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I. EXECUTIVE SUMMARY
The rapid warming of the Arctic and melting of Arctic sea and land ice has ramifications around the
globe. Shipping routes through an ice-free Northwest Passage in combination with modifications to ocean
circulation and regional climate patterns linked to Arctic ice melt affect trade, transportation, coastal
ecology and hydrology, human-built infrastructure, demographics and cultural identities, fish and
wildlife, energy resources, and air and water quality -- not only in the Arctic but also in mid-latitude
coastal regions such as New England. With profound changes on the horizon, this is a critical opportunity
for regions such as New England to prepare for the uncertain yet inevitable economic and environmental
impacts of Arctic change.
A regional workshop, "NNA Convergence: Preparing for a Northwest Passage – the Role of New
England in Navigating the New Arctic" (NSF #17443460), hosted by the University of New Hampshire
(UNH) on March 25-27, 2018, gathered expertise and talent from academic and external partners
throughout New England and beyond involved in Arctic research. The workshop paired two of NSF's 10
Big Ideas, Navigating the New Arctic and Growing Convergence Research at NSF1, to discuss the socioeconomic and environmental links between New England and the Arctic. The workshop adopted a
convergent framework, considering the methods and conceptual frameworks from the social sciences, the
experimental and modeling tools of the physical and life sciences, and the solution-driven problem
solving of engineering.

I. Workshop Goals and Objectives
The goal of the workshop was to assess the socio-economic and environmental links between Arctic
change and New England, identifying transformational convergence research initiatives to anticipate,
prepare for, and adapt to future impacts and opportunities. The specific objectives of the workshop were
to:
1. DEVELOP A VISION for how Arctic change might impact New England over the next several
decades (opportunity, risks, and hazards) and recommend future convergent research priorities
linking Arctic change and New England
2. ESTABLISH A REGIONAL NETWORK to encourage multi-institutional convergence research
projects
3. IDENTIFY SPECIFIC CONVERGENCE RESEARCH INITIATIVES, core collaborative
teams, topics for review papers, and follow-up plans in line with NSF Navigating the New Arctic
(NNA).
Discussions were designed to develop strategies for conducting scientific research that will best inform
decision-making and sustainable communities in anticipation of Arctic change. Particular emphasis was
given to concerns unique to New England and its relationship with the Arctic. The anticipation was that
identifying specific research problems ripe for convergent approaches will enable the development of
innovations in observing systems and modeling efforts, as well as strategies for engaging a range of
communities and interest groups throughout the planning, implementation, and evaluation of future
research initiatives.

1

NSF defines Convergence Research as research driven by a specific and compelling problem requiring a deep
integration across disciplines.
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II. Workshop Findings and Recommendations
i. Overarching Goals
Guest speakers, panel presentations, and round-table discussions focused on three broad topics:
Transportation and Infrastructure, Living Resources, and Coastal Dynamics. Plenary discussions based
on these sessions identified the following strategic imperatives to link New England and the Arctic
through the convergence of knowledge, technology, and society:
• PREDICT SCENARIOS of viable regional economies in New England and in the Arctic under
conditions of Arctic change, including what these new economies will provide for people on
scales from small towns to cities and how they will change socio-ecological and cultural systems.
• STRATEGICALLY BALANCE the role of science in engaging with commercial interests as
well as environmental ethics and social justice.
• FULLY ENGAGE STAKEHOLDERS in the design and execution of research. Include
traditional knowledge and citizen science in an effort to understand the scale and rate of change
of inter-linked systems in the Arctic and connected regions.
• FORM A REGIONAL NETWORK to provide distinctive leadership in supporting science and
informed decision-making.
• TRAIN THE NEXT GENERATION of convergence researchers and Arctic leaders in twentyfirst century skills that value diversity and inclusion.

ii. Establishing a New England Arctic Network (NEAN)
The consensus among workshop participants is that a regional, multi-institutional network based in
New England can uniquely address links between Arctic change and the North Atlantic Arctic region.
This New England Arctic Network (NEAN) will combine the wealth of academic expertise in Arctic
research across New England with researchers, stakeholders, and external partners concerned with
environmental, economic, and social impacts, providing an ideal community for anticipating and
responding to Arctic change and its impacts on the eastern coast of North America. This regional
network in affiliation with other nascent networks in Canada and Europe will foster connections and
research collaborations among people living and working throughout the North Atlantic Arctic region.
Participants identified the following characteristics and objectives for this network:
• INCLUSIVE MEMBERSHIP, engaging university researchers and a diversity of representation
from businesses, governments, nonprofit organizations, and coastal and indigenous communities.
• OPEN COMMUNICATION and the exchange of information and resources, including online
collaborative tools that foster new Arctic research collaborations based on community needs.
• SOLUTIONS-ORIENTED APPROACH for activities with an applied component, including
participatory research methods.
• HOLISTIC METHODOLOGY involving research, scholarship, communication, and
engagement that is international, interdisciplinary, and inclusive.
• ENGAGE COASTAL COMMUNITIES from New England to the Arctic, including indigenous
groups. Recognizing a need to expand beyond New England to Canada and other countries
around Atlantic, the anticipation is for New England network to grow into a North Atlantic Arctic
Network (NAAN).
NE-ARCTIC WORKSHOP REPORT
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iii. Themes and Initiatives for Research and Scholarship
The New England Arctic Network will bring researchers (physical and biological scientists,
social scientists, engineers, and humanists), educators, artists, governments, businesses, and
not-for-profits into the design, implementation, and communication of solutions-driven
scientific research, enabling convergence research initiatives across disciplines, institutions, and
sectors. Following are the mission, high-priority themes, educational initiatives, and some
example convergence research projects to guide the development of this network:
MISSION
Study and respond to links between Arctic change and North America’s East Coast,
with a particular focus on the North Atlantic, New England, and the Gulf of Maine.
THEMES
1. Hazards related to increased shipping and resource extraction in the North Atlantic
Arctic region (e.g., oil spills, disruption of ecosystems, and socio-economic and
environmental shocks to coastal communities).
2. Socio-economic and environmental impacts of increased shipping and tourism on
coastal communities with implications for environmental ethics and social justice.
3. Risk assessments for coastal communities, informing response to sea level rise and
coastal erosion, adaptive management for fisheries and wildlife, and environmental
and cultural stewardship.
4. Physical and social infrastructure needs, including the role of adaptive technologies
such as smart sensors, scientific decision support, and collaborative governance.
5. Innovative strategies for data synthesis, information transfer, and co-learning
among researchers, operators, and decision makers that incorporate traditional
knowledge, citizen science, and participatory research.
6. Enhancement of quantitative and qualitative observations to fill data gaps, with a
particular focus on biogeophysical marine observations as well as disruptions to
socio-ecological systems from the Gulf of Maine to Baffin Bay.
EDUCATIONAL INITIATIVES
1. Design multi-institutional courses that adopt progressive problem-based pedagogy
and blended learning.
2. Use the New England Arctic Network to expand student opportunities for field
research throughout the North Atlantic Arctic Region.
3. Enhance diversity among the next generation of Arctic leaders, with a particular
focus on providing educational opportunities for underrepresented groups and
indigenous communities from both New England and the Arctic.
4. Collaborate on outreach activities to educate the “lower 48” about the global
impacts of Arctic change.
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EXAMPLE CONVERGENCE RESEARCH PROJECTS
1. Perform integrated assessments for socio-ecological scenarios associated with
the expansion of ports, shipping, and tourism linking New England and the
Arctic. Can strategic investments at local, state, and regional scales improve
equitable distribution of benefits (e.g., the best location for ports)?
2. Develop the cyberinfrastructure necessary to anticipate and response to hazards
from shipping and resource extraction that affect local communities and
ecosystems. Promote efforts to link datasets from natural and social sciences to
provide better options for decision-making.
3. Fill in gaps and synthesize datasets to understand how ocean circulation, salinity,
and nutrient loading in the North Atlantic will change as a result of Arctic ice
melt. Predict the impacts of the changing marine environment on biological
productivity, fisheries, community resilience, livelihoods, and cultural heritage.
4. Prepare for real-time knowledge transfer from New England to Arctic
communities on a variety of social, environmental, and technology issues. Use
social network analysis, social media, and evolving technologies to enhance
information transfer.
5. Conduct community-driven studies of coastal erosion and impacts to ecosystem
services from permafrost thaw, sea level rise, and extreme weather. Bring
together charting and ocean mapping, bioaccumulation, human censusing,
displacement options, political consensus, satellite, remote and in situ monitoring
on ocean and land. Pursue case study, comparative, and historical research to
anticipate societal response. Develop low cost and autonomous sensors (remote
observations) and low cost and robust tools (citizen science).
Chapter 4 of the workshop report presents a more comprehensive discussion of Findings and
Recommendations. Table 4.2 catalogues an extensive list of specific and compelling science
questions and societal challenges linking New England and the Arctic. Each initiative will
require a deep integration across disciplines to design the objectives, methodology,
implementation, and assessments needed to achieve solutions.

The complete workshop report along with contact information for the New England Arctic
Network are available at the following website:

https://mypages.unh.edu/ne-arctic-convergence
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4. FINDINGS AND RECOMMENDATIONS
This section describes findings and
recommendations from the workshop given
the goals to
1. Develop a vision for how Arctic change
might impact New England
2. Establish a regional network to
encourage multi-institutional,
collaborative initiatives
3. Identify specific convergence research
ideas linking New England and the
Arctic.
These findings come from a synthesis of the
round-table discussions, panel question and
answer sessions, and facilitated large group
deliberations. The goal of this section is to
provide a comprehensive and thorough
collection of research initiatives linking New
England and the Arctic. Section 5 prioritizes
the research questions and proposes an initial
roadmap to guide the regional network.

Developing a Vision
Workshop participants acknowledge that
understanding the links between Arctic
change and New England requires a systemslevel approach, integration across disciplines,
and consideration of multiple spatial and
temporal scales. They repeatedly emphasized
the need for stakeholders and policymakers to
be involved throughout the research process,
including setting initial research goals. NSF’s
Convergence Research is viewed as a
promising mechanism for bringing science to
action, providing options to decision and
policy makers. Figure 4.1 presents a
conceptual
diagram
of
the
convergence/divergence process adapted
from Roco et al. [2013] to represent
recommendations for research linking New
England and the Arctic.

Figure 4.1. The convergence-divergence cycle applied to researching linking New
England and the Arctic. Adapted from figure 7 of Roco and Bainbridge [2013].
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Several themes permeated the panel,
round-table, and plenary discussions. Table
4.1 describes these themes and a
comprehensive list of questions that clarify
their importance.
1. PREDICT SCENARIOS of viable
regional economies in New England and
in the Arctic under conditions of Arctic
change, including what these new
economies will provide for people on
scales from small towns to cities and how
they will change socio-ecological and
cultural systems.

3. FULLY ENGAGE STAKEHOLDERS
in the design and execution of research.
Include traditional knowledge and citizen
science in an effort to understand the
scale and rate of change of inter-linked
systems in the Arctic and connected
regions.
4. FORM A REGIONAL NETWORK
that is free from geopolitics to provide
distinctive leadership in supporting
science and informed decision-making.
5. TRAIN THE NEXT GENERATION
of convergence researchers and Arctic
leaders in twenty-first century skills that
value diversity and inclusion.

2. STRATEGICALLY BALANCE the
role of science in serving commercial
interests with environmental ethics and
social justice.
Table 4.1. Questions linking New England and the Arctic requiring Convergence

What are VISIONARY PROJECTIONS of viable regional economies in New England and in the
Arctic under conditions of Arctic change? What would these new economies provide for people
from small towns to cities and how will they change socio-ecological and cultural systems?
•

•

•
•
•
•
•
•

•
•
•

How will increased shipping traffic and faster travels times strengthen Arctic economies and
open new trade markets for New England, including effects on demographics and job
opportunities?
What is the economic impact across the North Atlantic region of projected changes in
destination and trans-Arctic shipping, tourism, and resource extraction? Can ecosystem based
management with public participation be balanced against this increased economic activity?
What is the current capacity to track social and ecological impacts of the changing Arctic
economy?
How can research agendas anticipate the economic, developmental, and operational
uncertainties of oil and gas exploration?
What ancillary data collection opportunities can smart infrastructure provide to study
environmental and social change?
What impacts will climigration [Hamilton et al., 2016] have on New England and Arctic coastal
communities?
How will tourism from New England affect socio-ecological systems in the Arctic?
How can New England participate in expanding Arctic fisheries (including in the Central Arctic
Ocean) in ways that are socially and economically sustainable, and responsive to regional
oceanographic changes?
How can we better understand how ocean circulation, salinity, and nutrient loading driven by ice
melt impact biological productivity and fisheries?
How will regional climate patterns in New England change with Arctic amplification, including
seasonal extent and extreme weather events?
What are the impacts of Arctic-induced weather variability and changing ocean circulation to
key ecosystem services supporting the socio-economic-cultural identity of New England
(cultural heritage such as lobsters, ice fishing, maple syrup, ski industry).
NE-ARCTIC WORKSHOP REPORT
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Table 4.1. (cont.)
How do we STRATEGICALLY BALANCE how science serves both commercial interests and broad
social goals that strive for environmental and social justice?
•
•

•
•

•
•
•

Can sustainable, equitable development of shipping in the NW Passage be done in a way that
does not disproportionately harm coastal communities and ecosystems?
How can sustainable, equitable development of shipping in the NW Passage and large ports in
New England be done is a way that does not disproportionately harm indigenous communities
and coastal ecology?
How do we achieve environmental and social justice through changes to transportation
networks, resource extraction, and tourism?
How can economically underdeveloped communities be empowered by instead of exploited by
interacting with the economically developed world, providing opportunities for future
generations?
How do we study unexpected, uncertain, and abrupt responses of ecosystems to changing
climate, ecosystem interactions, and human exploitation?
What cyberinfrastructure and data protocols are needed to openly share pan-Arctic research
data, including data acquired on territories owned by indigenous peoples?
What are the best methods for increasing diversity among leaders in Arctic studies and
enhancing STEM education about the Arctic and within the Arctic.

How can traditional knowledge, citizen science, and fully ENGAGING STAKEHOLDERS in design
and execution of research improve understanding of the scale and rate of change across all the
inter-linked systems in the Arctic and connected regions?
•
•
•

•
•
•

•

•

•

How can convergence research and strengthening the role of social science enable the cultural
shifts needed to solve issues associated with Arctic change?
How do we ensure science is used for joint learning instead of as an adversarial process?
What is the economic impact across the North Atlantic region of projected changes in destination
and trans-Arctic shipping, tourism, and resource extraction? Can ecosystem based management
with public participation be balanced against this increased economic activity?
How can non-market valuation of ecosystem and cultural services be better factored into risk
assessment?
Does education about risk-assessment for communities facing environmental change and
development of contingency plans (including managed retreat) result in better outcomes?
How do we encourage collective, co-management to avoid cultural loss and discontinuity
resulting from conflict between local autonomy and external control? Are local communities the
appropriate focus or will collective/regional efforts be more effective?
How can we foster growth within existing citizen science activities such as backyard climate
indicators, eco-tourism research, whale watches, and alert apps and link successes in citizen
science in New England with initiatives in the Arctic.
What are best practices for communicating to local communities (esp. indigenous Arctic
communities), including sharing the discoveries made in scientific research conducted on their
lands?
How can story-telling and narrative help link the Arctic with regions such as New England?
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Table 4.1 (cont.)
How can REGIONAL NETWORKS such as a "North Atlantic Arctic Network," free from geopolitics,
provide leadership in supporting science and informed decision-making in the Arctic?
•

•
•
•

•
•

•

How do we harness the brain power of a region such as New England to conduct both core and
systems level research in the Arctic (paleoclimate, glaciology, space weather, astrophysics,
ocean mapping, etc.)
How can the region develop a more comprehensive approach to scientific decision support for
regional planning around coastal processes?
How do we increase understanding of environmental change as an issue of collective/regional
adaptation, not just local impacts?
How can the Distributed Biological Observatory expand into the North Atlantic Arctic, including
how a New England Arctic Network contribute to the current efforts of BBOS and FRAM as well
as establishing a data synthesis efforts similar to PacMARS.
What are ways that New England can serve as an "outdoor laboratory" for testing new
technologies for withstanding extreme Arctic conditions?
Increased awareness of Arctic changes seems to facilitate public understanding of New England
climate change mitigation and adaptation needs. Why is this? Can we leverage this behavior to
accelerate public commitments to scientific decision support around local and regional policy?
What historical comparative models can be used to assess and improve Arctic policy and
regional management efforts? Can past gold rushes and similar bonanzas inform more
sustainable oil, gas, and mineral exploration in the Arctic? Can lessons from the history of New
England and North Atlantic fisheries be applied to new fisheries in the Arctic?

Establishing a Regional Network
Currently, much of the US Arctic focus is
on Alaska and the North Pacific [e.g., NRC,
2003, 2004, 2014c; IARPC, 2016; USARC,
2017]. There is a clear need for a regional
network that engages stakeholders from the
northeastern United States in the broader
international North Atlantic sector of the
Arctic, fostering connections and research
collaborations among people and institutions
living and working in the North Atlantic
Arctic (Figure 4.2) .
To pursue convergence research, this
network must develop a broad community of
practice, including university researchers as
well as representatives from businesses,
governments, non profit organizations, and
coastal and indigenous communities. The
goal of this network will be to facilitate
communication and the exchange of
information and resources, develop a sense of
community among participants, and foster
new Arctic research collaborations based on

community needs across the North Atlantic
sector of the Arctic.

Figure 4.2. The North Atlantic Arctic

On the basis of feedback from the
workshop, the strategy will be to first solidify
and grow a New England network and then
reach internationally to build, support, and
maintain a more expansive network.
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Workshop participants also identified critical
characteristics for this network described
below.
INCLUSIVE MEMBERSHIP

A
convergent
approach
requires
membership from a diversity of public and
private institutions that include academia,
businesses,
governments,
nonprofit
organizations, and coastal and indigenous
communities. Diversity of perspective and
expertise is essential for convergence, not only
across disciplines and employment sectors, but
also across socio-economic, cultural, and
ethnic backgrounds [NAP, 2014a]. An
inclusive attitude along with carefully-planned
facilitation and management strategies can
strengthen creativity and innovative problemsolving [Stahl et al., 2010a, 2010b]. We also
anticipate that by bringing together
participants from many disciplines and sectors
into a setting open to fostering collaboration,
this convergence approach will inspire more
individuals from underrepresented minority
groups to pursue Arctic research and careers in
STEM.
OPEN COMMUNICATION

In order to foster new Arctic research
collaborations, the network requires robust
communication tools. Workshops, virtual
meetings, a website, online collaborative tools,
and periodic electronic newsletters will enable
the exchange of information and resources and
develop a sense of community among
participants.
Early on in the growth of the network, it
will be necessary to compose norms and
protocols for shared governance, management,
equitable participation and communication to
guide the activities, products, and expansion.
Virtual meetings, seminars, and facilitated
topical panel discussions focusing on
individual convergence research questions will
further strengthen relationships. Boundary
objects such as maps, visualizations, and
spreadsheets will enable participants from
widely different disciplines to interact and
exchange vocabulary and interpretations.
Visual arts and visual anthropology are also

recognized to be powerful communication
tools.
Participation at the international level will
also be crucial for connecting with other
networks around the North Atlantic Arctic.
The NEAN will also benefit from
representation and events at local, regional,
national and international professional
meetings.
SOLUTIONS-ORIENTED APPROACH

The ultimate goal of convergence research
is to identify, understand, and communicate
the critical science necessary to engage
communities and pursue innovative solutions
to emerging challenges. Developing solutions
to complex problems requires a scientific
approach that is solutions-based as opposed to
curiosity-based, with projects having an
applied component that brings science into
action. Once again, it is crucial to involve
local communities and stakeholders in the
initial development of research initiatives,
acknowledging that solutions can be based on
geographic interest as well as a range of
temporal scales.
HOLISTIC METHODOLOGY

Successful research, communication, and
engagement, use holistic methods, defined as
international, interdisciplinary, and inclusive.
Figure 4.3, adapted from Berkman et al.
[2017], shows the iterative decision-support
process adopted by Pan-Arctic Options that
integrates holistic evidence from the sciences
with governance and stakeholder perspectives
to enable science to provide well-conceived
options to decision-makers.
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These tables are divided into sections roughly
corresponding to the topics of the workshop:
a) Sustainable Societies, Transportation,
and Infrastructure
b) Living Resource, subdivided into
Marine and Terrestrial Ecosystems
and Small and Remote Villages and
Indigenous Communities
c) Coastal Dynamics
d) Global Scale Approaches to Arctic
change.
Figure 4.3. Decision Support Process:
From Berkman et al., 2017
ENGAGE COASTAL COMMUNITIES

As mentioned throughout this report, it is
essential to include local communities in all
stages of research, from defining the
objectives to implementing solutions. This
type of involvement will ensure that
sustainable and equitable development does
not disproportionately harm indigenous
communities and coastal ecology. Identifying
discrepancies between what we want to know
scientifically and what communities want and
need to know will enable adaptation and
mitigation strategies for coastal resilience.
While the initial networking of the NE Arctic
Convergence Workshop serves as a solid
foundation, we fully realize that to meet our
goal we need to deliberately expand our
geographic scope (from New England to the
North Atlantic Arctic), our expertise, and
most importantly our societal engagement.

Convergence Research Ideas
In order for convergence to thrive,
specific and compelling problems need to be
at the forefront. Within the New England
Arctic effort, a strong set of specific and
compelling convergence research problems
will serve as seeds around which systemsthinking and synthesis can grow, feeding the
convergent approaches of the larger network
of regional collaborators. Tables 4.2a-d list
numerous
specific
and
compelling
convergence research problems that will
require deep integration across disciplines.

Within this vast collection of convergence
research ideas, there are several that must
begin immediately in order to combat the
rapid changes already being seen in New
England. Chief among these priorities are:
• Oil spill response preparation
• Economic impacts of increased shipping

and tourism on coastal communities.
• Infrastructure needs, smart sensors, and

adaptive technologies
• Risk assessment for coastal
communities, including fishing and
adaptive ecosystem-based management.
• New methods for data synthesis and
information transfer between researchers
and stakeholders
• Observational data gaps in the marine
region between the Gulf of Maine and
Newfoundland.
These projects must all begin with
stakeholder engagement. The challenge will
be how to most efficiently engage existing
groups
and
relationships
that
link
stakeholders to researchers as well as to
secure funding to enable these communities
to adequately participate.
Appendix G lists some research ideas that
specifically address within the priorities
outlined the 22 Feb 2018 NSF NNA DCL. In
addition, while Navigating the New Arctic is
already
partnering
with
Growing
Convergence Research, the breadth of these
topics demonstrate the potential for future
partnerships with other NSF’s 10 Big Ideas.
(Appendix H).
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Table 4.2a. Sustainable Societies, Transportation, and Infrastructure: Convergence
Research Ideas
•

•
•

•

•
•

•

•
•
•

•
•
•

•
•
•

•

Determining the timeline for shipping expansion. Increased shipping through Northern Sea Route
will likely occur before the Northwest Passage. Both will also impact New England. Cruise ship
tourism from New England to the Canadian Arctic may be the first to benefit from the opening of
the Northwest Passage, with destination shipping coming later.
Economic analysis comparing destination shipping, tourism, and large scale shipping.
Economic analyses of ports and shipping to determine investment to respond to environmental
change on scales of city, county, state, and New England region. Best location for ports (deep
natural harbors or vibrant cities)
Transportation and shipping port infrastructure needs such as railways, bridges, warehouses,
docks as well as community infrastructure such as schools, hospitals, roads, etc. How can
infrastructure plan for facilities that "can get wet" as sea levels rise and storm surge increases
(floating docks, dikes, etc.)?
Analysis of heavy metals and invasive species from ship ballast water and their impact on
ecosystems and communities.
Merge existing databases on sea ice, icebergs, ship traffic, marine species (all trophic levels)
distributions to determine conflicts. Prepare for new models capable of forecasting impacts of
Arctic change to anticipate future conflicts.
Social, economic and political aspects of domestic and international manufacturing of heavy-duty
ice breakers, smaller ice breakers, and ice-strengthened cargo and cruise ships. Analysis of
investment needs for Bath Iron Works to be competitive in ship-building for the Arctic.
Economic and logistical analysis of opportunities to increase air freight transport between New
England and Greenland, Iceland, or Canadian Arctic.
Determine what existing and new empirical, historical, regional, and comparative models will best
address regional management efforts in the North Atlantic Arctic region.
Predictions of how demographics will change. Will new opportunities counter current trends of
aging population, drawing younger people to cities like Portland How to incentivize populating
northern Maine. Impacts of global migration (refugee and immigrant influx).
Needs for first response preparation in response to oil spills and accidents.
Assess the scientific knowledge needed to train first responders for search and rescue and
educated inexperienced eco-tourists in personal and environmental safety.
Identify research opportunities, infrastructure needs, and environmental education needs
associated with tourism, especially as links build between New England and Iceland and
Greenland.
How can Arctic civil infrastructure (roads, ports, telecommunications, buildings) be made more
resilient in response to thawing permafrost, sea level rise, and eroding coastlines?
Overlay permafrost data with coastal erosion, carbon and water cycles, and other hazards to
quantify risks. Including infrastructure stability and impacts on transportation.
Can redevelopment or replacement of these infrastructure assets on permafrost incorporate smart
sensors to improve understanding of the rates and controlling processes putting communities at
risk?
What does our understanding of permafrost across the Arctic imply about projections for where the
best locations will be for new coastal infrastructure to support the New Arctic?
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Table 4.2a. (cont.)
•

•
•
•
•
•
•

Predict infrastructure needs in an uncertain future. What is the fate of "abandoned infrastructure"
when it fails or is underutilized? What types of continuous long-term monitoring of environmental
change are required? What types of materials and structures from operations research in
engineering can be adapted over time (as opposed to a static 10-20 year lifespan)?
Predict toxic pollution from melting glaciers and thawing permafrost.
What state-of-the-art sustainable energy development methods and technologies can be
incorporated into new infrastructure and transportation projects?
Impacts of changes in extreme weather events on infrastructure (e.g., trucks blown over on R.I.
bridges during storms). How to include extreme weather in traffic analysis.
As seasons change, re-examine work, school, and community calendars that impact work force
development, education, recreation, tourism, and quality of life.
Examine differing experiences between coastal and island communities, including sense of place.
What factors inform decision to stay and build or to leave?
Develop outreach programs to educate New England about linkages to the Arctic. Provide
educational materials to New England ports to reach stakeholders in shipping, fishing, and tourism.

Table 4.2b. Living Resources: Convergence Research Ideas
Marine and Terrestrial Ecosystems
•

•
•
•
•

•
•
•
•
•
•
•
•

Studies aimed at understanding and predicting how ocean circulation, salinity, and nutrient loading
in the North Atlantic will change due to Arctic ice melt, and impact biological productivity and
fisheries. Filling in data gaps (e.g., Between Gulf of Maine and Newfoundland)
How to manage New England fisheries as populations change in distribution and range.
Movement of species associated with sea ice using new technologies such as acoustics.
How and where to establish new environmental preserves and sanctuaries.
Studies involving changes in the physics and ecology of the Gulf of Maine from a regional (North
Atlantic-Arctic) sense with remote forcing from the Arctic, especially considering that the Gulf of
Maine is the southern boundary for many species (shrimp and keystone zooplankton). Can no
longer consider Gulf of Maine in isolation.
How will the continuing northern migration of Gulf of Maine fish species impact the fishing industry
in Maine, and how will national and international regulations create a regime for Arctic fisheries?
Can we forecast impacts of increased shipping on pollutants, marine sounds, invasive species,
fishing, ecotourism, endangered species (right whale).
What is the impact on human health of toxic pollution and “zombie” pathogens from melting
glaciers and thawing permafrost re-entering ecosystems in the Arctic?
Assess impact of dams (natural and manmade) and infrastructure on fish in estuarine systems.
Observational initiatives to study terrestrial pathogens and invasive species.
How will the atmospheric response to changes in Arctic ice and oceanic adjustments impact key
ecosystems services in the North Atlantic region?
How will late season Nor’easters (attributed by many to Arctic influences) impact Gulf of Maine /
North Atlantic ecosystems?
Forest fires and impacts on snow, soil, and microbes. What might be the impact on New England,
due to wind currents, of smoke and soot deposition from large-scale fires in tundra and peat in the
Arctic region?
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Table 4.2b. (cont.)
Small, remote villages and indigenous communities
•

•

•
•
•

•
•
•

•
•

•

•
•

•
•

•

Design research agendas that begin with local community concerns, problems, values, and
cultural practices. Explore what local and indigenous people envision for their future using social
assessment surveys and tools, political clout, economic modeling, and epidemiology mapping
tools.
Preparing for knowledge transfer from New England to Arctic communities on a variety of social,
environmental, and technology issues. How to use social infrastructure and social media to
enhance knowledge transfer. New paradigms for monitoring networks using technologies such as
Skype or Facebook.
Integrative mapping of local mental maps and satellite imagery as boundary objects and
communications.
Determine how the indigenous voice can enter into societal/policy decisions regarding
infrastructure impacts on estuarine systems
Bringing an indigenous voice into all levels of planning/research will require a cultural shift,
including away from quick-fix tech/engineering solutions. Ensure transparency and mutual
benefit, including how to communicate, publicize, and archive scientific results.
Studies of how shipping, resource extraction, and tourism will impact the equitable distribution of
economic benefits and empowerment of local communities.
Study the use of safe spaces to talk about values within communities and break through
traditional power dynamics and assumption instead of articulation of values?
Explore creative ways to make fishing by non-Arctic communities more amenable to
acknowledging concerns of local Arctic residents. Share personal narratives and stories more
broadly. For example, connects can be made among fisherman from different regions.
Create an almanac of extreme weather including tradition and oral narrative to analyze past and
present weather patterns (e.g., Fidelia Fieldings’ diary).
How will climate and ocean researchers incorporate cultural systems in projecting the impacts of
climate change, since the dynamic of cultural production, including landscapes, historical
preservation, modes of memory, values, and arts, will be profoundly affected?
Studies of collective co-management to address crises versus cultural loss and discontinuity
resulting from conflict between local autonomy and external control. Methods linking decisionmakers with affected communities. Compile examples of what has worked and what has not
worked in co-management of resources in small, rural communities around the globe.
Explore ecotourism as a potential sponsor of research, educational, and outreach activities,
especially with the rise in visibility of northern coral reefs.
Study best practices for economic benefits of tourism to benefit local communities. Economic
benefits of tourism in small Arctic communities will likely be dominated by smaller yachts and
ships as larger ships keep proceeds for themselves.
What are the power relationships in Arctic communities (gender, age, etc.) and how does this
inform sustainability as well as relationships with Arctic researchers?
Expand community-based monitoring networks in the North Atlantic Arctic region (similar to
GLOBE for Arctic communities). For example, use “kits” and “drifters” for local observations of
ocean temperature and salinity, sea level, and atmospheric and snow conditions.
Given that the majority of Arctic residents live in cities, how does the urban-rural relationship
impact sustainable development?
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Table 4.2c. Coastal Dynamics and Sea Level Rise: Convergence Research Ideas
•

•
•

•
•
•
•
•

•
•
•

•
•
•

Study of coastal erosion from sea level rise and extreme weather that use convergent
approaches, including charting and ocean mapping, bioaccumulation, human censusing,
displacement options, political consensus, satellite, remote and in situ monitoring on ocean and
land.
How will an open Arctic intensify coastal storms? How can governments respond?
How will the concentration of fresh water off of Greenland’s melting ice cap affect the Atlantic
meridional overturning circulation, and how will this overturning impact the Gulf of Maine and its
fisheries?
Develop new methods to identify ideal locations for new coastal infrastructure, such as remote
sensing techniques and innovative risk assessment models.
Create higher resolution sediment transport models to improve living shoreline stabilization
efforts.
What are the lessons learned from the University of the Atlantic and New England aquarium with
respect to sea level rise that could apply to other areas of coastal New England ?
Explore methods that would allow agencies such as USACE and NH DES to incorporate nonmarket values in mitigating risk involving sea level rise and extreme precipitation events.
Determine how to best proactively protect archeological, cultural heritage, and paleoenvironmental sites in response to long-term coastal stressors, and how to prioritize these efforts
to address desires of the local communities as well as researchers.
Compare threshold and triggers most likely to influence retreat decisions among New England
and Arctic communities.
Research on the psychology of change as it relates to sea level rise. What makes people
react? Does 3D visualization of predictions help?
Social and psychological challenges to migrating away from coasts, both in New England and in
Arctic communities. Quantitative and qualitative studies of when individuals and various
communities decide to retreat rather than continue to mitigate impacts of sea level rise.
Teach risk-assessment to communities and encourage willingness to develop and proceed with
contingency plans, including managed retreat.
Studies addressing “elevation gentrification,” the rise of younger more affluent communities at
higher altitudes that are not as impacted by sea level rise.
What does decommissioning a municipality look like? How can it be done equitably?
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Table 4.2d. Global Scale Approaches to Arctic Change: Convergence Research Ideas
•
•
•

•
•
•
•

•
•

•
•

•

Develop projections, predictions, and scenarios that better integrate causal relations across fields
of study.
Conduct global life cycle and cost-benefit analyses of preserving the Arctic versus exploitation of
resources, including exploration of global governance options.
How can knowledge co-production, social and ecological indicators development, and communitybased research become more pervasive in biogeophysical Arctic research? What is the role of
ecosystem-based management, adaptive management and public participation? (Use historical
lessons from New England fisheries).
Adopt a New England regional approach to connect with other regional organizations in the PanArctic. "Brain strength" of New England and good location to train future leaders.
Scholars and stakeholders must work together to avoid negatively framing problems in order to
arrive at global solutions.
Create new migration models for human and animal populations to inform infrastructure planning
and collecting ecological and environmental data.
Developing inexpensive and open source hardware sensors for use in remote sensing of the
ocean and coasts to quantify threats to coastal communities (e.g., erosion, changes to water
quantity and quality, permafrost degradation
Novel opportunities for sea level and ocean chemistry measurements including new satellite
assets, sub-orbital platforms, and even hydrographic sensors involving marine life.
Development of cyberinfrastructure to prepare for hazards, especially oil spills. Promote efforts to
link datasets from natural and social sciences, so that observing capabilities can be used to
provide options for decision-making. Open, linked, common format databases with layers of
information to assess transportation and hazards and interactions with ecosystems.
Address gaps in education and workforce training. Improve educational curricula and methods to
prepare society to better assess risk and uncertainty. (e.g. Eco-School)
How can science remain focused on broader societal goals as capitalization of the Arctic
accelerates? Pursue private foundation funding sources as a means of connecting science and
policy to communities.
How can New England’s past engagement with the Arctic, including polar exploration, shipping,
whaling, fur trading, art, and literature, from the 17th to the early 20th centuries, be used as a
framework for understanding how the region will respond to a new Arctic?
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