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Abstract: This paper aims to analyse the influence of the demographical 

factors on the short-term sustainability of the pension system from Romania. 

The data used for econometric modelling consisted of panel data for the 

period 2009-2019 for 8 European Union member states, together with time 

series data for autoregressive modelling. The following econometrical 

models were used: random-effects GLS regression and Box-Jenkins (ARIMA). 

The results emphasize an increasing demographical pressure on the 

Romanian pension system and the need of pension system reform.  
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1. Introduction 

 

Currently, the increase in the welfare of developed states is transposed in prolonged 

life expectancy which represents a challenge for the pensions’ systems. Multiple 

governments identified the urgency to reform the pensions’ system to ensure the 

sustainability and counteract the existing burdens. 

The financial sustainability of the pensions’ systems is of foremost importance and 

represents one of the priorities of governments regarding policy making. Regarding the 

case of Romania, the transition from a communist, centralised economy to a market 

economy consisted of social and economic reforms which affected the sustainability of 

the pension system, including the populist measures adopted by politicians to win 

elections.  

This theme was analysed in the specialised literature by Croitoru (2011), Dragotă and 

Miricescu (2010) and Chirițoiu (2002). The measures adopted by some states had a 

positive impact upon the pension systems. However, the evolution of the sustainability 

of the pension systems in the next years is significantly affected by the incertitude 

regarding the demography. The present lack of knowledge is disclosed by the low 

number of studies which analyze and predict the demography of Romania, which are 

necessary for analyzing the sustainability of the pension system. 

This paper intends to identify econometric analysis methods for the sustainability of 
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the pension systems and to apply them for the Romanian economy. The analysis methods 

are used for verifying the short-term sustainability of the pension system in the following 

five years, up to 2026. The short-term sustainability analysis was preferred to achieve a 

realistic forecast, to the detriment of a long-term sustainability analysis which implied a 

high degree of incertitude (e.g., economic, political, demographical, technological). 

The methodological approach assumes using adequate econometric models for the 

establishment of demographic predictions and adaptation of the models for the analysis 

of the pension system sustainability for Romania.  

 

2. Specialised Literature 
  

The specialised literature section is structed in two subsections which analyse, on one 

hand, the necessity of reforming the pension system, and on the other hand the 

evolution and the predictions regarding the Romanian pension system. 

Therefore, the first subchapter treats the alarm signals coming from competent 

institutions and specialists from the economic field regarding the necessity of reforming 

the pension system due to the demographic factors. This subchapter is concerned also 

with identification of models used at international level to assess pension systems. The 

second subchapter analyses the sustainability of the Romanian pension system and the 

historical evolution of it from 1989 to the present. 

 

2.1. The necessity of reforming the pension systems at European level 
 

Throughout time, international organisations highlighted the necessity of reforming to 

ensure adequate expenditure with the pension system (World Bank, 1994; European 

Commission, 2003). One of the reforms adopted by the European states emphasized the 

privatisation of the pension system to an architecture with multiple pillars of pensions 

(Ebbinghaus, 2015). The Economic Crisis from 2007-2008 contested the efficiency of this 

reform by considering the abrupt decline of the assets of private pensions in a relative 

short period of time (OECD, 2010). 

The factors which influenced the sustainability of the pension system include 

demographical elements (e.g., high longevity and low natality), decrease of the capacity 

of collecting taxes by the state, and the migration to Western Europe of a significative 

portion of the active population, but also by the depreciation of the reserves of the 

pension systems (Dragotă & Miricescu, 2010). 

The ageing of the population in developed states implies the necessity of reforming 

the pension systems to ensure the sustainability (Galasso & Profeta, 2007; Heijdra & 

Romp, 2009). The results demonstrate that increasing the retirement age is a measure 

of streamlining the pension system. However, biological constrains must be considered 

when designing such policies, especially for labor intense workplaces (Bazzana, 2020; 

McLaughlin & Neumark, 2017). 

Blake & Mathew (2006) established a dynamic and a static econometric model for 

predicting the pension system from Great Britain, which is a “pay-as-you-go” (PAYG) 

system. 
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2.2. The evolution and predictions regarding the Romanian pension system 
 
The principal type of pension from Romania in 1989 consisted of the pension of the 

industry personnel. This type of pension was sustained by the social security 

contributions. At that time, the rapport between contributions and beneficiaries was 

3.5, indicating that the PAYG pension system was sustainable in communist Romania 

(Croitoru et al., 2011). However, the pension system required consolidation and 

harshening of the laws to ensure a smooth transition towards a decentralized economy 

since the system was unsustainable in that form (Menil & Sheshinski, 2002). 

In the 1990s, the Romanian state awarded pensions to a considerable part of the 

population who never contributed to the pension system and introduced facilities for 

earlier retirement. At that time, the first negative effects of the communist public 

pension system were encountered, when the number of pension beneficiaries was high, 

and the number of contributors was decreasing. The unemployment rate and the 

migration were surging at that time (Croitoru et al., 2011). The PAYG system supposes 

that pensioners are paid from the contributions of present employees, therefore, the 

level of pensions is correlated with the level of income (Chirițoiu, 2002). 

The before-mentioned issues are specific for Eastern European countries since they 

shared a common historical evolution under the communist regime. The solution for the 

problems consisted in the creation of pension pillars (II and III). The I pillar of the 

pension system represents the public pension offered by the state, while the II pillar 

comprises the pensions which are privately administered, the contributions are 

mandatory for persons up to 35 years old and options for persons aged between 35 and 

45. The pillar III is administered by private companies and represents the optional 

pension system (ASF, 2021). 

The sustainability of the present pension system from Romania was analyzed in the 

context of increased life expectancy and decrease of natality. Considering the 

demographic decline, the lack of capital, the high taxes which do not attract immigrants 

and the deterioration of the dependency rate, the pension system from Romania is 

unsustainable (Bărbulescu, 2012; Croitoru et al., 2014; Mladen, 2012; Bodogai et al., 

2013). 

The analysis of the sustainability of the Romanian pension system consisted of 

applying diverse econometric models. The study conducted by Menil & Sheshinski 

(2002) utilized statistical tests for determining the increase of the private pensions as a 

percentage of the Romanian GDP between 1996-2036. The share of private pension is 

expected to increase in that period based on the results of the study and the success of 

the private pensions depends on the regulating capacity of institutions for ensuring 

prudency. 

Croitoru et al. (2014) created the following econometric model for testing the long-

term sustainability of the pension system:  

RDPS_t=a+bNV_t+cD_t+dSV65_t+eI_t+fE_t+ε_t 

and the data was collected for the period 1990-2010.  

The results of the econometric model depict that the dependency rate will deteriorate 

since the increase of the life expectancy has a significative impact. 
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Mladen (2012) utilized an aggregate indicator for computing the performance of the 

pension systems from Romania, Hungary, Bulgaria, Poland, Slovakia, Spain, Lithuania, 

Estonia, Slovenia, and Latvia. According to this study, Romania is one of the worst 

performers regarding the pension systems since the pension system is confronting with 

major risks. 

Pânzaru (2015) analyzed the sustainability of the Romanian pension system up to 

2060, considering the demographic decline. The fertility and mortality rates were 

computed using the Lee-Carter method, while for the migration phenomenon ARIMA 

model was used. The lack of sustainability of the Romanian pension system was 

highlighted, as well as the difficulty of ensuring the sustainability of it. The pessimist 

scenario illustrated that the sole solution for a sustainable Romanian pension system is 

increasing the number of immigrants in the following 50 years, being necessary between 

200,000 and 500,000 immigrants.  

 
3. Method  
3.1. Random-effects GLS regression 
 

The econometric modelling implied establishing a panel database for the analysis 

period 2009-2019 for the following Eastern European states: Bulgaria, Czech Republic, 

Croatia, Hungary, Poland, Romania, Slovenia, and Slovakia. These states are situated in a 

geographical proximity and present a similar level of development. The data was 

retrieved from the following Eurostat debases: tps00198, migr_emi2, migr_imm8, and 

demo_mmonth. The econometric modelling was conducted using Stata MP 13.0 

software. 

The econometric model used in this subchapter was retrieved from Croitoru et al. 

(2014) research and it was adapted by modifying one of the independent variables as a 

logarithm. Therefore, the model is the following:  

 

 

 

where: 

RDPS = dependency rate pensioners/employees 

ln (NV) = natural logarithm of number of live births 

D = number of deaths 

SV65 = life expectancy at age 65 

I = number of immigrants 

E = number of immigrants 

t = analysis period 2009-2019 

a = the coefficient of the natural logarithm of number of live births 

b = the coefficient of the number of deaths 

c = the coefficient of the life expectancy at age 65 

d = the coefficient of the number of immigrants 

e = the coefficient of the number of emigrants 
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f = the coefficient of the number of live births 

ε = residuals. 

 
3.2. Box-Jenkins (ARIMA)  
 

The Autoregressive integrated moving average (ARIMA) model was applied for the 

prediction of multiple variables regarding Romania: total population, mortality rate of 

females, mortality rate of males, number of females over 65 years old, and the number 

of males over 65 years old. The timeframe for the predictions was 2026.  

An adequate ARIMA model was applied for each variable, the parameters of ARIMA 

varied for achieving the lowest root-mean square error (RMSE) and to maintain a normal 

distribution of residuals. The predictions used data from the period 1960-2019, data 

which was retrieved from the World Bank database. The econometric modelling was 

conducted in RStudio 4.1.1. 

 

4. Results 

4.1. Random-effects GLS regression results 
 

The descriptive statistics regarding the applied model are presented in fig. 2, the 

variables being analyzed in terms of the number of observations, average, standard 

deviation, minimum and maximum. 

 

 

Fig. 2. Descriptive statistics on the variables used 

 

Following the application of the random-effects GLS regression, R square indicates 

that the independent variables explain the variation of the dependency rate in 

proportion of 78%. All variables present in this model are statistically significant at the 

level of 10%, but the variable ln (NV) has a fixed significance level of 10%, very close to 

the significance threshold. 

The model includes two variables with a negative coefficient: ln (NV) and E. The 

negative coefficient of the variable ln (NV) shows the inverse proportional relationship 

between the number of live births and the dependency rate pensioners / employees, an 

increase in the number of live births with one unit will lead to a decrease in the 

dependency rate by 4.79 units. Also, an increase in the number of emigrants (E) by one 

unit will decrease the employee / pensioner dependency rate by 0.0000163, the impact 

of this variable being relatively small. 
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On the other hand, the model also implies three variables with a positive coefficient, 

the increase of which is reflected in the increase in the dependency rate of pensioners / 

employees. With an increase in the number of deaths by one unit (D), the dependency 

rate for pensioners / employees will increase by 0.0000485, and with an increase in the 

life expectancy of people over 65 (SV65) by one unit, the dependency rate will increase 

by 3,824 units. An increase in the number of immigrants (I) by one unit will influence the 

increase in RDPS by 0.0000386. The results of applying the random-effects GLS 

regression are illustrated in fig. 3. 

 
Fig. 3. The results of random-effects GLS regression 

 

4.2. Box-Jenkins (ARIMA) 
 

The result of the modelling depicts that the mortality rate for both males and females 

follow a downward trend. A significant evolution is observed in the case of women, this 

rate decreasing considerably over the analyzed period, this aspect being illustrated in 

fig. 4. 

 
Fig. 4. Prediction on the mortality rate for females (left) and males (right) per 1,000 in 

Romania until 2026 
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The number of women over 65 is about higher than that of men, this aspect being 

illustrated in fig. 5. Both categories have a high share in the total population, especially 

given the expected demographic decline, which is shown in fig. 6. 

 
Fig. 5. Predictions regarding the number of females (left) and males (right) over 65 in 

Romania until 2026 

 

As a result of making a prediction, which focuses on the population of Romania in the 

next 5 years, it was found that the results obtained resemble those provided by 

Eurostat. Both predictions predict a demographic decline, illustrated in fig. 6. 

 
Fig. 6. The prediction regarding the population of Romania until 2026 

 

5. Discussions  
 

The results of the application of the econometric model taken from Croitoru et al. 

(2014) and adapted indicates an overwhelming impact of the number of live births on 

the rate of social dependence (pensioners / employees), the relationship being a reverse 

one.  

On the other hand, the aging of the population is a variable with a positive coefficient, 

which has a strong influence on the rate of social dependence, demonstrating 
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unambiguously that demographic variables influence the sustainability of the pension 

system. Migration phenomena (immigration and emigration) influence on a relatively 

small extent the sustainability of pension systems during the analyzed period for the 

countries in the panel database, according to the regression results, the influence of 

migration being significantly lower than the demographic one. 

The demographic pressure is highlighted by the application of the autoregressive 

model (ARIMA), indicating a decrease in the mortality rate in men and women, a 

decrease in mortality of people over 65, and a decrease in population by 2026. The 

results on the demographic decline in Romania are also reported by Eurostat (tps00002), 

indicating an alarm signal for the competent authorities and decision makers.  

The results of the research coincide with those in the specialty literature, which 

indicate a demographic pressure, thus requiring a reform. The alarm signal on the 

reform of European pension systems came from both independent researchers and the 

competent institutions. 

The strengths of this research are represented by the several econometric methods 

used to analyze the short-term sustainability of the pension system. However, the 

application of econometric models depended on the available data. The lack of data on 

the number of emigrants and immigrants from the communist regime period or the 

credibility of the data had to be considered (from 1960 to 1989). 

In this paper, migration had far too little impact to influence the outcome of the 

regression. What should be further investigated is the way in which the pension system 

in Romania is affected by employees with temporary employment contracts, who 

choose to work in the developed countries of the European Union. 

 

6. Conclusions  
 

In the next five years the pension system from Romania will face considerable 

demographical pressure. Even though the short-term sustainability of the pension 

system is not likely endangered, the competent authorities have the establish solutions 

to transform the pension system from Romania to ensure medium and long-term 

sustainability.  
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