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Creation of the spatial model for sustainability:
a physical economic approach

We interpret the potential of natural capital productivity in a spatial ecological social economic system (ESES)
as the stock of free energy. According to the definition of entropy flow in an open system, the «negative entropy»
inflow occurs into the Earth’s biosphere, with the sustainability of the negentropic budget maintaining the
living matter mass conservation law posited by Volodymyr Vernadsky. Introduction of spatial heterogeneity
into the free energy definition reveals the non-additive property of its volume across spatial subsystems of the
biosphere. This further emphasizes the conceptual shortcomings of stakeholder-centric and property-based
sustainability decision-making models. Instead, trajectories of system'’s dynamics on different scales should
become the subject of preventive decision-making and risk management by economic agents and regional
stakeholders, acting in a multi-layered communication and coordination network with horizontal as well
as hierarchical information and resource flows. The case of the Carpathian region is used to illustrate the
substantive necessity and institutional prerequisites of a new spatial model for sustainable development.
Keywords: natural capital, spatial ecological social economic systems, free energy, negentropy, preventive
governance for sustainability.

Problem statement. Analysis of the existing European governance mechanisms
for macro-regional development suggests that their potential for projects’ and
programs’ coordination across ecological, innovational and infrastructural
dimensions of territorial cohesion and sustainability has yet to materialize [1].
Lack of sufficient attention towards spatial economic interactions of stakeholders
in planning and operational processes should be noted as both a practical gap and
a conceptual shortcoming in sustainability governance. The «communicative turn»
in sustainability planning suffers from over-emphasis on procedural aspects at the
expense of recognition of sustainability-related decisions on different governance
levels as the value-based judgments [2]. This causes a number of tensions in sustainable
development planning and governance, including the tensions between national
and cross-border sustainability management, local and macro/mega-regional/global
sustainability, including the cases described by Richardson [2]. These shortcomings
of planning framework are further exacerbated by the dominant «three-dimensional»
perspective of sustainability, which operationalizes it through distinct economic,
social and environmental targets, including the UN Sustainable Development Goals[3].
Within this framework, the implied trade-offs between environment and development
have posed practical obstacles towards implementation of sustainability targets in
European countries [4].

Analysis of recent research. This necessitates a substantial revision of philosophic
foundations [5] and methodology for operationalizing the sustainable development
principles, particularly in the regional and spatial economic contexts. The proposed
physical economic approach [6] to creation of spatially explicit sustainable development
models for territorial units of different scales and organization levels is informed
by novel insights of natural sciences as well as interdisciplinary systems studies.

It stems from the open nature of spatial socioecosystems that non-equilibrium
processes subject to fluctuations play the predominant role in their development.
This is where energy and matter exchanges take place, and where bioinformation,
commodities and money traffic occurs. It is known that solar energy is the common
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source of energy for all processes on Earth which, being transformed, is manifested in
the economic activity of a region and predetermines its working capacity. The Earth’s
surface energy budget of the region as a part of the terrestrial biosphere has its own
thermodynamic regularity. This is why the ideas of the physical economic school
founded by the Ukrainian scientist Serhiy Podolynsky must be laid as the foundation
for fundamental research and modern economics for sustainable development. This
provides the opportunity to combine physical processes with economic processes, me-
thodologically prove the need for synthesis of natural and value parameters of solar
energy and natural capital stocks preservation in processes of spatial economic activity.

Each spatial ecological social economic system (ESES) carries out productive
work for economic consumption and reproduction of natural processes. This work
is common for both social economic and natural components of the system. The
potential of natural capital productivity in a spatial ESES can be interpreted as
the stock of free energy (F) that, depending on the state of accumulated entropic
potential according to Gibbs, or negentropy according to Schroedinger (o), as well
as actual entropy (S), forms the potential of its working capacity. The Earth system
is out of thermodynamic equilibrium with outer space, but is maintained in a stable
state by constant supply of solar energy (Q), which comes from the high-temperature
source with T = 6000K and is dissipated into outer space at T, = 300K[7]. According
to the definition of entropy flow (dS) in an open system [8], dS, = Q/T, — Q/T, <
0, i.e. the «negative entropy» inflow occurs into the Earth’s biosphere, with the
sustainability of the negentropic budget [9] maintaining the biomass conservation
law posited by Volodymyr Vernadsky [10]. According to him, «...chemical composition
of the outer crust of our planet — biosphere — is completely influenced by life, i.e. it
is determined by the living organisms. ... [T]he living organisms, i.e. the aggregate
of life, transform this cosmic radiating energy into the Earth’s chemical energy
and produce the infinite variety of our world. These living organisms produce one
of the most grandiose planetary phenomena... by their respiration, nourishment,
metabolism and their reproduction, continuous use of their substance and, which is
most important,.. by their birth and multiplication» [10].

The purpose of the paper. This paper outlines the conceptual foundations of the
physical economic approach, and a multi-layered spatial sustainability model governed
by it, using the case of the Carpathian macro-region.

Major research findings. Within the defined context, research and modelling
of interdependencies between energy equivalent of natural capital and volumes of
economic activity is very important. Within this context we can speak of ecological
supply as the function of energy exchanging processes with natural environment
[6]. The condition of sustainable development of a spatial ESES is then the maximal
preservation of the volume of negentropy. Negentropy function of natural capital
has aims and criteria different from the production function. It aims at the increase
of not economic, but ecological wealth through preservation of negentropy budget
in each ESES. Photosynthetic function of autotrophic organisms in the biosphere
is of great importance, due to its role in production of the living matter as a
self-regulator and supporter of life. This establishes the photosynthetic function
of terrestrial ecosystems and its quantitative parameters as the primary spatial
sustainability indicators, allowing consistent evaluation and management of natural
capital [11]. For this reason, spatial negentropy function of natural environment
preservation is necessary to integrate into the spatial economic analysis, placing
sustainable restrictions on resource extraction and economic activity in the ESES.
This leads to the modelling paradigm of economy built into the biospheric space, with
terrestrial ecosystems as the core of an ESES subject to influence and disturbance
by economic agents.

According to the above principles, spatial heterogeneity must be introduced into
the basic physical definition of the natural capital productivity potential, free energy
stock (F), which is identified as F = U + pV — TS, where U — internal energy of the
system, p — pressure, V — volume, T — absolute temperature, S — entropy.
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Due to simple additive nature of internal energy, volume, and entropy, heterogeneity
should be introduced by allowing for differing temperature functions in each location
of the biospheric space as a thermodynamic system, with the temperature function
defined as partial derivative U/ S. For a given «small region» in the biospheric
space, we define U,/ S, =T =T, with U,/ S,=T,=T for the rest of the space. It
is evident that generally the biospheric free energy stock F is not equal to the sum of
spatial subsystems’ stocks F,+F,, and in case T’>T, F > F +F,. This echoes the famous
Aristotle’s definition of a system as a whole larger than the sum of its parts and
reflects the synergic effect of spatial subsystems within the biosphere. Furthermore,
the volume of the synergy can be shown to equate F — (F +F,) = S (T’-T), i.e. to be
dependent of the particular choice of a local subsystem with its entropy volume and
temperature function. The proofs can be equivalently formulated for negentropy
interpreted as Gibbs’ entropic potential, identified, with the above notation, as ¢ =
(U+pV)/T - S.

These simple relations have two crucial sustainability planning, programming and
governance implications [12], which can be for the sake of discussion formulated
in the form of the «no-go» theorems. First, there is no possible complete spatial
allocation of the global natural capital. This is due to the synergic nature of the
spatially determined free energy stocks, which makes neither global, nor decentralized
governance sufficient for effective preservation of natural capital. Second, there is
no possible depoliticized allocation of economic rights for the located natural capital
fractions. This is due to non-additive properties of natural capital stocks of the
territorial subsystems, which makes various delimitation, agents’ identification and
property distribution criteria applicable.

The outlined implications further emphasize the conceptual shortcomings of
stakeholder-centric and property-based sustainability decision-making models.
Particularly, contrary to the common assets trust model [13], de-emphasis of property
rights management is seen as necessary in the future sustainable development
frameworks and institutional projects, including World Environmental Constitution.
Instead, trajectories of system’s dynamics on different scales should become the
subject of preventive decision-making and risk management by economic agents and
regional stakeholders. The indicators of the spatial ESES dynamics can, according
to the previously described physical economic principles, include photosynthetic
productive function parameters, energy and entropy flows within and across
the boundaries of terrestrial ecosystems, as well as informational functions of
spatial resource extraction and economic activity distributions. A multi-layered
communication and coordination network is one of the possible governance models
within this general approach. Hierarchical as well as horizontal information flows
can be applied, with a number of independent decentralized agents with their own
domains of resources and targets of operating within the broader domain of a higher-
level agent. This structure further necessitates strong institutional foundation rather
than undermines the need for it, due to shift of focus towards agency from property
rights allocation. The benefits of the proposed network model compared to both the
global and the one-layer decentralized network governance include the improved
monitoring and safety infrastructure, reduction of transactional and informational
costs, and responsiveness to the above mentioned sustainability planning tensions as
well as insights from the physical economic considerations. Resilience and economic
efficiency of the layered network increase with the number of hierarchic levels and
growing decentralization of a particular layer.

The complex institutional landscape of the Carpathian region, coupled with common
environmental, sustainability and spatial development issues, can form the basis for
this kind of heterogeneous network, which warrants further empirical and applied
research in the region as the model ESES. The Carpathian regional unity has a number
of aspects[14], including geographical, constituted by the Danube-Carpathian complex,
hydrological, with the Tisa/Tisza basin as the major ecological pillar of the area, and
bioecological, due to its ecological links as the Eastern part of the European Alpine
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region. The high share of forests and permanent grasslands conditions presence of
the common land use patterns, despite the quite diverse spatial structure. Population
of the macro-region amounts to app. 10 mln inhabitants, with recreational industry
and agriculture prominent as the major economic sectors.

The common environmental and sustainable spatial development issues for the
region [14] are caused, on the one hand, by common development trends of the
Carpathian countries and country groups, as well as, on the other hand, by the above
mentioned aspects of ecological, social and economic unity. The first group includes
the common agro-environmental problems for the Western Carpathian countries,
accompanied by the ongoing changes in agricultural production modes, as well as the
risks of intensified spatial development associated with industrial and recreational
prospects, particularly related to the Common Strategy of V4+2 countries’ spatial
development [15]. The second group of common sustainability issues includes flood
prevention, toxic waste storage and river basin management in the Eastern part of
the region, and, most importantly, biodiversity conservation in the face of intensified
spatial development.

The institutional frameworks for the Carpathian region include the supranational
European Union institutions, which exclude Ukraine but do involve the country into
the mentioned macro-regional strategies and programs for the Danube region. The
Western part of the region is mostly covered by the Visegrad Group international
arrangements, the scope of which includes biodiversity conservation implementation
issues and spatial development within and beyond the Group countries. The UNEP-
backed Framework Convention on the Protection and Sustainable Development of the
Carpathians, known as the Carpathian Convention, as well as the UNECE conventions
package concerning the transboundary environmental governance issues, complete the
international institutional level. The transboundary cooperation and coordination of
the local administrations is to a large extent covered by the Carpathian Euroregion,
while sub-national cooperation frameworks for territorial communities and local
governments are country-specific. This institutional complexity, while beneficial
for facilitation of the dynamic multi-layered decentralized communication for
sustainability, requires further applied research to identify the optimal coordination,
resource allocation and reporting paths for sub-national, cross-boundary, national,
international and supranational agents.

Conclusions. As the first step towards elaboration and implementation of the
proposed spatial model for sustainable development, an informal comprehensive
framework could be developed for the Carpathian region, similar in its coverage to
the existing European macro-regional strategies and capable of carrying out a subset
of their functions for sustainability-oriented processes, projects and programs in the
region. The framework should be targeted towards sustainability governance agents
and stakeholders of various scales and levels, taking country-specific institutional
discrepancies into account and including territorial communities, municipalities and
sub-regional governments, as well as higher-level entities. It should elaborate the
nature and substance of the sustainable development targets according to the described
physical economic approach, and be accompanied by applied institutional analysis of
cooperative and coordinative mechanisms for implementation of the targets, existing
and prospective institutional tools for the respective process, project and program
development, funding, implementation, monitoring and results dissemination.

This paper attempted to provide both methodological and practical account of
the physical economic approach to spatialization of sustainable development, aimed
towards a more scientifically justified, efficient and less politicized solutions of
territorial sustainability issues. Informed by natural sciences, systems studies
and philosophical developments, the methodology is capable of providing formal
operational definitions of sustainability in complex ecological social economic systems,
as well as identifying conceptual and practical shortcomings in widespread sustainable
development governance frameworks, particularly stakeholder-centric and property-
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based approaches. Finally, more flexible and cost-efficient governance systems for
spatial sustainability can be designed within this methodological domain.
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I'punis JI. C., Xoauxo /1. I. @opmyBaHHs1 IPOCTOPOBOI MoJeJi JIsl CTAJ0I0 PO3BUTKY: (i3nKo-eKOHOMiYHMIi
miaxia.

byov-axa npocmoposa exonococoyioekonomiuna mooeib GUKOHYE NPOOYKMUBHY POOOMY 0151 eKOHOMIYHO20
Cnodcusanta ma 6i0meopens npupooHux npoyecie. Lla poboma ¢ cninonoio sAx 014 coyianbHO-eKOHOMIUHOT, MaK i
02151 npUpoOHoi’ ck1adoeoi maxkux cucmem. Mu inmepnpemyemo nomenyian npoOYKMuGHOCHI NPUPOOHO20 Kanimany
y ekonoeocoyioekonomiynux cucmemax (ECEC) sk 3anac einvhoi enepeii. BionogioHo 00 usHayenHs eHmponiuHux
nomoxig y eiokpumiil cucmemi, 00 3emnoi biocghepu 8i00Y8ACMbCA NPUNIUE «HE2AMUBHOI eHMPONiiy, npuiomy
CMIUKICMb He2eHMPONiuHo2o 0100xceny 3a0e3nedye 000epICAHHs 3aKOHY 30epedcents biomacu Hcusoi pevuosunu,
cghopmynvosarozo B.1. Bepradcvkum. Ymosoro cmanozo pozsumxy npocmoposux ECEC, makum 4unom, € MGKCUMAIbHE
30epedcenns 0bca2y Heeenmponii nazemnux exocucmem. Haozeuuaiino eascausa poiv naiexncums ([mmocunmesy
asmompognux opeanizmie y oiocghepi 3a60sKu 11020 poni y npodykyii sHcueoi PEUOSUNU K UUNHUKA camopezynayii
ma niompumxu dcumms. Lle 0ozeonsic susnauumu ynkyio pomocunmesy ma ii Kinbkicni napamempu sx nposioni
[HOUKAmMopu nPoCmMopogoi’ CMitikocmi 3a0isi 00CMOGIPHO20 OYIHIOBAHHS MA eEeKMUBHO20 YNPAGIIHHA NPUPOOHUM
Kanimanom. Bpaxyeanns npocmoposoi neoOHopionocmi npu 8UsHa4eHHi 8LIbHOI eHepeii 0036015€ 8UABUMU 81ACTUBICIb
Headumuerocmi ii 06cs2ie y npocmopogux niocucmemax 6iocgepu. Bionogiono, nosHuil npocmopoguii po3nooi
2100aNbH020 3anacy npupoOHO20 KANImaiy mda Oenonimuzo8anuii po3noodil eKOHOMIYHUX NPA8 KOPUCMYEAHHS
JOKANI308aHUMU (YOHOAMU NPUPOOHO20 Kanimany € Hemodxicausumu. Lle 0ooamkoso 3azocmpioc KoHyenmyanibHi
HeOOoNIKU CMeUKXo10ep-opIiCHMOBANUX | 3ACHOBAHUX HA BIACHOCI MOOELell YNPAGIIHHA CIANUM POZBUMKOM. 3AMiCb
Yb020 00’ €KMOM NPEGEeHMUBHO20 YNPAGLIHHI MA PUSUK-MEHEONCMEHMY eKOHOHOMIYHUX cyO ckmis, 00 cOnanux
y bacamowaposy mepexcy KoopOuHayii i KOMyHiKayii, Maroms cmamu mpacKkmopii cucmemHol OUHAMIKU PI3ZHUX
opeanizayitinux pieHis. Ll cxema cemepozeHHOl Mepedici 0ae MONCIUBICMb NIOBULYEHHSL MEPUMOPIATbHOL OnipHOCMI
ma eKoOHOMIUHOT eqheKmUsHOCmI 3 MOUKU 30py MPAHZAKYIUHUX GUIMPAM, I3 3DOCMAHHAM KIIbKOCI iEPAPXIUHUX DIGHIE
i cmynens eopusonmanvroi deyenmpanizayii. ITnoukamopu ounamixku npocmoposux ECEC moocyms exirouamu
napamempu npoOyKMueHoi (hyHKYii pomocurnmesy, GHYmMpIuHi ma mpaHcKOPOOHHI eHepeemudHi ma eHmponitiHi NOMoKu
HA3EMHUX eKOCUCTEM, d MAKONC THhopmayitini hynKyii npocmopooeo po3nooiny 6UO0OYMKY pecypcie ma eKOHOMIUHOT
oisineHocmi. [{ns inlocmpayii 06’ ekmueHoi HeOOXIOHOCMI Ma IHCMUMYYILHUX nepedyMo8 NPONOHOBAHOT NPOCMOPOBOI
bacamopisnesoi mepedicesoi MoOeni YNPAGNIHHA CMAIUM PO3GUMKOM GuKopucmano npuxiad Kapnamcvrkoeo
peciony. Cninbui npobaemu O0BKINIA MA PO3GUMKY PeiOly GKIIOYAIOMb NUMAHHA eKOHOMIYHOI pecmpyKmypu3sayii,
aA2pPOEeKON02IYHI NPoOIeMU, BI08EPHEHHS NPUPOOHUX CIUXIUHUX JIUX, 30epieants MOKCUYHUX 8I0X0016 ma, HAN8aXdCIueilie,
30epediceHHst OIOPIBHOMAHIMMSL 8 KOHMEKCMI IHMEHCUBHO20 NPOCIOPOBO20 PO3GUMKY. Bonu cnpuuuneni cnitoHumu
mendenyismu po3eumxy Kpain ma epyn kpain Kapnamcwvroeo peciony, a makoc 2eocpagivnumu, 2ioponociunumu
ma 0I0eKoNo2iUHUMU ACneKmamu pe2ioHanvHoi eonocmi. IHemumyyitina ckiaoHicms peciony, cnpusmauea O
61POBAIICEHHSL NPONOHOBAHO20 YAPABTIHCHKO20 NIOX00Y, BUMALAE NOOAILULUX NPUKTAOHUX OOCTIONCEHb OJIsL GUABTIEHHS
ONMUMATBHUX ULTSXIE KOOPOUHAYIT, PO3NOOLLY pecypcis i 36imnocmi 0Jist pe2iOHAIbHUX, MPAHCKOPOOHHUX, HAYIOHAILHUX,
MIHCHAPOOHUX | HAOHAYIOHATLHUX CYO '€EKMIB 34071 pO3POOKU HeOPMATbHOI CpameiuHol pamKu K Nepuiozo KpoKy
00 61POBAVICEH NS NPONOHOBAHOLO MEXAHIZMY.

Knrouogi cnoga: npupoonuii kanimauz, npocmoposi eKoio20CoOYIi0eKOHOMIUHI CUCIEMU, BLIbHA eHEPRis, He2eHMPONisl,
npeeeHmueHe YNpasiinHs Osi CMIUKoCni.
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