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Foreword

Polar sciences are crucial to understand the
effects of climate change. 6 out of 9 eco-tipping
points identified by the IPCC are situated in the
polar regions. Potential rising sea levels, altered
weather patterns and changes in sea-currents
are all connected to environmental change in the
polar regions.

Although polar science is necessary to
understand climate change, like any sector
or industry, itis important to identify actions
to reduce the impact of polar science on the
environment.

The necessary polar research infrastructure

to reach isolated research stations or remote
regions has an impact on local ecosystems and
the global environment. Research vessels emit
(black carbon), research stations can impact local
wildlife and research campaigns can accidentally
introduce invasive species to the polar regions.
Although remotely sensed data can in some

instances accompany or even replace in-situ
collected data, several processes that are key
in understanding climate change can only be
gathered by conducting in-person research
in the polar regions, such as studying what

is happening deep below the sea-surface or
collecting data-samples.

This synthesis report aims to define best practices
in limiting the environmental impacts of polar
research. It synthesises best practices from both
polar regions on how to conduct polar research
while limiting its impact.

On behalf of the current members of the Action
Group of Environmental Impacts and Logistics:

Jacek Jania

Atilla Yilmaz

Tania Giberyén

Elmer Top—Jgrgensen
Pjotr Elshout

Renuka Badhe

Image credit: International Polar Foundation
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Background and motivation for the
report

The EPB initiative on Environmental Impacts

and Polar Research and Logistics was formed
during a workshop in 2018, held in Davos during
the POLAR2018 conference. The workshop was
organised by the European Polar Board (EPB)
and the EU Horizon 2020 project ‘International
Network for Terrestrial Research and Monitoring
in the Arctic’ (INTERACT), with the theme
‘minimising plastic use and waste in polar
research and logistics’. The session featured a
range of international experts in polar research
and logistics management and planning. Building
on the Davos workshop, the breakout session
discussed possible ways to minimise, or optimise,
the impacts of Arctic research, including social
impacts on Arctic communities. Panellists
provided key recommendations on how to
reduce the footprint of Arctic research. Whilst
focused on Arctic research, the breakout session
also included perspectives from Antarctica,

and how existing tools and instruments used
there may be transferable to the Arctic, to help
protect the environment. The session included a
discussion of both marine and terrestrial research
activities in the Arctic.

Following these two sessions, the Action Group
on Environmental Impacts of Polar Research
and Logistics was formed at the EPB’s Autumn
2018 Plenary Meeting, with a mandate to
develop the initiative further. This development
led to the expansion of the initial focus on
plastics to other environmental impacts such as
waste management, limiting carbon emissions,

invasive species, and the disturbance of wildlife.
The aim of this Action Group was to produce
this synthesis report, thus bringing together
knowledge and experiences from both poles on
how to minimise environmental impacts whilst
conducting research.

Research partners and collaborations

The EPB Action Group on Environmental Impacts
of Polar Research worked together with other
Action Groups focusing on minimising the
environmental impacts of polar research. Other
Action Groups included the Scientific Committee
on Antarctic Research (SCAR)’s ‘Plastics in Polar
Environments’ Action Group, the International
Arctic Science Committee (IASC)’s ‘Action

Group on Carbon Footprint’, the Association of
Polar Early Career Scientists (APECS)" initiative

to provide guidelines to limit carbon emissions
whilst travelling, the British Antarctic Survey, and
INTERACT.

Image credit: British Antarctic Survey
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Scope and aims of the report

The Action Group explored how scientific
research might impact the polar environment

and how to limit these impacts by identifying best
practices. The report is unigue as it connects both
polar regions through shared knowledge and

best practices. Chapter 6 on legal frameworks
underlines the differences and similarities
between environmental impact practices and
frameworks between the polar regions.

Target audience

This report was produced by an Action Group
of the EPB and is intended for EPB member
organisations. Nonetheless, any institution,
operator, research station manager, or
individual planning to conduct scientific
research in the polar regions is encouraged
to read the report and to consider actions to
minimise the environmental impacts of their
research.

Image credit: Renuka Badhe,
European Polar Board
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Future challenges regarding
minimising environmental impacts of
polar research

To sustain polar research, extensive infrastructure
is required to supply remote activities with staff,
food, and research tools. A future challenge is
optimising existing polar research infrastructure
through international collaboration to help
reduce the environmental impacts of polar
research. Another future challenge to limit

the environmental impact of polar research is
to attract funding to modernise existing polar
research infrastructure and decrease its use of
fossil fuels. This report contains examples of the
latest developments in carbon neutral research
stations, hybrid research vessels, and shared
logistics.

A general challenge is sustaining high-quality
polar research to understand climate change

and its future impacts, both on the polar regions
and globally. The Antarctic Treaty Consultative
Meeting in 2022 underlined the importance of the
‘Decadal Synopsis’ in resolution 4 . The ‘Decadal
Synopsis’ stresses the need for continued support
from the international community to sustain
Antarctic scientific research to better understand
the effects of climate change on Antarctica in a
local and global context .

e

n

Climate change itself may also cause issues
for polar research, as weather patterns may
change and become more extreme. As

the Arctic warms, thawing permafrost may
compromise the terrestrial infrastructure used
for research. This could happen as soon as
2050 (Hjort et al., 2018).

Methodology

The report draws on existing guidelines
provided by organisations coordinating and
managing polar research, such as the Council
of Managers of National Antarctic Programs
(COMNAP), INTERACT Ill, SCAR, IASC, the
Forum of Arctic Research Operators (FARO)
and the Arctic Monitoring and Assessment
Programme (AMAP). Additional input was
provided by members of the EPB Action Group
on Environmental Impacts of Polar Research
and Logistics with polar research experience.
Informal conversations with polar researchers
and polar research managers also contributed
to the contents of this report.
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How does this report define These one-pagers assess each environmental

: : 2 impact using three variables to estimate
environmental [pRIE st the severity of the impact. These variables
are: 1. the geographical scale of the impact
(local, regional, or global), 2. the duration of
the impact, and 3. the ability of an impact
to spread (considering both its ability to
multiply and the size of the area impacted).
The following section gives more detailed
definitions of these variables.

This report defines environmental impacts as

any effects that may be caused by polar research
activity in the Arctic and Antarctic region. Such
effects include the physical and chemical
disturbance of soil, water, air, and the introduction
of matter which alters the polar environment,
such as invasive species of flora and fauna, and
plastic pollutants.

This chapter contains one-page summaries of

each of the identified environmental impacts
associated with polar research.

The geographical scale of the impact

akbia albia adiy albia ol adhi

Local environmental impacts Regional environmental Global/continental

(within a radius of less than 100 impacts (within a radius of environmental impacts (within a
km) 100-1000 km) radius of more than 1000 km)

The geographical scale of the impact is the ability of an environmental impact to directly affect a specific
area. For example, dumping waste is considered a local environmental impact as it initially affects the
direct environment, whereas carbon emissions have global environmental impact as they contribute to
climate change.

The duration of the impact

Pl
<l
<l
bl
Pl

XX x X

p<al

Short: discrete Repeated: Longer lasting: Permanent:

impact without sequenced, short impacts that continue irreversible impact that

sequence impacts after research has been alters the environment
completed (including an permanently

estimation of how long the
impact will remain)

The duration of the impact is how long an impact lasts. For example, invasive species can have a
permanent impact because with suitable conditions, invasive species can establish lasting presence.
In contrast, wildlife disturbance can be a short-lived impact since wildlife may return to their normal
behaviour after the disturbance has ended.

ey : Image credit: Christo Pimpirev
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Impact’s spread ability

X A oA S NS
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Non-spreading: Semi-spreading: Spreading impact:

environmental impact cannot environmental impact has the environmental impact expands

expand and/or multiply potential to expand and/or and/or multiplies (usually
multiply on a regional scale exponentially)

The spreading of an environmental impact refers to the ability of an impact to either multiply or spread
throughout regions. Examples of spreading impacts are invasive species and oil spills. Non-spreading
impacts include wildlife disturbances.

Examples of environmental impacts:

© o © @

Carbon Black Invasive Waste Microplastics
emissions Carbon species management

9 o o

Wildlife Noise Water Soil

disturbance Pollution consumption degradation

Image credit: Erwan AMICE — CNRS
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Carbon dioxide and methane
emissions

What are carbon emissions?

This report defines carbon emissions as carbon
dioxide and methane produced by human
activities such as the burning of fossil fuels by
engines, food production and manufacturing of
other goods. Human activities produce many
types of emissions with different properties,
which can accelerate climate change. Methane,
for example, is a stronger greenhouse gas than
carbon dioxide, but carbon dioxide remains in the
atmosphere for up to 100 years longer.

How can polar research produce carbon
emissions?

Scientific research campaigns and operations rely
on research infrastructure and extensive logistics
in remote regions. These logistics consist of
airborne, marine, and terrestrial infrastructures
(both mobile and fixed). These logistical networks
often rely on fossil fuels to operate, and therefore
emit carbon, black carbon, and heavy metals. the
burning of fossil fuels.

Recently, many guides and initiatives have
been developed on how to reduce individual
and organisational carbon footprints for polar
research.

Impact’s
geographical
scale

Al albia adi

Impact
duration

<l
<l
<l

Impact’s

spread ability Y R
(does not i
multiply)

e The INTERACT IIl pocket guide on how to
reduce carbon footprints: D2.7.pdf (EU-
interact.org)

e |ASC’'s Carbon Footprint report: Report
from the IASC Action Group on Carbon
Footprint

What are the effects of carbon emissions on
the polar regions

Carbon dioxide and methane emissions
contribute to warming of the global climate.
This effect is particularly potent in the Arctic,
which is warming much faster than the rest
of the world, causing its ice to melt (Yadav et
al., 2020). The warming climate and melting
ice affects Arctic and Antarctic ecosystems
differently. The influx of freshwater from
Greenland and Antarctica’s glaciers can affect
global ocean currents, change marine heat
and cold transportation, and affect global
weather events. The accelerated heat increase
in the Arctic rapidly changes living conditions
for Indigenous peoples and interferes with
their livelihoods.

Image credit: Antony Dubber, British Antarctic Survey




Black carbon and heavy metal
emissions

What are black carbon and heavy metal
emissions? —

Black carbon is produced by the incomplete
burning of fossil fuels. Black carbon is fine,
particulate matter, which biodegrades in
temperate climates in several weeks. The Impact's

cold climates of the polar regions slows (and geographical b ab
sometimes nearly halt) biodegradation, causing

: scale

the black carbon to accumulate over time.
Ho;vhcan polar rlesea_rc_h prgduce black carbon Impact g 2 g
and heavy metal emissions? vt En AAA
Scientific research relies on extensive logistics
to supply remote regions and research stations
with provisions and staff. These logistics consist Impact's ;;
of airborne, marine, and terrestrial infrastructures. P . TXIT

: ot eci spread abilit 27
Operating logistical networks causes emissions P y

of black carbon due to the burning of fossil fuels.
As an example, generators providing energy to
remote research stations can accumulate black
carbon nearby (Cordero et al., 2022).

What are the effects of black carbon and heavy
metal emissions on the polar regions

The impact of black carbon on the polar regions

is twofold: it accelerates the melting of snow and
ice locally, by reducing the ability of the snow and
ice it lands on to reflect sunlight, and regionally,
as it decreases overall surface reflectivity, warming
the polar regions and thereby accelerating melt.
Black carbon can also darken clouds, limiting their
ability to reflect sunlight (Cordero et al., 2022).

Image credit: Renuka Badhe,
European Polar Board
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Invasive species

What are invasive species?

Invasive species are species introduced to
environments and ecosystems to which they are
not native. They have the potential to establish

a lasting presence and can alter the colonised
ecosystem irreversibly.

How can polar research contribute to the
spreading of invasive species?

Polar research can contribute to the spreading of
invasive species in many ways. Research vessels
can transport invasive species by discharging
ballast water into polar oceans. Research aircraft
can carry invasive small mammals and seeds.
Individual researchers can carry seeds within their
clothing and luggage (Hughes et al., 2020).

What are the effects of invasive species on the
polar regions?

Invasive species can alter polar ecosystems. An
example is rats and mice colonising the island

of South Georgia and negatively affecting local
bird populations. The rats and mice have now
been completely eradicated from the island,

but this was a costly operation both in terms of
money and the impact on the ecosystem — as
the method of poisoning the rats and mice also
affected seven of the 30 native bird species, albeit
temporarily. It took five years for the affected bird
populations to recover (Martin and Richardson,
2017).

Impact'’s

geographical alia alhia
scale

Impact o
duration z Z Z Z
Impact'’s 3 7% 7
spread ability DA A g

In the Antarctic region, 200 invasive species
have been reported, most of which originated
from the European continent. Most of these
invasive species are microbes, fungi, and
plants, though some animals have also been
introduced (Frenot et al., 2005). In the Arctic
region, there are at least 60 invasive terrestrial
plant species recorded (Tolvanen and Kangas,
2016). Invasive species can alter the local
ecosystems on which Indigenous and local
communities rely. Note: the examples of
invasive species in this one-pager do not all
directly relate to polar research and some can
also be attributed to the transport industries
and tourism.

For best practices on how to avoid introducing
invasive species to the polar regions, see the
overview of existing guidelines in chapter

8 and the two pagers of types of research
associated with transporting invasive species.

¢

S

Image credits: Sven Lidstrom,
Norwegian Polar Institute
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Waste (including wastewater and oil
spills)

What is waste in the polar regions?

Waste is any human-produced material that is
alien to the polar environment, such as beverage
packaging, shipwrecks and discharged water
which may be polluted with, for example,
parabens and oil.

How can polar research produce waste?

Polar research produces waste in many ways.
In-situ scientists produce waste in their day-to-
day lives, for example from the food they use and
their shower water. Scientists need many tools
for scientific research and some of these tools
produce waste by-products. Research equipment

can also malfunction and become waste itself.

Not all remote research stations or operations
have access to waste processing facilities. Waste
can be stored and exported later to processing
facilities outside of polar regions, processed
locally where possible, or discarded in the
surrounding environment (known as ‘dumping’).
Dumping can negatively affect local ecosystems
and waste biodegrades extremely slowly in the
cold polar regions (Prus et al., 2015).

What are the effects of waste on the polar
regions?

Discarding waste in the local environment can
have lasting impacts on ecosystems. The impact
on the ecosystem depends on the type of
pollution. Plastic bags may be regarded as food by
wild animals, oil and other chemical substances
can pollute ecosystems, and microplastics can
enter the food chain (Reed et al., 2018). Oil spills

Impact’s
geographical
scale

Impact i z g g

duration

Impact’s 5 O RO Re
spread ability ¥

can also negatively affect the environment
and spills can derive from research station
generators, supply vessels, aircraft, and
vehicles. A study of an oil spill at Hornsund
Station, Svalbard revealed how slowly oil spills
biodegrade in the Arctic climate — in 2019,
the area affected by an oil spill from 1985 had
only decreased by 50% (Krzyszowska, 1985,
Krzyszowska, 2019).

Hormones, chemicals, and metabolites

from medicine usage can also contaminate
wastewater. Depending on the ability of these
chemicals to bind to water, they can become
concentrated in individual marine flora

and fauna (bioaccumulation) and increase

in concentration higher in food chains
(biomagnification). Gk




Microplastics

What are microplastics?

Microplastics are small plastic particles, ranging
from a few hundred nanometres to 5 mm, usually
only visible using magnifying tools. They can end
up in ecosystems when they erode from larger
plastic objects, such as vessels, clothes, and food
packaging.

How can polar research produce microplastics?

Researchers use research tools and personal
products that are partially or wholly made from
artificial materials and can shed microplastics into
ecosystems. Examples include paint from the
exterior of vessels, toiletries, small plastic particles,
synthetic textiles, tyres, and tagging equipment.
As both polar regions are sparsely inhabited,
most marine microplastics found in polar
ecosystems are not produced by polar research
but have been transported to the polar regions
by ocean currents (Waller et al., 2017; Bergmann
et al,, 2022). Research shows that microplastics

in the eastern Arctic Ocean stem from the
Atlantic Ocean (Ross et al., 2021). Nonetheless,
there might be a connection between local
microplastics and research stations, as in the
Southern Ocean, microplastic concentrations in
some cases appear to be slightly higher close to
research stations (Waller et al., 2017; Reed et al,,
2018).

Impact’s
geographical
scale

alhia alhia alia

Impact A vy
duration z Z Z

Impact'’s N f\z P oA
spread ability v

What are the effects of microplastics on the
polar regions?

The severity of the impact of microplastics

on ecosystems is not fully understood

yet, however many studies suggest that
microplastics have detrimental effects on
marine ecosystems (MaclLeod et al., 2021).
Larger plastic waste particles can also

provide shelter for invasive species; this has
implications for biosecurity and may have
other ecological impacts (Caruso et al., 2022).

Image credit: Daniel Nyvlt,
Czech Antarctic Research




Wildlife disturbance

What is wildlife disturbance?
In the context of this report, wildlife disturbance

is defined as humans interrupting normal wildlife
behaviours. This is an important consideration

in remote regions where native species are not
accustomed to humanes.

How can polar research disturb wildlife?

There are various ways in which wildlife disturbance
can occur, depending on the type of polar research.
The use of large vessels, snowmobiles and aeroplanes
can disturb both marine and terrestrial wildlife. Smaller
campaigns or fieldwork carried out on foot can

disturb bird populations. The infrastructure supplying
permanent or semi-permanent facilities such as
research stations can disturb local wildlife populations
over extended timeframes. Research stations also have
the potential to cause habitat fragmentation.

What are the effects of wildlife disturbance on the
polar regions?

Anthropogenic activity can cause wildlife to migrate,
increasing their energy consumption in an energy-
scarce ecosystem (Coetzee and Chown, 2015;
Barrueto, Ford and Clevenger, 2014). The stress of the
disturbance (especially more frequent disturbances)
can lead to increased heartrate and stress hormones

in certain species (Coetzee and Chown, 2015) and can
have negative effects on reproductive behaviour (Doyle
et al,, 2020). In extreme cases, wildlife can permanently
migrate (Johnson et al,, 2005). Roads and other

access infrastructure for research facilities may cross
traditional reindeer migration routes and complicate

ng

spread abilit
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Soil degradation

What is soil degradation?

Soil degradation is the trampling of vulnerable
soil, vegetation, or human-made disturbances

in the snow. The removal of vegetation may
also cause soil degradation as it can enable
erosion, depending on the terrain steepness, soil
characteristics, precipitation, and hydrology.

How can polar research contribute to soil
degradation?

Polar researchers can use transportation such
as snow scooters and other vehicles, which can
crush and degrade soil (Raheim, 1992). Disturbed
soil can become susceptible to invasive plant
species, such as the Poa annua, which is an
invasive vascular plant found in destroyed soil
structures around Polish Arctowski research
station in Antarctica (Olech & Chwedorzewska,
2011). Taking plant samples can alter soil
composition and this can cause irreversible
changes to the species when they attempt to
regrow.

Most scientists are aware of potentially inflicting
damage to local soil and avoid this whenever
possible. Depending on how frequently an area
is visited by scientists, there are two known
strategies scientists can use to minimise soil
degradation. The dispersion strategy is used for
areas that are infrequently visited. Dispersion is
when scientists spread their impact in the area
they are visiting by dispersing their movements.
The other strategy for more frequently visited
areas is to concentrate all activity into defined
zones to keep the surrounding area untouched
(Tejedo et al., 2009). In both polar regions,
research stations can attract tourists who are less
aware of the risks they pose for soil degradation.
Most research stations have guidelines to instruct
these tourists to avoid soil degradation. For more
information and guidelines on reducing the
effects of terrestrial research logistics on soil, see
chapters 5 and 8.

Impact'’s

geographical i

scale

Impact AR

duration Z Z z z

Impact'’s i@
“

spread ability

What are the effects of soil degradation on
the polar regions?

In the Arctic, soil degradation by trampling
can harm slow-growing, and sometimes
endangered, flora and reduce the availability
of certain plants on which other species may
rely. In the Antarctic, human footsteps and
tracks made by vehicles can obstruct local
species. For example, penguin chicks can
become trapped in snow depressions made
by human footsteps, and snow vehicles

can produce heaps of snow which obstruct
penguin migration routes. In both regions,
disruptions in the snow cover might change
its insulation properties and could damage the
local vegetation below.




Noise and light pollution

What is noise and light pollution?

Noise and light pollution are sounds and light
produced by anthropogenic activities. Noise
pollution is especially relevant for marine regions,
as sound travels easily in water and more quickly
in deeper water. Light pollution is amplified in ice
and snow-covered regions due to their reflective
properties.

How can polar research produce noise and light
pollution?

Marine scientific activity and logistics produces
echoes. Light pollution is an especially relevant
concern for polar scientists during the polar night
as the human-produced light starkly contrasts
dark, remote regions. An example of light
pollution is from research vessels in the Arctic
Ocean during the Arctic night, where the artificial
light source can influence the behaviour of fish
(Berge et al., 2020).

Impact’s
geographical alia ol
scale

Impact A AVl
duration Z Z Z

Impact’s o Z\J\Z lﬁf lﬁf
spread ability N
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What are the effects of noise and light
pollution on the polar regions?

Noise pollution may have an impact on marine
wildlife through for example echoes produced
by (scientific) marine logistics (Erbe et al,,
2019; Moore et al., 2012) or the use of snow
scooters and helicopters. Light pollution can
also impact wildlife during the polar night

by disrupting sleeping patterns, potentially
causing stress, and affecting breeding patterns
(Bennie et al., 2015; Raap et al., 2015). In
remote regions where anthropogenic activity
is unusual to local wildlife, noise and light
pollution can have magnified impacts (Markus

and Sanchez, 2018).

Image credit: DLR Rothera,
British Antarctic Survey
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Water consumption

What is water consumption in the polar regions?

Water consumption in the polar regions is the use
of water by staff and scientists for activities such
as drinking, showering, and cleaning.

How can polar research facilitate and manage
water consumption?
Impact'’s

Research stations can generate clean water .
geographical i

using snow, ice, larger lakes (such as at the Polish
Polar Station, Hornsund), or by using systems scale
to desalinate seawater, though the latter option
produces brine, which can be considered a
waste product. Some research stations in the Impast XXX
Arctic region are connected to regional water duration g
supply systems. In the past, some research
stations imported drinking water in plastic bottles,

however, this practice has already been replaced Impact’s P
by water cleaning and snow and ice melting spread ability agh agh
systems.

What are the effects of water consumption on

ions? : :
the polar regions? In regions where snow, ice and water are

Producing clean water through cleaning, abundant, taking water from the surroundings
desalination and melting systems consumes does not seem to have a noticeable negative

energy. Usually, energy in research stations is impact on the environment (Topp-Jargensen
produced by fossil fuel-burning generators, which et al,, 2014).

produce carbon emissions and potentially black
carbon, and can affect polar ecosystems.

\._CF
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Research in the polar regions

The polar regions are made up of cryosphere,
marine, and terrestrial components, consisting

of oceans, seas, ice sheets, glaciers, land, and
mountains. The combination of diverse climates
in different seasons and the terrain where
research is conducted results in a wide variety of
types of research taking place in the polar regions.

In this chapter, different types of polar research
are linked to the potential environmental
impacts they could cause. The chapter consists
of two-page summaries describing these types
of research, their environmental impacts and
the best practices associated with each type of
research. In this report, the polar infrastructure
necessary to sustain polar research (discussed

in chapter 5) is treated as a separate activity with
associated best practices.



Research vessels

Environmental impacts:
Q© Emissions
Risk of introducing invasive species
@ Wildlife disturbance
@ Noise pollution
Q Managing waste and wastewater.

What are research vessels?

Research vessels are ships used for scientific
research. Research vessels are generally equipped
with tools for scientific research and larger vessels
often carry a laboratory on board. The advantage
of using a research vessel is their ability to move
into remote maritime regions with advanced
scientific equipment. This enables scientists to
gather data, for example from the deep sea, which
is not accessible by remote sensing. Research
vessels vary in size: the Polarstern (operated by
the Alfred Wegener Institute, Germany) can house
a crew of 43 staff members and 55 scientists.

In contrast, the M/S Clione operated by the
University of South Bohemia, Czechia (not an
EPB-Member) can house two staff members and
eight scientists.

What are the environmental impacts of research
vessels on the polar regions?

Most vessels operate on fossil fuels and emit
carbon, black carbon, and other pollutants such
as chipped paint in both their immediate and
wider environment. Technology has improved
to utilise resources such as fossil fuels more
efficiently. Newer vessels use less fossil fuels
compared to older vessels. Hybrid vessels

are also emerging. Longer operating vessels
can be refurbished and equipped with more
environmentally friendly technology. As building
a new research vessel uses many raw resources,
in some cases it can be more environmentally
friendly to update and refurbish an old ship than
replace it with a new one. el

Vessels can transport and introduce invasive
species to the polar regions, such as small
mammals, marine species (algae, shellfish
and small fish caught in ballast water) and
seeds. Some of these invasive species have
the potential to permanently alter polar
ecosystems. In some cases, research vessels
can disturb wildlife by producing noise
pollution in remote regions where there is
usually no or limited anthropogenic presence.
Marine mammals are especially prone to
anthropogenic noise because it can interfere
with their echolocation.

Best practices per impact:

(Black) carbon emissions:

e Reducing speed — Reducing speed can
exponentially decrease fuel usage. The
Polarstern for example usually maintains
10.5 knots to minimise fuel consumption,
despite being able to travel at 16 knots.

o Refurbishing older vessels — It can be
more sustainable to renovate old vessels
with more environmentally friendly
materials than build new vessels, due to
the impact of the extensive supply chain
for the new parts. When replacing old
but still viable vessels, other organisations
might be willing to buy, refurbish and
operate the older vessels.

e Limiting distances — Operating from the
closest Arctic or Antarctic hub possible
limits distances and therefore minimises
carbon emissions.

Risks of introducing invasive species:

e Marine species — Research vessels can
transport marine species in two manners.
They can taxi using ballast water or by
attaching to the bottom of vessels (clams
are an example of an attaching species).
Changing ballast water before entering the

age credit: ystein Mikelborg,
Norwegian Polar Institute




Southern Ocean or Arctic Ocean can help
avoid introducing certain invasive species.
There are legal frameworks that aim to
prevent invasive species from entering

the Southern Ocean. See chapter 6 on
legal frameworks to learn which measures
and protocols are in place to minimise
environmental impacts for research
vessels.

Terrestrial animals and plants — Research
vessels can carry invasive terrestrial
animals, such as rats, mice, and plants. It

is important to clean the vessel and staff
clothes thoroughly. There are many guides
and guidelines on how to achieve this, for
example:

e INTERACT's ‘Reducing the
Environmental Impacts of Arctic
Fieldwork’

e International Association of Antarctica
Tour Operators (IAATO)'s ‘Don’t Pack a
Pest!’

See chapter 8 for more guidelines.

Invasive germs — Polar bird populations
are vulnerable to diseases from poultry.
Therefore, poultry-based food products
are not recommended for those
conducting research in the Southern
Ocean (Annex Il, Article 4, Environmental
Protocol of the Antarctic Treaty).

Wildlife disturbance and noise pollution:
e Marine noise pollution — The presence

and movement of research vessels can
disturb wildlife and the underwater noise
they produce can disrupt marine wildlife
communication, especially echolocation
for whales. During the process of
refurbishing or acquiring new research
vessels, consider the amount of sound
they make.

International cooperation — International
cooperation can optimise the efficiency of
marine in-situ data collection and avoids
unnecessary use of additional resources. A
good example of international cooperation
is the EU Horizon 2020 project ARICE,

in which several polar science operators
combine their efforts to organise
optimised research campaigns.




Research aircraft

Environmental impacts:
Q Carbon emissions
O Black carbon

@ Noise pollution

@ Wwildlife disturbance

What are research aircraft?

Research aircraft are aeroplanes and
helicopters used for mapping for example ice
thickness, magnetic fields, biodiversity, and
tectonics. They are also equipped to measure
aerosols, radiation, and temperatures.

The Alfred Wegener Institute (AWI) and the
British Antarctic Survey (BAS) are the two
European Polar Board Members which
operate research aircraft. The benefit of using
aeroplanes is that they can gather very detailed
data over broad distances.

Research aircraft can also be used for logistical
support for scientific activities.

What are the environmental impacts of
research aircraft on the polar regions?

Like any other aircraft, research aircraft rely
on fossil fuels and therefore emit carbon.
Additionally, noise pollution from research
aircraft can impact local wildlife. Aeroplanes
can also transport invasive species to remote
regions and larger aeroplanes can even carry
small rodents or seeds.

Best practices:

Reducing carbon emissions — As the
technology evolves and provides more
detailed satellite imagery, in the future,
researchers may be able to rely more
on satellite data than data gathered with
aircraft.

Reducing carbon emissions — Atmospheric
balloons can offer a less environmentally
impactful alternative when measuring
temperatures and atmospheric data on
fixed sites. Rothera Station, operated by
BAS, makes extensive use of atmospheric
balloons for long-term measurements.

Optimising usage — When research aircraft
travels to and within the polar regions,

it can be useful to ensure it also carries
research supplies to avoid unnecessary
additional journeys.

Preventing the introduction of invasive
species — When research aircraft fly

from more temperate zones to the polar
regions, they should be thoroughly
cleaned and checked to avoid introducing
invasive species.

Optimising usage — When replacing
aircraft with newer models, where possible,
choose models with optimal fuel efficiency
and noise reduction measures.

Preventing wildlife disturbance — Research
aircraft produce noise that can disturb
wildlife. See chapter 8 for guidelines on
appropriate distances to keep from wildlife
in several regions.

Image credit: British Antarctic Survey
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‘Terrestrial facilities hosting in-house
and external scientists — e.g. large
research stations

Environmental impacts:
Invasive species

Q@ Carbon footprints

O Black carbon

@ Noise/light pollution

@ Wildlife disturbance

@ Waste management

@ Soil degradation

Microplastics

What are large research stations?

Large research stations are fixed
infrastructures which can house scientists for
long periods of time. Research stations usually
also have staff to operate the station, such as
kitchen staff, cleaning staff and concierges.
Stations have sleeping quarters, communal
spaces, dining rooms and laboratories. One

of the largest polar research stations is the
McMurdo Station in Antarctica, which can
house over one thousand people.

Research stations can attract tourist activity
and some Arctic research stations have
designated sleeping quarters for tourists and
facilitate informative tours in and around the
station. In Antarctica, stations situated on
the peninsula can host guided tours, though
tourists generally stay overnight on cruise

ships adjacent to the continent.

What are the environmental impacts of large
research stations on the polar regions?

Large research stations can impact the polar
environment in several ways. Most research
stations rely on fossil-fuelled generators,

these generators can emit carbon emissions,
including black carbon. Although most stations

have thorough waste management plans,
scientists have found heightened biochemical
markers of anthropogenic sources close to
Antarctic research stations (Prus et al., 2015).

Noise and light pollution from research
stations in remote regions can cause wildlife
disturbances. Visitors may also disturb wildlife
if they are not well informed. For example,
visitors may unknowingly trample rare flora
when walking off-track or disturb local wildlife
accidentally.

Image credit: Stephan Ingemann Bernberg,
Villum Research Station, Station Nord

Most research stations are not connected to
sewage infrastructure, though some in more
accessible regions are. Research stations

can have wastewater treatment systems to
avoid polluting the direct environment with
wastewater. Currently, out of 67 Antarctic
research stations, 46 have such a system
(Information Paper ATCM 44 ). Of a survey
conducted amongst Arctic research stations of
the INTERACT network, 37.9% are connected
to local municipality sewage infrastructure,
20.7% release water into local rivers, lakes, or
the sea, and 31% use water seeping systems
whereby water is released into the ground or
soil. 79.3% do not filter water, however that is
usually the case for municipal sewage systems
(INTERACT Survey 2021).

Image credit: Renuka Badhe,
European Polar Board




Best practices:

Knowledge networks:
o INTERACT Il and the Station Managers

Forum combine and share their knowledge
of many Arctic research stations and how
to reduce their environmental impacts.
Their latest booklet is called ‘Reducing

the Environmental Impacts of Arctic
Fieldwork’, see chapter 8.

COMNAP has an Expert Group which
shares expertise between research stations
about how to limit environmental impacts
on Antarctica.

Reduce travelling:

e During the COVID-19 pandemic, stationed
research staff took samples in the field for
scientists, as scientists were unable to visit
the stations. Research station knowledge
networks have discussed continuing with
these mechanisms to ensure scientists
only travel when necessary.

Operating research stations:
e Research stations often explore non-

fossil fuel options when replacing aged
generators. An example is Kilpisjarvi
Biological Research Station in Finland,
which aims to switch to heat pumps
using warmth from the lake adjacent
to the station, instead of fossil-fuelled
generators.

The Princess Elisabeth Antarctica Research
Station, operated by the International Polar
Foundation in Antarctica, is fully powered
by solar and wind energy. It has two diesel
backup generators for emergencies.

The Foundation is currently exploring

the use of hydrogen as an additional
source of energy. The station also has a
water treatment system that purifies all
wastewater and recycles treated water for
non-drinking purposes. It is home to the
first fully electric polar exploration vehicle
used for scientific missions, the Venturi
Antarctica.

Many research stations that are not
connected to regional sewage systems
filter wastewater before discarding it into
the environment. Research stations not
connected to regional sewage systems
should install filters.

Incoming staff should only bring clothes
and equipment that have been cleaned
thoroughly to avoid introducing invasive
species.

Avoiding soil degradation:
» There are two known strategies scientists

can use to minimise soil degradation near
research stations, the choice of technique
depends on the intensity of the activity.
The dispersion strategy is used for areas
that are infrequently visited. Dispersion is
when scientists spread their impact in the
area they are visiting by dispersing their
movements. The other strategy for more
frequently visited areas is to concentrate
all activity into defined zones to preserve
the surrounding area (Tejedo et al., 2009).

Informing tourists — Many stations
educate tourists about the fragility of soil
in the polar regions and emphasise the
importance of using existing pathways
around research stations.

Image credit: Renuka Badhe,
European Polar Board




Large research campaigns

Environmental impacts:

@ Invasive species

& Carbon footprints

#» Black carbon

@ Noise and light pollution
£ Wildlife disturbance

# Waste management
Microplastics

What are large research campaigns?

Large research campaigns are cruises or terrestrial
campaigns organised by groups of researchers.
One of the largest recent research campaigns was
the MOSAIC expedition, during which the AWI-
operated icebreaker, Polarstern was deliberately
set adrift in the Arctic Ocean to be trapped in ice
for a year. Campaigns can also be undertaken by
foot, aircraft, or vehicle.

What are the environmental impacts of large
research campaigns on the polar regions?

The environmental impacts of large research
campaigns vary, depending on the type and size
of the campaign. Case studies are helpful for
estimating the environmental impacts of large
campaigns. In the Antarctic region, preliminary
assessments, known as Initial Environmental
Evaluations, are mandatory to obtain for research
which has potential to have more than a minor
or transitory impact on the environment.. In the
Arctic region, the process differs depending on
the country in which the research is conducted.

Research campaigns risk introducing
invasive species, emitting (black) carbon (the
amount depending on the transport used),
disturbing wildlife, and producing noise and
light pollution. For longer expeditions, waste
and wastewater management should be
considered.

Best Practices:

o Optimising fuel usage — The MOSAIC
expedition limited fuel consumption by
restricting the speed of the Polarstern.

» Prepare estimates of impacts — It is
important to assess the environmental
impacts of the research campaign before
and after and share learnings within polar
research knowledge networks. Studies
assessing the true environmental impact
post-expedition can be intensive. The
MOSAIC impact study is a good example
of this and is due for publication in 2023.

» Different types of fuels — The Moon-Regan
TransAntarctic Expedition experimented
with using a biofuel-powered vehicle to
drive back and forth over West Antarctica
in 2010, without experiencing major
problems.

 International collaboration — Those
considering future large research
campaigns should coordinate and
collaborate with others to fully utilise
opportunities and reduce the need for
additional, individual campaigns.

Image credit: Antony Dubber,
British Antarctic Survey
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Drones

Environmental impacts:
# Waste management
£ Wildlife disturbance

What are research drones?

Researchers may use drones as tools for research.
Drones enable scientists to study remote, hard to
reach locations and tend to have a smaller impact
on their direct environment than large vehicles.
Drones can be airborne or suited to marine or
terrestrial environments. Drones can be powered
by fossil fuels or batteries, though technology is
developing and some newer models are powered
by solar energy.

What are the environmental impacts of drones
on the polar regions?

Although drones are quieter and use less
electricity or fuel than larger human-operated
vehicles, there is still a risk of disturbing terrestrial
and avifauna.

One study suggests that large marine mammals
are undisturbed by aerial drones, whilst previous
research has concluded that large marine
animals behave differently when being monitored
by researchers operating from larger aerial
vehicles such as helicopters and aeroplanes
(Christiansen, 2016). Using drones to study

large marine mammals might be an effective

and environmentally friendly solution to this
disruption.

Another study suggests that the effect of

drones on bird colonies varies, as some species
appear distressed by nearby drones, whereas
other species respond less to drones in their
surroundings. The presence of drones can cause
stress responses in birds, including accelerated
heartrates and exposure to drones when nesting
can disturb breeding patterns (Weimerskirch,
2018).

Best practices:

» Waste management — Install tracking

devices in drones to ensure that if they
crash, they are traceable and can be
collected, where possible.

Waste management — When possible,
recycle parts from broken drones.

Limit wildlife disturbance — Even when
replacing larger human-operated research
vehicles such as vessels and aircraft with
drones, limit their usage as far as possible
to minimise the disruption to polar
wildlife and ecosystems (as required in the
Antarctic region by the Madrid Protocol
Article 3).

Limit wildlife disturbance — Drones

are excellent tools for studying marine
mammals as research has concluded that
they are undisturbed by drones but can be
disturbed by larger research aircraft.

Image credit: Liliana Keslinka,
Diana Grytsku, Adobe Stock

31



Automated sampling stations

Environmental impacts:
# Waste management
£ Wildlife disturbance

What are automated sampling stations?

Automated sampling stations are installations
which can generate data automatically without
direct human operation. An example is the
‘penguin bridge’, installed by the Australian
Antarctic Program on Béchervaise Island,
which automatically records the weight of
Adélie penguins as they cross the bridge. An
important benefit of such a station is that there
is no need for continuous human presence,
which limits wildlife disturbance. This also
limits travel to research areas, thereby

cutting carbon emissions and reducing the
disturbance of wildlife during transit to and
from the research destination. Other examples
of automated sampling stations are automated
weather stations and wildlife cameras.

What are the environmental impacts of
automated sampling stations on the polar
regions?

Automated sampling stations are alien
structures in a wild environment. They must
be designed to limit disruption to the local

environment or ecosystem. Once they have
fulfilled their purpose, they should be removed
to avoid potential waste and minimise lasting

impacts.

Best practices:
e The Australian ‘penguin bridge’ in

Antarctica has a very small environmental
impact but generates useful data.

INTERACT's "Tracking Biodiversity’

uses automated cameras with artificial
intelligence to collect data, which may
reduce the need for researchers to collect
data in person.

Efficient use of existing infrastructure

— Equip existing infrastructure, such as
ferries and cargo vessels, with automatic
measuring tools.

Image credit: Silvi Reynar,
Henrik Spanggard Munch
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Soil degradation
Wildlife disturbance
Potential waste

© Carbon emissions

Individual researchers are scientists who
conduct research in polar regions for
universities or research programmes. Although
referred to as ‘individual researchers’, they
often operate from research stations with
other scientists, but might conduct fieldwork
in pairs or small groups.

If requlations are not followed, individual
researchers may impact local environments
by disturbing wildlife, trampling vegetation,
degrading soil, and leaving waste behind.

The environmental impact of individual
researchers is difficult to generalise, as it varies
greatly depending on where the research
takes place (and therefore the degree of travel
involved) and the surrounding environment.

For more recommendations, protocols, and

measures to limit the environmental impact
of fieldwork, read SCAR’s ‘Environmental
Code of Conduct for Terrestrial Scientific Field
Research in Antarctica’ and the INTERACT
guide ‘Reducing the Environmental Impacts of
Arctic Fieldwork'.

Comply with existing regulations — Any
research conducted in the Antarctic
region needs to comply with the Madrid
Protocol, which underlines the importance
of limiting environmental impacts. In the
Arctic, national frameworks also identify
measures to limit environmental impacts.
Read chapter 6 for more information on
local environmental frameworks.

Knowledge sharing — Networks such as
INTERACT and COMNAP can identify
best practices and share them with their
networks.

The Interagency for Conducting Research
in the Arctic lists basic principles to
comply with when conducting research in
the Arctic.

Reduce travelling — In some cases,
research station staff or citizens can take
samples and avoid the need for individual
researchers to travel to remote places.




Citizen Science

Environmental impacts:

@ Wwildlife disturbance
When involving tourists — risk of
introducing invasive species

@ When involving tourists — carbon emissions

What is citizen science?

Citizen science is the involvement of
citizens without certified scientific
backgrounds in scientific research. It is
important to note that definitions of citizen
science may vary. In the Arctic region,
citizen science is often conducted by

local communities knowledgeable about
their Arctic surroundings. In the Antarctic
region, citizen science is often regarded as
a participatory activity to engage Antarctic
tourists and improve their understanding of
the complexities of the region. Arctic tourists
may also participate in citizen science. For
example, the 2017 study by Bergmann et al.
used quantitative data gathered by tourists
to Svalbard to understand more about
microplastic accumulation in the Arctic
(Bergmann et al., 2017).

What are the environmental impacts of
citizen science on the polar regions?

Citizens can assist with the gathering of
scientific data. Locally coordinated data

gathering can reduce the need for travel,
thereby also reducing the associated carbon
footprint. This is specific to the Arctic region,
as there are no citizens of Antarctica. A benefit
of citizen science involving residents is that
locals are often very knowledgeable about
their surroundings and thus can provide
long-term experience-based data which is
otherwise difficult to access.

Citizen science programmes on expedition
cruises can successfully collect scientific data
and enhance the knowledge and stewardship
capacity of passengers. Some argue that
citizen science data from expedition cruises
should be considered a critical part of
international Arctic observing networks and
systems (Taylor et al., 2020).

Best Practices:

e |ncluding tourism in data gathering: the
Polar Citizen Science Collective, managed
by IAATO.

e |ncluding residents and tourists in data
gathering: Happywhale — a platform that
gathers photos of mammals taken by
citizens and tourists in the polar regions.

e Including residents in data gathering:
lce Watch ASSIST Data Network allows
citizens to observe sea ice.

Image credit: Ninis Rosquist
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Infrastructures and logistics for polar research
transport, supply, and house polar researchers.
Examples include ports, airports, supply vessels,
roads, and cargo planes. The main difference
between these infrastructures and the research
infrastructures discussed in chapter 4, part

d, is that their primary function is to supply
remote regions, rather than conduct research.
Minimising the environmental impacts of polar
research also includes the optimisation of

the infrastructure necessary to sustain polar
research.

Impacts of terrestrial infrastructures
and logistics

What are terrestrial infrastructures?

Terrestrial infrastructures are roads, buildings,
airports, and land vehicles such as trucks which
are used to supply remote regions. Smaller
examples are water pipes, wires, and antennae.
In the Arctic region, there is a developed
terrestrial infrastructure of roads for transporting
researchers. In the Antarctic region, there is less
fixed terrestrial infrastructure than in the Arctic.
One of the larger terrestrial infrastructures in
the Antarctic is the 1500 km long South Pole
Traverse — the road connecting McMurdo
Station and Amundsen-Scott Station. In remote
regions, a lively scientific community may
incentivise the development of more local
infrastructures.

What are the environmental impacts of
terrestrial infrastructures on the polar regions?

« Wildlife disturbance — Newly built roads
can cross wild animal migration routes and
disturb migration patterns, especially in
the sub-arctic. Roads and other terrestrial
infrastructures like train tracks can also
cross migration routes of reindeer herded

by Indigenous communities. Wild animals:"

crossing roads or tracks risk collisions with
vehicles. Vehicles needing to go#eff-road to

reach research stations might also cause soil

degradation.

» Noise and light pollu'tion — Traffic on roa