the Region: There is a rich literature upon 
which to understand historical patterns of the 
human dimensions of environmental change. 
Addressing the human dimensions of change 
and to develop a comprehensive and 
interconnected research program in ways that 
have both local regional and global 
consequences. The National Academy of 
Sciences has noting that “What Happens in 
the Arctic Doesn’t Stay in the Arctic”, which 
has both serious consequences for the peoples 
and indigenous cultures of the region and 
more broadly for societies and nations 
throughout the rest of the world. Scientific 
research suggests that there is long-lasting and consequential human influence on the climate 
system that result in impacts on communities, resources and ecosystems. There is an extensive 
literature on these issues including three decades of reports from the National Academy of 
Sciences and a comprehensive range of peer-reviewed science journals17. Candidate Research 
Themes: The range of questions such as those addressed by the Arctic Council’s assessment, 
Snow, Water, Ice and Permafrost in the Arctic (SWIPA)18, where it is asked, “What are the 
region’s shifting patterns of change climate and socio-economic?” and “What Adaptation policies 
can reduce vulnerabilities of peoples and societies of the North Atlantic-Arctic Ocean Region?” 
The Adaptation Actions for a Changing Arctic (AACA) assessment of adaptation options to 
environmental change, raises three key questions as: “What are the key elements in the changing 
climate have a direct impact on the overall health in the North Atlantic-Arctic region and peoples 
of this region that will require adaptation mechanisms in order to address the effects of climate 
change?”, “What are the are the fundamental changes that characterize the ecosystems with 
changes or loss of habitats and vegetation zones that are causing a wide-ranging impacts and 
diversity, range and distribution of animal species?” and “Why a substantial part of North 
Atlantic-Arctic Ocean is shifting to a new climate regime where the Barents Sea has warmed 1.5 
degrees Celsius in just 18 years?” and “What are the implications for the indigenous peoples of 

 
16 Reference: Declining oxygen in the global ocean and coastal waters: Breitburg et al., Science 359, 46 (2018) 5 January 2018. 

(https://www.ncbi.nlm.nih.gov/pubmed/29301986) 
17 There is a need to add references here. 
18 Snow, Water, Ice and Permafrost in the Arctic (https://www.amap.no/swipa) 
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the north19?” Explore the potential of “Boundary-like Organizations” to foster further 
interconnect the environmental issues and the human dimensional policy and decision-making 
needs of the citizens and societies in the B2B nations. 

Ø A Candidate Theme is to Expand Understandings of Changes in the Biology and Ecology of 
the North Atlantic-Arctic Oceanic System: The biology and ecology of the North Atlantic-
Arctic Oceanic System has been undergoing rapid climatic changes driven by higher ocean 
temperatures, changes in sea ice 
conditions, land-based glaciers sea 
ice and altered carbon cycling. 
There have been significant 
advances in paleoclimatology, 
micropaleontology, vertebrate 
paleontology, and molecular 
genetics suggests that the North 
Atlantic-Arctic ecosystems reflects 
global and regional changes many 
timescales of environmental change 
in the region and from changes on 
global scales. T. Haug and others 
have suggested  that global 
warming drives changes in 
oceanographic conditions in the 
Arctic Ocean and the adjacent 
continental slopes. This may result in favorable conditions for increased biological production in 
waters at the northern continental shelves. However, production in the central Arctic Ocean will 
continue to be limited by the amount of light and by vertical stratification reducing nutrient 
availability. Upwelling conditions due to topography and inflowing warm and nutrient rich 
Atlantic Water may result in high production in areas along the shelf breaks. This may 
particularly influence distribution and abundance of sea mammals, as can be seen from analysis 
of historical records of hunting. The species composition and biomass of plankton, fish and 
shellfish may be influenced by acidification due to increased carbon dioxide uptake in the water, 
thereby reducing the survival of some species. Northwards shift in the distribution of commercial 
species of fish and shellfish is observed in the Barents Sea, especially in the summer period, and 
is related to increased inflow of Atlantic Water and reduced ice cover. This implies a northward 
extension of boreal species and potential displacement of lipid-rich Arctic zooplankton, altering 
the distribution of organisms that depend on such prey. However, euphausiid stocks expanding 
northward into the Arctic Ocean may be a valuable food resource as they may benefit from 
increases in Arctic phytoplankton production and rising water temperatures. Candidate Research 
Themes: What are the evolving biological and ecological conditions to sustain adequate biomass 
concentrations of species of interest to commercial harvest in the deep Arctic Ocean? The Haug 
study raised this issue: “One important question is whether benthic consumers, especially the fish, 
would shift their diet from nutrient-rich benthic prey, capturing zooplankton organisms in the 
productive waters in the North Atlantic and the Arctic ice-melting zone, to nutrient poor prey 
organisms adapted to suspension feeding and filtrating microbial particles in less productive 
waters (bristle worms and bivalves)”. This raises a companion question: “Are there changes in 

 
19 International Centre for Reindeer Husbandry (http://reindeerherding.org/about-us/), Reindeer herding, indigenous people and 

climate change (http://www.realclimate.org/index.php/archives/2009/01/reindeer-herding-indigenous-people-and-climate-
change/), Indigenous Peoples Rights in the Arctic (http://www.arctis-search.com/Indigenous+Peoples+Rights+in+the+Arctic) 
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spawning grounds and egg, larval and juvenile distribution which become vital for predicting the 
future?” There is an increase across a broad range of literature, which raise vital questions on 
these issues for the North Atlantic-Arctic oceanic region. How will the North Atlantic-Arctic 
biological carbon pump efficiency change in shelf and open ocean settings? What are the 
implications for food web structure, human activities (e.g., fisheries), and management strategies 
(e.g., carbon quotas)? What are the economic and societal implications of the trade-offs between 
different ecosystem services? 

Ø A Candidate Theme is Enhancing 
the Climate Modeling 
Capabilities for the North 
Atlantic-Arctic Region: Climate 
model simulations that suggests that 
natural internal multidecadal 
climate variability in the North 
Atlantic–Arctic sector could have 
considerably contributed to the 
Northern Hemisphere surface 
warming since 1980. The model 
results stress the potential 
importance of natural internal 
multidecadal variability originating 
in the North Atlantic–Arctic sector 
in generating interdecadal climate 
changes, not only on a regional 
scale, but also possibly on a 
hemispheric and even a global 
scale20.  Candidate Research 
Themes: Coupled Model Intercomparison Project (CMIP5) examined 27 state-of-the-art climate 
models to determine if their projected changes in the midlatitude circulation are consistent with 
the hypothesized impact of Arctic amplification over North America and the North Atlantic. 
Under the largest future greenhouse forcing (RCP8.5), it is found that every model, in every 
season, exhibits Arctic amplification by 2100. Science questions remain as the projected 
circulation responses are either opposite in sign to those hypothesized or are too widely spread 
among the models to discern any robust change. Therefore, the new CMIP6 results offer analysis 
capabilities to enhance our understanding that the net circulation response in the future to changes 
in the climate system21. Reports indicate the importance of model/simulation studies to enhance 
an understanding the response to the drivers of change in this region22. The National Center for 
Atmospheric Research’s Community Earth System Model (CESM) provides the capability to 
project how climate change will affect the changes in this region23 and answer questions such as: 
(a) What impact will warming temperatures have on the massive ice sheets in Greenland and 
Antarctica? (b) How will patterns in the ocean and atmosphere affect regional climate in coming 

 
20 The Impact of North Atlantic–Arctic Multidecadal Variability on Northern Hemisphere Surface Air Temperature. 

Semenov, V.A., et al, Journal of Climate Volume 23, 1 November 2010 
21 CMIP5 Projections of Arctic Amplification, of the North American/North Atlantic Circulation, and of Their Relationship. 

DOI: 10.1175/JCLI-D-14-00589.1 
22 Final Report Summary of NACLIM: (North Atlantic Climate: Predictability of the climate in the North Atlantic/European 

sector related to North Atlantic/Arctic sea surface temperature and sea ice variability and change) 
https://cordis.europa.eu/result/rcn/208544_en.html 

23 http://www.polarfield.com/blog/climate-model-ncar 
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decades? (c) How will climate change influence the severity and frequency of tropical cyclones, 
including hurricanes? and (d) What are the effects of tiny airborne particles, known as aerosols, 
on clouds and temperatures? Other modeling centers in Europe, Japan and China have this 
important capacity for research in the North Atlantic-Arctic region.  

Ø A Candidate Theme is to Explore Paleoceanographic Perspectives for the North Atlantic-
Arctic Region: There is a rich set of data and increased understanding to be gained from 
paleoceanographic data such as the four areas of the North Atlantic-Arctic province which were 
drilled during Leg 151 of the Ocean Drilling Program (July to September 1993). These 
sedimentary sections collected were investigated to 
unravel the history of surface and bottom waters in the 
Norwegian-Greenland Sea and in the Arctic Ocean. These 
water masses are connected through the narrow gateway 
between Svalbard and Greenland, the Fram Strait. The 
paleoceanographic history between these two polar to 
subpolar Northern Hemisphere deep-sea basins is one of 
the keys to understanding the Cenozoic climate 
evolution24. Another example of changes in the North 
Atlantic-Arctic Ocean interactions has been change in the 
ecological structure of the region. Since the 1970s, 
historically unprecedented changes have been observed in 
the Arctic as climate warming has increased precipitation, 
river discharge, and glacial as well as sea-ice melting. In 
addition, modal shifts in the atmosphere have altered 
Arctic Ocean circulation patterns and the export of 
freshwater into the North Atlantic. The combination of 
these processes has resulted in variable patterns of 
freshwater export from the Arctic Ocean and the 
emergence of salinity anomalies that have periodically 
freshened waters in the North Atlantic. Since the early 1990s, changes in Arctic Ocean circulation 
patterns and freshwater export have been associated with two types of ecological responses in the 
North Atlantic. The first of these responses has been an ongoing series of biogeographic range 
expansions by boreal plankton, including renewal of the trans-Arctic exchanges of Pacific species 
with the Atlantic. The second response was a dramatic regime shift in the shelf ecosystems of the 
Northwest Atlantic that occurred during the early 1990s. This regime shift resulted from 
freshening and stratification of the shelf waters, which in turn could be linked to changes in the 
abundances and seasonal cycles of phytoplankton, zooplankton, and higher trophic-level 
consumer populations25. Candidate Research Themes: High-resolution Arctic paleo-
reconstructions have the capacity to reconstruct the magnitude and pace changes in past ocean 
temperature and sea ice extent, including recent observational time period (satellite observations: 
1979-Present). The paleo record of past climate to document and study natural variability in the 
Arctic system. Paleoceanographic records that extend limited Arctic instrumental measurements 
are essential to improve our understanding of sea ice and land ice dynamics and ocean warming 
and for enhancing the predictive capability of models. By coupling paleoceanographic records 

 
24 North Atlantic-Arctic Gateways, Myhre, A.M., Myhre, A.M., Thiede, J., Firth, J.V., et al., 1995. Proc. ODP, Init. Repts., 151: 

College Station, TX (Ocean Drilling Program).  
25 Arctic Climate Change and Its Impacts on The Ecology of the North Atlantic. Ecology, 89(11) Supplement, 2008, pp. S24–
S38 2008 by the Ecological Society of America 
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with modern observations, analyses can contextualize the rate and magnitude of modern change 
with the deep past, so essential to understand current and projected change over time.  

Ø A Candidate Theme is to Explore the Possibilities of the Scientific Consequences of the 2nd 
Arctic Science Ministerial (2018) for the Initiative: The Joint North Atlantic-Arctic Ocean 
Region Research Initiative has the possibility to explore the possibility to include in its agenda 
the three themes developed by the by the 2nd Arctic Science Ministerial26.  The Ministers of 
Science from 23 Arctic-Interested nations agreed to enhance and develop collaborative activities 
within three themes: 

§ Observations and Data: Strengthening, 
Integrating and Sustaining Arctic 
Observations, Facilitating Access to 
Arctic Data, and Sharing Arctic 
Research Infrastructure,  

§ Enhanced Understanding of System 
Dynamics: Understanding Regional and 
Global Dynamics of Arctic Changes, 
and  

§ Understand Vulnerabilities to 
Change: Assessing Vulnerability and 
Building Resilience of Arctic 
Environments and Societies 

The 2nd Arctic Science Ministerial, within its 
‘Observations and Data’ theme, discussed the 
potential role for the Sustained Arctic 
Observing Network (SAON), via the NSF 
announcement that indicated that it would provide institutional and financial support ($30 million 
USD) to enhance the data and observing capabilities for the Arctic Region, specifically through 
SAON27: The observations and data theme falls into five interrelated issues: 

1. Identify the critical “Use-inspired Research” questions: The important research themes 
that have the potential to contribute to both improved understanding and more effective 
decision making; 

2. Identify the key scientific observational data 
and information that is needed to address the 
key use-inspired research questions; 

3. The design of a North Atlantic-Arctic 
regional observational data and information 
system (e.g., SAON28);  

4. The design and implement a research 
supporting infrastructural system, including 
funding thereof, terrestrial support field 

 
26 Second Arctic Science Ministerial, 25-26 October 2018, Berlin, Germany 

(https://ec.europa.eu/research/index.cfm?pg=events&eventcode=187D5765-E38F-9AFC-958DA987ECDD0613) 
27 https://www.arcticobserving.org/background 
28 https://www.arcticobserving.org 
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stations and research vessel, support capabilities, that leads to an effective operational 
system that supports the research; and  

5. Research foci on adapting to the climate and related change: Research that improves 
fundamental understandings of these changes in ways that support adaptation policies to 
limit the consequences of change. 

Ø A Candidate Theme is to Explore the Possibilities of Developing Collaborations with 
researcher (e.g., within The Nansen Legacy29): The Nansen Legacy is an example of programs 
with similar overall goals where collaborations with individual scientists is an opportunity to 
explore. There are other such opportunities that should be explored, such as the Atlantic Ocean 
Research Alliance (AORA)30.  In the case the Nansen Legacy research program (2017 – 2022), 
the potential of exploring ways to collaborate with individuals is based on the program’s overall 
goals has parallels with B2B, i.e., “holistic Arctic research project that provides the integrated 
scientific knowledge base required for the sustainable management through the 21st century of 
the environment and marine resources of the Barents 
Sea and adjacent Arctic Basin” which is guided by a 
vision where its scientific investigation seeks to 
enhance understanding of the rapidly changing 
northern environment which fosters research questions 
of scientific, intellectual, empirical and logistical 
complexity, of such those of importance in order to 
better manage national resources and associated 
international obligations. Explore more fully the 
potential of engaging individual research scientists 
associated with the Nansen Legacy program in ways 
to actively participate in the B2B program. Candidate Research Themes: The Legacy 
implementation program is guided by a strategy that can only be addressed properly through 
national and prioritized cooperation, with the highest scientific standards that address 
foundational scientific questions, such as. “What are the keystone fluxes affecting sea ice, changes 
in the water masses, alterations in momentum and heat fluxes in the region of the Barents Sea 
and Fram Strait?”, “What are the status and trends in key processes in the atmosphere ocean, 
changes in radiative processes and other key mechanisms that control sea and land ice, 
stratification in the Barents Sea and Fram Strait, and that affect organic, inorganic and 
biological systems in the region?” and “What are the needed global and regional climate 
simulations that enable better understanding of and to quantify the relative influence of large-
scale forcing factors and local processes on the ice-ocean-atmosphere system?” 

Ø Additional Perspectives on the Candidate Themes: There is a rich literature upon which to 
understand historical, current and projected patterns of change and as a foundation to develop a 
comprehensive and interconnected research program for the North Atlantic-Arctic oceanic and 
attended coastal regions, with a specific focus the scientific interests and needs of the 20 nations 
that boarder the North Atlantic-Arctic region. The science literature, existing programs and 
institutional and governmental investment in the region provides a rich set of scientific papers, 

 
29 https://arvenetternansen.com/?page_id=2696 
30 The Atlantic Ocean Research Alliance (AORA) is an existing research program between Canada, the European Union and 

the United States that was launched in 2013 by the signatories of the Galway Statement on Atlantic Ocean Cooperation. 
AORA designed to advance the shared vision of an Atlantic Ocean that promotes the well-being, prosperity and security of the 
region for present and future generations. It is primarily supported by the European Union’s Horizon 2020 research and 
innovation programme. URL: https://www.atlanticresource.org/aora/site-area/background/whoweare 
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other initiatives, and national strategic priorities on this topic. A recent workshop31 framed some of 
the issues across many scientific fields of research and analysis and concluding that an integrated 
study of the North Atlantic-Arctic oceanic system will of necessity need to combine sustained in 
situ observational and monitoring networks, integrated modeling studies, and innovative process 
studies that address such listed above that are some of the important issues that frame the interfaces 
between atmosphere, ocean (including ecosystems), cryosphere, and human systems, and are driven 
by climate processes and socio-economic-policy concerns, such as possibilities of adding 
“Candidate Themes” as: 

v Changes in Extreme Weather and other Environmental Events: Can we quantify and 
predict the risks of extreme weather and environmental events, their subsequent impacts on 
marine ecosystems and coastal communities, and 
the role of marine ecosystems and their habitats in 
mitigating these? Warming and increased 
moisture content in the atmosphere hold the 
potential for more intense and frequent storm 
events, which are damaging to coastal 
infrastructure and communities. Human activities 
involving energy production (nuclear, offshore oil 
and gas exploration, deep sea mining) and 
transportation are high risk and can result in 
accidents that pose serious threats to the 
environment and human populations. How can we more effectively monitor extreme events? 
Can we develop vulnerability indices for marine ecosystems and human communities? How 
can we better communicate risk and uncertainty to the public and incorporate it into decision-
making? Can we better protect and enhance elements of coastal marine ecosystems to 
dampen the intensity of extreme weather and environmental events? 

v Understanding the Overarching Driving Pressures: 
Identifying and documenting the pressures on natural and 
anthropogenic ecosystem and other natural (e.g., warming, 
acidification, sea ice loss, fisheries, maritime activities, 
geopolitical drivers), including the implications for changing 
food webs and biogeographic boundaries, invasive species and 
increasing storm frequency and intensity. 

v Increasing Resource Exploitation: What are the feedbacks between 
human communities and marine ecosystems, including the geopolitics 
and dynamics of demand for natural resources? Can we anticipate 
increasing resource exploitation (e.g., expanded/changing shipping 
lanes, offshore energy exploration, mesopelagic fisheries, aquaculture)? 
Can we develop tools and methods to better quantify, understand and 
model tradeoffs between human wellbeing (socioeconomic, cultural, 
health) and marine ecosystem health? What are the most effective 
institutional frameworks for supporting this research? 

v Shifting Biogeographic Boundaries: What are the implications of shifting biogeographic 
boundaries for human populations (health, social, cultural, economic, etc.)? Climate- and 

 
31 International North Atlantic-Arctic Planning Workshop (2014) http://www.whoi.edu/website/NAtl_Arctic/april-2014-

planning-workshop  
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human-driven changes in heat distribution, biogeochemistry, 
nutrient and oxygen levels will impact marine food web structure 
and dynamics, species distribution, and long-term fitness and 
adaptation. As a result, human systems will experience changes 
in how they interact with the coastal and extended offshore 
marine system (e.g., new fishery target species, introduction of 
new invasive species) and will need to develop effective 
adaptation and mitigation strategies. 

VII. Key Science Elements, Partner Institutions and Principal Leaders for Scientific Research 
Program 

Ø Partner Government Institutions: Examples range from the NATO science and technology 
committees, the USGCRP, NOAA, NSF and ONR to the Research Councils in many of the 
countries surrounding the region to International Council for the Exploration of the Sea (ICES) and 
the EU’s The Transatlantic Ocean Research Alliance.  

Ø Research Institutions:  The list is long and varied, WHOI, BIOS, RSMAS, The University of 
Tromsø (Norway), the USGCRP and several others, some of which have already expressed interest 
in joining the Joint B2B North Atlantic-Arctic Ocean Region Research Initiative. 

Ø Key Programs: The observing and research sites such as; Bermuda Atlantic Time-series Study 
(BATS), the NOAA’s AOML and the Array for Realtime Geostrophic Oceanography (ARGO), 
Global Ocean Observing System (GOOS), GO-SHIPS, and two of the Ocean Observing Initiative 
sites (Pioneer Array located off the coast of New England, and Global Irminger Sea Array in in the 
North Atlantic). There is the potential of engaging a broad array of collaborating partner programs. 
How to build on the experience and insights gained in the U.K./U.S. RAPID-MOCHA program, 

Ø Individual Participating Scientists: There is a long potential list scientist who could be 
approached to determine their interests. The B2B ad hoc Steering Committee is developing this list. 
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Appendix I 
A National Academy of Sciences Report: The report sets forth a foundation for improved decision 
support with a set of principles and a framework for policy development processes that include 
information, strategies, and methods by suggesting that in implementing the B2B Initiative that the 
program: 

1. Begin with Users’ Policy and Decision-making Needs: Effective policy development will, of 
necessity, begin with including all the parties involved should be driven by users’ needs, not by 
scientific research priorities; 

2. Give Priority to Interpersonal Processes Over Policy Products:  To get the right policies and 
decision products, requires recognizing that interpersonal interactions are critical to effective 
policy analyses and development, will require time, patience, care, and interpersonal skills; 

3. Connect the Scientists and Information with Policy Developers: Policy and decision-makers 
requires networks and institutions that link science and the policy development communities. 
Specialized “Boundary Organizations” have proven instrumental by enabling scientists to 
improving communication, translation, and mediation with the decision-making and policy 
communities; 

4. Establish Connections Across Disciplines and Organizations: Effective policy development 
and policy products will require combining information from different disciplines and decision 
makers integrating information across disciplines; 

5. Develop Institutional Stability between Science and Policy Development Communities: 
Research and experience shows that by establishing more long-lasting networks within which to 
develop new policies will enable greater visibility, stature, longevity, and effectiveness; and 

6. Explicitly Design Learning into Policy Development: Policy development needs to be 
structured for flexibility, adaptability, and real-time learning. Importantly, as the science of 
climate and socio-economic change is accelerating, ecosystems will inevitably also change. 
“Deliberation with Analysis” is one of the more powerful support strategies to facilitate and 
develop effective policies. It is methodology that is designed to fosters “Real-Time” iterative 
processes that begins with the key science and policy development participants, who work 
together in real-time to define policy objectives and other essential goals. They continue in real-
time to work together reiteratively to generate and conduct analyzes with models that project the 
policy outcomes. They continue to revisit in real-time until a new policy is selected in this real-
time process. It is posited that approach to real-time adaptive policy development should be 
considered as an element in the B2B Initiative.   

Appendix II 
B2B: From Bermuda to the Bear Island 

Draft of Ideas from the University of Tromsø, Norway’s Arctic University 

Some thoughts for a coordinated research and observation programme along the North Atlantic-
Arctic Ocean, a contribution from Norway to proposed Joint North Atlantic-Arctic Ocean Region 
Research Initiative (B2B): Over the past decades there has been observed physical, chemical and 
biological changes in part of the marine environment that can be linked to the ongoing climate change.  
At the same time there is an increasing pressure from the human societies to increase the harvest of 
marine resources to feed the growing human population and to fill industrial needs. The history is, 
however, full of examples that tells that where humans have started to harvest a resource - as much as 
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possible – and as fast as possible - before knowing what the ecosystems may tolerate – it goes wrong – 
e.g. as for the Arctic whaling and clam trawling.  

Today there is again an increased focus on the Arctic – to get access to the biological and non-biological 
resources that are made accessible as the sea-ice retreat. Over the last 20 years, several scientific 
assessments have been made by AMAP and other organizations to document what is going on in the 
Arctic due to climate change and pollution. One of the most sited conclusions from the climate 
assessments is: “What happens in the Arctic does not stay in the Arctic” - meaning that we today clearly 
can see feedbacks from the Arctic area on the climate at Southern latitudes, e.g. the Monsoon in South 
East Asia and the weather in Texas, which then may have significant effects on agriculture and 
infrastructures. 

Growing up in Northern Norway we early learned that we could live and fish along these Norther coast 
thanks to the Gulf current that carried heat from the Mexican Gulf to the North-East Atlantic and the 
Barents Sea, and thereby hindered sea-ice along our costs, which is the situation at the North-West 
Atlantic. One can therefore make another statement that: “What happens at Mexican Gulf/Equator does 
not stay at M G/equator”. Thereby the two regions – the North Atlantic/Arctic and the Mexican Gulf are 
interlinked – tele-connected – and the “traffic” goes both ways. This tele-connection is an important 
process that needs to be better understood than what we do today and thereby be better prepared for what 
may happen with the ecosystems and the possibility for human harvesting of biological and non-
biological resources along the route from Bermuda to the Bear Island. Huge economic interests today and 
in the future are dependent on the Gulf current. Therefore, a significant monitoring and research 
programme should be established and implemented as soon as possible to follow what is ongoing, explain 
the changes and try to model/predict what may happen in the future. 

Today there are some national and international monitoring and research programmes along the North 
Atlantic, and its adjacent seas, e.g. in the Barents Sea, but what is missing is a coordinated overall 
international programme that provides a variety of data available from the ocean surface to the bottom 
and from Bermuda to the Bear Island which make it possible to prepare first class integrated assessments 
for this ocean area. An assessment that can make the societies better prepared to face the near-and-long 
term future – affected by changes in the Gulf current and the Arctic - physical, chemical and biological 
processes. 

During IPY, a lot of projects were implemented in the Arctic, but thereafter there has not been any 
coordinated international overall programme follows up the IPY programme. Over the last years there 
has, however, been an increased interest for new Arctic marine research programmes, e.g. the “MOSAIC” 
project and the New Norwegian project “The Legacy of Nansen”. Both of these two projects are focusing 
on the marine areas that part of the year normally was covered by sea ice, but over the last decades have 
ben more accessible due to the reduction in summer sea ice (e.g. Northern Barents Sea). 

A start to achieve such a programme as the B2B could be to interlink ongoing activities and then add on 
more activities as plans and funding is secured. Politically such a scientific cooperation can be linked to 
existing bilateral agreements between coastal countries and to the Galway agreement signed between EU, 
USA and Canada. 
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Appendix III 
Overarching Issues for the Joint B2B North Atlantic-Arctic Ocean Region Research Initiative 

Overarching Framing: The Joint North Atlantic-Arctic Ocean Region Research Initiative (B2B) is being 
proposed in the scientific strategies and spirit of the IGBP32, WCRP33, DIVERSITAS34, IHDP35, Future 
Earth36 and other comprehensive and inclusive scientific global scale scientific research, where the focus 
is on critical elements of the Earth’s systems. In this proposal, the focus is on the North Atlantic region, 
because it is one of the most important geopolitical and socio-economic regions of the world. This region 
consisting of 20 nations37 who have coastal regions that are substantially connected to the North Atlantic-
Arctic Ocean. The North Atlantic-Arctic Ocean region contains one the most active trade routes in the 
world and one of the most important world fisheries. Further, the region contains accelerating land-based 
glacial ice that is rapidly melting which adds substantial to global sea level changes, changes in weather 
and climate that are increasingly influenced by ocean processes that affect the region and global natural 
systems. 

Strategic Framing: It is suggested that the Joint B2B North Atlantic-Arctic Ocean Region Research 
Initiative be organized and strategically structured around and within five programmatic enabling foci: 

1. A Comprehensive Scientific Research Agenda: A comprehensive North Atlantic-Arctic Ocean 
region scientific research agenda that extends and enhances a scientific understanding that 
additionally would enable multi-decadal projections North Atlantic-Arctic Ocean overall 
behavior. The science foci should be designed to include the full range of scientific inquiry. 
Major efforts should be to implement the science agenda by connecting to and partnering with 

 
32 IGBP (International Geosphere-Biosphere Programme) was designed to implement coordinate international research on 
program-levels focused on global-scale and regional-scale interactions between Earth's biological, chemical and physical 
processes and their interactions with human systems.  IGBP was designed to view the Earth system as the Earth's natural 
physical, chemical and biological cycles and processes and the social and economic dimensions.  
33 WCRP (The World Climate Research Programme) is designed to facilitate analyses and develop modeling and scenario 
capabilities of Earth system change on time scales useful to science and policy processes that use in a range of practical 
applications of direct relevance, benefit and value to society. WCRP aims to determine the predictability of climate and the effect 
of human activities on climate. 
34 DIVERSITAS (International Programme of Biodiversity Science) was designed to focus on research that enhanced knowledge 
and insights on integrative biodiversity science that links biological, ecological and social disciplines in order to produce socially 
relevant knowledge; provide scientific basis for an understanding of biodiversity loss and of policy implications for conservation 
and sustainable use of biodiversity. 
35 IHDP (The International Human Dimensions Programme on Global Environmental Change) was designed as an international, 
interdisciplinary science programme, dedicated to promoting, catalyzing and coordinating research, capacity-development and 
networking on the human dimensions of global environmental change. 
36 Future Earth (Research for Global Sustainability) is a global network of research capacity that is designed to guide scientific 
inquiry on the planet’s land, air and water and the people and biodiversity that depend on them for their survival. The program’s 
mission is to accelerate transformations to global sustainability through research and innovation.  
37 Nations in the North Atlantic Region: The nations that border and have direct access the North Atlantic-Arctic Ocean, ranges 
from Belgium, Bermuda, Canada, Denmark/Greenland/Faroe Island, Estonia, Finland, France, Germany, Iceland, Latvia, 
Lithuania, the Netherlands, Norway, Poland, Portugal, Russia, Spain, the Svalbard archipelago, Sweden, the United States. 
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existing and some planned programs such as SOLAS38, CLIVAR39 and IMBeR40. There are 
emerging other international research-centered programs such as Atlantic Interactions 
Initiative41. The enhanced scientific insights gained from the Initiative, and in turn, have the 
potential to contribute to foundational information that is important to the socio-economic and 
geopolitical well-being and security of the nations of the region. 

2. Climate Change and the North Atlantic-Arctic Ocean and Region: The North Atlantic-Arctic 
Ocean is inexorably connected to and affected by changes in global climate and environmental 
systems of the region. Hence, it is suggested that the research agenda address those scientific 
questions and issues that have their origins in the North Atlantic-Arctic Ocean or affected by the 
global scale changes in the climate system42. Global-scale climate changes in the North Atlantic-
Arctic Ocean region, include the opening of the seaways in the Arctic Ocean, glacial processes 
that contribute to global sea level, and changes in extremes in temperatures and extended 
droughts across the northern hemisphere. Understanding the interconnections between local 
regional North Atlantic-Arctic Ocean and global changes in climate system is of vital importance 
to the nations of the region.  

3. Enabling Infrastructure and Ocean Data and Information System: The scientific research 
program will require and depend on an enhanced and enabling infrastructure; from research 
vessels and icebreaking systems, instrumented aircraft, the new tools of drones and autonomous 
systems, and instruments of analysis. Further, ITC and AI are likely to substantially extend the 
capabilities of the research program; hence a special effort should be undertaken to assure that the 
research program benefits from a well structure science and technology infrastructure program 
that integrates into the program these new technologies. An essential element of the enabling 
infrastructure program is a long-term monitoring and data management program, such as a 
connection with the World Data Service for Oceanography (WDS)43. The ocean data system has 
the potential to build on and engage several existing data and observing systems in the North 
Atlantic-Arctic Ocean region, including the Bermuda Atlantic Time Series (BATS)44 and the NSF 
supported Ocean Observatories Initiative (OOI)45 includes two platforms and sensor systems 

 
38 SOLAS (Surface Ocean - Lower Atmosphere Study) A research program to quantitative understanding the key 
biogeochemical-physical interactions and feedbacks between the ocean and the atmosphere, and of how these coupled systems 
affects and are affected by climate and environmental change. (http://www.solas-int.org/files/solas-
int/content/downloads/Resources/SOLAS-SPO.pdf) 
39 CLIVAR (Climate and Ocean Variability, Predictability and Change) CLIVAR’s mission is to understand the dynamics, the 
interaction, and the predictability of the coupled ocean-atmosphere system. Further, it facilitates observations, analysis and 
predictions of changes in the Earth's climate system, enabling better understanding of climate variability, predictability and 
change.(http://www.clivar.org) 
40 IMBeR (Integrated marine biosphere research) IMBeR is designed to identify the effects of global change on the ocean and the 
most important biological and chemical aspects of the ocean’s role in global change. 
(http://www.imber.info/resources/images/prosjekter/imber/IMBER_Future-Earth_Norway_Worshop_Report-Final-1-Dec.pdf) 
41 Atlantic Interactions Initiative A Science and Technology Agenda for an integrative approach to the Atlantic 
(http://www.atlanticinteractions.org/wp-content/uploads/2017/07/AIR-white_paper-July-2017_VF_BOM.pdf) 
42 Climate Change in the North Atlantic: An overview of these climate issues for the North Atlantic-Arctic Ocean are covered 
in the International Council for the Exploration of the Sea (ICES) in its report on Climate Change in the North Atlantic 
(http://www.vliz.be/imisdocs/publications/226286.pdf) and SCANNET as a collaborative approach for documenting, 
understanding and predicting changes. (https://www.ncbi.nlm.nih.gov/pubmed/15575182) 
43 WDS (https://www.nodc.noaa.gov/worlddatacenter/) 
44 BATS The Bermuda Atlantic Time Series, located South of Bermuda, was established in 1954 to support scientific studies by 
providing important hydrographic and biological parameters throughout the water column. The BATS has numerous 
collaborators through the North Atlantic-Arctic Ocean region. ( http://bats.bios.edu) 
45 OOI Ocean Observatories Initiative is a network of data observing stations that are designed to address critical science-driven 
questions that will lead to a better understanding and management of our oceans, enhancing our capabilities to address critical 
issues such as climate change, ecosystem variability, ocean acidification, and carbon cycling. ( 
https://oceanobservatories.org/about/) 
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(Station Coastal Pioneer is located south of Martha’s Vineyard and Station Coastal Endurance is 
located off the southeast coast of Greenland) that measure physical, chemical, geological and 
biological properties and processes from the seafloor to the air-sea interface. 

4. Science to Facilitate Policy Development and Implementation:  This is an important element 
in the proposed Joint North Atlantic-Arctic Ocean Region Research Initiative (B2B) as it is 
designed to support one of the Key Goals of the Initiative: To extend and enhance a scientific 
understanding of those characteristics and changes in North Atlantic-Arctic Ocean that affect 
the socio-economic and geopolitical well-being and security of the North Atlantic Region. The 
Initiative should build on the emerging literature46 concerning “science to policy” 47 programs48.  
The research-based program of Science to Facilitate Policy Development and Implementation is 
proposed to have two elements:  

v A Science to Facilitate Policy Research Agenda:  A research and education agenda that 
enhances basic understandings of the science to facilitate policy strategies and mechanisms, 
and  

v An Implementation Program consisting of the research program and an outreach and 
communications program that is explicitly designed to facilitate and assist in policy and 
decision-making processes49, including, e.g., “boundary-like organization” strategies that 
identify and implement specific ways to structure the interface between science and societal 
decision-making policies.  

5. An Initiative Implementation and Overall Operations and Management Strategy: The 
scientific and related literature on issues central to the B2B is extensive. The Initiative will require 
an overall management strategy and an implementation plans that plans for and frames an initial 
five-year budgeted program. At an early stage in this initiative, it is suggested that an Initiative 
implementation and overall operations and management strategy workshop be held, which would 
detail an overall management plan that supports the four elements of the program (outlined in items 
1 thru 4 above). It has been suggested that one institution in each of the two countries play a 
leadership role to stimulating further planning efforts in order to foster the development of this 
Initiative. Further, it is suggested that we approach the Scientific Committee on Oceanic Research 
(SCOR50) to determine if SCOR would be interested assisted in further development of the B2B 
Initiative. SCOR activities focus on promoting international cooperation in planning and 
conducting oceanographic research and solving methodological and conceptual problems that 

 
46 Scientific Advice for Policy Making: OECD’s work on the role and responsibility of expert bodies and individual scientists 
(https://www.bmbf.de/files/scientific(1).pdf) 
47 Bridging the gap between science and decision making: 
(http://www.pnas.org/content/pnas/110/Supplement_3/14055.full.pdf), Preparing 
for the 21st Century Technology and the Nation's Future (http://www.nas.edu/21st/research/), Science and Decisions: 
Advancing Risk Assessment (http://www.nas.edu/21st/research/) and Informing Decisions in a Changing Climate: Strategies 
and Methods for Climate-Related Decision Support (https://www.nap.edu/download/12626) 
48 Strengthening Evidence Based Policy Making through Scientific Advice in the EU 
(https://ec.europa.eu/research/sam/pdf/strengthening_evidence_based_policy_making.pdf) 
49 Communicating Climate Change: Closing the Science-Action Gap 
(http://sciencepolicy.colorado.edu/admin/publication_files/2011.30.pdf) and Mechanisms that help scientists and decision makers 
work together (https://carlycookresearch.wordpress.com/2013/10/07/mechanisms-that-help-scientists-and-decision-makers-work-
together/) 
50 SCOR: The Scientific Committee on Oceanic Research (SCOR) is a permanent interdisciplinary body formed by the 
International Council of Scientific Unions (now called the International Science Council (ISC) and has operated with the goal to 
further international scientific activity in all branches of oceanic research. SCOR has demonstrated history of accomplishment in 
facilitating the development of and scientific programs of the ocean, as they have experience where an understanding of 
interdisciplinary approaches is essential. (https://scor-int.org/scor/about/) 
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hinder research. SCOR covers all areas of ocean science and cooperates with other organizations 
with common interests to conduct many SCOR activities.  

 

 

 

 


