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TeppuTopum TpagnumoHHoro npupogononb3osanus (TTMMM) kopeH-
HOro HaceneHus OTHOCATCA K Yncry Hamboree ys3BUMBIX K NPUPO-
[0N0Nb30BaTENbCKAM KOH(IMKTAM PasfuyHOr0 NPOUCXOXAEHUS:
COLManbHO-3KOHOMUYECKUM,  3KOMOTMYECKUM,  WHCTUTYLMOHANb-
HbIM. OTW PUCKW CBSA3aHbI C PSYLLMMIA M3MEHEHUSMW NPAKTUKN
npMpoaonosb3oBaHus B npegenax 8 30H onepexaroLlero passu-
TS, NPEAYCMOTPEHHbIX HeaBHO NpuHaTon CTpaterven couuans-
HO-3KOHOMMYECKOro pa3suTus Poccuinckoit Apktukun fo 2035 roga.

Matepuansl u MeTogb!

uccnenoBaHus.

VccnepoBaHme 0CHOBaHO Ha HeAABHO OMyBNMKOBaHHBIX CoLManb-
HO-3KOHOMMUYECKMX, SKONOrMYeCKnx, 3KOJNTIOrM4yeckux CtaTuctu4vec-
KMX W MPOCTPAHCTBEHHbIX [JaHHbIX, NONEBOM OMbITe B PETMOHE, a
Takke Ha COBMECTHbIX MexayHapoaHbix npoektax ¢ RAIPON. Te-
OpeTMYeCKNe OCHOBLI paboThl Da3NPYIOTCS HA HECKOBKUX KOHLen-
LUuax nocTpoenus 6nokyeinHa BO®, nogxogax K CUCTEMHOMY aHa-
N3y B 3KOMOTMM 1 3KONOr0-3KOHOMUYECKNX 6A30BbIX KOHLLENLMAX.

PesynbTathl MCCrIEA0BaHNNA U

X obCyxaeHve.

Bo3HuKHOBEHME KOHMMKTOB NPMPOLONONb30BaHMs, Kak npasuo,
CBA3aHO C Ype3MepHON aKCnnyaTalWer NynoB perynvpytoLLmx u
obecneunBaloLLmx 3KkocuCTeMHbIX ycnyr. ®epeparnbHoe 3akoHO-
[aTenbCTBO rapaHTUpyeT npaBa KOPEHHbIX ManoyncreHHbIX Ha-
POAOB, HO ANS MX 3alWWTbl HEOBXOAUMO YUMTLIBATH PasnuyHble
AaHHble. [NofobHble AaHHble HEOBXOAUMbI UM NS ynpaBneHus
TTNU ¢ y4eTOM COBpEMEHHbIX KIMMATMYECKUX U3MEHEHWA. JTa
nHpopmaumsa Heobxoguma [Ons COOEWCTBUS afanTUBHOMY pe-
MMOHaNbLHOMY Pa3BUTWKO, MOME3HOMY AMNs PErMoHanbHOW YCTOM-
unBoCTU. B HacTosllee Bpems pervoHanbHble Habopbl AaHHBIX
LieHTpanu13oBaHbl, YacTo He OBHOBMATCS BOBPEMS, U UX HEMErko
nony4mTb. briokyeiH-CcTpykTypa MOXeT BbITb nonesHa, YTobbl 13-
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BbiBoapl.

KnioueBble crnoga:

OexaTtb Takux NPensTCTBM, 0CODEHHO Koraa onpeneneHHas 6asa
JaHHbIX OyaeT nenomnb3oBaThCa ANs 3anuCy OnepaLyoHHbIX Npo-
L|eCCOB U TEKYLLMX U3MEHEHWUA B 3€MIENONb30BaHMM, CBSA3AHHbIX
C MX HOBbIMM MOZENsMU U W3MEHEHWEM Knumata. Pa3paboraHa
Mogaenb OnokyeiH-TpaH3aKUMiA AN npupogononb3oBaqus B TTHY.
BbInu npoaHan13npoBaHbl AaHHbIE 0 BO3MOXHbBIX Nepexogax 3eM-
HOro NOKpoBa W Ux pesynbTathl B TTHY. Bbinu onpeaeneHs! nomb-
30BaTeny BrokyenHa u onucaHbl Heobxoaumble Habopbl AaHHbIX.
TexHonorny 6nokyeinHa okasanuch None3HbIMM BO MHOTUX cdhepax
3KOHOMMYECKON fesaTenbHocTu. MMpeacTaBneHHas 3aechb CTPYKTY-
pa OnokyedHa OTNMYAETCS OT «MUCKITOUNTENBHO SKONOMYECKOTO»
HanpaBneHus Wcnonb3oBaHus OnokvenHa. MexaucumnnuHap-
HOe pelueHne BkmtovaeT B cebst MHopMaumMio 0 cneynduieckmx
takTopax «byHTa» B MaHapXWMYECKMX COLMANbHO-IKOMNOTMYECKNX
cUCTeMax Mpupozomnonb3oBaHus (korda BbicTpele, Menkue Cobbl-
TUS NoaaBnalT Gonblume, MeaneHHbIe). 3Ta UHGopMaLMs YacTo
CBSi3aHa C pa3BUTUEM MPOWN3BOLCTBEHHOI 1 TPAHCMOPTHON MHpa-
CTPYKTYpbI 1 BOIMKHA YYNTLIBATLCS Ans 06CneYeHNs YCTONYMBOC-
T KOPEHHOTO HaceNeHus, MPOXWBAILLErO Ha TEPPUTOPUSIX Onepe-
KatoLLEro 3KOHOMUYECKOTO OCBOEHMS, @ Takke AEMOHCTPUPOBATh
pucku ans TTT1, cBA3aHHbIE C U3MEHEHWEM KnuMaTta W apyrumu
OnacHbIMW MPUPOAHBIMYU SIBIIEHUAMM.

TexHonorus 65I0KYENH XxapaKTepuayeT YeTBEPTYIO NPOMbILLIEHHYHO
PEBONMIOLMIO, OTBEYAIOLLYIO BbI30BaM HacTosLlero n oyaywero. K
npeumyLLecTBaM 1Cnonb3oBaHus BrokyenH-nogxoga B TTHY mox-
HO OTHECTU CrefyloLLee:

— obecneyeHne MHOrOGYHKLMOHaNBHOWM NnaTtopMmbl, Heobxoam-
MoW Ans obecneyeHmns MHTEPECOB MHOTMMX 3aMHTEPECOBAHHBIX CTO-
POH.

— (hopmupoBaHne Ba3 gaHHbIX Ans NPaKTUKWM TEPPUTOPUANbHOTO
1 mecTHoro (B npegenax TTM) nnaHnpoBaHus, cnocobeTBYIOLLEro
YCTOMYMBOMY Pa3BMTUIO M afanTaLuy K COBPEMEHHbIM U3MEHEHM-
AM Knumara.

— noafepxka He3aBWUCUMOTO XpaHEHWS BPEMEHHO-NPOCTPaHC-
TBEHHbIX AaHHbIX 1 UX NOCTOSIHHOE OOHOBMNEHWE, AOCTYNHOE ANs
KOPEHHBIX OOLLUMH (1 APYIMX 3aNHTEPECOBAHHBIX CTOPOH).

— NpefoCTaBNeHNe HOBbIX JaHHbIX, HEOOXOAMMBIX ANs NPOrHO3M-
POBaHWS NPUPOLONONb30BaHNA KOHNKTOB B TTHY.
MpencTaBneHHoe 3ech OIOKYENH-pelleHne MOXET CrnocobeTBo-
BaTb YCTOMYMBOWN MOLENN 3KOHOMWYECKOrO pasBuTus ApKTuuyec-
KOW 30Hbl B OTHOLUEHWM BIaroCOCTOSAHNS KOPEHHOTO HACENeHUs U1
obecneyeHns oNTUManbHOroO UCMOSb30BaHWS ero ero NPUPOAHOro
KanuTana nocpegcTBOM rocydapCTBEHHOMO M YacTHOTO COTPYAHM-
yecTBa.

BnokyeinH; ApKTuKa; KOpeHHble Hapoabl; KOHGIUKTI.
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on blockchain platform,
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Introduction. Territories of traditional nature use (TTNU) of indigenous population
are among the most vulnerable to nature management conflicts of
different origin: socioeconomic, ecological, institutional. These risks
are connected with future changes of nature management practices
within the 8 advanced development zones foreseen by the recently
adopted Strategy of socioeconomic development of the Russian
Arctic till 2035.This document mentions indigenous population
rights in the course of the planned land use changes. Neverthe-
less, indigenous communities may be involved in land use conflicts
at TTNU because of the overlapping by new land use patterns of
new stakeholders. Another problem concerns land use adaptation
to modern climate change. Accumulation of appropriate information
for indigenous communities’ decision making is very often a diffi-
cult process: it is very diverse and scattered. Modern approaches to
database composition enable to elaborate a statistical, institutional
and spatial data platform for information support of territorial plan-
ning procedures at TTNU, especially helpful for indigenous com-
munities living at remoted territories. The goal of this investigation is
the elaboration of a multi-functional information platform based on
blockchain principles needed to achieve adaptive development of
TTNU involved in the process of land use patterns transformation.
Blockchain methodology helps to arrange the accumulated data
connected with nature management practice and receive a new
knowledge for practical use and scientific research development
independent from stakeholders lobby groups.

Study area. The study area includes territories of the 8 advanced development
zones in the Russian Arctic with Saami, Komi-lzma, Nenets, En-
ets, Nganasan, Sel’kups, Evenk, Reindeer Yakut, Cuckchi, Dolgans
population living there. It is about 3,2% from the region’s population.
Up to 25% of the indigenous population is occupied in traditional
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Materials and
methods.

Results.

economy. The study area is situated in the Subarctic and Arctic
geographical zones with severe climatic conditions. The dominant
environment includes tundra of different types and forest-tundra
with rare patches of northern taiga at the southern limit. The geo-
logical and tectonic structure of the territory provokes a possibility of
earthquakes. Permafrost disruptions are typical. It is stimulated by
climatic warming which also causes a risk of radical changes in tra-
ditional occupations :loss of hunting and fishing resources, reindeer
pastures productivity, etc. Changes of ecological situation may be
mainly connected with modern air and water pollution in industrial
impact zones and mechanical disruptions. This diverse information
is needed for adaptive spatial planning procedures at TTNU to fol-
low the principles of sustainable development disclosed by the Arc-
tic Council documents.

The investigation is based on the recently published socioeco-
nomic, environmental, ecological statistical and spatial data, field
experience in the region as well as in joint international projects with
RAIPON. The theoretical fundamentals of the work are based on
several concepts of WEF blockchain building, approaches to sys-
tem analysis in ecology and ecological-economic basic concepts.

The origin of nature management conflicts, is usually connected with
an excessive exploitation of regulation and provisioning ecosystem
services’ pools. Patterns of such conflicts were presented. Rare are
relevant remarks concerning information (spiritual) ecosystem servic-
es supporting social cohesion, cultural traditions, sense of place, etc.,
important for indigenous communities to preserve their identities. This
topic was discussed separately. The Federal legislation guarantees
the rights of indigenous communities, but to protect themselves they
need to consider various data. Similar data is necessary for them to
manage TTNU, regarding present climatic changes. This information
is necessary to promote adaptive regional development beneficial for
regional sustainability. The procedure of conflict detection and fore-
cast for a certain territory is based on separate data sets analysis
by independent stakeholders. But nowadays regional data sets are
centralized, often not updated in time, not easy to reach. Blockchain
structure may be useful to avoid such obstacles, especially when a
certain database will be used to record operational processes and
ongoing changes in land use connected with their new patterns and
climate change. Blockchain methodology may be used to elaborate a
distributed register of large various data sets, including visualization of
statistics, which may be very helpful for decision making by stakehold-
ers at TTNU and reliable accounting of ongoing land use changes.
Blockchain transaction model for nature management at TTNU was
elaborated. Data on possible land cover transitions and their results at
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TTNU were analyzed. Blockchain users were outlined and necessary

datasets were described. The structure composition of the suggested

model was connected with available information for sets saturation
and may be enlarged in future. Obstacles in blockchain approach use
at TTNU were discussed.

Discussion. Blockchain technologies proved to be useful in many spheres of
economic activities. Examples of blockchain use in nature conser-
vation practice, green energy development, pollution control, etc.
were presented as well as blockchain technologies use to solve
ecological problems highlighted by the Fourth World Economic Fo-
rum. The presented here blockchain structure corresponds to these
challenges. But its structure at the same time it is different from
the “entirely ecological” direction of blockchain use. Additional in-
formation is necessary for nature management, i.e. integrated data
processing concerning economic, ecological, environmental, ethnic-
cultural, etc. data. The proper nature management needs interdisci-
plinary solutions which are reflected in our assets structure. Interdis-
ciplinary solution includes information about specific “revolt” factors
in panarchy social-ecological nature management systems (when
fast, small events overwhelm large, slow ones). This information is
often connected with industrial and transport infrastructure develop-
ment and should be considered to provide sustainability to indig-
enous population living at the territories of the advanced economic
development as well as demonstrate risks to TTNU connected with
climate change and other natural hazards.

Conclusion. Blockchain technology characterize the Fourth Industrial Revolution
meeting the challenges of present and future time. The advantages
of blockchain approach use at TTNU include the following:

— providing a multi-functional platform necessary to ensure multi-
stakeholders’ interests, indigenous communes being among
them.

— arranging data bases for territorial and local (within TTNU) plan-
ning practice contributing to sustainable development and adap-
tation to modern climate change.

— supporting temporal-spatial data assets independent storage
and their constant updating available for indigenous communi-
ties (and other stakeholders).

— supplying new data necessary to forecast nature management
conflicts at TTNU.

Blockchain solution presented here may promote sustainable pat-

tern of the Arctic zone pioneer economic development regarding in-

digenous population well-being and ensure optimal use of its nature
capital via public-private collaboration.

Key words: blockchain; Arctic; indigenous peoples; conflicts.
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1. Introduction

The modern economic development of the Russian Arc-
tic zone is connected with a risk to provoke nature management con-
flicts of different origin: socioeconomic, ecological, institutional. Ter-
ritories of traditional nature use (TTNU) of indigenous population are
among the most vulnerable to such risks. Modern climatic changes in the
Russian Arctic complicate the situation even more. These risks are con-
nected with future changes of nature management practices within 8 ad-
vanced development zones foreseen by the recently adopted Strategy of
socioeconomic development of the Russian Arctic till 2035. This docu-
ment contains special references concerning observance of indigenous
population rights in the course of the planned land use changes. Among
the main goals— improvement of the life quality and protection of the
Arctic zone population. Nevertheless, indigenous communities may be
involved in land use conflicts at TTNU because of the expected process
of overlapping by land use patterns of new stakeholders. Another prob-
lem concerns land use adaptation to modern climate change. Accumu-
lation of appropriate information for indigenous communities’ decision
making is very often a difficult process: it is very diverse and scattered.
It should be mentioned that the adopted economic development plans are
subjects to public discussion at different levels, in which NGO and local
populations are involved as well.

The realization of the adopted Strategy demanded centralized ac-
tivities of many ministries and departments involved in this process:
Ministries of Economy, Nature resources and Ecology, for the Develop-
ment of the Far East and the Arctic, Transport, Energy, etc. These activi-
ties were declared in a special Government Resolution adopted in 2016.
Their integrated diverse information provides mechanisms for the stra-
tegic plans’ realization. In order to provide an access to this information
the Federal Plan of Statistics Works in 2016 was completed by a special
program devoted to the Arctic zone and the program implementation is
underway.

Nowadays important for nature management available statistical
data concerns mainly GRP economic parameters, meteorological moni-
toring data, exploitation characteristics connected mainly with mineral
resources extraction. exploitation of the Northern Sea Route and trans-
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port infrastructure development, etc. Statistical information concerning
ecological, ethnological, nature capital regional assessments (excluding
mineral and hydrocarbons resources), nature management patterns, cul-
ture issues is still inadequate and scatted. There are only few examples
of system approach for this information presentation and visualization,
which may be very helpful for Federal and local decision-makers, stake-
holders, public organizations, etc. [National atlas of the Arctic, 2017,
Ecological Atlas of Russia, 2017, The Laptev Sea, 2018, Evseev et al.,
2019, Zamyatina, Goncharov, 2020, etc.]. Modern approaches to data-
base composition enable to elaborate a statistical, institutional and spa-
tial data platform for information support of territorial planning proce-
dures at TTNU, especially helpful for indigenous communities living at
remoted territories [Evseev et al., 2018]. The goal of this investigation
is the elaboration of a multi-functional information platform based on
blockchain principles needed to achieve adaptive development of TTNU
involved in the process of land use patterns transformation connected
with the planned socioeconomic development of the Russian Arctic
zone. This is of vital importance to promote cooperation among stake-
holders and prevent nature management conflicts at TTNU thus sav-
ing nature capital and indigenous communities in the changing modern
World. Blockchain methodology helps to arrange the accumulated data
connected with nature management practice and receive a new knowl-
edge for practical use and scientific research development independent
from stake holders lobby groups.

2. Study area

The study area includes territories of 8 advanced devel-
opment zones in the Russian Arctic (fig. 1) with Saami, Komi-Izma, Ne-
nets, Enets, Nganasan, Sel’kups, Evenk, Reindeer Yakut, Cuckchi, Dol-
gans etc. (17 indigenous peoples in total) living there. It is about 82 500
or 3,2% from the region’s population [Tishkov.., et al., 2015]. 9-25% of
the indigenous population is occupied in traditional economy. Regional
administrations have special departments dealing with indigenous pop-
ulation issues. Russian Association of Indigenous Peoples of the North
(RAIPON) presents their central NGO. On economic reasons several
parts of the ancestral territories of the indigenous population may be in-
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volved in the planned economic development, mainly due to the North-
ern Sea Route infrastructure construction and renovation in Tiksi, Pevek,
Amderma and other sea ports, new mineral resources and hydrocarbons
extraction sites in Northern Yakutia, Taimyr-Turukhansk advanced de-
velopment zones etc. (fig. 1).

The study area belongs to the Subarctic and Arctic geographical
zones with severe climatic conditions, where the dominant environment
includes tundra of different types and forest-tundra with rare patches of
northern taiga at the southern limit. The geological and tectonic structure
of the territory provokes a possibility of earthquakes. Permafrost disrup-
tions changing the environment are actual nowadays but this process is
variable in space. It is stimulated by climatic warming which also causes
a risk of radical changes in hunting and fish resources, reindeer pastures
productivity important for indigenous population. Changes of ecological
situation may be mainly connected with modern air and water pollu-
tion in industrial impact zones and mechanical disruptions, they are also
variable [Evseev et al., 2021]. They are broad and active, for example, in
Taimyr-Turukhansk advanced development zone (see No. 6, fig. 1) and
very local in Northern Yakutia advanced development zone (No. 7, fig. 1).
Thus, quite diverse information is needed for adaptive spatial planning
procedures at TTNU to follow the principles of sustainable development
disclosed by the Arctic Council documents [Arctic - Including Good
Practice Recommendations, 2018]. It is evident, that sooner or later en-
vironment transformation processes will seize the majority of TTNU.
This stipulates the necessity of adaptive nature management elaboration
supporting TTNU development. Their variants are still not clear now.
Nevertheless, among them are: enlarging of nature reserves territories
with different nature protection regimes, location of carbon capture poly-
gons, sites for windfarms, etc. at TTNU. Traditional indigenous popula-
tion knowledge provides practical activities to withstand many natural
hazards, but they are not adequate for adaptive management at TTNU
at the background of modern socioeconomic and ecological changes.
Permanent processing of new reliable information is needed for decision
making by indigenous communities and regional authorities.
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3. Materials and methods

The investigation is based on the recent socioeconom-
ic, environmental, ecological statistical and spatial data [Rosstat, 2018,
Nazional’ny atlas.., 2017, Ecologichesky atlas.., 2018, More Laptevyh,
2018, etc.], publications [official documents of the Russian Government,
Evseev et al., 2018, 2019, Tishkov et al., 2020, etc.] as well as field ex-
perience in the region and experiences in joint international projects with
RATIPON. The theoretical fundamentals of the work are based on several
concepts of WEF blockchain building [Building.., 2018], ECORA Pro-
gram, 2009, practical achievements in blockchain technology use in eco-
logical projects [Building Blockchains for a Better Planet, 2018, DAO
IPCI, 2017, Stefanovi¢ M., et al., 2018, etc.], approaches to system anal-
ysis in ecology [Gvishiany, et al., 2019, Odum and Odum, 2000] and
ecological-economic basic concepts [Costanza et al., 2014, Dixon et al.,
1994, De Groot et al., 2002, etc.].

4. Results
4.1. Nature capital transformation at TTNU and competition

for exploitation of ecosystem services

Land use changes within the limits of the advanced
development zones are mainly connected with overlapping of its new
types, mostly often- industrial, transport and TTNU. This phenome-
non means joint exploitation of different ecosystems services (see de-
tails below) at a limited space, competition for their use, thus provok-
ing land-use conflicts [De Groot et al., 2002, Evseev et al., 2018]. At
TTNU they are not only economic, but ethnic-ecological and ethnic-
cultural as well. TTNU are territories preserving indigenous popula-
tion culture and traditions, but not only productive territories for in-
digenous communities. It is necessary to mention climatic changes (up
to the forecasted 6°C warming for some regions) as another impor-
tant factor leading to natural capital transformation (mainly biologi-
cal resources) followed by induced changes at TTNU [Climate change,
2009, Tishkov et al., 2020, etc.]. The origin of nature management con-
flicts, is usually connected with an excessive exploitation of regulation
and provisioning ecosystem services pools, thus destroying regional
nature capital [GEOS, 2012]. Rare are remarks concerning information
(spiritual) ecosystem services supporting social cohesion, cultural tra-
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ditions, sense of place, which are important for indigenous communi-
ties to preserve their identities. The Federal legislation guarantees the
rights of indigenous communities, but to protect themselves they need
to consider various data. Similar data is necessary for them to manage
TTNU in an optimal way regarding present climatic changes. The same
is needed for other stakeholders as well to promote adaptive regional
development beneficial for regional sustainability.

4.2. Diversity of information for spatial

planning procedures

TTNU nowadays experience many changes connected
with both technological modernization of traditional activities and over-
lapping by industrial/transport land use. Our previous research [Evseev
et al., 2018, 2019] showed that in case of overlapping of different stake-
holders’ lands various conflicts, based on ecosystem services joint exploi-
tation, were possible (fig. 2). Most often regulating and provisioning eco-
system services were at the core of such conflicts.

The map demonstrates the diversity of different information need-
ed to prevent land use conflicts and provide an adequate nature manage-
ment. Sustainable economic development in the Arctic region is based on
balancing of different stakeholders’ activities concerning nature capital.

4.3. Blockchain technology use to avoid nature

management / land use conflicts at TTNU

The procedure of conflict detection and forecast for a
certain territory is based on separate data sets analysis by independent
stakeholders. But nowadays regional data sets are centralized, often not
updated in time, not easy to reach. Blockchain structure may be useful to
avoid such obstacles, especially when a certain database will be used to
record operational processes and ongoing changes in land use connected
with their new patterns and climate change. The development of a math-
ematical model of a decentralized, large-scale protected array of data and
infrastructure will increase the level of security and simplify the process
of remote processing of documents, which may transform the way of na-
ture management, eliminating the hidden conflicts and nature manage-
ment inefficiency.
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In 2018 the World Economic Forum Summit in California identi-
fied more than 65 ways blockchain approaches to the world’s most-press-
ing environmental challenges and marked their advantages in the devel-
opment of the technology that may fundamentally transform the way the
world manages its natural resources [Building.., 2018]. This technology
enables to create a decentralized electronic ledger system that record any
transaction with nature capital at TTNU and make them transparent for
different stakeholders.

Nowadays under the auspices of the Federal program “Digital
Economy of Russia until 2025 adopted in 2017, more and more central
and even individual campsites in the Arctic region receive satellite com-
munication antennas. This enables local communities to use distant data
bases. Blockchain technologies are promising to solve many problems of
excessive management centralization limiting possibilities for indigenous
communities to adapt to modern socioeconomic and ecological changes.
Blockchain methodology may be used to elaborate a distributed register
of large various data sets, including visualization of statistics, which may
be very helpful for decision making by stakeholders at TTNU and reliable
accounting of ongoing land use changes. Nowadays blockchain method-
ology is being implemented in the Federal cadaster service (“Rosreestr”)
in Russia. Similar activities exist in Germany ,India, Serbia, etc. [Gun-
delsweileri et al., 2007, Oprunenco, Akmeemana, 2018, Stefanovicet al.,
2018, etc.].

44, Information blocks arrangement
According to the main concept, concerning the sus-

tainable development of the Arctic indigenous population adopted in
ECORA Project (ECORA, 2009), approaches of the SDWG [Good prac-
tices..., 2019, Sustainable development Working Group] of the Arctic
Council [Arctic Council, 2019] 4 principle groups of factors should be
considered in environmental management plans:

— environment (natural) factors;

— interference of economic structures;

— bi-cultural development (neo-traditionalism);

— institutional.
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Fig. 3. Blockchain users.
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We added another factor - ecological regarding the present eco-
logical situation at the indigenous population lands and active climate
change in several regions. We also expanded consideration of ECORA
factors by changing the neo-traditionalism group by ethnic-cultural.
Typical independent users and possible composition of blockchain data
sets for the study area are presented in Figures 3 and 4. It must be men-
tioned, that data sets composition presents only the common view and
maybe enlarged regionally especially for the environment, ecological and
ethnic-cultural sets. Independent users may include not only stakehold-
ers, but public organizations: indigenous, ecological etc.

As far as data sets composition is concerned only generalized data
titles are given. Further details are described below.

4.41. Environment (nature) assets

These assets include general regional information rele-
vant to temporal and spatial features of nature background for economic
development. Environment (natural) factors include those which may
create obstacles/risks for economic development and should be taken
into account. The most often risks for the studied region are the follow-
ing: nature disasters (earthquakes, windstorms, etc.), rapid air tempera-
tures rise connected with climatic warming, permafrost instability. It is
also necessary to consider land cover type (tundra, forest-tundra, taiga
forests, bogs, etc.) which determinates available for exploitation eco-
system services pools, day-light duration, climate comfort index, mean
summer/winter temperatures, average wind speed, snow cover depth,
etc. which are important for nature management practices. Some of
these assets include issues which are regarded in traditional economy
at TTNU due to traditional knowledge, but often ignored by new stake-
holders. Ranking of the most possible obstacles/risks may be provided
[Evseev et al., 2019].

4.4.2. Economic assets

Temporal-spatial data presents modern state of eco-
nomic development, the role of indigenous economy in GRP, land use
structure, its spatial and functional changes (fig. 5), existing and possible
competitive relations of different stakeholders for natural (biological, wa-
ter) resources and ecosystem services exploitation, available and needed



154 |

«HAYKA. HHHOBALIUW. TEXHOJIOTMM>

CeBepo-KaBkasckuii chefepanbHblil yHUBEPCUTET.

BLOCKCHAIN DATA SETS

ENVIRONMENT

Climate,
Landcover,
Nature
disasters
Etc.

]

ECONOMIC

Fig. 4.

GDP
Traditional
economy, %
Land use
Economy
development
plans
Economic
support of
indigenous
population

B

Blockchain datasets (assets).

ETHNIC

Demography
Traditional
occupation
Settling
patterns
Native
language
speakers,
%

Cultural
heritage

]

&) h o -
o | <= g
(®) ©o (o)
-l o2 -
2188 5
w 5 2 =
9 »
=z
Ecosystems
services
pools
Legislation
(multi-level)
Indigenous
population
Involvement
into municipal
administration,
NGO
(indigenous,
Pollution nature
sources / conservation)
load
Land |
disruptions
Reindeer
pastures
degradation,
% Red
book
species
Etc.

B



HAYKMU O 3EMJIE 155
Kegulation of land use conflicts at indigenous peoples lands based on blockchain platform... —~*~
Evseev A.V.,, Krasovskaya T.M., Tikunov V.S., Tikunova I.N.

Ne4, 2022 |

TTNU

Environment,
economic (see

Hydroarbon

extraction sites

Fig. 4), mufti- . :
stakeholders Technogenic Iveacsr;gloa%?jnlc
ecosystems ecosystems

services characteristics,

exploitation % of regulatory Characteristics
pattern, possible ecos'ystem of mechanical
conflicts of services disruptions,
different origin, exploitation, pollution load,
compensatory extent of % of reduction
measures to supporting of ecosystem
indigenous (biodiversity, services pools
communities, carbon restricting
future land use sequastration), further

changes plans, provisioning sustainable

etc. (biologica | economic

resources) snd
other ecosystem
services
degradation (%)

development

Fig. 5. Data on possible land cover transitions and their results at

TTNU.



1 56 | «HAYKA. HHHOBALUM. TEXHONIOMMM>
CeBepo-KaBkasckuii chefepanbHblil yHUBEPCUTET.

compensatory mechanisms. Information on Federal and regional eco-
nomic development plans, possible investors and expected incomes are
also included into this set.

4.43. Ethnic assets

Ethnic-cultural factors explain what is necessary to con-
sider managing a territory in a modern way without destroying tradition-
al culture thus preserving indigenous population. Bi-cultural develop-
ment is a form of neo-traditionalism explaining the necessity to exist in
modern European and traditional indigenous culture for local communi-
ties. Demographic data, native speakers’ number, reflecting ethnic iden-
tity, indigenous ethnic culture and desire to preserve it, types of tradition-
al occupation (reindeer-breeding, hunting, fishing etc.), cultural heritage
objects, including sacral places, etc. This information enables to make a
primary forecast of possible social problems connected with economic
development.

444, Ecological assets

These data composition is highly changeable in time
and space and demonstrates existing and potential ecological problems
originated by economic development. Ecological factors reveal the ex-
isting sources of ecosystems degradation and natural heritage loss, un-
dermining indigenous population welfare. Ecological data is needed for
environment impact assessments of different economic development
projects to meet sustainable development goals

44.5. Ecological-economic assets

This information concerns measuring of ecosystem’s
multifunctionality relevant to available ecosystem services [De Groot et
al., 2020, MacKtnna at al., 2019, Holting et al., 2019]. Risks of nature
management conflicts caused by interference of different stakeholder’s
interests for exploitation of ecosystem services pools are shown in Table
1(Evseev et al., 2020). Regional data basis relevant to ecosystem servic-
es pools are still limited, but rough assessment may be done using aver-
age data for similar ecosystems from the World’s list, or regional field
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research [Costanza et al., 2014, Elsakov et al., 2003, Liss et al., 2000),
etc.]. This may be enough at the initial stage for their rational manage-
ment. It should be mentioned that customary laws of indigenous popu-
lation for centuries regulated ecosystem services exploitation in order to
avoid their depletion: bans on hunting and fishing during certain periods,
grazing restrictions on unproductive pastures etc. Modern understanding
of traditional knowledge may be helpful in this respect.

Table 1. COMPETING PATTERNS OF ECOSYSTEM
SERVICES EXPLOITATION AT THE RUSSIAN COASTAL ZONE
OF THE ARCTIC OCEAN
Land use / Industrial Transport Settlement / TTNU
environment residential
management (nucleus)
type
TTNU Regulating, Regulating Regulating, —
supporting provisioning,
supporting,
cultural/
information
Industrial — Regulating Regulating, Regulating,
supporting supporting
Transport Regulating — Regulating Regulating
Settlement Regulating, Regulating — Regulating,
supporting provisioning,
supporting,
cultural /
information
4.4.6. Institutional assets

Adequate management of indigenous lands is regulated
nowadays by the Federal and Regional legislation (which appears to be
more advanced sometimes). International obligations should be present-
ed as well. Indigenous population public activities are reflected by sev-
eral NGO, participation in municipal social activities. The preserved in-
digenous customary laws data is a specific part of this set.
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Spatial-temporal databases for these diverse factors are needed for
different independent stakeholders involved in economic activities at
TTNU. The multi-functional information platform to supply adequate
data for practical use will be in demand by Federal and regional authori-
ties (planning, control etc.), business structures of different levels, indige-
nous communities, and public organizations, nature conservation groups,
etc. It is obvious, that this platform should be multi-level in temporal and
spatial dimensions and renewable. The suggested information assets may
include statistical, descriptive and spatial information as well as results of
this information-analytical processing. Assets may be used in two ways:
data transferring and new data creation, meaning integration of separate
data from assets to create new data helpful for stakeholders. For example,
revealing of nature management conflicts is at least based on the analysis
of ecosystem services pools (environment/ecological-economic assets),
different ecosystem services consumption by stakeholders (economic
assets) and institutional limitations for their exploitation (institutional
assets). The integrated data may be very helpful at the initial planning
stage [Evseev et al.,, 2019, Swetnam et al., 2011]. Blockchain technology
provides full traceability of data history and excludes data manipulation.
Such transparency creates an opportunity for better management prac-
tice, regarding goals of sustainable development.

4.5. Prospects of blockchain use

The nature management transactions model for TTNU
in case of the emergence of new overlapping land-use patterns is pre-
sented at fig.6. Regarding the principle users — indigenous communities,
it should be mentioned that visualized data maybe recommended. Eth-
nologists note “visual perception” psychological type typical for indige-
nous peoples of the North. In case of information uncertainty and inade-
quacy, it enables them to control the situation keeping in mind the whole
scenery. Integrated impact assessments may include both socio-econom-
ic and ecological data [Evseev et al., 2019; Ecological Atlas of Russia,
2017, etc.]. Visualized data sets most valuable for users are already avail-
able due to recent publications devoted to the study area [Ecological At-
las of Russia, 2017, The National Atlas of the Arctic, 2018, Evseev et al.,
2018, 2019, etc.].
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It is planned to test solutions based on blockchain technology for
their applicability in for a model territory in order to elaborate platforms
for building a distributed network of self-verified blocks of data, pro-
tected from unauthorized changes, and storing the history of entering
data into the register. The main criteria for the platforms in question are:
1. Applicability of the assigned tasks solution. The block

platform contains a single register of operations, each
block of which contains information about the object, date, and time
of changes, its author, as well as connection with the previous block
(except for the primary block), verified using symmetric and asymmetric
encryption algorithms.
2. The speed of operations. This implementation of the
platform will allow the distribution of the operations’
register (which is serviced by a network of p2p nodes) among an unlimited
list of individuals in a way that makes the register of transactions and
participants public. Since the publicity of the registry and the extensibility of
the p2p network are unlimited, it is necessary to choose an implementation
of the blockchain platform, which does not increase the complexity of
generation in proportion to the number of participants.
3. Protection from transaction loss. Different platforms
have different tolerance to transaction loss or the
“erroneous” branch of blocks exclusion (for example, produced by the
network errors, resulted in disconnection). The procedure for reapproving
the transactions from the “erroneous” branch in case of conflicts may
solve this problem. If chains are not represented in some copies of the
operations’ register, the platform should be able to carry out a “vote” on
re-confirming the block or its tag is invalid.
4, Documenting solutions. The systems and approaches to
be studied should contain fundamental documentation
on how to implement the integrity of data, their consistency, and the
voting mechanism. It is necessary to have a detailed description of the
cryptographic functions used, their advantages, and disadvantages in the
volume, allowing them to create a threat model.
5. Expandability. The decision to store data in a distributed
public registry may be a starting point for achieving
the objectives. It is necessary to assess the applicability of both existing
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and unrealized approaches, for the sake of expanding the standard
functionality (based on a platform implementation or integration with
other systems without losing the advantages of blocking technology).

To use any existing blockchain-platform to ensure public interests,

it is necessary to take into account factors of external pressure (such as
restrictions on work in the framework of sectoral and/or country sanc-
tions). Therefore, the important aspect of a system choice is connected
with the possibility of self-implementation based on existing develop-
ments and, as a consequence, Open-Source solutions are more prefer-
able. The software solution of the tasks based on existing platforms, their
“forks” or completely independently developed solution should include
the following components:

— register of objects;

— user storage and their rights based on the blockchain;

— identification and Authorization System;

— the network of p2p nodes that perform transaction
approval and verification, create new blocks, and add
them to the registry;

— application components for working with the system
(monitoring, management, public API, user applications)

(fig. 6).

5. Discussion

Blockchain technologies proved to be useful in many
spheres of economic activities. The general recognized advantages of
blockchain use are: decentralization, stability, enhanced security, and
transparency. Blockchain method in land use/nature management, sug-
gested for this information arrangement, nowadays is widely used in fi-
nancial sphere and partly in Cadastral services [Suharevskaya, Kanty-
shev, 2018, Stefanovi¢ al., Torun, 2018, etc.] but its application in ecol-
ogy, nature management is still rare, but some progress should be men-
tioned as well. “AgentschapvoorNatuur” end “Bos” nature conservation
agencies in Belgium are planning to create a blockchain platform for na-
ture conservation and forest protection issues [Building.., 2018]. Sever-
al other projects based at blockchain technology targeted at ecological
problems solving should be mentioned as well. Among them is WePow-
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er, which enable to create an infrastructure for unification use of “green”
energy production and existing energy system [Walker, 2020]. Anoth-
er “social” project is Plastic Positive, enabling people to invest into So-
cial Plastic Collection Credits used for plastic pollution control [Plastic
positive, 2020] Regen Network project is directed at tracking ecological
change, monitoring and rehabilitation of destroyed lands, using block-
chain for elaboration of rational land use patterns and includes special
financial stimulating, monitoring and control [Regen network.., 2020].
One of the recent pilot projects in this field in Russia is DAO IPCI, con-
nected with a platform construction to control carbon units use, contri-
butions of different stakeholders to carbon dioxide exhausts, to attract in-
vestments into this process control, etc. [DAO IPCI, 2017].

These projects are the best confirmation of the principal tasks to
solve ecological problems using blockchain technologies highlighted by
the Fourth World Economic Forum. The mentioned tasks relevant to our
studies are presented below:

— incentivizing circular economies — to provide proper
use of natural resources and ecosystem services;

— increasing disaster preparedness and humanitarian re-
lief;

— creating Earth-management geospatial platforms to
monitor, manage and enable market mechanisms that
protect the global environmental commons.

The presented here blockchain structure corresponds to
these challenges. But its structure at the same time reflects different from
the “entirely ecological” direction of blockchain use — nature manage-
ment, demanding integrated data processing concerning economic, eco-
logical, environmental, ethnic-cultural, etc. data. Proper nature manage-
ment needs interdisciplinary solutions which are reflected in our assets
structure. This structure composition is connected with available infor-
mation for sets saturation and may be enlarged in future. For example,
it is obvious that economic assets may be completed by the expected
land cover transitions (see fig. 5). Still even the suggested variant may
be helpful for stakeholders at TTNU to develop sustainable nature man-
agement patterns, providing full transparency and traceability within the
supply chain. The key management tasks are monitoring and develop-
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ment of market mechanisms to avoid the risk of ecosystem services’ ex-
cessive exploitation threatening indigenous communities. This is of par-
ticular importance because they provide “feeding ecosystems” for indig-
enous population. Real-time transparent data on the ecological situation,
natural hazards, cultural threats for indigenous identities, etc. may help
municipal authorities to launch adequate measures to control the situa-
tion. Interdisciplinary solution based on specific “revolt” factors (when
fast, small events overwhelm large, slow ones) in regional nature man-
agement systems connected with industrial and transport infrastructure
development may provide sustainability to indigenous population living
at the territories of the advanced economic development as well as dem-
onstrate risks to TTNU connected with climate change and other natu-
ral hazards. These revolt factors typical for panarchy structures of so-
cio-ecological spatial systems may be connected with non-linear pro-
cesses in its environmental, ecological and socioeconomic subsystems
xGunderson, Holling 2003, Evseev et al., 2019]. Management of panar-
chy systems demands spatial independent information processing pro-
moted by blockchain technologies use.

6. Conclusion

Blockchain technology characterize the Fourth Industri-
al Revolution with the demand for a new, decentralized and global elec-
tronic infrastructure to meet the challenges of present and future time.
Below we outlined the advantages of blockchain approach use at TTNU:

— development of a multi-functional platform necessary
to ensure multi-stakeholders’ interests, indigenous com-
munes being among them;

— data bases for territorial and local (within TTNU) plan-
ning practice contributing to sustainable development
and adaptation to modern climate change;

— temporal-spatial data assets independent storage and
their constant updating available for indigenous com-
munities (and other stakeholders);

— monitoring data necessary to forecast nature manage-
ment conflicts (ecological, socio-economic, ethnic etc.)
threatening indigenous identities.
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Blockchain solution presented here is directed to pro-
mote sustainable pattern of the Arctic zone pioneer economic develop-
ment taking into account indigenous population well-being and ensure
optimal use of its nature capital via public-private collaboration. It dem-
onstrates options for a sustainable resource management for other re-
gions as well.
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