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A B S T R A C T   

Using a new real-time dataset from Beetsma et al. (2020) containing all pension reform measures 
in 23 OECD countries between 1970 and 2017, we demonstrate that, in contrast to what one 
might a priori expect, the timing of pension reform measures coincides with business cycle shocks 
and not with current or projected demographic shocks. The OECD-wide demography only ex-
plains the general reform trend. We rationalize this finding using a political-economy model with 
two-sided adjustment costs to explain a lack of response of pension reform measures to changes in 
demographic indicators.   

1. Introduction 

Reform measures to enhance the financial sustainability of pension arrangements are high on the agendas of national policymakers 
as well as of international organizations. So far, however, systematic empirical investigation of what determines the timing of pension 
reform measures is in short supply. This is unfortunate, because the outcomes of such an analysis may provide insights into the cir-
cumstances that are most conducive to the successful implementation of pension reforms. 

The contribution of this paper is twofold. In their empirical analysis, Beetsma et al. (2020) demonstrate that changes in the current 
or projected future old-age dependency ratio do not affect the timing of pension reform measures. By contrast, the current cyclical state 
of the economy does have a statistically significant effect on reform measures. The demography matters only in the sense that the 
OECD-wide demography explains the general reform trend, but the trigger for the alleviation of pressure in the pension arrangement is 
the business cycle: an economic downturn leads to more contractionary measures and an economic upturn to fewer such measures. 
Here, we demonstrate that if we add measures of accumulating demographic pressure to their empirical framework, the role of the 
current state of the economy in explaining reform measures is preserved. Second, we develop a theoretical framework capable of 
rationalising that the timing of pension reforms is determined by the cyclical state of the economy and not by demographic pressure. 
While its basic set-up is relatively simple, the framework has not been deployed before in the literature. 
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The theoretical framework features a forward-looking government with a potentially rather high discount rate and fixed costs of 
pension reform. These costs, typically in terms of credit needed to overcome political resistance and lost popular support for the 
government, may differ for reforms that increase pension generosity and reforms that reduce it. Through a careful country-specific 
calibration of these costs we are able to reproduce the numbers of generosity-increasing and contracting reforms. Our simulations 
demonstrate that the model performs well in predicting the timing of both reform directions. The simulations also allow us to 
disentangle the predictive contribution associated with fluctuations in the business cycle and changes in current and future demog-
raphy, confirming that the latter play only a minor role compared to the former. 

What is the intuition behind the rationalization of our main empirical finding? Suppose one starts with a pension system that is 
optimal given the current state of the business cycle and the current demography. With fixed reform costs, a sufficiently large change in 
these underlying variables is needed to trigger a reform. However, updates of the current and projected demography are typically small 
on an annual basis, so the additional gain from a pension reform will be small. Indeed, to the extent that demographic changes play a 
role they would have been incorporated already in the most recent pension reform, because they are largely anticipated, implying that 
the gain from further reform is generally small. In principle, the cumulation of a large number of small, predictable, changes in the 
current demography would at some point trigger a reform. However, because the business cycle fluctuates at a higher frequency, it is 
likely that a recession or boom will trigger a reform before a cumulative change in the demography necessitates one. Also, even though 
they are unexpected, changes in projected demographic conditions are unlikely to affect reform decisions. First, such changes only 
affect future utility, which makes it hard to overcome the fixed reform cost due to limited government tenure. Second, even if future 
sustainability issues are foreseen, the government may safely postpone reform, because business cycle movements will trigger a reform 
before the sustainability problems have had a chance to materialize. 

The literature has identified different potential driving forces behind pension reform and its timing.1 First, there is a strand of the 
literature exploring the role of demography. Persson and Tabellini (2000) describe two opposing effects of a higher old-age de-
pendency ratio on the size of a pay-as-you-go (PAYG) system. In an older society, on the one hand the rate of return on contributions to 
a PAYG system is lower, making the system less attractive, while on the other hand population ageing enhances the political weight of 
the elderly, making it harder for politicians to engage in contractionary reform. Other studies (e.g. Gonzales-Eiras and Niepelt, 2008) 
relate changes in social security to its intergenerational risk-sharing aspects (see also D’Amato and Galasso, 2010). Empirically, 
however, the role of the demography is not so clear-cut (e.g., Blinder and Krueger, 2004). The empirical evidence for demography as an 
important determinant of PAYG pension reform is weak. In fact, for the U.S. and Western Europe Razin et al. (2002) even find a 
negative correlation between the old-age dependency ratio and the generosity of social security transfers. Second, the size of the 
implicit pension debt is a potential determinant of reform of PAYG defined-benefit pensions (James and Brooks, 2001). Third, external 
constraints, such as those imposed by Europe’s Stability and Growth Pact,2 may stimulate pension reform. Bertola and Boeri (2002) 
argue that such constraints could have contributed to a reduction in the generosity of social security after 1997. A fourth motive for 
reform is the desire to correct the distortions caused by existing arrangements leading employees to work less or retire earlier than 
under a system with stronger incentives for work – see, e.g., the contributions in Gruber and Wise (2009). Finally, there is the potential 
role of ideology. Pension privatization in Latin America was stimulated by the paradigm shift towards neo-liberalization inspired by 
Thatcherism and the promotion of private pensions by international organizations such as the World Bank (see World Bank, 2019; 
Brooks, 2007, and Orenstein, 2005 and 2013). The new paradigm also emphasized the benefits of capital market deepening, increased 
private savings and higher economic growth. 

Our main empirical finding – the timing of pension reform measures is linked to the business cycle – is related to, but differs in two 
fundamental ways from, the crisis-induced reform literature (e.g., Rodrik, 1996; Abiad and Mody, 2005; Bonfiglioli and Gancia, 2015; 
Ranciere and Tornell, 2015; Mahmalat and Curran, 2018).3 This literature finds that structural reforms are typically legislated during 
periods of poor economic performance, but it tends to focus on financial liberalization, trade liberalization, and issues of inflation and 
sovereign indebtedness. We focus on pension reform measures, which are unique in that difficulties with the sustainability of current 
pension arrangements are known well in advance. By contrast, the “regular” crisis-induced reform literature focuses on contempo-
raneous rather than anticipated future crises. This may not be surprising: an economic crisis may be a particularly opportune moment 
for reform, because only then will there be sufficient political awareness of the need to fix structural deficiencies through fundamental 
reform and can political obstacles to reform be overcome (Tommasi and Velasco, 1996; Tommasi, 2017). A second difference with the 
regular reform literature is that our data allow us to study both contractionary and expansionary reform measures. While the timing of 
contractionary reform is linked to a cyclically-weak economy, expansionary reform measures, which include such structural measures 
as increased coverage of women, tend to be implemented during economic upswings. Such expansionary reform measures are not 
considered in the crisis-induced literature.4 

This paper is also related to a broader, mostly empirical, literature on structural reforms. Campos et al. (2017) provide an overview. 

1 An interesting recent paper by Bi and Zubairy (2019), instead of exploring the driving forces of pension reform, explores how 
narratively-identified news about pension reforms motivated by long-run sustainability concerns affects when people retire and, thereby, old-age 
spending.  

2 For an analysis of these constraints, see Beetsma and Uhlig (1999) and Beetsma and Debrun (2007).  
3 Campos et al. (2010) find a relatively large role for political crises in determining labour market and trade liberalization reforms.  
4 There is a literature on political and legal constraints that prevent policymakers from pursuing reform in normal times, but that become softer 

during a crisis. While before the global financial crisis (GFC) the US Treasury was unable to persuade banks to strengthen their capital position, after 
the onset of the GFC regulators managed to force them to recapitalize – see Swagel (2015). 
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For example, Chinn and Ito (2006), Quinn and Toyoda (2008), Bumann and Lensink (2016) and Furceri and Loungani (2015) explore 
the economic consequences of capital account reform; Beck and Levine (2004), Christiansen et al. (2013), Prati et al. (2013), Arcand 
et al. (2015) and De Haan and Sturm (2017) investigate the economic consequences of domestic financial liberalization; Griffith et al. 
(2006), Falcetti et al. (2006), Spilimbergo et al. (2009), Bouis and Duval (2011), Fiori et al. (2012), Fatas (2016), Cette et al. (2016) 
explore the effects of product and labour market reforms; and Demekas et al. (2007), Kneller et al. (2008), Wacziarg and Welch (2008), 
Campos and Kinoshita (2010) and De Macedo et al. (2014) analyse the effects of trade liberalization. 

This paper proceeds as follows. The next section briefly describes the data, drawing on and expanding the exposition in Beetsma 
et al. (2020), because we supplement their data with variables that capture accumulating demographic pressure. Section 3 presents our 
empirical analysis, which confirms for a richer specification including changing demographic pressure that the timing of pension 
reform measures is linked to state of the economy. Sections 4, 5 and 6 are devoted to presenting and analysing the theoretical 
framework used to rationalize our empirical findings. Section 7 explores the model fit. Finally, Section 8 concludes the main text. 

2. Data 

In this paper we use the database constructed by Beetsma et al. (2020) and extend it with data that capture accumulating de-
mographic pressure. A narrative approach is deployed to identify all relevant legislated pension reform measures in the 23 first OECD 
member countries over the period 1970 until 2017. The database covers all pension reform measures, both smaller (parametric) and 
more fundamental, that affect both the present value of retirement income and the government’s intertemporal budget constraint. In 
each year, and for each country, changes in pension arrangements are listed based on a careful reading of records or documents from 
four main databases: the NATLEX database of the International Labor Organization (ILO, 2019), the International Social Security 
Association (ISSA, 2019) database, the OECD, and the European Commission’s LABREF (2019), supplemented with data from ad-hoc 
sources. 

These reform measures are classified into two categories: 1) measures with an expansionary effect on the pension arrangements, 
and 2) measures with a contractionary effect on pension arrangements. Reform measures with a different nature are excluded from our 
analysis. Examples of the first type are an increase in benefit levels and a weakening of eligibility restrictions. Examples of the second 
type are a reduction in benefit levels and an increase in the official retirement age (which reduces the present value of expected future 
pension benefits). Importantly, reform measures are assigned to the year in which they are signed into law. This way of dating is the 
relevant one if our goal is to explain reform measures based on “real-time” factors, such as the state of the economy or the current or 
currently projected state of the demography. The time between legislation and implementation can be substantial, in particular when it 
comes to measures to increase the retirement age. Typically, it is not politically opportune to downscale too much the retirement 
provisions of those close to retirement. Hence, increases in retirement age tend to be implemented gradually over a long period of time. 

2.1. Reform regimes 

Based on the above classification, every country-year combination is assigned one of three possible “reform regimes”. The first 
regime is “Expanding only”. We assign this regime to a country-year combination if at least one reform of expansionary nature was 
legislated in that country and in that year and no reforms of contractionary nature were legislated. The second regime is “Contracting”, 
which occurs when at least one contractionary reform is legislated in that country and in that year. If both reforms of an expansionary 
and a contractionary nature are legislated, then this is also classified as “Contracting”. A careful reading of all reform measures clearly 
shows that large systemic reforms of a contractionary nature fall into this regime.5 Often these reforms are so substantial that gov-
ernments have to offset part of the contracting reform by also accepting one or more (smaller) expansionary measures to either buy 
political support or to compensate some targeted groups. The third and final regime is the default regime of “No reform”. This makes 
the three regimes mutually exclusive. Table 1 reports the number of occurrences of each regime both for the full sample period 
1970–2017 and for a split in two subsample periods of equal length. The number of “Expanding only” regimes is approximately equal 
to “Contracting”. While the incidence of “Expanding only” regimes is roughly equally spread over the two periods, the number of 
“Contracting” regimes is almost four times larger in the second-than in the first subperiod. This may not be surprising in view of rising 
projections of old-age dependency ratios and growing awareness of the future ageing costs. 

One concern is that our method gives all reforms the same weight, regardless of how many people are affected. To tackle this 
concern, we use an additional classification with which we try to capture to number of people affected by a reform. Based on a careful 
reading of all reforms, we split them into “Many affected” and “Few affected”. The introduction of a wife’s pension, which replaces a 
less generous wife’s allowance (like Australia did in 1972) clearly falls into the “Many affected” category, just like lowering the general 
retirement age in Germany in 1972. Lowering the retirement age of only severely handicapped persons in the Germany in 1978 is an 
example of a reform that we classified as “Few affected”. If a country in a specific year implemented one or more reforms, then we 
classify this country-year as “Many affected” if at least one of the reforms classifies as “Many affected”. If not, then we classify this 
country-year as “Few affected”. This does not capture how severely those people are affected by the reform. For that we need a more 
detailed quantitative analysis of each reform, which is not possible with the available data. Table 2 shows the number of regimes in 

5 In one sensitivity analysis, we split the “Contracting” regime into “Contracting only” and “Contracting and Expanding”. When significant, the 
estimated coefficients always have the same sign as before and are of comparable magnitude; the standard deviation of the coefficients is larger since 
we split the number of observations in this category into two. 
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each category. This table clearly shows that conditional on a reform action by the government, usually many people are affected. 
As explanatory variables, we use the same baseline variables as in Beetsma et al. (2020). These are year-on-year growth of GDP per 

capita (GROWTHit), the unemployment rate (UNEMPLit), and the government’s public deficit (DEFit), all intended to capture elements 
of the state of the economy of country i in year t, and the current old-age dependency ratio (OADit) and its 25-year ahead forecast 
(OAD25it), as well as transformations of these basic variables. The old-age dependency ratio is measured as the number of people of 65 
years and older divided by the number of people in the age group 15–64 years. Finally, we use a dummy variable MAASTRICHTit , 
which is one for all country-year combinations as of 1992 (the year of signing the Maastricht Treaty) if country i is a member of the EU, 
and zero otherwise.6 The motivation is that the need to meet the budgetary criteria for entry into the eurozone and, later, the re-
quirements imposed by the Stability and Growth Pact have forced countries to take pension reform measures that ease the public 
budget constraint. 

2.2. Accumulating demographic pressure 

Not included in Beetsma et al. (2020), but potentially important, is the role of accumulating demographic pressure on the pension 
system. Hence, in this paper we test whether such accumulating demographic pressure increases the probability of reforms of a 
contracting nature and decreases the probability of reforms of an expansionary nature. We capture accumulating demographic 
pressure using two indicators. The first is the Time (in years) since the Last Reform 

TsLRi,t =

{
TsLRi,t− 1 + 1, REFi,t− 1 = 0,
0, REFi,t− 1 = 1,

where REFi,t is 1 if at least one reform measure was legislated in that country-year, so the dummy indicator of either the “Expanding 
only” or “Contracting” regime is 1. Note that this indicator is independent of the direction of the last reform. Such indicator could be 
relevant in a setting where the pension system is re-evaluated on a periodic basis. The more time has passed since the last reform, the 
more likely it is that the system is no longer fully suited and thus needs to undergo some change. 

The second indicator measures the change of the Old-Age dependency Ratio since the Last Reform 

OAD25sLRi,t =

{
OAD25sLRi,t− 1 + OAD25i,t − OAD25i,t− 1, REFi,t− 1 = 0
0, REFi,t− 1 = 1 

If pension reforms are driven by accumulating demographic pressure then a high value of this measure should coincide with a high 
probability of the “Contracting” regime and a low probability of the “Expanding only” regime. 

Both indicators are reset when a pension reform measure is legislated, regardless of the nature of the reform measure. The idea is 
that implementing a pension reform takes all recent information into account, so it resets the pressure indicator back to zero. 

3. Empirical results 

Our reform regimes are mutually exclusive, which suggests the use of a multinomial logit regression to estimate the relationship 
between our baseline variables and the probability of observing one of our reform regimes. The probability pit,r of country i being in 
reform regime r in year t is: 

pit,r =
exp(zit,r)

1 +
∑R

h=1 exp(zit,h)
,

where h counts over the set of possible reform regimes “Expanding only” and “Contracting”7 and where zit,r is a reform-regime specific 

Table 1 
Number of occurrences of each policy regime by time period.   

1970–2017 1970–1993 1994–2017 

“Expanding only” regime 223 121 102 
“Contracting” regime 235 49 186 
“No reform” regime 646 382 264 
Total 1104 552 552 

Note: this table reports the number of (country, year)-combinations for which the different regimes apply. 

6 Beetsma et al. (2020) perform an extensive sensitivity analysis by including other economic, budgetary, political and crisis indicators. The 
inclusion of these other variables does not change the estimated coefficients of the baseline variables and the estimated coefficients of these other 
variables are only occasionally significant. The role of political indicators is further discussed below.  

7 Hence, R = 2 and the likelihood of ending up in the “No reform” regime is  

1 −
∑R

h=1
pit,h. 
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linear function of the vector EXVARit of explanatory variables: 

zit,r = α0i,r + αr
′

EXVARit,

where α0i,r captures country-fixed effects and αr is a coefficient vector of appropriate dimensions. When we include time-fixed effects, a 
Wald test that these effects are jointly zero fails to reject for each of the regimes, if we normalize one of these time-fixed effects to zero, 
so as to keep OAD25t, the cross-country average of OAD25it , as one of the explanatory variables in the model (results available upon 
request). Because we normalize these time-fixed effects such that they capture any potential omitted time-specific determinants after 
accounting for OAD25t, their insignificance also implies there is no indication of such omitted determinants. This supports our 
conclusion that it is OECD-wide ageing projections that affect reforms. Moreover, when time-fixed effects are added, the coefficients on 
the business cycle indicators remain essentially unchanged. Henceforth, we do not include time-fixed effects in our estimations. 

Table 3 presents the baseline multinomial logit regression with the three regimes and including the baseline variables of Beetsma 
et al. (2020). These are the demographic variables OAD25t , OADDEV25it ≡ OAD25it − OAD25t , the country-specific deviation of the 
projected old-age dependency ratio, ΔOAD25it ≡ OAD25it − OAD25i,t− 1, the change in the projected old-age dependency ratio, the 
business cycle indicators (GROWTHit, DEFit and UNEMPLit) and MAASTRICHTit . Different from Beetsma et al. (2020) we do not include 
an interaction term between economic growth and the first decade in our sample, i.e. the 1970s. The inclusion of this interaction term 
does not change the main results. 

The columns labelled “Coefficient” report the variables’ coefficient estimates and the column labelled “Marg. Eff.” shows the mean 
over countries of that variable’s marginal effect evaluated at the countries’ mean of the variable over time; the so-called “average 
marginal effect”.8 Table 3 confirms the main findings of Beetsma et al. (2020): the world-wide ageing process as measured by the mean 
of the projected old-age dependency ratio lowers the probability of expansionary reform measures and raises the probability of the 
“Contracting” reform regime. The coefficients of the three business cycle indicators, GROWTHit, DEFit and UNEMPLit , all have the 
expected signs. The coefficient on GROWTHit is positive and highly significantly different from zero for the “Expanding only” regime, 
while it is negative and highly significantly different from zero for the “Contracting” regime. A one percentage point increase in the 
GDP growth rate raises the likelihood of “Expanding only” by 1.4 percentage points and lowers the likelihood of “Contracting” by 1.4 
percentage points. The coefficient on UNEMPLit is positive and highly significantly different from zero for “Contracting”. A one per-
centage point higher unemployment rate raises the likelihood of “Contracting” by 1.5 percentage points. A higher unemployment rate 
does not affect the likelihood of “Expanding only”. The public deficit DEFit exerts a significantly positive effect on the likelihood of 
“Contracting”. A one percentage point higher deficit raises the likelihood of this regime by 0.9 percentage points. A likely explanation 
for the role of the state of the business is that an adverse state undermines the affordability of current arrangements. Finally, the 
Maastricht dummy is positive and significant for both reform regimes. This could be indicative of lower adjustment costs of pension 
reforms if the country has signed the Maastricht Treaty. Being a signatory increases the probability of a reform by 13%–15%.9 

In Table 4 we add to our baseline regression the change of the 25 year-ahead forecast since the last reform, OAD25sLRit , and in 
Table 5 also the interaction of this variable with economic growth. We include these variables since mounting demographic pressure 
may induce pension reforms, while after a pension reform the pressure for further reform is at least temporarily taken away. The 
interaction of the pressure indicator with the main business cycle indicator could be relevant if both a business cycle fluctuation and 
mounting demographic pressure are required to trigger a pension reform. For completeness, Tables 6 and 7 report the same regressions 
as the preceding two tables, but with the time since the last reform, TsLRit, replacing OAD25sLRit as the pressure indicator. 

The results in Tables 4–7 are consistent: the coefficients on the individually entered pressure variables generally have the expected 
negative sign for the “Expanding only” regime and the expected positive sign for the “Contracting” regime, but the coefficient on the 
change in the projected old-age dependency ratio since the last reform, OAD25sLRit , is significantly different from zero only for the 
“Contracting” regime in Table 4 and only so at the 5% level, while the coefficient on the number of years since the last reform, TsLRit, is 
never significantly different from zero at the 5% level. The coefficients on the interaction terms of these variables with GROWTHit do 
not differ significantly from zero in all instances. The estimates of the coefficients of the baseline variables are robust throughout and 
show little change. 

One may ask whether the estimated coefficient of the change of the forecast since the last reform, OAD25sLRit is affected by the 

Table 2 
Number of occurrences of each policy regime split by the scope of the reforms.   

Many affected Few affected Total 

“Expanding only” regime 133 90 223 
“Contracting” regime 200 35 235 
“No reform” regime   646 

Note: this table reports the number of (country, year)-combinations for which the different regimes apply. 

8 Concretely, we first calculate for each country the mean of each variable and then evaluate for each country the marginal effect at that point. 
After this, we take the mean of those marginal effects, which is the “average marginal effect”.  

9 A regression with the interaction of having signed the Maastricht Treaty with unemployment shows that signatories of the Treaty have a higher 
probability of implementing a pension reform, but respond less to fluctuations in unemployment than other countries. 
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presence of the change in the projection ΔOAD25it. However, dropping this last variable leaves the coefficients of OAD25sLRit , as well 
as those of the other variables, virtually unaffected. In particular, the role of OAD25sLRit remains very minor. The results are available 
upon request. 

A legitimate question concerns the completeness of the empirical framework. Beetsma et al. (2020) conduct an elaborate analysis of 
the potential role of political variables taken from the Comparative Political Data Set I (Armingeon et al., 2018a, 2018b). However, 
they find no evidence that these variables help to explain reform regimes. Another concern is that of possible feedback effects from 
reforms to the business cycle variables, which could bias their coefficient estimates. Such effects are unlikely to play a role, because 
reforms, once signed into law, are often only gradually implemented, implying that their effect on disposable income of retirees (which 
in any case constitutes only part of national disposable income) is spread over years. Indeed, instrumental variables estimation in 
Beetsma et al. (2020) suggests that feedback effects play no role. Another potential concern could be a structural break in the late 80’s. 
The 1970s and 1980s were a time when some European governments legislated early retirement schemes which would open up jobs for 
the younger cohorts who suffered from high unemployment rates. However, a separate regression only for 1970–1992 suggests that the 
high unemployment rates caused by the oil crises only increased the probability of contracting reforms (results available upon request). 
As a final sensitivity analysis, we use our classification of how many people are affected by the reforms legislated in a specific 
country-year combination. This gives a multinominal logit regression with five categories; the two regimes “Expanding only” and 
“Contracting” are each split into two sub-regimes indicating whether many (a broad group) were affected or only few (a specific/small 
group) were affected. The results are documented in Table 8. Due to space limitations, we only present the coefficients; the marginal 

Table 3 
Baseline multinomial logit estimations.  

Independent variables Expanding only Contracting 

Coefficient Marg. Eff. Coefficient Marg. Eff. 

OAD25t − 4.15*** − 0.81*** 4.73*** 0.79*** 
(1.53) (0.22) (1.42) (0.18) 

OADDEV25it 3.05 0.43 0.77 − 0.011 
(2.96) (0.43) (2.78) (0.36) 

ΔOAD25it 1.32 − 0.14 9.01 1.16 
(7.21) (1.05) (6.81) (0.87) 

GROWTHit 7.36* 1.46*** − 9.13** − 1.50*** 
(3.59) (0.53) (3.98) (0.51) 

DEFit − 0.50 − 0.33 6.81* 0.93** 
(3.17) (0.46) (3.16) (0.41) 

UNEMPLit 0.87 − 0.28 11.1*** 1.45*** 
(3.57) (0.52) (3.85) (0.49) 

MAASTRICHTit 1.11*** 0.13*** 1.25*** 0.13*** 
(0.29) (0.046) (0.33) (0.045) 

N 1081 
McFadden R2 0.14 

Note: standard errors in parentheses, *p < 0.05, **p < 0.025, ***p < 0.01. N = number of observations. 

Table 4 
Multinomial logit estimation with pressure indicator based on OAD25.  

Independent variables Expanding only Contracting 

Coefficient Marg. Eff. Coefficient Marg. Eff. 

OAD25t − 4.15*** − 0.81*** 4.83*** 0.80*** 
(1.54) (0.22) (1.43) (0.18) 

OADDEV25it 3.05 0.44 0.61 − 0.033 
(2.96) (0.43) (2.80) (0.36) 

ΔOAD25it 1.84 0.18 2.74 0.30 
(7.95) (1.15) (7.40) (0.95) 

GROWTHit 7.26* 1.43*** − 8.85* − 1.45*** 
(3.60) (0.53) (4.00) (0.51) 

DEFit − 0.55 − 0.34 6.98* 0.95** 
(3.17) (0.46) (3.15) (0.40) 

UNEMPLit 0.93 − 0.29 11.5*** 1.49*** 
(3.56) (0.52) (3.86) (0.49) 

MAASTRICHTit 1.10*** 0.12*** 1.30*** 0.14*** 
(0.29) (0.047) (0.33) (0.045) 

OAD25sLRit − 1.35 − 0.64 11.6* 1.60* 
(6.28) (0.92) (5.79) (0.74) 

N 1081 
McFadden R2 0.15 

Note: standard errors in parentheses, *p < 0.05, **p < 0.025, ***p < 0.01. 
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effects are available upon request. Table 8 shows that the results are mostly driven by reform regimes in which many are affected, 
whereas the coefficients of the regimes in which few people are affected are mostly insignificant. It, however, is unclear if this is due to 
the (very) small number of observations in these regimes or due to a truly non-existent relationship. 

4. The theoretical framework 

This section develops a theoretical framework that can simultaneously explain why the cyclical state of the economy can trigger 
adjustments in pension generosity, while changes in the current and projected old-age dependency ratio are less capable in doing so. To 
highlight the intuition behind the mechanisms, we deliberately endow the model with the minimal set of features that allow us to 
replicate our main empirical findings. Although the basic set-up of the framework is relatively simple, it has not been deployed before 
in the literature. The model features some fixed cost of implementing reforms. Typically, the economic literature has worked with fixed 
adjustment costs of prices (“menu costs”, see e.g. Mankiw, 1985) and capital adjustment costs. Here, we introduce a fixed cost 
associated with a change to the pension arrangement. In our context, the fixed reform cost is interpreted as a price to pay for over-
coming political resistance to reform and the loss of popular support. 

Table 5 
Multinomial logit estimation with pressure indicator based on OAD25 and interaction with growth.  

Independent variables Expanding only Contracting 

Coefficient Marg. Eff. Coefficient Marg. Eff. 

OAD25t − 4.13*** − 0.80*** 4.81*** 0.80*** 
(1.54) (0.22) (1.43) (0.18) 

OADDEV25it 2.95 0.42 0.71 − 0.015 
(2.96) (0.43) (2.80) (0.36) 

ΔOAD25it 1.71 0.16 2.56 0.28 
(7.91) (1.15) (7.44) (0.95) 

GROWTHit 8.78** 1.45*** − 10.2* − 1.49*** 
(3.90) (0.53) (4.54) (0.52) 

DEFit − 0.87 − 0.39 7.01* 0.97** 
(3.19) (0.46) (3.15) (0.40) 

UNEMPLit 1.07 − 0.26 11.4*** 1.48*** 
(3.56) (0.52) (3.86) (0.49) 

MAASTRICHTit 1.10*** 0.12*** 1.29*** 0.14*** 
(0.29) (0.047) (0.33) (0.045) 

OAD25sLRi,t 3.03 − 0.80 10.4 1.63* 
(7.23) (0.93) (6.54) (0.74) 

GROWTHit × OAD25sLRi,t − 227.4  125.7  
(206.2)  (226.9)  

N 1081 
McFadden R2 0.15 

Note: standard errors in parentheses, *p < 0.05, **p < 0.025, ***p < 0.01. 

Table 6 
Multinomial logit estimation with pressure indicator based on time since last reform.  

Independent variables Expanding only Contracting 

Coefficient Marg. Eff. Coefficient Marg. Eff. 

OAD25t − 4.17*** − 0.82*** 5.04*** 0.83*** 
(1.54) (0.22) (1.44) (0.18) 

OADDEV25it 3.08 0.43 0.88 0.0019 
(2.96) (0.44) (2.80) (0.36) 

ΔOAD25it 1.29 − 0.12 8.44 1.08 
(7.21) (1.05) (6.84) (0.88) 

GROWTHit 7.27* 1.43*** − 8.86* − 1.45*** 
(3.60) (0.53) (4.00) (0.51) 

DEFit − 0.49 − 0.33 6.83* 0.93** 
(3.16) (0.46) (3.17) (0.41) 

UNEMPLit 0.87 − 0.29 11.3*** 1.47*** 
(3.57) (0.52) (3.86) (0.49) 

MAASTRICHTit 1.10*** 0.12*** 1.32*** 0.14*** 
(0.29) (0.047) (0.33) (0.046) 

TsLRi,t − 0.0092 − 0.0043 0.077 0.011 
(0.040) (0.0060) (0.045) (0.0058) 

N 1081 
McFadden R2 0.14 

Note: standard errors in parentheses, *p < 0.05, **p < 0.025, ***p < 0.01. 
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4.1. Model setup 

We consider an economy with a political party that runs the current government and discounts the future with a factor 0 < π < 1. 
This factor captures both the government’s innate time preference as well as a potential reduction in its effective discount factor 
resulting from the possibility of losing office to a political competitor. The current government cares – among other things – about the 
income position of the elderly as measured by the pension pay-out per retiree P > 0.10 This pay-out is chosen taking into account 
current and future economic and demographic conditions. Current economic conditions are fully summarized by a business cycle 
indicator Y > 0. These economic conditions follow a Markov process with a stationary distribution. Hence, all shocks to Y are of a 
temporary nature. 

The demography in our theoretical framework is captured by the old-age dependency ratio, again defined as the number of people 
of 65 years and older divided by the number of people in the age group 15–64 years. Ideally, forecasts about the old-age dependency 
ratio would be based on the population pyramid and the fundamental demographic forces: fertility, mortality and migration. In most 
countries, the current size of each cohort is well known. Levels of fertility and mortality change only slowly over time. Thus, when 

Table 7 
Multinomial logit estimation with pressure indicator based on time since last reform and interaction with growth.  

Independent variables Expanding only Contracting 

Coefficient Marg. Eff. Coefficient Marg. Eff. 

OAD25t − 4.18*** − 0.82*** 5.04*** 0.83*** 
(1.54) (0.22) (1.44) (0.18) 

OADDEV25it 3.00 0.42 0.86 0.0029 
(2.97) (0.44) (2.80) (0.36) 

ΔOAD25it 1.57 − 0.077 8.41 1.07 
(7.24) (1.05) (6.84) (0.88) 

GROWTHit 6.08 1.43*** − 8.26 − 1.45*** 
(4.29) (0.53) (4.85) (0.51) 

DEFit − 0.43 − 0.32 6.86* 0.93** 
(3.16) (0.46) (3.17) (0.41) 

UNEMPLit 0.86 − 0.29 11.3*** 1.48*** 
(3.56) (0.52) (3.86) (0.49) 

MAASTRICHTit 1.10*** 0.12*** 1.33*** 0.14*** 
(0.29) (0.047) (0.33) (0.046) 

TsLRi,t − 0.028 − 0.0042 0.083 0.011 
(0.055) (0.0060) (0.053) (0.0059) 

GROWTHit × TsLRi,t 0.80  − 0.47  
(1.57)  (1.95)  

N 1081 
McFadden R2 0.15 

Note: standard errors in parentheses, *p < 0.05, **p < 0.025, ***p < 0.01. 

Table 8 
Multinomial logit estimation with “Many affected” and “Few affected”.  

Independent variables Expanding only Contracting 

Many affected Few affected Many affected Many affected 

OAD25t − 3.26 − 5.83** 5.32*** 1.64 
(1.83) (2.33) (1.51) (3.00) 

OADDEV25it 3.13 2.67 0.67 − 0.36 
(3.45) (4.94) (2.93) (6.49) 

ΔOAD25it − 5.21 8.77 9.01 11.1 
(9.12) (10.1) (7.19) (14.3) 

GROWTHit 11.5*** 0.70 − 10.4** − 1.40 
(4.38) (5.31) (4.19) (9.00) 

DEFit − 1.82 0.20 7.59** 2.99 
(3.95) (4.53) (3.30) (7.03) 

UNEMPLit − 1.59 5.34 9.03** 23.2*** 
(4.35) (5.26) (4.02) (8.43) 

MAASTRICHTit 1.31*** 0.88* 1.24*** 1.25 
(0.35) (0.42) (0.35) (0.71) 

N 1081 
McFadden R2 0.15 

Note: table reports coefficients. Marginal effects are available upon request. Standard errors in parentheses, *p < 0.05, **p < 0.025, ***p < 0.01. 

10 The positive value of P implies that transfers from the old to the young are excluded. 
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fertility or mortality is high in one year, this is likely also the case the next year. This implies a strong, but not perfect, serial correlation 
in these two variables. International migration is more volatile, but some degree of serial correlation should be expected, because the 
driving economic, legal, political and social conditions tend to change only slowly over time (e.g., Preston et al., 2000). In addition, in 
most developed countries, migrant flows in the various age categories are small relative to the existing cohorts. All these factors render 
the old-age dependency ratio relatively predictable in the short to medium term.11 

Modelling the three fundamental sources of demographic change explicitly and keeping track of all the cohorts is well beyond the 
scope of this paper. Instead, we try to capture the current and projected future demographic situation with only the current old-age 
dependency ratio B and the long-run level b to which B is expected to converge. Such a long-run level exists if the demographic 
composition of the population is stable, which is the case when migration flows, age-specific fertility and age-specific mortality rates 
are constant. In view of the continuing medical progress, especially this last assumption seems unrealistic. However, if the length of the 
working life and the average retirement phase change proportionally with life expectancy this would continue to produce a roughly 
constant long-run old-age dependency ratio even when mortality rates are falling. We allow for fluctuations in migration flows, fertility 
and mortality reduction by assuming that b follows a (highly-persistent) time-stationary Markov process and that B slowly gravitates 
towards this long-run value. We also assume that b and B are independent of Y. 

The government’s instantaneous utility is fully determined by current economic and demographic conditions. Hence, it can be 
written as U(P,Y,B). For simplicity, we assume that U is continuous and twice differentiable in all its arguments, strictly concave in P, 
and increasing and concave in Y. We exclude financing of the pension system with government debt, so there exists an upper-bound 
P(Y,B) < ∞ on P, which is determined by Y and B. Strict concavity in P arises, for example, in a situation in which an endowment 
needs to be divided over various generations (a higher pension pay-out is at the cost of working generations) or when a higher pension 
pay-out reduces the resources available for other public spending. We denote the pension benefit that maximizes instantaneous utility 
by 

P̃(Y,B)= argmax
P

U(P, Y,B).

The literature (see, e.g., Gonzales-Eiras and Niepelt, 2008; and Ciurila and Romp, 2015) suggests that there are two opposing forces 
of the old-age dependency ratio B on the optimal pension pay-out chosen by a politician. A higher old-age dependency ratio raises the 
cost of the pension system, putting downward pressure on the individual pension pay-out, but it also increases the electoral weight of 
the group of retirees, which causes upward pressure on the individual pay-out. Hence, the overall effect on the individual pay-out could 
go into both directions. Ciurila and Romp (2015) conclude that in a probabilistic voting setting an office-seeking politician will divide 
the financial burden of a higher old-age dependency ratio over all generations. The retirees contribute with a reduction of their in-
dividual pension benefit.12 This suggests a downward sloping relationship between B and the optimal individual pension pay-out ̃P, so 
P̃B(Y,B) ≤ 0, which requires UPB ≤ 0. Finally, we assume that windfall gains are divided over both the active and retired part of the 
population, hence UPY ≥ 0, so P̃Y(Y,B) ≥ 0. 

A special case that satisfies these assumptions is when the government maximizes U = f(G) + B v(P) subject to G+ BP = Y, where 
the functions f( ⋅) and v( ⋅) are continuous, increasing and strictly concave and G is the amount of a public good. Hence, the government 
aims at optimally allocating a given endowment Y over the public good and pension provision. Another special case, which we will use 
later, is where P̃ is proportional to Y and instantaneous utility only depends on the optimal pay-out relative to the current pay-out, so 
instantaneous utility can be written as U = u(YP̃(1,B) /P), with u( ⋅) strictly concave and ̃P(1,B) positive, but decreasing in B. For now, 
we continue with the more general setup. 

Increasing the pension benefit P comes at a fixed utility cost KE, while decreasing the pension benefit comes with a fixed cost KC. 
This cost may be incurred immediately or stretch over multiple periods. What matters is that, once the decision has been taken, the full 
cost must be incurred. Therefore, the relevant cost KC may be the present value of a stream of period costs associated with a given 
change in the pension benefit. There is no cost attached to keeping the existing benefit unchanged. To keep the model tractable, we 
assume that the costs KE and KC are constant over time. We consider a discrete time setting, hence the government is free to implement 
a change at fixed moments, as long as it pays the corresponding fixed cost. The government’s optimization problem is described by 

V(P,Y,B, b)=max
P′

U(P′

,Y,B) − I
(
P′

− P,KE,KC)+ πE[V(P′

,Y ′

,B′

, b′

)|Y,B, b] (1)  

where I( ⋅) is the selection function 

11 Short-to medium-term estimates of mortality and fertility rates are very accurate; immigration does fluctuate, but net migration flows are small. 
Longevity and fertility mostly have long-term effects, but even the 25-year ahead average absolute forecast error for the old-age dependency ratio in 
our sample is only 2.5 percentage points.  
12 Various contributions, such as McDonald and Budge (2005), Disney (2007) and Sanderson and Scherbov (2007), point to the projected future 

increase in old-age dependency ratios and the fact that countries with older populations feature higher government social spending. However, 
empirical evidence on how an older population affects individual benefit levels is relatively sparse. Hollanders and Koster (2012) find that “… a 
higher age of the median voter leads to lower benefits per retiree”, thereby providing some support for the above theoretical result. 
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I
(
P

′

− P,KE,KC)=

⎧
⎨

⎩

KE, P′

− P > 0
0, P′

− P = 0
KC, P

′

− P < 0
(2) 

Primes denote values in the next period. The government’s problem of selecting the optimal pension benefit P′ is comparable to a 
standard optimal pricing problem with menu costs or any other (s, S)-type of model, but with one additional complexity: the gov-
ernment has additional information concerning the next period’s situation via the long-term old-age dependency ratio b. 

4.2. The relevance of current economic conditions 

We first derive an analytical result that provides intuition why reform measures commonly coincide with business cycle fluctua-
tions and are unrelated to (projected) demographic changes. For simplicity we focus on the symmetric case with KE = KC = K. 

Each period the government compares the value of changing the pension system now (VN) with the value of postponing a change 
(VP). The government sets a new level P′

∕= P for the pension benefit if and only if VN > VP. We use the convention that in the case of 
equality, the pension benefit remains unchanged. The value of changing the system now is 

VN(Y,B, b)=max
P′

U(P′

,Y,B) − K + πE[V(P′

,Y ′

,B′

, b′

)|Y,B, b], (3)  

with V( ⋅, ⋅, ⋅, ⋅) as defined in (1). The value of retaining the current pension benefit is given by 

VP(P,Y,B, b)=U(P,Y,B) + πE[V(P, Y ′

,B′

, b′

)|Y,B, b]. (4) 

Using the maximum instantaneous gain defined as 

F(P,Y,B)≡U(P̃,Y,B) − U(P, Y,B) ≥ 0, (5) 

we can formulate sufficient and necessary conditions for a change.  

Proposition 1. If F(P,Y,B) ≤ (1 − π)K, then VP(P,Y,B,b) ≥ VN(Y,B,b), so postponing a benefit change is optimal. Hence, P′

= P. If 
F(P,Y,B) > (1 + π)K, then VN(Y,B,b) > VP(P,Y,B,b), so implementing a benefit change now is optimal. Hence, P′

∕= P. 

Proof. see Appendix A. 
Note that both conditions only depend on the current business cycle situation (Y), the current old-age dependency ratio (B) and the 

current pension payout (P). The demographic forecast b is potentially only relevant in the region not covered by the two inequalities in 
the above proposition, i.e. the region for which (1 − π)K < F(P,Y,B) ≤ (1 + π)K. 

The intuition behind Proposition 1, and in particular the dominant role of the current state variables and the current pension pay- 
out, is the following. Consider a government who inherits a pension benefit that is “currently fairly optimal” given the current state of 
the business cycle and the current old-age dependency ratio. That is, the maximum instantaneous gain from changing the benefit level 
does not exceed (1 − π)K. At the same time this government is aware of the fact that the demographic forecasts are such that the 
inherited pension benefit is unsustainable in the future. Hence, it faces two options: change the pension benefit now to make the 
pension system future proof or keep the pension benefit at the inherited level and change it in the future. Postponing the change in 
pension benefit has three advantages over the first option. First, the government also postpones paying the fixed cost. Second, the 
government does not have to set a pension benefit that potentially lowers the current instantaneous utility. Third, in the next period, 
the government can freely choose the pension benefit that is optimal from that period onwards. Clearly, provided that the inherited 
benefit is “fairly optimal”, it will never be optimal to change the pension benefit now in order to ensure sustainability of the system in 
the future. In other words, information about the future is irrelevant in this case. 

A similar argument holds when the current economic situation is such that the inherited pension benefit is “currently far from 
optimal”. That is, the maximum instantaneous gain exceeds (1 + π)K. In this case, the government will always want to change the 
pension benefit, irrespective of the demographic forecasts. In taking a decision about the new benefit level, it may take knowledge 
about the future into account. On the one hand, if both the current state of the business cycle and the demographic forecast are such 
that the pension benefit should be cut, the government may want to set a new level that reduces the chance of another cut in the future, 
so as to avoid paying the adjustment cost again. On the other hand, if the current situation asks for an unsustainable increase in the 
generosity of the pension benefit, the government knows that it will have to change the pension benefit again in the next period. Hence, 
it might now just as well set the benefit to P̃. 

Rolling Equation (1) forward shows that the current value V(P,Y,B, b) is the present value of all expected future instantaneous 
utilities minus the sum of all future adjustment costs. To trigger a reform measure, a change in one of underlying state variables (Y,B,b) 
must be large enough and, ideally, unexpected with a significant effect on current instantaneous utility. Business cycle fluctuations 
satisfy these requirements; changes in current and projected demographic conditions do not. Changes in the current demographic 
conditions are typically small, so they only result in small changes in the possible gain from resetting the benefit, which on an annual 
basis are not enough to offset the fixed adjustment costs. Second, these changes are expected, and should already largely have been 
incorporated in the continuation value, the last part of (1). Hence, the gain from further resetting the benefit would generally be small. 
The cumulative effect of small, predictable, changes in the current demographic conditions could at some point trigger a reform, but 
business cycle fluctuations are more frequent. Well before the cumulative effect of current demographic conditions has become large 
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enough, likely a recession or boom will already have caused a reform. During this recession or boom, the pension benefit is reset, taking 
into account the current state of the economy and all the cumulative changes of current and projected future demographic conditions 
since the last reset. 

Why are changes in the (long-term) projected demographic conditions unlikely to affect the decision to change the pension benefit? 
These changes are unexpected. However, they merely change instantaneous utility in the distant future. Future utility is discounted for 
two reasons: pure time discounting and political uncertainty. Especially political uncertainty results in a high discount rate, so the 
present value of the utility gains in the distant future is not sufficient to trigger a reform now. Further, a small discount factor shrinks 
the region between (1 − π)K and (1+π)K where changes of future demographic conditions may trigger a reform. Finally, even if the 
government foresees sustainability problems due to averse ageing shocks, it can safely postpone a reform since it is highly likely that a 
business cycle fluctuation will trigger a reform well before sustainability problems have had a chance to materialize. This also explains 
our empirical finding why even cumulative changes in the projected old-age dependency ratio since the last reform or the time elapsed 
since the last reform do not or hardly affect the likelihood of reform. Before the evolution of these variables could have a significant 
bite, it is likely that a reform induced by the state of the economy has already eased the pressure to reform. 

Contrary to the other demographic variables in our regressions, the OECD-wide average projected old-age dependency ratio did 
turn out to be empirically relevant. A potential explanation for this finding could be that the ongoing global ageing trend is raising 
awareness of its costs, causing the fixed costs of expansionary and contractionary measures to diverge. In particular, it becomes more 
difficult to implement expanding measures and easier to implement contracting measures. In a more general formulation of (1), this 
would be captured by introducing measure-specific adjustment costs that also depend on the old-age dependency ratio. The state- 
dependent adjustment cost of an expansionary measure would then rise with the old-age dependency ratio and that of a contrac-
tionary measure would gradually fall. Yet, the timing of reform measures would still be determined by the business cycle. However, a 
downturn of given size would make a contractionary measure more likely and a given upturn would make an expansionary measure 
less likely when the OECD-wide average projected old-age dependency ratio rises. Hence, a simultaneous trend increase in the cost of 
expansionary reform and trend decrease in the cost of contractionary reform could rationalize the increasing frequency of contrac-
tionary and decreasing frequency of expansionary pension reform measures reported in Section 2. 

5. Implementation 

We will now implement our theoretical framework in order to rationalize the role of business cycle fluctuations in explaining 
reform measures, while changes in demographic projections and accumulation of demographic pressure are unable to explain the 
timing of those measures. To do so, we need to further specify the model and calibrate it. To practically implement our model, we make 
five assumptions:  

1. Instantaneous utility of the government only depends on the ratio of the instantaneously optimal pension benefit P̃ and the current 
level of the pension benefit P.  

2. This optimal benefit P̃ is proportional to the business cycle indicator Y.  
3. The logarithm of the business cycle indicator follows an AR(1) process: 

log(Y ′

) =φy log(Y) + ε, ε ∼ N
(
0, σ2

ε
)
.

4. The current old-age dependency ratio gravitates geometrically to its long-run value: 

B
′

= λB + (1 − λ)b, 0< λ< 1.

5. The long-run old-age dependency ratio takes on discrete values bi ∈ (0, 1) and features constant transition probabilities pij
b : 

Prob
(
b′

= bj
⃒
⃒b= bi)= pij

b .

Assumption 2 is crucial to ensure that pensions vary with the business cycle,13 in line with our empirical finding. However, this 
assumption does not explain why demographic conditions do not determine when pension reform measures are taken. The strongest 
assumption is Assumption 4. This clearly violates the non-monotonicity over time in the forecasts of the old-age dependency ratio. In 
most countries, the old age-dependency ratio is expected to peak between 2030 and 2050, and then gravitate towards a lower value. 
However, to model such a more realistic forecast one would need a higher-dimensional demographic model, which would complicate 
the model significantly, without adding additional insights. Our assumption is in line, though, with official predictions for the very 
long run. 

Our dataset does not contain values of the pension pay-out, only the years when pension reform measures were enacted. This 

13 Of course, fluctuations in the state of the business cycle are not the only source of change in the pension pay-out. Generally, the past wage 
history helps to determine the pension entitlement. However, the entitlement tends to be indexed with inflation or nominal wage, which depends on 
the state of the business cycle. 
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implies that we can freely transform P as long as the jumps associated with reform of the benefit level are preserved. Moreover, V( ⋅, ⋅, ⋅,
⋅), U(⋅, ⋅, ⋅) and both adjustment costs KE and KC are in utility terms, so we can also freely use affine transformations, without changing 
the optimal timing of reforms in the model. Under Assumption 2, we can write the optimal benefit ̃P(Y,B) as ̃P(Y,B) = YP̃(1,B). Now, 
use Assumption 1 to write instantaneous utility as 

U(P,Y,B)= u(P̃(Y,B) /P)= u(YP̃(1,B) /P).

By construction, u( ⋅) has a maximum at 1. ̃P(1,B) is positive and decreasing in B, so a natural first-order approximation is ̃P(1,B) ≈
Ae− cB, where A > 0 is a scaling factor and c > 0 measures the semi-elasticity of the optimal pay-out P̃ with respect to B. Under 
Assumption 3, the unconditional variance of log Y is σ2

y ≡ σ2
ε/(1 − φ2

y). Now, define y ≡ 1
σy

log(Y), p ≡ 1
σy

log[P /A]. kE ≡ − 1
2u

′′(1)σ2
yKE, 

kC ≡ − 1
2u

′′(1)σ2
yKC, and γ ≡ c/σy. Then, we can rewrite the full optimization problem (1) up to a second-order approximation as the 

following minimization problem which has the same timing of reform measures: 

v(p, y,B, b)=min
p′

(y − γB − p
′

)
2
+ I
(
p′

− p, kE, kC)+ πE[v(p′

, y′

,B′

, b′

)|y,B, b] (6)  

y
′

=φyy + ξt, ξt ∼ N
(

0, 1 − φ2
y

)
(7)  

B
′

= λB + (1 − λ)b (8)  

Prob
(
b′

= bj
⃒
⃒b= bi)= pij

b (9) 

Despite the apparent simplicity, we are unable to obtain an analytic solution to this model. The literature (in particular, the 
standard reference Stokey, 2009) does offer some leads, but in the final steps we always have to rely on a numerical solution.14 

6. Calibration 

We discretize the business cycle indicator y to mimic the AR(1) process as closely as possible using 51 grid points. These grid points 
and the corresponding transition probabilities are determined using the Rouwenhorst (1995) method (see Kopecky and Suen, 2010; for 
a formal analysis).15 For the AR-coefficient φy, we use the typical value from the business cycle literature of 0.8 per quarter, which 
translates to 0.41 per year. 

The discount factor π captures time discounting and the probability of the current government losing power. One period corre-
sponds to one year, so we set time discounting to 0.98, corresponding to a time preference rate of about 2% a year, which is in the 
ballpark range of the literature. The probability of losing power is highly country specific. We use the data of Armingeon et al. (2018a) 
to calculate the yearly probability of an ideological change.16 This probability varies between 0 and 50 percent. The probability of 
losing power clearly dominates the traditional time discounting. In our baseline simulations we use a value of 0.75 for π. Sensitivity 
analysis shows that our results are robust, even for extreme values for π of 0.5 and 0.9. 

To calibrate the demographic processes, we choose the minimum and maximum values of the projected 25-year ahead old-age 
dependency ratios. The minimum value in our data is 13% (Japan, 1970) and the maximum value is 63% (also Japan, 2014). To 
capture all the fluctuations of this projected old-age dependency ratio, we divide the assumed 10–70% range into 6 equally sized bins 
of 10 percentage points each. This yields 6 central points ranging from 15% to 65%, which we use as the grid points for our long-run 
old-age dependency ratio b.17 In our dataset, the forecast of the old-age dependency ratio changes bins in 8% of the years, so we set the 
diagonal values of the transition matrix to 92% and all off-diagonal values to (8/5)%, given that there are 5 other intervals the ratio 
could jump to. Our results are robust to alternative divisions of the remaining 8% over the off-diagonal values. For the current old-age 
dependency ratio we use an evenly-spaced grid of 21 points ranging from 15% to 65%. The adjustment parameter λ of the old-age 
dependency ratio is set to generate a half time of 25 years, so λ25 = 0.5. 

This leaves us with the choices of the adjustment cost parameters kE, kC > 0 and the effect of the old-age dependency ratio on the 
optimal pension benefit, as summarized by γ > 0. We can use these three parameters without a clear empirical counterpart to match 

14 We explored a continuous-time version of the model, which features three exogenous state variables: the business cycle and the two-variable 
demographic framework. The Hamilton-Jacobi-Bellman (HJB) equation is a three-dimensional linear non-homogeneous stochastic differential 
equation, but with non-constant coefficients since the process of the current old-age dependency (OAD) ratio depends on the long-run OAD ratio. We 
can only solve this HJB equation with the given boundary conditions using numerical methods, which renders it impossible to derive interesting 
analytical properties. Hence, since we would in any case have to resort to numerical methods to solve our model, we have opted for a discrete-time 
version of the model here, which is preferable to the continuous-time version as it allows for a simpler presentation.  
15 With this number of grid points, the specific choice of the discretization method is immaterial; indeed, the Tauchen-method gives similar results.  
16 We take the variable that measures the ideological composition of the government through the percentages of total cabinet posts held by right-, 

centre- and left-wing parties. The probability of an ideological change is the fraction of years that this variable changes by at least 10 percent. It 
ranges from zero percent for Switzerland to around 50 percent for Italy.  
17 The alternative would be to use country-specific grids. However, the number of grid points is sufficiently high for such refinements not to matter. 

Hence, we stick to the use of a common grid across countries. 
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the model to the observed pension reform regimes. 
The adjustment cost parameters are closely related to the number and nature of reform measures in each country, which varies 

widely across the countries. In our sample period 1970–2017, France implemented at least one reform measure in 30 out of the 48 
years (63% of all years), while Iceland merely implemented one reform measure in on average 5 years (10% of all years). Moreover, the 
share of reforms with an expanding nature also varies wildly. In most countries, the share of “Expanding only” regimes as a fraction of 
all years with at least one reform measure falls between 40 percent and 60 percent. There are, however, clear outliers like Japan which 
has only four years in which it implemented only expanding reforms, compared to 11 years in which it implemented only contracting 
reforms or a combination of expanding and contracting. Iceland is also a clear outlier; policymakers only legislated reforms with an 
expanding nature according to our database. In view of the different reform frequencies and different nature of these reforms across 
our sample countries, we allow for country-specific, two-sided adjustment costs. Differences in the adjustment costs are likely related 
to differences in the political resistance to reform. 

For each country-year, the model predicts one of three possible outcomes: no reform (NONE), an expanding reform (EXP), or a 
contracting reform (CON). The data is classified accordingly, with the “Expanding only” regime as EXP and the “Contracting” regime as 
CON, and if none of these regimes applies, the data is NONE. To determine the predicted reforms in the model for a given set of 
parameter values, we simulate each country using year-to-year economic growth as the business cycle indicator y.18 The current and 
25-year ahead old-age dependency ratios are used for the current old-age dependency ratio B and long-run old-age dependency ratio b, 
respectively. We start the simulation setting the pension pay-out equal to the instantaneous optimal one implied by the actual eco-
nomic and demographic situation in the first sample year. Then, for every year, we check whether the economic situation, the current 
old-age dependency ratio and the 25-year ahead old-age dependency ratio in the actual data have changed enough to make it optimal 
to change the pension pay-out. If this is the case, then we choose the new optimal pension pay-out which leads to either a predicted 
contracting reform or a predicted expanding reform. 

7. Model fit 

We fix the transition probabilities and the discount factor π to the values given in the previous subsection, but the three remaining 
parameters – the effect of the old-age dependency ratio on the optimal pension benefit, γ, and the two adjustment cost parameters – 
have no empirical counterparts. These three parameters are used to fit the model to reality. 

We choose the three free parameters such that we maximise a measure of fit similar to the likelihood in the multinomial logit 
regression used in the empirical part of this paper. In the multinomial logit regressions, the coefficients generate a probability of a 
reform regime (NONE, EXP, and CON) for each country-year. In the theoretical model, we lack the concept of a probability of a reform 
since the model simply predicts one of the three possible outcomes. To arrive at a measure similar to the likelihood used in the 
multinomial logit regressions, we assign some high predicted probability 0 < β < 1 to the regime prediction by the model, and some 
low (but not zero) probability 0 < α < β to the other outcomes.19 That is, for each country i in year t we define the “probability of 
regime r” as 

pr,it =

{
β if model predicts regime r
α otherwise 

Using this definition for probabilities, we can define the likelihood of the model for a country i, given a set of parameters, similarly 
to the usual likelihood of a multinomial logit regression. In Appendix B, we show that maximising this likelihood of the model is 
equivalent to maximising the number of correctly predicted regimes. 

Following this procedure to the letter creates a bias towards the NONE regime because it is very attractive to predict many NONE 
regimes since this is by far the largest category, and it is trivial to predict many NONE regimes; simply set the adjustment cost pa-
rameters high. Predicting the EXP and CON regimes correctly is much harder, because the legislation procedures often lead to a one- 
year delay, or even longer, where the model predicts an instantaneous response. To correct for this, we count a prediction as correct if 
the predicted regime occurs in the current year or one year later, and we put additional weight on correctly predicted expansionary and 
contractionary regimes. In choosing this additional weight we have to make a trade off. A higher weight on these two regimes pushes 
the calibrated adjustment costs down since this generates more predicted EXP and CON regimes, which increases the probability of 
correctly predicting one of those regimes. A numerical sensitivity analysis shows that assigning twice the weight of the NONE regimes 
in the EXP and CON regimes improves the probability of correctly predicting those regimes, without a significant loss of the probability 
of a correctly predicted NONE regime. 

Table 9 presents the values of the calibrated parameters. The parameters in Table 9 should be interpreted with some care: first, the 
sample is merely 48 years, which is rather small in the presence of a slow-moving demographic process. Second, the parameters that 
maximise the likelihood or equalize the predicted regimes with the observed regimes are not unique. We performed a three- 
dimensional grid search with in total 4 different values for γ, and 17 values for each of the two adjustment cost parameters, giving 
a grid of 1156 points. If multiple grid points gave the same weighted number of correct predictions, then we chose those parameter 
values that correctly predicted the largest number of expanding and contracting regimes. In those cases, in which there was still a tie, 

18 We experimented using the first principal component of growth, unemployment and the government’s deficit as the business cycle indicator. The 
various changes in the definition of especially unemployment pollute these results, however.  
19 The probabilities for each country-year should obviously sum to 1, so for our three possible outcomes, we have α+ α+ β = 1. 
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we chose those parameter values predicting the highest number of expanding regimes. 
Three interesting observations can be made. First, a high adjustment cost for reform into one direction also reduces reforms into the 

other direction. The reason is that the policymaker will be hesitant to move the arrangement into this latter direction realizing that a 
potential future move into the other direction is costly. Finland, for example, has 12 years with a contractionary regime and 14 years 
with an expansionary regime. The calibration procedure assigns a fixed cost of 2 to a contractionary regime, leading to six correctly 

Table 9 
Calibration targets and calibrated parameters.  

Country Total # correct predictions #Predictions/#Correct predictions/#Observed regimes  

EXP CON NONE γ kE kC 

Australia 32 18/10/14 16/11/15 13/11/18 5 0 0.4 
Austria 30 9/6/8 21/10/12 17/14/27 3 0.75 0 
Belgium 32 15/7/12 15/8/10 17/17/25 1 0.3 0.5 
Canada 35 9/6/13 18/8/9 20/21/25 1 1 0 
Denmark 34 11/3/7 9/5/11 27/26/29 5 0.3 0.75 
Finland 34 18/10/14 6/6/12 23/18/21 3 0 2 
France 25 18/9/14 24/14/16 5/2/17 5 0 0 
Germany 27 14/7/14 14/3/10 19/17/23 1 0.3 0.5 
Greece 32 16/8/9 16/9/11 15/15/27 2 0 0.1 
Iceland 43 13/5/5 4/0/0 30/38/42 5 0.1 3 
Ireland 29 21/12/14 13/2/6 13/15/27 3 0 0.3 
Italy 32 6/2/6 12/6/14 29/24/27 2 2 0.4 
Japan 37 8/3/4 9/6/11 30/28/32 1 1 0.5 
Luxembourg 40 7/5/8 7/2/4 33/33/35 3 1.5 1.25 
Netherlands 33 12/9/16 7/2/6 28/22/25 5 0.1 1.5 
New Zealand 39 8/2/5 4/4/8 35/33/34 5 1 5 
Norway 38 4/1/7 3/1/4 40/36/36 5 2.5 5 
Portugal 30 6/4/9 12/8/17 29/18/21 2 0.75 0.3 
Spain 30 9/4/9 8/3/10 30/23/28 2 0.4 0.75 
Sweden 32 15/3/5 9/4/10 23/25/32 5 0 1.5 
Switzerland 35 9/4/8 12/7/13 26/24/26 1 1.25 0.3 
United Kingdom 34 4/0/7 11/7/11 32/27/29 5 3 0 
United States 37 5/6/11 14/7/10 28/24/26 5 5 0 
Average 33.5 11.1/5.5/9.5 11.5/5.8/10 24.4/22.2/27.5 3.3 0.92 1.05 

Note: A prediction is correct if the predicted regime (EXP, CON, or NONE) is observed in the current year, or one year later. 

Table 10 
Effect of country-specific economic and demographic conditions.   

Country specific parameters Common parameters (equal to average values) 

Parameters #Predictions #Predictions 

Country γ kE kC EXP CON NONE EXP CON NONE 

Australia 5 0 0.4 18 16 13 8 9 30 
Austria 3 0.75 0 9 21 17 6 9 32 
Belgium 1 0.3 0.5 15 15 17 8 11 28 
Canada 1 1 0 9 18 20 9 10 28 
Denmark 5 0.3 0.75 11 9 27 6 8 33 
Finland 3 0 2 18 6 23 7 8 32 
France 5 0 0 18 24 5 5 8 34 
Germany 1 0.3 0.5 14 14 19 6 9 32 
Greece 2 0 0.1 16 16 15 5 6 36 
Iceland 5 0.1 3 13 4 30 8 8 31 
Ireland 3 0 0.3 21 13 13 7 6 34 
Italy 2 2 0.4 6 12 29 7 9 31 
Japan 1 1 0.5 8 9 30 6 6 35 
Luxembourg 3 1.5 1.25 7 7 33 9 8 30 
Netherlands 5 0.1 1.5 12 7 28 8 10 29 
New Zealand 5 1 5 8 4 35 11 10 26 
Norway 5 2.5 5 4 3 40 6 6 35 
Portugal 2 0.75 0.3 6 12 29 5 7 35 
Spain 2 0.4 0.75 9 8 30 8 7 32 
Sweden 5 0 1.5 15 9 23 8 11 28 
Switzerland 1 1.25 0.3 9 12 26 9 10 28 
United Kingdom 5 3 0 4 11 32 7 8 32 
United States 5 5 0 5 14 28 8 9 30 
Average 3.3 0.92 1.05 11.09 11.48 24.43 7.26 8.39 31.35 

Note: the last three columns fix the cost parameters for each country at the country averages reported in the final line of the table. 
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predicted contractions. Despite the zero fixed cost of an expansionary regime, the model only generates 18 years with a predicted 
expansionary regime. Similar results are found for e.g. Iceland, and Canada. 

A second observation is that the average adjustment cost of an expansionary regime is slightly lower than that of a contractionary 
regime. This is as expected since an expansion would usually be met with less political resistance. The difference, however, is small, 
and there is significant heterogeneity between countries. For 9 out of 23 countries in our sample, the cost of expanding the pension 
arrangement exceeds the cost of contracting the arrangement. 

Finally, for some countries, economic and demographic conditions seem to explain most of the reform regimes. Australia, for 
example, has 14 observed expanding regimes and 15 contracting regimes. Surprisingly, the adjustment cost of the expanding regime is 
negligible, while that of the contracting regime is 0.4. Despite this higher cost of contraction, the state of the economy and the 
demography warrant more frequent contracting than expanding. 

Differences among countries are due to different fundamental parameters and due to different economic and demographic de-
velopments. In Table 10 we disentangle these two effects by setting the model parameters to their average values for all countries. 
Doing so, differences among countries are solely driven by different economic and demographic developments. The distributions of the 
adjustment parameters are positively skewed, so setting these parameters to their averages results in relatively high adjustments costs. 
This explains the low number of predicted expansionary and contractionary regimes in Table 10 compared to Table 9. On average, our 
model now predicts 7.3 expansionary regimes per country and 8.4 contractionary regimes. 

Somewhat surprisingly, some countries with many observed expansionary and contractionary regimes, like France and Portugal, 
are now left with only few predicted expansionary and contractionary regimes. For these countries, the model predicts many small 
changes to the pension pay-out, because of low adjustment costs. A careful reading of the reforms in our dataset confirms this: these 
countries spread out their pension reforms over adjacent years, where certainly in the 2000s, later reforms offset or reinforce reforms 
earlier in the wave. In Belgium and Canada, on the other hand, the many reforms seem to be driven by its economic and demographic 
fluctuations, since the number of predicted reform regimes hardly responds to higher adjustment costs. 

Table 11 shows the total score for each country, keeping the two adjustment costs at their optimal level, while varying the de-
mographic parameter between 1 and 5. This table shows that the demographic parameter has a minor role in the explanatory power of 
the model, again indicative of the minor role of demographic fluctuations in explaining the timing of pension reforms. The average 
difference between the best and the worst score in terms of correct predictions of expanding and contracting regimes is 2.1, with zero 
effect on the score for five countries. 

8. Conclusion and extensions 

This paper has shown that the timing of pension reform measures is linked to the state of the business cycle, while changes in 

Table 11 
Effect of varying the demographic parameter keeping the cost parameters at their original values.     

γ  

Country kE kC 1.0 2.0 3.0 5.0 Min - Max 

Australia 0 0.4 30 32 30 32 2 
Austria 0.75 0 26 26 30 26 4 
Belgium 0.3 0.5 32 30 30 30 2 
Canada 1 0 35 34 34 33 2 
Denmark 0.3 0.75 33 33 34 34 1 
Finland 0 2 27 29 34 27 7 
France 0 0 26 26 26 27 1 
Germany 0.3 0.5 27 25 24 25 3 
Greece 0 0.1 28 32 30 30 4 
Iceland 0.1 3 43 43 43 43 0 
Ireland 0 0.3 29 29 29 28 1 
Italy 2 0.4 29 32 31 30 3 
Japan 1 0.5 37 36 36 36 1 
Luxembourg 1.5 1.25 35 35 40 35 5 
Netherlands 0.1 1.5 31 31 32 33 2 
New Zealand 1 5 39 39 39 39 0 
Norway 2.5 5 38 38 38 38 0 
Portugal 0.75 0.3 30 30 27 27 3 
Spain 0.4 0.75 30 30 28 28 2 
Sweden 0 1.5 31 31 31 32 1 
Switzerland 1.25 0.3 35 32 32 31 4 
United Kingdom 3 0 33 33 34 34 1 
United States 5 0 37 37 37 37 0 
Average 0.92 1.05 32.2 32.3 32.6 32.0 2.1 

Note: we keep the cost parameters fixed at the originally estimated values reported in Table 7 and vary the demographic parameter over a common set 
of values for all countries. The columns under the different values of γ give the number of correctly predicted regimes.  
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current and projected old-age dependency ratios play no role in explaining when reforms take place. The demography matters only in 
the sense that the OECD-wide demography explains the general reform trend. However, the trigger to release the pressure in the 
pension system is the business cycle. We find this to be the case also when we include in our regressions demographic pressure, as for 
example captured by the change in the (projected) old-age dependency ratio since the last pension reform. We have rationalized these 
empirical findings with a theoretical framework that features fixed costs of pension reform, both expansionary and contractionary. 
Simulation of the model demonstrates that it is optimal for a government to postpone adjustments after demographic shocks until a 
business cycle shock triggers an adjustment; the adjustment triggered by a business cycle movement responds optimally to all in-
formation about current and future demographic forecasts. The model does a good job in predicting both the timing and direction of a 
reform based on the actual values of the business cycle indicator and the demographic data. Future research could explore refinements 
of the theoretical framework allowing for state-dependent fixed costs of expanding and contracting reform measures. Such a refine-
ment might help to rationalize the observed trend increase in contractionary reforms and the trend fall in expanding reforms. 

Our analysis also points to potential policy implications. First, while annual changes in old-age dependency ratios have no effect on 
the timing of reforms, we do see a relationship between the trend in projected old-age dependency ratios and both expanding and 
contracting reforms, consistent with the advice of international institutions and increasing public and political awareness of the need 
to reform. These world-wide trends could make it easier for individual countries that feature political opposition to reform to sell such 
reform in the domestic political arena and to borrow from best practices in reform elsewhere. Second, apparently, a weak state of the 
business cycle is politically speaking the most opportune moment to introduce contractionary reforms. At the same time, it is the 
moment when reductions in disposable income are least welcome. Therefore, the question is whether there are ways to encourage such 
contractionary reforms at moments when the economy is in a better shape to handle them. A possibility would be to try to introduce 
some form of automaticity in measures to enhance the sustainability of pension arrangements, for example by introducing an auto-
matic link between increases in life expectancy and the retirement age, such as was done in the Netherlands in 2012. Ideally, such link 
should be introduced sufficiently far in advance to ride on the effect of the discounting of future changes and reduce the political 
resistance to signing such a link into law. In addition, it seems desirable to make the link as “smooth” as possible, so it would be best to 
have frequent but small changes in the retirement age, since each small change may be insufficient to muster enough political 
resistance to actually implementing it. Of course, this argument abstracts from the potential administrative costs of implementing 
frequent changes in the retirement age. 
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Appendix A. Proof of Proposition 1 

Define VN and VP as in equations (3) and (4). An upper bound for VN is given by a situation in which the pension benefit can be 
changed in the next period without adjustment cost, so 

VN(Y,B, b)≤U(P̃,Y,B) − K + πE
[

max
P′

V(P′

,Y ′

,B′

, b′

)

⃒
⃒
⃒Y,B, b

]

. (10) 

Analogously, a lower bound for VN is attained when the government changes the pension benefit both now and in the next period, 
paying the adjustment costs: 

VN(Y,B, b)≥U(P̃,Y,B) − (1+ π)K + πE
[

max
P′

V(P′

, Y ′

,B′

, b′

)

⃒
⃒
⃒Y,B, b

]

. (11) 

A lower bound for VP is given by a situation in which the government changes the benefit in the next period: 

VP(P,Y,B, b)≥U(P,Y,B) − πK + πE
[

max
P′

V(P′

,Y ′

,B′

, b′

)

⃒
⃒
⃒Y,B, b

]

, (12)  

while an upper bound is given by a situation in which the government can freely change the pension benefit in the next period without 
adjustment cost: 

VP(P,Y,B, b)≤U(P,Y,B) + πE
[

max
P′

V(P′

,Y ′

,B′

, b′

)

⃒
⃒
⃒Y,B, b

]

(13) 

Subtracting (12) from (10) and combining with the assumption in Proposition 1 yields 

VN(Y,B, b) − VP(P,Y,B, b)≤U(P̃, Y,B) − U(P,Y,B) − (1 − π)K =F(P,Y,B) − (1 − π)K ≤ 0,
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hence the first result follows immediately. Subtracting (13) from (11) and combining with the assumption in Proposition 1 yields 

VN(Y,B, b) − VP(P,Y,B, b)≥U(P̃, Y,B) − U(P,Y,B) − (1+ π)K =F(P,Y,B) − (1+ π)K > 0,

hence the second result follows immediately as well. 

Appendix B. maximising the likelihood of the theoretical model 

The likelihood function of a multinomial logit model for country i is defined as 

Li =
∏

t

(
∏

r
pr,it

Ir (yit)

)

where the probability in the multinomial logit is determined by the standard logit function. In our model, we define the probabilities as 

pr,it =

{
β if model predicts regime r
α otherwise  

and the usual indicator function 

Ir(yit)=

{
1 if yit = r
0 otherwise 

This gives four possible outcomes for pr,it
Ir(yit) in the likelihood function 

pr,it
Ir (yit) =

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

α0 = 1 if pr,it = α, Ir(yit) = 0 (correct)
α1 = α if pr,it = α, Ir(yit) = 1 (incorrect)
β0 = 1 if pr,it = β, Ir(yit) = 0 (incorrect)
β1 = β if pr,it = β, Ir(yit) = 1 (correct)

For each country-year, the prediction by the model generates exactly one pr,it = β; all others are α. Similarly, the indicator function 
Ir(yit) is one for one regime, and zero for all others. For each country-year combination, the model prediction is either correct or 
incorrect, so for each country-year combination we have for the product over all outcomes in the likelihood function 

∏

r
pr,it

Ir (yit) =

{
β if model correctly predicted yit
α if model is incorrect  

and the likelihood reduces to 

Li =
∏

t

(
∏

r
pr,it

Ir (yit)

)

= β#correctαT − #correct =αT
(

β
α

)#correct  

with #correct the number of correct predictions and T the (fixed) number of years. This shows that for 0 < α < β < 1 maximising the 
“likelihood” is equivalent to maximising the number of correct predictions. 
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