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Abstract:
The countryside is seen as the preserver of local traditions and customs and has a special cultural importance that cannot be quantified and 
appreciated at its true value. In addition to this aspect, it contributes to food security and mitigates the effects of climate change. Perhaps the 
most important component of the countryside is the rural population, which tends to decline as a result of the increasing urbanisation process 
and could create significant imbalances in terms of both food security and environment. Romania continues to have a high proportion of rural 
population (45.6%) and faces major difficulties in retaining this population due to the lack of jobs, poor infrastructure and the high degree of 
population ageing. The article aims to identify the prospects for rural development in the period 2021-2027, which is the third programming

a Corresponding author. E-mail: steriemaria94@gmail.com

https://doi.org/10.11144/Javeriana.cdr20.dpra
https://orcid.org/0000-0003-2199-7834
https://orcid.org/0000-0001-5879-7284
https://orcid.org/0009-0007-7216-2999
https://doi.org/10.11144/Javeriana.cdr20.dpra


Cuadernos de Desarrollo Rural, Colombia, vol. 20, 2023

period in which Romania participates. It also aims to develop an econometric model to explain to what extent the rural population is influenced 
by different variables, taking into account the balance that should exist between urban and rural areas. To this end, the linear regression method 
and the ARMA (Auto-regressive Moving Average) forecasting model were used. The estimation of the model determined in this study cannot 
represent exact values of what will happen by the year 2027, but it rather understands the prospects and directions in which the variables analysed 
are going, in order to establish appropriate measures to mitigate or limit the damage. Based on the trend of the resulting analysis, demographic 
decline will continue over the forecast period, unless some measures to revitalise rural areas are taken.

Keywords: Rural Areas, Countryside, Rural Population, ARMA, Romania.

Perspectivas de desarrollo de las zonas rurales de Rumanía basadas en 
la media móvil autorregresiva (ARMA)

Resumen:
El campo se considera como el preservador de las tradiciones y costumbres locales y tiene una especial importancia cultural que no puede 
cuantificarse ni apreciarse en su justo valor. Además de este aspecto, contribuye a la seguridad alimentaria y mitiga los efectos del cambio 
climático. Quizá el componente más importante del campo sea la población rural, que tiende a disminuir como consecuencia del creciente 
proceso de urbanización, lo que podría crear importantes desequilibrios tanto en términos de seguridad alimentaria como de medio ambiente. 
Rumanía sigue teniendo una elevada proporción de población rural (45,6 %) y se enfrenta a grandes dificultades para retenerla, debido a la 
falta de empleo, las deficientes infraestructuras y el alto grado de envejecimiento de la población. El artículo pretende identificar las 
perspectivas de desarrollo rural en el periodo 2021-2027, que es el tercer periodo de programación en el que participa Rumanía. También 
pretende desarrollar un modelo econométrico para explicar en qué medida la población rural se ve influida por distintas variables, teniendo 
en cuenta el equilibrio que debe existir entre las zonas urbanas y rurales. Para esto, se utilizó el método de regresión lineal y el modelo de 
previsión ARMA (Auto-regressive Moving Average). La estimación del modelo determinado en este estudio no puede representar valores 
exactos de lo que ocurrirá en el año 2027, sino que permite comprender las perspectivas y direcciones en las que se proyectan las variables 
analizadas, con el fin de establecer medidas adecuadas para mitigar o limitar los daños. Según la tendencia del análisis resultante, el declive 
demográfico continuará durante el periodo previsto, a menos de que se tomen algunas medidas para revitalizar las zonas rurales.

Palabras clave: zonas rurales, campo, población rural, ARMA, Rumania.

Introduction
Since the Middle Ages, the countryside has been closely linked to urban areas, mainly because of the need to
supply cities with food, and, over the years, investments have been made to develop infrastructure, thus facilitating
the passage of goods (Mack et al. 2018; Pavel et al., 2020). In addition, since this period, cities have continuously
invested in rural areas to make them more productive and welcoming (Guarin et al., 2020) (Table 1).

TABLE 1.
Description of the variables analysed

Source: In house processing.
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“Rural” is defined in countless ways and there is no uniformly recognised definition, although most 
definitions refer to geographical (physical) space. A number of definitions of rural are listed below, which may 
differ from region to region and country to country.

Although most definitions of rural areas refer to geographical location, most of them also include aspects of 
density and economic activity. However, the OECD (Organization for Economic Co-operation and 
Development) methodology takes a step-by-step approach to defining rural areas, starting with the identification 
of population density (below 150 inhabitants/km2) and ending with the classification of regions according to the 
percentage of population living in these rural communities (Giannakis, 2014).

Kâyser B. classifies rural areas, taking into account economic and social aspects, into peri-urban (pre-urban), 
intermediate and marginal (peripheral) areas. Basically, peri-urban areas are those close to large cities (10-50 km), 
with a strong urban footprint, and are considered a hybrid between rural and urban (Giannakis, 2014). The 
economy is also mixed, relying on both agricultural and industrial activities or services, and in some areas 
even tourism (Figure 1).

FIGURE 1.
The classification of rural areas

Source: Processing after Sterie and Dumitru (2021).

Intermediate areas occupy the largest area of the countryside, where agriculture is the predominant economic
activity, and are considered the agricultural area of the countryside. The development of this type of area lies in
the productivity and profitability of agricultural land (Figure 1).

Rural peripheries should be understood from an economic and social rather than a territorial point of view,
and should be defined as the economic ‘periphery’ of the countryside, defined in social, agricultural and forestry
terms. The potential of agricultural land, and its distance and accessibility to supply centres, define this type of
area (Figure 1).

However, the rural environment is considered to be the keeper of local traditions and customs and has a
particular cultural importance that cannot be quantified and appreciated as its true value (Zang et al., 2022;
Nazzaro et al., 2021). In recent times, economic development in countries around the world has been concentrated
in urban centres, or in their immediate surroundings, on economic activities that can increasingly generate profits
for companies and ensure the creation of well paid jobs with qualified urban staff, and this leads to higher living
standards for local residents (Batur et al., 2021; Csizmady et al., 2021; Jasiński et al., 2021).

Although the driving forces of today’s economy, such as finance and knowledge, are increasingly intangible,
the interdependence between cities and the countryside is more important than ever, especially in the context of
a global population explosion, ensuring food security will be one of humanity’s greatest challenges (Prusaczyk et
al., 2022; Liu et al., 2022; Fayet et al., 2022).

Depopulation of rural areas is an eloquent indicator that reflects the degree of socioeconomic development
of a region. Even the UN (United Nations) has addressed this issue in one of the Sustainable Development
Goals (SDG11), which calls for a balance between urban and rural areas, as this is the only way to achieve greater
sustainability in all these environments. Depopulation of rural areas is occurring in all parts of the world, with a
predominance in localities that are far from economically strong urban centres (Iancu et al., 2022).

With the depopulation of rural areas, quality of life declines and people are exposed to the loss of basic services
due to the loss of budgets managed by local authorities. Forcing young people to seek work in urban areas also leads
to a loss of economic dynamism and contributes to the increase of poverty for the remaining population, which is
mostly made up of an ageing population (Popescu et al., 2018).
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In some countries, depopulation of rural areas is leading to the disappearance of crops, changing the local
fauna. At the same time, the decline in agricultural production encourages the import of much needed products
that would normally have been produced in these areas. In wooded areas, which are no longer tended, animals
are no longer able to graze, which increases the risk of fires and hampers control capacity, increasing the risk of
desertification (Iancu et al., 2022; Mihai, 2019).

The risks associated with rural depopulation have serious implications for urban areas. Perhaps the most serious
phenomenon is overpopulation, which leads to an increase in the number of inhabitants/km2, making it difficult
to maintain the wellbeing of the population, as local authorities are unable to keep up with the development of
essential services to meet the needs of the population. Population growth in these areas leads to an increase in the
demand for certain products and services and hence their prices. By over populating urban areas, the quality of life
decreases, as people living in these areas are more exposed to pollution, although at first glance this may represent
an opportunity for people migrating to urban centres. It also contributes to the expansion of urban areas, taking up
land found in rural areas, with implications for environmental conservation (Iancu et al., 2022; Mihai, 2019).

Thus, maintaining a balance between rural and urban areas is absolutely necessary, and action is needed to
develop rural areas, with the rural population as a key component. Various studies advocate to diversify economic
activities, stepping away from agriculture as the main source of livelihood, so that this diversification helps to
attract businesses and workers. Farming should also not be neglected, instead it should be improved through
the use of new technologies to increase yields. Although most policy approaches are geared towards supporting
economically declining places, Dumitru et al. (2023) recommend supporting those rural localities that are enjoying
population growth or have good prospects for sustainability. All these measures are difficult to implement without
coherent and concrete measures at the government level, tailored to the specificities of each country, region or
microregion (Iancu et al., 2022; Mihai, 2019).

At the European Council level, Resolution 422/2017 discussed issues relating to rural areas which are
characterised by social, economic and environmental diversity, but it emphasised the differences between areas
which enjoy a prosperous population and areas which face depopulation, demographic ageing, high levels of
poverty and heavy dependence on small scale agricultural production. It also expressed concerns about the
phenomenon of depopulation of rural areas and the exodus of young people, stressing the need for these rural areas
and communities to be monitored (Tudor et al., 2022; Iancu et al., 2022).

This is reinforced by some additional data from a report of the World Bank, in which the EU’s rural population
is expected to fall by around 25% in 2021 compared to 1960. From a rural population of around 147 million in about
60 years, the number has fallen to around 111 million, as Europe’s population has been declining since the year
2000 (Tudor et al., 2022).

The European Union’s concern for the development of rural areas dates back almost to its inception and
continues today, allocating for the period 2021-2027 just under 378.53 billion euros through the two pillars, of which
around 87.9 billion euros are allocated exclusively to the second pillar of the CAP, which covers rural development
measures. Like the objectives of the two previous programming periods, Pillar II aims at the increase of the
competitiveness of agriculture, the sustainable management of natural resources and combating climate change,
as well as ensuring a balanced territorial development of rural economies and communities (creating jobs and
maintaining existing ones) (Sterie and Dumitru, 2021).

The EU countries with the highest number of people living in rural areas are Germany, Italy, Poland, France
and Spain, but only Poland has managed to increase its rural population in recent years. Among EU Member
States, this performance was achieved by Austria, the Czech Republic, Slovakia, Ireland and Cyprus. However,
only Austria and Cyprus have managed to show a continuous trend of rural population growth, surpassing the
reference year 1960 (Fayet et al., 2022). These countries can serve as an example of how to focus on the development
of rural areas and keep the rural population in these areas, taking into account the particularities of each country
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and the factors that have contributed to population growth in rural areas. Based on this concept, the “theoretical 
background” section discussed below has been developed, taking as a basis the countries that have performed well 
in this respect.

Brief context of rural Romania
Before the 1989 revolution, Romania’s rural population had clear tasks set by the communist regime, with particular 
importance being given to agriculture. Agricultural land was cultivated exclusively by state owned systems, to 
which all rural people contributed. Children were also engaged in light agricultural work. Urban areas included 
people who worked in industry, and the financial gaps between these two groups were considerable (Dumitru et 
al., 2021; Iacu et al., 2022; Dinu et al., 2020).

After the fall of the communist regime, the rural population showed a slight upward trend, mainly due to 
economic instability following the closure of certain industrial centres (Argatu and Razvanta, 2022). After the 
2000s, the temptation to migrate to Western European countries has increased in search of better paid jobs and a 
higher standard of living, while even more than 30 years after the fall of the communist regime and 15 years after 
its integration into the European Union, Romania’s rural areas are still facing serious infrastructure problems, 
such as drinking water and sewage, gas for heating homes, local roads, doctors’ surgeries and educational 
facilities (Ciutacu et al., 2015; Comanescu et al., 2019; Mitrică et al., 2020).

After Romania’s accession to the European Union, rural regions have benefited from considerable European 
funds aimed at financing agriculture and new agricultural activities, with the main role of improving economic 
performance and creating new jobs. At the same time, the European funds accessed in the two completed 
programming periods that Romania has benefited from so far, have offered the possibility of making investments 
in rural localities. The regions in the west of Romania are geographically and behaviourally closer to the developed 
European countries, with a better performance in terms of absorption of European funds, which has deepened 
the disparities between Romanian regions, something that existed even before accession to the European Union 
(Tudor et al., 2022).

This poor infrastructure, coupled with a lack of jobs or low paid employment (most of it focused on agriculture), 
has led to a sharp migration of young people from rural areas to urban centres or other countries, leaving behind 
an ageing population with bleak prospects for revitalizing these areas (Figure 2). Rural areas also do not have 
favourable credit conditions to encourage business development in these regions or to attract young people who 
want to start their own businesses, although European funds can be an opportunity for them, but the lack of 
investment co-financing is a real constraint (Popovici et al., 2018; Bran et al., 2020; Pavel et al., 2020).

FIGURE 2.
Interdependence of internal and external factors influencing settlements

Source: Processing after Iancu et al. (2022).

The theoretical basis of this paper is the importance of rural areas, where the population of these areas is the
main component, in a context of increased urbanisation, which could create significant imbalances, both in terms
of food security and from an ecological point of view, in addition to totally unforeseen events, such as the covid-19
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pandemic or the war in Ukraine, which could jeopardise the wellbeing of the population (Popescu et al., 2018;
Mihai et al., 2018).

According to World Bank data, Romania ranks second among the EU Member States in terms of rural
population as a percentage of the total population, with a figure of 45.6%, second only to Slovakia, which had a rural
population share of 46.2%, while taking into account the sharp downward trend in this population at European
level, thus categorising them, according to OECD methodology, as intermediate rural regions (Tudor et al., 2022).

The aim of the paper is to identify the prospects for rural development in the period 2021-2027, which is the third
programming period in which Romania participates, in the context of the need to maintain a balance between
urban and rural, but also taking into account the challenges faced by Romanian rural areas. The aim is also to
develop an econometric model to explain the extent to which the rural population is influenced by different
variables, in order to highlight the impact they have on the dependent variable with a view to identifying the
solutions needed to redress the rural demographic situation.

Theoretical background
The literature review was based on the identification of countries in the European Union with a positive outlook
for rural population development and a high share of rural population in the total population, in order to identify
the aspects that contributed to these positive values. China was also considered because it has the highest economic
growth in the world, but also because of the highest exodus of the rural population to urban centres, which has
led to a rural-urban imbalance, an aspect pointed out by Chinese researchers and highlighted by the bibliometric
analysis.

In China, there has been a recent emphasis on urban development at the expense of agriculture or the rural
economy, leading to a widening gap between urban and rural areas. This rapid urbanisation has endangered the
environment, with particularly serious implications for rural livelihoods and the welfare of the rural population
(Yuan et al., 2018). Also, through the process of urbanisation, pressure on farmers has led to the economic
inefficiency of growing the main, traditionally cultivated, agricultural crops. More and more people are migrating
from rural to urban areas, and occupational hazards in work environments and poor living conditions make rural
people more vulnerable to health risks than other groups (Zhao & Liu, 2022; Zhang et al., 2022).

China’s socio-economic transformation, driven by the recombination of regional development factors and
industrial restructuring, has led to substantial change in rural areas. The authors of the study “Differentiation
of rural development driven by industrialization and urbanization in eastern coastal China” argue that it is very
important to understand rural development in the context of a coordinated and balanced rural-urban development
in developing countries driven by strong industrialization and accelerated urbanization (Long et al., 2009).

In the case of Austria, that faces local demographic problems, the potential for tourism and the practice of
certain types of agriculture, complementary to touristic activity, allowed to positively exploit these resources, which
can explain the demographic growth of these areas (Nordbeck et al., 2020). However, one of the main challenges
in these regions of Austria is the ageing population, but the authorities are taking action by giving older people
the opportunity to continue working. At the same time, there are measures to encourage the exchange of farmers
between generations (Dax & Fischer 2018). However, more and more rural regions are facing depopulation as a
result of industrial robotisation, which has had a negative impact on employment in manufacturing and has led
to increased external migration to local markets (Glatz & Bodi-Fernandez, 2020).

In the Czech Republic, the process of suburbanisation reflects a population growth driven by the migration of
young couples with high reproductive index values. In addition, the most important predictors of birth promotion
are time, education and residential environment (Vobecká & Piguet 2012). Currently, the population is attracted
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to rural areas with good natural and socio-cultural conditions, even if they are at a considerable distance from
urban centres. Almost all small communes have a positive migration balance. This is helped by retirees buying
property in rural areas, but also by the changing residential preferences of people and entrepreneurs. At the same
time, positive trends of migration to areas with a well-preserved environmental heritage are highlighted and can
be identified as a process of counter urbanisation (Notova et al., 2013).

The decrease of the rural population in Slovakia was mainly observed in the period 1970-1985 due to extensive
urbanisation. After the political and socioeconomic changes that occurred after 1989, there was a significant
slowdown in the migration process. However, in the first part of the twentieth century, the rural population
of Slovakia represented more than 75% of the total population (Podolak 2005). At the same time, the rural
population has a significant share of population growth, to which cultural and religious factors contribute. As in
the Czech Republic, Slovakia’s rural landscape has undergone extensive transformation in recent decades, to which
suburbanisation processes have also contributed (Dicka, 2019).

One aspect that is not so well understood is that, in countries with a high standard of living, jobs that are not
usually attractive to the native inhabitants of those areas are filled by nationals from Eastern European countries.
This phenomenon became more pronounced with the accession of the former Soviet Union countries to the
European Union in 2004, especially Poland, and continued with the accession of Romania and Bulgaria in 2007.
This has led to increases in the rural population in some regions of European countries, but has not practically
solved the problems of rural population decline in these countries (Dicka, 2019; Novotna et al., 2013).

Materials and Methods

Bibliometric analysis
The first step in the study was to identify the importance of the scientific environment on the rural population
for which the connectivity of the keywords used, including year classification, and the relationships between co-
authors from different countries were identified.

To this end, data were collected from the Web of Science platform on the number of publications on the topic
“rural population”, and a total of 69,798 publications were generated.

Scientometrics is seen as an important discipline of science, based on an informational process, quantitatively
approaching science. Using in an epistemological sense and involving a general development of the subject
under analysis, was based on interrelationships and disciplinary structures. However, structural scientometrics is
approached through bibliometric linkages, cocitation and mapping of cognitive structures, aiming to provide an
objective picture of how science is developing in that field over a given period of time. At the same time, this
process also illustrates how the main topics of interest in academic activity are evolving and how they are organized
(Barreto, 2022).

Alan Prichaed first used the term “bibliometrics” back in 1969, and it is considered a statistical and mathematical
method for representing books and publications and a branch of scientometrics (Barreto, 2022).

Using VosViewer software (Centre for Science and Technology Studies, Leiden University, Leiden, The
Netherlands), maps with the topic “rural population” for which a database was generated and unique results of
publications studying the topic were obtained (Iancu et al., 2022).
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Figure 3 illustrates the steps required to perform the bibliometric analysis, from how to collect the data, to the
bibliometric analysis and visualization of the information, followed by step number three representing the author’s
contributions, by highlighting the trends and conclusions drawn from the analysed data (Figure 3).

FIGURE 3.
Representation of the steps underlying bibliometric analysis

Source: Processing after Barreto (2022).

The bibliometric analysis also provided support for establishing the variables used in the econometric model,
but with some limitations related to the consideration of English language publications and which are found in
the Web of Science database. At the same time, the importance given by researchers to rural population differs
from one country to another, depending on its particularities.

The reasoning of variables
The next step was to substantiate the variables analysed, with the aim of developing an econometric model to
explain the proportion to which the rural population is explained by the following variables underlying the model
(Table 2).

This paper starts from the hypothesis used by Iancu et al. that the decline of the rural population is mostly
determined by birth rate, mortality, migration, high degree of ageing as well as the agricultural labour force which
is the main occupation in rural areas.
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TABLE 2.
Description of the variables analysed
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Source: Own calculations based on sources cited.

Once the variables were selected, the databases were downloaded from the Romanian National Institute of
Statistics (ins.ro) platform. To have a more detailed overview, two other auxiliary variables were downloaded: the
total population of Romania and the average net wage in agriculture. The period selected for the data analysis
includes the two programming periods Romania has gone through, since its accession in 2007 and the end of the
second programming period, that is, 2020, while the period 2021-2027, for which the estimation of the variables
was also carried out, will be the third programming period Romania is part of. Programming is the process of
organisation, decision making, and allocation of financial resources, aimed at implementing, on a multiannual
basis, the joint action of the Union and the Member States to achieve the objectives of the Union’s strategy for
smart, sustainable, and inclusive growth, which usually covers a period of seven years.

The reasoning of variables
Data from the National Institute of Statistics were statistically processed using Eviews 12 Student Version Lite,
IHS Global Inc., Irvine, CA, USA. For this purpose, the mean (1), median (2), maximum, minimum, standard
deviation (3), Skewness index (4), Kurtosis (5) of the variables were determined based on the following formulas
(Ho & Yu, 2015):

• (1)
• , (2) where, x - the mean value of the set of given data, f - frequency of the individual data, N -

sum of frequencies;
• , (3) where, S - Sample standard deviation,  X̅ - Arithmetic mean of the observations

•

•

Skewness = ,                (4) Xi - ith Random Variable, X - Mean of the Distribution, N - Number of
Variables in the Distribution, Ơ - Standard Distribution;
Kurtosis = ,                 (5), Yi - ith Variable of the Distribution, ȳ - Mean of the Distribution, n - Number 
of Variables in the Distribution.

• , where, r = Pearson Coefficient, n - number of the pairs of the stock, ∑xy = sum of 
products of the paired stocks, ∑x = sum of the x scores, ∑y= sum of the y scores, ∑x2 = sum of the squared 
x scores, ∑y2 = sum of the squared y scores;
Y=a+bX, where where Y is the dependent variable (that's the variable that goes on the Y axis), X is the 
independent variable (i.e. it is plotted on the X axis), b is the slope of the line and a is the y intercept.

Next, the correlation matrix between the variables was performed in order to identify the strength of the links
between them, using the Pearson correlation coefficient:

The reasoning of variables
A quantitative analysis based on linear regression was also carried out using Eviews. This econometric technique
analyses the dynamics of variables in different domains and can determine the interconnections between variables.
This gives the possibility of confirm or deny the existence of correlations between dependent and independent
variables. In this study, the independent variable was the rural population and the independent variables were the
agricultural labor force, the number of newborns, the rural outmigration, the number of rural deaths, and rural
population over 65, calculated according to the following formula (Constantin et al., 2022).

•
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The reasoning of variables
The ARMA (Autoregressive Moving Average) model, specific to time series analysis, was used to estimate the
evolution of the defined variables. This process was first described in 1951 by Peter Whittle. The ARMA model is a
tool for understanding and predicting future values in the series. Thus the AR component involves regressing the
variable on its own past values, and the MA part consists of modelling the error term, being a linear combination
of error terms occurring simultaneously at different times in the past (Kim & Lee 2008).

The AR (p) notation refers to the autoregressive model of order p, and the MA (q) notation refers to the moving
average model of order q, with the following formulas:

• ,             where  φ  are the parameters, c is the constant and random variable, εt is the white noise;
• ,          where θ are the model parameters,  μ  is the expectation of Xt and εt-i are white noise error 

terms;

Thus the ARMA (p, q) model contains the following formula:

•

Box and Jenkins introduced three methodological steps for proper model selection for estimation and prediction
of univariate models. These steps consist of: identification, estimation, diagnosis and forecasting. Most variables
are non-stationary and need to be differenced to eliminate bias. The determination of ‘p’ and ‘q’ is done by checking
the correlogram and following the autocorrelation function (ACF) and Partial Autocorrelation Function (PACF)
to identify possible patterns (Dicka et al., 2019).

Materials and Methods
With the help of the Web of Science database, a map was generated that includes keywords found in the scientific
paper at least 5 times. These words have therefore been grouped into sections (Figure 4).

FIGURE 4.
Connectivity of the topic “rural population” with the keywords

used. Proprietary processing based on WoS results using VOSviewer
Source: In house processing.

The first cluster (red) named, “population” contains the following keywords: migration, area, growth, impact,
trend immigration, employment, demography, development, cities, rural development, perspective, land use,
population decline, rural, rural-urban migration, rurality, rural tourism, population change, regional development,
management, quality of life (Figure 4).

Cluster number 2 (green) entitled “rural” includes the following terms health, rural health, rural health, rural
population, care, stage, knowledge, covid-19, inequalities, access, survival, education, hospitals, rates, depression,
behaviour, results, woman, treatment, prevention, physical-activities, diagnosis (Figure 4).
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Cluster number 3 (dark blue) is associated with rural population, inequality, environment, income, ageing
population, politics, rural settlements, rural revitalisation, mobility, labour migration, village, driving forces,
mobility, transformation, transition, age.

The fourth group (yellow) includes terms such as children, prevalence, risk, intake, exposure, risk factor, adults,
awareness, epidemiology, stroke, diet, blood pressure, diabetes, overweight, incidence, communities, and urban
population (Figure 4).

Cluster 5 (purple) includes the following keywords: urbanisation, patterns, agriculture, populations, evolution,
agriculture, city, population density, adaptation, birds, colony, colonisation, dispersion, climate change, scale,
patterns, barriers, region. The numbered cluster (turquoise) includes: community, cancer, service, service, place,
geography, health care, primary case, disparity, place, geography (Figure 4).

In terms of keywords addressed by the researchers, they were grouped according to years. So, in the period
2010-2012, the researchers addressed topics such as communities, service, primary care, children epidemiology,
risk factors, stroke, prevalence, adults, blood pressure, diabetes, overweight, programme, adolescents, rates, rural
care, urban population, fertility. In 2013-2014 the main topics were rural population, population, hypertension,
disease, prevention, system. In 2015-2017 the focus was on health, rural, prevention, workforce, integration, area,
growth, population decline, policy, patterns, agriculture, countryside, regional development, quality of life. In
2018 researchers were concerned with land use, migration, rural tourism, depopulation, land, diving forces, rural
revitalisation, village, covid-19, awareness, health disparities, public health, barriers, rural-urban, employment,
knowledge, urbanisation, depopulation (Figure 5).

FIGURE 5.
Connectivity of the topic “rural population” with the keywords used

by year. Proprietary processing based on WoS results using VOSviewer
Source: In house processing.

In order to be able to identify the degree of interrelationship between the countries that most address the topic
under study, a map was made showing the frequency of co-authorship and partnerships between countries presented
by nodes. We can also use the colours to identify the different research directions and the distance between nodes
to show the level of cooperation between countries. As a result, the United States of America together with China,
India, and Australia are the main countries concerned by the topic “rural population”. According to the map, we
have identified seven colours on the map, so there are seven research directions. It can be seen that Romania shows
a high level of cooperation with the Czech Republic and Belgium, and together with France, Finland, Spain and
the Netherlands, it is addressing the same research direction (Figure 6).

FIGURE 6.
Graphical representation of the topic “rural population” by co-author

countries. Proprietary processing based on WoS results using VOSviewer
Source: In house processing.
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According to the Web of Scenice database, the country with the most research on the topic “rural population” is
the USA with 26,413 papers, followed by China with 10,648 papers, United Kingdom with 9,823 papers, Australia
with 7,489 papers. Although in Romania about 45% of the population is located in rural areas, there are 715 articles
on this topic (Figure 7).

FIGURE 7.
Top author countries for the topic “rural population”

Source: In house processing.

While the majority of studies conducted by researchers around the world on the topic of rural people in 2010
focused on keywords such as rural health, prelevance or epidemiology, the trend of keywords based on the same
topic has changed to rural development, rural areas or rural revitalization. This indicates an initial orientation
of researchers in countries with a developed rural area such as the USA (which also has the highest number of
publications on this topic) towards research based on rural health issues, so that over time this has shifted towards
issues with direct implications for the rural population.

The topic of ‘rural population’ is still relevant for researchers, so the degree of study differs from country to
country, depending on the share of the rural population in the total, the challenges they face and the directions they
want to take. In the case of Romania, whose rural population is classed as intermediate (45.6% of the total), there
is a particular interest, allocating through the two national rural development programmes, funds worth around
EUR 15 billion, which aimed to increase the standard of living for those living in rural areas, by developing not
only the rural economy, but also the whole rural area.

In terms of Romania’s total population, the rural population and the number of newborns, there is a downward
trend during the period under review. In the case of the rural population, it recorded a percentage value of 5.4% in
2021 compared to 2007, due to the decrease in the number of newborns and the increase in the number of deaths
(Figure 8).
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FIGURE 8.
Graphical representation of the demographic situation of rural areas in Romania

Source: In house processing.

It is worth noting that in 2021, compared to the previous year, the rural population recorded a slight increase,
although the level of births decreased by 7.6% and the level of deaths increased by 11.5% compared to the previous
year, which was caused by the migration of the population from urban to rural (more precisely, peri-urban) areas
as a result of the measures adopted by the government against the spread of covid-19, whereby the movement of
the population was restricted. In practice, these restrictions were felt by the working population in urban centres,
who sought solutions to this inconvenience, so their response was to move to areas close to the cities, also favoured
by the possibility of working from home (Figure 8).

The agricultural labour force fell sharply by 13.5% in 2010 compared to the previous year due to the migration of
the rural population to western European countries with the emergence of firms recruiting skilled and unskilled
labour. However, due to programs financed from the EU budget, whereby those who set up agricultural or non-
agricultural activities in rural areas were made conditional on the creation of jobs, this led to an increase in the
number of rural workers. At the same time, the development of farms has contributed to the creation of new jobs
and farmers have been forced to increase their wages to make the sector attractive (Figure 8).

The values of the Skewness indicator show values different from 0, which indicates an asymmetric distribution
of the analysed data, with the exception of mortality whose distribution is not symmetric, tending more towards the
upper part. The Kurtosis index shows values greater than 3 for variable no. 5 (mortality), indicating a leptokurtic
distribution. However, through the Jarque Barbera index, whose values are greater than 0, we can state that the
distributions analysed are not normal, especially in the case of mortality which presents a value of 34.0 (Table 3).
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TABLE 3.
Description of the variables analysed

Source: In house processing.

Taking into account the dependent variable, which we will consider below and which will be the basis for the
linear regression model (rural population), a range between 8,879,784 and 9,441,061 inhabitants is shown, with a
mean value of the range of 9,185,933 inhabitants. The Skewness indicator shows a negative value of 0.2, indicating
an asymmetric distribution of the data, which tends more towards the lower part, and the Kurtosis value shows a
value of 1.9 indicating a flat distribution of the data analysed. Also, with a value of 0.8 of the Jarque-Bera indicator
we can state that the distribution analysed is not normal (Table 3).

It is important and vital that the statistical properties of a process that generates a series of data do not change
over time. Stationarity, by taking consecutive samples of data of the same size, must have identical covariances.

Using the Dickey-Fuller augmented statistical test, the associated probability t-Statistic was identified for the
variables analysed.

Using the Dickey-Fuller statistical test, in the initial version, only the variables “agricultural labour force” and
“Departures from rural areas” show values lower than 0.05 of the associated t-statistic test*. Therefore, to validate
the hypothesis, the data series were logarithmized, so the remaining variables also present values lower than 0.05 of
the associated t-Statistic Prob*, the null hypothesis being rejected, and the alternative hypothesis being accepted
(Table 4).
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TABLE 4.
Results of the stationarity test of the variables analyzed (summarized)

Source: In house processing.
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A significant association is observed between the rural population and the agricultural labour force, with
a negative correlation coefficient value of 0.8464 and a significance threshold of 0.0001, indicating an inverse
proportionality and a strong link between the two variables (Table 5).

TABLE 5.
Correlation matrix between the variables analysed

Source: In house processing.

Also, between the rural population and newborns there is a medium association in terms of intensity (0.5540),
but with a direct proportionality between the two variables. Also, between rural population and mortality, there is
a medium association as intensity (0.4695), with an inverse proportionality, and the significance threshold presents
a value of 0.0374 (Table 5).

After analysing the descriptive statistics on indicators, the next step is to design the cross-sectional linear
regression model, which looks at the relationship between the rural population and the agricultural labour force,
the number of newborns, the number of people who have migrated from the countryside, the number of deaths
and the rural population aged over 65. The aim is thus to establish an equation for the rural population defined in
relation to the other independent variables analysed (Table 6).
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TABLE 6.
Linear regression model using the least squares method

Source: In house processing.

The coefficient of determination indicates that 91.2% of the rural population is explained by the agricultural
labour force, the number of newborns, the number of people who migrated from the countryside, the number of
deaths and the rural population aged over 65 (Table 6).

If the probability is below 0.05, the null hypothesis is rejected, which means that the parameters of the variables
differ significantly from 0. In this case, in the econometric model, the probability has a value below 0.05, leading
to the rejection of the null hypothesis and the acceptance of the alternative one (Table 6).

To balance the mechanical increase of the coefficient of determination, the adjusted R2 shows a decrease of only
5.06% compared to the value of the coefficient of determination; thus, the model is validated. Also, the Durbin-
Watson test, which indicates autocorrelation between the model residuals, indicates that the successive error terms
are within normal parameters, recording a value around 2 (Table 6).

Based on the stationarity test resulting from Table 2, the following were additionally determined: the value of
the constant, the trend, the r-squared and the probability associated with the F-test, which help to identify the best
model for estimating the variables under analysis (Table 7).
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TABLE 7.
Completion of the stationarity test for ARMA model estimation

Source: In house processing.

It is observed that both the constant, the trend and the probability associated with the F test show values less
than 0.05, which leads to the rejection of the null hypothesis and the acceptance of the alternative one (Table 7).

Based on the autocorrelation function (ACF) and partial autocorrelation function (PACF) correlogram for each
variable, the values for “p” and “q” were determined, from which the best variance of the estimated forecast
model was presented below, taking into account the significant ARMA components and by comparing the Akaike,
Schwartz and Hannan-Quinn indicators.

With the exception of the variables “newborns” associated with MA(2), “labour force in agriculture” associated
with AR(1) and “migration from rural areas” associated with MA(1), probability values greater than 0.05 were
recorded. However, the values obtained are close to the reference value and are therefore considered acceptable for
the achievement of the pre-vision (Table 8).
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TABLE 8.
Estimated models selected for forecasting purposes

Source: In house processing.
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The next step is to verify the estimation of the ARMA process by identifying the inverse positioning of the
AR/MA roots. This can be visualized in Figure 8, which validates the positioning of the points within the circle.

The final step is to make forecasts based on the steps taken so far. In the case of the rural population, the
downward trend in the number of inhabitants continues until 2027, so that if in 2021 the rural population numbered
about 8.9 million inhabitants, according to the calculated model it will fall to about 8.58 million inhabitants,
representing a decrease of 3.6% (Figure 9).

FIGURE 9.
Inverse Roots of AR/MA Polynomial. Source: In house processing

Source: In house processing.

In terms of the number of newborns, there is a slight increase of 0.78% in the year 2027 compared to the period
2021, reaching in the forecast year a number of approximately 86.5 thousand newborns. Regarding mortality, a
steady increase in the number of deaths has been forecast, with an estimated 182.3 thousand deaths, an increase of
9% compared to 2021 (Figure 10).

The agricultural labour force has been estimated at 137.6 thousand jobs, up 11.9% compared to 2020. Also,
according to the ARMA model, rural outmigration appears to moderate, with an estimated decrease of 14.3% in
2027 compared to 2021 (Figure 10).
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FIGURE 10.
Forecasting the main variables determined according to the ARMA model

Source: In house processing.

Discussion
The topic of “rural population” remains a topical one for researchers around the world, so it is predominantly 
concentrated in those countries with significant financial power to support with appropriate measures targeting 
rural populations (Ivanovic et al., 2009). Another important factor is the scale of the rural population at country 
level (Ardakani et al., 2020; Slámová & Belčáková, 2019). Even so, this topic has also begun to be addressed in 
countries that have experienced significant imbalances between urban and rural populations, which have sought 
to identify contributing factors in order to find solutions. Most of the authors who address the topic of rural 
population come from the US, but lately, due to the increasing urbanisation process in China, Chinese authors 
have focused on this topic, taking into account the imbalances that have arisen.

Like much of Europe’s developing countries, Romania is facing demographic problems overall, caused by 
population migration to other countries and social changes in the population. The departure from traditions 
and customs can be seen as a key element, with young people focusing on careers, seeking a good income and a 
decent living, and limiting themselves to a small number of children (Popescu et al., 2018; Ibanescu, 2020). The 
implications for divorce rates are also a key issue, which confers instability at family level and limits the number 
of children per family.

Basically, the ageing population has remained in rural areas, while young people without social and professional 
development prospects have migrated to urban centres. Only the bordering areas close to cities enjoy population 
increases, but this cannot be considered an exclusively rural area, if compared to other truly rural regions in 
Romania, where basic infrastructure and connectivity between localities may even be lacking. Also, the variable 
on departures from rural localities, which shows low variations, can be explained by the perspective that those who 
wanted to leave have already left by now (Kudo et al., 2015; Constantino et al., 2022; Zhao & Liu, 2022).



Characterised by an ageing population (including health problems caused by old age) they have given up 
farming and opted to rent out their land to large farms in the area. Also, the heirs who moved to the city did not 
consider continuing the family’s farming activities. In the process, family farms involving all family members 
are becoming fewer and fewer (Zhang et al., 2022; Gašić et al., 2022; Harbiankova & Gertsberg, 2022).

Demographic decline coupled with an ageing population cannot provide the labour force that agriculture needs, 
even if investments in agricultural machinery and equipment contribute to increasing labour productivity. The 
need for skilled labour to manage this equipment is a real impediment. Thus, the increase in net income from 
agriculture has been mainly due to labour shortages in the context of a strong migration of the rural population 
(Gašić et al., 2022; Mack et al., 2018; Raicov et al., 2021; Špulerová et al., 2018).

All this is also highlighted by the close links that have been established between these variables analysed. It 
is clear that the rural population tends to decrease as long as the number of newborns continues to fall and the 
number of deaths tends to increase. This cannot be tempered as long as the lack of jobs is a key issue in ensuring 
a decent living for inhabitants (Lile et al., 2018; Cebotari et al., 2017).

The linear regression model determined shows that the dependent variable (rural population) is influenced to 
a considerable extent (91.6%) by the other variants under analysis. Therefore, encouraging young people in these 
areas to contribute to the increase in birth rate may be a key component in the resuscitation of these areas. On the 
other hand, keeping young people in these areas cannot be done without providing them with well paid jobs and 
ensuring that the localities of residence have an adequate building infrastructure.

Although the estimated number of deaths may be considered relatively high, it is clear that in the years to come 
this estimate will be increasingly unlikely as the number of over 65s years increases exponentially in 2030. This is 
due to the communist regime, which, since 1968, has banned abortions, resulting in an explosion in the birth rate, 
and the results of which will really be felt in 2030 (representing the age of 65 they will reach on that date), putting 
pressure on the Romanian economic system.

Recently, in Romania, there have been harmoniously developed localities (which are not on the outskirts of 
urban centres), but which, with the help of European funds, have succeeded in harmoniously developing their 
localities and attracting young people from urban centres. Unfortunately, these cases are very few in number, but 
they can nevertheless be used as a model.

Both Romania and the other Member States of the European Union need to place greater emphasis on 
stabilising rural population decline and population growth. Encouraging the establishment of agricultural and, 
above all, non-agricultural activities must remain a priority among EU and national measures. Only by creating 
viable economic activities can jobs be created and by collecting taxes, local authorities will have funds to invest 
in infrastructure (Iancu et al., 2022).

Conclusions
The paper has provided an overview of the demographic outlook of the population in rural Romania, paying 
special attention to the factors that can influence this variable. The simulations in this paper have shown to what 
extent the predictions of rural population, the number of births and deaths, the agricultural labour force and the 
departures from rural areas depend on the authors’ approach.

Therefore, the model estimates determined in this study cannot represent exact values of what will happen by 
the year 2027, but rather to understand the prospects and directions in which the variables analysed are heading, 
in order to establish appropriate measures, reverse or limit damage.

Eduard A. Dumitru, et al. Development perspectives of rural areas in Romania based on Autoregressi...
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Birth rate, mortality rate, labour force employed in agriculture, migration of the rural population and the
number of inhabitants aged over 65 years in rural areas influence in a very high proportion (91.6%) the decline of
the rural population.

However, the estimated results present a preservation of the general trends calculated on the basis of the existing
data series, which may give us a plausible degree, perhaps less so in the case of deaths, which may occur in
unforeseen events, as was the case with the COVID-19 pandemic or other predictable events that will occur in 2030.

The initial development of pilot areas, in which loans can be granted on preferential terms to the rural
inhabitants of these areas, could be a start in terms of revitalising these areas, given that in order to access European
funds, beneficiaries need a significant share of financial resources, which most of the rural population do not have.
Young people may be tempted to stay or migrate from urban areas to rural areas to access preferential credit and
open their own businesses, which can generate jobs for the rural population and tax revenue for local authorities,
with which they can develop local infrastructure. As this measure is implemented, the impact it could have can
be assessed and consideration can be given to extending the programme nationwide.
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