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Introduction 

Most OECD countries have conducted pension reforms recently in order to ensure both 

financial sustainability of the pension systems and adequacy of pensions. This underlines the 

need for an analysis of the consequences of pension reforms and future public expenditure on 

pension provision. 

Urgency of these reforms has been dictated by: (a) first, the challenges to financial 

sustainability of the existing pension systems, putting additional pressure on public finances 

(which worsened after the financial crisis of 2008–2009 and sovereign debt crisis); and (b) 

second, by the longevity coupled with sharply decreasing birth rates. Despite undertaking 

pension reforms, public expenditure on pensions as a percentage of GDP is expected to rise 

further in the near future in most OECD countries. According to OECD estimates, public 

spending on pensions has increased from 6.7% of GDP in 2000 to 8.2% of GDP in 2013, being 

the largest part of social expenditure (18% on average of the total expenditure in 2013).1 Long-

term OECD forecasts for public spending on pensions suggest that this tendency would continue 

for most OECD countries, with the spending growing in 21 countries and falling in 14. As a 

result, pension expenditures are expected to increase from 8.9% of GDP in 2013–2015 to 9.5% 

of GDP by 2050, reaching 10.9% in 2060.2 

The change of pension system characteristics such as higher retirement age or the rate of 

social contributions may be considered as an alternative to standard consolidation measures of 

public finance. Public pension systems also have a redistributive role, providing the minimum 

level of income at the retirement for low income households who were not able to save during 

their working period (minimum pensions are present in 15 OECD countries). 

At the same time, an account for the existence of non-Ricardian agents (Galí et al., 2007), 

who consume all their disposable income and do not make any savings, is crucial in the analysis 

of fiscal policy (e.g. Almeida et al., 2013). It allows investigating more carefully the 

consequences of optimal fiscal policy and an economic impact it may have. The structure of the 

population should be taken into account, since fiscal policy directly affects the consumption of 

non-Ricardian agents and, as a result, the other macroeconomic variables. 

  

                                                           
1 Pensions at a Glance (2017), OECD Social Expenditures Database (SOCX). 
2 The numbers for 2013–2015 may differ from the values presented in OECD Social Expenditures Database (SOCX) 

because of the different range of benefits covered and the definitions used (Pensions at a Glance, 2017). 
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Literature review 

Theoretical research of pension reforms can be classified by the type of pension system 

under consideration. The first group covers pay-as-you-go (PAYG) reforms (e.g. Heijdra and 

Bettendorf, 2006; Nickel et al., 2008; Karam et al., 2010; Kilponen et al., 2006; Castro et al., 

2017; Almeida et al., 2013 a, b; Pierrard and Snessens, 2009; Marchiori and Pierrard, 2012, 

2015). Others (Borsch-Supan et al., 2006; McGrattan and Prescott, 2017) consider the switch 

from PAYG to a fully funded pension system. Both types of pension systems were analysed in 

Marchiori et al. (2011) and de la Croix et al. (2013). This research falls into the first category. 

As opposed to most studies on population aging where analysis is based on dynamic 

calibrated computable general equilibrium (CGE) models (e.g. Auerbach and Kotlikoff, 1987), 

Heijdra and Bettendorf (2006) apply an analytical approach, extending the model developed by 

Blanchard (1985). Blanchard (1985) proposes an overlapping generations model (OLG) in 

continuous time with an infinite horizon, uncertainty about the time of death and labor 

productivity declining with age.3 As the model incorporates actuarially fair life insurance, 

proposed by Yaari (1965), this model is sometimes referred to as Blanchard-Yaari model. 

Blanchard-Yaari OLG model in continuous time can provide a more realistic notion of time than 

two or three period OLG models, allowing, at the same time, an analytical tractability. Although 

the model can provide the interactions between agents of different age groups and captures the 

finite horizon aspect of life, it cannot capture the life-cycle aspects of consumption and savings 

behaviour due to the age-independent mortality rate.4 Their model was extended by Buiter 

(1988) and Weil (1989) to incorporate a non-zero population growth and by Bovenberg (1993), 

who analysed intergenerational and international distributional effects in an open economy. 

Heijdra and Bettendorf (2006) have extended this framework further by considering two 

types of pension reforms: a decrease in pensions and an increase of the retirement age. Both 

reforms are followed by an adjustment of social contributions because Heijdra and Bettendorf 

(2006) consider a balanced pension system. The framework of Heijdra and Bettendorf (2006) 

and Nielsen (1994) was extended by Nickel et al. (2008) by considering an unbalanced pension 

system. They analyse three fiscal scenarios in an economy with a decreasing population (Buiter, 

1988): the suspension of the public pension system and a decrease in lump-sum labor tax; the 

suspension of the public pension system and a decrease in distortionary corporate tax; or an 

increase in the retirement age. Their results suggest that the adverse consequences of pension 

reforms can be mitigated by appropriate taxation policies. Thus, if the tax policy is introduced 

                                                           
3 Blanchard (1985) assumes constant death probability, which does not depend on age. This model is also called the 

model of perpetual youth. 
4 Blanchard (1985) points it out the main drawback of the developed approach. 
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promptly, the negative reform effect on the consumption could be offset while the public debt 

would reach lower equilibrium levels. 

The main difference with the research presented in Chapter 3 is that Nickel et al. (2008) 

consider the government as a non-maximising entity and investigate how the predetermined 

changes in policy instruments would affect the transition of the main macroeconomic variables 

to the new equilibrium in an open economy. While in this research socially optimal fiscal policy 

(social contributions and income tax) is defined and compared with the optimal set of policy 

instruments in equilibrium with both increasing and decreasing population in the closed 

economy with endogenous interest rate. The analysis of Heijdra and Bettendorf (2006) was also 

extended by considering two types of households: Ricardian and non-Ricardian agents (as in 

Castro et. al., 2017; Almeida et al., 2013 a, b). 

An inclusion of non-Ricardian agents has become a common practice in the analysis of 

fiscal policy. The papers which analyse structural fiscal reforms and demographic shocks within 

the GIMF framework (Global Integrated Monetary and Fiscal model) incorporate population 

heterogeneity via Ricardian and non-Ricardian consumers (Almeida et al. 2013a, b; Castro et al., 

2015; Karam et al., 2010) in order to capture the failure of Ricardian equivalence. However, as 

opposed to the current research, they do not consider an optimal choice of instruments by a 

social planner or the impact of the share of non-Ricardian consumers on this choice. 

The motivation of considering Ricardian and non-Ricardian consumers arises from the fact 

that, although New Keynesian models can provide some insight into higher government 

multipliers obtained empirically, they are subject to criticism for their inability to capture a 

positive response of consumption to increases in government spending observed empirically 

(Galí et al., 2007). The inclusion of non-Ricardian consumers is aimed at capturing the impact of 

fiscal policy shocks on private consumption by introducing heterogeneity in consumers. This is 

motivated by the failure of the permanent income hypothesis, showing that private consumption 

depends heavily on current income. Galí et al. (2007) show that an inclusion of non-Ricardian 

agents can reconcile the New Keynesian framework with existing empirical evidence: an 

increase in consumption and real wages following the government spending shock. 

There is no consensus in the literature concerning the number of non-Ricardian agents in 

the economy. Estimates vary from 50% in Campbell and Mankiw (1989) for the US to 24–37% 

for Euro area estimated by Coenen and Straub (2005).5 At the same time Marto (2014) estimated 

the share of non-Ricardian agents as equal to 58% for the Portuguese economy. As for Russia, 

                                                           
5 Here the estimates for posterior means are provided. These estimates are rather low, taking into account the fact 

that Coenen and Straub (2005) used the value of 0.5 as a mean of the prior distribution. 
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Tiffin and Hauner (2008) assume that 40% of Russian households are liquidity-constrained in the 

GIMF model calibrated for Russia.6 

The importance of taking into account the existence of non-Ricardian agents, especially 

with an analysis of fiscal policy, is underlined by a series of theoretical devoted to an estimation 

of fiscal multipliers (Galí et al., 2007; Eggertsson and Krugman, 2012). Although a wide range 

of theoretical research has investigated the size of fiscal multipliers, there is still a continuing 

debate on the size of the government expenditure multiplier under the zero lower bound (ZLB). 

The two closest to the current research papers, Eggertsson and Krugman (2012) and Roulleau-

Pasdeloup (2013), provide different evidence of the size of the multiplier in and out of the zero 

lower bound. 

Eggertsson (2011) illustrates that the effect of macroeconomic policies is different under 

ZLB and under a positive interest rate. In the former case the higher increase in the output can be 

obtained by policies aimed at stimulating aggregate demand, not aggregate supply. This result of 

Eggertsson (2011) was confirmed by research within the DSGE framework (see, e.g., Christiano 

et al., 2011; Cogan et al., 2009; Erceg and Lindé, 2010) where a higher multiplier under the ZLB 

was also obtained. Eggertsson and Krugman (2012) focus on the government expenditure 

multiplier under the ZLB in the framework of heterogeneous agents (borrower-saver model). 

They obtain the multiplier of the utility-enhancing government expenditures which exceeds 1 

under the ZLB. In this framework, apart from the standard demand-increasing effect of the 

public spending, government expenditures increase the output through the channel of liquidity-

constrained borrowers (non-Ricardian) who consume all their disposable income. 

Meanwhile, Roulleau-Pasdeloup (2013) analyses the government expenditure multiplier, 

taking into account the structure of public spending: namely, productive and utility-enhancing 

types of government expenditures. The former was shown to gain a higher share in the total 

government expenditures during the recessions (Bachmann and Sims, 2012). As opposed to the 

results of Eggertsson and Krugman (2012), Roulleau-Pasdeloup (2013) has found the fiscal 

multiplier to be lower in the case of an excess-savings liquidity trap than under a positive interest 

rate. He showed that for a high share of productive spending in total expenditures private 

consumption is crowded out by productive government spending, and the multiplier can even 

become negative. Chapter 2 is devoted to an analysis of the short-term government spending 

multiplier on the basis of an extended borrower-saver model of Eggertsson and Krugman (2012) 

by incorporating public investment along with utility-enhancing public spending. The developed 

framework, therefore, combines the introduction of debt-constrained consumers, which is known 

                                                           
6 Global Integrated Monetary and Fiscal model (GIMF), presented in Kumhof, Laxton (2007, 2009, 2013), Kumhof 

et al. (2009, 2010). 
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to increase the multiplier (Galí et al., 2007; Eggertsson and Krugman, 2012) with an assumption 

about productive government expenditures that reduce the multiplier under the ZLB (Roulleau-

Pasdeloup, 2013). 

Objectives of the research 

The objective of this research is to define the impact of non-Ricardian agents on fiscal 

policy efficiency and optimal taxation, when unbalances of the pension system have a direct 

impact on the public finance. 

With this aim, the following goals were achieved: 

• To provide a brief overview of the design of existing pension systems, underlining an 

important role played by public mandatory pension provision in securing an adequate level 

of income at the retirement and forecast future public expenditure on pensions, which 

constitutes a significant part of total government expenditure. 

• To estimate how several pension reforms planned by the Russian government will impact 

the value of public spending on retirement pensions with respect to the sustainability of 

public finance under different scenarios for economic and demographic development in 

Russia. 

• To define an impact of the share of non-Ricardian consumers on the value of fiscal 

multiplier when the structure of government spending (productive and non-productive) is 

taken into account, under two interest rate policy regimes: positive interest rate and zero 

lower bound. 

• To construct a theoretical overlapping generations model with unbalanced pay-as-you-go 

pension system where the deficit of the pension fund is covered by the government to take 

into account the link between public balance and characteristics of the pension system. 

• To define the optimal combination of traditional fiscal policy instruments and 

characteristics of the pay-as-you-go pension system when the deficit of the pension fund is 

covered by the government. 

• To estimate an impact of the population structure, namely the share of non-Ricardian 

agents, on the optimal choice of fiscal instruments. 

Methodology 

To forecast future public expenditure on the provision of retirement pensions in Chapter 1 

an empirical model was developed, which accounts for possible size and coverage of pension 

indexation, possible increase of the retirement age, forecasted age and gender structure of the 

population and the rate of economic growth. The estimations are based on three official 
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demographic forecasts of Rosstat.7 The considered pension reforms and rates of economic 

growth conform to those assumed in the forecasts of the Ministry of Economic Development. 

Chapter 2 focuses on the theoretical definition of the fiscal multiplier and the economic 

conditions under which fiscal policy is more effective in increasing output. The framework 

developed in Chapter 2 combines the introduction of non-Ricardian agents, which is known to 

increase the fiscal multiplier (Galí et al., 2007; Eggertsson and Krugman, 2012), with an 

assumption about productive government expenditures, that lowers the multiplier under the ZLB 

(Roulleau-Pasdeloup, 2013). Two interest rate regimes are considered: positive interest rate and 

the existence of ZLB constraint on nominal interest rate. 

The methodology of research in Chapter 3 is based on the overlapping generations model 

(OLG) in continuous time with an infinite horizon and uncertainty about the time of death, 

developed by Heijdra and Bettendorf (2006).8 Their model is based on the framework originally 

developed in Yaari (1965) and Blanchard (1985) and extended further by Buiter (1988), Weil 

(1989) and Bovenberg (1993). In order to investigate the optimal fiscal policy mix, the model of 

Heijdra and Bettendorf (2006) was extended to incorporate the unbalanced pay-as-you-go 

pension system in a closed economy with an endogenous interest rate. This allows accounting for 

an impact of fiscal instruments on the dynamics of capital accumulation and the level of effective 

capital in the equilibrium. The model incorporates two types of agents, Ricardian and non-

Ricardian consumers (Galí et al., 2007). On the basis of this model, an analytical representation 

of social welfare function was derived to define socially optimal fiscal policy, namely an optimal 

combination of income tax and social contributions. Due to the fact that this class of models does 

not allow the derivation of an analytical representation of steady-state, the model is calibrated 

using the parameter values applied in the literature on the subject, and a comparison of equilibria 

for different characteristics of pension system is made. Computation of the model is conducted in 

Matlab. 

Contribution 

• In Chapter 1 the approach for forecasting public spending in Russia was developed, taking 

into account the main economic characteristics and the nature of recent and planned 

pension reforms. The model takes account of the forecasted gender and age-specific 

structure of the Russian population, the growth rate of the economy, the level of pension 

indexation, possible renewal of pension indexation for working retirees and an increase in 

the retirement age. 

                                                           
7 Russian Federation Federal State Statistics Service (Rosstat). 
8 The model takes into account the decreasing with age labor productivity (Blanchard, 1985). 
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• In Chapter 2 the New-Keynesian model with non-Ricardian agents was extended for 

analysis of an impact, not covered in the existing literature, of the share of non-Ricardian 

agents on the value of fiscal multiplier. In this framework fiscal stimulus consists of utility-

enhancing and productive public spending. The positive effect of higher share of 

investment public spending in total expenditure and its productivity under positive interest 

rate is confirmed, along with an opposite effect under the ZLB. The results can provide an 

explanation for the diverse empirical estimates of the government expenditure multiplier, 

since both the structure of the government expenditures and the heterogeneity of the 

population affect the value of fiscal multiplier. 

• An overlapping generation model with two types of agents (Ricardian and non-Ricardian 

agents) and the unbalanced pension system was developed in Chapter 3. The deficit of the 

pension fund is covered by the transfer from the public budget. In this setting an impact of 

non-Ricardian consumers on the optimal choice of fiscal instruments is shown, illustrating 

how the pension system can help to smooth consumption of non-Ricardian agents. 

Main findings 

• On the basis of the developed framework for Russia the trajectories of public expenditure 

were estimated for pension indexation to the inflation rate and higher. The estimations are 

made for low, median and high official demographic forecasts of Rosstat and two 

assumptions concerning the rate of economic growth. It was shown that reforms with the 

cancellation of pension indexation for working retirees and an increase of the retirement 

age of state employees will have a limited effect on the value of pension expenditures. 

• It was shown that retention of the retirement age, along with pension indexation aimed at 

the maintenance of the replacement coefficient, will lead to an increase in public spending 

on pensions by 2035, either with the current economic growth or with an acceleration of 

economic growth. At the same time, an increase of the retirement age would allow a 

significant reduction of public expenditure on provision of retirement pensions by 2035 in 

the considered demographic scenarios, even with the rate of pension indexation aimed at 

the maintenance of the replacement coefficient at the current level. Indexation by the 

inflation level (it is lower than the level needed to maintain the replacement coefficient at 

its current level) will lead to an even higher decrease in public spending on pensions. 

• On the basis of an extended New-Keynesian model of Eggertsson and Krugman (2012), an 

impact on the multiplier by the key economic characteristics of the model is derived for 

both types of interest rate regimes. The change of this impact with the share of non-
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Ricardian agents is also considered. It is shown that the value of the multiplier can become 

negative under ZLB for the sufficiently high share of non-Ricardian agents. 

• A non-linear effect of the share of non-Ricardian agents on the fiscal multiplier, taking into 

account the structure of public spending, is revealed for the first time in the literature. It is 

shown that a higher share of non-Ricardian agents can partly compensate for a decrease in 

the fiscal multiplier with a rise in investment expenditures under ZLB. An account for two 

types of government expenditure intensifies a non-linear effect of the share of non-

Ricardian agents on the fiscal multiplier under both positive interest rate and under ZLB 

constraint. 

• On the basis of this model it is confirmed that the pension system is redundant in the 

economy with only Ricardian agents. When the level of pensions is fixed, optimal fiscal 

policy within unbalanced pension system consists of financing pension expenditure via 

taxes, with zero social contributions. An impact of population growth rate, retirement age 

and labor productivity on an optimal income tax is defined. 

• A complimentary nature of income tax and social contributions is shown within a 

comparison of balanced and unbalanced pension system when both fiscal instruments exist. 

In the case of balanced pension system, optimal social contributions are positive and are 

used to finance pension spending, while the optimal tax rate is constant and does not 

change with the growth rate of the population. An unbalanced pension system allows 

achievement of a higher level of social welfare and lower level of equilibrium public debt. 

• The optimal combination of fiscal instruments (income tax, social contributions and the 

level of public spending) is determined in the model with two types of agents, Ricardian 

and non-Ricardian. After a certain threshold level of the share of non-Ricardian consumers, 

non-zero social contributions are optimal with the lower level of income tax. This result 

remains the same when levels of social contributions differ for Ricardian and non-

Ricardian agents: with an increase of the share of non-Ricardian agents their social 

contributions become positive, with zero social contributions of Ricardian agents. The 

optimal choice of government expenditure is increasing with the share of non-Ricardian 

consumers, compensating the decrease of their welfare at retirement. The change of 

individual household profiles with an optimal fiscal policy for two types of agents is 

shown, and a redistributional effect of the government policy via pension system was 

revealed. 
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