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Abstract. The Arctic is heating at 4 times the rate than any other region in
the planet. Climate change has been so rapid that many species and the
native communities that depend on them have been severely affected. Cli-
mate change adaptation must be a priority for arctic communities and can
be supported by initiatives that are beneficial to both local communities
and the ecosystems at risk. This paper presents a framework of conserva-
tion using sustainable business models that preserve and augment natural
capital to create resilience the Arctic. This model can be used also for other
regions vulnerable regions to rapid climate change. In this paper we re-
view the actors and solutions that might be most effective on decarboniza-
tion and preservation of natural and social capital in the Arctic. Our results
show that the oil and gas industry possess the technology, mechanisms
and expertise to more effectively transfer capabilities from high carbon in-
tensity to carbon sequestration activities. These mechanisms go beyond
conservation, aiding energy and nutrients transfers and integrate ecology,
biodiversity and community building through rural renewal and innovative
business models.
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CcOoLManbHO-aKONOrMYeckme MHHoBaLUUU:
co3daHVe BO3MOXXHOCTEW ON9 MECTHbIX
COODOLLECTB NPU COXpaHeEHUM
DKOOrMyecKom UeHHOCTH
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Mopunenackuit yausepcuret, Mapunena, CLLA
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AHHoOTauma. TemnepaTtypa B APKTUYECKOM PEermoHe PacTeT B YeTblpe pasa
6bICTpee, YeM rge-nmobo elle Ha nnaHete. KNnuMaTt MeHdaeTca HacTOMNbKOo Obl-
CTPO, YTO MHOrMe BMOoNorMyecKme BUObl M KOPEHHOE HaceseHMe, KOTopoe
OT HUX 3aBUCUT, )K€ MCMblTan Ha cebe cepbe3sHble NocneacTaua. MIMeHHo
MO3TOMY MPUOPUTETHBLIM HaMpPaBAeHWEM 19 APKTUYECKMX COOOLLECTB AOSK-
Ha CTaTb aganTauMa K M3MEHEHMIO KMMaTa. ITO BO3MOXHO peanm3oBaTb
C MOMOLLbIO MHMLMATUB, OTBEYAIOLLUMX MHTEPEeCcaM KaK MEeCTHbIX COO6LLECTB,
TaK M 3KOCKUCTEM, HaxOOALUMXCS Mo yrpo3on. B gaHHOM cTaTbe mpeacTraBs-
NeHbl 06LWMe NMPUHLKMMBLI OXPaHbl MPUPOAbl C MCMOIb30BaHMEM YCTONUYMBbLIX
613HEeC-Moaenemn, KoTopble COXPaHAT U MPUYMHOXAOT MPUPOOHbBIN Kamnu-
Tan gnga obecrnevyeHna yCTOMUMBOCTU APKTUKU. Te e MPUHLKMMIbI MOryT 6bITb
MCMOMb30BaHbl W OA9 OPYrMX PErMOHOB, MOABEPIKEHHbIX ObICTPOMY KM3Me-
HeHUIo KNMMaTa. B ctaTbe npoaHanm3npoBaHbl OENCTBYOLLME aKTOPbl U pe-
LLIeHWs, KOTOpble MOryT 6bITb Hanbonee addeKTUBHbBI C TOUKM 3peHna AeKap-
6OHM3aALMKM U COXPAHEHUA MPUPOLHOIO U COLMaNbHOro KanmTana ApPKTUKU.
MNonyyYeHHble pe3ynbTaTbhl MOKAa3bIBAlOT, YTO y HedTerasoBow OTpaciM eCTb
HEeoBXOAMMbIe TEXHOMOMMM, MEXAHU3MbI U IKCMepTHble 3HaHWa and 6onee
2pPeKTUBHOIro Nepexopa oT BUAOB OEATENbHOCTU C BbICOKOM YINEepOg0EMKO-
CTbIO K AEATENBHOCTM MO CBA3bIBAHUIO YII1epoaa. 9TU MEXaHW3Mbl MO3BOMSAIOT
He TONbKO OCYLLECTBAATb OXPaHy NPUPOAbI, CMOCO6CTBYSA MEPEHOCY SHEPTMN
M MUTaTeNbHbIX BELWECTB, HO M 06beAMHATb BOMPOCHI IKOMOrMK, BUOPA3HO-
obpasna U OBLLMHHOIO Pa3BUTUA Yepe3 BO3POXKAEHWE CENbCKMX PAaMOHOB
M MCMOMb30BaHME MHHOBALMOHHbIX BM3Hec-Moaenemn.

KnioueBble cnoBa: APKTUKa, M3MEHEHME KNMMaTa, AeKapboHM3aLmnd, yCTOM-
YMBOE Pa3BUTUE, HEDTb M ras, 3eeHbl Nepexon,

KOH®NUKT MHTEepecoB: aBTOp coobLliaeT 06 OTCYTCTBMU KOHPMMKTA UHTE-
pecos.

Onga umtupoBaHus: bbsaHKo . ADanTaunsa K MU3SMEHEHMIO KNTMMaTa B APKTUKE
yepes yCTOMUMBbIE COLMANbHO-3IKOMOMMYECKME MHHOBALMU: CO34aHME BO3-
MOXHOCTEW A1 MECTHbIX COOBLLECTB MPWY COXPAaHEHMM SKOMOMMUYECKOW LIEH-
HOCTU. ADKTUKA U MHHoBaumu. 2025;3(2):22-33. https://doi.org/10.21443/3034-
1434-2025-3-2-22-33

Introduction eases, should be addressed by practical means
In the last twenty years Arctic has experienced  while also limiting pollution and the extension
intense effects of climate change, these trends of land use. Nature, species and communities,
do not seem to be able to slow down neither  have and can adapt to changing climatic con-
by geopolitics conflicts nor by instruments  ditions. The conflict is that the rapid nature
like the treaty of Paris, which has shown so  of this change has precluded enough time
far very few results as the precedent Treaty of  for adaptation.

Kyoto [20]. As many indigenous communities

have already experienced, loss of ice, tempera- A dialogue between technological solutions
ture, melting of the permafrost, increase of dis- and traditional expertise can accelerate this
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change and produce effects that go beyond
simple theatricality and emotionality. Many
studies have shown that solutions to ecologi-
cal problems decided by committees ignoring
opinion of local and native communities’ risk
to fail at implementation [13]. The oil and gas
industry has the technological, scientific and
cultural expertise to provide for tools for ex-
ploration, monitoring and coordination capa-
bilities and to coordinate between knowledge
and financial capitals [26].

This paper presents a framework for solution
engineering to adaptation problems in the
Arctic that are built on stakeholder exchange
and cooperation and from n natural mandate
on the communal property of assets responsi-
bilities and consequences of economic activity.

Methods

Literature Review and research on the success-
es and on the failures of existing sustainabil-
ity initiatives of several initiatives by the artic
countries. Most sources are already published
literature and sustainability reports, as well as
official data from the EU, US, China and Russia.

The sources for Sustainable Strategic manage-
ment are based on the research by Stead [1] and
the Natural capital examinations of Helm [2].
These materials helped authors in the elucida-
tion of the cycle of creation translated on sus-
tainable strategies, to an analysis of the literature
and capabillities to the oil industry to propose re-
alistic initiatives that can lead to the preservation
of natural, social and knowledge capital that are
the sources of economic prosperity.

The first part of the study encompasses quali-
tative methods of valuation based on the lit-
erature while the second part incorporates
quantitative and qualitative methods, to result
on a recommendation of qualitative nature.

Results

Fundaments of ecological and financial
cooperation on the creation of sustainable
and long-term value

For the last 70 years the creation of value was
wrongly adjudicated to financial capital caus-
ing the depletion of natural resources illustrat-
ing how natural capital was the fundamental
condition for the creation of value [2]. Knowl-
edge and human capital have equally been

ApPKTUKa 1 MHHOBaLMK. 2025 |3 | 2| 22-33

discarded despite several studies illustrating
that quality of natural resources is maintained
through intellectual capital flows such as tradi-
tional knowledge of indigenous and local com-
munities and innovation [1, 6, 26].

The capture and maintenance of value has a cir-
cular nature that has been ignored on more lin-
ear models dismissing the inclusion of external-
ities as possible disruptors on the systems that
preserve and capture value later the lifecycle [2].

We propose the following value creation sys-
tem in the evaluation of capture and mainte-
nance of value. The areas of knowledge cre-
ation led to a further refinement that gives way
to scientific and social innovation:

The original value given by natural capital can't
be increased it can only be degraded but the
rate at which it is degraded depends on the
factors of rate of depletion and intensity [2]. Ex-
ternalities degrade natural capital and make it
harder for its components to be restored to the
natural capital pool, or it can even make them
toxic or negative to its integration, for example,
the creation of complex carbon molecules that
can't be rapidly degraded by ordinary biologi-
cal processes. After natural capital has fueled
human wellbeing, enterprise and labor further
create prosperity that enables financial accu-
mulation which if properly directed leads to
knowledge creation [6]. The areas of knowledge
creation led to a further refinement that gives
way to scientific and social innovation. These
advances such as those achieved the 4™ in-
dustrial revolution allow for immediate survival
concerns to stabilize which allows us to evaluate
the societal progress and problems they have
created as externalities accumulate and impact
damage natural capital and consequently social
capital [4, 19]. These externalities do not always
accumulate on a general location but tends to
affect some regions that have more delicate
ecosystems and societies first [2, 6].

As knowledge creation leads to new technolo-
gies, these new technologies might reduce
externalities, reincorporate materials into the
circle or restore the condition of natural capi-
tal. Scientific progress in its earliest stages
without a holistic character can damage natu-
ral capital by ignorance of the systemic con-
sequences of an input and its intensity [2, 4].
When science exposes the linkages of the
value creation, knowledge becomes transfor-
mative by reducing externalities and reveal-
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ing the state of the natural and social linkages.
One example is ho under the COP29, 85 % of
signatories affirmed investment in energy sys-
tems beyond oil and gas. 63 % of companies
plan to increase such investments in the fu-
ture. 2023, the Oil and Gas Climate Initiative.
The diversification of energy sources has led
to savings, access to markets and reputation
improvement, it has also fueled patent surges
where knowledge transfer is encouraged [31].

The knowledge capital of industrialization
made possible by fossil fuels and its value
as a material for the preservation

of systemic value

Whether intended or not, every output cre-
ated is an input from for the next part of the
cycle and it is used as an addition or subtrac-
tion in the energy of natural capital. Unfortu-
nately, chemicals and carbon taken from the
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soil or from fossil fuels extraction is now in the
atmosphere, yet knowledge created by the
access of industrialization might lead to re-
integrate these chemicals and excess carbon
to natural cycles. Useful examples of natural
input reintegration are the filtering of pollut-
ants by wetlands and enhanced soil carbon
sequestration. Artificial wetland construction
is possible on altered sites, restoring ecosys-
tem services and sequestering carbon to
damaged soils [23]. Another example of this is
CCS employing the technology and resources
already in the possession of oil and gas com-
panies [19].

Oil and gas companies and the refining in-
dustry also has vast experience with sepa-
ration and integration of chemicals and re-
ducing pollutants and waste. They also have
a large amount of experience in challenging
areas like the Arctic and they have had the
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largest interaction with Stakeholders. While
restoration and green initiatives must gather
funds from many different sources, many oil
and gas companies are vertically integrated,
which is an advantage to material reuse [5].
Oil and gas decarbonization funds are also
less vulnerable to destabilizing events as
they produce their own income, they own
pertinent assets, and they have trained per-
sonnel on the regions most affected. Most
green energy initiative are still dependent on
substantial initial funding and subsidies that
can change during crisis as nations elect new
governments who have more immediate pri-
orities than green energy development or na-
ture conservation [25]. Technology to detect
leaks and to avoid gas flaring has shown to
be bring higher ROI. Much of the emissions of
the Russian and Chinese oil and gas compa-
nies have been already reduced by gasifica-
tion and further reductions are planned [23,
32, 34].

Nonrenewable resource efficiency has in-
creased every year with the application of
new technologies such as digital monitoring
of wells, liquified natural gas, EOR, and hori-
zontal drilling. The prosperity that these tech-
nologies created can be indirectly linked to
the knowledge capital that has been able to
increase efficiency and make progress on less
toxic materials for solar cells. The recent gains
on GDP of China and India have been translat-
ed on technological advancement, however.
this has incurred damage to their own natural
capital flows [6].

Western countries have maintained low lev-
el of emissions or reduced them in the last
20 years, independent of resource use [8].
These efficiencies need to be accelerated and
exported to developing countries to preserve
natural, social and cultural values in a man-
ner which does not cause an accumulation
of externalities, forcing sharp and perhaps ir-
reversible decline on the originating natural
capital [2, 14].

Some developing countries have not achieved
the level of innovation leading to a holistic view
of the cycle of value creation, unfortunately
their already damaged resource base prolong
cycles of poverty that are challenging to break
without external financial and intellectual cap-
ital [12]. Corruption and lack of enforcement
further complicate the preservation of natural
capital [5, 14].
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Preservation of ecological, social
and economic value through sustainable
business models in the Arctic

The rarity and vulnerability of Arctic communi-
ties culturally and ecologically is based on the
principle on which such communities evolved
under harsh Arctic conditions. The ecological
food web of the Arctic boasts several unique
species, with very low threshold for rapid change
which makes them particularly vulnerable to
climate alterations and invasive species. Some
species are adaptable, but they require territori-
al variety and integrity to withstand challenges,
such as with Lemming numbers plummeting
due to low cover of snow, redundancy in habi-
tats is useful at times of crisis. Other danger-
ous changes include nutrients modifying algal
composition contributing to extreme ecosys-
tem collapse in the Hudson River [21, 23, 24].

We have identified several factors that might
lead to higher resilience to climate change for
critical species:

1) the protection of significant ecosystems
and their associated territories;

2) preservation of structure and function of bio-
diversity including corridors;

3) the limitation of human encroachment, in-
cluding territorial, chemical or noise into areas
of high or critical biodiversity;

4) resilience building by preserving water and
nutrient processes on which they depend.

Indigenous and local cultures are very depen-
dent on Arctic natural resources for their sur-
vival, cultural development in the region is
intensely related to natural resources. Partici-
pative research and cooperation with large sci-
entific bodies, monitoring technological solu-
tions as well as material resources are keys on
creating resilience [2, 7, 17].

We have evaluated several initiatives that can
have significant effects on Arctic communities:

1) recording and preserving unique cultural
manifestations;

2) establishing communication channels to
ensure that the unique cultures can continue
evolving while maintaining their traditional
traits;
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Table 1. Analysis of capabilities between different actors existing in Arctic communities (author)

Ta6nuua 1. AHanM3 BO3MOXXHOCTEM PasIMUYHbIX aKTOPOB apKTUYECKMX COOBLLECTB (Tabnuua BbiNnofiHeHa aBTOPOM)

I ey ) )y 1 N 1

Existing infrastructure Vital

Local knowledge Vital 5 3
Long Term capital Vital 5 3
Knowledge capital Necessary 4 2
Remediation Means Vital 5 3
Transparency Beneficial 3 3
Innovative Technologies Beneficial 3 1
International Cooperation Beneficial 3 3

Beneficial Not proven

Beneficial 3 3 Not proven 1 1
Beneficial 3 3 Not proven 1 1
Beneficial 3 2 Necessary 4 2
Beneficial 3 2 Necessary 4 (0]
Beneficial 3 2 Necessary 4 3
Not proven 1 1 Not proven 1 2
Not proven 1 1 Necessary 4 5

Note: We grade the capabilities of different actors in the arctic by the following valuation: 1— Not proven to be beneficial.

2 — Neutral. 3 — Beneficial. 4 — Necessary. 5 — Vital. Risk factor is the grade the risk of catastrophic failure under Arctic
conditions in case of failure for the actor or its point of criticality. 3 High Risk, 2 medium risk, 1 low risk, O no risk

lMpyMeYaHye: st OLLEHKM BO3MOXXHOCTEM PasfIMYHbIX aKTOPOB APKTUYECKOro permoHa ncnonb3yeTca cnepytollas wkana (L):
1— nonb3a He JoKa3aHa; 2 — HeMTparbHoe BUAHME; 3 — MONe3Ho; 4 — HeobxoamMMo; 5 — BarkHo. DakTop pucka (RF) —
OLeHKa pM1CKa BHE3amnHoro oTkasa B yCNnoBUsaxX APKTUKU B crlydae HapyLLeHUs HOpMaribHOM paboTbl UM €ro KPUTUYHOCTM:

3 — BbICOKUI PUCK, 2 — cpeaHUM pUcK, 1— HU3KUIN pUCK, O — HET puUcKa.

3) funding and supporting markets for cultur-
ally sensitive products;

4) funding education to support indigenous
and local Arctic people to respond to the
changes ahead without displacement [20, 27].

The inevitability of the changes taking place in
the Arctic because of climate change, means
that the loss of ice, the expansion of forest
lands and by that the diminishing of Albedo
effect will be more likely trends that might
strengthen or lower within our lifetime. Estab-
lishing mechanisms to safeguard diversity and
to lessen or minimize further human interfer-
ence is essential [24]. The resources that are
necessary for this task range from scientific co-
operation to technological exchange, and the
financial and expertise resources to make such
mechanisms possible. The most stable source
that can offer these resources is the oil and gas
industry that is already situated in these areas
and can offer cooperation with local and scien-
tific communities. Protecting large territories
might be more expedient for oil and gas com-
panies rather than for NGOs, considering exist-
ing financial and knowledge capabilities [18,
36]. The oil and gas industry should make it
imperative to minimize interference with vul-
nerable species, and to establish protocols for
rehabilitation of ecosystems with long cycles
of recovery with the coordination of Scientific
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organization and NGOs experienced on con-
servation and with sufficient experience and
stakeholder integration [17, 19, 36].

As we can see from Table 1. The characteris-
tics required to aid adaptation to the Arctic
exist on a higher quantity in current oil and
gas companies already involved in Arctic op-
erations vs NGO's and governmental organi-
zations that might have at the current time.
The benefits of cooperation between govern-
ments, NGO's and oil and gas companies cur-
rently operating in the Arctic can't be underes-
timated as the risk index shows. For example,
the vital knowledge or an ecological NGO can
serve as a good indicator for issues of species
health while its possession infrastructure is
not its vital capability. The specialization NGO
in this provides a vital service to the adaptabil-
ity of the Arctic [8, 25].

Responsibility over Arctic natural
resources

The main goal of sustainability is to create
prosperity for this generation without en-
dangering further generations, this includes
a duty to protect the biodiversity, ecological
and social resources from Arctic communi-
ties. Although we can't predict the changes
that will occur in vulnerable ecological or
social communities, we can establish a pro-
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cedure to monitor and foresee risks by es-
tablishing a system of reviews of data by Al
connected to sensors in Arctic communities,
these systems can also interpret and mobilize
risk minimizing strategies [11]. These assets
are more efficiently monitored by the local
communities that may be most affected by
accidents, such as collapse of infrastructure
by permafrost, fires due to the extension of
droughts, invasive species expansion, nutri-
ent changes, and susceptibility of animals
and plants to illnesses because of environ-
mental changes [22]. Excess flows of earlier
melting water can be absorbed by the estab-
lishment of artificial wetlands, which have
also shown to be prospective on diminishing
the effects of permafrost melting [13, 20, 21].
These initiatives need the participation of lo-
cal and indigenous initiatives from inception,
requiring both communication and trans-
parency which can be served by blockchain
technologies and the Internet of things [20].
The industries that have profited and stand
to profit more on the extraction and utiliza-
tion of the Arctic natural resources, are oil and
gas, mining and the fishing industry, howev-
er, the energy and carbon sequestration and
albedo effects that the Arctic offer universal
benefits in the planet. Accountability should
include players that benefit of Arctic ecosys-
tem services indirectly as well and should be
directed to the communities that would ex-
perience the most damage on their disrup-

Table 2. Benefits of decarbonization approaches (Author)

tion [23]. The oil and gas Industry is already
a prolific investor on green technologies
CNPC$1.5 billion CNOOC $14.5 billion Sino-
pec $4.6 billion Hydrogen alone Sinopec [2]
and Exxon at $30 billions and Equinor has de-
cided to reduce its investment to $5 billions
from its commitment of $10 billions [3]. Shell
has committed to low carbon initiatives from
$15 billions from 2023 to 2025 [28]. BP has
expressed that it intends a reduction of its
contribution, but it presented a $3.85billion
contribution to a joint venture in Japan [35].
Rosneft $800 millions Gazprom $12.5 mil-
lions + $23 millions on two different projects
plus several other investments [32].

The oil and gas industry should lead the way
to a transition of decarbonization since it has
the most to gain from reinvestment and ef-
ficiency provoked by a strategy of in innova-
tive technologies as well as redirecting cur-
rent extractive capabilities to restoration and
carbon sequestration, that already showed
a high ROI [3, 29, 32, 35]. We suggest the
following adaptive mechanisms, which fol-
low many of the most successful programs
incorporating SDG objectives to regional de-
velopment. The Key funding both financial
and by knowledge capital should come from
Oil and Gas revenues within Arctic territory
while scientific institutions and the civil sec-
tor can aid on the monitoring of the preser-
vation of natural and socio-economic value

Ta6bnuua 2. MNMpermMyLLecTBa NOAXOA0B K AeKap6oHM3aL MK (TabrnLa BbiMo/THEHA aBTOPOM)

Green Conservation | Remediation
Process Energy of Ecosystem of habitat
in Arctic (Wind, services Including
Conditions solar, through land artificial
hydrogen) | preservation wetlands

Feasibility 2 5 5
Affordability 2 5 4
Social
Integration z = 2
Ecologlc.al > 5 5
Integration

Value to the
Arctic region

Carbon
Digital | Capture | Lowering . .
And Al and Emissions | Integration Sl
Storage
5 5 5 5 2
3 2 5 4 3
3 3 3 5 4
4 2 4 4 4
4 3 4 5 3

Note: Where 5 is an option with very positive returns on Investments, 4 positive approach, 3 neutral with no obvious benefits,

2 negative one and 1 a very negative one

lNpumeyaHue: 5 — BblcoKas peHTabenlbHOCTb UHBECTULUNT; 4 — KOHCTPYKTUBHbIA NOAX0A; 3 — HEWTpanbHbIM noaxop 6e3
OYEeBUAHbIX MPEUMYLLECTB; 2 — HeXXernaTesbHbIM Moaxon; 1 — KpanHe HexenaTenbHbl NoAXo[,
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of the Arctic ecosystem including penalties
for their deterioration [5, 14].

Green energy can be costly in the initial
phases, including solar and wind, solar does
not work efficiently under arctic conditions,
and the weight of wind installation can be
dangerous on permafrost soils, hydrogen is
prospective, but the cost is still very high [10,
17, 18]. Circularity initiatives in oil and gas are
possible but the complex nature of hydro-
carbons means that some effluents require
costly and complex treatments although
there are elements on the process and ma-
terials that can be circularly integrated. CCS
can have a high cost, if already established
pathways are not used [3, 5]. Lowering emis-
sions has had a positive ROI, which is shared
by conservation of land, particularly forested
one, or wetland which can be translated into
the most affordable form of carbon seques-
tration, as wetland vegetation uptakes the
carbon of fens, and wetlands methane emis-
sions under higher temperatures, serving
also as valuable renewable resources for local

communities [27]. Restoration might be less
affordable than conservation and can have
the same effects on social integration. Rural-
ization has shown to have social benefits and
be affordable as well as promoting mixed
used benefits and economical sustainable
growth, digitalization and predictive capabil-
ities have shown ecological, social and eco-
nomic benefits, but cost and access might
be prohibitive where it has not already been
incorporated [15, 16].

Discussion

Challenges

The best strategy to make the non-renewable
energy sector accountable to future genera-
tions is to involve it as a significant stakeholder
in the transition to less carbon intensive pro-
cesses in the Arctic region. Rapid climatic and
biological challenges undermine the survival of
ecosystem services and the Artic communities
that depend on them. These challenges can
be resolved with the use of technologies that

Arctic Adaptation
Mechanisms

0il and Gas Revenues

Governments, NGO's

Ecosystem Valuation includng
Externalities

Penalties

Funding Sustainable
Small Business And Arctic Born
Production

Service Companies
Impact minimization

Disposal and Recycling
of Materials

Participatory Technology
Blockchain
Modeling
Digital Twins of Social Projects
Social participation Monitoring

Fig. 2. From strategy to initiatives (Author)

Ruralization Initiatives
Agroforestry
Fisheries
Diversified Agriculture
Tourism
Ecosystem Enhancement
Artificial Wetland
Resilience Reforestation

Environmental Technology
Reduction of Pollution
Reduction of Env. Footprint

Energy Transition
Species Monitoring

Nutrient Monitoring

Deep Well Carbon
Sequestration

Puc. 2. Mepexon oT cTpaTernmn K MHMLUMaTUBaM (PUCYHOK BbIMO/THEH aBTOPOM)
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we have already been successfully deployed
such as Al drones and coordinated sensors [9].
The cooperation with diverse partners should
be encouraged from the beginning of devel-
opment projects through consultations and
representation, further facilitating the flow of
ecological to social flows including technologi-
cal innovation [8, 9, 13].

Current geopolitical conditions
in the Arctic

The exchange of information and coopera-
tion necessary to address the urgency of the
protection of the Arctic natural, cultural and
economic capital has diminished in this last
5 years because geopolitical conditions. Since
Arctic ecosystems do not recognize national
borders or ideologies, all parties should restore
scientific as well as social communications
for the welfare of the Arctic communities and
their future [18].

While transparency in highly contested areas
might not occur naturally, there are techno-
logical safeguards to ensure that information
given by sensors and Al does not conflict with
national safety interest but pertain only to
those shared scientific interests among Arctic
states. Innovative solutions should be set forth
by funding cooperative innovation including
predictive capabilities [4, 9].

Conclusions

The largest part of clean energy investment
support (95 %) since the COVID-19 has been
undertaken by advanced economies with
private funds through private corporations.
According to the IEA, advanced economies
have collectively earmarked $1,145 billion.
America accounts for around half of this,
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ple uses carbon sinks for indigenous and local
communities.

1. Stead |.G., Stead W.E. Sustainable Strategic Management. 2nd ed. New York: Routledge; 2014.

Natural Capital: Valuing the pl:mct.

2. Helm D. Natural Capital: Valuing the Planet. New Haven: Yale Universicy Press; 2015.
3. Wu H., Yang H., Hu X, thng L, Li], LiY, Wang X, Ge W, Zhou Y., Liu Y, Liu J. Comp]c—
menting carbon tax with renewable energy investment to decarbonize the energy system in

China. Renewable and Sustainable Energy Reviews. 2024 Jan 1;189:113997.

4. Saygin D., Kempener R., Wagner N., Ayuso M., Gielen D. The Implications for Renewable En-

ergy Innovation of Doubling the Share of Renewables in the Global Energy Mix between

2010 and 2030. Energies. 2015;8:5828 -5865.

ApPKTUKa 1 MHHOBaLMK. 2025 |3 | 2| 22-33

30



Nwenb BbsHKO
_MAﬂanTauMq K M3MEHEeHUIo KNMaTa B APKTMKE Yepes YCTOMYMBbIE COLMAaNIbHO-3KOMOTMYeCcKMe MHHOBaUUMN...

5. Arslan HM., Khan I, Latif M.I, Komal B., Chen S. Understanding the dynamics of natural
resources rents, environmental sustainability, and sustainable economic growth: New in-
sights from China. Environ Sci Pollut Res.2022;29:58746-58761.

6. Myers J., Myslikova Z., Qi Q, Zhang F., Oh S., Elass ]. Green innovation of state-owned
oil and gas enterprises in BRICS countries: a review of performance. Clim Poli-
cy. 2023;23(9):1167-1181.

7. Green |, Hadden J., Hale T, Mahdavi P. Transition, hedge, or resist? Understanding political
and economic behavior toward decarbonization in the oil and gas industry. Rev Int Polic
Econ. 2021;29(6):2036-63. https://doi.org/10.1080/09692290.2021.1946708

8. Paterson M. Climate Changc and international political cconomy: between COH:lpSC and
transformation. Review of International Political Economy. 2020;28(2):394—405. https://doi.
0rg/10.1080/09692290.2020.1830829

9. Ershaghi I, Paul D.L., Popa A. Digital Decarbonization in the Oil and Gas Industry. InSPE
Western Regional Meeting 2024 Apr 9 (p. Do21Soo8Roo1). SPE.

10. Chrysikopoulos S.K., Chountalas PT, Georgakellos D.A., Lagodimos A.G. Decarbonization
in the Oil and Gas Sector: The Role of Power Purchase Agreements and Renewable En-
ergy Certificates. Sustainability (2071-1050). 2024 Aug 1;16(15).

11. Grandi S., Santocchi N., Vico G., Zuppardi S. Energy Transition in Italy: a Gcographical
Analysis of the Evolution of Oil and Gas Extraction Activities Towards Decarbonization
Objectives. Lanalisi geografica delle fonti di energia.

12. Fonquergne J., Balch R. Balancing the Equation: Natural Gas Role in the Energy Transition
Towards Decarbonization. InSPE Europec featured at EAGE Conference and Exhibition?
2024 Jun 26 (p. Doz1So15R008).

13. Krawchenko T.A., Gordon M. Just transitions for oil and gas regions and the role of regional
development policies. Energies. 2022 Jul 1;15(13):4834.

14. Snyder B.F. Vulnerability to decarbonization in hydrocarbon-intensive counties in the
United States: A just transition to avoid post-industrial decay. Energy Research & Social
Science. 2018 Aug 1;42:34—43.

15. McDonagh |, Tuulentie S., editors. Sharing Knowledge for Land Use Management: Deci-
sion—Making and Expertise in Europe’s Northern Periphery. Edward E]gar Pub]ishing;
2020 Jun 26.

16. Kvern M., Deacon L., Guyadeen D. Are rural places prepared for the energy transition?
An evaluation of land use plans in rural Manitoba. Planning Practice & Resecarch.
2024 Mar 28:1-8.

17. Hayne H., Banister C., Martinussen N. Renewables for Decarbonization and Resiliency of Re-
mote and Arctic Communities in Canada: Policy and Economics Review. In ASHRAE
Topical Conference Proceedings 2022 (pp. 1—12). American Society of Heating, Refrigera-
tion and Air Conditioning Engineers, Inc.

18. Hansen A.M., Tabara J.D. Confronting local and global tipping narratives: Green energy
development in the arctic and why Greenland is not for sale. InPositive Tipping Points
Towards Sustainability: Understanding the Conditions and Strategies for Fast Decar-
bonization in chions 2024 Mar 23 (pp. 287—300). Cham: Springer International Pub-
lishing.

19. Lugo-Morin D.R. Anthropocene futures: Regeneration as a decarbonization strategy. Sus-
tainable Social Development. 2025; 3(1):3153 [Internet]. Social Development; 2025.

20. Soer A. Energy in The Arctic: Complexity and Thinking in A Social Dynamical System.
In Arctic 8 Policy: Reassessing International Relations 2024 Mar 10 (pp. 45787). Transna-
tional Press London.

21. Rithland K.M., Paterson A.M., Keller W., Michelutti N., Smol J.P. Global warming triggers the
loss of a key Arctic refugium. Proceedings of the Royal Society B: Biological Sciences.
2013 Dec 7;280(1772):20131887.

22. Naylor AW, Ford ].D., Pearce T., Fawcett D., Clark D., van Alstine J. Monitoring the dynamic
Vulncrabi]ity of an Arctic subsistence food system to climate changc: The case of Ulukhak-
tok, N'T. PLoS One. 2021 Sep 29;16(9):60258048.

23. Shur Y.L., Jorgenson M.T. Patterns of permafrost formation and degradation in relation
to climate and ecosystems. Permafrost and Periglacial Processes. 2007 Jan;18(1):7-19.

APKTUKa U MHHOBauMK. 20253 | 2| 22-33 31


https://doi.org/
https://doi.org/10.1080/09692290.2020.1830829
https://doi.org/10.1080/09692290.2020.1830829

Ishel Bianco
_/\/\/\ Climate change adaptation in the Arctic through sustainable socio-ecological innovation...

24. Kreplin H.N., Santos Ferreira C.S., Destouni G., Keesstra S.D., Salvati L., Kalantari Z. Arctic
wetland system dynamics under climate warming. Wiley Intcrdisciplinary Reviews: Wa-
ter. 2021 Jul;8(4):e1526.

25. Garbis Z., McCarthy E., Orttung R.W.,, Poelzer G., Shaiman M., Tafrate ]. Governing the green
economy in the Arctic. Climatic Change. 2023 Apr;176(4):33

26. Rathobei K.E., Randngen H., Lindman A. Exploring broad value creation in mining-Corpo-
rate social responsibility and stakeholder management in practice. The Extractive Indus-
tries and Society. 2024 Mar 1;17:101412.

27. Lestan F., Kabiraj S. Green Economic Transition Scenarios in the Arctic Region. Progress
in Green Economics. 2022 Feb 9:17.

28. Shell. Shell Energy Transition Strategy [Internet]. The Hague: Shell ple; c2025 [cited
2025 Feb 13]. Available from: heeps://www.shell.com/sustainability/our-climate-target/

shell-energy-transition-strategy.heml

29. International Energy Agency. Emissions from Oil and Gas Operations in Net Zero Transi-
tions [Internet]. Paris: [EA; 2023 [cited 2025 Feb 13]. Available from: heeps://www.ica.org/
reports/emissions-from-oil-and-gas-operations-in-net-zero-transitions

30. King C. Equinor Halves Green Spend: What Does it Mean for Net Zero? [Internet]. Sus-
tainability Magazine. 2025 Feb 6 [cited 2025 Feb 13]. Available from: heeps://sustainability-

mag.com/articles/why-is-equinor-halving-renewables-spend-growing-oil-gas
31. Qil and Gas Decarbonization Charter. The Oil & Gas Decarbonization Charter Report
2024 [Internet]. 2024 [cited 2025 Feb 13]. Available from: heeps://www.ogdc.org/wp-con-

tent/uploads/2024/11/The-Qil-Gas-Decarbonization-Charter-Report-2024.pdf

32. Gazprom. The Gazprom Group’s Contribution to Achieving the National Development
Goals of the Russian Federation and the UN Sustainable Development Goals (SDGs) in
2021 [Internet]. 2021 [cited 2025 Feb 13]. Available from: hteps://sustainability.gazprom-

report.ru/en/2021/2-sustainabilicy-management/21-the-gazprom-groups-contribution-to-

achieving-the-national-development-goals-of-the-russian-federation-and-the-un-sustain-

able-development-goals-sdgs-in-2021/

33. Rosneft. Corporate Social Responsibility Report 2023 [Internet]. 2023 [cited 2025 Feb 13].
Available from: hreps://www.rosneft.com/upload/site2/document_file/Rosneft_CSR _2023_
ENG.pdf

34. ExxonMobil. Sustainability Report 2023: Executive Summary [Internet]. 2023 [cited

2025 Feb 13]. Available from: hteps://corporate.exxonmobil.com/-/media/global/files/sus-

tainability-report/2023/sr-executive-summary.pdf
35. BP. Sustainability Report 2023 [Internet]. 2023 [cited 2025 Feb 13]. Available from: heeps://
www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/sustainabilicy/

group-reports/bp-sustainability-repore-2023.pdf’

36. Nasiritousi N., Grimm ]. Governing toward decarbonization: The legitimacy of national
orchestration. Environmental Policy and Governance. 2022 Oct;32(5):411—425.

Information about the author CBepneHuda o6 aBTope

Ishel Bianco — MS International Management, Hwenb BeaHKo — MarucTp Mex 1y HApOHOrO
University of Maryland. College Park, MD 20742 USA. MCHE/KMCHTA, MOpHJICHCK I YHUBCPCUTET;

ORCID: heeps:/forcid.org/o000-0002-5452-4702 MAruCTp dHepreTudeckoro Meneaxmenta, College Park,
ID Web of Science NKO-8621-2025 MD 20742 USA.

ID Scopus 57218920015 ORCID: hetps://orcid.org/o000-0002-5452-4702

tel.: 1 8325231866 ID Web of Science NKO-8621-2025

e-mail: ishel.bianco@bfgllc.net ID Scopus 57218920015

Tes: 1 8325231866
e-mail: ishel.bianco@bfgllc.net

APKTMKa U MHHOBauUMK. 20253 | 2| 22-33 32


https://www.shell.com/sustainability/our-climate-target/shell-energy-transition-strategy.html
https://www.shell.com/sustainability/our-climate-target/shell-energy-transition-strategy.html
https://sustainabilitymag.com/articles/why-is-equinor-halving-renewables-spend-growing-oil-gas
https://sustainabilitymag.com/articles/why-is-equinor-halving-renewables-spend-growing-oil-gas
https://www.ogdc.org/wp-content/uploads/2024/11/The-Oil-Gas-Decarbonization-Charter-Report-2024.pdf
https://www.ogdc.org/wp-content/uploads/2024/11/The-Oil-Gas-Decarbonization-Charter-Report-2024.pdf
https://sustainability.gazpromreport.ru/en/2021/2-sustainability-management/21-the-gazprom-groups-contribution-to-achieving-the-national-development-goals-of-the-russian-federation-and-the-un-sustainable-development-goals-sdgs-in-2021/
https://sustainability.gazpromreport.ru/en/2021/2-sustainability-management/21-the-gazprom-groups-contribution-to-achieving-the-national-development-goals-of-the-russian-federation-and-the-un-sustainable-development-goals-sdgs-in-2021/
https://sustainability.gazpromreport.ru/en/2021/2-sustainability-management/21-the-gazprom-groups-contribution-to-achieving-the-national-development-goals-of-the-russian-federation-and-the-un-sustainable-development-goals-sdgs-in-2021/
https://sustainability.gazpromreport.ru/en/2021/2-sustainability-management/21-the-gazprom-groups-contribution-to-achieving-the-national-development-goals-of-the-russian-federation-and-the-un-sustainable-development-goals-sdgs-in-2021/
https://www.rosneft.com/upload/site2/document_file/Rosneft_CSR_2023_ENG.pdf
https://www.rosneft.com/upload/site2/document_file/Rosneft_CSR_2023_ENG.pdf
https://corporate.exxonmobil.com/-/media/global/files/sustainability-report/2023/sr-executive-summary.pdf
https://corporate.exxonmobil.com/-/media/global/files/sustainability-report/2023/sr-executive-summary.pdf
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/sustainability/group-reports/bp-sustainability-report-2023.pdf
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/sustainability/group-reports/bp-sustainability-report-2023.pdf
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/sustainability/group-reports/bp-sustainability-report-2023.pdf
https://orcid.org/
https://orcid.org/

Nwenb BbaHKo
_/\/\/\ ApanTauma K USMeHeHMto KnmmaTa B APKTUKE Yepes YCTOMYMBbIE COLMaNbHO-3KOMOMrMYeckmne MHHOBaUUM...

Author’s contribution Bkiag aBTOpPa

The author confirms his sole responsibility ABTOp TIOATBCPKAACT CAMHOINIHYIO OTBETCTBCHHOCTD
for the study conception and design, data collection, 32 KOHLICILMIO U AN32iiH HCCIe40BanUs, cOOp U aHAIN3
analysis and interpretation of results, and manuscript JAaHHBIX, HHTCPIPETALNIO PE3YIBTATOB, 2 TAKKE
preparation. MO/ITOTOBKY PYKOITHUCH.

APKTUKa U MHHOBauMK. 20253 | 2| 22-33 33



