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SPATIAL NANOSTRUCTURES AND DYNAMICS OF THE
TERRITORIAL SYSTEMS. A THEORETICAL INTRODUCTION *

IOAN IANOS?

ABSTRACT - The present paper attempts to demonstrate dwdtical role of elementary structures
in the dynamics of territorial systems. Territoisgstems are conceived as complex entities, debged
differentiated quantities of interdependences betweatural and anthropic components, spatially
projected. Analogously to physical structures aspatial level, territorial macro-systems (global,
continental, national), territorial medium-systefnegional, intraregional), and micro-systems (local
and infra-local) could be individualized. At thevéd of the last category, it is important to indivalize

an indivisible territorial organization structure whose dynamics is essential for all the terriforia
systems placed at upper scales.

By their number, such structureshaving thresholds defining their critical mass,dhyster or
functional integration types — respond to anthraguicl natural interventions through specific forms
resulting from adaptation-type processes, with tgse#f-organizing capacity. Synthetically, we could
define such a hypothesis as being connected witiadstructures similar to those existing in plhgsi
calledspatial nanostructures Since such a structure, as a physical size compaitbdhe Earth size,
could be a multiple of 1d
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INTRODUCTION

The present special interest in space and instsurees has revitalized geography as science —
one of the few able to analyze territorial compdaém an integrated way and non-discriminatoridy, t
discover the laws governing the interactions amibregn, to measure the differentiated dynamics of
territorial structures and to design their futus®lation. The analysis conceptual am$trumental
advance at a micro- and nano-scale level, recordedrtain exact sciences — mathematics, physics,
biology, chemistry, information science, etc. — htidjecome the strongest challenge for th& 21
century geography. Following inter-, multi, andnisedisciplinary approach of territorial systems,
geography can make conceptual and methodologicplisitons with effects in the organization of
practical space, able to ensure its repositioniwitiie present scientific context.

Geography admits a certain dead end of its invatstigs in the absence of spatial structures
having constant referentiality. All the structurdspend on the analysis scale: what is macro at a
certain level becomes micro at another and thepeaistically no constant independent of the anslysi
level. Therefore, we consider that the discussiooug certain elementary geographical categories —
that can later determine multiscalar analyses eliiecomplex processes or by aggregation ones — is
interesting not only academically, but from an &agilve point of view as well.
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RESPECT FOR SPACE AND INTELLIGENT TERRITORIAL SYSTE MS

Correct understanding of the basic structures amtergent structures in the
territorial systems supposes a brief presentatiooestain elements belonging to the quasi-
conscious behavior of the territorial systems, foé tbility the communities have to respect
space they administer and to act intelligentlyhistoperation.

In other words, the present paper attempts to neliee an idea connected with the
role of elementary structures in the dynamics afiterial systems, aiming at a clearer
definition of the sustainable development focusead a central variablerespect” for
space. The study lays the foundations of defining and aging intelligent territorial
systems.

This central variable built on the idea of respémt space intends an approach in
which the space is no longer a container where rapdex process is taking place, such as
development, but it includes the results of develept historical processes. Such processes
have represented interactions between people andeaand among human collectivities at
varied scales and the space associated to thenrefidre, the respect for space has two
components: a realistic one, defined by its preseanfiguration being the effort of
numerous generations that fashioned and accommlisheand a moral one. The latter
supposes that any intervention at a certain anihaetn threshold can have catastrophic
effects on the resources of the respective spaatehas to be administered with much care
for the future generations.

The latter idea is that the territorial systems amelligent systems administered by
communities that rely on processes developing icoatance with certain logics. In reality,
these logics are ways of solving certain problemslesiderata defined by communities. If
the problems focus on insignificant elements orrespnt parts of a community only, then
the system cannot work intelligently.

An intelligent territorial system is defined by sal characteristics, i.e.: it is able to
analyze reality rather objectively, can notice dysftions and rank them according to their
importance in the system future dynamics; can defitearly a global development strategy;
and is able to assess its own resources for imghting the policies selected to achieve the
objectives in view.

The estimated results of this theoretical approady thus back several European
and national initiatives connected with space cadresdy territorial development. Both at
the level of the European Union and of Romania,rehexist numerous final or in-
preparation documents such as: European Developmenipective (1999); Il European
Cohesion Report (2004), EPSON projects (2004-200@ &£008-2013); Strategic
Environmental Assessment (2001); Territorial Agerf@@07); Strategic Concept on Spatial
Development in Romania; etc. At the same time, Bugopean research programs include
research networks focused on territorial developmeme of the most interesting is the
European Network of Territorial Intelligence (REIT)hey all establish the framework for
encouraging cooperation among the disciplines meargtudy territory, with emphasis on
three analysis levels: interaction among territbaators, social-economic dynamics, and
spatial structures, their evolution included.

TERRITORIAL SYSTEMS, COMPLEXITY, AND SPATIAL NANOSTRUCTURES

The present paper aims at answering aptexnset of questions on the self-
organization of territorial systems in an extremedynamical context — defined by
acceleration of the globalization process but alyo the necessity of sustaining the
processes of human society development at localragmnal levels. The paper has got both
academic valences in that it attempts to know andiotmalize the dynamics of elementary
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structures in space organization, and potentiafiglizative valences by drawing up models
on sustainability of the territorial systems actiagthe level of their nanostructures.

Territorial systems are complex entities, defined hiifferentiated quantities of
interdependences between natural and anthropic components, spatially projected.
Territorial systems belong to the category of bigstems and are characterized by
differentiated anthropization degrees. From the very beginning, human society has been a
continuous pressure factor on nature and on iteues. It has thus tried to adapt itself
actively to an environment having differentiatedaarces from one place to another, both
gquantitatively — from the viewpoint of regeneratiahility — and qualitatively (lang 2000).

The complexity of territorial systems leads te tldea that the whole of elements
coupling unity with diversity (Morin, 1978) is assated with a field of knowledge having
as object of study nonlinear, adapting, dynamicgstems, but sensitive to the initial
conditions (Lewin, 1994). Starting with the 197@ke progresses of such modern theories
as those connected with the evolution of the livimgth cognitive systems and artificial
intelligence, and with self-organization processfisst determined the shift of the
fundamental research interests from the autonomysydtems to the role of attractors
dictating their dynamics; quite recently they haweeused on the creative capacity of the
systems (Pumain, 2007).

Therefore, where does the creative fatéhe territorial systems come from? Could
it result from the fine mechanisms of a common @sxof evolutional adaptation and self-
organization developed at lower scales? The praessf demographic growth and
informational explosion determine a great diversifynanostructures in territorial systems.
It is common knowledge that when diversity excead=ertain threshold, phase changes take
place (Kaufmann, 1993). Could such a phase chaegeel its mark on a territorial system at
a macro scale? When and under what conditions? Shisuld be analyzed taking into
account that phase transitions are collective e$femsulting from the influence of the
neighboring structures on a microscopic structurdhie process of evolutional adaptation.
The ratios among these structures at an inferigell@esult in collective and cooperating
effects that can lead to a phase transition. Tloes@-order phase transitions, generated by
a micro-level fluctuation, visible at a macro-levate scale invariable; they are closer to
what we intend to demonstrate.

The dynamics of territorial systems lhas component parts: matural one, dictated
by the historical ratio established among the nateomponent parts and between them and
the anthropic ones; aanthropic one, defined by society intervening directly irethatural
structuring by implementation of decisions (1an@000). If in a natural dynamics there is a
clear dominant of the societgdaptation processeso the natural environment, in the
anthropic one the stability limits of the lattereaiorced. By inserting the temporal scale and
the resulted effects, the territorial systems colbikdconsideredhort- and medium-termed,
top-down organized by decisions taken at a macro-spatial level (wdhere the spatial
representation gathers a great deal of “unknow@i. a long- and ultra-long term, these
systemsself-organize bottom up, thus correcting an important part of the wrong idems
taken by a society often “blinded” by solid and idhpefficiency. In other words,
substantiating sustainable development policieshmnknowledge of lower-scale processes
and structures (i.e. where the individual’s insemtin the real space is made by adaptation
processes to natural, socio-economic, and cultoredia) could be essential for the future of
the human society.

For better understanding such a dynamitsis essential to give up classical
territorial analyses and individualization of theleg of elementary structures in the self-
organizing process of territorial systems. Analoglguto physical structures at a spatial
level, territorial macro-systems (global, contin@ntnational), territorial medium-systems
(regional, intraregional), and micro-systems (loaald infra-local) could be individualized.
At the level of the last category, it is importatet individualize anindivisible territorial
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organization structure the dynamics of which is essential for all theriterial systems
placed at upper scales.

Thecentral hypothesisof the paper is the presence of elementary andvigithle
structures of the organized space lying at the a$ithe territorial systems dynamics. By
their number, such structureshaving thresholds defining their critical mass (B2004),
by cluster or functional integration types — respdo anthropic and natural interventions
through specific forms resulting from adaptatiopéyprocesses, with great self-organizing
capacity. Synthetically, we could define such a ¢tyyesis as being connected with spatial
structures similar to those existing in physicslledspatial nanostructures (lancs, 2004).
Sincegsuch a structure, as a physical size compargdthe Earth size, could be a multiple
of 10”.

Structuring geographical space and teryi has been a constant concern. For
instance, G. Bertrand (1966) underlined the exiséerof the smallest geographical
structures, called geotops, on a time-space s&fedefining choremes, so-called units of
space organization, R. Brunet (1980) became onth@fmost refined and famous territorial
analysts. Multi-scale analysis revealed the reigtivof scales in the territorial study.
Countless studies focused on detailed analyseshefproblems imposed by macro- and
micro-ratio, their relativity included. Wilson (200 considered that the micro-level in
complex spatial systems could be represented bysdlwmaid, farm, production enterprise,
service supplier, etc. together with the associdgrditory. By his examples, Wilson seems
to have defined the very indivisible organizatianustures of space that can be considered
as spatial nanostructures.

For instance, household gathers thellestacommunity and is associated a certain
space with differentiated functions. The dynamidssoch a nanostructure is based on the
imitation capacity of the organization in the neighboring nanostruestu or in those
belonging to the same territorial subsystem, malterinheritance, good practices
(experience) included, and also a source comindgrom thedeep fundamental reality, as
info-matter (Draganescu, 2000). If evolutional stien fails to explain everything in such a
very complex dynamics, then the changes at thoseldecould be explained due to quantum
gravitation, by introducing anthropic principle. @krelements offered by the chord theory
and by “spin networks” could explain the finest pegses underlying the decisions at the
inferior levels of space organization. All thesemknts from deep fundamental reality play
an important role in creation processes, evoluti@uaptation included.

Some of the most resounding results ialyzing the complexity of the systems, the
territorial ones included, have been recorded & #anta Fe Institute; they succeeded in
applying there concepts and ideas of exact sciemgoesocio-economic sciences. Among
them, the concept of adaptative or evolutional malar landscape (defined in 1931 by S.
Wright) that can be used for getting a space cadplkyy where each point corresponds to a
number — defined by a certain level of aptitudegr{Brane, 2006). Kaufmann’s important
contribution to mathematical modeling of evolutibh@ndscapes can be used, among others,
in analyzing dynamics of the territorial system kmwstructures. In this way, the complex
change-related problems imposed by the selectioth daminance processes of some of
these structures can be explained.

When the diversity of elementary, loweérustures in a territorial system increases,
the interactions in those systems increase expadalgntthus a phase transition can appear —
a fact that can be mathematically proved. Actuadigalysis of the ratio between nano- and
macro-spatial scale shows that an increasing nundferesearchers try to design the
territorial system evolution starting from certaicharacteristics found at the basic
elementary system. Qualitative changes generatdtiatlevel are called phase transitions.
They are the result of a collective effect: eacmastructure tends to have a fluctuating
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behavior owing to the agitations at that level. &neach structure is influenced by its
neighbors the effect is collective.

NEW EMERGENT SPATIAL STRUCTURES

In such conditions, emergent phenomemgpear — the result of a common
characteristic that cannot be found at the leveleldmentary structures. It follows to be
demonstrated the connection between the mathendéiea of the phase transitions and the
laws governing new emergent spatial structures.

Emergence is one of the concepts thaapiflied in the territorial system dynamics,
can change the clichéd views on space organizafitie. concept, suggested as far back as
the second half of the ¥9century by psychologist G.H. Lewes, was recentiyrfd to be
extremely productive in the field of social and somic sciences. Some authors have
defined the emergence as the appearance of steschaving new and coherent properties
during the self-organization process of the compggtems. Generally, one can distinguish
a poor emergencewhen the new properties appear at the level otl@mentary structure,
and astrong emergencgemeaning new qualities of the system that canreotrbced back to
the system of components, but to that of the irtBoms among them. These new qualities
are irreducible to the parts of the system, usiogea ideas from L. von Bertalanffy (1973).

An emergent behavior in the case ofiterial systems is difficult to predict because
of the numerous interactions existing among its ponents. The increase of interactions
versus the number of components is of a combinakdyipe, thus enabling the appearance
of very subtle behaviors at the level of territorentities. On the other side, only a great
number of interactions are sufficient to ensureemmergent behavior because, by creating
“noise”, some of them can destroy any “emergentgnsi. Hierarchical structures,
characteristic of some of the territorial structsirean generate an emergent behavior, but
the decentralized structures seem to be most istierg from the viewpoint of the emergent
behavior genesis. Therefore, a cluster-structuezdtorial system can reach a threshold of
diversity, organization, and connectivity beforeopting an emergent behavior.

The emergent processes in the territosisstems can be generalized by building
computational models, such as cellular automatappdex networks, ant colonies, swarm
intelligence, and othersCellular automata represent discrete models in computational
theory, represented by a matrix of cells in a dertstate (Kari, 2005). Analogically, the
number of possible states for a basic structura oérritorial system is finite, but each of
these structures can change its initial state danation of the state of the neighboring
structures. Each structure can be associated wdath sf modification rules based on the
values recorded in the neighboring structures.elfigralized, they can have emergent effects
at the level of the territorial system taken ashole.

Another model used in analyzing emergsttuctures iscomplex communication
network. Each component element or a spatial nanostructarecorrespond to a network
knot. Each knot can appear in a finite or predeteent number of states. The knots change
their state according to the state of the neighiphnots. The key to these changes is the
creation of some forms of organization in netwodss part of a new network-type society
(Castells, 1997). The emphasis is laid both ommf®rand on the fluxes between component
parts. At present, the study of the formal networkdargely replaced by the study of the
emergent networks, with four measures of the infarstructures: connectivity, hierarchy,
efficiency, and command unity (Krakhardt, 1994). wever, such a notion as emergence
poses problems connected with the interaction ammggnization levels, starting from the
idea that micro-determination appears when partsghaf elementary level influence the
behavior of upper levels (Kontopoulos, 1993). Sanly to neuronal networks, each
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appearance of emergent structures is accompanieda byrocedure of free-generated
possibilities coupled with a set of restrictionathimit those possibilities (Holland, 1998).

With territorial systems (which are bgfthition nonlinear systems), the intensity of
the relations between two or more variables depeonsthe system history and on its
position on the time scale of the evolution procebs that context, Contractor (1994)
identified the importance of historicity and timedversibility, and also the discontinuity
notion applied to the qualitative changes in soyseams.

A territorial system is characterized lay network of agents, characteristics,
interaction rules, and structures emerging fromsthoules. The network is important in that
is gives the individual agents a general evolutemvironment. The characteristics of a
complex system, such as the territorial one, are fbllowing: localization, capability,
memory, and intelligence level. The interaction el largely explain performances,
adaptability, and survival, proving that territdreystems are adaptive complex systems.

The self-organizing ability of territotiaystems is defined by four characteristics: at
least one of their structures is self-catalyzinbiligdy of a component to create itself and to
renew itself independently); there exists a mutoausality relation between at least two
components; the system is environment-open, inti@lato mass, energy, and information
exchanges; and the system operates far from equitib (Glansdorff and Prigogine, 1971).
The self-catalyst is synonymous with a positive diegck plus the idea of continuity.
Following an accumulation process, the papers o®upmong them and can generate
collective decisions and spatial patterns (Benkéra2006).

The knowledge networks among agents aggy Mimportant in self-organizational
ability of territorial systems. Information integran, analysis, and synthesis define what is
generally understood by knowledge. The knowledgealization in the network of agents
varies along a continuum — it can be centralized distributed among several agents.

IS SPATIAL NANOSTRUCTURE A CHALLENGE FOR GEOGRAPHER S?

The paper might contribute to deciphering terrigdrdynamics starting with the
individualization of the role the basic cells play structuring territorial systems. If their
organization is ensured from the upper levels ofiterial structuring with a view to getting
an efficient management for a certain stage, sedinization seems to be generated by the
dynamics of the basic elements. The feedbacks at ldvels of nanostructures and
nanoclusters determine, in time, the self-organaatbf the territorial systems at a global
scale. If the hypothesis proves to be true, themise of a more complex approach of
sustainable development will be created.

The literature, mainly after 2000, abounids studies on territorial development,
although most often than not these are case studiaging an applied character. Very
frequently, they have in view elements of regiodal’elopment, territorial development and
urbanism, urban dynamics and rural developmentrittgral governing. Territorial
dynamics, treated as an independent process bynmthpagement structures, has been
scarcely studied and the organization vision prsvakFor a sustainable development of
human society, emphasis has to be laid on the @mglénizing capacity of the territorial
systems and on the roles the nanostructures andchasters play at that level. However, it
is this very aspect that the research in the fidlterritorial dynamics has left aside.

The paper challengediy the answers given to the following questions:
a) Is there a limit between the organization and sefanization of the territorial
systems? If so, can it be defined by a trans-scaparoach?
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b) Can the elementary indivisible structures (of thanmostructure type), having a
fundamental role in territorial structuring, be imdlualized in the context of inter-
and trans-disciplinary approach?

¢) Which are the sources substantiating spatial nanosires? What is the infomatter
role in explaining the central position of the lawk nature in the dynamics of the
territorial systems?

d) What is the role of territorial emergent structuiasthe self-organizing process of
the territorial systems?

e) Under what conditions can nanostructures producasehchanges at the level of
territorial structures when certain critical mastasve been reached?

f) Is there a dependence ratio between the amounttefdependences and their critical
mass at the level of territorial nanostructures?

g) Can the production of interdependences be contiobé the level of territorial
nanostructures for getting a new quality in thef-@ebanized territorial systems?

The challenging result resides in: builglias simple as possible computation
models able to permit the interpretation of a temial system as a discrete system
having an emergent and unpredictable dynamics; alévg new characteristics by
making analogies with the cellular automaton, inighheach nanostructure can be a cell
and change its state in relation to the neighboreedls; defining the similarities in
functional aggregation and integration of spatiahastructures with different types of
networks; defining the health state of the teriibrsystems taking into account the
behavior of spatial nanostructures and the roleygda by different actors in the
territorial system dynamics.
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