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Abstract We use an overlapping generations model economy with endogenous retirement to study the 2011 and 2013 reforms of the Spanish public pension system. We find that this latest reforms, which extend the number of years os contributions used to compute the pensions, delay the retirement ages, introduce two sustainability factors, and effectively transform the Spanish pay-as-yougo system into a defined-contribution system, succeed in making Spanish pensions sustainable until 2037, but they fail to do so afterwards. The success until 2037 is achieved reducing the real value of the average pension and leaving the many loopholes of the contributivity and the transparency of the system unchanged. This reduction in pensions is progressive and, by 2037, the average pension will be approximately 20 percent smaller in real terms than what it would have been under the pension rules prevailing in 2010. The 2013 pension reform fails after 2037 because, from that year onwards, approximately 50 percent of the Spanish retirees will be paid the minimum pension, which is exempt from the sustainability factors. We conjecture that further reforms lurk in the future of Spanish pensions.
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Introduction



The Spanish Pensions Prevailing in 2010. At least since the year 2000 academic researchers have concluded unanimously that the Spanish pay-as-you-go defined-benefit public pension system, which was in force before the 2011 Reform, was unsustainable.1 Moreover, they reached this conclusion before the 2008 recession. This means that the sustainability problem of Spanish pensions was structural and was not related to the business cycle. In D´ıaz-Gim´enez and D´ıazSaavedra (2006) we showed that the cause of this problem was the demographic transition that will increase the expenditures of the Spanish pension system steadily during the next four decades. The literature mentioned in Footnote 1 reaches the same conclusion without exceptions. In this article we calibrate an enhanced version of the model economy described in D´ıaz-Gim´enez and D´ıaz-Saavedra (2009) to the Spanish post-recession macroeconomic scenario in 2010, we simulate the latest demographic scenario published in 2012 by the Instituto Nacional de Estad´ıstica (INE) and we reach the same conclusion. Specifically, we show that, under the rules prevailing in 2010, the pension system revenues would have remained virtually unchanged between 2010 and 2050, and the pension system expenditures would have almost doubled. Pension expenditures increase for three reasons: because the size of the retiree cohorts increases, because longevity increases, and because the retiree cohorts become more educated. According to the INE’s 2012 demographic scenario, the share of Spanish residents aged 65 or more was 20.9 percent in 2010, and it will be 43.6 percent in 2050; life-expectancy at age 65 was 17.4 years in 2010, and it will be 23.4 years in 2050; and, according to our estimations of the Spanish educational transition, the share of Spanish workers who had completed college was 20.7 percent in 2010, and it will be 26.0 percent in 2050. The natures of these changes is demographic and completely unrelated to the 2008 recession, and their severity spells doom for any pay-as-you-go, defined-benefit pension system such as the one prevailing in Spain in 2010. The 2011 Reforms. In spite of this overwhelming scientific evidence, until 2011, every political party represented in the Spanish parliament denied steadfastly that Spanish pensions had a structural sustainability problem. They did so hiding behind the secrecy of a parliamentary agreement known as the Pacto de Toledo, that excludes pensions from political discussion. During this period, Spanish trade unions and business associations, and most of the insurance sector joined ranks in the defense of the status quo of the Spanish pension system and insisted in this denial. The political change of mind took place in January 2010 when the Spanish Government sent 1 See, for example, the aggregate accounting models of Jimeno (2000), Balmaseda, Melguizo, and Taguas (2006), and Gil, L´ opez-Garc´ıa, Onrubia, Patxot, and Souto (2007); the individual life-cycle models of Alonso and Herce (2003), Jimeno (2003), Da Rocha and Lores (2005), and Gonz´ alez, Conde-Ruiz, and M. Boldrin (2009); and the general equilibrium models of Rojas (2005), S´ anchez-Mart´ın (2010), and D´ıaz-Gim´enez and D´ıaz-Saavedra (2006 and 2009).
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its 2011-2014 Stability Plan to the European Commission. Amongst other measures, this plan proposed a parametric reform of the Spanish pension system. The reform that was finally approved in 2011 enacted three main parametric changes: a gradual increase in the number of years of contributions that are used to calculate the retirement pension, a delay of the first retirement age from 61 to 63 for workers who retire voluntarily, and a gradual delay of the normal retirement age from 65 to 67. The adoption of these changes started in 2013.2 Three recent articles have studied the 2011 Reform of the Spanish pension system. Conde-Ruiz and Gonz´alez (2013) and De la Fuente and Dom´enech (2013) simulate two individual life-cycle models and they conclude that the 2011 Reform will reduce the expenditure in pensions somewhat, but that it is insufficient to solve the middle and long-term sustainability problems faced by the Spanish pension system. And a report published by economists form the Spanish Finance Ministry (MEH, 2011) simulates an aggregate accounting model economy and reaches a similar conclusion. The 2013 Delay. In 2013, when the 2011 reforms were starting to be implemented, the Spanish government enacted a further gradual delay of the first retirement age. This delay increases the first retirement age from 63 to 65 years, one month per year starting in 2013, for workers who retire voluntarily. In the second model economy that we study in this article we simulate the 2011 Reform and the 2013 delay simultaneously and we find that this reform extends in five years —from 2018 to 2023— the duration of the pension reserve fund, that it reduces the total debt that would have been accumulated by the pension system until 2050, from 212 to 124 percent of that year GDP, and that it reduces the consumption tax rate needed to finance the pensions from 45 percent to 39 percent. Consequently, we conclude that this reform is insufficient to solve the sustainability problem of the Spanish pension system. The 2013 Sustainability Factors. The 2011 Reform made provisions to add a sustainability factor to Spanish pensions. This factor would take into account the expected duration of retirement and would reduce the real value of pensions as needed to ensure the financial sustainability of the system, effectively changing the Spanish pension system from a defined-benefit system to a defined-contribution system. In 2013 the Spanish government named a Committee of Experts to make a proposal with the details of this sustainability factor. The committee proposed to use two factors instead of one. The first factor is an Intergenerational Equity Factor (IEF). This factor is the ratio that obtains when we divide the life-expectancy at retirement of the workers of a given age who retire in a reference year by the life-expectancy at retirement of the workers of the same age who retire later.3 2



For the details of the reforms, see http://www.seg-social.es/prdi00/groups/public/documents/normativa/150460.pdf. For instance, if the reference year is 2014, the life expectancy of the 65 year-olds who will retire that year will be 20.27 and the life expectancy of the 65 year-olds who retire, say, in 2020 will be 21.14, then the intergenerational equity factor for that cohort is IEF65,2020 = 20.27/21.14 = 0.9588. Therefore, the pensions of the second group of 3
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This factor applies to new pensions only and minimum pensions are exempt from its application and are revalued discretionally by the government each year. The second factor is an Annual Revaluation Factor (ARF). This factor reduces the value of every pension in payment except for minimum pensions, in an amount that makes the pension system sustainable. Specifically, pensions in payment are reduced to equate a moving average of past and future pension system outlays to a moving average of past and future pension system revenues. In the third model economy that we simulate in this article we use the ARF to revaluate pensions from 2013 onwards and we use the IEF to compute the value of new pensions from 2019 onwards. We find that this reform extends the duration of the pension reserve fund from 2018 to 2038, that it reduces the total debt that would have been accumulated by the pension system until 2050 from 212 to 20 percent of GDP, and that it reduces the consumption tax rate needed to finance the pensions from 45 to 24 percent. We conclude that this reform improves the sustainability of the Spanish pension system, but that it does so with a startling reduction in the real value of pensions. In 2050, the real value of the average pension in this model economy is 34 percent smaller than in the benchmark model economy, the pension substitution rate falls from 39 to 28 percent of the average wages of households in the 60 to 64 age group, and the share of the retirees who are paid the minimum pension increases by a startling 30 percentage points, from 29 percent to 59 percent. Moreover, because the sustainability factors do not apply to minimum pensions, the long term deficits of the system reappear after 2037 and the long term sustainability of pensions is not completely resolved. The Pension Revaluation Index. In December 2013 the Spanish government approved a bounded version of the Annual Revaluation Factor and it called it the Pension Revaluation Index (PRI). The PRI imposes two bounds on the ARF. In real terms, the lower bound is 0.25 minus the inflation rate and the upper bound is 0.5. In the last model economy that we simulate in this article we use the PRI to revaluate pensions from 2013 onwards and we use the IEF to compute the value of new pensions from 2019 onwards. To do so, we assume that the inflation rate in Spain will be 2.32 percent which was the average inflation between 1998 and 2013. This assumption implies that the lower bound on the PRI in our model economy is −2.07(= 0.25 − 2.32) in real terms. When we compare the ARF reform with the PRI reform, we find that the PRI reform reduces the duration of the pension reserve fund from 2038 to 2037, that it increases the total debt that would have been accumulated by the pension system from 19 to 28 percent of GDP in 2050, and that it increases the consumption tax rate needed to finance the pensions from 24 to 27 percent. On the positive side, in 2050 the PRI reform increases the value of the average pension from 66 percent to 71 percent of the real value of the average pension in the benchmark model economy, and the pension substitution rate from 28 to 31 retirees will be approximately 4 percent smaller than those of the first group.
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percent. Of course, this makes the Spanish pension system less sustainable than under the ARF reform. In Table 1 we summarize our findings. The Model Economy. As we have already mentioned, in this article we simulate an enhanced version of the general equilibrium, multiperiod, overlapping generations model economy populated by heterogeneous households described in D´ıaz-Gim´enez and D´ıaz-Saavedra (2009). The model economy that we study here differs from the one that we used in that article in two fundamental ways. First, we have substituted the proportional tax on labor income of the previous version with a progressive household income tax. This allows us to exploit the heterogeneity in our model economy and to avoid the ongoing discussion of whether the calibration should replicate the marginal or the average tax rates of the progressive personal income taxes of real economies. Second, we have updated our calibration year to 2010. This allows us to account for the first two years of the current Spanish recession. Other differences between this version of our model economy and the previous one are the following: The new version of our model economy replicates de 2010 distribution by age and education of the population in Spain; it updates the deterministic component of the life-cycle profile of earnings to reflect the decrease in the education wage-premium; it simulates the INE’s 2012 Spanish demographic scenario; it replicates the World Economic Outlook’s October 2013 growth scenario for Spain; it delivers a value for the Frisch labor supply elasticity, which is more in line with recent estimates of this variable; and it improves the measurement of the key aggregates and ratios. Moreover, our simulation exercises are the first to quantify the consequences of the latest reforms for the future of Spanish pensions and to uncover their shortcomings. Conclusions. We conclude that the 2011 and 2013 reforms of the Spanish pension system improve its sustainability, that they do so at the expense of startling reductions in the real value of pensions, and that they fail to solve the long term sustainability problems of the system completely. This leads us to conjecture that further reforms lurk in the future of the Spanish pensions.
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The Model Economy



We study an overlapping generations model economy with a continuum of heterogeneous households, a representative firm, and a government, which we describe below.



2.1



Population and Endowment Dynamics



We assume that the households in our model economy differ in their age, j ∈ J; in their education, h ∈ H; in their employment status, e ∈ E; in their assets, a ∈ A; in their pension rights, bt ∈ Bt ,
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Table 1: The Reference and Reformed Economies in 2010, 2030, and 2050 Model All



Rev 11.1



Exp 11.3



Def 0.2



PRF 6.7



τc 21.1



P2010 R2013 RARF RPRI



10.3 10.6 10.5 10.5



13.7 12.2 10.9 10.8



3.4 1.6 0.4 0.3



–28.7 –7.4 3.1 3.0



29.3 24.9 21.1 21.1



P2010 R2013 RARF RPRI



9.6 9.9 9.3 9.4



20.1 17.7 10.7 11.7



10.5 7.8 1.4 2.4



–212.5 –123.6 –19.6 –27.7



45.5 39.1 24.4 26.6



Results in 2010 AvP RAvP PSR 100.0 100.0 50.5 Results in 2030 123.7 100.0 36.1 121.7 98.4 40.5 110.1 89.0 36.2 110.3 89.2 36.4 Results in 2050 187.0 100.0 38.8 178.1 95.2 40.9 123.6 66.1 28.5 133.4 71.3 30.8



MinP 21.5



Y 100.0



K 100.0



L 100.0



35.0 34.8 41.3 41.6



129.4 131.6 135.0 134.9



133.0 133.7 138.3 137.6



102.7 105.2 107.7 107.8



29.2 30.3 59.2 52.6



166.1 169.8 184.1 182.0



177.7 179.8 192.0 190.2



87.5 89.8 98.0 96.7



Rev: Revenues (%GDP); Exp: Expenditures (%GDP); Def: Pension system deficit (%GDP); PRF: Pension reserve fund or pension system debt (%GDP); τc : Consumption tax rate needed to finance the pension system (%). AvP: Average pension (2010=100); RAvP: Average pension relative to the average pension in Model Economy P2010 (2010=100); PSR: Pension Substitution Rate (AvP/W(60-64)); MinP: Share of the retirees who receive the minimum pension (%); Y : Output index (2010=100); K: Capital index (2010=100); L: Labor input index (2010=100); P2010: This is the benchmark model economy. Its pension system replicates the pay-as-you-go, defined-benefit pension system that prevailed in Spain before the 2011 Reform and the 2013 delay in the first retirement age. R2013: The pension system of this model economy replicates the pay-as-you-go, defined-benefit pension system that resulted from the 2011 Reform and the 2013 delay in the first retirement age. RARF: The pension system of this model economy replicates the pay-as-you-go, defined-contribution pension system that results from the application of the Intergenerational Equity Factor and the Annual Revaluation Factor. RPRI: The pension system of this model economy replicates the pay-as-you-go, defined-contribution pension system that results from the application of the Intergenerational Equity Factor and the Pension Revaluation Index.
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and in their pensions pt ∈ Pt .4 Sets J, H, E, A, Bt , and Pt are all finite sets which we describe below. We use µj,h,e,a,b,p,t to denote the measure of households of type (j, h, e, a, b, p) at period t. For convenience, whenever we integrate the measure of households over some dimension, we drop the corresponding subscript. Age. Every household enters the economy when it is 20 years old and it is forced to exit the economy at age 100. Consequently, J = {20, 21, . . . , 100}. We also assume that each period every household faces a conditional probability of surviving from age j to age j +1, which we denote by ψjt . This probability depends on the age of the household and it varies with time, but it does not depend on the household’s education. Education. We abstract from the education decision, and we assume that the education of every household is determined forever when they enter the economy. We consider three educational levels. Therefore, H = {1, 2, 3}. Educational level h = 1 denotes that the household has dropped out of high school; educational level h = 2 denotes that the household has completed high school but has not completed college5 ; and educational level h = 3 denotes that the household has completed college. Population Dynamics. In the real world the age distribution of the population changes because of changes in fertility, survival rates, and migratory flows. The population dynamics in our model economy are exogenous and we describe them in Section 4 below. Employment status. Households in our economy are either workers, retirees, or disabled households. We denote workers by ω, retirees by ρ, and disabled households by d. Consequently, E = {ω, ρ, d}. Every household enters the economy as a worker. The workers face a positive probability of becoming disabled at the end of each period of their working lives. And they decide whether to retire at the beginning of each period once they have reached the first retirement age, which we denote by R0 . In our model economy, both the disability shock and the retirement decision are irreversible and there is no mandatory retirement age. Workers. Workers receive an endowment of efficiency labor units every period. This endowment has two components: a deterministic component, which we denote by jh , and a stochastic idiosyncratic component, which we denote by s. We use the deterministic component to characterize the life-cycle profiles of earnings. These profiles are different for each educational group, and we model them using the following family of 4



To calibrate our model economy, we use data per person older than 20. Therefore our model economy households are really individual people. 5 In this group we include every household that has completed the first level of secondary education.
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Figure 1: The Endowment of Efficiency Labor Units, the Disability Risk, and the Payroll Tax



A: The Endowment of ELU



B: The Disability Risk (%)



C: The Payroll Tax∗



∗



In the vertical axis of this panel we plot payroll tax collections expressed as the percentage share of GDP per person over 20 and in the horizontal axis we plot labor income expressed as a multiple of GDP per person over 20.



quadratic functions:6 jh = a1h + a2h j − a3h j 2



(1)



We choose this functional form because it allows us to represent the life-cycle profiles of the productivity of workers in a very parsimonious way. We represent the calibrated versions of these functions in Panel A of Figure 1. We use the stochastic component of the endowment shock, s, to generate earnings and wealth inequality within the age cohorts. We assume that s is independent and identically distributed across the households, that it does not depend on the education level, and that it follows a first order, finite state, Markov chain with conditional transition probabilities given by Γ[s0 | s] = Pr{st+1 = s0 | st = s}, where s, s0 ∈ ω = {s1 , s1 , . . . , sn }.



(2)



We assume that the process on s takes three values and, consequently, that s ∈ ω = {s1 , s2 , s3 }. We make this assumption because it turns our that three states are sufficient to account for the Lorenz curves of the Spanish distributions of income and labor earnings in enough detail, and because we want to keep this process as parsimonious as possible.



Retirees. As we have already mentioned, workers who are R0 years old or older decide whether to remain in the labor force, or whether to retire and start collecting their retirement pension. They make this decision after they observe their endowment of efficiency labor units for the period. In our model economy retirement pensions are incompatible with labor earnings and, consequently, retirees receive no endowment of efficiency labor units. 6



In the expressions that follow the letters a denote parameters.



7



Disabled households. We assume that workers of education level h and age j face a probability ϕjh of becoming disabled from age j +1 onwards. The workers find out whether they have become disabled at the end of the period, once they have made their labor and consumption decisions. When a worker becomes disabled, she exits the labor market and she receives no further endowments of efficiency labor units, but she is entitled to receive a disability pension until she dies. To determine the values of the probabilities of becoming disabled, we proceed in two stages. First we model the aggregate probability of becoming disabled. We denote it by qj , and we assume that it is determined by the following function: qj = a4 e(a5 ×j)



(3)



We choose this functional form because the number of disabled people in Spain increases more than proportionally with age, according to the Bolet´ın de Estad´ısticas Laborales (2007). Once we know   qj µj,2007 ϕj2  ϕj3



the value of qj we solve the following system of equations: P = h ϕjh µjh,2007 = a6 ϕj1 = a7 ϕj1



(4)



This procedure allows us to make the disability process dependent on the educational level as is the case in Spain. We represent our calibrated values for ϕjh in Panel B of Figure 1.7



2.2



Preferences



We assume that households derive utility from consumption, cjht ≥ 0, and from non-market uses of their time, (1 − ljht ), and that their preferences can be described by the following standard Cobb-Douglas expected utility function:   100 X  max E β j−20 ψjt [cαjht (1 − ljht )(1−α) ](1−σ) /1 − σ  



(5)



j=20



where 0 < β is the time-discount factor; 1 is the normalized endowment of productive time; and 0 ≤ ljht ≤ 1 is labor.



2.3



Technology



We assume that aggregate output, Yt , depends on aggregate capital, Kt , and on the aggregate labor input, Lt , through a constant returns to scale, Cobb-Douglas, aggregate production function of the form Yt = Ktθ (At Lt )1−θ 7



(6)



The data on disability can be found at www.empleo.gob.es/es/estadisticas.
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where At denotes an exogenous labor-augmenting productivity factor whose law of motion is At+1 = (1 + γt ) At , and where A0 > 0. Aggregate capital is obtained aggregating the capital stock owned by every household, and the aggregate labor input is obtained aggregating the efficiency labor units supplied by every household. We assume that capital depreciates geometrically at a constant rate, δ, and we use r and w to denote the prices of capital and of the efficiency units of labor before all taxes.



2.4



Government Policy



The government in our model economy taxes capital income, household income and consumption, and it confiscates unintentional bequests. It uses its revenues to consume, and to make transfers other than pensions. In addition, the government runs a pay-as-you-go pension system. In this model economy the consolidated government and pension system budget constraint is Gt + Pt + Zt = Tkt + Tst + Tyt + Tct + Et + (Ft − Ft+1 )



(7)



where Gt denotes government consumption, Pt denotes pensions, Zt denotes government transfers other than pensions, Tkt , Tst , Tyt , and Tct , denote the revenues collected by the capital income tax, the payroll tax, the household income tax, and the consumption tax, Et denotes unintentional bequests, and Ft > 0 denotes the value of the pension reserve fund at the beginning of period t. Finally, (Ft − Ft+1 ) denotes the revenues that the government obtains from the pension reserve fund or deposits into it. We assume that the pension reserve fund must be non-negative and that transfers other than pensions are thrown to the sea so that they create no distortions in the household decisions.



2.4.1



Taxes



Capital income taxes are described by the function τk (ytk ) = a8 ytk



(8)



where ytk denotes before-tax capital income. Household income taxes are described by the function i o n h τy (ytb ) = a9 ytb − a10 + (ytb )−a11 )−1/a11



(9)



where the tax base is ytb = ytk + ytl + pt − τk (ytk ) − τs (ytl )



(10) 9



where ytl denotes before-tax labor income, pt denotes pensions, and τs denotes the payroll tax function that we describe below. Expression (9) is the function chosen by Gouveia and Strauss (1994) to model effective personal income taxes in the United States, and it is also the functional form chosen by Calonge and Conesa (2003) to model effective personal income taxes in Spain. Consumption taxes are described by the function τc (ct ) = a12t ct .



(11)



Finally, we assume that at the end of each period, once they have made their labor and consumption decisions, a share (1 − ψjt ) of all households of age j die and that their assets are confiscated by the government.



2.4.2



The Pension System



Payroll taxes. In Spain the payroll tax is capped and it has a tax-exempt minimum. In our model economy the payroll tax function is the following:     l   a14 ytl −yt /a13 y¯t if j < R1 a13 y¯t − a13 y¯t 1 + a13 y¯t τs (ytl ) =  0 otherwise



(12)



where parameter a13 is the cap of the payroll tax, y¯t is per capita output at market prices in period t, and ytl is labor income that same period before taxes. This function allows us to replicate the Spanish payroll tax cap, but it does not allow us to replicate the tax exempt minimum. In Panel C of Figure 1 we represent the payroll tax function for our calibrated values of a13 and a14 . Retirement pensions. A household of age j ≥ R0 , who chooses to retire, receives a retirement pension which is calculated according to the following formula: pt = φ(1.03)v (1 − λj )



1 Nb



j−1 X



min{a15 y¯t , ytl }



(13)



t=j−Nb



In this expression, parameter Nb denotes the number of consecutive years immediately before retirement that are used to compute the retirement pensions; parameter 0 < φ ≤ 1 denotes the pension system replacement rate; variable v denotes the number of years that the worker remains in the labor force after reaching the normal retirement age;8 function 0 ≤ λj < 1 is the penalty paid for early retirement; and a15 y¯t is the maximum covered earnings. Expression (13) replicates the main features of Spanish retirement pensions: 8



This late retirement premium was introduced in the 2002 reform of the Spanish public pension system.
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Pensions in our model economy are computed upon retirement and their real value remains unchanged. We also model minimum and maximum retirement pensions. Formally, we require that p0t ≤ pt ≤ pmt , where p0t denotes the minimum pension and pmt denotes the maximum pension. We update the minimum pension so that it remains a constant proportion of output per capita.9 The Spanish R´egimen General de la Seguridad Social establishes a set of penalties for early retirement that are a linear function of the retirement age. To replicate this rule, our choice for the early retirement penalty function is the following  a16 − a17 (j − R0 ) if j < R1 λj = 0 if j ≥ R1



(14)



Finally, the Spanish pension replacement rate is a function of the number of years of contributions. In our model economy we abstract from this feature because it requires an additional state variable. It turns out that this last assumption is not very important because, in our our model economy, 99.6 of all workers aged 20-64 in our benchmark model economy choose to work in our calibration year. This suggests that the number of workers who would have been penalized for having short working histories in our model economy is very small. Disability pensions. We model disability pensions explicitly for two reasons: because they represent a large share of all Spanish pensions (10.7 percent of all pensions in 2010), and because disability pensions are used as an alternative route to early retirement in many cases.10 To replicate the current Spanish rules, we assume that there is a minimum disability pension which coincides with the minimum retirement pension. And that the disability pensions are 75 percent of the households’ retirement claims. Formally, we compute the disability pensions as follows: pt = max{p0t , 0.75bt }.



(15)



The pension reserve fund. We assume that pension system surpluses, (Tst −Pt ), are deposited into a non-negative pension reserve fund which evolves according to Ft+1 = (1 + r∗ )Ft + Tst − Pt



(16)



where parameter r∗ is the exogenous rate of return of the fund’s assets. We assume that the government changes the consumption tax rate as needed in order to finance the pensions when the pension reserve fund runs out. 9 In Spain normal and maximum pensions are adjusted using the inflation rate and minimum pensions are increased discretionally. This has implied that over the last decade or so the Spanish minimum pension has roughly kept up with per capita GDP, and that the maximum pension and normal pensions have decreased as a share of per capita GDP. This little known fact is known as the silent reform of Spanish pensions. 10 See Boldrin and Jim´enez-Mart´ın (2003) for an elaboration of this argument.
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2.5



Market Arrangements



Insurance Markets. We assume that there are no insurance markets for the stochastic component of the endowment shock. This is a key feature of our model economy. When insurance markets are allowed to operate, every household of the same age and education level is identical, and the earnings and wealth inequality disappears almost completely.



Assets. We assume that the households in our model economy cannot borrow. Since leisure is an argument of their utility function, this borrowing constraint can be interpreted as a solvency constraint that prevents the households from going bankrupt in every state of the world. These restrictions give the households a precautionary motive to save. They do so accumulating real assets, which we denote by at , and which take the form of productive capital. For computational reasons we restrict the asset holdings to belong to the discrete set A = {a0 , a1 , . . . , an }. We choose n = 100, and assume that a0 = 0, that a100 = 75, and that the spacing between points in set A is increasing.11



Pension Rights. We assume that the workers’ pension rights belong to the discrete set Bt = {b0t , b1t , . . . , bmt }.12 Let parameter Nb denote the number of years of contributions that are taken into account to calculate the pension. Then, when a worker’s age is R0 − Nb < j < R0 , the bit record the average labor income earned by that worker since age R0 − Nb . And when a worker is older than R0 , the bit record the average labor income earned by that worker during the previous Nb years. We assume that b0t = 0, and that bmt = a15 y¯t , where a15 y¯t , is the maximum earnings covered by the Spanish pension system. We also assume that m = 9 and that the spacing between points in set Bt is increasing. Pensions. We assume that both the disability and retirement pensions belong to set Pt = {p0t , p1t , . . . , pmt }. The rules of the pension system determine the mapping from pension rights into pensions, and workers take into account this mapping when they decide how much to work and when to retire. Since this mapping is single valued, and the cardinality of the set of pension rights, Bt , is 10, we let m = 9 also for Pt . Finally, we assume that the distances between any two consecutive points in Pt is increasing. This is because minimum pensions play a large role in the Spanish system and this suggests that we should have a tight grid in the low end of Pt . 11



In overlapping generation models with finite lives and no altruism there is no need to impose an upper bound for ˙ ˙ set A since households who reach the maximum age will optimally consume all their assets. Imrohoro˘ glu, Imrohoro˘ glu, and Joines (1995) make a similar point. 12 Set Bt changes with time because its upper bound is the maximum covered earnings which are proportional to per capita output.
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2.6



The Households’ Decision Problem



We assume that the households in our model economy solve the following decision problem:   100 X  max E (17) β j−20 ψjt [cαjht (1 − ljht )(1−α) ](1−σ) /1 − σ   j=20



subject to cjht + ajht+1 + τjht = yjht + ajht



(18)



and where k l b τjht = τk (yjht ) + τst (yjht ) + τy (yjht ) + τct (cjht )



(19)



k l yjht = yjht + yjht + pt



(20)



k = ajht rt yjht



(21)



l = jh st ljht wt yjht



(22)



l k b + pt − τa (ytk ) − τs (ytl ) + yjht = yjht yjht



(23)



where ajht ∈ A, pt ∈ Pt , st ∈ ω for all t, and ajh0 is given. Notice that every household can earn capital income, only workers can earn labor income, and only retirees and disabled households receive pensions. A relevant feature of the households decision problem that we have not mentioned here is that households decide optimally when to retire. As we have already mentioned, in the model economy, the pension rights of workers who are between 20 and R0 years old evolve according to the following expression:  bt+1 =



0 (bt + ytl )/[j − (R0 − Nb − 1)]



if if



j < R0 − Nb R0 − Nb ≤ j < R0 ,



(24)



When households reach age R0 they decide whether or not to retire. This decision depends on their pension rights, on their other state variables, j, h, at and st , and on the benefits and costs of continuing to work. The benefits are the labor earnings and the avoidance of the early retirement penalties, if any, and the costs are the forgone leisure and the forgone pension. And they also take into account the change in their pension rights, bt+1 − bt , which could be a benefit or a cost depending on the values of bt and of the current and expected future endowments of efficiency labor units.



2.7



Definition of Equilibrium



Let j ∈ J, h ∈ H, e ∈ E, a ∈ A, bt ∈ Bt , and pt ∈ Pt , and let µj,h,e,a,b,p,t be a probability measure defined on < = J×H ×E×A×Bt×Pt .13 Then, given initial conditions µ0 , A0 , E0 , F0 , and K0 , a competitive 13



Recall that, for convenience, whenever we integrate the measure of households over some dimension, we drop the corresponding subscript.



13



equilibrium for this economy is a government policy, {Gt , Pt , Zt , Tkt , Tst , Tyt , Tct , Et+1 , Ft+1 }∞ t=0 , a household policy, {ct (j, h, e, a, b, p), lt (j, h, e, a, b, p), at+1 (j, h, e, a, b, p)}∞ t=0 , a sequence of mea∞ sures, {µt }∞ t=0 , a sequence of factor prices, {rt , wt }t=0 , a sequence of macroeconomic aggregates, ∗ {Ct ,It ,Yt ,Kt+1 ,Lt }∞ t=0 , a function, Q, and a number, r , such that:



(i) The government policy and r∗ satisfy the consolidated government and pension system budget constraint described in Expression (7) and the the law of motion of the pension system fund described in Expression (16). (ii) Firms behave as competitive maximizers. That is, their decisions imply that factor prices are factor marginal productivities rt = f1 (Kt , At Lt ) − δ and wt = f2 (Kt , At Lt ). (iii) Given the initial conditions, the government policy, and factor prices, the household policy solves the households’ decision problem defined in Expressions (17), through (23). (iv) The stock of capital, consumption, the aggregate labor input, pension payments, tax revenues, and accidental bequests are obtained aggregating over the model economy households as follows: Z Kt =



ajht dµt



(25)



cjht dµt



(26)



jh st ljht dµt



(27)



pt dµt



(28)



τct (cjht )dµt



(29)



k τk (yjht )dµt



(30)



l τs (yjht )dµt



(31)



b τy (yjht )dµt



(32)



(1 − ψjt )ajht+1 dµt



(33)



Z Ct = Z Lt = Z Pt = Z Tct = Z Tkt = Z Tst = Z Tyt = Z Et =



k = a l b k l k l where yjht jht rt , yjht = jh st ljht wt , and yjht = yjht + yjht + pt − τk (yt ) − τs (yt ), and all



the integrals are defined over the state space 
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