


Who are we?

This White Paper is a product of the project
COLDwater, which was funded by EU-PolarNet 2
underits third Call for Service and aims to inform
on the challenges to polar freshwater resources.
EU-PolarNet 2 “Co-ordinating and co-designing
the European Polar Research Area” is an EC-funded
Coordination and Support Action which advises
the European Commission on polarissues.

The COLDwater consortium is interested in
assessing how climate change is challenging
polar communities by limiting access to high
quality freshwaters for Arctic residents and
Antarctic scientists and visitors. Native fauna
and flora, for example reindeer/caribou and Arctic
char in the north, also have to face this threat,
and it can be assumed that any effects spread
or cascade throughout polar food webs. Given
the unpredictability of catastrophic climatic

events, the development of tools to inform
decision-making bodies in the context of the needs
of the polar regions, their inhabitants, and their
biotais essential to guarantee their health, their
economies, and future sustainable development.
The consortium that has developed this white
paper consists of an extensive and experienced
group of scientists, educators, representatives
of international bodies and Indigenous peoples,
NGOs and managers of research stations and
logistic operations from different organizations.
This international consortium met during a 3-day
workshop in November 2023 in Madrid, Spain to
develop the present document. Resulting from
those discussions, we propose in this white paper
the most pressing research needs regarding
freshwater quality and quantity in the polar needs
through appropriate funding and resources.


https://eu-polarnet.eu/

Executive Summary

The polar regions are undergoing rapid transformations
due to global warming, resulting in temperature increas-
es far surpassing the global average and significantly im-
pacting ecosystems, especially freshwater systems. Un-
derstanding the implications of climate change on Arctic
and Antarctic freshwater systems is crucial, as vital eco-
system services essential for sustaining human and envi-
ronmental well-being may be disrupted. Shiftsin freshwa-
ter availability due to changesin precipitation patterns, ice
melt,and permafrost thaw pose significant challenges for
local communities, exacerbating their vulnerabilities. Ad-
ditionally, climate warming can affect water quality, e. g.
by releasing pollutants and potential hazardous microor-
ganisms, further jeopardizing human and natural ecosys-
tem health. Arctic communities face multiple challenges
in adapting to these changes, including limited resourc-
esandinfrastructure thatmay notbe resilient to environ-
mental change. Urgentactionis needed to mitigate these
impactsand safeguard freshwater resources through evi-
dence-basedapproaches, scientificresearch, policy involve-
ment, and community engagement to ensure a sustaina-
ble future in the polarregions.

Inthe pursuit of understanding freshwater dynamicsin the
Arcticand Antarctic, international collaboration across dis-
ciplines stands as a cornerstone, essential for addressing
theimpacts of climate change on polar freshwater resourc

es. Initiatives aiming to understand the dynamics of trans-
boundary water resources underscore the pivotal role of
collaboration acrossinstitutions and nations, allowing for
collective effartsin providing effective solutions toadvance
thecurrentknowledge of polar ecosystems. Such collabora-
tionnotonly benefits the polarregions but also carries im-
plications for the global community, aligning with the UN's
SDGs. Therefore, funding mechanisms to bridge the knowl-
edge-to-actiongap andsupportinternational cooperation
shouldbe sethighin the research agenda.

The scientificand fundingroadmap presented here should
be implemented urgently, to maximise, ina 10-year term,
the benefits to be gained through synergies with the next
International Polar Year (2032-33). It will leverage existing
transnationalinitiatives and frameworks, including the Ant-
arcticgovernance framework, to guide futureresearchin-
itiatives towards sustainable management of freshwater
resources. Qverall,a comprehensive approachintegrating
pole-to-pole collaboration, strategic funding, and adher-
ence to governance frameworks is paramount, ensuring
collective efforts contribute to the well-being of polar com-
munities and the broader global understanding of climate
changeimplications.



https://iasc.info/cooperations/international-polar-year-2032-33

Motivation and backgrounc
Local consequences of g

climate change

The Arctic region is of key strategic importance for the
European Union, in view of climate change, raw materials
aswellas geostrategicinfluence and seeks to contribute
1o a safe, prosperous, and peaceful Arctic region, recog-
nizingits significance for the entire world!, The European
Green Deal® forms the cornerstone of the EU's Arcticen-
gagement, complemented by its new strategy for a sus-
tainable blue economy, underpinned by scientificresearch,
innovation,andregionalinvestment.Key objectivesinclude
fostering peacefuldialogue andinternational cooperation,
addressing the ecological, social,and economicimpacts of
climate change, and supporting comprehensive, inclusive,
andsustainable developmentin Arcticregions, witha focus
on Indigenous peoples, women, and youth.

The polarregions are experiencing rapid transformations,
primarily due to global warming, leading to temperature
increases far exceeding the global average. This trend is
significantly altering the delicate balance of these regions’
ecosystems and their component human communities
and societies. The escalating temperatures are mirrored
in water bodies, notably freshwater systems, amplifying
the concerns surrounding their stability and quality.

1 A stronger EU engagement for a greener, peaceful and pros-
perous Arctic

2 European Green Deal: Commission proposes transformation
of EU economy and saciety to meet climate ambitions

Understanding the implications of climate change on
Arctic and Antarctic freshwater systems is vital, as they
candisruptcriticalecosystemservices crucial for sustaining
humanandenvironmental well-being. In this sense, ecosys-
tem services encompassing aesthetics, food and freshwa-
ter provision, climate regulation and waste decomposition
play a pivotal role in sustaining life in the polar regions?.

[tmay seem strange to evoke water scarcity in polarregions
that are apparently so filled with water, though mostly in
the formof ice. However, alterations in freshwater availa-
bility due to shifts in annual precipitation patterns, snow
and ice melt, and permafrost thaw pose major challeng-
es forlocal communities and ecosystems. Fluctuations in
water supply, compounded by extreme weather events,
threaten the stability of infrastructure and industrial ac-
tivities, intensifying the vulnerability of Arctic human set-
tlements® Also, Indigenous, and other local populations
dependent on reliable freshwater sources for their liveli-
hoods and well-being, face increasedrisks due to these cli-
mate-induced changes.

3 ClIC/AMAP/IASC, 2016. The Arctic Freshwater Systemina
Changing Climate.
4 Povoroznyuk O, et al,, 2023. Arctic roads and railways: social

and environmental consequences of transport infrastructure in the
circumpolar North. Arctic Science. DOI:110.1139/as-2021-0033



https://ec.europa.eu/commission/presscorner/detail/en/ip_21_5214
https://ec.europa.eu/commission/presscorner/detail/en/ip_21_5214
https://ec.europa.eu/commission/presscorner/detail/en/IP_21_3541
https://ec.europa.eu/commission/presscorner/detail/en/IP_21_3541
https://iasc.info/images/news/2016/AFS_Report.pdf
https://iasc.info/images/news/2016/AFS_Report.pdf
https://cdnsciencepub.com/doi/full/10.1139/as-2021-0033

Global warming not only alters the quantity but also the
quality of freshwater resources in polar regions. Thawing
permafrostreleases pollutantsandpotential hazardous mi-
croorganisms, compromising water quality,and posingrisks
to human and ecosystem health. Additionally, changes in
hydrological patterns may lead toincreased nutrientlevels,
favouring the growth of potentially harmful cyanobacte-
rial blooms. This deterioration in water quality pose sig-
nificant challenges for Arctic communities and visitors to
the Antarctic,

Arcticcommunities are confronted with complex challenges
inadapting to the changing freshwater landscape. Limited
technicaland financial resources, coupled withinadequate
andsometimes outdatedinfrastructure,hamper their ability
toaddress emerging water-relatedissues effectively. Rapid
human population growth and their activities further ex-
acerbate these challenges, placing additional pressure on
already vulnerable communities. Indigenous people, who
have traditionally relied on their thorough knowledge of
the environment for survival, are now struggling to cope
with unprecedented environmental changes.

The pursuit of a green transition, amidst the imperative
to address the challenges posed by global warming, ne-
cessitates anuanced approach that properly considers
the impacts on Arctic communities. Initiatives aimed at
supporting climate-friendly undertakings, such as rare
earth metal mines and large-scale windmill parks, must
be approached with caution. While these bids may promise
greener, fossil-free energy alternatives, there exists a po-
tential risk to the access of clean drinking water for local
Arcticcommunities over thelong term. Itisimperative that
any economic activities, regardless of their perceived en-
vironmental benefits within the current climate agenda,
be subject to stringent regulation and thorough assess-
mentbefore beingimplementedonalarge scale within the
delicate Arcticenvironment.

The escalating impacts of climate change on polar fresh-
water resources are now a critical moment for the Arctic
and Antarctic ecosystems. As temperatures continue to
rise and permafrost thaws at unprecedented rates, the
delicate balance of freshwater systems is at stake. Effec-
tiveinitiatives arerequired to mitigate the adverse effects
onlocalcommunities and safeguard the invaluable ecosys-
tem services provided by polar freshwater resources. By
adopting a fact-based approach that integrates scientific
research, policy involvement,and community engagement,
we can aim towards a sustainable future for polar fresh-
water ecosystems and the communitiesreliant on them.
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Definitions of Polar regions adopted for the purpose
of this white paper, including relevant factors
demonstrating the aims of this proposal.

The polar realm in this white paper is defined as the parts
of both polar regions where human communities and the
ecosystems theyinhabit are seasonally or fully depending
on glacial, ice and snow melt as freshwater sources,and are
vulnerable to changes in ecosystem hydrology as aresult
of permafrost thawing. Althoughthe primary focusison the
polar regions, there are clear parallels in some parts of the
proposedresearch withlower latitude alpine regions, where
snow or ice as well as the timing and quantity of seasonal
melt are significant socioecological drivers relevant to local
economies. Even though theinclusion of lowerlatitude alpine
regionsisnot precludedinspecificcontexts, they are not the
primary focus of the programme.

In the case of the Arctic, the definition for this white paperis
notjustgeographicbutalsoasystemof physical, biological,
chemical,and climatological features thatincludes large areas
of High-, Low-and Sub-Arcticregions, which extend beyond
theareaunderdirect EU ‘governance’(i.e, northern Scandi-
navia and Svalbard). It includes parts of Greenland, Iceland,
Canada, Alaska and Russia. Although there is currently no
access toRussian Arctic, other than through existinglitera-
tureandsatellite remote sensing, in the foreseeable future.
Inalaterstage, theresults of anyinitiative could eventually
be appliedin parts of the Russian Arctic.

In the Antarctic, both governance and human presence
are fundamentally different from the Arctic. Never has any
human population existedin the areadelimited by the Ant-
arctic Treaty (the area south of latitude 60 degrees), nor
in the commonly defined core sub-Antarctic islands. Nev-
ertheless, European, and other nations operate research
stations and field activities in regions that rely on both
glacial, ice, or snow melt as well as groundwater supplies,
and which consequently face analogous potential threats
as the Arcticregion. Moreover, the cruise tourismindustryin
the Antarctic has grownrapidly in thelast decade, and this
trend will likely continue including a diversification towards
more on-land activities. Though the impacts of changes
in water quantity and quality on human communities are
much smallerin the Antarctic thanin the Arctic, they may be
affected by analogousimpacts. The protection of the Ant-
arcticenvironmentis a primary responsibility of the Parties
of the Antarctic Treaty, which include several European
nations. To also include areas that are concerned by the
same problematics of impact of Climate Change and its mit-
igation or adaptation strategies, we propose the boundary
to the southern ‘area of interest’ for this white paper to
include the ‘Magellanic sub-Antarctic' region of southern
South Americaand the ‘New Zealand shelf or sub-Antarc
ticislands’ extending to the south of South Island. These
regionshave comparable climates to those already included
in the core sub-Antarctic, rely strongly on natural and un-
treated mountain (e.g., glacial, ice or snow) sourced water
and, in the case of the Magellanic region, include the last
remnants of Indigenous human populations/lineages.



relevances

of research §
initiatives on
freshwater
resources in -«
polar regions

Stake- and rightsholders play a crucial, and often legally
mandated, rolein the management, conservation,and sus-
tainable use of freshwaterresourcesinpolarregions. This
involvement leads to moreimpactful, relevant,and ethical
outcomes thatbenefitbothsociety and the economy, while
also contributing to the sustainable management of the
polarregions. Thesekey stake-and rightsholdersinclude:

J Indigenous and other local Arctic communities:
These communities have traditional rights and knowledge
related to freshwater resources in their territories. Their
rights to access and manage freshwater sources are im-
portant toinitiatives related to freshwater management
inthe Arcticregions.

J Arctic governmental authorities: National and
regional governmental bodies have legal and regulatory
authority over freshwater resources. The fragmentation
of responsibilities among institutions in the water sector
(e.g. local councilsandregional water agencies)is aserious
obstacle to the integrated management of waterresourc
es. Presently, the already revised Drinking Water Directive
for human consumption (Directive 2020/2184/EC) sets
the essential standards of quality at EU level, for various
microbiological, chemical and other indicator parameters
tobe monitored and tested regularly.

J Industry related to the green energy transition: As
most of the world economies attempt to reduce reliance
onfossil fuels, the vastrenewable energy potential of the
Arctic,including wind and hydroelectric power, has gained
significantattention. However, the pursuit of green energy
sources also brings challenges, notably in the extraction
of rare earthminerals, which are essential for technologies
like wind turbines and electric vehicle batteries. The use of
those energy resources and mining these minerals willhave
profound environmental effects, particularly for freshwa-
ter systems critical to Arctic ecosystems and Indigenous
communities'livelihoods.

J Non-governmental organizations (NGOs); Environ-
mental and conservation organizations may also have an
interestin freshwaterresourcesinpolarregions. They often
advocate for the protection of freshwater sourcesand are
involved in initiatives related to water management and
conservation,

J International agreements and conventions: In the
case of Antarctica, Antarctic Treaty System and associ-
ated agreements, notably the Protocol on Environmental
Protection, play a significantrole in governance activities
related to freshwaterresources and environmental protec-
tion. These include environmental codes of conduct and
management plans for specific location, including with at-
tentiontoprotection of lakes and streams (e.g. the McMurdo
Dry Valleys Antarctic Specially Managed Area (ASMA) and
protected areas (ASPAs) as Byers Peninsula). In the Arctic,
IASC transnational and bilateral initiatives play a leading
role in environmental protection together with additional
protections at a local level, for example via National Park
management plans.



https://eur-lex.europa.eu/eli/dir/2020/2184/oj
https://www.ats.aq/index_e.html
https://www.ats.aq/e/protocol.html
https://www.ats.aq/e/protocol.html
https://iasc.info/

Co-designingresearch proposals together with relevant
key stake- andrightsholders takes time but makes the
research stronger and more focussed on the societal
relevance. By integrating the knowledge of local com-
munities, Indigenous Peoples, other stakeholders, and
researchershelps toensure thatresearch activities are
conductedinanethicalandresponsible manner and that
research outcomes are directly relevant to the needs
and concerns of society and regional economies. Poten-
tially, the co-creation and shared knowledge will lead
to the development of products, services orinitiatives
that better align with community and environmental
priorities. Basic research must bridge knowledge gaps,
while applied research must lead to the development of
solutions that address current challenges in the water
cycle, such as climate change impacts, resource man-
agement and community well-being. Such a collabo-
rative approach between concerned stake- and right-
sholders willlead to the development of more effective
and practical solutions based on diverse perspectives
andlocalknowledge.

Picture; David Velazquez

CyanoHABs: a growing concernin polar freshwaters

Cyanobacterialharmfulalgal blooms (CyanoHABS) are mass
praliferations of cyanobacteria (photosynthetic prokaryotes)
that pose a serious threat to humans, animals, and aquatic
ecosystems in general. CyanoHABS severely impair fresh-
water uses (drinking, harvesting, recreational) due to the
production of neuro- and hepato-toxins (called cyanotox-
ins), visual and organoleptic water quality deterioration,and
oxygen depletion during biomass decomposition.

Previously associated with warm conditions in tropicaland
temperate regions, cyanobacterial blooms are increas-
ingly being reparted in cold waters (5-15°C) and even in
ice-covered waterbodies. These observations coincide
with several reports of cyanotoxins at latitudes beyond
60 degrees north or south during the last decade.

Underascenarioof increasing temperaturesin polar water-
bodies, together with the emergence of more nutrient-rich
waters expected from permafrost thaw, CyanoHABs may
representagrowing concern to human and wildlife health,
which demands careful monitoring and management in
polar areas.

Figure 1. CyanoHAB biomass with surface accumulations (scum) as
seen from the shoreline of a temperate water reservoir. Source: Clau-
dia Fournier



the quahty

and guantity
of freshwater
resources in
olar regions

Small changesin natural processes or economic activities
may have bigimpacts for the need for freshwater. Here we
presentsome relevantexamples.

1. Growing concerns on
freshwaterresources due
to the climate crisis.

Change in precipitation patterns

Surprisingly tomany, the climatein the polar climate zones
isdryinmaostareas and the moisture content of the airis
generally low. Although in some areas close to the coast
the climate is maritime, with precipitation between 600
and 1200 mm water equivalent annually®. The inner
regions of the Arctichave a continental climate with less
precipitation, and some areas are even categorised as
polar deserts. In Antarctica, the average snow accumu-
lation across the entire continentis estimated tobe ~150
mm of water per year.

Current climate models predictbothincreases and decreas-
esinprecipitationinareasof the Arctic®and Antarctic’. Par-
ticularly inthe Arctic, butalsoin the Maritime Antarctic (the
Antarctic Peninsularegion),a transition fromasnowfall to
arainfallregime and a greater frequency of heavy precip-
itation events are predicted. Improved knowledge about
changesinprecipitationpatternsisimportant for determin-
ing current and predicting future water balance, which is

5 National Snow and Ice Data Center.

6 Walsh, J. E, et al. 2022. Precipitation. NOAA Technical Report
OAR ARC; 22-04 Arctic Report Card 2022

7 Bozkurt, D, et al. 2021. Temperature and precipitation pro-

jections for the Antarctic Peninsula over the next two decades: con-
trasting global and regional climate model simulations. Climate Dy-
namics DOI: 10.1007/s00382-021-05667-2

of crucialimportance for all aspects of hydrology and lim-
nologyin theseregions.

Permafrost thaw and temperature
changes

Permafrost, defined as ground continuously frozen for at
least two years, covers approximately 22.8 million km?in
the Arctic® andca. 139 millionkm?in Antarctica®. Near-sur-
face permafrost plays an important role in freshwater
systems, asitoften keeps lakes, wetlands and peatlands
above an impermeable frost layer that limits the water
storage capacity of the subsurface. Climate change-in-
duceddegradation of the permafrost canresultindrainage
of lakes and ponds and other drastic changes in local hy-
drology (e.g., changes in thaw season). Lakes in perma-
frostregions have already changedrapidly, with somein-
creasing or decreasinginsize and number,and others even
disappearing. Further, permafrost thaw canresult in the
release of pollutants stored thereby, as wellas the intense
production of greenhouse gases.

Altering nutrient concentrations

Climate change mayresultinbothincreased and decreased
nutrient concentrationsin polar freshwaters. On the one
hand, changes in catchment hydrology, thawing of per-
mafrost andinternal nutrient loading (i.e., the release of
nutrients from lake or river sediments) due to tempera-
ture-driven water column stratification canlead to higher
nutrient concentrations in surface water and promote
algal or cyanobacterial blooms. Additionally, earlier melt
and loss of lake ice cover that forms during winter may
make the access easier for freshwater and marine birds,
and marine mammals (especially in coastal lakesin Antarc
tica).Onthe otherhand, warmer temperatures canlead to
anincreasein terrestrial vegetation, oftenreferred to as
the greening of the polar regions and brownification of
Arctic waters. The storage of nutrients in rooted plants
in lake catchments can then contribute to a reduction in
nutrientloading to lakesandrivers '°,

Harmful microorganisms’ developments

Cyanobacteria are microbes very successful at high lati-
tudesinlakes, ponds, wetlands,andrivers, where they can
dominate the aquatic primary producer assemblages in
terms of biomass and production. They tolerate a broad
range of extreme conditions typical of polar regions, in-
cluding repeated freeze-thaw cycles, variable osmolarity,
persistent low temperatures and extremes of irradiance
including UV radiation. Cyanobacteria are especially suc-
cessfulin the benthic environment of lakes and seepages

Westerveld, L. et al. 2023. Arctic Permafrost Atlas.
GR\D Arendal, DOI: 10.61523/KPJ14549
9 Dobinski W, et al,, 2023. Area and borders of Antarctic and
permafrost—A review and synthesis. Permafrost and Periglac Process.
DOI:10.1002/ppp.2170
10 Huser, B. ], et al. 2022. Spatial and temporal variation in Arc-
tic freshwater chemistry—Reflecting climate-induced landscape al-
terations and a changing template for biodiversity. Freshwater Biolo-
gy. DOl 10.1111/fwb.13645


https://nsidc.org/learn/parts-cryosphere/arctic-weather-and-climate#:~:text=Near%20the%20ocean%2C%20a%20maritime,(49%20inches)%20each%20year.
http://Arctic Report Card 2022
https://link.springer.com/article/10.1007/s00382-021-05667-2
https://zenodo.org/records/10550449
https://onlinelibrary.wiley.com/doi/full/10.1002/ppp.2170
https://onlinelibrary.wiley.com/doi/full/10.1111/fwb.13645

aspartofnutrient-rich microbial matand biofilm communi-
ties that contain taxonomically and functionally diverse mi-
crobialcomponents. Cyanobacteria are likely to thrive with
ongoingclimate change in the polarregions, especially with
increasing temperatures and nutrient concentrations. In-
Creaseddensity stratification of the water columns of polar
lakesisalsolikely to favour gas-vacuolate, potentially toxic,
bloom-forming species ',

Also, viruses, bacteria, fungi, and other microorganisms
have been trapped for hundreds, thousands or even
millions of years in ancient ice and permafrost areas. In-

11 Reinl,K.L, et al, 2023. Blooms also like it cold. Limnol. Ocean-
ogr. Lett, DOI: 10.1002/1012.10316

creasing temperature in polar areas and the associated
thawing of ice and permafrost can release such microor-
ganisms, which may stillbe viable. Thisrelease could poten-
tiallyinclude novelmicrobial taxa, unknown genotypes of
pathogens thatare different from those already present
in the contemporary environment, pathogens that have
previously been consideredas eradicated,and evenknown
pathogens. Therelease of such microorganismsinto fresh-
waterresources could pose aserious threat to publicand
animal health, particularly where untreated wateris used
as drinking water or for domestic purposes 2,

12 Cohen|. 2023. Lurking in the deep freeze?. Science. DOI:
10.1126/science.adl0420



https://doi.org/10.1002/lol2.10316
https://www.science.org/content/article/permafrost-can-imprison-dangerous-microbes-centuries-will-arctic-thaw-release-them
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2. Increasedpressureinuse
of freshwater resources by
the economic sectors

Persistent organic pollutants and
microplastics burdens in the polar

ecosystems are silent threatens,

Persistent organic pollutants (POPs)and harmful substances
are toxicchemicals thatadversely affect humanand animal
health,as wellas our shared environmentaround the world*?,
Theyincludeintentionally produced chemicals such as pes-
ticides, flameretarders, plastic additivesamongother chem-
icals derived from petroleum products, and unintentional-
ly produced compounds such as soot or dioxins. Because
they canbecome entrainedinlong-range transport through
the atmosphere and water, they can and do affect humans
andwildlifeinregions far from where they are producedand
released. Pesticides were first foundin fat tissues of Arctic
polar bears and Antarctic penguins in the late 1960s. They
have been detectedin the physical environment of remote
Arctic and Antarctic regions where they become trapped
inice and snow. Climate change-induced melting of ice and
snow leads to therelease of these chemicals. Also, microplas-
tics have been described in all polar ecosystem compart-
ments, including the tissues of the animals. As the climate
warms, POPs and microplastics depositedin sinks like water
and ice are expected to re-volatilize into the atmosphere,
Pollutants with lower volatilities are being remaobilized into
theairinthe Arcticdue to sea-iceretreatandrising temper-
atures. POPs and microplastics persist foralong timein the
environmentand canaccumulate throughout the food web.

Matching tourismindustry growth with
polar conservation.

The tourism industry in the Arctic and Antarctic has flour-
ishedinrecentdecades. Theincreased pressure of the tourism
industryontheuse of freshwaters canlead to conflictwith the
localhuman populationandanimal,andjeopardise the sustain-
ability of tourism, in turn further altering the local economies
of the places visited. The strong seasonality of tourism can
also place astrain on water supply and wastewater disposal
systemsintheseareas.Physicalandsocial structures may not
have enough capacity during the peak season or may be un-
derusedduring therestof the year'*,

Agriculture possibilities are increasing
inthe North,

AgricultureinArcticregionsis generally marginaland of lowin-
tensity, although greenhouse operations areincreasingin the

13 Jurado, E., & Dachs, J. 2008. Seasonality in the "grass-
hopping” and atmospheric residence times of persistent organ-
ic pollutants over the oceans. Geophysical Research Letters. DOI:
10.1029/20086L 034698

14 AWI 2023. Factsheet: Tourism in polar regions.

North '*, There is no equivalent in the wider Antarctic region
other than the now largely historical Indigenous communities
of Tierra del Fuego and the Cape Horn Archipelago. However,
itis expected that with the increased thawing of permafrost,
northernagriculture willexpand with potentialtoimprovelocally
sourced food supplies. In addition, the intensified use of ferti-
lizers and pesticides in these areas may impact freshwater re-
sourcesandincrease therisk ofharmful algal bloomsinlakesand
reservoirsaswellas the appearance of microbialmatsinrivers,

Environmental confronts of mining and
extractive industry.

While The Protocolon Environmental Protection to the Ant-
arctic Treaty prohibits all activities not related to scientif-
ic research on Antarctic mineral resources, the extractive
and mining industry presents notable challenges to Arctic
freshwater resources, with primary concerns surrounding
thedischarge of mine wastewater and tailings. These activ-
ities lead to the introduction of heavy metals, toxic chemi-
cals,and pollutantsinto freshwater systems, posingrisks to
water quality and aquaticlife. Additionally, the construction
of mining infrastructure disrupts natural hydrological pro-
cesses, fragmenting habitats and hindering fish migration.
Moreover, the industry’s water demand exacerbates com-
petition withIndigenous communities, wildlife,and tourism,
potentially leading to water scarcity and ecological imbal-
ance, especially in the face of climate change-induced per-
mafrostmelting. Addressing theseissues necessitatesdip-
lomatic collaborationand sustainable practices to safeguard
theintegrity of Arctic freshwater ecosystems while meeting
SQcio-economic needs,

Arctic freshwater fishing: a delicate
balance between environment, culture

andeconomy.

The freshwater fishing industry in the Arctic faces a
complexandevolving situationinfluenced by environmen-
tal changes, regulatory frameworks, and socio-economic
factors. Traditionally, freshwater fishing has been an im-
portant source of livelihood for Indigenous communitiesin
the Arctic, providing sustenance, cultural significance, and
economic opportunities. However, the melting of perma-
frost,changesinice cover,andshifting temperaturesimpact
fish habitats, migration patterns, and spawning grounds,
pose challenges to traditional fishing practices and the pro-
ductivity of freshwater ecosystems.

Additionally, regulatory measures aimed at conservation
and sustainability play a crucial role inmanaging freshwa-
ter fisheries in the Arctic. International agreements and
regional management bodies, such as the Arctic Council
and Indigenous co-management organizations, work to
establish quotas, fishing seasons, and habitat protection
measures to ensure the long-term health of fish popula-
tionsand ecosystems.

15 Polar Journal, 2023. In Greenland food self-sufficiency starts
with potatoes.



https://doi.org/10.1029/2008GL034698
https://www.arctic-office.de/fileadmin/user_upload/www.arctic-office.de/PDF_uploads/Fact_Sheets/FactSheet_Tourismus_in_Polarregionen_englisch.pdf
https://www.ats.aq/e/protocol.html
https://www.ats.aq/e/protocol.html
https://polarjournal.ch/en/2023/08/10/in-greenland-food-self-sufficiency-starts-with-potatoes/
https://polarjournal.ch/en/2023/08/10/in-greenland-food-self-sufficiency-starts-with-potatoes/
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Research needs m the foreseen
enwronmental Scenanos

We defineanumber of research needs (Table 1) with the aim to trigger relevantresearch-based proposals that address key
scientific questions to protect polar freshwater resources by strengthening EU research interests in the fight against the
climate and biodiversity crises (JOIN(2021)). They tackle different aspects, including scientific proficiency, policy coher-
ence, economic engagement, technologicalinnovation, international collaboration, and stake- andrightsholdersinclusivity.

Table 1. Identified research needs grouped in capabilities at EU level for freshwater resources in polar regions and the rationale behind their importance.

Research needs Rationale

Microbial communities play a crucial role in nutrient cycling, water quality, and overall eco-
Impact of climate | system functioning. Biogeochemical processes drive the cycling of nutrients like nitrogen
change on the di- | and phosphorus, as wellas carbon sequestration, in freshwater ecosystems. These pro-
versity and function | cesses are criticalin polar regions for assessing ecosystem productivity andresponse to
of microbial commu- | environmental change. Investigating their present and past dynamics in polar freshwa-
nities ter systems is essential for understanding ecosystem health and resilience to climate
change induced stressors.

Polar freshwater ecosystems are particularly vulnerable to climate change impacts such
as permafrost thaw and altered precipitation patterns. Assessing ecosystem resilience
isvital. Monitoring efforts, paleoenvironmental reconstructions and modelling tools can
contribute to the understanding of theresponse to climate processes and provide insights
into ecosystem adaptation strategies and inform conservation efforts.

Resilience toclimate
change

Legend: Arctic Both polarregions


https://www.eeas.europa.eu/sites/default/files/documents/Joint%20Communication%20on%20a%20stronger%20EU%20engagement%20for%20a%20peaceful%2C%20sustainable%20and%20prosperous%20Arctic.pdf.pdf

1e

Research needs

Rationale

Effectiveness of
conservation and
management strat-
egies in preserving
biodiversity and
ecosystemservices.

Effective conservationand management strategies are essential for preserving biodiver-
sity and ecosystem services in polar freshwater habitats, Assessing their effectiveness
helps toidentify best practices for sustainable ecosystem management,

Freshwater resource
exploitation and its
implications foreco-
systemintegrity and
human well-being.

The patential exploitation of freshwater resources in polar regionsraises concerns about
ecosystem integrity and human well-being. Investigating the environmental impacts of
resource extraction helps inform sustainable development policies.

Integrated water
resource manage-
ment

Adopting anintegrated water resource management approach that considers the inter-
connectedness of surface water, groundwater and ice melt processes is essential for pro-
moting sustainable freshwater and wastewater management in polar regions, particular-
lyin the face of increasing anthropogenic pressures and environmental change.

Riskassessmentand
resilience planning
towards future
freshwater needs

Conductingrisk assessments and developing plans to build resilience for polar freshwa-
ter systems can help identify potential threats, such as pollution incidents, introduction
of invasive species, or extreme weather events, sensitivity of key species for ecosystem
healthandservices (e.g. Arctic char or reindeer/caribou) and implement proactive measures
to mitigate theirimpacts and enhance ecosystem resilience.

Palicy and govern-
ance mechanisms

Researchinto effective policy and governance mechanisms for freshwater managementin
polarregions,including stakeholder engagement processes, legal frameworks, and trans-
boundary cooperation agreements to balance the challenges brought by tourismindustry
andagriculture. Also, the involvement of Arctic municipalities is crucial for promoting sus-
tainable development and safeguarding freshwater resources for future generations.

Distributionand fate
of pollutantsin polar
freshwater environ-
ments, including
their bioaccumula-
tion in aquatic or-
ganisms.

Freshwater ecosystemsinpolarregions are interconnected with surrounding terrestrial
and marine environments. Pollutants introduced into polar freshwater systems can have
significant ecological and human health implications. Studying their distribution, trans-
port mechanisms, and fate in these environments is critical for effective pollution man-
agement and conservation efforts. These interactions help to understand the broader
ecosystemdynamics andresponses to environmental changes.

The role of freshwa-
terecosystemsinsup-
porting Indigenous
communities’ liveli-
hoods and cultural
practices.

Polar freshwater ecosystems often support Indigenous communities' livelihoods and
cultural practices. Understanding their role in supporting Indigenous well-being as well
as better understanding future threats is crucial for safeguarding sustainable develop-
mentand community resilience.

Legend: Arctic Both polarregions
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Research needs

Rationale

Impacts of invasive
speciesandzoonotic
diseases on polar
freshwater eco-
systems and native
species diversity.

Invasive species and diseases can disrupt polar freshwater ecosystems and threaten
native species diversity. Studying theirimpacts helps to develop strategies for invasive
species management and infective disease prevention.

Connectivityandhy-
drological dynamics
of polar freshwater
systems, including
the role of glacier
and ice melt in reg-
ulating freshwa-
ter availability and
quality.

Understanding the connectivity and hydrological dynamics of polar freshwater systemsiis
essential for predicting future changes in freshwater availability and quality. This knowl-
edgeis critical for water resource management and climate change adaptation planning.
Research into the specificimpacts of climate change on hydrological processes in polar
regions, including changes in precipitation patterns, snowmelt timing, permafrost thaw,
and glacier dynamics, becomes vital for the prediction of future freshwater availability
andquality.

Long-term monitor-
ing and data sharing

Long-term monitoring programs which promote data sharing initiatives can enhance our
understanding of temporal trends and spatial variability in polar freshwater systems, fa-
cilitating evidence-based decision-making and adaptive management strategies. Identi-
fying specific targets for monitoring, such as microbial products and environmental pol-
lutants as well as biogeochemical changes, ensures a comprehensive understanding of
the complex polar ecosystems. They also pave the way to identifying funding schemes
foradvancedresearchinfrastructures,

Community-based
monitoring and In-
digenousknowledge

Theintegration of community-based monitoring approaches and Indigenous knowledge
systems into freshwater research initiatives can provide valuable insights into local hy-
drological dynamics, water quality concerns, increased transmission of diseases, and ad-
aptation strategiesin the polar regions.

Ecosystem services
of freshwater
systems

The ecosystem services provided by polar freshwater systems, such as water purifica-
tion, habitat provision, and cultural significance, are critical forunderstanding their value
to bothlocal communities and the broader environment,

Legend: Arctic Both polarregions

Eachresearchneedaligns withone or more of the EU's world-leading capabilities, demonstrating the multitalented approach
requiredtoeffectively address the challenges and opportunities associated with polar freshwater resources through leveraging
these essentials, the EUisready to assume a pivotal role in advancing the filling of knowledge gaps by fostering sustainable
development and addressing global priorities regarding polar freshwater resources.

o " e & — =
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Permafrost thaw: Exploring One Healthimplications
for polar freshwater resources.

Permafrost thawin polarregions has significantimpacts on
Articresidents and Antarctic visitors from the One Health
perspective, whichrecognises theinterconnectedness and
balance of the health of people, animals, and ecosystems
(Figure 2).

ASMANHE,
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Figure 2. One Health approach based on the concept developed by
the Center of One Health Research (University of Alaska Fairbanks)

Anindirect effect of climate change on water resources
linked to permafrost thawingis the increase in greenhouse
gases (GHG) emissionsin the tundra. Permafrost thawing
increases the degradationrates of the organic matter ac-
cumulatedin the temporarily melted soils and, consequent-
ly, trigger the rates of GHG emissions in these areas with
respect to those occurring when soils were permanent-
ly frozen. However, permafrost thawing relates to polar
freshwater resources by different means:

J Pathogen resurgence; permafrost thaw canrelease
ancient microbiological agents including viruses and
bacteria, that have been preserved in the frozen soil. This
poses a potential risk of disease emergence, as dormant
pathogens couldbereintroducedinto the environment, af-
fecting the health of people, animals, and aquatic organ-
isms in freshwater ecosystems.

J Antibioticresistance; bacteria which carry antibiot-
ic-resistance thrive everywhere, and permafrost thaw may
lead to the emergence of new antibiotic-resistant strains.
Therelease of microbiological fragments and agents into
freshwater ecasystems and wildlife could contribute to the
spread of antibiotic resistance among aquatic ecosystem,
thus affecting both people and animal health.

J Environmental contamination: permafrost thaw
may release hazardous compounds and pollutants into
freshwater ecosystems, impacting the health of aquatic

organisms, wild-life and human populations relying on
these waterresources. Contaminants transported through
aquatic systems can have far-reaching effects on the
health of both animals and people.

o Community vulnerability: communities living in the
Arctic, where permafrost degradationis occurring, are par-
ticularly vulnerable to the impacts of thawing permafrost
on freshwater resources. Infrastructure damage, exposure
to emergent constituents,and increased healthrisks due
to lack of clean drinking water and are some challenges
faced by these communities.
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[tisunknownhowkey ecosystemservicesrelated to the ter-
restrial water cycle will be affected under climate change.
Water scarcity in the Arctic is not yet evident, but climate
change threatens toreduce freshwater availability, with as-
sociated consequences affecting water quality, requiring
water managers to incorporate climate change into their
planning and investment decisions. To address the risk of
future water constraints in populated polar regions, a us-
er-friendly technicalandresilient to future changeinfrastruc
ture needs to be developed creating a strongalliance by sci-
entists and stake- andrightsholders.

Enabling capacities on environmental awareness and ed-
ucation are crucial for the ongoing development of knowl-
edge, underpinning a deeper understanding of water con-
straintsin the populated polar regions and the formulation
of effective mitigationand adaptation strategies. Prepared-
nesstoincrease awarenessbecomes essential by establish-
ingarobustnetwork thatencompassesnotonly the natural
andsocial sciences, butalso stake-andrightsholders. Thein-
volvement of the young generationsis crucial,and educators
should play akeyrolein shaping the structure and activities
of thisnetwork. The goalis to fosterashared and considered
approach grounded in genuine basic needs, local character-
istics,and potentials. Given the varying water resources and
risks at the locallevel, geographically specificmanagement
plans willbe required,

Infrastructure and observations

Giventhe challenging access to some polarareas and thein-
evitable cost considerations, remote-operable technologies
need tobeintegrated withmore traditional ground surveys
and observations to appropriately answer research ques-
tions. The application of ongoing developments in hyper-
spectral technology, remote sensing, and the operation of
drones and piloted aircraft missions provide opportunities
to contribute to the study of freshwater bodies, as well as
certain aspects of quality assessment. Examples of initia-
tives that could support the implementation of such mon-
itaringinclude the ESA Polar Science Cluster in accordance
with the EU Polar Cluster or the new Copernicus Hyperspec
trallmaging Mission for the Environment (CHIME). Under such
fundingschemes, ground trained scientists may find support
through citizen science for in-field monitoring of water-re-
lated issues (e.g. cyanobacterial blooms, permafrost thaw,
pathogens'impacts), which, in turn, promotes collaborative

efforts between scientists, local residents, and municipal-
ities. Involving local communities in monitoring efforts not
only provides access tovaluable Indigenous andlocalknowl-
edgebutcanalsobeapractical way to contribute toregional
economies. Furthermore, increasing engagement of existing
scientificinstitutions and established research groups with
activity in European research stations, both in the Antarc
ticand the Arctic, represents a valuable potential source of
knowledgerelating to freshwater quality status. Examples
includeinitiatives like the Arctic Monitoring and Assessment
Programme (AMAP), coordinating bodies such as the Scien-
tific Committee on Antarctic Research (SCAR) andits com-
ponentumbrella programmes, and other national and inter-
nationalinitiatives.

Addressing climate change impacts on freshwater resourc
esinpolarregions demands a multi-scale approach towards
environmental assessment and monitoring. By prioritizing
the integration of appropriate remote sensing technolo-
gies and local community involvement with the expertise
of the existingresearch community,and developing arobust
andeffective coordination system, Europe willmake a major
contribution to environmental sustainability and scientific
knowledge of polar freshwater ecosystems and their deep
functional assaociation withregional societies.

Capacity building

Europe holds considerable potential for capacity building
in the study of freshwater resources in populated polar
regions, since numerous European countries boastlong-es-
tablished, highly productive, and world-leading polar
research programs. With the aim of increasing awareness,
thedevelopmentof training activities by polar associations
of early careerresearchers (ECR), not least the well-estab-
lished Association of Polar Early Career Scientists (APECS),
has great potentialand the added benefit of being pole-to-
pole.Many ECRs already contribute to their national polar
programs, so that creating specific freshwater working
groups inassociations such as APECS could help catalyse
the development and integration of this European and a
wider international research community. It is crucial toin-
tegrate the local population into capacity building initia-
tives, thus generating common spaces to share knowledge
betweenscientistsandlocal populations, thereby increas-
ing the knowledge of both about the status, uses and con-
straints of freshwater resources.


https://eo4society.esa.int/communities/scientists/esa-polar-science-cluster/
https://polarcluster.eu/
https://www.eoportal.org/satellite-missions/chime-copernicus#mission-capabilities
https://www.amap.no/
https://scar.org/
https://www.apecs.is/
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The challenges faced by polar freshwaters under current
global warming scenarios require implementation of actions
onrealistic timescalesand using feasible strategies. Aprac
tical roadmap for actions could include four main stages:
data gathering, data synthesis, pilot testing and upscaling.
Throughout this roadmap (Figure 3), several cross-cutting
aspectsrequire consideration, suchas the availability of re-
sources enabling capacity building vianational and interna-
tional funding and cooperation, as well as the involvement
of stakeholders andlocal communities at all levels.

o Data gathering should be focused on covering
the uncertainties faced regarding the type and classifi-
cation of water bodies affected by different challenges.
This stage would lead to the construction of an invento-
ry andclassification of freshwaterresources. Data sources
would primarily include available databases from already
established monitoring networks complemented and in-
cludingcitizenscience fromlocal communities, such as the
Circumpolar Lacal Environment Observer (CLEO) Initiative,
Itis crucial to identify networks already existing in polar
programs that may provide automated provision of diverse
datasources suchasremote-sensing, meteorological obser-
vations, and water presence (such as the Global Water Ob-
servation systems). Otherimportantsources of information
include historical records and educational networks avail-
able through pan-polar bodies such as the Arctic Council or
AMAP.

. Data interoperability and synthesis: results
fromdata gathering require synthesis. The FAIR principles

require the data to be easily findable, accessible, interoper-
able,andreusable, soissues suchas metadata storage and
data formats are relevant. Then, the synthesis phase will
lead to the identification of knowledge gaps, the determi-
nation of key indicators tomonitor trendsin ecological pres-
sures,and the design of solutions to solve the specificeco-
logicaland socioeconomic concerns. The conceptual models
used to forecast future pressures on freshwater resourc
es (e. g, increase of tourism, melting of permafrost, etc)
should address long-term scenarios. This same long-term
vision should also lay at the foundation of any adaptation,
preventionand mitigation solutions proposed.

. Pilot testing: a series of representative pilot
sites should be defined within the polarregions, acting
as flagship locations for two main purposes: Validation of
models via highresolution monitoring as well as paleoen-
vironmental reconstructions,and experimental testing
of prevention or mitigation solutions proposed. This last
stage willalso be intimately connected with data gath-
ering and data synthesis via feeding of the predictive
models. Itis crucial that local communities surrounding
pilotareasare engaged and feelan essential partof the
actions proposed.

J Upscaling: preventionand mitigation solutions suc
cessfullyidentified at pilot scale may be progressively im-
plementedinlargerpolar areas, recognizinglocalresources
andnationalregulatory frameworksin each specific region
and where appropriate.


https://arctic-council.org/projects/circumpolar-local-environmental-observer-network-cleo/
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Figure 3. Roadmap for the implementation of actions addressing climate-driven challenges in polar freshwaters.

Identifying funding for advanced researchinfrastructure
aligns with current globalemphasis onleveraging technol-
ogy for sustainable development beyond the polarregions.
Digitaltwinsandartificialintelligence approaches align with
the global commitment to data-driven decision-making for
salutionsin therealworld, avoiding just anotherredundant

model of it. Both will serve as powerful tools for authori-
ties and stakeholders to understand the potential conse-
quences of climate change. This understanding is essen-
tial for making informed decisions that contribute to the
long-term sustainability of polar regions.
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In the ongoing pursuit of deepening our understanding of
freshwater resources and dynamics in the Arctic and Ant-
arcticregions, a global collaborative approach must form
acornerstone. This section explores the imperative of in-
ternational collaboration and the pivotalrole funding plays
inpropellinginitiatives related to the study and mitigation
of climate change impacts to polar freshwater resources.

Initiatives to comprehend transboundary and trans-region-
al waterresourcesin the context of climate change usually
point towards Arctic communities and Antarctic research
stationsand gateway cities as central beneficiaries, but the
significance of international collaboration cannot be over-
stated. The collaboration across institutions and nations
allows for a collective effortin providing solutions that ef-
fectively address the diverse effects of climate change on
freshwater resources across wide geographic scales. This
collaborationis not only crucial for the benefit of the polar
regions themselves, but it also carries important implica-
tions for the global community at large. Initiatives must
align with the UN's SDGs, ensuring relevance for the polar
regions and all stakeholders involved. A global perspec-
tive on water issues in the polar regions aligns with the
UN 2030 Agenda, necessitating international collabora-
tion that transcends geographical boundaries.

Theresearchagendamustbemeticulously crafted, consid-
ering the EU's emphasis on sustainability and global initia-
tives for sustainable developmentin polarregions. Tailoring
responses to different typologies and scenarios, incorpo-
rating a One Health perspective and fostering collabora-
tioninternationally remain critical for the effective develop-
ment of adaptationandmitigationsolutionsinpolarregions.

Understanding the water cycle demands transboundary
approaches. Addressing water-related issues requires sub-
stantialinvestmentsin prospective worksand continuous
monitoring, aligning with The Paris Agreement on Climate
Change Targets and the EU Green Deal’s commitment to
researchandinnaovation. Robust funding mechanisms, in
collaboration with other EU tools and third countries, are
required to bridge knowledge gaps and support interna-
tional cooperation far the benefit of the polarregions.

Understanding the water cycle demands transboundary
approaches. Addressing water-related issues requires sub-
stantialinvestmentsin prospective worksand continuous
monitoring, aligning with The Paris Agreement on Climate
Change Targets and the EU Green Deal's commitment to
research and innavation. Robust funding mechanisms, in
collaboration with other EU tools and third countries, are
required to bridge knowledge gaps and supportinternation-
al cooperation for the benefit of the polar regions.

Collaborative initiatives allow for poolingknowledge andre-
sources, aligning with major international scientificassess-
ments, includingIPCC, Arctic Counciland SCARreports. Col-
laboration facilitates mutual learning, drawing on diverse
experiences to develop effective guidelines and solutions.
Funding strategies must align with global goals, prioritizing
precise knowledge acquisition and technological advance-
ments. Potentialnon-EU fundingin general schemes, from
countrieslike New Zealand, Canada, Chile and others should
beincluded, developing the spirit of global cooperation and
sharedresponsibility. The existence and accessibility of ap-
propriate funding schemes is a fundamental prerequisite
to strengthening and guaranteeing the financial resourc
esavailable for these initiatives.



https://sdgs.un.org/goals
https://sdgs.un.org/2030agenda
https://unfccc.int/process-and-meetings/the-paris-agreement
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
https://www.ipcc.ch/
https://arctic-council.org/

International collaborationis crucialin advancing modelling
efforts, supporting with the UN 2030 Agenda and major in-
ternationalscientificassessments.Modelling should extend
beyond physical parameters toinclude ecological, biological,
social, and cultural realities influenced by climate change,
consistent with global goals for comprehensive research,

Extending monitoring efforts allows for the enhancement
of ongoing models, the characterization of their strengths
and weaknesses, and a more nuanced understanding of
ecosystem functions, which side with global frameworks
like the SendaiFramework for Disaster Risk Reduction. The
multiscale outcomes derived from combining different gran-
ularitiesinmodellinginitiatives serve as tools for forecast-
ing new vulnerabilities. Forecasting is essential for com-
munities todevelop appropriate strategies to adapt toand
mitigate the social,economic, and environmentalimpacts
of climate change, making them more resilientin the face
of achanging climate. Effective monitoring requires collab-
oration with all relevant actors, including Indigenous and
otherlocalcommunities (where appropriate),local author-
ities, and the international community in the Arctic and
Antarctic.Identifying specific targets for monitoring, such
as microbial and biogeochemical products and pollutants,
ensures a comprehensive understanding of the complex
polar ecosystems.

Leveraging opportunitiesand services from existing trans-
nationalinitiatives like INTERACT and POLARIN for install-
ing and operating equipment is a strategic move to ensure
efficient monitoring. Utilising existing national and bilater-
alfundingmechanisms facilitates access to specificregions
and promotes international standardisation of operation-
al procedures. Integrating existing data across disciplines
through collaborations facilitated by organisations like JASC,
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SCAR, andthe Arctic Councilworking groups, including AMAP
aswellas Sustainable Development Working Group (SDWG)
willenhance the overall understanding of Polar Regions.

In expanding our global perspective, the Antarctic gov-
ernance framework, notably the Antarctic Treaty and its
Protocal for Environmental Protection, becomes crucial.
This framework underlines the importance of collabora-
tive effortsinpreserving the unique Antarctic environment.,
Theprinciples of the Antarctic Treaty, emphasizing scien-
tific cooperation and environmental protection, provide a
blueprint for sustainable practicesin both polar regions.

The practicalaspects become pivotal asinitiatives progress
to the next phase. Proposals for calls must be comprehen-
siveandincludeallrelevant methods and cost calculations.
Networking and standardising protocols, as the example of
Synoptic Arctic Survey, are crucial aspects that need to be
prioritised to ensure seamless collaboration and informa-
tion exchange among stakeholders. However, thishasrarely
been achieved ininternational, or even national, contexts
as groups work with the equipment and funding available
tothem.

Athoroughunderstanding of currentknowledge and areas
whereinformationislackingisinstrumentalin guiding future
researchinitiatives and their funding schemes. Theinvolve-
mentof Indigenous communitiesinthe Arcticin the definition
of theresearchneeds and projectimplementation needs to
be welldescribedand documented throughout the projects.
The provisionof a finalroadmap for this white paper (Figure
4)provides astructured approach for synthesising and dis-
seminating the gathered knowledge. This document will
serve as avaluable resource for policymakers, researchers,
and stakeholdersinvestedin the sustainable development
of polarregions.
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Figure 4. Roadmap for funding the advancement of freshwater resources investigation. [PY refers to the International Polar Year, which

will be held in 2032/33.


https://sdgs.un.org/2030agenda
https://www.undrr.org/implementing-sendai-framework/what-sendai-framework#:~:text=The%20Sendai%20Framework%20focuses%20on,existing%20risk%20and%20increase%20resilience
https://eu-interact.org/
https://cordis.europa.eu/project/id/101130949
https://iasc.info/
https://scar.org/
https://www.amap.no/
https://sdwg.org/
https://www.ats.aq/index_e.html
https://www.ats.aq/e/committee.html
http://Synoptic Arctic Survey
https://iasc.info/cooperations/international-polar-year-2032-33

20

In conclusion, acomprehensive approach thatintegrates
aglobal perspective,international collaboration, strategic
funding,and adherence to Arcticand Antarcticgovernance
frameworks, and their peculiarities, is paramount. As we
embark on this journey, collaboration and funding mustbe
seenasintegral components, ensuring that the collective
effort contributesnotonly to the well-being of polar com-
munities but also to the broader global understanding of
climate change and its implications for polar regions and
theirinhabitants. The inclusion of environmental steward-
ship principles reinforces our commitment to preserving
the unique and fragile ecosystems of both polar regions.
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