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Abstract. Spatial policies are meant to ensure a balanced and sustainable development at different territorial
levels. Although numerous studies were carried out, consensus was not achieved on the importance of
different levels of policies (local, regional, national, European) on the development process, and whether
regulated interventions can stimulate development better than the intrinsic mechanisms of territorial
processes. This study aims to assess the development of Romania at the level of metropolitan areas, using GIS
in conjunction with the statistical and mathematical modeling of territorial dynamics. The results strengthen
the importance of the local level in monitoring the efficiency of spatial development policies.
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1. Introduction

The concentration of human activities, political power and decision centers in the territory is
a paradigm of the evolution of human settlements, as identified in the history of territories.
This dynamic implies a hierarchy of human settlements sustained (among others) by the
increase of accessibility of the closest urban center through the development of main and
secondary networks of communication. The communication routes sustain the provision of
services and increase of functional efficiency of administrative and governance systems. The
diffusion of cities in the territory and evolution of two-way relations of human settlements in
the rural territory is a phenomenon that increased its importance in the past 70 years,
constituting one of the most persistent characteristics of the contemporary world. The
magnitude and political importance of the phenomena defining this dynamic rewrite the
priorities of studying territorial dynamics and affect the process of phrasing development
policies’.

The process of developing functional urban areas generated the growth of the development
potential and in many cases increased the quality of life within the territories, but produced
major problems affecting the territorial ecological balance (increased transport flows and
energy flows, decrease of population services, soil sealing by anthropic structures,
degradation of cultural and natural landscapes)’. The importance of growth poles was
restudied using a complex approach based on a territorial context, substantiating the major
guidelines of EU and Romanian spatial planning. The approach consisted of elaborating
economic approaches sustained by spatial analyses substantiating development policies for
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all spatial scales (European, national, regional, and local). Urbanization (including first the
concentration of population and social-economic activities), expressed spatially by urban
sprawl, increasing the use density in the peri-urban territory of polarizing centers, is the
expression of processes manifested mostly after WW2.

Due to the huge diversity and amount of data, and the change rate important due to the
relations between different territorial phenomena, the statement “planning is the art of
possible”? surprises in the best way the need to identify and understand the most significant
elements characterizing a territory. These lead (due to managing reasons) to the desire to
simplify the analysis down to essential data. Regional planning is analyzed along with the
national one, an important feature of changes in social systems®. An important viewpoint
addresses the importance of growing innovation drivers on the transformation of existing
social structures®, expressed by the increasing interactions between interconnected
systems®. This assumes the evolution of urbanized regions around cities becoming centers of
metropolitan development. The idea of developing a coherent network of European
settlements was substantiated by thematic EU projects, such as ESPON 1.1.3".

Despite the decrease of birth rates in Europe, the growth of urban population, especially in
the regional centers, stimulated researches on integrated urban and regional planning and
development®. This trend, evident after 1945 in Western Europe, is targeted to the
identification of ad-hoc pools of region-city planning®, and resulted into multi-scale spatial
approaches of development. The multi-directional development (top-down and down-up)
became part of current regional and metropolitan development practice especially after the
first ESPON studies (starting with ESPON 1.1.1 in 2004) became the scientific grounds of later
studies aimed at substantiating the EU budget allocations. Metropolises are tightly related to
regional identities, offering them opportunities for valorizing the economic, social, and
cultural development potentials, stimulating their evolution'®. From this perspective, the
coverage of the national territory by a network of strong metropolises or urban centers, able
to generate existing or emerging functional areas, mirror the evolution of actors (especially
economic ones) and their relations in the geographic and economic spaces, and of the
networks defining endogenous and exogenous flows (from the metropolitan area and
development region). The core analysis of these dynamic structures and spatial relations of
population are the start point of phrasing development policies'*. The profile of the urban
process is an interpretative description of an urban region and its surrounding territory,
depending on the development of data banks and identification of the limits of field
studies'?. The desirable result is a graph useful and necessary for determining in-depth
coordinates of development for the area. The main research areas are ecological resilience,
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economic welfare, and levels of political involvement of population and cultural vitality .
The analysis of complex territorial structure identifies the elements influencing territorial
development, and a historic perspective can suggest the directions of evolutions. Along with
the economic modeling of territorial phenomena, these approaches are the grounds of
national, regional, and local policies, and of transposing European objectives into national
ones.

Perroux'* developed in his works written after WW2 the economic idea of growth poles into
a vision of an abstract economic space that must correspond to a geographic area, region or
city, referring to the external economies, agglomerations and relations. Other authors (e.g.,
Albert Hirschman), give the term a negative meaning (impact of growth poles on
surrounding regions), underlining the complexity of the issue. This theory develops the
previous location theories (Alfred Weber - 1909; Walter Christaller - 1935; August Losch -
1953). The latest amplifies older spatial analyses correlated to economic dynamics (Johann
Heinrich von Thiinen - 1826). Other regional development approaches™ continued regional
development studies, underlining through the endogenous development theory the fact that
the grounds of spatial organization are the core of regional planning and an alternative to
the classical theories. The theories on the development of urban planning are decisively
related to global and local environmental issues and directed toward action (relations
between land cover and functional anthropic structures)'®. Due to this, the practical
knowledge of urban development objectives in urban planning becomes a priority'’. The
geometric methods of approximating functional urban areas using Thiessen polygons, or
spatial influences of activities — limits of market attraction areas, Reilly-Converse law — 1929
and 1949 aim to understand the spatial relations between different activities or activity
clusters for substantiating political decisions. They are part of the GIS techniques and
methods for the spatial analysis of large and diverse data. There is a strong relation between
the spatial distributions of human settlements in the geographic space and the polycentric
evolution of development processes®®, affecting the analytical methodologies used for the
complex planning of territories.

1.1. Metropolitan areas in Romania

Romanian metropolitan areas, seen as inter-communal cooperation structures, are the
result of two complementary phenomenazoz urbanization as a result of regional and county-
level development convergence, and growth of their peri-urban areas. The declared
Romanian metropolitan areas, institutionally functional (Oradea 2001, lasi 2002, Constanta
2006) were followed by a longer series of similar initiatives. They imposed through
accelerated development or aspirations of local authorities. The declared metropolitan areas
of Cluj-Napoca, Timisoara, Brasov, Targu-Mures, Braila-Galati, Ploiesti etc. represent specific
development opportunities and restrictions at different moments of their evolution. In the
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process of coagulating metropolitan cooperation areas, Bucharest is a special case due to
the population size, economic and social power, and politico-administrative importance. The
system of Romanian urban settlement is mostly based on centrality (coordination by
subordination)?™.

In Romania, the concentration of population and activities in cities was stimulated by
political decisions reflected by Law no. 2 of 1968 on the administrative organization of the
national territory. The creation of counties and administrative-territorial seats represented
the means for distributing development resources over the national territory (in a
centralized economic system) and stimulated the emergence of social and economic centers
changing the urban-rural population balance to favor the first starting 1985%2% Although no
suburban communes administratively subordinated to the polarizing city were created
(Decree-Law 38/1990, Art. 2), the strong economic and social ties developed up to the
moment (especially by commuting within the labor force basin) led to the sprawl and
development of peri-urban areas. The economic, social-demographic and cultural structuring
process continued, and many Romanian county seats are part of the process of developing
functional urban areas or incipient metropolization process. Through its rapid evolutionary
nature, where anthropic pressure forces natural rhythms, spatial planning is a continuous
process, evolving based on the influence of its contextual drivers. Thus, planning is a
complex process®®, implying diverse professional and normative-institutional resources. The
analysis of territorial coverage is not only part of the territorial process with its multiple
coordinates, but also of planning. Specific territorial development policies rely on spatial
theories of the regions. Operationally, Romania adopted this vision starting with Law no. 315
of 2003, updated). The approach was detailed by Law 350 of 2001 on urban planning and the
National Spatial Plan — Law 351 of 2001 on the network of settlements.

The assessment of territorial administrative units at LAU 2 level in Romania is very necessary
for estimating existing gaps between different regions and for correcting national, regional
and local policies in territorial planning. The first, and probably the most important, step in
the process of developing indicators is to clarify the basic concept which is to be represented
by the analysis®®. Analytical structuring identifies those elements that influence the
territorial development of short-, medium- and long-term territorial administrative units. To
this end, European policies in the field and global development trends need to be taken into
account. Also, the analytical structuring should take into account national, regional and local
policies as well as the way to translate European objectives into national targets. The
sustainable-growth policy approach will be characterized by strong emphasis on improving
the resource efficiency in Europe by a proactive approach toward greener economic
development strategies, and supporting measures of adaptation to climate change®. It
forecast that accessibility to the nearest urban centre, good secondary networks and levels
of service provision (stronger focus on local accessibility than European scale) will be
enhanced in this perspective, reinforcing the polycentric structure based on small and
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medium-sized towns?®. At the same time attention will be paid to policies toward
immigration and to accessibility to services of general interests in small towns for rural
residents, and increase the accessibility to job opportunities and services”. In the smart-
growth policy approach, the role of large metropolitan areas is strengthened by focusing
resources and efforts on investing in hi-tech technologies and by improving and improving
European research networks and by investing in higher education institutions. Also, in the
last decade large metropolitan areas have developed cultural industries, defending a new
economic order that assigns culture and information a key role in regional and urban
economies®®. The competitive advantage of the territories does not depend solely on their
endowment of national resources (capital, labor and money); it depends fundamentally on
their innovative dynamic®. In this global system of urban and rural networks an important
role is represented by the local government system. The EU is in the process of becoming a
multi-level governance system and sub-national actors are given a role in policy-making”*°. A
well established and reliable governance system of a place can be a factor of localization, in
particular concerning the “mobilization process” through which territorial assets are
activated®. The future of these networks of localities will be influenced as much as possible
on the quality of life and the attractiveness of the environment. There is a frequent
confusion between attractiveness and competitiveness as many researches are made from
economic perspectives®. The focus is often on production factors and space opportunities in
order to attract firms, investors or qualified workforce®>. Studies on “creative cities” have
shown the importance of space amenities and infrastructures in order to attract well-
educated active people, the so-called “creative class”**. Romania's Territorial Development
Strategy (SDTR) is the long-term programmatic document establishing Romania's territorial
development guidelines, based on a strategic concept, as well as the implementation
directions for a period of more than 20 years, at regional, interregional, national scale,
integrating relevant aspects across borders and transnational. Long-term territorial
indicators will be periodically evaluated for the assessment of long-term territorial
development policies.

1.3. Methodological issues

Land cover and use changes were assessed using several methods, such as the Integrated
Spatial Decision Support Systems - which also embed economic models®, old maps using in
conjunction with soil mapping36. However, they are hard to monitor without geospatial
technology and data®’. Identifying the indicators for this study on the classification of
territorial administrative units has taken into account national, European and local
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development trends of the localities network globally. The role of sustainable development
agendas and the implementation of European Union policies are important in the
construction of the criteria and indicators®. Data availability is perhaps the most
fundamental problem restricting the eventual set of indicators. The scientists have much to
offer benchmarking studies in terms of the variables to include, best measures and data
sources for variables chosen, and reasonable “formulas” or methods for combining the
selected variables to best reflect the regional characteristic of interest (e.g.,
competitiveness, innovative capacity, entrepreneurial environment). The ranking studies
vary in how the selected indicators are combined into the final index, rank, or grade39.
Various statistical techniques, including regression analysis, factor analysis, multi-criteria
analysis, and cluster analysis, can be used to produce a combined multivariate index from
the selected indicators*’. To determine the level of territorial development of administrative
units, a great number of various and often incompatible criteria should be considered®.
Therefore, statistical evaluation techniques should be designed to match the indicators for
all areas studied and take into account both quantitative and qualitative aspects. The most
important, step in the process of developing indicators is to clarify the basic concept which is
to be represented by the analysis. For this reason, statistical techniques must be
implemented according to the purpose of the study. Dario Cziraky** proposed a multivariate
statistical framework for regional development assessment based on structural equation
modeling with latent variables and show how such methods can be combined with non-
parametric classification methods such as cluster analysis to obtain development grouping of
territorial units. These methods have several important advantages over the previously
taken approaches in the literature in that they, the most important advantage take account
of distributional issues in turn enabling application of more powerful inferential
techniques43. Assessing the major aspects of economic and social development of the
Lithuanian regions, including the environmental problems, as well as multidimensional
character of the criteria, the different directions of their changing and significances was the
subject of a scientific study using multi-criteria assessment methods The main advantage is
that Multi-criteria evaluation methods allow to take into account multidimensional character
and different directions of the criterion change as well as different significances (weights) of
the criteria describing the development of the regions**. To assess the regional disparities in
Romania a new variant of the relative distances ranking method was adapted, so as to make
it possible to measure simultaneously the intra and inter-regional disparities. Based on a
multidimensional index of inequality, the Romanian counties plus Bucharest municipality
have been ranked and included into four major development categories, according to their
relative position in economic development. Gini coefficient, Herfindahl index and Theil index
have been also employed, suggesting a relatively low amplitude of both inter-regional and
intra regional disparities*. Neural general regression network is a new approach used to
solve complex non-linear modeling problems. Based on this method it was calculated an
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index system in 109 counties in Henan region for evaluating territorial functions including
agricultural function, social function, economic function and ecological function. This model
based on a General Regression Neural Network (GRNN) makes a comprehensive evaluation
and analyses the chronological evolution process of territorial functions of 109 counties in
2000, 2005 and 2010%°. The EU Regional Competitiveness Index (RCI) is the first composite
indicator which provides a synthetic picture of territorial competitiveness for each of the
NUTS 2 regions of the 27 EU Member States. It builds on and modifies the approach of the
Global Competitiveness Index of the World Economic Forum (WEF). It consists of eleven
pillars grouped in three groups: basic, efficiency and innovation. A original study embedding
mathematical methods (ELECTRE) and Delhi method in a GIS in order to produce hierarchies
of the territorial indices at the NUTS levels Ill and V, displayed as charts and maps
underlining the disparities between the socioeconomic, cultural and environmental aspects
of the development was achieved during 2007-2009 in a Romanian research project®’.
Implementation a set of indices for monitoring the effects of new regional development
policies of the European Union, as well as other sectoral policies with territorial effects,
resulted into the creation of new flexible systems, able to increase the administrative
capacity to access structural and cohesion funds at regional level in Romania. Data
Envelopment Analysis (DEA) is a linear programming technique that obtains flexible weights
directly from the data®®. DEA tries to find for each case a set of specific weights such that a
weighted sum of values is maximized with the restriction that none of the cases receives a
score greater than unity (for a recent review of DEA methods see the authors below*’). New
territorial development trends at European level take into account accessibility at macro and
micro levels, polycentric development of localities, governance of metropolitan areas and
smart specialization of cities and regionsso. The new approaches require new statistical
indicators and methods of mathematical, statistical and IT evaluation.

1.4. Research goals

The study aims to identify the opportunities and limitations of territorial development
capacities of territorial administrative units, in order to enable balanced and sustainable
long-term national and regional development policies in accordance to the sustainability
goals.

2. Data and methods

The study proposes a methodology for assessing the performance of metropolitan areas in
the last 10 years based on evolving statistical indicators, an innovative mathematical-
statistical method, and the analytical capacity of Geographical Information Systems. The
statistical indicators quantifiable over time were selected based on their ability to express
most adequately the socioeconomic performance of investigated metropolitan areas. These
indicators relate to the mobility of people and evolving economic performance. The GIS
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database contains the following indicators for the administrative territorial units within the

investigated metropolitan areas:

e Number of new dwellings (2012, 2013, 2014, 2015, 2016);

e Total number of dwellings (2016);

e Population of administrative territorial units (2008, 2011, 2014, 2016, 2017);

e Number of employees within the administrative territorial units (2008, 2011, 2014,
2016);

e Turnover of the administrative territorial units (2009, 2011, 2013, 2015, 2016).

Core statistical indicators were combined into indices pinpointing correctly the territorial

dynamics of investigated metropolitan areas. The following joint indices were identified:

e Ratio of the number of new dwellings built within the last 5 years and total number of
dwellings per administrative territorial unit in 2016;

e Ratio of the 2016 number of employees and 2016 population of administrative territorial
units;

e Average slope of the increase of the number of employees;

e Average slope of the increase of turnover;

e Average slope of the decrease of population.

Similar to the evaluation of Romanian functional areas’’, for each joint index values were
grouped in 10 classes using the natural breaks (Jencks) classification, labeled from 1 to 10.
Classes are defined by large gaps between the threshold values. If an index was in class O,
the score of the administrative territorial unit was 0 too. Thus, values of indices were
transformed scores for their groups (1, 2, ..., 10, even 0), using the statistical tools of ArcGIS
10.4. For each index joint using iterative techniques (Delphi method) weights were assigned
to build up a joint index for the performance of administrative territorial units within the
investigated metropolitan areas.

3. Results and discussion

The map of investigated metropolitan areas, presented in Fig. 1, is based on data available
on the websites of Romanian metropolitan areas and other sources, including online
publications.

The assessment of the dynamic of the housing index (a joint index consisting of the ratio of
the number of new dwellings built within the last 5 years and total number of dwellings per
administrative territorial unit in 2016) is displayed in Fig. 2; bright colors suggest a positive
trend, and dark colors indicate negative trends compared to the total number of dwellings in
2016.

The results indicate a significant increase of new dwellings around the large cities:
Bucharest, Cluj-Napoca, Timisoara, and Constanta and partially around lasi, Craiova, Pitesti,
Oradea, Arad, Sibiu and Ploiesti.
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The ratio of the 2016 number of employees and 2016 population of administrative territorial
units has a positive trend within the development corridor Timisoara-Arad and in lifov
County, and partially around the cities Brasov, Oradea, Ploiesti, Sibiu, Baia Mare, and Targu
Mures (Fig. 3).
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Fig. 2. Analysis of the dynamic of the ratio of the number of new dwellings built within the last 5 years and total
number of dwellings per administrative territorial unit in 2016 within the investigated metropolitan areas.

The average slope of the increase of the number of employees (Fig. 4), assessed in 2008,

2011, 2014, and 2016, shows that the metropolitan areas with significant increases in the
number of employees (even 3-7 times) are within the development corridor Timisoara-Arad,
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around Bucharest, and partially within the corridor Baia Mare-Satu Mare and around the
cities lasi and Vaslui.
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Fig. 4. Analysis of the average slope of the increase of the number of employees within the investigated
metropolitan areas.

The analysis of the ratio of the number of employees in 2016 and 2014 (Fig. 5) reflects a
similar trend within the development corridor Timis-Arad and around Bucharest, but also
important increases around the cities Cluj-Napoca, Targu-Mures, lasi, Brasov, Sibiu, Oradea,
Bacau, Botosani, Baia Mare, Suceava and Vaslui.
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Fig. 6. Analysis of the average slope of the increase of population within the investigated metropolitan areas.

The analysis of the dynamic of population during 2009-2017 (Fig. 6) indicates the growth of
population around the large Romanian cities: Bucharest, Timisoara, Cluj-Napoca, lasi, Sibiu,
Targu-Mures, Oradea, Arad, Suceava, Constanta, Ploiesti, and Pitesti and partially around
Satu-Mare, Baia-Mare, Botosani, Craiova, Bacau, Braila, and Zalau.

The analysis of the slope of turnover (Fig. 7) indicates important growth in the cities Cluj-
Napoca (here the turnover increased twice during 2009-2016, situation the city in 2nd place
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after Bucharest), Timisoara, Brasov, and Arad (2.5 times increase), Oradea and Targu Mures.
Large values, but with a slower growth are found in: Constanta, Ploiesti, Pitesti, Sibiu, lasi,
Galati, Craiova, and Bacau. Average values, but important growth is found in the cities Baia
Mare, Satu Mare, Alba-lulia, Suceava, and Braila. The lowest values are found in cities with a
low potential of becoming functional urban areas: Ramnicu Valcea, Deva, Piatra Neamt, and
Vaslui.
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Fig. 7. Analysis of the slope of turnover within the investigated metropolitan areas.

The map of overall performance of the units composing Romanian metropolitan areas (Fig.
8) reflects the national dynamic. Analyses prove that development occurred at different
speeds. There are some territories where economic development poles have ascending
trends: Bucharest and surrounding llfov County, the development corridor Timis-Arad,
metropolitan areas of Cluj-Napoca, Oradea, Constanta, Brasov, Ploiesti, and Pitesti.
However, there are cities with low turnovers compared to the larger ones, and an
insignificant economic trend for creating functional urban areas and sustaining a polycentric
development2.

Spatial planning has a crucial importance in delimiting functional areas for each city which is
also the county seat. Moreover, drafting an average and long term integrated metropolitan
strategy is essential for each functional metropolitan area in order to promote a vision based
on strategic policies, programs, and projects. Integrated territorial investments are an
excellent tool for stimulating the creation of new urban functional areas’®, but the 2014-
2020 Regional Operational Program missed the opportunity for large Romanian
municipalities. In this context, metropolitan governing means play a key role in territorial
development by strengthening competitiveness and attracting new functional
specializations®®. A smart approach to functional specialization requires focusing public
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interventions on specializations chosen according to the principle “limited resources
directed to limited sectors”. This is a challenge assumed by the higher education institutions
through the creation of new specializations.
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Fig. 8. Map of overall performance of the units composing Romanian metropolitan areas.

Metropolitan areas are the most dynamic spatial structures worldwide, with important
dynamics of development, and are considered engines of socio-economic development™.
Their dynamic in Romania is similar to the European and worldwide ones. The assets of large
Romanian cities (efficient spatial planning, functional specialization and smart functional
specialization, good governance) attract investments able to generate welfare within the city
and in its metropolitan area.

4. Conclusions

The continuous monitoring of local policies on the development of Romanian
metropolitan areas is absolutely necessary to correct the development strategies and
improve local governance. A polycentric development strategy and defining smart
functional urban areas are requirements for creating the grounds of national priorities,
objectives and needs for developing a functionally efficient polycentric network, related
to the regional and local levels. Furthermore, good local governance is a premise for
developing functional urban areas able to attract investments and increase the welfare
within these areas.

The question of interpretability is the single most important part of the evaluation of
possible indicators, because the objective in developing the indicators is to provide
measures which adequately reflect the key issues of concern.
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