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Abstract

Regions at the poles are warming at rates two to four times higher than the global
average, driving profound environmental, societal, and geopolitical changes. As Polar
Early Career Researchers with careers extending into and beyond the 5th Interna-
tional Polar Year in 2032—-2033, we have a responsibility to shape research prac-
tices that are impactful, ethical, and sustainable. We argue that current definitions

of research impact often prioritize narrow, quantifiable metrics, overlooking cultural,
environmental, and long-term consequences. Building on interdisciplinary workshops
held in 2025 at the Polar Early Career World Summit (USA) and the Centre for Ecol-
ogy and Hydrology (UK), this paper redefines research impact for polar science and
presents tangible action for integrating responsible practices ahead of the next IPY.
We outline priorities across three levels: 1) individual researchers, who should prac-
tice reflexivity, promote interdisciplinarity, and implement environmentally responsible
methods; 2) regional and national institutions, which must provide equitable funding,
training, and inclusive protocols; 3) international IPY planning bodies, which should
strengthen communication, publish guidelines, and implement regulations to prevent
exploitative practices. Our call to action emphasizes collaboration, transparency,

and improved impact evaluation frameworks to ensure that polar research delivers
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societal and environmental benefits while minimizing unintended consequences. This
vision begins now and extends beyond the IPY, offering a roadmap for responsible
polar science.

1. Introduction

As Polar Early Career Researchers (PECRs) whose careers will span up to and
beyond the 5th International Polar Year (IPY-5) in 2032-2033, it is vital that we
both shape and engage in responsible research practices and steer the direction
of polar research for the better. While the work of PECRs contributes to scientific
breakthroughs and innovation it is necessary to investigate the extent and nuances
of research impact in detail. Assessing the positive and negative impacts of science
is typically limited by time, funding, institutional constraints, and know-how. Even
with these barriers removed, the question “What is the impact of my research?”
prompts many more questions, making it hard to know where to start. While the
positive impacts of polar research should not be taken for granted, there is a need
to to consider how it can be made more widely relevant to society. Our career
timelines will place us directly in leadership positions with the potential to decide on
funding, priorities and strategies for polar research during the next IPY. Redefining
the impact of research now, and creating the framework to incorporate responsi-
ble research practices from the outset, is necessary to shape the forthcoming IPY,
which aims to “address urgent global challenges by advancing polar research”
through coordinated efforts (see info box). By building experience with interdisci-
plinary teams, we can learn from each other, change perspectives and help reduce
misunderstandings or translation problems. Such a vision is already built into the
guiding principles of the IPY, which identify the need to foster international collab-
oration; encourage open data and open science; holistic, systemic approaches to
research; produce actionable knowledge with direct societal relevance; commit to
inclusive, diverse, and equitable research practices; ensure balanced involvement
from both the Arctic and Antarctic; and co-design and co-produce research with
multiple knowledge systems [1].

Recent workshops (Polar Early Career World Summit, Boulder, USA and a
PECR workshop at the Centre of Ecology and Hydrology, Bangor, UK) have cen-
tred on the complex and multifaceted nature of research impact including direct and
indirect influences, defining and measuring impact, timelines and communicating
impact [2], and this authorship group came together as a result of these meetings.
As an interdisciplinary group from within and outside academic institutions, in this
document we present a vision of what the impact of polar fieldwork could look
like in 2032, learning from wide-ranging interdisciplinary conversations and case
studies. Our perspective is as an international group of PECRs in preparation for
the IPY, and we present a full positionality statement at the end of this article. We
expand on previous work [3,4] by asking how research impacts can be redefined,
and eventually evaluated/measured.
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The 5th International Polar Year (IPY-5, 2032—33) is a large-scale international programme responding

to global challenges of rapidly changing polar regions. It coordinates and fosters collaboration between
researchers, rightsholders, knowledge holders, communities, educators, organisations and countries “to
produce urgently needed and actionable knowledge to more deeply understand global processes, support
informed decisions and offer effective and implementable solutions” [1].

The IPY planning group consists of representatives of international organisations. Among providing over-
all direction, it sets up task groups to work on specific issues.

Representatives of the International Arctic Science Committee (IASC), the Scientific Committee on
Antarctic Research (SCAR), the World Meteorological Organization (WMO) and the International Science
Council (ISC) form the IPY-5 Executive Committee.

The establishment of an IPY-5 International Coordination Office is planned for 2027, replacing the current
Interim Secretariat.

National committees link national initiatives to international collaboration.

IPY-5 spans three phases: The planning phase (2021-25), the project phase (2026-33), as well as the
legacy phase (2034+).

1.1 Why is research impact an important topic for polar researchers?

Regions of the poles are warming at 2—4 times the rate of other geographies and the resulting changes have global
impacts [5,6]. Corresponding with these changes in climate are reductions in sea ice thickness and extent, decreases

in permafrost and ice sheet loss, and changing habitats all directly impacting plants, wildlife and people [7,8]. Changes
occurring in these regions have global consequences. This makes the Antarctic and Arctic crucial for climate change
research, including forecasting and mitigation efforts, across numerous disciplines. Data-driven research, evidence and
understanding can inform those in power to make decisions which support environmental and societal benefits across
various scales from local and Indigenous Peoples to national governments and international bodies. High quality research
in these regions has the potential to bring about important societal and environmental benefits.

However, this growing interest and need for polar research comes during a time when regions are facing heightened
geopolitical pressures, access and commercial interests, much of which is driven by climate change [9,10].

Polar research activities are inherently resource intensive. Activities associated include, but are not limited to, field-
work, training, attendance at workshops/conferences, use of different types of facilities (such as labs), remote sensing,
computer simulations, and community and stakeholder engagement. These activities often require complex and carbon-
intensive logistics, potentially producing economic, social, cultural, and environmental impacts. For funders to realise the
social and environmental benefits of polar research, there must be evidence that the benefits of the research outweigh the
economic costs.

In addition to the societal benefits of research, responsible research practices, such as addressing ethical concerns
and assessing environmental impact should be adopted [11-13]. In the polar regions these considerations can be particu-
larly important because polar environments are amongst the most fragile and pristine. In particular, in Antarctica the scien-
tific community is the only permanent presence and operates under more permissive rules and regulations than tourism;
the human impact of research on this environment is important to consider. The Arctic has been the home of Indigenous
Peoples since time immemorial [14]. Yet, research is often conducted on Indigenous lands and in communities without
sufficient engagement or collaboration making considerations of societal impact crucial for research of any discipline.
Steps should be taken to increase equitable research processes and self-determination of Indigenous Peoples across the
Arctic.

Polar research priorities are frequently driven by funding agencies and policymakers. Within some academic environ-
ments, this pursuit of quantifiable, societal benefit of research has led to a restricted definition of “research impact”. For
example, the UK Economic and Social Research Council defines impact as “the demonstrable contribution that excellent
research makes to society and the economy” [15] and is broadly applied across UK government funding. It neglects other
potential forms of impact and potential adverse impacts. This institutional and policy-level movement towards exclusively
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quantifiable assessment of societal benefits in a way that can be rewarded [16], drives research towards that which

is likely to score highly on that country’s metrics, changing the types of projects conducted, in particular marginalising
non-mainstream research [17—19]. Acknowledging that biases exist which support research design benefitting funding
and policy making agencies helps us recognise strengths and weaknesses of different research impact definitions. Whilst
some funding agencies are beginning to align research priorities with guidance protocols (e.g. National Inuit Strategy

on Research [20]) and Indigenous evaluation frameworks, it is our responsibility to ensure such research activities are
responsible and ethical, understanding, acknowledging and minimising any adverse impacts wherever possible.

2. Research impact

The poles (as with many regions of the planet) are highly interconnected systems that require interdisciplinary research to
fully understand them. Therefore, the definition of “research impact” should be understood across disciplines and sectors;
we argue for holistic approaches to measure the impact of polar research. We build on the UK’s Research Excellence
Framework (REF) definition of “research impact” as “an effect on, change or benefit to the economy, society, culture, pub-
lic policy or services, health, the environment or quality of life, beyond academia” [21] to consider all effects that research
might have. We recognise that the framing of impact as positive and negative is highly subjective, and changes through
time and perspectives, so we steer the narrative to focus on where improvements can be made without framing impacts
as explicitly positive or negative. In this way, expectations by funders and institutions to present a positive spin on outputs
can be navigated, whilst acknowledging and addressing other forms of impact.

In this section, following six headings, we discuss different categories that we find crucial when reflecting about our
research impact: 2.1 Scientific output, 2.2 Economic, 2.3 Societal and Cultural, 2.4 Public Policy and Services, 2.5 Envi-
ronmental, 2.6 Health and Quality of Life.

2.1 Scientific output %

How does one research project support knowledge expansion and development of future research? This first impact
category considers this question by reflecting on how new knowledge causes us to change our view of how the world
functions. We also consider that meaningful scientific impact can be achieved through developing people, capacity, and
knowledge. This includes building strong intellectual foundations and a diverse research community, specifically expand-
ing opportunities for PECRs (who in turn should continue building these opportunities once in leadership positions [22]).
Working towards IPY-5, high-quality scientific projects should strive for excellence and offer capacity-building opportunities
for PECRs to experience and navigate the scientific environment. Scientists designing their research projects have an
invested interest to ensure their outputs have high scientific impact for their own academic careers. We highlight that it
can also be extended beyond the individual level. In fact, the scientific impact spans across individual, national and inter-
national levels.

Scientific impacts of research outputs are often measured through academic metrics, including publications in “high
quality” journals (e.g., Journal Impact Factor), citations and H-indices, which can indicate academic validation through
their utility and use in other works. However, a growing movement recognises the limitations and dangers of using these
metrics as a sole measure of research quality, catalysed by the Declaration on Research Assessment [23,24].

Scientific projects should incorporate legacy into their design for two reasons, 1) supporting the continuation of the
investigation long into the future, and 2) sustaining the research’s benefits throughout its lifetime. One way to achieve
both of these is through establishing long-term observing networks that produce high-resolution environmental baseline
datasets. These observing networks support the development of innovative technologies, infrastructure, and capacities to
enable monitoring to continue outside traditional fieldwork seasons. Projects should a) publish open-source datasets using
the FAIR (Findable, Accessible, Interoperable, and Reusable) framework [25], b) use transparent and accessible methods,
c) support sustained access to research infrastructure, d) provide salaried positions in communities (financial, training) to

PLOS Climate | https://doi.org/10.137 1/journal.pcim.0001062 October 8, 2026 4/19




PLON. Climate

maintain monitoring and infrastructure, and e) incorporate mixed levels of academic, sectoral, disciplinary, and knowledge
systems experience in teams which demonstrate racial, gender, geographic, and generational diversity. In the Arctic, focus
should be on supporting Indigenous data governance and sovereignty by adhering to CARE (Collective Benefit, Authority
to Control, Responsibility, and Ethics) and OCAP (Ownership, Control, Access, and Possession) principles [26].

2.2 Economic @

The economies of the Arctic and Antarctic differ greatly. Approximately 4 million people live across the Arctic region [27]. In
contrast, Antarctica lacks permanent residents, and lacks a land connection restricting human travel to ships and flights.
Human activity in Antarctica and the Southern Ocean - almost entirely beyond national jurisdiction - is governed by the
Antarctic Treaty System [28]. In contrast, the Arctic Ocean is surrounded by multiple states with differing national policies
governing terrestrial and marine space [29]. No single agreement covers the management of the Central Arctic Ocean,

an area beyond national jurisdiction. Despite the lack of permanent human settlement in the Antarctic, there are highly
productive fisheries, a growing tourism industry, and economic impacts related to research [30,31]. Individual researchers,
influenced by budget generosity and allowances, typically make economic decisions themselves relating to travel, accom-
modation, subsistence, food, logistics management, and local guides [32]. Their own motivations shape considerations of
ethical, environmental, and social influence on economics [33].

In this section, two case studies will be explored to show how sustainable activities in polar regions are motivated and
monitored through economics by differing governing organisations that facilitate activity within polar regions. The obser-
vations from these practices will help to highlight the areas for improvement or caution when it comes to building sustain-
able economies for researchers within polar regions. Improving how researchers interact with polar environments through
economic motivators is integral for IPY goals/motivations such as; reducing carbon emissions (such as by understanding
impacts of who can access polar regions and how often [34]), improving economic resilience of indigenous communities
[35], and promoting ethical research questions and practices [36]. Understanding how economies drive these responses
is key for addressing systemic issues inhibiting progress [37].

2.2.1 Case Study 1: International Association of Antarctica Tour Operators (IAATO). Anyone conducting
activities which may impact the Antarctic region must respect the Antarctic Treaty. This includes researchers and tourists.
The management of the Antarctic Treaty is predominantly governed by research, via the Antarctic Treaty Consultative
Meetings where ‘Parties’ are defined by either being one of 12 original Parties to the Treaty, or by conducting substantial
research activity in Antarctica [28]. Best practice for research is considered at an international level via the Council of
Managers of National Antarctic Programs (COMNAP).

Regulation on tourism activities conducted in the region is facilitated by the International Association of Antarctica Tour
Operators or IAATO which formed in response to the Antarctic Treaty [38]. A membership based organisation bringing
together government and non-governmental organisations, its general aim is to facilitate sustainable travel in Antarctica by
addressing the impact of human-environment interactions. Common guidelines must be adhered to by anyone facilitating
tourism activities within the region.

There are strong efforts to bring science directly into IAATO through schemes such as the IAATO Antarctic Fellowship,
citizen science programmes, and research partnerships (e.g., with the Scott Polar Research Institute). IAATO opera-
tors contribute to scientific research by transporting researchers (e.g., Oceanites’ Antarctic Site Inventory and Mapping
Application for Penguin Populations and Projected Dynamics) [39], and by collecting data, for example through IAATO’s
Voluntary Cetacean and Pinnipeds Sightings program [40]. Outputs of this research inform sustainable tourism practices
that enhance tourist experiences and protect the environment.

Antarctic tourism can be exploitative when operators bypass IAATO and forego the resources to support understanding
and mitigate impact. Membership is voluntary and operators are driven to join based on business benefits and promoting
the intrinsic value of the region, but may still lack financial capacity or interest in integrating research impact management
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practices. IAATO is solely-funded by members through a fee model tied to passenger numbers [41]. Operators such as
Plantours Kreuzfahrten, whose Antarctic cruises cost guests €7,300 to €18,000 per person [42], pays 65% per passenger
to IAATO, contributing a significant sum. In order for IAATO to provide funding to research activities and support ongoing
monitoring, its membership model must remain strong. This places economics at the forefront of membership motivation
which inherently leaves room for exploitation, exacerbated by the reliance on individual governments for legal repercus-
sions in the event that the Antarctic Treaty is broken.

2.2.2 Case Study 2: Association of Arctic Expedition Cruise Operators (AECO). The Association of Arctic
Expedition Cruise Operators (AECO) was established in 2003 by 8 arctic cruise operators inspired by IAATO. Its members
pay a fee ranging from 7,000-23,000 Norwegian krones, with scaled costs based on cruise ship capacity [43]. AECO
works with multiple arctic countries and organisations including Svalbard, the Norwegian Polar Institute, WWF’s Arctic
Program Office, Visit Greenland and Greenland’s Ministry of Nature and Environment to develop guidelines. Similarly
to IAATO, AECO promotes and creates guidance on sustainable operations in several areas: community and research
stations, environment and cultural remains, guest guidance, operational and marketing strategies, and special sites
guidance.

With Norwegian origins, AECO has a eurocentric view on activities limiting a cohesive approach to regulating pan-
Arctic activities. There are weaker connections with the Canadian and North American Arctic outside of Nunavut, and the
Russian Arctic due to geopolitical tensions. Their guidelines do include inland areas people may visit from a ship (e.g.,
Kangerlussuaq, SW Greenland, an inland area of Greenland accessed via a fjord [44] but these are limited. AECO is
well-positioned to translate IAATO’s mission into the Arctic as a convener of rightsholders and stakeholders, but would
need to adopt a wider focus on land-based activities and increase transparency in its documentation which is currently
only accessible to members.

The juxtaposition of AECO compared to IAATO comes from its advocacy for environment- and human-focused transi-
tions (e.g., sustainable fuels, risk assessment infrastructure etc.). This comes alongside supporting an expanding sector
relying on its paying guests to accumulate large carbon footprints just to get to their starting destination (e.g., Americans
typically have to fly to Denmark or Iceland en route to Greenland). Again, they support Indigenous communities through
their guidelines [45], but don’t inherently encourage cruise operators to facilitate the transfer of cash into communities as
guests’ needs are wholly catered to on the ship.

2.2.3 Evaluating impacts. AECO, and IAATO, could support sustainable research by guiding safe, environmentally
considerate, and economically viable travel practices in the form of open-access resources and ship travel/time. This
would reduce the funding divide in research (from fieldwork costs to publication pay walls) which often disadvantages
PECRSs, and could better streamline resources and enhance collaboration. PECRs in particular would benefit from the
enhanced network access who despite often being loud advocates for championing Indigenous leadership and voices,
often don’t have connections to Indigenous communities. These are important principles of IPY-5.

Both organisations experience similar vulnerabilities in balancing the commercial interests of their members while
guiding ethical and sustainable tourism activities, which in turn can garner environmental support amongst a community of
affluent and consequently powerful guests. Expanding their work to better incorporate, support, and exchange knowledge
with research communities is an opportunity to strengthen both organisations. Researchers would also gain additional
governance around sustainable and economic travel for their work, while implementing citizen science approaches, and
building partnerships with tourism operators to continue long-term monitoring and conservation programmes. Co-creating
the future of AECO and IAATO requires the inclusion of Indigenous communities in the Arctic and southern hemisphere
gateways to Antarctica so that local economies and wellbeing are supported, local knowledge leads science, and the
IPY-5 goals can be achieved.

However, it is important to note that economical impacts are not solely driven by these large private organisations that
facilitate travel to polar regions, but by grants received from global governments. These grants allow for the engagement
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and support of local Indigenous people through spending of research personnel within these communities, or through
direct employment of Indigenous people within the project. For example, the marine Environmental Observation,
Prediction and Response Network community-led funding and ‘Our land for the future’ initiative in NWT. $20 million in
initial funding will be provided to 23 Governments in the Northwest Territories to support Indigenous led-conservation,
job creation and economic opportunities (seasonal, part time, full time, guardian programs, ecotourism) and sustainable
economic development [46]. Other research funders including MEOPAR’s Community-Led Research Seed Fund and
the Canada-Inuit Nunangat-United Kingdom Research Program (CINUK) were designed to ensure relationship building,
research co-design, and capacity development occurs within Arctic funded research.

This form of economical support, helps to facilitate more sustainable research practices through reducing travel to
remote polar regions. The reliance therefore on companies which are not indigenous-led such as some cruise operators,
can be reduced, as more opportunities open up for local communities [47]. While these funding grants have seen positive
impacts to indigenous people [48], the stability of the economical input is unreliable, as geopolitical views or priorities shift
over time. For example, the UK no longer funds the CINUK program. This often results in a loss of created practices [49]
and can leave communities vulnerable if the majority of their economy is supported by research activities [50]

It is evident therefore, that the economics of research is controlled by large organisations that dictate not only the ability
to carry out research in polar regions, but the sustainability of actions taken to conduct that research in an environmentally
friendly way. This in turn controls the impacts on the Indigenous communities who are best able to facilitate sustainable
practices within research.

2.3 Society and culture

We emphasise that societal and cultural engagement - be it engagement with communities in Arctic or sub-Arctic regions,
and/or science communication activities in its various forms - needs to be acknowledged as part of a researcher’s impact,
here we present three aspects of the impacts of polar research on society and culture locally and globally.

2.3.1 Current Arctic communities. Polar research has perpetuated “parachute science” or “helicopter research”
practices. Especially for research in the Arctic region with permanent inhabitants, researchers from high-income nations
and institutions have conducted research in historically marginalised communities that are often left out of the research
activities [51]. In recent years, recommendations for non-Indigenous researchers looking to conduct research with
Indigenous communities have been helpful for guiding research approaches towards supporting reconciliation [14], self-
determination [20], and ethical and equitable engagement [52]. The support of Indigenous steering committees such as
the International Arctic Science Committee Standing Committee on Indigenous Involvement is working to ensure society
and culture is sufficiently acknowledged and addressed when conducting polar research whether that be to engage
respectfully or ensure that outcomes benefit society and culture in the region. This can be achieved by aligning research
priorities with community priorities, supporting youth engagement, cultivating cross-cultural and broader knowledge
exchange, or offering paid positions within research teams, among others.

2.3.2 Education and outreach in global and remote communities. Polar society and culture has influence beyond
the geographic regions themselves, however a communication gap exists between scientists and society [53,54]. Policy is
not enacted until the topic reaches societal acceptability [55]. This is one of many barriers which limit the flow of science
into decision-making. Others include a credibility crisis in scientific publishing and growing misinformation movements
[54]. One way to strengthen the science-policy-society interfaces is by supporting organisations working across different
sectors, a key outcome from the last IPY in 2007—2008 [56,57]. PECRs are well placed to support these activities [53]
through networking organisations such as the UK Polar Network (UKPN) in the UK, and international organisations
such as the Association of Polar Early Career Scientists (APECS). The UKPN is a PECR-led organisation promoting
and enhancing polar research including through outreach to young people. Notably the Antarctic Flags Programme [58]
annually sends over 1000 flags designed by school children from over 300 schools to Antarctica with researchers to build
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connections between researchers and society. Other outreach activities include Polar Beers, bringing researchers into
conversations with the general public in casual environments. Similarly, Polar Educators International acts as a bridge
between educators and polar researchers, with a focus on high quality practice-based engagement [59].

2.3.3 Antarctic heritage. According to Nuviala Antelo and Nuviala Antelo [60], Antarctic heritage is affected by the
dismantling and removal of structures that are no longer in use or are considered obsolete. They describe this as a
process promoted by the Antarctic Treaty System to reduce anthropogenic impact, through the removal of these structures
and their eventual replacement by environmentally sustainable architectures. They state that, as a consequence, this
process will lead, in the short and medium term, to the partial disappearance of Antarctic architectural heritage and to the
loss of information about earlier ways of inhabiting the continent.

This issue should be considered in IPY-5 planning, especially where Antarctic infrastructure is removed, replaced, or
redesigned to reduce environmental impact. In such cases, archival and heritage documentation would help preserve
information about Antarctica’s human history before material evidence is lost.

This approach is exemplified by the 6044SUR Interdisciplinary Research Team, which developed SUR, the Virtual
Archive on Architecture and Dwelling in Antarctica (Archivo Virtual de Arquitectura y Habitat en Antartida). The project
website describes SUR as the first virtual archive on architecture and dwelling in Antarctica. It gathers Antarctic architec-
tures designed and built during the twentieth and twenty-first centuries, drawing on institutional documentary collections
and personal memories.

2.4 Public policy and services @

Polar research has the potential to support the development of better public policy and services for people living in the
polar regions. This can occur by strengthening the contributions of research to decision-making, ensuring research
addresses scientific and local priorities through equitable research processes; and by supporting Indigenous representa-
tion in projects, institutions and international governing bodies [61,62]. Whilst this section predominantly focuses on the
research impacts on public policy and services local to the poles, and as such is mostly Arctic focused, it is worth acknowl-
edging that Antarctic research also impacts globally on public policy and services in the form of environmental protections,
the Antarctic Treaty System, geopolitics, and sea level projections [63].

One example of this representation at the research programme scale in an Arctic context is the Canada-Inuit
Nunangat-United Kingdom (CINUK) Arctic Research Programme (https://www.cinuk.org/). The CINUK programme was
a collaborative program between the UK and Canadian Governments, and the Inuit Tapiriit Kantami (ITK), built upon an
innovative memorandum of understanding ensuring equitable and appropriate outcomes of the funded research [64]. The
CINUK program reframed the way in which research projects were designed, implemented and evaluated, with empha-
sis placed not only on innovative science methodologies but also on Indigenous self-determination in research. The
program was designed to support Indigenous engagement and leadership at all stages from funding call development to
project implementation and evaluation. This transitions away from engagement with Indigenous and local communities
only occurring after project funding is awarded, which has been a common practice [64]. The CINUK program supported
over 20 PECRs to build respectful and responsible relationships with communities addressing relevant priorities, through
training and financial support. It would be effective to build on this program by including cultural awareness training that
would embed reflexive research processes and soft skill development necessary to engage with a wide range of groups
outside of academic institutions. This would make space for capacity sharing, and multi-directional knowledge exchange
including across diverse knowledge systems. The resulting positive research impact would allow outputs to directly meet
community interests. A co-benefit of elevating PECR impact is a strong legacy, going beyond traditional metrics of success
like peer-reviewed publications.

The ITK continues to be supportive of public policy and services in Inuit Nunangat through research guidance with the
release of the National Inuit Strategy on Research [20]. Knowledge exchange between funding agencies to share best

PLOS Climate | https://doi.org/10.137 1/journal.pcim.0001062 October 8, 2026 8/19



https://www.cinuk.org/

PLON. Climate

practice and lessons learnt through collaborative funding calls supports two IPY-5 goals: “Build specifically on the method-
ological, technological, educational, and epistemological advancements of the 4th IPY, including major shifts toward work-
ing across knowledge systems and transdisciplinary research with specific emphasis on equitable and ethical engagement
with Indigenous Peoples and their knowledge systems.” & “Support, connect and extend networks of Indigenous Peoples,
academics, local leaders, and early career and community researchers to understand the human and environmental links,
impacts and feedbacks with the polar regions and beyond.”

2.5 Environmental

The Polar Regions function as critical sensors for global climate change, and research conducted there is intrinsically
linked to understanding and safeguarding planetary environmental health. As a result, environmental impact is a primary
concern of polar research activities. Polar researchers often have to reconcile two interdependent measures that shape
our activities: the research footprint and its handprint.

The environmental footprint, a concept introduced to measure human demand on ecosystems [65], represents the
multi-faceted impacts generated by the process of research activities. Within the polar regions, this includes a range of
impacts documented by the European Polar Board, such as carbon emissions, the introduction of invasive species, wild-
life disturbance, pollution from microplastics, noise and light, and challenges with waste management—impacts we have a
responsibility to measure and mitigate [11]. Conversely, the environmental handprint is an emerging concept that rep-
resents the tangible “effect on, change or benefit to... the environment” generated by the outcomes of our research—the
very justification for the footprint in the first place [66]. A handprint represents the scientific and societal value of research,
including informing climate policy, improving conservation strategies, or contributing to environmental governance. A
responsible research framework requires us to be transparent about both, actively minimizing our footprint while inten-
tionally maximizing our handprint. Taking stock of the footprint is not merely an accounting exercise; it is a call to foster
a culture of critical reflexivity within the research community, encouraging and equipping us to justify the footprint of our
research relative to its handprint [67], and actively work to translate research into relevant outputs for society.

2.5.1 Travel efficiency and reduction. A first step in reducing the environmental footprint of polar research is to
ask whether remote fieldwork is necessary to answer the research question. In some cases, high-quality research can
be conducted, or field campaigns can be reduced, through existing datasets, modelling, satellite observations, remote
sensing, autonomous monitoring systems, or collaboration with established observing networks. Where fieldwork remains
necessary, projects should consider whether instruments, methods, and logistics can first be tested in more accessible
environments before deployment in remote polar regions. This can reduce avoidable failures, improve training for early
career researchers, and help ensure that polar field campaigns are better justified and better prepared. However, it should
not be assumed that use of satellites, numerical models or use of Al tools as an alternative to remote fieldwork come
without environmental costs, and instead a full complement of approaches may be best [3,68].

As PECRs, we are acutely aware of time and consideration required to measure the footprint of polar science, but that
climate change brings an urgency to our work. Polar regions are challenging environments, requiring reliable energy for
life support and scientific systems. This, combined with seasonal limitations on solar availability and extreme conditions,
has led to a deep-seated reliance on non-renewable fuels and high carbon footprints of conducting research. We are not
alone in this; there is a growing concern amongst the scientific community broadly to maintain high-quality research while
minimizing its environmental cost. This is driving a continuous process of standard setting already spurring action across
multiple levels (Fig 2).

Reaching and operating in these remote regions requires long-distance travel via ships and planes resulting in sub-
stantial emissions and forming a significant portion of research footprints. During the 2023/2024 season, the UK’s RRS Sir
David Attenborough was responsible for 50.57% of the British Antarctic Survey’s entire emissions (Scopes 1-3), equating
to 27,585 tCO2e—the equivalent of running 9,545 average UK homes for a year [69]. Similarly, the year-long MOSAIC
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expedition, where the RV Polarstern drifted with Arctic sea ice, produced 47,864 t of CO2e, contributed to local air pollu-
tion principally because of the ship exhaust, deployed 1500 kg of scientific instrumentation intentionally left behind (buoys,
sensors, etc.), generated 750 kg of unintentional scientific waste (materials that were unrecoverable) 20,000 m® wastewa-
ter and an unknown amount of microplastics, noise and light pollution [13].

Despite the high numbers, the RRS Sir David Attenborough’s annual emissions are equivalent to only 16 minutes of the
entire global shipping industry’s 2022 emissions [70]. While the sector’s footprint is not a primary driver of global emis-
sions, it represents a significant and manageable component of our research community’s direct impact—an issue that,
given the fragility of the polar environment, ethically and strategically must be managed. Macfarlane et al. [13] created a
methodology which included the above impacts and assigned an impact index (i-index) as a comparison tool for future
environmental impact assessments.

Environmental responsibility also applies to the way polar researchers meet, collaborate, and disseminate results.
Conferences, workshops, and planning meetings can generate substantial travel emissions, particularly when participation
requires long-distance international flights. Virtual and hybrid formats should therefore be treated as part of responsible
research practice, not only as accessibility measures but also as tools for reducing the environmental footprint of polar
science.

2.5.2 Community guidance. Guidelines and protocols are being developed at the global and multi-national
scale. Practical operational guides for fieldwork are being developed by regional networks, such as the Arctic-focused
INTERACT [71,72]. This operational focus is complemented by the multinational Forum of Arctic Research Operators,
which develops best practices for shared logistics and coordination of research activities to reduce the overall
environmental footprint in the Arctic. Furthermore, the Council of Managers of National Antarctic Programs (COMNAP)
facilitates international environmental practices by creating and sharing practical manuals and protocols for its members,
such as the Guidelines for Environmental Impact Assessment in Antarctica [73] and COMNAP/SCAR Inter-continental
Checklists for reducing the risk of transfer of non-native species [74]. This body of guidance is further integrated into a
circumpolar standard by the Synthesis Report produced by the European Polar Board [11], which combines best practices
and scientific data from both the Arctic and Antarctic to inform the setting of environmental norms.

2.5.3 Efficiency of infrastructure and technology. Initiatives like the UK’s Future Marine Research Infrastructure
program are explicitly designed “to examine how to meet environmental targets whilst maintaining leading marine
research.” These represent the larger-scale programmes that will be needed for Antarctic work to become carbon neutral
and create “sustainable, future-ready infrastructure.” To reduce shipping emissions, trials using Hydrotreated Vegetable
Oil to fuel the RRS Sir David Attenborough show potential to reduce carbon emissions by up to 94% compared to
conventional diesel fuel [75].

At smaller scales, the deployment of remote autonomous vehicles and technology (equipment, transport, and data-led
route optimization) is being prioritized to reduce footfall and associated carbon footprint in the field [11]. Projects like the
Climate Sentinels in Svalbard are testing and demonstrating the measures needed to move toward carbon-neutral Arctic
fieldwork [72]. Similarly, community-engaged research (and training for) in the Arctic can reduce environmental impact
through community-led practices and transference of the project to the community for long-term operation and autonomy.
This takes significant time and resources to build the relationships, support mechanisms, and infrastructure to do this
responsibly and equitably [64].

Research infrastructure at the poles must continue to move away from energy-intensive construction and logistics
towards lower-impact designs, more efficient energy systems, and support systems that reduce local disturbance. The
European Polar Board report identifies large research stations as sources of multiple environmental impacts, includ-
ing carbon emissions, black carbon, noise and light pollution, wildlife disturbance, waste management challenges, soil
degradation, and microplastics [11]. Future infrastructure planning should therefore consider the full lifecycle of buildings,
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energy systems, logistics, waste, and water management, rather than treating environmental performance only as an
operational issue.

A shift is also needed in how polar infrastructure, solid waste, and wastewater are managed. Waste generated by polar
research can be stored and exported to processing facilities outside the polar regions, processed locally where possible,
or discarded in the surrounding environment. However, local disposal can have lasting impacts because waste biode-
grades extremely slowly in cold polar environments [11]. Wastewater management is also a concern, as many research
stations are not connected to sewage infrastructure and practices vary across stations. Research stations can use waste-
water treatment systems to avoid polluting the direct environment, and stations not connected to regional sewage sys-
tems should install filters [11]. Princess Elisabeth Antarctica provides one example of a lower-impact approach: its water
treatment system purifies wastewater and recycles treated water for non-drinking purposes [11].

A central goal for IPY-5 should therefore be to support lower-impact polar research systems that consider the full life-
cycle of infrastructure, energy, waste, water, and logistics. To support this transition, environmental impact assessments
should be planned from the beginning of research projects, with transparent data collection and knowledge exchange so
that future activities and infrastructure can learn from previous lessons.

"é’.

Polar research can impact the health and quality of life of three distinct groups in society: Arctic communities, including
Indigenous communities; researchers; and the global populace. Research should not come at the expense of health and
quality of life across any group, but measuring and concretely demonstrating the impact of non-health sector research on
people is not commonplace.

To ensure the health and quality of life of the indigenous communities in the Arctic, research programs increasingly
provide guidance and leadership when it comes to ensuring the health and quality of life within their local communities is
safeguarded through both holistic research directly addressing the topic, as well as impacts of other research fields. For
example, the Arramit Project supports the strengthening of health and wellbeing through Indigenous-led conservation and
sustainable relationships with biodiversity [76].

The way in which research is conducted in the Arctic, irrespective of its focus, influences the health and quality of life
of Indigenous communities through the project’'s engagement approaches. Those with equitable, reciprocal, and respect-
ful collaborations across knowledge systems will have better health and quality of life outcomes for Arctic communities.
Additionally, the research will be improved [77]. The lkaarvik SciQ project is an Inuit youth-led initiative that provides
recommendations for meaningful engagement with Indigenous communities in the Arctic, inviting Western researchers to
improve their Inuit Qaujimajatugangit (1Q) attitudes when doing research with Inuit communities. Their recommendations
include respecting time and knowledge of collaborators, where research often coincides with important hunting activi-
ties. Research can support cultural healing and cross-generational knowledge exchange when done appropriately, this
can include embedding on the land learning activities and culture camps into research design [78]. On the land activ-
ities are directly related to cultural hunting and subsistence which strongly influence health and quality of life. Aligning
research with these activities can support greater engagement and scientific outcomes. This has particularly been seen
in community-based wildlife programs, but it requires early and sustained engagement to ensure co-development of
appropriate and ethical research methods [79,80]. Accommodating translation to communicate and disseminate research
processes and findings in the local language (specific to the region) can work to increase the reach of the research as well
as sustaining language, an important contributor to health and wellbeing.

Moving beyond the REF research impact definition of ‘health and quality of life’ as relevant for human communities
only, Indigenous-led guidance and projects such as the One Arctic, One Health Il project [81] and the Sami Arctic Strat-
egy [82] highlight the needs and rights of non-human and more-than-human species and entities.

2.6 Human health and quality of life

PLOS Climate | https://doi.org/10.1371/journal.pclm.0001062 October 8, 2026 11719




PLON. Climate

The One Health project recognises that health is inseparable from the human-animal-ecosystem interface. This supports
the same sentiment in the Good Practices for Environmental Impact Assessment and Meaningful Engagement in the Arctic
report of 2019 [83] from the Arctic Council which suggests, due to the interdependencies between the environment, culture,
and health, a health impact assessment is conducted to understand health and wellbeing impacts of research in the Arctic.

The Study of Environmental Arctic Change co-production teams, including one focused on Human Health and Wellbe-
ing (HWB), are also attempting to shift the needle on research impact in the decision making world. The HWB Team has
contributed the most cited chapter of a National Climate Assessment report for the USA [84], developed a one page infor-
mation document regarding the teaching of cultural practices in Alaskan schools to Alaska Native students, and written a
peer-reviewed paper on the co-production method, including its influence on the team members wellbeing [85].

Fieldwork practices of polar research have an impact on the inclusion of marginalised groups in polar science [86]
and PECRs are leading advocates on this topic. The UKPN supports safe and inclusive working environments in polar
research, where challenges still persist (for example physical and psychological safety, female hygiene), despite recent
progress [87,88]. Underrepresented groups in polar science (i.e., women, LGBTQ+, BAME, first generation students) are
supported at the local, regional, and national levels through training, education, and creating safe spaces. The UKPN'’s
Dartmoor field skills training course propagated a broader conversation about mechanisms to address these issues [87].
In academia, percentages of women decrease dramatically when progressing to more senior roles [89] and beyond aca-
demia where professions are typically focused on trade skills, engineering, or otherwise typically male-dominated fields,
even fewer women work in the polar sector. APECS and associated PECR support organisations, which came out of the
last IPY, foster greater connections between science and society and health and quality of life in polar field environments
[90]. As we move towards the next IPY, more work is required to continue to break down barriers and foster training of the
next generations of PECRs whether working within research, policy or other polar related careers [91].

3. Successful research impact in the IPY-5

We need to make changes now to see the goals of IPY-5 achieved. The current ECRs will progress into supervisory roles
during IPY-5. This is our chance to shape the research impact we want to lead in 2032 and beyond. This will require
action from individual to institutional and global scales as we advocate for a deep shift in research values. Interdisciplin-
ary, cross-sectoral, and multi-knowledge system collaboration is vital to ensure that creatives, social acceptability experts,
designers, communicators, and technologists are part of the re-imaging of station infrastructure, field science and its logis-
tical footprint, as well as the societal impact of research. Fig 1 summarizes the recommendations we propose to reflect,
prepare and implement scientific projects during the IPY-5.

Our ultimate goal is to minimize our research footprint and maximize our research handprint which by default, are
treated as equal and integrated components of responsible research. In section 2, we have discussed a variety of inter-
connected solutions being implemented to improve the impact of our research. Measuring this impact is another area
of expertise we did not have scope to include here, but must balance a suite of methods which consider not only our
‘footprints’, but also our ‘handprints’ [66,92]. This framing encourages positivity without removing the tradeoffs which are
inevitable in research impact [93].

Using the REF impact categories, which are not perfect, but offer a structure to our discussions, we outline examples
of successful components of responsible research. There are many overlaps, yet no one example demonstrates consid-
eration of research impact at an entirely holistic level. Working towards this broader approach to research impact we turn
to enabling components such as data collection frameworks (FAIR, CARE, OCAP, DORA) and place-based approaches.
Evaluation and measurement of research impact demands a mulit-faceted approach which moves beyond simple report-
ing and embraces novel success metrics outside of academic publication. Quantitative and qualitative tools and plans
determined at project inception, and iterated upon throughout, which can support accountability and transparency are
essential for effective decision-making and dissemination. Values, policy, and funding push and pull one another to shape
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Fig 1. Recommendations for the International Polar Year 2032-33 (IPY-5) to design scientific projects and minimize the research impact on the
following categories: Scientific, economic, health and quality of life, society and culture, environment, and public policy and services.

https://doi.org/10.1371/journal.pcim.0001062.g001

these monitoring systems, but above all they must recognise that no single metric meets the needs of all projects, nor can
any evaluation anticipate all entities impacted by the research or through doing the research.

4. Taking action

Moving beyond examples of success and their enabling mechanisms, we suggest tangible actions which can be taken at
the individual, institutional, national, and international level to actively embrace respectful research through holistic impact
considerations (Fig 2).

As current PECRs, our hope is to welcome IPY-5 as a milestone through implementation of these actions. Importantly,
all readers should recognise that in some way you are a decision maker and there is power even in small decisions.

4.1 Individual researchers should

» Practice Reflexivity: identify what power you hold, and where your impact may be.

* Promote interdisciplinarity: promote and engage in collaboration across interdisciplinary groups, which is critical for
delivering research impact as well as for discussing impact.

* Implement environmental practices: consider and implement environmentally friendly practices and monitoring in all
research projects, based on environmental impact assessments.

* Incorporate IPY recommendations into research projects

» Organise monitoring: implement and support the effective, appropriate and sustainable monitoring and evaluation
plans developed at the regional and national level
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Fig 2. Summary of level of involvement for taking actions and the research impact categories associated with actions, each action is dis-
cussed in further detail in section 4.

https://doi.org/10.1371/journal.pcim.0001062.9002

4.2 Regional and National Level (Research Institutions, Funders) organisation should support individual action
through

« Organise monitoring: develop effective, appropriate, and sustainable monitoring and evaluation plans
* Implement environmental practices: at the institutional infrastructure level

* Promote interdisciplinarity: provide administrative project support that is necessary to support interdisciplinary work
across diverse disciplines and knowledge systems

» Secure funding: equitable funding models are needed especially those which allow PECRs to build connections and
collaborate internationally, allowing diverse project outputs and make time to build trusting relationships with Indigenous
communities

» Develop training: Provide training for PECRs that builds capacity and resilience to understand and evaluate research
impact

* Ensure inclusivity: Fund non-research activities to better include marginalised youth, communities, and Indigenous
people to participate, co-produce, and lead projects

» Publish guidelines and protocols: identify and share ways of implementing best practices in line with national,
regional and local settings and differences

4.3 At the international level of planning processes within the IPY, organisations should

Strengthen communications: improve communication within and beyond the research community to increase aware-
ness and participation in research activities
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* Publish guidelines and protocols: co-produce guidelines and protocols with those impacted by research

* Implement regulations: Adhere to international treaties, declarations, and agreements in the environmental, social,
and economic sectors (e.g., DRIP, AT, UNCLOS, Paris, Kyoto, Montreal etc.)

As we have shown, many steps can be taken - at individual, project or national level. Improved impact evaluation
frameworks which accommodate hidden consequences and co-benefits are inevitable. While these concepts are not
unique to polar sciences, we call for collaboration and transparency in this regard. At each level, these actions can only
be achieved with the support of organisations at the next level up, in particular, that the abilities of individual researchers
to practice reflexivity, and implement various practices is dependent on support in the form of training, monitoring, funding
and guidelines from the regional and national levels.

Positionality. The authorship team includes PECRs working across a range of different disciplinary backgrounds,
engaged within and outside academic institutions and sectors. Our research spreads across terrestrial, marine,
freshwater, social and natural science disciplines, and we work across both poles and diverse knowledge systems. We
are also science communicators, storytellers, and leaders of organisations supporting PECR engagement and involved
in international processes including the Fourth International Conference on Arctic Research Planning (ICARP 1V), the UN
Ocean Decade and Antarctica InSync. We recognise our responsibility to shape the new path forward for PECRs in the
next IPY by identifying, analysing, documenting, and addressing the impact of our activities on the poles - unique and
sensitive environments. When we conduct polar research (including fieldwork, labwork, office work, scientific travel, and
engagement with local communities), we face political, environmental and social challenges, and take on responsibilities
to ensure there is a culture within the research community that encourages us to critically reflect on our impact and justify
the footprint of our research. As polar scientists, we focus primarily on the most unique aspect of polar research, namely
polar fieldwork, but touch on other aspects where appropriate.

Declarations. The use of artificial intelligence: Artificial Intelligence (e.g., ChatGPT, Claude) was used through an Al
aggregator platform (Mammouth Al), which is based in Europe, following the privacy and security rules of the General
Data Protection Regulation (GDPR). Al was used to generate the icons with typing a prompt. The purely Al-generated
icons fall under the public domain, and do not require a copyright content permission.
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