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Abstract

We focus on the design of optimal policies in the event of commitment problems. In the first

essay, we characterize how income should be redistributed within and across generations. The

time-inconsistency problem arises when the government cannot commit to the future retirees’

nonlinear tax schedule. Because retired individuals have revealed their private information

during the active period of their lives, the government has an incentive to misuse it and

to implement more redistribution than a regular second-best policy would prescribe. We

study the set of equilibria that can be sustained if the government is infinitely lived, and the

households are short-lived.

Second, we derive an optimal linear pension scheme when individuals need forced sav-

ings as a commitment device. We do so with time-inconsistent preferences, whereby forced

savings are the outcome of a paternalistic social welfare maximization process. We then

derive the optimal scheme when individuals have self-control preferences.In both cases, we

study the conflict between the forced-savings and redistributive roles of public pensions. We

show that the non-paternalistic pension system may exhibit more forced savings and be less

redistributive than the paternalistic one.

The third essay analyzes whether centralizing or decentralizing the provision of public

goods may influence the threats of secessions in a federation. We use a simple model with

two regions, in which one of them may decide to secede even if it would be socially optimal,

from the standpoint of the whole federation, to keep it united. Centralization offers both

benefits and costs for individual regions. We show how centralizing generates a cost to secede
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if centralizing the provision of public goods requires an investment in joint institutions that

cannot be perfectly recovered if the federation is dissolved. However, because a centralized

provision of public goods does not match local preferences as well as a decentralized one, it

also generates a long-run cost to remain in the federation.
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Chapter 1

Introduction

Time, and the timing of events, affect how economic agents make decisions. As time goes

on and events unfold, individuals, firms, and governments often revise the plans they have

previously made. One instance in which optimal decisions get reversed over time is when a

problem of time-inconsistency, or dynamic inconsistency, arises. This happens when agents

have a tendency to change their minds about the optimal action to take when confronted

with a change in their environment. They may be inclined to do so because individuals’

preferences change over time, because some new information can be taken advantage of,

or simply because the timing of events induces a decision-maker to sequentially act in his

short-run interest at the expense of his own welfare in the long-run.

Time-consistency issues may have some important implications for the design of public

policies. Modeling governments and individuals that can perfectly commit to their plans

is a strong assumption, that is nonetheless often maintained in the analysis of second-best

policies. However, a lack of commitment power may even prompt a benevolent government

to break its promises and may seriously impinge the public sector’s credibility. Among

other things, this raises the challenge of how to design optimal tax and transfer policies

that will be trusted, or credible, as they will be expected to never be reneged on even when

a temptation to do so arises. It goes without saying that policies implemented by non-

benevolent governments - politicians who are subject to political pressures, for example - are
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subject to this problem as well. Dynamic inconsistency may also be induced by a change

in individuals’ preferences over time. One notable case of this is when individuals discount

their utility over time in a non-geometric fashion. They then make plans at some point in

time - for their saving behavior, for instance - and judge later on that these plans are no

longer optimal.

Other issues analyzed from the point of view of time-inconsistency include, but are not

limited to, the following: subsidies to unlucky firms (Boadway et al., 1996c); taxation of

human capital and its implication for compulsory education policies (Boadway et al., 1996a);

and even time consistent criminal sanctions (Boadway et al., 1996b).

Another important area in which the implication of time-consistent governmental behav-

ior has been analyzed is the optimal nonlinear income taxation problem. In the traditional

Mirrlees model of nonlinear taxation, the objective of the government is to achieve some de-

gree of income redistribution (depending on the shape of its social welfare function) through

the tax system. However, the governments policy is constrained by individuals possessing

private information about their own ability to earn income, such as their skills, or their

productivity. Redistributing income then implies that the optimal tax schedule must be

incentive-compatible so as to induce each individual to voluntarily reveal their types (Mir-

rlees, 1971; Diamond and Mirrlees, 1971b; Stiglitz, 1982; Stern, 1982). If the government

can make the tax schedule public and commit to it (a special case of which is when the

model is a static one), then the time-inconsistency of public policy is not an issue. However,

as Roberts (1984) points out, if the government repeatedly interacts with individuals, then

the lack of commitment and the time-inconsistency problem that ensues may be detrimental

to the making of a good policy. The government then tends to renege on its previously

announced tax schedule once individuals have revealed their types through self-selection.

For example, several models of optimal income taxation have assumed that the govern-

ment and the taxpayers played a repeated game (Apps and Rees, 2006; Brett and Weymark,
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2008; Krause, 2009; Pereira, 2009; Acemoglu et al., 2010; Krause and Guo, 2011a,b; Reis,

2011). Within a given time-period, it is assumed that the government can commit to its

current tax policy. However, in the following periods it already knows everyone’s private in-

formation. One possible implication is that once this information is known, the government

has a clear incentive to try implementing the first-best allocation, which involves perfectly

equalizing the utilities of all types of individuals. If the agents are forward-looking, however,

they consequently distort their behavior, and can, for example, induce a pooling equilibrium.

The first essay of this thesis, which is presented in chapter 2, contributes to this literature

on optimal income taxation and redistribution when the government can sequentially revise

its policies. It focuses on an environment where the government cannot commit, interacting

once with households (in terms of collecting information), but having to simultaneously

design redistributive policies for overlapping generations of individuals. The government

cannot commit to its redistributive policies and is not bound by its own promises, the only

exception being how much public pensions are pre-funded. The government can decide once-

and-for-all whether pensions are pre-funded, pay-as-you-go, or a combination of both, and

never change it. However, it cannot commit to redistributing pension wealth in a time-

inconsistent way across households whose types are publicly known.

We use a two-types version of Stiglitz (1982) and Stern (1982) in which individuals differ

with respect to their productivity, and where they live for two periods. In the first period

of their lives, they participate in the labor force, whereas in the second period, they are

retired and live off their own savings, pension benefits, and other government transfers. The

main innovation of the chapter is that the government can implement two distinct kinds of

redistribution. It can first redistribute income within generations and use the tax system

to redistribute income across types of retirees and across types of workers. The overlapping

generation model that we use allows us to enrich the model by allowing for inter-generational

redistribution, whereby the government redistributes income from the generation of workers
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to that of retirees.

The model captures the fact that, in the economy, retirees’ incomes generally come from

three main sources. One of them is one’s own savings, from the financial support of one’s

family or friends, or from the government. In the last case, governments tend to provide

retirees with a replacement income through the establishment of public pension programs.

Governments can also support them through redistributive taxation. For example, they can

redistribute income from richer households to poorer ones. The objective of the chapter

is then to identify how a government should optimally design intra-generational and inter-

generational redistributive policies when it cannot commit to keeping its promises.

Chapter 2 puts special emphasis on why a government that cannot commit to policies

would not necessarily deviate towards the worst possible type of equilibrium, as it does in

Brett and Weymark (2008). The commitment problem is mitigated because the government

cares about its own reputation. One important assumption of the model is that it can only

elicit households’ private information when they are young, and then exploit it once they

are retired. Thus, regarding self-selection, the government never interacts twice with the

households because they always reveal their private information in the first period of their

lives.

One reason why the government refrains from misusing the retirees’ previously revealed

information is that the government plays a reputation game with a succession of generations.

The workers, when it comes time to make labor supply and saving decisions, judge whether

or not the government makes credible promises by observing whether the promises previously

made to the current retirees are being kept. They then use this information to update their

beliefs.

In an important way, the methodology we use is inspired by Chari and Kehoe (1990),

who characterized the set of sustainable policy plans when the government plays a repeated

game with agents. Chari and Kehoe (1990) studied a simple capital taxation problem where
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the government is infinitely lived, and where a sequence of short-lived agents (whose lives

are divided in a sequence of two periods) reacted competitively to the government’s policy.

They found that the typical way to model a government’s time-inconsistent behavior, which

amounts to using the limiting solution of the government’s sequential problem (Kydland

and Prescott, 1977), is only one amongst several plausible sustainable equilibria. They came

up with the intuition that a government could, at least partially, optimally refrain from

reneging on its promises if it cares about its reputation. In their model, a government

who would renege on its promises would induce individuals to modify their beliefs and

behavior, which would act as a long-run punishment for time-inconsistent behavior. A

similar methodology has been applied to optimal taxation problems, such as in Golosov

et al. (2006), where individuals do not act competitively, but self-select into the mechanism

posted by the government.

We model the punishment strategy of successive generations of households in this fashion,

characterizing what equilibria can be sustained by some punishment strategy. We focus on

weak Perfect Bayesian equilibria, which implies that some of the equilibria we characterize

may not necessarily survive to some refinements (such as requiring subgame perfection).

This class of equilibria requires, to some extent, that households be able to commit to a

punishment strategy to induce the government to behave in a time-consistent way.

Our results show that if, in particular, the second-best policy is not sustainable without

commitment, violations of the life-cycle hypothesis are generally optimal. As is shown in

the chapter, the incentive for a government to inefficiently use information it has already

collected from agents may induce it, for incentive-compatibility reasons, to require that

individuals do not smooth their consumption over the life-cycle and to consume more when

young than when retired.

Since we allow for inter-generational redistribution, an important aspect of chapter 2 is

that we can also analyze how public pensions should be funded. For example, a tax and
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transfer system that involves an important level of inter-generational redistribution may be

thought of as being an unfunded public pension plan. With such a program, pension benefits

of the current retirees are paid by the current workers. The workers who pay when they are

young expect their own offspring to do the same, thus generating an implicit debt. On the

other hand, if an optimal policy involves no inter-generational redistribution, then it may

be implemented with a pre-funded public pension program, whereby individuals pay their

pension contributions when they are in the labor force. These contributions are invested in

financial assets, and the pension benefits that are paid to current retirees are funded with

their own past contributions. In such programs, there is no inter-generational redistribution

through public pensions. Some programs are partly funded by having both an unfunded and

a pre-funded component. One important finding in the chapter is that when governments

cannot commit, pre-funding a public pension plan may be used as a commitment device

because it allows the social planner to make credible promises about future pension benefits

one period-ahead.

While chapter 2 focuses on optimal policies and pensions when the government acts in

a time-inconsistent manner, chapter 3 approaches the question of pension design when the

government can provide individuals with commitment through forced savings. We design an

optimal linear pension scheme where the pension system fulfills two objectives that conflict

with each other: forcing individuals to save and redistributing income across retirees.

In behavioral economic literature, providing forced savings is often advocated as a useful

source of commitment that governments can provide to individuals whose preferences are

time-inconsistent. Notably, Feldstein (1989) analyzed optimal pension contributions when

one of the government’s objectives is to force myopic individuals to save in a paternalistic

way. By paternalism, one should understand that myopic, or short-sighted individuals, do

not save enough early on in their lives because they put little weight on their future life

periods. Since the government believes that these individuals make a behavioral mistake by
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not saving enough, it maximizes a social welfare function in which it discounts time on behalf

of them in a way that is more long-sighted. As a result, Feldstein argues, a fundamental

design problem with public pensions is to properly balance the advantage of income support

for the myopic against the loss caused by the ensuing distortions.

With almost no exception, the literature on pensions has long justified the provision

of commitment through forced savings by using paternalistic arguments. As Strotz (1955)

shown, any individual who discounts time, other than with a geometric discount function,

is subject to preference reversals, and then to continuously change their minds about the

optimal path of savings over their life-cycle. Thus, it often seems natural for researchers to

assume that individuals discount time in a non-geometric fashion, which implicitly induces a

change of preferences depending on the time-period in which the decision is made, and then

to assume that a government should correct this ‘mistake’ by adopting a geometric discount

functional on behalf of individuals (Diamond and Koszegi, 2003; Imrohoroglu et al., 2003;

Cremer et al., 2007, 2008; Fehr et al., 2008; Cremer et al., 2009; Cremer and Pestieau, 2010).

Moreover, many developments in the field of behavioral economics (Bernheim and Rangel,

2007; DellaVigna, 2009) and neuroeconomics (Camerer and Loewenstein, 2005; Lorhenz and

Montague, 2008) have reinforced general support for the idea that individuals do not save

enough because consuming immediately is too tempting. This reinforced the economic intu-

ition that forced savings (which are basically a source of forced commitment) could be welfare

improving for time-inconsistent individuals. Experimental results have thus been interpreted

so as to provide a new and strong rationale for the use of the hyperbolic, or quasi-hyperbolic,

discount function in inter-temporal decision-making (Angeletos et al., 2001; Choi et al., 2002,

2006; Ameriks et al., 2007; Webley and Nyhaus, 2008; Brown et al., 2009). Many studies

have also shown that when individuals tend to be short-sighted and change their plans over

time, then some sort of publicly provided commitment could potentially be welfare improving

(Ashraf et al., 2006; Laibson et al., 2009).
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Although the observed facts about individual behavior often seem to justify the use of

models with so-called non-standard preferences (DellaVigna, 2009), doing so comes with some

significant methodological problems. This is especially true when non-standard preferences

are used in social welfare functions, and when paternalism is involved. The neoclassical

economic theory was historically based on two important pillars. First, as emphasized by

McCaffery and Slemrod (2004), individuals are rational, and they behave as if they are

maximizing some objective function. Secondly, as observed by Becker (1962), this function

must be well-behaved. When sequential decisions are made over time, this may be interpreted

as individuals having stable preferences, which allows economists to avoid making arbitrary

value judgement about what definition of utility (or the preferences at what point in time)

should be inserted into a welfarist social welfare function (Kaplow, 2010).

Arguing in favor of forced savings through public pensions using models with myopia

(Feldstein, 1989; Cremer and Pestieau, 2010) is therefore subject to an important criticism:

The social welfare function on which the policy prescription rests violates the principle of

revealed preferences (Bernheim and Rangel, 2009).

The goal of chapter 3 is to not only show that one can get around this problem and

advocate forced savings on a non-paternalistic basis, but that the rationale for such a policy

may then be even stronger.

To make this point, we design an optimal linear pension scheme where individuals’ pref-

erences exhibit a preference for commitment. We derive optimal pensions using the self-

control preferences developed by Gul and Pesendorfer (2001, 2004). Despite their appealing

methodological properties, these preferences have seldom been used to feed the discussion

on pension design. A few notable exceptions are Kumru and Thanopoulos (2008, 2011) and

Bucciol (2011), who used them to calibrate dynamic general equilibria and to compute the

welfare effects of social security. However, the optimal taxation literature has not yet stepped

into this arena to properly identify by what mechanisms the self-control preferences justify
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a public intervention. Nor has it yet studied how an optimal policy that rests on self-control

preferences compares to one that is justified on paternalistic grounds.

The chapter thus brings about a reflection about how a government should help individ-

uals overcome their problem of short-sightedness in saving. We compare the optimal pension

schemes under two forms of preferences, one that is time-inconsistent (and for which prefer-

ences change over time), and another where preferences are time-consistent, but where the

‘preference for commitment’ is directly inserted into the utility function. Under reasonable

assumptions, we find that it is possible for a non-paternalistic policy to be more aggressive

on forced savings than a paternalistic one.

The last essay of this thesis, which is presented in chapter 4, tackles a political economy

problem that involves time-inconsistency. It analyzes whether centralizing or, alternatively,

decentralizing the provision of public goods in a federation should be expected to reduce or

bolster secessionist pressures.

Social scientists have long been interested in how countries and political unions evolve

over time, specifically with regard to their borders. Researchers have also been interested in

how they justify their existence. One may cite, as an example, Tocqueville (1986;1835) who

inquired about how Americans benefitted after having formed a federation.

From an economic point of view, researchers have tried to find out why international

borders change over time. This line of research emphasizes the idea that the scope of political

jurisdictions, such as countries, federations, free-trade zones, or political unions in general, is

the outcome of some cost-benefit analysis. Alesina et al. (1995), for example, tried to identify

the costs and benefits of enlarging a political or fiscal union. Also, in a seminal paper, Alesina

and Spolaore (1997) derived a theoretical model in which the optimal number of countries

was responding to changes in the environment, such as the state of international free-trade.

They came to the conclusion, which was also confirmed empirically by Alesina et al. (2000),

that easing free-trade across nations provided an incentive to form smaller countries. Alesina
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and Spolaore (2005) have also shown that a more peaceful world environment had the same

effect. International unions more generally have also been studied theoretically by Alesina

et al. (2005).

In a summary book, Alesina and Spolaore (2003) stressed the importance of pushing this

line of research further by exploring issues pertaining to federalism and partial decentraliza-

tion. Despite its relevance, this issue has been little explored, with the exception of Garrett

and Rodden (2001), who were interested by the link between globalization and partial de-

centralization. We make a first step in this direction by studying a simplified federation that

consists of two regions, and in which the decision-makers in each region (which may also

be thought of as politicians) act in the interest of their own constituents. One interesting

contribution of this chapter is that we model federalism as being the outcome of a contract

between the two regions. At the time of ratifying it, which we call a constitution, both

regions do not know whether it will be in their own interest to remain in the federation later

on. As it turns out, future events may be such that maintaining the unity of the federation

is socially efficient, but that it goes against the interest of only one region, generating an

incentive for it to threaten seceding.

Thus, whether the federation remains united depends on sequential incentives to dissolve

the federation, whether it be on a common accord or through unilateral secessions. Using

a contractual approach à la Aghion and Bolton (2003), we obtain that unilateral threats of

secessions may only happen when the constitution is an incomplete social contract. When it

is impossible for the regions to commit to such a constitution, we show that the probability

of secessions may then be increased. We also obtain that, depending on the environment in

which decisions are made, centralizing or decentralizing the provision of public goods may

potentially reduce the political instability of the federation.
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Chapter 2

Intra- and inter-generational redistribution with and

without commitment

Le meilleur moyen de tenir sa parole est de ne jamais la donner.

Napoléon 1er, Empereur des Français

Asymmetric information between the government and taxpayers has traditionally been

viewed as the main constraint on achieving income redistribution through the tax system

(Mirrlees, 1971; Diamond and Mirrlees, 1971b; Stiglitz, 1982). If the government can observe

individuals’ income but not their privately known ability to earn it, designing an optimal

nonlinear income tax schedule entails resorting to a revelation mechanism. The correspond-

ing incentive-compatible income tax system sometimes features declining marginal tax rates

as a function of income, but with the most able individual in the economy always being taxed

at a null marginal rate (Stiglitz, 1982). Thus, avoiding distorting the most able individuals’

labor supplies and inducing them to ‘reveal their types,’ or to self-select into facing the de-

sired tax rate, involves tolerating some income inequality. This is akin to leaving agents an

informational rent that increases with one’s earning capabilities and, consequently, with one’s

income. Heterogeneity in aptitudes to generate income may come from differences in innate

productivity or skills, in past acquisition of human capital or simply because individuals
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value leisure time differently.

Closely related to the issue of asymmetric information is that of commitment. In the

optimum tax literature, second-best policies are oftentimes designed taking for granted that

the incentive-compatible fiscal schedule will remain unchanged once individuals’ private in-

formation will have been revealed. This assumption of full commitment is not innocuous,

unless the government does not repeatedly interact with the same taxpayers or if the gov-

ernment is perfectly amnesiac regarding individuals’ private information already collected,

as first pointed out by Roberts (1984). Under limited commitment, a government who has

already learned each household’s type would be tempted to fully equalize net income across

types of individuals by using lump-sum taxation. Forward looking households would then be

reluctant to reveal their private information, thereby restraining even more the government’s

ability to redistribute income in early periods. The Mirrlees nonlinear optimal tax problem,

in which type-contingent lump-sum taxes are usable policy instruments, seems particularly

affected by this (Kocherlakota, 2006; Golosov et al., 2006).

A strand of literature has recently emerged to analyze the policy implications of limited

commitment in optimum tax problems. It focuses on how the typical policy recommenda-

tions issued from the Mirrlees-type tax problem are affected when a benevolent government

exhibits a time-inconsistent behavior, modifying its optimal policies as it sequentially gathers

more information. Apps and Rees (2006) and Berliant and Ledyard (2011) have explored

the optimal nonlinear taxation problem when the government uses the information previ-

ously collected to modify its policy over time, respectively in multi-period and two-period

models. Krause and Guo (2011a) compare both types of environments, concluding that the

sequential unveiling of information may prevent the social planner from achieving a better

social outcome than the free-market one. Brett and Weymark (2008) point out that gov-

ernmental time-inconsistency may lead to over-redistribution of accumulated savings, and

that a proper policy reaction may be to tax capital income at rate that decreases with one’s
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revealed skills level. Krause (2009) also shows that if agents’ second-period income is in-

creasing in their past labor supply, for instance by learning-by-doing, it is optimal to distort

the highest- skilled individual’s labor supply in the first period. Debortoli and Nunes (2010)

and Krause and Guo (2011b) finally show that even if the probability that a government

behaves time-inconsistently is small, its adverse welfare consequences remain substantial.

Thus far, the case of public pensions has been overlooked by the literature on limited

commitment, despite it being an essential constituent of tax and transfers systems.1 In

most countries, public pension benefits are financed from direct taxation on both employers

and employees, and are generally accounted for in the retirees’ taxable income. Moreover,

some features of pension policy make it especially vulnerable to time-inconsistent behavior

of governments who cannot commit. First, with an investment-based or pre-funded public

pension plan, accumulated pension wealth can be perceived by the social planner as an

inelastic tax base that can be used to achieve redistributive purposes across the elderly at

the cost of little or no immediate distortions. The capital accumulated in the pension trust

fund is also effectively observed by the government just as if it could observe private savings,

as has been imposed by assumption in Brett and Weymark (2008). This can also happen

with an unfunded, or pay-as-you-go, system featuring notional accounts. Pension policy is

also clearly dynamic, because it involves taxing individuals who participate in the labor force,

and then paying benefits to them years later once they retire. Even if the government could

commit to an income tax schedule for working individuals, it could still (and generally does)

set a different fiscal policy for the elderly, which can take the form of various age-contingent

transfers such as income supplements. Finally, as with all other programs that tax and

transfer income, public pensions are regularly subject to debates on possible reforms.

1Throughout we use the general term ‘public pensions,’ which also stands for social security in some
countries such as the United States, France or Belgium.
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Pension policy has some significant attributes that are absent in the typical optimal

non-linear tax problem. As recently pointed out by Diamond (2009), pension benefits de-

termination depends more on individual history and on age than income taxes. Also, public

pensions have the well-known capacity to redistribute income both within and across gener-

ations. By doing so, they interact with the regular nonlinear income tax schedule. Pensions

can be pre-funded or unfunded, or a combination of both. With the latter type of program,

current benefits to the retirees are funded with the current contributions of workers, whereas

benefits are paid using the financial returns of past contributions if the system is pre-funded.

Finally, the rate of return of contributions differs depending on the funding structure of the

pension trust fund: a pre-funded, investment-based program yields the market rate of re-

turn whereas an unfunded, pay-as-you-go one yields the growth rate of the tax base.2 These

characteristics imply that the nature of pension wealth differs from regular capital income,

because of both its rate of return and because the inter-generational policy linkages it entails.

This chapter provides a first pass on addressing the subject by jointly characterizing a

nonlinear tax system and an optimal public pension plan. We do so when the government

can commit to policies that it has announced in the past, and when it cannot. We use an

overlapping generations model, where a generation of workers and one of retirees constantly

coexist. Individuals work during the first period of their lives and retire in the second,

at which point they live off of their past savings and public pension benefits. Working

individuals have private information about their productivity level, and the government can

only observe their earned income. The government is benevolent and its objective is to

choose type-specific pension contributions and redistributive transfers. Prior to doing so,

however, it must choose an optimal funding structure for the pension plan, which can be

either investment-based, pay-as-you-go, or a linear combination of both.

2The risk level associated with both types of funding may also differ. We conveniently ignore this question
and refer the reader to Dutta et al. (2000) for a brief a discussion on the subject.
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Our analysis is based on the premise that the government can fully commit to the funding

structure of public pensions. By doing so, we bring up the idea that in the absence of

commitment it can be used to reduce the adverse welfare consequences of time-inconsistent

governmental behavior. Of course, pension reforms in which governments modify the funding

structure of public pensions happen in real life, and assuming that the extent to which the

system is pre-funded is fixed forever is a strong assumption. Nevertheless, it captures the

fact that it is easier for a benevolent government to change benefits or contributions in the

short run than to implementing a fundamental reform of the funding of the public pension

plan.

It has been suggested before that reforming the funding structure of the program is more

complicated and takes more time than changing the parameters of the tax system. In his

discussion of political risks to which such a publicly managed pension plan is subjected, Di-

amond (1994) suggests that the funding structure of pensions may be used towards isolating

pension funds from political wrongdoing due to its ‘oversensitivity to the state of the gov-

ernment budget and the risk of excessive redistribution to the early generations.’ However,

as argued by Blake (2000), if the pre-funding structure of public pensions may be used as a

commitment device to isolate pension capital from political risks, one may hardly think of it

as a perfect commitment mechanism unless the system is entirely privatized (Diamond, 1994,

1996). Blake (2000) gives the example of the United Kingdom in 1997, when the Chancellor

of the Exchequer removed the right of pension funds to recover the advance corporation tax

paid on dividends.

We find that if the government can commit, the second-best policy and allocation is

such that households’ consumption is always smoothed over their life-cycle. The optimal

pension scheme is always pay-as-you-go in a dynamically inefficient economy where the tax

base grows at a faster rate than the market rate of return on financial assets. Otherwise,

the system can be either pay-as-you-go, mixed or fully-funded depending on the weight that
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is put on the benefit that the initial generation of retirees get from an unfunded pension

system, and the long-run benefits of increasing returns on savings due to pre-funding. The

long-run benefits of pre-funding depend on how much after-tax income inequality has to be

tolerated to induce self-selection.

When the government cannot commit, we focus on sustainable equilibria in which a

government that reneges on its promises would induce the economy to revert to a new and

bad equilibrium. As in Golosov et al. (2006), Reis (2011) and Farhi et al. (2012) we study

sustainable equilibria that are perfect Bayesian and that can be sustained by a trigger-type

reaction by the households following a governmental deviation.

The financial structure of public pensions matters in determining whether the second-best

may be enforced without commitment. If the best sustainable equilibrium is not the second-

best, then households’ consumption is not smoothed across the life-cycle anymore. Young

households consume relatively more than retired households. Doing so is a commitment

device that helps reducing the future incentive of the government to redistribute the already

accumulated (pre-funded) pension wealth next period. We also find that pre-funding public

pensions has an ambiguous effect on the credibility constraint of the government. It can

either reduce the incentives for the government to deviate from the best sustainable policy,

or deter it from doing so.

2.1 The model

The economy is inhabited by individuals who live for two periods of equal duration. In the

first part of their lives they are young and they actively participate in the labor market. In

the second, they retire and live off both their own savings and pension benefits. The timing

of retirement is exogenous. We use a standard overlapping generations model, where time is

indexed by t = 0, 1, . . . and where the population grows at rate η per period. Thus, at any

period t two generations, one of workers and another of retirees, cohabit within the same
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cohort. The ratio of young to old individuals in the economy is constant and equals (1 + η).

There are two types of workers in the economy, which are indexed by i = 1, 2 who differ

with respect to their skills, or productivity. Although all young individuals are assumed to

be at work, they can choose their labor supply on the intensive margin. There is a linear

production technology according to which a person of type-i supplies Lit units of labor which

are remunerated at wage wi, with w1 < w2. Each cohort consists of a proportion of ni type-i

workers, with n1 = 1− n2.

The consumption levels of workers and retirees at time t are respectively denoted by cit

and dit. The former satisfies

cit = wiLit − sit − θit − τ yit , i = 1, 2 (2.1)

where θit is a pension contribution and τ yit is an income tax liability (or a transfer if it is

negative). After having paid their pension contributions and their income tax liabilities,

individuals are free to divide their net income between current consumption and savings,

which are denoted by sit. The consumption of retirees, dit, equals

dit = sit−1(1 + r) + bit − τ oit , i = 1, 2. (2.2)

Thus, their gross income includes the proceeds of their past savings which have yielded a

rate of return r and their public pension benefits bit. To keep the model tractable, we assume

that there are no capital goods in the economy, and that r is exogenous. This can also be

interpreted as an ‘open-economy’ assumption. Here again, τ oit is an income tax liability (or

transfer).

The well-being of individuals depends positively on their consumption levels, but neg-

atively in the disutility they derive from supplying labor. Their lifetime utility function is
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time-separable and is written

U(cit, L
i
t, d

i
t+1) = u(cit)− z(Lit) + βv(dit+1) (2.3)

where u(·) and v(·) are increasing, strictly concave are thrice continuously differentiable with

u′′′(·), v′′′(·) > 0, and obey the limiting conditions lim
x→0

u′(x), v′(x)→∞.

The utility cost of supplying labor, z(·), is increasing, twice continuously differentiable

and strictly convex with lim
L→0

z′(L)→ 0. As is conventional in the optimal nonlinear income

taxation literature, we denote an individual’s gross income when young by yit = wiLit and

will use it as a choice variable. Henceforth, the utility function in (2.3) will be written

Ui(cit, y
i
t, d

i
t+1) = u(cit)− zi(yit) + βv(dit+1) (2.4)

where zi(y
i
t) is a shortened notation for z

(
yit
wi

)
. This naturally implies that z′2(x) <

z′1(x) ∀x > 0. The utility function thus satisfies the single-crossing property.

My simple model gives rise to two different redistributive motives for the government.

The first is intra-generational, as heterogeneity in productivity will generate income inequal-

ities across types. The more concave u(·) is, the more the government will seek to redis-

tribute across young households. A similar argument holds with respect to the concavity of

v(·) concerning redistribution across the two types of retirees. The second motive is inter-

generational, and is related to the relative concavity of u(·) and v(·). The first redistributive

concern will be addressed by the tax system, whereas the second one will be tackled by the

pension system.

Income taxation

The government can address intra-generational redistributive concerns using a nonlinear

income tax schedule. We simply use the two-types version of Stiglitz (1982) and Stern
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(1982) where the only purpose of the the tax system is to redistribute income across types

and not to collect income to finance public expenditures. A type-i worker has to pay a tax

liability τ yit and the tax system satisfies the balanced budget constraint in each period:

∑
i

niτ
yi
t = 0. (2.5)

Equation (2.5) is, in fact, simply the typical revenue collection constraint of the gov-

ernment, as in Mirrlees (1971), but with a null revenue-collection requirement Rt = 0. This

assumption is qualitatively unimportant to our results. A similar balanced budget constraint

is imposed on the redistributive taxes and transfers for the retirees, which satisfies

∑
i

niτ
oi
t = 0. (2.6)

Equation (2.5) implies that we can simplify the notation and denote the tax liability of

a type-2 individual by τ yt , and that accordingly the redistributive transfer paid to type-1

workers equals (n1/n2)τ yt . By the same token, we denote the tax liability of a type-2 retired

household by τ ot and the transfer paid to a type-1 retiree by (n1/n2)τ ot .

The public pension plan

The inter-generational redistributive motive of the government is addressed with public pen-

sions, which consist of contributions paid by the workers and of benefits paid to the retirees.

Benefits bit, i = 1, 2 at time t are paid using the assets currently available in the pension

fund. At any time-period t, the aggregate size of the public pension plan must satisfy the

balanced budget constraint ∑
i

nib
i
t = At(α) (2.7)
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which always hold with strict equality. These assets equal

At(α) = α
∑
i

niθ
i
t−1(1 + r) + (1− α)

∑
i

niθ
i
t(1 + η). (2.8)

The first term on the right-hand side of equation (2.8) is the pre-funded, or investment-

based, component of the pension plan. It strictly depends on the contributions that have

been paid by the current retirees in the previous period. These have been capitalized at

the market rate of return r. The rightmost term in the equation is the unfunded part of the

program, which is financed with the contributions of the current workers. The implicit rate

of return of this part of the pension plan equals the growth rate of the population η, or the

biological rate of growth (Samuelson, 1958). A proportion α ∈ [0, 1] of the public pension

plan is pre-funded whereas a share (1− α) of it is unfunded, with the overall rate of return

on pension assets being ξ = αr + (1 − α)η. The boundary cases where α = 0 and α = 1

respectively represent pay-as-you-go and a fully funded pension plans, whereas interior cases

where 0 < α < 1 give partly funded ones.

The pension plan is actuarially fair at the inter-generational level (Lindbeck and Persson,

2003), which means that each retiree gets a pension benefit that equals his own past con-

tributions, ‘capitalized’ at a rate of return ξ (and those of contemporary workers of similar

type if α < 1). Because individuals only differ with respect to their productivity, this implies

that the benefits of a type-i individual are

bit = αθit−1(1 + r) + (1− α)θit(1 + η) i = 1, 2. (2.9)

One apparent implication of (2.9) is that public pensions themselves do not have any

intra-generational redistributive purpose. This assumption is, in fact, not restrictive and the

extent to which the pension system redistributes income across retirees of different types

depends on how one interprets the very nature of the income tax system. Because the tax
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instrument τ ot already fulfills the task of redistributing income across the elderly, not only

is there no theoretical need to give the system the same role, but inserting redistributive

pension benefits would simply be redundant. In practice, one can think of τ ot as being the

‘redistributive’ component or the ‘actuarially unfair’ feature of the pension system. The

‘net’ pension benefit that a retiree would obtain can thus be interpreted as being equal to

b1
t + (n2/n1)τ ot for the type-1 retirees and b2

t − τ ot for the type-2s. Accordingly, both the

pension benefits and the tax system should be thought of as being two intricately linked

parts of a unified and potentially redistributive old-age income replacement policy.

The optimal allocation approach

Because we work with a two-types model, it is simple to directly derive the optimal re-

distributive taxes on the young and on the retirees, as well as the optimal structure for

social security. However, the simple nonlinear tax systems that we will characterize all im-

plement optimal allocations for which a social planner directly chooses consumption levels

(c1
t , c

2
t , d

1
t , d

2
t ), labor supplies Lit, savings sit and pension contributions θit ∀t and i subject to

the resource constraints

(1 + η)
∑
i

nic
i
t ≤ (1 + η)

∑
i

ni[w
iLit − sit − θit] (2.10)∑

i

nid
i
t ≤

∑
i

ni[(1− α)θit(1 + η) + sit−1(1 + r)]. (2.11)

The resource constraint for the young is presented in (2.10) and that for the retirees

is in (2.11). Both are distinct, which eases the study of intra-generational redistribution.

However, one should note that these two constraints are linked through the unfunded portion

of the pension plan, (1− α)
∑
i

θit. If α = 1 and public pensions are fully funded, then there

is really a distinct resource constraint for each generation. If, for example, α = 0 then –
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assuming strict equality for both constraints – (2.10) and (2.11) collapse into

(1 + η)
∑
i

nic
i
t +
∑
i

nid
i
t = (1 + η)

∑
i

ni[w
iLit − sit] +

∑
i

nis
i
t−1(1 + r) (2.12)

and the pension contributions θit disappear. Because the funding structure of the pension

plan enters the resource constraint, we found it more intuitive to directly derive the optimal

tax and pension systems instead of using the optimal allocation approach.

2.2 Pension design with complete information

In this section, we derive the first-best policies when the government can observe the pro-

ductivity of each individual. It is a benevolent social planner, and maximizes an inter-

generational social welfare function which reads

W =
∞∑

t=−1

δt

(∑
i

ni[u(cit)− zi(yit) + βv(dit+1)]

)
. (2.13)

The generation to be born at time t is assigned a utility weight δt, and the consumption

levels cit and dit are expressed, using jointly (2.1), (2.2), (2.5), (2.6) and (2.9), by

c1
t = w1L1

t +

(
n2

n1

)
τ yt − s1

t − θ1
t

c2
t = w2L2

t − τ yt − s1
t − θ2

t

d1
t = s1

t−1(1 + r) +

(
n2

n1

)
τ ot + αθ1

t (1 + η) + (1− α)θ1
t−1(1 + η) (2.14)

d2
t = s2

t−1(1 + r)− τ ot + αθ2
t (1 + η) + (1− α)θ2

t−1(1 + η).

Following the Benthamite tradition, the planner cares about the total population, so

more populous generations are given more weight in the utility function. On the other hand,

this is counterbalanced by the government discounting the utility of future generations at

a rate of time-preference ρ ≥ 0. The relative utility weight of each successive generation is
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thus

δt
δt−1

=

(
1 + η

1 + ρ

)
. (2.15)

Without affecting our results, we restrict our analysis to cases where ρ ≥ η.

Individuals discount time-periods at a factor β, which we assume equals (1 + r)−1, a

consequence of which absent any public intervention they would seek to equalize the marginal

utility of consumption across periods. To keep our results general, we neither make the

common assumption that ρ = r, nor do we assume that the economy is dynamically efficient

with r ≥ η.

The government maximizes the social welfare function (2.13) at time t = 0, a period at

which it takes the past income yi−1 and savings si−1 of the initial generation of retirees as

given. To avoid issues of convergence as much as possible, we do not apply τ ot to the initial

retirees, who were born at t = −1 and who are already retired at t = 0. Social utility is

maximized sequentially. First, the planner optimally designs the funding structure of public

pensions by irreversibly choosing α. He then announces type-contingent tax liabilities τ yt

∀t ≥ 0 and τ ot ∀t ≥ 1 and pension contributions θit for i = 1, 2 and ∀t ≥ 0. He thus promises

a sequence of future policies, or allocations, and can fully commit to it.3

We first take α as given and derive the first-best allocation. Because all individual

characteristics are observed, the government can choose the policies and individuals’ income

and savings. It maximizes (2.13) where consumption levels are directly given by (2.14).

Denoting by L(α) the Lagrangian to be maximized, the first-order conditions that solve

3Although whether the government can commit or not to these announced policies is unimportant under
full information.
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the social planning problem are, ∀t,

∂L(α)

∂yit
= δtni[u

′(cit)− z′i(yit)] = 0, i = 1, 2 t ≥ 0 (2.16a)

∂L(α)

∂τ yt
= δtn2[−u′(c2

t ) + u′(c1
t )] = 0, t ≥ 0 (2.16b)

∂L(α)

∂τ ot
= δtn2[−βv′(d2

t ) + βv′(d1
t )] = 0, t ≥ 1 (2.16c)

∂L(α)

∂θit
= δtni[−u′(cit) + βv′(dit+1)α(1 + r)]

+δt−1niβv
′(dit)(1− α)(1 + η) ≤ 0, i = 1, 2 t ≥ 0(2.16d)

∂L(α)

∂sit
= δini[−u′(cit) + βv′(dit+1)(1 + r)] ≤ 0, i = 1, 2. (2.16e)

We denote the optimal self-selection mechanism, and the resulting optimal allocation, by

ωt(α) = {y1
t (α), y2

t (α), s1
t (α), s2

t (α), τ yt (α), τ ot (α), θ1
t (α), θ2

t (α)}

which holds ∀ t at which the first-order conditions apply. ωt(α) is the optimal policy/allocation

that the government has an interest to promise at time t = 0 to the individuals who will live

at time t ≥ 0 if public pensions are pre-funded at rate α. We denote Ω(α) = {ωt(α)}∞t=0 the

vector of all promised allocations.

Equation (2.16a) shows that the government does not distort any types’ labor supply

and that the disutility of supplying labor equals, for all individuals, the marginal utility of

consumption when young and that it equals the discounted marginal utility when old. The

government uses type-contingent lump-sum income taxes (and transfers) as characterized

by (2.16b) for the workers and by (2.16c) for the retirees. In the first-best, both types’

consumption levels are perfectly equalized.

Let us now discuss the optimal pension contributions, assuming that the only source of

retirement income comes from pensions and that private retirement savings always equal

zero. An important point to note is that, except in the specific cases where α = 0 or α = 1
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we cannot directly work with a steady state from t = 0. When 0 < α < 1 the optimal

contributions at t = 0 depend on s−1 and are not necessarily the same as the optimal θit,

i = 1, 2 that we will observe in the long run. If α = 0 then it converges to a steady-state

from t = 1 onwards and if α = 1 we do so from t = 0 onwards. In the analysis to come,

we study the optimal pension contributions in a steady-state. Notice also that, for the time

being we assume that sit = 0 ∀t ≥ 0. This is indeed the case, but for the sake of clarity we

will provide a thorough explanation of why this is the case at the end of this section. The

main underlying intuition is that whenever it would be optimal to crowd out pensions by

setting positive private savings, it would also be sequentially optimal for the government to

set α = 1 with θit > 0 as when α = 1 pension benefits are perfect substitutes for private

savings and u′(ci) = v′(di).

When in equilibrium α < 1, or when the public pension system is not fully funded and

involves redistribution across generations, the social planner does not equalize the marginal

utility of consumption of the workers and of the retirees unless his rate of time-preferences

is identical to individuals’ or that ρ = r. Otherwise u′(ci) ≷ v′(di), a result which is not

due to any kind of paternalism but to the nature of inter-generational discounting. Finally,

(2.16b)-(2.16d) imply that

u′(c1) = u′(c2) = [α + (1− α)β(1 + ρ)]v′(d1) = [α + (1− α)β(1 + ρ)]v′(d2). (2.17)

For any α, the policy Ω(α) and the corresponding allocation characterized above is not

incentive-compatible. Equations (2.16a)-(2.16d) imply that, in the first-best allocation, the

consumption of both types of households is identical. However, because the type-2 households

can supply labor at a lower marginal cost than the type-1, the government will require

the former to work more than the latter. If types were not directly observed, the type-2

households would have an incentive to claim that they are type-1s so as to work less and to

consume just as much as if they had claimed to be their own types.
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2.2.1 First-best pre-funding of public pensions

We can now analyze the optimal funding structure of the public pension plan. An interesting

way to illustrate how the social planner should choose α is to characterize the level of pre-

funding that yields the maximal value of the Lagrangian as maximized before, which is

denoted L∗(α), taking as given the fact that the optimal allocation is chosen for all other

policy variables. If L∗(α) is strictly concave with respect to α, the first-order condition of

the social-planning problem that characterizes the optimal level of pre-funding is given by

∂L∗(α)

∂α
= −(1 + η)

∑
i

niv
′(di0)θi0 +

∞∑
t=1

δt
∑
i

niv
′(dit)

(
θit−1(1 + r)− θit(1 + η)

)
R 0. (2.18)

The first-order condition with respect to α may take either sign in equilibrium because L∗

can technically be both strictly increasing or strictly decreasing for all α ∈ [0, 1]. Therefore,

the optimal funding structure of the public pension plan is characterized by

α∗ :


= 0, if ∂L∗(0)/∂α < 0

∈ (0, 1), if ∂L∗(α∗)/∂α = 0

= 1, if ∂L∗(1)/∂α > 0.

(2.19)

Because ∂2L∗(α)/∂α2 < 0, (2.18) is the necessary and sufficient first-order condition that

solves the maximization of a strictly concave function. Note that (2.18) characterizes α just

as if the government had chosen a time-independent α at t = 0 at the same time of choosing

all other policy variables.

Let us now go through the economic intuition that can be drawn from (2.18) and (2.19).

Let us first point out that the initial generation of retirees benefits from an unfunded pen-

sion system only. An unfunded system notoriously generates an initial ‘windfall’ on this

generation, who receives benefits without having ever paid any contributions (Samuelson,

1958; Feldstein and Liebman, 2002). This means that if α 6= 1 an aggregate amount
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(1− α)
∑
i

niθ
i
0(1 + η) is distributed to these initial retirees. When taking the derivative

in (2.18) We implicitly assume that the government knew the types of these initial retirees,

and that it transfers a type-specific windfall to each one, thus implying that

di0 = si−1(1 + r) + (1− α)θ2
0(1 + η). (2.20)

In the context of our model, several stances could be realistically taken on how this

initial windfall is redistributed. It would depend on the presence of redistributive taxes and

transfers for this initial generation (to which the social planner previously committed) and

also on whether these individuals have revealed their types in the past. As it turns out, our

qualitative results are robust under some quite general conditions. To clearly characterize

the solution to our problem, we also need to make an assumption about the saving of this

initial generation of retirees:

Assumption 1. Retirement wealth of the initial generation.
∑

i nis
i
−1(1 + r) <∑

i nid
i
t(1) and si−1(1 + r) < dit(1) for i = 1, 2.

Assumption 1 simply says that the aggregate savings of the initial generation are not

larger than the sum of all contributions under a first-best fully-funded system. Quite natu-

rally, it also imposes that the initial savings of the type-2 households are not smaller than

those of the type-1s. A laisser-faire allocation, for example, satisfies it.

The solution to equation (2.19) can now be summarized in proposition 1:

Proposition 1. Optimal funding structure under full-information. For any finite

value of ρ the public pension system is pay-as-you-go if η ≥ r. If r > η then there exist bounds

r, r̄ with η < r < r̄ < ∞ such that the system is pay-as-you-go funded if r ≤ r, partially

funded if r ∈ (r, r̄) and fully funded if r > r̄. This holds if, for some i and t, v′(dit)θ
i
t does

not have a null limiting value at r̄.
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Proof. First, one can easily verify that ∂2L(α)/∂α2 < 0 so the problem is globally concave

and the solution is unique. Let us first assume that the first-order condition is strictly

negative at α = 0. Since it is optimal to choose the steady-state contributions from t = 1

(2.18) it requires that

−(1 + η)
∑
i

niv
′(di0)θi0 +

∞∑
t=1

δt
∑
i

niv
′(dit)θ

i(r − η) < 0

which is the only solution whenever r < r with r > η. Let us now suppose that in equilibrium

α = 1 which implies that

−(1 + η)
∑
i

niv
′(di0)θi0 +

∞∑
t=1

δt
∑
i

niv
′(dit)θ

i(r − η) > 0.

One can verify that ∃r̄ such that this is the only solution if r ≥ r̄. Otherwise, if r ∈ (r, r̄)

the solution is α = 1. One can finally see that this is true if v′(dit)θ
i
t does not have a null

limiting value at r̄ for at least one individual or one period. From now on we focus on this

non-trivial case. �

Let us illustrate the intuition contained in the proposition. The derivative in (2.18)

simply enumerates the marginal costs and benefits to pre-funding the pension plan. The

first term on the right-hand side of (2.18) is the marginal loss of utility suffered by the

generation of retirees at time t = 0 when we incrementally increase α. This marginal welfare

effect is strictly negative.

If r > η then L∗ can take different shapes, depending on the weight being put on the

future generations. If ρ→ η no weight is being put on the initial generation and the solution

is to have a fully-funded system. On the other hand, if ρ is very large, for instance if it

goes to infinity, all the utility weight is put on the first generation and the optimal system

is pay-as-you go. These are limiting cases, and it is shown in the proposition that there

necessarily exists a range of values for r that yields an interior solution.
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Finally, the tradeoff between balancing the immediate utility benefits of the windfall and

the future benefits of increased consumption disappears when the economy is dynamically

inefficient. If η ≥ r, unfunding the pension plan generates both a higher windfall to the initial

retirees and more consumption for future generations. In this case L∗ is strictly decreasing

with respect to α and necessarily gives a corner solution where α∗ = 0.

Private savings

Equations (2.16d) and (2.16e) characterize both the optimal pension contributions and pri-

vate savings. Because the rates of return of both these saving vehicles are not the same,

voluntary and pension savings are not necessarily perfect substitutes from the standpoint of

individuals unless r = η. Also, because if α 6= 1 public pensions involve inter-generational

redistribution, even if r = η pensions and savings are not necessarily substitutes in the

social-planning problem, unless r = ρ.

Re-organizing equation (2.16d) we obtain that the optimal pension contributions satisfy

−u′(ci) + v′(di)[α + (1− α)β(1 + ρ)] ≤ 0, i = 1, 2 (2.21)

which holds with strict inequality if θit(α) = 0. Equation (2.16e) characterizes private savings,

and it also holds with strict inequality if sit(α) = 0. One can easily see that, unless r = ρ and

α = 1, both equations cannot be satisfied simultaneously with strict equality, which implies

that private pensions will completely crowd out retirement savings, or vice-versa. As it turns

out, because the social planner sets α while already knowing the optimal allocation that will

ensue, we show in proposition 2 that it is always optimal to drive private retirement savings

to zero and to have a public pension system.

Proposition 2. Private retirement savings sit(α) always equal zero in equilibrium.

Proof. we must analyze three possible cases. Case 1: Suppose that, in equation (2.21)
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α + β(1 − α)(1 + ρ) = 1. This implies that two solutions are possible, namely θit ≥ 0 with

α = 1 in equilibrium or θit > 0 with α < 1 and ρ > r. It is therefore clear that pension

contributions are always positive, unless crowded out in equilibrium if and only if it is

optimal to set α = 1. Case 2: If α+β(1−α)(1 + ρ) > 1 then it is clear that equations (2.21)

and (2.16e) can only be satisfied with θit > 0. There is a solution if and only if α < 1, ρ > r

and θit > 0 for i = 1, 2. Case 3: If α + β(1− α)(1 + ρ) < 1 the it is optimal to set sit(α) > 0

if and only if it is optimal to set α = 1 whenever θit > 0 in which case pensions and private

savings become perfect substitutes. �

This result holds because the social planner maximizes social utility in two steps, first

choosing α and then optimizing on other policies. By so doing, he internalizes the social

benefits of the initial windfall, at the potential cost of reducing the consumption level of

future generations. Thus, because (2.16e) neglects this externality, it only characterizes

the optimal level of private savings conditional on (2.16d) being first satisfied with strict

equality for both types. This relies on the concept of sequential optimality of the social

planning problem, according to which private savings (weakly) dominate public pensions

contributions only if α∗ = 1. In the first-best, private savings therefore equal zero unless the

latter solution is optimal. In the more general case where ρ 6= r, the social planner needs to

impose a positive marginal tax rate on saving products if ρ > r to prevent individuals from

saving at all. If ρ < r private savings are naturally crowded out by public pensions. In the

remainder of the chapter we will ignore, without loss of generality, the first-order condition

of the social planner with respect to private savings.

2.3 Asymmetric information and full commitment

We now analyze the optimal design of the pension system when individuals’ types are private

information but when the government can fully commit to policies at t = 0. To achieve both
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intra-generational and inter-generational redistribution, the policies have to be incentive-

compatible so as to induce households to reveal their types. In section 2.3 we first tackle this

problem assuming that the government can announce policies (α,Ω(α)) at t = 0 and fully

commit to them. In section 2.4 we will relax this assumption and assume that no formal

commitment is possible.

A benevolent government who can fully commit first chooses the funding structure of the

pension plan, α, and then announces tax liabilities, transfers and pension contributions. The

government thus credibly commits to be a first-mover and announces these policies prior to

eliciting the privately known type of the individuals. If it wants to convince individuals to

reveal their types, it must announce a type-specific policy that will induce self-selection. Such

a policy necessarily differs from the first-best allocation which was not incentive-compatible.

At t = 0 the social planner maximizes the inter-generational social welfare function in

(2.13). Here again he takes the si−1 and yi−1 as given for the initial generation of retirees, with

the initial savings satisfying assumption 1. Although he does not observe individuals’ types,

the planner observes both their income yit and private savings sit. The policies tax liabilities

and pension contribution that one pays can thus be conditioned on these two variables.4

To induce separation of types, the social planner relies on a direct revelation mecha-

nism which involves maximizing the social welfare function subject to a lifetime incentive-

compatibility constraint for each generation of individual, which is

u(c2
t )− z2(y2

t ) + βv(d2
t+1) ≥ u(c1

t )− z2(y1
t ) + βv(d1

t+1) ∀t ≥ 0. (2.22)

Equation (2.22) simply requires that, in a separating equilibrium, type-2 individuals will

not have an incentive to ‘mimic’ type-1s. This ‘downward’ incentive-compatibility constraint

binds in equilibrium. We ignore the ‘upward’ such constraint which would always be satisfied

4The debatable assumption that savings are observed simplifies the presentation of the problem but does
not drive any of our results.
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with strict inequality. These results are standard when only redistribution from more to less

productive individuals is involved. Note that inducing individuals to reveal their types relies

on promising the type-2 individual a (weakly) higher lifetime utility level than the type-1,

as in Golosov et al. (2006) and Farhi et al. (2012).

We also include a participation constraint in the government’s problem, according to

which individuals prefer to work and to report their income instead of remaining out of the

formal economy. We express this participation constraint as

u(cit)− zit(yit) + βv(dit) ≥ u(0)− zit(0) + βv(0) + φ ∀i. (2.23)

The last term in (2.23), φ, captures the utility value of any individual who decides not

to integrate the formal economy, or not to work at all. Such participation constraint is often

ignored in the optimal taxation literature. For our analysis of optimal policies under full

commitment, we will simply ignore it and then assume that it is not binding in equilibrium

when both types of individuals truthfully report their types. Assuming that φ is small

enough, and even negative, is a sufficient condition for such analysis to hold. To simplify

the presentation of the problem we often assume that it equals zero. This participation

constraint will take its significance when we will analyze sustainable equilibria when the

government cannot commit. Allowing the households not to report any income will turn

their set of ‘punishment’ strategies into a non-trivial one.

As we have done before, we first take α as given and derive the optimal policies. The

Lagrangian of the government is

L(α) =
∞∑

t=−1

δt

(∑
i

ni[u(cit)− zi(yit) + βv(dit+1)]

)

+
∞∑
t=0

δtλt(u(c2
t )− z2(y2

t ) + βv(d2
t+1)− [u(c1

t )− z2(y1
t ) + βv(d1

t+1)]) (2.24)
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where λt is the strictly positive Lagrange multiplier to the incentive-compatibility constraint

of the generation born at time t. The consumption levels for both types and both ages are still

given by the set of equations (2.14). The incentive compatibility constraints are discounted

over time at the same rate as individuals’ utilities. The second-best allocation under full

commitment is characterized by the following first-order conditions:

∂L(α)

∂y2
t

= δt(n1 + λt)[u
′(c2

t )− z′2(y2
t )] = 0, t ≥ 0 (2.25a)

∂L(α)

∂y1
t

= δtn1[u′(c1
t )− z′1(y1

t )]− δtλt[u′(c1
t )− z′2(y1

t )] = 0, t ≥ 0 (2.25b)

∂L(α)

∂τ yt
= δtn2[−u′(c2

t ) + u′(c1
t )]− δtλt

[
u′(c2

t ) +
n2

n1

u′(c1
t )

]
= 0, t ≥ 0 (2.25c)

∂L(α)

∂τ ot
= δtn2[−βv′(d2

t ) + βv′(d1
t )]− δtλt

[
βv′(d2

t ) +
n2

n1

βu′(d1
t )

]
= 0, t ≥ 1 (2.25d)

∂L(α)

∂θ2
t

= δt(n2 + λt)[−u′(c2
t ) + βv′(d2

t+1)α(1 + r)]

+δt−1(n2 + λt−1)βv′(d2
t )(1− α)(1 + η) = 0 t ≥ 0(2.25e)

∂L(α)

∂θ1
t

= δt(n1 − λt)[−u′(c1
t ) + βv′(d1

t+1)α(1 + r)]

+δt−1(n1 − λt−1)βv′(d1
t )(1− α)(1 + η) = 0 t ≥ 0.(2.25f)

When needed, we denote the second-best policies characterized by (2.25a)-(2.25f) using

the superscript C, which stands for ‘commitment.’ Accordingly, we denote by LC(α) the

maximal value of the associated Lagrangian as a function of α.Once again, we ignore the first-

order condition on private savings, which will be tackled at the same time as the discussion

on the optimal pre-funding of public pensions.

In a separating equilibrium, the government conditions its policies on observed income,

which is characterized by (2.25a) for the most productive individuals and by (2.25b) for the

least productive ones. (2.25a) is a no-distortion-at-the-top condition which requires that

the labor supply of the most able individual should be left undistorted. This comes as no
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surprise within the framework of Stiglitz (1982), who obtained the well-known result that

the highest-type individuals should face a null marginal income tax rate. On the other hand

incentive-compatibility requires distorting downward that of the type-1 individuals, as can

be seen in (2.25b).

The four other first-order conditions provide us with results about both intra-generational

and inter-generational redistribution, which crucially depend on the assumption of full com-

mitment. Equations (2.25c) and (2.25d) characterize the extent to which income is redis-

tributed within generations. Dropping the time subscripts and analyzing the optimal policies

in the steady state, we obtain that

u′(c2
t )

u′(c1
t )

=
v′(d2

t )

v′(d1
t )

=
1− λt/n1

1 + λt/n2

< 1 ∀t > 0 (2.26)

where λt, the marginal social cost of eliciting information about types, is strictly smaller than

n1 because the marginal utility of consumption goes to infinity as consumption tends to zero.

Equation (2.26) gives us the standard result that intra-generational income inequality has to

be tolerated in a second-best equilibrium in order to induce self-selection. Quite importantly,

this result shows that the most efficient, or the least costly way for the government to induce

self-selection is to reduce the relative consumption levels of type-1s in a way that equally

reduces their marginal utility of consumption when both young and old. It is sensitive to the

assumption of commitment because it entails promising more consumption to both type-2

workers and retirees at a time when the government still ignores the type of all individuals

in the economy.

Equations (2.25e) and (2.25f) characterize the optimal contributions, which can also

achieve inter-generational redistribution in addition to being merely a way to report con-

sumption in time. As with the first-best, we concentrate on analyzing inter-temporal con-

sumption smoothing at the steady-state. Both first-order conditions imply that consump-

tion is equalized across ages just as in the first-best and give, removing the time indexes,
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u′(ci) = [α + (1 − α)β(1 + ρ)]v′(di) for i = 1, 2. However, to emphasize how the incentive-

compatibility constraints are related to how public pensions are pre-funded, it is useful to

study the optimal pension contributions using the illustrative cases where α = 1 and α = 0.5

Let us first assume that α = 1 and that the pension system is fully-funded, in which case

(2.25e) and (2.25f) boil down to

δt[n2 + λt](−u′(c2
t ) + βv′(d2

t+1)(1 + r)) = 0

δt[n1 − λt](−u′(c1
t ) + βv′(d1

t+1)(1 + r)) = 0.

With full pre-funding, individuals’ contributions at time t are invested in a trust fund, and

by (2.9) they own a claim on their own contributions and on the returns they will yield until

they retire. Increasing the contribution of someone born at t implies that he will necessarily

cash in his own money later, does not entail any inter-generational redistribution, and only

affects his own incentive-compatibility constraint. According to (2.9), it is equivalent to

privately owning a financial product that yields a rate of return r.

This contrasts with the case where public pensions are pay-as-you-go and α = 0, in which

case (2.25e) and (2.25f) become

δt−1[n2 + λt−1]βv′(d2
t )(1 + η)− δt[n2 + λt]u

′(c2
t ) = 0

δt−1[n1 − λt−1]βv′(d1
t )(1 + η)− δt[n1 − λt]u′(c1

t ) = 0.

Individuals pay contributions at time t, in exchange for which the social planner promises

them a fixed claim on next period’s tax base. Thus, his own contributions affect the incentive-

compatibility constraints of the current retirees via the benefits it finances at the present

time, and his own incentive-compatibility constraint via the payment of contributions.

Consequently, even in the case where r = η and both funded and unfunded public

5Notice that for these corner solutions, assuming a steady-state is not restrictive.
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pensions yield the same rate of return, the nature of the financial product that belongs to

individuals for having paid their contributions differ. Under a fully-funded program, the

government can guarantee individuals their level of future benefits just by making them pay

their contributions. With an unfunded pension plan, and according to (2.9), nothing could

technically prevent the government from reducing the workers’ contributions in the future,

except the fact that full commitment is imposed by assumption.

2.3.1 Second-best pre-funding of public pensions under full commitment

As with the first-best, we characterize how pensions should be pre-funded by maximizing

the value function LC(α) with respect to α. We do so resorting to the envelope theorem,

which allows us to discuss questions related to the concavity of the problem with respect

to α. However, it is equivalent to taking a regular first-order condition with respect to α at

t = 0.

Applying the envelope theorem to (2.24) gives

∂LC(α)

∂α
= −(1 + η)

∑
i

niv
′(di0)θi0 +

∞∑
t=1

δt[(n1 − λt)v′(d1
t )(θ

1
t−1(1 + r)− θ1

t (1 + η))

+
∞∑
t=1

δt[(n2 + λt)v
′(d2

t )(θ
2
t−1(1 + r)− θ2

t (1 + η)) (2.27)

which is solved by using (2.19) as in the first-best. If at α = 1 the value of (2.50) is strictly

positive, then the system is strictly funded. If at α = 0 it is strictly negative, the system is

pay-as-you-go. Otherwise, we obtain an interior solution.

Proposition 3. Optimal funding structure under asymmetric information and

full commitment. For any finite value of ρ the public pension system is pay-as-you-go if

η ≥ r. If r > η then there exist bounds r′, r̄′ with η < r′ < r̄′ < ∞ such that the system is

pay-as-you-go funded if r ≤ r, partially funded if r ∈ (r, r̄) and fully funded if r > r̄.
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Since the second-order condition is satisfied with strict inequality and the problem is

globally concave, the proof for proposition 3 is similar to that of 1, so we omit it to avoid

redundancy.

Let us now analyze (2.50) in more detail. The first term on the right-hand side is

the welfare effect of unfunding pensions on the first generation. The second term is the

marginal social utility of increasing α, which can still take either sign. By the same principle

as in section 2.2 the solution is αC = 0 whenever η ≥ r because completely unfunding

public pensions increases the consumption of both the current retirees and that of future

generations. If r > η then the nature of the solution depends on how future utility is

discounted, or on the relative value of ρ as compared to η. If η ≥ ρ then δt/δt−1 ≥ 1 and

αC = 1, still by the same principle as under the first-best solution. Besides these two easier

cases, the optimal level of funding can be seriously affected by the requirement to elicit

private information when ρ > η, and the optimal pension system can be either more or less

pre-funded than in the first-best.

The government first acknowledges that, because total consumption is now smaller than in

the first-best and because income is not perfectly redistributed, the marginal utility of future

consumption is larger than in the first-best. It would therefore like to incrementally raise the

funding level of the pension plan so as to provide the type-1s households, who benefit from

less consumption than type-2s, with more future consumption. As the government increases

α to achieve this outcome, however, it has to gradually increase consumption inequality

across types to ensure incentive-compatibility. Since v′′(di) < 0 it becomes more difficult to

separate types as aggregate consumption increases, which makes λ increase. Thus, as the

system becomes more pre-funded a larger part of this increase in future consumption has to

be directed towards type-2 households who are already better off. It is therefore unclear at

the outset whether, in the second best, the planner would prefer to increase or reduce α as

compared to the first-best solution.
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In short, the answer rests on how the planner properly balances the benefit generated by

increasing α which increases the consumption of type-1s, and the increased shadow cost of

inducing self-selection. Whether he increases or reduces α ultimately depends on both the

equilibrium marginal social cost of separating types λC(αC) and on the curvature v(·). If the

slope of v(·) declines sharply, or if it is very concave, then the government may well want to

reduce α in equilibrium. The same may be optimal with a function v(·) whose slope is very

close to be constant, in which case the social planner may want to set α at a higher level

than in the first-best.

2.4 Asymmetric information without commitment

We now characterize optimal policies when the government cannot commit. The allocation

and policies that are promised at t = 0 for each subsequent period can be modified later on

by a sequence of benevolent social planners. Although the social objective ex-ante is still

the same as before, the sequential objective function of the government ex-post, at time t, is

Wt = δt−1

∑
i

niv(dit) + δt
∑
i

[u(cit)− zi(yit) + βv(dit)] (2.28)

where the types of the current retirees are now known. The government will thus be tempted

to use the private information that has been previously revealed so as to implement more

redistribution across types of retirees than the second-best would prescribe. Accordingly,

the policies that are announced at time t = 0 must be such that the government itself will

not have an incentive to renege on them later on.

Here, we focus on characterizing an optimal sequence of policies, Ω(α), and a level of

pre-funding α that can be announced before the government has elicited any information

from the households, and which the government will not have an interest to renege on later.

Such policies are called ‘credible’ or ‘sustainable,’ using the terminology of Chari and Kehoe
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(1990).

Credible policies have often been characterized by taking the limit of the backward in-

duction solution to dynamic problems. We characterize such solution and we call it ‘history-

independent.’ The social planner knows that it will sequentially implement the most tempt-

ing deviation each period, and he announces that he will do so at t = 0. Chari and Kehoe

(1990) have shown, however, that this represents only one among a larger set of equilibria

that can be sustained without commitment. More precisely, such methodology rules out some

more complex equilibria that take into account the fact that a government may be able to

behave in a more efficient way in order to maintain its reputation. They focus on trigger-type

equilibria, in which the government would refrain from reneging on its promises by fear that

future generations, whose types have not been revealed yet, would foresee such deviations in

the future and ‘punish’ the government by taking the economy to a very bad equilibrium.

Thus, it is generally possible to sustain an equilibrium that is better, from the social welfare

point of view, than that where it always fully equalizes the retirees’ consumption levels.

Solving for optimal policies and allocations when the government cannot commit but

where such reputational equilibria can be sustained requires us to impose more structure on

how the economy may react if the government reneged on its promises. If the government

anticipates that the households whose information is still private will adversely react to a

deviation, then there may be an incentive for the government not to renege on its promises

to avoid such occurrence. The beliefs and the strategies of the households, those of the

government as well as the formal characterization of the entire set of sustainable equilibria

are presented in subsection 2.4.2. In doing so we derive sustainable equilibria following the

methodology used in new dynamic public finance (Golosov et al., 2006; Acemoglu et al.,

2010; Reis, 2011; Farhi et al., 2012).

In subsection 2.4.1 we derive the most tempting deviation for the government, as has

often been done with problems involving a finite number of time-periods, and we show that
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it is a sustainable equilibrium. In section 2.4.3 we characterize the sustainable equilibrium

that maximizes social welfare from an ex-ante point of view. We then show how the rule

governing the pre-funding of public pensions is modified when such policy is implemented.

2.4.1 Pre-funding pensions with a history-independent equilibrium

Prior to discussing more thoroughly the concept of sustainable equilibria, it is instructive to

characterize the optimal policies when households do not act in response to the past actions

of the government, and where the government acts sequentially without taking into account

the effect of its current actions on its reputation.

The ‘history-independent’ equilibrium contrasts with the sustainable policies that we

will derive in the next subsections in which households react to the past actions of the

government, and where the latter takes this into account when making sequential decisions.

It represents the typical solution of a time-inconsistency problem à la Kydland and Prescott

(1977), and would also be the only sustainable equilibrium if the economy was modeled using

a finite number of periods.

At time t > 0 the government maximizes

δt−1

∑
i

niv(d̂it) + δt
∑
i

ni[u(ĉit)− zi(ŷit) + βv(d̂it+1)] (2.29)

subject to the incentive-compatibility constraint

u(ĉ2
t )− z2(ŷ2

t ) + βv(d̂2
t+1) ≥ u(ĉ1

t )− z2(ŷ1
t ) + βv(d̂1

t+1).

by choosing a policy ω̂t(α). The decisions of the social planner in a history-independent

equilibrium are denoted using a hat. We ignore the participation constraint and assume

that it is verified to hold given the equilibrium allocation. Denoting by L̂t the Lagrangian

that the government sequentially maximizes at t, the first-order conditions of the social
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planner are

∂L̂t
∂y2

t

= δt(n1 + λ̂t)[u
′(ĉ2

t )− z′2(ŷ2
t )] = 0 (2.30a)

∂L̂t
∂y1

t

= δtn1[u′(ĉ1
t )− z′1(ŷ1

t )]− δtλ̂t[u′(ĉ1
t )− z′2(ŷ1

t )] = 0 (2.30b)

∂L̂t
∂τ yt

= δtn2[−u′(ĉ2
t ) + u′(ĉ1

t )]− δtλ̂t
[
u′(ĉ2

t ) +
n2

n1

u′(ĉ1
t )

]
= 0 (2.30c)

∂L̂t
∂τ ot

= −n2v
′(d̂1

t ) + n2v
′(d̂2

t ) = 0 (2.30d)

∂L̂t
∂θ2

t

= δt−1(1− α)n1βv
′(d̂1

t )(1 + η)

+δt

[
−(n1 − λ̂t)u′(ĉ1

t ) + n1βv
′(d̂1

t+1)α(1 + r)
]

= 0(2.30e)

∂L̂t
∂θ1

t

= δt−1(1− α)n2βv
′(d̂2

t )(1 + η)

+δt

[
−(n2 + λ̂t)u

′(ĉ2
t ) + n2βv

′(d̂2
t+1)α(1 + r)

]
= 0.(2.30f)

The first and second equations are similar to what we have obtained in the second-

best, meaning that the government only distorts downwards the labor supply of the type-

2 individuals to induce incentive-compatibility. (2.30c) and (2.30d) characterize how the

government redistributes within generations. Equation (2.30d) provides the type of time-

inconsistency that we generally obtain in problems with a finite number of periods, which is

that the consumption of both types of retirees is equalized and

v′(d̂1
t ) = v′(d̂2

t ) = v′(d̂t). (2.31)

However, the government will not do so with the workers. Taking (2.30c) and (2.30d)

together we obtain that

1− λt/n1

1 + λt/n2

=
u′(ĉ2

t )

u′(ĉ1
t )
<
v′(d̂2

t )

v′(d̂1
t )

= 1. (2.32)
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This result stems from the government being able to keep its promises with respect to intra-

generational redistribution across workers, but not across retirees. We also expect λ̂t, the

marginal social cost of inducing self-selection, to be greater than in the second-best since it

becomes more difficult for the government to separate types, given that u and v are concave,

therefore generating more consumption inequality among the workers than before.

Equations (2.30e) and (2.30f) characterize the optimal pension contributions. In the

steady-state, they can be reformulated as

−u′(ĉ1
t ) +

α + β(1− α)(1 + ρ)

n1 − λ̂t
v′(d̂t+1) = 0 (2.33)

and

−u′(c2
t ) +

α + β(1− α)(1 + ρ)

n2 + λ̂t
v′(d̂t+1) = 0 (2.34)

where we have removed the superscripts i = 1, 2 on d̂t, the consumption level of the retirees

which is the same for both types.

The consumption of both types of retirees is equalized, so the government can only

induce workers to reveal their types by differentiating consumption levels across the young.

We obtain that

u′(ĉ2
t )

v′(d̂t)
< α + (1− α)β(1 + ρ) <

u′(ĉ1
t )

v′(d̂t)
. (2.35)

Two intuitions lie behind (2.35). First, it is optimal to reduce the pension savings of the

most productive individuals to leave them with more consumption when young in order to

induce self-selection. For the least productive type, it will do the opposite and increase his

pension contributions in order to induce self-selection more efficiently. Also, by doing so

the government indirectly reduces the retirement wealth that is available for redistribution

across retirees, thus mitigating the adverse welfare effects of time-inconsistency. This result

holds for any α ∈ [0, 1].
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Let us now turn to the optimal pre-funding of the pension plan.

−(1 + η)
∑
i

niv
′(di0)θi0 +

∞∑
t=1

δt

(∑
i

niv
′(d̂t)θ

i
t

)
(r − η) R 0. (2.36)

Because the second-order condition is verified, (2.37) is still solved according to (2.19). Using

the fact that d̂t =
∑

i niθ
i
t in a steady-state, (2.37) can be simplified to

−(1 + η)
∑
i

niv
′(di0)θit +

∞∑
t=1

δtv
′(d̂t)θ

i
t(r − η) R 0. (2.37)

Thus, the government is not concerned anymore with the interaction between the incentive-

compatibility constraint and the benefits of pre-funding, since the consumption of the retirees

cannot be used anymore towards inducing self-selection.

2.4.2 Characterizing the set of sustainable equilibria

We now characterize the set of all possible sequences of policies and allocations that can be

announced at t = 0 and that can be sustained without deviation if the households’ beliefs

and actions depend on the history of past actions by the government. Any such equilibrium

is called ‘sustainable’ and can be expressed as the equilibrium of a policy game between a

sequence of governments and a sequence of generations.

At t = 0 the government irremediably chooses α and announces

ωt(α, ht) = {y1
t (ht−1), y2

t (ht−1), τ yt (ht−1), τ ot (ht−1), θ1
t (ht−1), θ2

t (ht−1)} (2.38)

∀t and for all possible histories ht−1. The history ht−1 consists of all the policies that have

been implemented by the government until t.6 We define h0 = ∅ and ht = {ht−1, ωt(ht−1)}.

Note that αs have been omitted in the arguments on the right-hand side of (2.38) to lighten

6Note that future history is unaffected by the households’ actions in equilibrium. For this reason it is not
necessary to include them explicitly in ht−1. Doing so would leave our solutions unchanged.
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the notation.

The policies implemented at time t are the equilibrium outcome of a strategy for both

the government and households. Strategies are allowed to depend on history. The strategy

of the government is denoted by the a vector ωt(ht), which maps past history into cur-

rent actions. The behavior of a household i at time t is a function of the past behavior

of the government. If the government posts policies with the objective of inducing self-

selection, then the households’ set of possible actions consists of three elements, respectively

signalling ‘type-1,’ signalling ‘type-2’ and signalling nothing, a set of actions that we call

Yt = {y1
t (ht−1), y2

t (ht−1), ∅} where yit(ht−1) is the gross income level of a type−i individual

that is chosen by the government. We denote the strategy of a type-i household by

σit(ht−1)) : ht−1 → Yt(ht−1). (2.39)

Notice the importance of the participation constraint (2.23) here. It implies that, for some

histories, the household’s strategy may be not to work at all, to remain out of the formal

economy and to capture its outside option. We restrict our analysis to symmetric equilibria

where all individuals with the same type have the same strategies. We also focus on pure

strategy Weak Perfect Bayesian Equilibria (WPBE). In these conditions an equilibrium of

the policy game is defined in the following way:

Definition. A policy and an allocation constitute an equilibrium of the policy game if

∀t, given the strategy of the government ωt(ht−1) with yit(ht−1) ∈ ωt(ht−1) for i = 1, 2 then

the household truthfully report the gross income σit(ht−1) = yit(ht−1). The equilibrium is such

that individuals reveal their types when young.

Thus, sequence of allocations is the outcome of the policy game if the strategies of both the

government and the households lead the latter to self-select into the mechanism posted by the

former, and if no one has an incentive to deviate from its strategy, which implies not working
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forever if the government has deviated before period t. Also, we cannot exclude at the outset

the possibility that the government decides not to implement any intra- or inter-generational

redistribution nor to impose pension contributions, to post y1
t (ht−1) = y2

t (ht−2) = 0 and in

which the households remain idle forever for some histories ht−1. Such outcome never occurs

on the equilibrium path, and is not an equilibrium of the policy game. It is, in fact, the worst

possible reaction of the economy following a deviation by the government. Given that at

ht−1 the households decide to remain idle, the only compatible strategy for the government

at the same history is to post yi = 0 for i = 1, 2. This outcome would generate a level of

social welfare that equals φ per generation. This equilibrium is the one that leads to the

lowest possible level of social welfare (Acemoglu et al., 2010; Reis, 2011).

Let us now define the entire set of equilibria of the policy game that can be enforced

in a trigger-type of equilibrium, in which the economy reverts to a bad equilibrium (i.e.

households remaining idle forever) upon a deviation by the government.

Definition. A sustainable policy/allocation. Let us define by ht−1 the history such

that the government never deviate from its previously announced policy, and h′t−1 when it

did once last period. Then an equilibrium of the policy game is sustainable by the ‘punish-

ment’ equilibrium ωt(h
′
t−1) and σit(h

′
t−1) if it satisfies the sequence of incentive-compatibility

constraints (2.22), that of participation constraints (2.23), and if it satisfies the following

condition ∀t:

δt−1

∑
i

niv(dit(ht−1)) + δt
∑
i

ni[u(cit(ht−1))− zit(yit(ht−1)) + βv(dit+1(ht−1))]

≥ δt−1

∑
i

niv(d̂it(h
′
t−1)) + δtW̃t+1(h′t−1) (2.40)

where the left-hand side of (2.40) is the social welfare as accounted for sequentially by the

government if it does not renege on its promises, and where the first term on right-hand side

represents the utility value of redistributing more than promised across retired households
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and W̃t+1 is the lifetime utility of the current young under the new equilibrium to which the

economy reverts upon a deviation.7

As it turns out, the entire set of equilibria that can be sustained by any type of trigger

strategies can be found by characterizing the set of policies/allocations that can be sequen-

tially enforced by the worst possible trigger strategy. In such strategy the whole economy

would revert to the worst possible equilibrium forever. Thus, if any equilibrium is sustain-

able given some punishment strategy, then it is necessarily sustainable by using the lowest

possible value of W̃t+1 that is an equilibrium.

Some important implications of the concept of trigger-type sustainable equilibrium need

to be addressed now. First, because we focus on symmetric equilibria, we do not have to

assume that the households coordinate on a given strategy. Including coordination issues,

or complicating the problem by inserting mixed strategy would not change the intuition and

would come at the cost of important mathematical complications. Second, the households

and the government react to a deviation by implementing a new strategy that leads to another

equilibrium, and these strategies by the households are history-dependent. A change in the

government’s reputation thus drive the economy to another equilibrium.

Finally, we focus on weak perfect Bayesian equilibria. Such equilibria may well not survive

some refinements (such as requiring that the equilibria are perfect Bayesian equilibria, which

need to be sequentially rational). With a WPBE, if a deviation happened in equilibrium

then the households would sequentially find themselves worse off immediately by immediately

punishing the government. Although this is a standard feature of repeated games, it could

be worth introducing refinements, so as to allow households to ‘punish’ the government in a

sequentially credible way without punishing themselves.

7Notice that under the worst possible type of punishment, this constraint would be identical if the
government could not commit to the taxes to the workers as well.

46



The complete set of sustainable equilibria

Ultimately, the goal will be that of characterizing the best possible policies that are sustain-

able. But to do so, we first have to provide more details on the ‘punishment’ payoff that is on

the right-hand side of the credibility constraint. In principle, any equilibrium that leads to a

lower level of welfare for the current young may help sustaining better allocation. Therefore,

different sets of allocations can be sustained, depending on the punishment strategy.

In the literature on limited commitment, the focus is generally put on whether an allo-

cation can be sustained at all by some trigger-type equilibrium. If so, then the allocation

is necessarily sustainable under the most severe punishment. Here, this punishment is such

that if the government equalizes the retirees’ consumption at t, then the economy reverts

forever to an equilibrium where the government implements no policy at all, and where all

households remain autarkic forever. If an equilibrium can be sustained by any trigger strat-

egy, then it may also be sustained by this worst punishment (but not otherwise). Thus, the

largest possible set of allocations that can be sustained by some trigger strategy is just the

set of equilibria that are sustained by such punishment.

To show why, notice that the government’s interest at deviating is to perfectly redistribute

income across retirees and to set d̂1
t = d̂2

t = d̂t. If it does so, the current young will revert to

the strategy leading to the worst, which is that of never revealing their types and of staying

home. In an equilibrium the government will, at t + 1 stay out of the economy and posts

ŷ1
t = ŷ2

t = 0. Thus, with the worst possible punishment strategy, the right-hand side of (2.40)

equals

δt−1v

(
α
∑
i

niθ
i
t−1(ht−2)(1 + r)

)
+ δtφ. (2.41)

This is indeed an equilibrium of the policy game. At this equilibrium, the government has no

incentive to deviate if the households decide to remain autarkic. Given that the government’s

strategy implies that yit ∈ (0, 0, 0) then the households do not deviate. It is important to

47



restate that this ‘shut-down’ type of equilibrium is never observed in equilibrium.8

Sustainability of the second-best

From the standpoint of a social planner who maximizes the discounted sum of utility of

successive generations prior to elicit any information, the best possible policy to implement

would be the second-best. Thus, if the second-best qualifies as a sustainable equilibrium,

it will be implemented as it is and the inability to commit becomes innocuous. Because

we already know that the second-best is incentive-compatible and satisfies the participa-

tion constraint, verifying if it is sustainable amounts to verify if it survives the sequential

punishment strategies which, under the most severe punishment, is

δt−1

δt

∑
i

niv(dit(ht−1)) +
∑
i

ni[u(cit(ht−1))− zit(yit(ht−1)) + βv(dit+1(ht−1))]

≥ δt−1

δt
v

(
α
∑
i

niθ
i
t−1(ht−2)(1 + r)

)
+ φ (2.42)

Proposition 4 establishes one of the central results of this paper. It shows that the more

pre-funded that the optimal pension system is in the second-best, the less likely it is to be

sustainable.

Proposition 4. Sustainability of the second-best. Let us denote by dit the consumption

level of a type-i retiree under the second-best. Then there exists a threshold α̃ such that if

αC ≤ α̃, the second-best is sustainable for any inter-generational discount rate. If αC > α̃

then the second-best is only sustainable if the value of

δt/δt−1 ≥
∑

i niv(dit)− v (α
∑

i niθ
i
t)∑

i ni[u(cit)− zi(yit) + βv(dit+1)]
, ∀t > 0 (2.43)

8A similar type of worst punishment is derived by Acemoglu et al. (2010) and Reis (2011), who insist on
the fact that such punishment implements a sustainable allocation along the equilibrium path.
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Proof. From (2.42) one can see that the second-best is always sustainable, independently of

the inter-generational discount factor, if
∑

i niv(dit) ≥ v (α
∑

i niθ
i
t) . For any optimal value of

θiCt , i = 1, 2 we know that
∑

i nid
iC
t ≥ α

∑
i niθ

i
t, and with strict equality only if α = 1. Given

that v(·) is strictly concave ∃ a threshold α̃ ∈ (0, 1) such that
∑

i niv(dit) ≥ v (α
∑

i niθ
i
t) . If

αC ≤ α̃ the second-best is thus sustainable. Otherwise, it is sustainable depending on the

weight put on the utility of the current young. The condition in established in (2.43) comes

directly from setting the credibility constraint greater or equal to zero. �

Because the pre-funded part of pension contributions are kept in a fund and paid to the

retirees, this pension wealth is at the disposal of the social planner once information has

been revealed and can be fully redistributed. It increases the incentive for the government

to deviate towards an undesirable equilibrium. If αC is larger than a threshold α̃ then

this problem becomes important enough to ensure that the second-best is not in the set of

sustainable equilibria if the inter-generational discount factor is low enough. If δt/δt−1 is

sufficiently high, this may be prevented as the government sequentially puts enough weight

on the welfare of the current workers, whose types are yet unrevealed. On the other hand, if

αC < α the pension wealth that would be at the disposal of a deviating social planner would

not even be enough to make the current retirees better off than under the second best upon

deviating.

Sustainability of the history-independent equilibrium

A second question of interest is that of finding whether the history-independent solution is

sustainable, and also whether it is a policy that the social planner would be interested in

implementing at all.

Proposition 5. The history-independent policy and allocation is in the set of sustainable

policies. If it is implemented, the credibility constraint (2.42) is satisfied with strict inequality.

Proof. The proof simply rests on the fact that the retirees’ consumptions are fully equalized
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in the history-independent solution. Accordingly, because
∑

i niu(cit) − zi(yit) + βv(dt) > 0

(2.42) is satisfied with strict inequality. �

Proposition 5 constitutes a second central result in this paper. It establishes that the

equilibrium in which the government does not care about the effect of deviating from its

reputation can be sustained as it satisfies the credibility constraint. However, the proposition

also tells us that a government who maximizes the social welfare function (2.13) at t = 0

would not want to implement such an equilibrium. Instead it would make a promise that

would yield a higher level of social welfare. It is clear that, ideally, the government would like

to implement the second-best and that it wants to implement it if it is sustainable. Otherwise,

it has to distort the second-best so as to satisfy the credibility constraint. Whenever it does

so it will manage for the credibility constraint to always hold with strict equality.

2.4.3 The best sustainable policy

We finally focus on characterizing the best sustainable policy, by making the assumption that

the second-best is not sustainable. Notice that this strictly applies to a set of cases such that

r ∈ (r′,∞). This best possible policy is obtained by analyzing the trigger-type equilibrium

obtained when the economy reverts to its worst possible state following a deviation.

We solve the optimal tax problem by assuming that the government promises policies

at t = 0 and that these must be both incentive-compatible and credible. Ex-ante, the

government ranks policies and allocation according to the social objective

EW =
∞∑

t=−1

δtEt

(∑
i

ni[u(cit)− zi(yit) + βv(dit+1)]

)
(2.44)

which is identical to (2.13) except for the fact that the government has to anticipate the

reaction of the households to its choice of policies, which is represented by the expectation

operator Et. The government maximizes (2.44) subject to the incentive-compatibility con-

straint (2.22) which is still associated to a strictly positive Lagrange multiplier λt ∀t ≥ 0.
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The planner’s problem is also subject to the credibility constraint (2.42) which is associated

to a strictly positive Lagrange multiplier γt for t > 0, since there is no possible deviation at

t = 0 when no household has revealed its information yet. In the analysis to come we use

the simplifying assumption that φ = 0.

As before, the households’ and the government’s budget constraints for both the re-

distributive instruments and the funding of pensions hold with strict equality. They are

encompassed in cit and dit, i = 1, 2 as presented in (2.14). For all generations born at t > 0

the solution to the planner’s problem is given by the following first-order conditions:

∂LNt (α)

∂y2
t

= δt(n2(1 + γt) + λt)[u
′(c2

t )− z′2(y2
t )] = 0 (2.45a)

∂LNt (α)

∂y1
t

= δtn1(1 + γt)[u
′(c1

t )− z′1(y1
t )]− δtλt[u′(c1

t )− z′2(y1
t )] = 0 (2.45b)

∂LNt (α)

∂τ yt
= δtn2(1 + γt)[−u′(c2

t ) + u′(c1
t )]− δtλt

[
u′(c2

t ) +
n2

n1

u′(c1
t )

]
= 0 (2.45c)

∂LNt (α)

∂τ ot
= δtn2(1 + γt)[−v′(d2

t ) + v′(d1
t )]− δtλt

[
v′(d2

t ) +
n2

n1

v′(d1
t )

]
= 0 (2.45d)

∂LNt (α)

∂θ2
t

= δt(n2(1 + γt) + λt)[−u′(c2
t ) + αβv′(d2

t+1)(1 + r)]− δtγt+1n2βv
′(d̄t+1)α(1 + r)

+δt−1(n2(1 + γt) + λt−1)β(1− α)v′(d2
t )(1 + η) = 0 (2.45e)

∂LNt (α)

∂θ1
t

= δt(n1(1 + γt)− λt)[−u′(c1
t ) + αβv′(d1

t+1)(1 + r)]− δtγt+1n1βv
′(d̄t+1)α(1 + r)

+δt−1(n1(1 + γt)− λt−1)β(1− α)v′(d1
t )(1 + η) = 0 (2.45f)

where d̄t = α
∑

i niθ
i
t−1(1+r). For the policies at t = 0 the first-order conditions with respect

to y2
0, y

1
0 and τ y0 are still identical to the first-order conditions under full commitment, which

are given by (2.25a)-(2.25c). It is the case because no credibility constraint applies at t = 0

since no one has revealed any private information yet. However, the first-order conditions

with respect to θ2
0 and θ1

0 are affected because, if pensions are partly or fully pre-funded,

increasing the contributions at t = 0 will affect the right-hand side of the credibility constraint

at t = 1. Thus, in the first-order conditions with respect to pension contributions at t = 0
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one has to keep in mind that γ0 = 0 and λ−1 = 0.

Prior to analyzing the optimal sustainable policy, it is important to establish its relevance

by showing that, for at least one period, the credibility constraint is binding and γt > 0.

Proposition 6. If the second-best is not sustainable, then any sustainable equilibrium that

is implemented is such that the credibility constraint binds for all periods, or that γt > 0 for

all t > 0.

Proof. Let us suppose that it is not the case. Then, γt = 0 for some t and (2.45a)-(2.45f),

jointly with the optimal pre-finding rule, characterize the second-best in which γt > 0 for

some t if it is not sustainable. We thus obtain a contradiction. �

At any period at which the credibility constraint is binding and γt > 0 equation (2.45a)

shows that the labor supply of the type-2 individual is undistorted and equation (2.45b)

implies that the labor supply of the type-1 is distorted downwards for self-selection reasons.

However, because doing so reduces the type-1s consumption and thus reduces the value of the

left-hand side of the credibility constraint, this distortion is mitigated because of credibility

imperatives.

Equations (2.45c) and (2.45d) characterize optimal consumption inequality across types

of workers and retirees. Contrasting with the history-independent equilibrium, we can see

that the social planner decides to set

u′(c2
t )

u′(c1
t )

=
v′(d2

t+1)

v′(d1
d+1)

=
1 + γt − λt/n1

1 + γt + λt/n2

. (2.46)

By equating the ratios of the marginal utilities of consumptions across ages, the government

can separate types more efficiently than if it is forced to separate them only using the workers’

consumptions. However, one can see in (2.46) that the extent of income inequality that can

be tolerated by the social planner is reduced by the requirement that the credibility constraint

be satisfied. At the margin, reducing inequalities across types increases the left-hand side of
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the credibility constraint and may be beneficial. The social planner must therefore choose

an optimal allocation that properly weights the benefits of increasing inequalities for self-

selection reasons, and the benefits of reducing inequalities to make the allocation more easily

sustainable.

Finally, equations (2.45e) and (2.45f) characterize the optimal pension contributions.

As we have done so far, we concentrate on their values to draw some intuitions from the

first-order conditions. In the steady-state, they imply that

u′(c2
t ) = v′(d2

t+1)[α + β(1− α)(1 + ρ)]− n2γt+1

n2(1 + γt) + λt
v′(d̄t+1)α (2.47)

and

u′(c1
t ) = v′(d1

t+1)[α + β(1− α)(1 + ρ)]− n1γt+1

n1(1 + γt)− λt
v′(d̄t+1)α. (2.48)

The first-term on the right-hand side of (2.47) and (2.48) is the same consumption-

smoothing condition than in the second-best. However, the second term that is now added

represents the effect of pre-funded contributions on the credibility constraint. It captures

the fact that smoothing consumption, when α > 0, has two distinct effects on the credibility

constraints. First, setting the contributions such that u′(c1
t ) = v′(d1

t+1)[α+β(1−α)(1+ρ)] at

time t increase the value of the left-hand side of the credibility constraint and makes it more

easily satisfied. However, if the contributions are pre-funded, they also increase the value of

the pension wealth that will be available for redistribution at t + 1 in case of a deviation,

thus making the credibility constraint more stringent. The net effect is that the government,

in a credible policy, will set pension contributions such that

u′(c2
t )

v′(d2
t+1)

<
u′(c1

t )

v′(d1
t+1)

< α + (1− α)β(1 + ρ). (2.49)

Equation (2.49) is an important result, since it implies that the government will not

smooth consumption over the life-cycle and give the young more utility of consumption,

53



unless the pension system is pay-as-you-go. It does not do so for incentive-compatibility

reasons, but as a way to pre-commit against fully redistributing next period. If α = 0 next

period’s government has nothing left to redistribute among retirees under a deviation next

period, and today’s government can smooth consumption across the life-cycle just as under

the second-best.9

Pre-funding pensions with credibility requirements

Finally, we can derive the first-order condition of the government with respect to α. But

before proceeding, there is one result that we can establish: if the second-best is not sus-

tainable and if a sequence of credibility constraints must be satisfied and be binding for at

least one period, then αN is bounded below by a strictly positive value.

Corollary 1. If the second-best is not sustainable and the credibility constraint binds for at

least one time-period t > 0 then without commitment α = 0 cannot be a solution.

Proof. Let us suppose that the second-best is not sustainable, which requires that αC >

0. Then, the sustainable equilibrium that is chosen by the social planner at t = 0 must

be such that γt > 0 for at least one time-period t > 0. If α = 0 then
∑

i niv(diNt ) >

v
(
α
∑

i niθ
i
t−1(1 + r)

)
∀t and for any θit given that v(·) is strictly concave. In such case

the credibility constraint cannot be binding, and the first-order conditions of the social

planner characterize the second-best equilibrium which is sustainable. We thus obtain a

contradiction. �

As shown in the proof, it is impossible for the credibility constraint to be binding whenever

α = 0. Thus, setting αN to zero does not maximize social welfare from an ex-ante point of

view, unless the second-best is sustainable. Denoting by LN(α) the value of the Lagrangian

at the optimal polices and allocations we can derive the first-order condition with respect to

9Note however that α = 1 cannot be a solution when the second-best is not sustainable. If it was, the
credibility constraint would not be binding for any t > 0.
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α :

∂LN(α)

∂α
= −(1 + η)

∑
i

niv
′(di0)θi0 +

∞∑
t=1

δt[(n1 − λt)βv′(d1
t )(θ

1
t−1(1 + r)− θ1

t (1 + η))

+
∞∑
t=1

δt[(n2 + λt)v
′(d2

t )(θ
2
t−1(1 + r)− θ2

t (1 + η))

+
∞∑
t=1

δt
∑
i

ni(γt + γt−1)
(
v′(d1

t )(θ
1
t−1(1 + r)− θ1

t (1 + η))− γtθit−1v
′(d̄it)(1 + r)

)
(2.50)

where γ0 = 0 and λ−1 = 0. As is typical with problems involving a lack of commitment,

the second-order condition is not necessarily satisfied. Nonetheless, we pursue the analysis

taking into account that it is satisfied and that the problem is strictly concave.

The two first lines in (2.50) are qualitatively the same as in the second-best, so we will

concentrate on the very last term, which encompasses the marginal effects of pre-funding on

the credibility constraint.

The last line in (2.50) shows how that the choice of α has two distinct effects on the

credibility constraint, and that it affects the contents of the set of credible allocations. First,

given that the constraint can only bind if r > η we know that increasing α increases the

aggregate consumption in the long-run, and thus increases the value of the left-hand side of

(2.42). It is affected, at time t, by two multipliers, namely γt and γt−1. This captures the fact

that the consumption of the retirees who are retired at time t enters the left-hand side of two

credibility constraints. It enters the credibility constraint at t−1 via the credible promise of

future consumption, and it enters that at time t via the actual, realized consumption levels

of the elderly.

This effect is counterbalanced by the fact that increasing α allows for more consumption

to be redistributed by a social planner who will deviate, thereby increasing the value of the

right-hand side of (2.42). This effect is affected by only one multiplier, γt, since pre-funded

pension contributions only bolster the incentive to deviate once. Thus, marginally reducing
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α may also be a commitment device in order to reduce the incentive to deviate ex-post.

Thus, which one of these effects dominate is unclear and remains to be settled empirically

or numerically, a task that we leave for future research. However, studying the effect of pre-

funding on the credibility constraint in the steady-state is instructive. At time t, we know

that the lack of commitment induces the social planner to increase α if

∑
i

niθ
iγ[2v′(di)(r − η)− v′(d̄t)(1 + r)] > 0. (2.51)

Thus, if r is large enough, the ‘consumption effect’ dominates and it induces the social

planner to pre-commit by marginally increase α, whereas if r is low enough it will want to

reduce aggregate consumption and to marginally reduce α so as to reduce its future incentive

to deviate.

2.5 Conclusion

This chapter aimed at characterizing optimal redistribution when the government cannot

commit to future redistribution policies. We have used a two-type version of Stiglitz (1982)

but where individuals live for two periods, as in Golosov et al. (2006) but where individuals

work and consume when they are young but only consume. Thus, the optimal policies

or allocations that are designed so as to induce individuals to reveal their types rest on

promising them some lifetime utility level while they are working. As in Farhi et al. (2012)

we studied an overlapping version of the optimal tax model, which allowed me to study a

class of sustainable equilibria that can only be sustained when the policy game lasts for an

infinite number of periods. Our analysis focused on redistribution across workers, across

retired and across generations, with special emphasis on optimal pension contributions and

on whether they are pre-funded or unfunded.

So far, the literature in new public finance has focused on how to redistribute across
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types of individuals when individuals’ productivity is private information. The novel as-

pect with this chapter is that we have focused on redistribution across the life-cycle and

allowed for inter-generational redistribution by making endogenous the way public pensions

are pre-funded. When the government can commit, that it be in the first-best or when it

is necessary to induce individuals to self-select and reveal their types, we have found that

the pension system equalizes the inter-temporal marginal rate of substitution u′(cit)/v
′(dit) of

both individuals, and that in turn this rate of substitution rests on the funding structure of

the pension plan.

However, when the government sequentially maximizes social welfare and cannot commit

to redistributive policies, it is tempted to fully equalize the consumption levels of all individ-

uals, whose types have all been revealed in the previous period. This is what is observed in

several models with only two or with a finite number of periods predict, such as Brett and

Weymark (2008) or Boadway et al. (1996a) among others. This outcome is what we have

called the ‘history-independent’ equilibrium. It represents the only policy that a government

can credibly promise ex-ante with households believing it if neither the government’s nor the

households’ actions are a function of the policies that have been implemented in the past,

and which are publicly observable.

Instead of taking this approach, we have studied classes of policies that the government

can credibly promise and not deviate from once households have revealed their private infor-

mation, and if the government is worried that deviating from the previously promised policy

will damage its reputation. Such equilibria are based on the analysis of Chari and Kehoe

(1990), which have then been adapted to the optimal taxation framework, for example by

Acemoglu et al. (2010) of Farhi et al. (2012). To be sustainable, a policy and an allocation

must be incentive-compatible, satisfy the participation constraint of all types of individuals,

and must also satisfy a credibility constraint. The latter specifies that a government must

not have an incentive to deviate later on from the policies chosen and promised at t = 0.
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We find that even without commitment, it may be possible to sustain the second-best

policy. Interestingly, we find that it is the case whenever the public pension plan is sufficiently

unfunded. Thus, if pensions are pay-as-you-go, the second-best is always sustainable and

will be left undistorted. We obtain these results because pre-funding public pensions always

leaves some capital to be inefficiently over-redistributed across types of retirees, whereas

unfunded pensions do not. Similarly, we find that whenever public pensions are pre-funded

enough, then the second-best is never a sustainable plan and has to be modified in order to

be credible. The consequence is that the sustainable policy may either feature more or less

pre-funding then the second-best. However, it can never be pay-as-you-go.
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Chapter 3

Temptation, Self-Control and Redistributive Public

Pensions

The only way to get rid of a temptation is to yield to it.

Oscar Wilde (The picture of Dorian Gray)

How generous should public pension plans be? Should pension benefits be designed so

as to be purely redistributive, should they be contributory-based, or a combination of both?

How are these features of social security programs related to the government’s willingness

to force households whom they judge to be saving inadequately for retirement to put money

aside for their old age? This policy question is a major one, because in the post-war period

most developed countries have implemented saving policies of some sort. In the United

States, the social security system is the most important non-military item in the federal

government. In Canada, the Canada Pension Plan (CPP) is one of the four major pillars

of the social security system. Most countries offer tax relief on amounts saved in registered

accounts, such as the various IRAs in the United States, and some private pension plans are

subsidized by governments.1

1Currently, several countries face the problem of funding their public pension funds. Diamond (2004)
rightly emphasize that the U.S. social security fund is better funded than most citizens think, and that
individuals ‘perceive’ an immediate funding problem with it.
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Many households reach the time of their retirement without enough savings to sustain

their past level of consumption. Diamond (1977) was among the first to document the extent

of under-savings in the United States. Bernheim and Scholz (1993) also supported the view

that the average American worker is poorly prepared for his retirement, which generates a

‘saving gap.’ Such under-saving may have serious consequences on the welfare of households.

Some workers respond by delaying retirement (Diamond and Koszegi, 2003), while others

sell illiquid assets, which may lead them to move into smaller houses. Often, newly retired

households experience a sharp decline in their consumption expenditures (Skinner, 2007),

although they may try to mitigate the drop in their current income by engaging in home

production during their leisure time, such as by dining in instead of going to restaurants

(Brock, 2004; Aguiar and Hurst, 2005). Inadequate saving behavior may also prevent workers

from self-insuring against unexpected adverse life events, such as sickness and unemployment.

One of the main goals of social security systems is to address this very issue of under-saving.

Public pension plans often act as a forced-saving device, whereby households are taxed

a portion of their labour income while they are still in the workforce in exchange for a

guaranteed replacement income once they are retired. Among others, Kotlikoff et al. (1982)

have shown that “these institutions [the Social Security and private pensions system] have

succeeded in redistributing the lifetime consumption of private individuals from their youth

to their old age” (p. 1057).

A prevailing explanation for such undersaving behavior is that households may lack the

necessary foresight to do proper financial planning. Feldstein (1989) pioneered this approach

by analyzing a simple optimal pension plan in a model where working households discount

their retirement period using too low a discount factor. He came up with the intuition

that an optimal pension scheme involved “balancing the advantage of income support for

the myopic against the loss caused by reduced savings” (p. 307). At the time, the novel

aspect of this tradeoff relied on social security being justified by paternalism: the government
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had to correct the misbehavior of some households, at the expense of generating economic

distortions on the whole economy. Since then, however, the economic profession has renewed

its interest in psychology. The idea of households having time-inconsistent preferences has

been increasingly used to explain undersaving. For instance, the use of quasi-hyperbolic

discounting (Laibson, 1997; Laibson et al., 2003, 2009), which is technically a change in

individuals’ discount rate over time, has become prevalent in the economic literature. Simpler

versions of the quasi-hyperbolic model have also been used in public economics, for example

by introducing so-called myopic households, who simply ignore the future when making

inter-temporal decisions.2

Applied to the problem of pension design, behavioral mistakes based on time-inconsistent

preferences lead individuals to save too little when they are still part of the workforce. It

may therefore be optimal for the government to step in and to force them to save. Such

a policy objective can be achieved by setting up a social security system characterized by

contributory-based benefits. Imrohoroglu et al. (2003) have evaluated the welfare effects of

social security when individuals are time-inconsistent. In the presence of mortality risks,

individual income risks, and borrowing constraints, they find that an unfunded pension plan

increases social welfare if the problem of time-inconsistency is acute enough. Fehr et al.

(2008) approached the question in a framework where only a share of the total population

had time-inconsistent preferences. Some of their conclusions are qualitatively similar to those

of Feldstein (1989): social security can provide insurance against mortality risks and act as a

commitment technology for hyperbolic households, but at the cost of generating harmful liq-

uidity effects for rational households. They find that social security may be wefare-improving

if the share of hyperbolic consumers in the economy is large enough. Cremer et al. (2008)

approached the question differently, emphasizing the conflict between the forced-savings and

the redistributive role of social security. Correcting for time-inconsistency requires pension

2A seminal work on time-inconsistency is (Strotz, 1955), who shows that any discount function that is
not geometric leads to time-inconsistency and preference reversals.
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benefits to be strongly linked to one’s past social security contributions, which reduces the

government’s ability to redistribute income through public pensions. Thus, public pensions

may only be redistributive if the share of myopic individuals in the economy is small.3

Despite their intuitive appeal, analysis relying on time-in-consistent preferences are sub-

ject to some serious methodological criticisms. Because the preference-reversals they generate

imply that individuals change their optimal plans over time, violations of the principle of

revealed preferences are observed. Consequently, when analyzing the welfare consequences

of policies, a value judgement has to be made on what set of preferences – ex-ante or ex-post

– should be used by the policy-maker to evaluate individual welfare. In the specific case of

pension design, the welfare gains come from individuals regretting ex-post not having saved

optimally ex-ante, and from the government evaluating welfare using ex-post preferences.

Thus, the policy conclusion that time-inconsistent households should be forced to save in

order to correct a behavioral anomaly comes directly from an arbitrary value judgement. A

policy can be called ‘paternalistic’ when the government uses individuals’ ex-post preferences

(i.e. after-change) in the social welfare function (Bernheim and Rangel, 2009).

In this chapter, we get around this methodological issue by analyzing public pensions

in an environment where households experience self-control problems, but where their pref-

erences are time-consistent. We do so by using self-control preferences as derived by Gul

and Pesendorfer (2001). Their preference representation captures the idea that individuals

may be conscious that they are undersaving, but consciously refrain from smoothing their

consumption over the life-cycle to avoid the cognitive cost of self-control that such discipline

would incur. As in Cremer et al. (2008), we analyze the conflict between the forced-savings

and the redistributive role of social security in this context. Our analysis uncovers a new

rationale for social security: taxing labour income removes a source of temptation to working

individuals because it reduces the size of their immediate consumption set. Not only do we

3For a survey on the redistributive role of social security and myopia, see Cremer and Pestieau (2010).
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find that forcing households to save may be a sensible policy prescription when paternalism

is assumed away; we obtain that such a requirement may be stronger with the self-control

preferences, when compared to purely present-biased preferences. As of now, the self-control

preferences have rarely been used in public finance, despite their attractive properties. How-

ever, Kumru and Thanopoulos (2008, 2011) studied why having a public social security fund

could be welfare-improving compared to a situation where such a program is nonexistent.

In both papers, they calibrate a dynamic overlapping-generations model where individuals

have to decide how much they save for their retirement years. Individuals’ labour supplies

are fixed and inelastic, as the chapter focuses on the welfare loss generally implied by the

distortion in the capital accumulation process. They find that a social security system can

be welfare improving.

Our approach is more in line with the optimal taxation literature (Boadway, 2012; Atkin-

son and Stiglitz, 1980). We abstract from several real-life features and provide more intuition

about the role of the cost of self-control and of preferences for commitment by deriving op-

timal tax formulas. Such work complements the work that is done in the classical pension

literature, which consists of steady-states comparisons using calibrated models. This model,

we believe, helps to clarify some intuitions that would have been difficult to disentangle from

other implications of self-control preferences in the context of a calibrated exercise.4

The remainder of the chapter is structured as follows: In section 3.1, we present our

baseline model of consumption-saving and derive the optimal policies when all households

in the economy smooth their consumption over the life-cycle. In section 3.2 we present and

compare two behavioral models: the present-bias model, which calls for a paternalistic policy

intervention, and the self-control preferences, which do not. We derive the optimal policies

for both models in section 3.3, and illustrate our results using a numerical example in section

4Krussel et al. (2010) have also integrated Gul and Pesendorfer (2004)’s preferences into the neoclassical
growth model and have studied its effects on tax policies and on welfare. They come to the conclusion that,
under some very general conditions, subsidies on investments were warranted.
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3.3.4. Section 4.4 concludes.

3.1 A simple model of social security

This section consists of two distinct parts. First, leaving aside the modelling of the self-

control problem, we present the exogenous parameters of the model that differentiate indi-

viduals. We also present the policy environment, which consists of a payroll tax used to fund

the pension plan, and we discuss the possible specifications of the pension benefits. Prior

to encompassing any non-standard preferences in the model, which induce some households

not to smooth their consumption over the life-cycle, it is useful to derive the optimal pension

scheme when all agents behave according to the life-cycle hypothesis. We do so at the outset,

in subsection 3.1.3.

3.1.1 Individuals

Our simple economy is populated by a measure of individuals, or households, which is nor-

malized to the unity.5 Households live for two periods of equal length which are labelled by

t = 1, 2. Households are labelled by i when necessary. The first half of a household’s life

represents the period during which individuals are young and active in the workforce. Thus,

at t = 1, individuals are young and work so as to consume, but also to save for their old age.

Household i faces a wage rate wi, which is fixed and exogenously given. In the context of this

model, wi is reflects individuals’ skills and productivity. Each household supplies Li units of

labour when young, and therefore earn a gross income wiLi. Supplying labour involves the

disutility of making an effort or of foregoing leisure time, 6 which is captured by the strictly

convex cost function ϕ(Li) with

ϕ(0) = 0; ϕ′(Li) > 0; ϕ′′(Li) > 0. (3.1)

5We use alternatively “individuals” or “households” when we refer to the decision-makers.
6See Feldstein and Liebman (2002) for a discussion on the labor-supply effects of social insurance.
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Individuals are heterogenous with respect to their productivities (or wages) wi. This

is the main source of income inequality in the model. Productivity is distributed across

households according to a cumulative distribution function G(w) which has full support on

w = [wl, wh], where wl > 0 and wh has a finite and positive value. G(w) is assumed to be

twice differentiable and is associated to the probability distribution function g(w) = G′(w),

with G′(w) > 0 ∀w ∈ w. Henceforth, the expectation operator Ew will be used to denote

any expectation taken with respect to the distribution G only.7

In the second half of their lives, denoted by t = 2, individuals are old and retired.8 They

are not active in the labour force anymore, and they consume the proceeds of their own

savings, denoted si, and a public pension benefit which is denoted by bi. Without loss of

generality for the purpose of this chapter, we assume that all savings in this economy bear a

null real interest rate. This assumption simplifies the exposition of our results.9 Non-trivially,

it also allows us to remain agnostic about the funding structure of the public pension plan,

whose rate of return may differ from that of private savings.10 The consumption of a retired

household is therefore si + bi, with si ≥ 0 ∀i.

3.1.2 Social security benefits

The public pension policy consists of a benefit for the retired, bi, which is funded with a

linear payroll tax whose rate is denoted by τ. Individuals contribute to the pension fund only

when they are at work, or at t = 1. Old households cash in their pension benefit bi which

7Or

∫ wh

wl

ξdG(w) = Ew[ξ].

8A crucial assumption in this model is that the timing of retirement is exogenous. This is a useful way
to obtain a clear and tractable result. This question has been investigated by Diamond and Koszegi (2003)
and, more recently, by Findley (2012).

9A natural assumption to make would be that 1/β = 1 + r, which ensures that households equalize their
marginal utilities across periods, a behavior which is consistent with the life-cycle hypothesis in the context
of this model. Assuming that r = 0 and β = 1 does not qualitatively affect our results.

10For example, in a pay-as-you-go pension plan, which is unfunded and is paid for with current taxes,
the rate of return of the pension fund depends on the rate of growth of the whole economy (the tax base),
whereas the returns of private savings depends on the market interest rate.
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consists of two components.

The first component of the pension benefit is lump-sum payment that is identical for

all households. It is generally called the “Beveridgian” part of the pension benefits and is

purely redistributive, as it is paid independently of one’s past income or contributions to the

pension fund. The second component of the public pension benefit differs across households

and is directly linked to their past contributions to the fund.11 Following the literature,

we call this the ‘Bismarckian’ component of the pension scheme. The pension benefit for a

household i is given by the following formula:

bi = (1− α)τEw[wL] + ατwiLi. (3.2)

Such modelling of pension benefits enables us to derive the optimal policy with respect to

the scope of social security, represented by the tax rate τ, and also in terms of its propensity

to equalize income among the elderly, as captured by (1−α).12 The various types of pension

systems that can be analyzed within this framework, which are a function of α, are presented

in table 3.1.If α = 1, public pensions are Bismarckian. If α = 0, everyone receive the

same benefits independently of their past income or contributions, which characterizes a

Beveridgian system. Any system such that α ∈ (0, 1) is simply called a mixed system.

Finally, if α < 0 pension benefits are inversely related to one’s past contribution. This has

the effect of providing a replacement income only to the poorest individuals in the economy.

For instance, if α = 1 the system is purely contributory-based and only serves as a forced

saving device, independently of the level of income inequality in the economy. Whenever

α ∈ (0, 1) the system is mixed since benefits are partly contributory-based and partly flat.

The flat, lump-sum portion of such pension system serves as a tool of redistribution. If

11In the context of an unfunded pension plan, it should be thought of as being conditional on one’s past
income.

12This way of modelling pensions has become standard in the optimal taxation literature related to re-
distributive pensions and especially in the literature related to quasi-hyperbolic discounting and so-called
myopia models (Cremer et al., 2007, 2008; Cremer and Pestieau, 2010).
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α Type

=1 Contributory (Bismarckian)
∈ (0, 1) Mixed

=0 Flat (Beveridgian)
< 0 Targeted to the poor

Table 3.1: Types of pension schemes

α = 0 the system is not contributory-based at all, and everyone receives the same benefits

independently of their level of wealth or of their past contributions to the social security

scheme. A fourth and interesting case is that where α < 0. With such targeted system, social

security benefits are negatively related to one’s past contributions. It is highly redistributive

since those who contribute less through payroll taxes are often the poorest workers. Its

drawback is that it is highly distortive to the labour market, because it creates strong

adverse disincentives to work to the most productive households.

Although this simple and linear modeling of social security benefits allows us to obtain

clear and simple tax formulas, it may be subject to some criticisms. First, it puts a lots of

pressure on the social security system by requiring it to both redistribute among the elderly

and to force individuals to save. We could have addressed this by adding some additional

instruments of redistribution, such as transfers (or a single lump-sum transfer) among the

young. This would have provided us with tax formulas that are qualitatively similar. That

being said, social security systems generally encompass some redistributive features and are

not purely contributory-based. Because our model emphasizes the potential conflict between

the redistributive and forced-savings role of social security, it provides a reflection on why

governments might want to use other policy instruments to redistribute income among the

elderly, namely when the optimal benefits will be highly contributory-based. The linearity

of the pension scheme may also be subject to controversies. Individuals here differ on two

dimensions, including a behavioral component that the government cannot observe, which

would make the analysis of a nonlinear pension scheme much more complicated without
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adding to the intuition.13 Furthermore, most public pension funds are funded with flat

payroll taxes, although subject to a limit on contributions, making pension policies somewhat

regressive.

Government’s budget constraint

In order to define its policy, the government will have to set the tax level τ and the Bismar-

ckian factor, α. As we also impose the constraint that the pension fund must balance for

every generation, the following budget constraint must hold:

∫
w

bidG(w) = τ

∫
w

wLdG(w). (3.3)

It simply states that the sum of all benefits paid to the elderly, independently of the redis-

tributive features they may exhibit, must be equal to the tax revenue of the pension fund.

Substituting (3.2) into (3.3), one can see that the government’s budget balances as

α

∫
w

wLdG(w) + (1− α)Ew[wL] =

∫
w

wLdG(w) (3.4)

is always satisfied for Ew[wL] =

∫
w

wLdG(w).

3.1.3 Optimal pensions in an economy populated with life-cyclers

Prior to analyzing the optimal pension schemes when individuals have problems with self-

control, it is instructive to begin our enquiry with the benchmark case where their behavior

complies with the life-cycle hypothesis. The only policy objective of the social planner is

to redistribute income, as there is no need to force individuals to save. We show that the

13Cremer et al. (2009) derived a non-linear pension scheme in an economy populated with myopic and
rational individuals. Their analysis, which was facilitated by including only four types of households in the
economy, provided similar intuitions as did their linear model.
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optimal pension system has then to be targeted (i.e. α < 0). 14

For notational simplicity, we henceforth denote by xi the consumption of individual i

when young and working, net of his disutility from labor, where

xi = (1− τ)wiLi − si − ϕ(Li). (3.5)

Similarly, we denote by yi the consumption of an old and retired individual, which equals

yi = si + bi = si + (1− α)τEw[wL] + ατwiLi (3.6)

because the pension benefit bi was specified in (3.2).

Households maximize their inter-temporal utility by choosing their labor supply Li and

their savings si, taking as given their productivity wi and the government policy {τ, α}. We

denote the households’ utility functions by U(xi, yi) :

U(xi, yi) = u(xi) + u(yi) (3.7)

where u(·) is strictly concave and satisfies the Inada conditions. Finally, the quasi-linearity of

the utility function with respect to labor eliminates all income effects on labor, thus implying

that the calculated uncompensated and compensated elasticities of the labor supply are

equivalent (Greenwood et al., 1988; Diamond, 1998).

Maximization problem of the household

The maximization problem of a household i is:

max
Li,si

u(xi) + u(yi)

14This results holds as soon as borrowing constraints bind for at least one household. Assuming that wl

is very low ensures that this is the case. For more details see Cremer et al. (2007).
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subject to equations (3.2), (3.5), (3.6) and finally subject to a borrowing constraint

si ≥ 0. (3.8)

Equation (3.8) implies that young households cannot use their future public pension benefits

as a collateral so as to have an access to consumption credit. This assumption is central to

our analysis, and has become standard in pension design because it complies with what is

observed in the reality (Lindbeck and Persson, 2003).15

The first-order condition with respect to si is

−u′(xi) + u′(yi) ≤ 0 (= if si > 0). (3.9)

It shows that, in an interior solution where si > 0, utility is maximized when the marginal

utility of consumption is perfectly smoothed across periods. A corner solution is obtained

when the payroll tax so high that the borrowing constraint binds, in which case u′(xi) > u′(yi)

and si = 0. The first-order condition with respect to labor supply Li always gives an interior

solution as ϕ(Li) is strictly convex and satisfies the Inada conditions. It also implicitly

characterizes the household’s labor supply, and is

ϕ′(Li) = wi(1− τ) + ατwi
u′(yi)

u′(xi)
. (3.10)

Note that when si > 0 (3.10) collapses into

ϕ′(Li) = [1− (1− α)τ ]wi. (3.11)

15For example, future public pension claims cannot legally be used as collateral for long-term loans in the
United States or in Canada. Feldstein (1989) and Summers (1989) used liquidity constraints and are often
cited in the subsequent literature.
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Some straightforward comparative statics on Li show that

∂Li

∂τ
≤ 0 and

∂Li

∂α
> 0, (3.12)

which captures the distortive effects of the pension policy on households’ labor supply. The

first result in (3.12) simply shows that the payroll tax is distortive, since it reduces all

households’ labor supply, with the tax having no effect only in the special case where si > 0

and α = 1.

The rightmost part of (3.12) shows that the more contributory-based the pension benefits

are, the less distortionary payroll taxes are. For instance, with α = 1, paying the payroll tax is

a perfect substitute with private savings for all households that are not liquidity constrained.

Finally, one should notice that the distortive effect of payroll taxation on a household’s labor

supply is more severe with a binding borrowing constraint, as the household cannot further

react to an increase in τ by reducing his own private savings.

A simple comparative statics exercise with respect to private savings gives, for the house-

holds with si > 0,

∂si

∂τ
:


< 0 ∀i, if α > 0

< 0 if α < 0 and wiLi < (1− α)u′′(yi)Ew[wL]/(u′′(xi) + λv′′(xi) + u′′(xi))

> 0, otherwise

(3.13)

and

∂si

∂α
:

 ≤ 0, if wiLi ≥ Ew[wL]

> 0, otherwise.
(3.14)

Equation (3.13) shows the marginal effect of a payroll taxs increase on the private savings

of household i. If the pension plan is not targeted, all households react to an increase in τ

by saving less, because payments to the pension fund are partly substitutable for private
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savings. On the other hand, if α < 0 then the richest household in the economy will react

to an increase in the tax rate by saving more, because future pension benefits are inversely

related to one’s contributions.

Households’ indirect utility functions

We now examine the optimal choice of policies τ and α so as to maximize a social welfare

function. It is thus necessary to derive the households’ indirect utility function, which gives

us the level of utility that they obtain under any policy. We denote by

W i(τ, α, wi) (3.15)

the welfare, or indirect utility function of household i. It is given by inserting the optimal

savings si(τ, α, wi) and labor supply Li(τ, α, wi) of household i, as derived in (3.9) and (3.10),

into the utility function in (3.7). Partially differentiating W i with respect to τ gives

W i
τ = −wiu′(xi) +

[
αwiLi + (1− α)Ew[wL]

]
u′(yi)︸ ︷︷ ︸

Envelope theorem

+ (1− α)τ
∂Ew[wL]

∂τ
u′(yi)︸ ︷︷ ︸

Efficiency effect

≷ 0. (3.16)

Partially differentiating the indirect utility function with respect to α gives

W i
α =

wiLi − Ew[wL]︸ ︷︷ ︸
Envelope

+ (1− α)
∂Ew[wL]

∂α︸ ︷︷ ︸
Efficiency

u′(yi) ≷ 0. (3.17)

The partial derivatives in (3.16) and (3.17) both exhibit two parts. First, because house-

holds know τ and α at the time of choosing their labor supplies and private savings, they

react optimally to any change in the policy, an effect obtained by applying the envelope

theorem to W i with respect to τ or α. However, households’ labor supply decisions also
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affect Ew[wL] which they take as given. Thus, a change in the policy also generates a neg-

ative effect on social welfare as Ew[wL] does not respond optimally to a change in either τ

or α. This latter effect represents the efficiency cost of the pension system, as it measures

how much the tax base is affected by the tax rate or by the redistributive features of social

security.

Maximization problem of the government

We assume throughout that the government maximizes a utilitarian social welfare function,

where equal weight is put on the utility of each household. The use of any quasi-concave

social welfare function would give qualitatively similar results (Diamond and Mirrlees, 1971b;

Atkinson and Stiglitz, 1980). In this benchmark version of the model, in which all households

smooth their consumption over the life-cycle, adopting another specification for the aversion

to inequality would not qualitatively change our results.16

The problem of the government is

max
τ,α
W(τ, α) =

∫
w

W i(τ, α, wi)dG(w) (3.18)

where W is the social welfare function (SWF), and W i is the indirect utility function of

household i as defined in (3.15). As we have discussed earlier, we can omit the government’s

budget constraint which is always satisfied with strict equality, as has been shown in (3.4).

In an interior solution, the optimal tax rate τ ∗ and Bismarckian factor α∗ are found by taking

the first-order condition of the SWF with respect to τ and α and by solving a system of two

equations. As we wish not to impose functional forms on the utility function of household,

we analyze both of these first-order conditions separately.

Optimal tax rate

16Our results would qualitatively hold with any continuous Bergson-Samuelson type of social welfare
function. The requirement, for our results, would only be for inequality-aversion to be non-negative.
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The partial derivative of the SWF with respect to the tax rate τ, and dropping the

argument within x and y to lighten the notation, gives

∂W
∂τ

=

∫
w

[(
αwL+ (1− α)

(
Ew[wL] + τ

∂Ew[wL]

∂τ

))
u′(y)− wLu′(x)

]
dG(w) = 0.

(3.19)

Adding and subtracting Ew[wL] in the leftmost parenthesis, we can use the standard notation

in optimal taxation (Atkinson and Stiglitz, 1980) to rewrite it as

∫
w

[wL− Ew[wL]]u′(y)dG(w) = cov(wL, u′(y)) (3.20)

the first-order condition can be expressed in a more intuitive way as

−(1− α)cov(wL, u′(y)) + (1− α)τ
∂Ew[wL]

∂τ
Eu′(y) + Ew[wL(u′(y)− u′(x))] = 0. (3.21)

Isolating τ the tax rate is implicitly defined by

τ ∗ =
EwwL[u′(y)− u′(x)]− (1− α∗)cov(wL, u′(y))

−(1− α∗)∂Ew[wL]

∂τ
Ewu

′(y)

(3.22)

Taking α∗ as given, this last expression indicates that three elements must be accounted

for when setting the tax rate. The leftmost part of the numerator, EwwL[u′(y) − u′(x)], is

the consumption-smoothing cost of taxation. Without any taxes in the economy, it equals

zero since, for all i, u′(xi) = u′(yi). However, with taxation this term becomes negative as the

borrowing constraint binds for at least one household in the economy. The second term in

the numerator, −(1−α∗)cov(wL, u′(y)), encompasses the equity, or redistributive objective of

taxation. It increases with the scope of inequality among retired households, as measured by

the negative correlation between wL and u′(y). The more income inequality there is among

the elderly, the higher is the optimal tax rate expected to be. The denominator in (3.22)
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is positive as we have established in (3.12) that Liτ ≤ 0 ∀i. The sharper is the negative

efficiency effect of payroll taxation on the aggregate labor supply, the lower is the tax rate

in equilibrium.

Optimal redistribution

Taking the partial derivative of the SWF with respect to α yields

∂W
∂α

=

∫
w

τ

[
wL− Ew[wL] + (1− α)

∂Ew[wL]

∂α

]
u′(y)dG(w) = 0. (3.23)

Here again, we can use the covariance term, as defined in (3.20), to express the redistributive

objective of the government, and re-express the first-order condition as

cov(wL, u′(y)) + (1− α∗)∂Ew[wL]

∂α
Ew[u′(y)] = 0. (3.24)

Although it is not necessarily intuitive to isolate α∗ in (3.24), we can see the two motives that

drive the optimal choice for the Bismarckian factor. The first term is the same redistributive

objective that we discussed previously, and is negative. More inequality among the elderly’s

retirement income drives α downwards, thus enhancing the redistributive effect of the social

security system. The second term is the efficiency term and is positive. It equals zero when

the pension system is purely contributory-based (i.e. when α = 1). The more sensitive is

the aggregate labor supply to an increase in α, the less redistributive the system should be.

Analyzing the optimal pension system under the life-cycle hypothesis

Although analyzing the first-order conditions of the government’s problem with respect to τ

and α in isolation provided us with some intuition, we have to keep in mind that the optimal

structure of the social security system is obtained by solving the system consisting of (3.21)

and (3.24). As we have seen, the objective of the government by jointly setting τ and α is

to achieve its redistributive objective, by generating minimal distortions on the aggregate
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labor supply, and by reducing the consumption-smoothing costs that necessarily come with

taxation.

How can the government achieve such objectives? As we show now, the solution to this

problem involves a very low tax rate and a targeted system. The result has been established

by Cremer et al. (2008) and can be illustrated as follows. By (3.21) we know that

cov(wL, u′(y)) = τ
∂Ew[wL]

∂τ
Ewu

′(y) +
1

1− αEw[wL(u′(y)− u′(x))] < 0.

Substituting for cov(wL, u′(y)) in (3.24) we know that the optimal τ and α satisfy

τ
∂Ew[wL]

∂τ

∫
w

u′(y)dG(w)+
1

1− αEw[wL(u′(y)−u′(x))]+(1−α)
∂Ew[wL]

∂α

∫
w

u′(y)dG(w) = 0.

(3.25)

Let us re-express (3.25) as

[
τ
∂Ew[wL]

∂τ
+ (1− α)

∂Ew[wL]

∂α

] ∫
w

u′(y)dG(w) +
1

1− αEwwL(u′(y)− u′(x)) = 0. (3.26)

Because all households in the economy are life-cyclers, we know that the rightmost term in

(3.26) is strictly negative whenever the borrowing constraint binds for at least one household.

We can realistically assume that wl is low enough for this to happen in equilibrium in the

presence of pension benefits. In addition, in the presence of binding borrowing constraints,

the first term happens to be negative (and null without binding budget constraints) unless we

obtain a corner solution where α = 1. Such a solution is unlikely since there is no rationale for

a policy purely resting on forced savings. Because both terms are negative, it is impossible

to obtain that α > 0 in equilibrium. The solution necessarily involves a targeted system

where α < 0. To see this, one must refer to the comparative statics result of (3.14). One

can see that when α < 0 the derivative of Ew[wL] with respect to τ becomes positive, thus

allowing (3.25) to be satisfied with equality. The system being a targeted one, the social
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planner can redistribute income to the poorest old households by imposing a lower payroll

tax rate, thereby minimizing the distortive effects of taxation on the aggregate labor supply.

Result 1. If all households in the economy smooth their consumption over the life-cycle, the

only objective of the pension system is to redistribute income among the elderly. The pension

benefits are targeted, i.e. α < 0, provided that at least one household’s borrowing constraint

is binding. Doing so allows the government to keep the payroll tax at a low rate.

The pension system that we have characterized so far, and whose main characteristics

are summarized in result 1, will be a useful comparative benchmark in the sections to come.

Its only purpose is redistributing income among the elderly, whereas in the models that are

derived in the remainder of the chapter, the objective of the government will also encompass

a “forced-saving” rationale.

3.2 The self-control and present bias models

The optimal pension system that we have presented in section 3.1 provides some guidance

for policy-making only if all households in the economy are forward-looking and if they want

to equalize their marginal utility of consumption across time-periods. In the presence of

borrowing constraints, a social security system may prevent some households from doing so

because it would induce them to consume more after their retirement than when young. This

is an adverse effect of the policy, which calls for lower taxes. However, if one has good reasons

to think that households do not smooth their marginal utility across their life-cycle, and that

this is caused by households’ behavior not complying with the neoclassical assumptions, the

benchmark model of section 3.1 cannot necessarily be relied on to inform policy-making.

The goal of this section is to present utility representations that are consistent with

households not satisfying the life-cycle hypothesis. We begin by presenting two alternative

behavioral models that help enrich our analysis. Although some papers have characterized
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optimal public pension plans in the presence of non-standard decision-makers,17 our purpose

is different from what has been achieved so far in the literature. Typical optimal taxation

analyses involves making value judgements about the redistributive objective of the social

planner only. Conducting normative analyses with non-standard decision makers generally

requires one to make an additional value judgement as to how to account for an individual’s

utility, especially when preferences’ change over time or are time-inconsistent.18

In subsection 3.2.1 we present the self-control preferences of Gul and Pesendorfer (2004).

The most interesting feature of this preference representation is that it induces households

to save less than under the life-cycle benchmark because they find it too difficult to resist the

temptation of consuming too much when young. In other words, they do not exert perfect

self-control (i.e. by not consuming everything now) because doing so would be mentally too

costly. Self-control preferences are time-consistent: households do not save enough and they

know it. Therefore, a public intervention is warranted in order to make them save more.

The government does not need to correct a behavioral mistake made by the households,

as their decisions are taken as being fully optimal. Instead, the justification for the policy

intervention will be that it helps reducing the households’ mental cost of exerting self-control.

Table 3.2: Self-control and present bias models – Relevant aspects for policy

Model
Self-control Present-bias

Time-consistent Yes No
Paternalism No Yes
Observed behavior Identical

The intuition underlying a policy intervention is different when households’ preferences

17See, for example, the survey by Cremer et al. (2008) on the optimal design of social security in the
presence of myopic and rational individuals.

18This problem has been emphasized by Bernheim and Rangel (2007, 2009) as the major conceptual issue
pertaining to behavioral welfare economics.
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are simply present-biased, as explained in subsection 3.2.2. Following the literature on quasi-

hyperbolic discounting or on myopia, the preferences of households are time-inconsistent.

When young, individuals consume too much simply because they do not maximize the same

utility function as when they are old.19 Two consequences follow from this class of mod-

els. First, because preferences change over time, households’ behavior is time-inconsistent.

They regret their past actions, which they find sub-optimal after the change in preferences

occurs. A public policy aiming at forcing such households to save via taxation must rest on

paternalistic grounds.

Developing parametric versions of both models involves some compromises. Our main

goal here is to be able to compare the optimal pension policies that will be obtained in both

cases. Working with the concept of present-bias instead of with the concept of myopia, for

example, allows us to derive a model with time-inconsistent behavior that generates the exact

same behavioral response to policies by individuals as under the self-control preferences. Not

only is this important to better understand how policies should be designed, but it puts the

emphasis on the importance of how we theoretically explain the source of under-saving for

the design of policies aiming at alleviating such a problem.

3.2.1 Self-control preferences

Let us formalize self-control preferences starting with our benchmark model. The environ-

ment in which decisions are made by households is the same as in section 3.1: a young

household i chooses its labor supply, Li, and its savings, si. I still denote by xi the consump-

tion level of the household when young, net from the disutility of supplying labor, and yi

denotes the consumption of a retired household. Let us also define, for future use, two con-

sumption bundles that will be needed to formalize the self-control preferences. I denote by

x̂i(wi) and by ŷi(wi), respectively, the consumption levels of a young household that makes

19As the reader will soon understand, the myopia concept used in the literature (Cremer et al., 2007, 2008,
2009; Cremer and Pestieau, 2010) is a special case of our present-bias model.
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decisions that are fully myopic. Analytically, this would be equivalent to the household dis-

counting period t = 2 by a factor β = 0. This allocation {x̂i, ŷi} is called the “most tempting

option” because it is the preferred allocation of a young household that decides to exert no

self-control when time comes to make inter-temporal consumption-saving choices.

Self-control preferences provide us with a theoretical rationalization of why households

may not necessarily choose the most tempting option {x̂i, ŷi}, which implies not saving at

all. Equally important is that it provides us with an explanation of why, even if this option

is never chosen by household i, its very existence can have an influence on the household’s

welfare. The idea being formalized with the self-control preferences is that a young household,

when being subject to the temptation of consuming all its cash-in-hand and not to save for

its old age, makes an inter-temporal consumption-saving decision by compromising between

a temptation ranking and a commitment ranking.

The temptation ranking, denoted by

V (xi), (3.27)

ranks the consumption bundles of a young household only according to the immediate utility

level it provides.20 Formally, x̂i and ŷi are thus the solution to

x̂i := max
ŝi, L̂i

V (xi) (3.28)

where ŝi = 0 independently of the functional form of V (x̂), and L̂i > 0. On the other hand,

the commitment ranking, denoted by

U(xi, yi) = u(xi) + u(yi) (3.29)

20A functional form for V (xi) is provided in subsection 3.2.1.
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drives the decision process of a household that would not feel tempted by immediate con-

sumption, or that could credibly commit to save so as to equalize its marginal utility across

periods before being subject to temptation. Using these two functions, Gul and Pesendorfer

(2001) model the consumption-saving decision of the household as being a compromise be-

tween satisfying the temptation and the commitment rankings. According to this principle,

the household’s observed labor supply Li and its savings si are chosen by solving

max
Li,si

U(xi, yi) + V (xi)− V (x̂i). (3.30)

The significant features of this utility representation are the following. First, because

households compromise between purely resisting temptation and not exerting any self-control

when they are young, they tend to put less weight on their future utilities than if they were

life-cyclers. Second, even if households happen never to pick the most tempting option x̂i,

they derive some disutility from this bundle having been available at all. Third, even if

households with self-control preferences give more weight to their current consumption when

making decisions, the preferences are time-consistent and do not change over time. The

household’s behavior is thus consistent with the principle of revealed preferences. As a con-

sequence, the “excess” preference for current consumption does not stem from a behavioral

mistake, but from the fact that exerting self-control is mentally costly. They do not evaluate

the optimality of their lifetime consumption-saving decisions differently when they are old

than when they are young.21

Why do households exert self-control at all?

Our analysis using self-control preferences is subject to one main caveat. An important

question is whether it is possible for a household to always consume the most tempting

21This may be loosely interpreted as households not regretting, once they are retired, not having saved as
much as if they had been life-cyclers.
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option, thereby driving the cost of self-control to zero. It implies that some households’

observed consumption levels would be given given by x̂i and ŷi, thus generating the utility

level

Ŵ i
sc = u(x̂i) + u(ŷi). (3.31)

Gul and Pesendorfer (2001) call this overwhelming temptation, and such behavior can be

observed in equilibrium only if the household got more utility by doing so than by exerting

any self-control. By comparing (3.31) with (3.30), we obtain that the following condition

must be satisfied for this to be the case:

u(x̂i) + u(ŷi) ≥ u(xi) + u(yi) + V (xi)− V (x̂i) ∀ xi, yi. (3.32)

Reorganizing yields

u(x̂i) + u(ŷi) + V (x̂i) > u(xi) + u(yi) + V (xi). (3.33)

In fact, since all the functions that are used are continuous and differentiable, it is technically

impossible that the condition stated in (3.33) be satisfied with strict inequality. The simple

fact that {xi, yi} maximizes u(xi) + u(yi) + V (xi) yields this result.

As Gul and Pesendorfer (2001) formally demonstrate, overwhelming temptation is only

possible if we relax the continuity axiom in representation theorem associated with self-

control preferences. Allowing for such discontinuities would imply several technical compli-

cations, including the impossibility of using first-order conditions in the optimal tax formulas.

Not surprisingly, this happens to complicate enough the analysis of dynamic problems for

overwhelming temptation to have been assumed away in Gul and Pesendorfer (2004). The

literature that has, so far, analyzed the welfare of public pension plans in the presence of

self-control preferences has also followed this path.

82



Finding a functional form for V (x)

The shape of the temptation ranking V (x) drives the cost of temptation. In the context

of the consumption-saving problem, it is interesting to discuss it in more detail. I identify

some social issues, and then some individual-related aspects, related to temptation. Those

two points will justify our use of a functional form for V (x).

First, according to Gul and Pesendorfer (2001, 2004) V (x) need not be concave. In

fact, as long as the problem of the individual as represented by (3.30) is itself a concave

problem, V (x) can even be strictly convex. Whether V (x) is concave or convex turns out

to be important. As we have seen, the cost of temptation under self-control preferences,

V (x̂i) − V (xi) is strictly increasing in the size of the budget set of a young individual. A

strictly concave temptation function implies that, incrementally, the cost of self-control is

increasing faster for poor or low-skilled individuals than for richer ones. Thus, assuming that

V ′′(x) < 0 could be consistent with the idea of visceral temptation, which is expected to

be more acute for low-income households. Mullainathan and Banerjee (2010) have recently

discussed this issue, arguing that the poor may be more likely to exhibit a hands-to-mouth

type of behavior when fulfilling basic needs is involved. On the other hand, V ′′(x) > 0 is

consistent with a sharper increase in the cost of temptation for the richest and most skilled

individuals. In this case the temptation function could be consistent with the inability for

a rich individual to resist engaging in conspicuous consumption, possibly accounting for

the presence of positional externalities if individuals are tempted to engage in conspicuous

consumption.

The second aspect of interest with V (x) is that it determines how costly it is not to

succumb to temptation, and therefore to save instead of consuming all one’s wealth when

young. What is left untold by the preference representation of Gul and Pesendorfer (2004) is

whether the magnitude of this cost is only due to individuals’ own characteristics, or whether

they can be due to some social phenomena. To distinguish among these two possibilities,
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henceforth we can interpret V (x) as being the product of two elements. The first one is

individual-specific and relates to how difficult for an individual to resist temptation. Each

individual is assigned a parameter λi ∈ [0,∞). If λi = 0 self-control is costless and if λ→∞

it is overwhelmingly costly. On the other hand, the nature of temptation is considered as

being identical for all individuals. This is given by a function v(x) which can be, as just

argued, either convex or concave depending on what the model is meant to capture. The

individual-specific temptation-ranking function is therefore modelled as

V i(x) = λiv(x) (3.34)

where v(x) is common to all households and satisfies

v(x) > 0, v′(x) > 0, v′′(x) R 0 (3.35)

whereas λi is specific to each household, and

λi ∈ (0,∞). (3.36)

3.2.2 Present-biased preferences

In contrast with the self-control preferences, present-biased preferences are time-inconsistent.

Thus, households’ behavior do not comply with the principle of revealed preferences. In fact,

present-biased households evaluate their lifetime utility differently depending on their age.

They calculate their lifetime utility according to

 u(xi) + V (xi) + u(yi), when young;

u(xi) + u(yi), when old,
(3.37)
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where V (xi) is the additional weight that they put on their current consumption when they

are young. In the literature focusing on paternalistic pension policies, this is generally in-

terpreted as households regretting their past saving behavior once they are old. Another

intuitive explanation would be that a young household, by consuming too much and saving

too little, would impose an externality upon his future (old) self, thus justifying a govern-

mental intervention.

The labor supply Li and the savings si of household i are the solution to

max
Li, si

u(xi) + V (xi) + u(yi), (3.38)

here again subject to the borrowing constraint si ≥ 0. However, the indirect utility of this

household that will be used in the SWF in order to design the optimal pension plan is

W i
p = u(xi) + u(yi). (3.39)

The subscript p for W i
p stands for both “present-biased” but also, by extension, for

“paternalistic.” The paternalistic nature of the policy comes from the fact that the social

planner does not evaluate the lifetime well-being of a young household in the same way as

the household does. By comparing the problem that the household maximizes when young,

which is shown in (3.38), with the level of lifetime utility that is achieved by the household

according to the social planner, which is shown in (3.39), one can see that the behavioral

mistake V (xi) which generates the excess weight in decision-making on one’s immediate well-

being, is not taken into account by the planner. The latter thus makes a value judgement

about how individuals should behave. Using the ex-post utility realization in the SWF is

a paternalistic approach that is typically adopted in problems with myopia or self-control

problems, such as in O’Donoghue and Rabin (2006).

Link between present-biased preferences and myopia
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A special case of our present-biased preferences has already been used in the literature.

For instance, O’Donoghue and Rabin (2006) work with myopic households, who discount

the future at too low a discount factor and regret later having done so. According to this

methodology, young individuals’ behavior would satisfy

u(xi) + δiu(yi), δi ≤ 1 (3.40)

whereas the ex-post utility of a retired household would be accounted for using the same

objective function, but with δ = 1 which is paternalistically taken as the “proper” discount

factor. With this formulation, the behavioral mistake can simply be measured by (1 − δi).

One can show that the representation presented in (3.40) is a special case of that of (3.37),

at least with regard to the behavioral predictions of the model. This is what is claimed in

remark 1.

Remark 1. If V (x) = λu(x) with λ ∈ [0,∞) then the behavior observed with the present-

bias model is equivalent to that generated by models based on myopia. λ = 0 replicates the

behavior of life-cyclers, whereas λ→∞ replicates that of perfectly myopic households, as in

Cremer et al. (2008).

If V (x) = λu(x), young households wrongly maximize

(1 + λi)u(xi) + u(yi). (3.41)

Denoting

δi =
1

1 + λi
∈ (0, 1) (3.42)

and dividing the whole objective function for individual i by (1 + λi), we can see that

this formulation of V (x) generates the same behavioral predictions as the classical δ−model.

Also, because the government is paternalistic and uses the ex-post utility function realization
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in the social welfare function, the normative implications of both models are equivalent even

though the ex-ante utility function of individual i has been divided by (1 + λi). Notice,

however, that the indirect utility will not be calculated in the same way as in the models

with myopia if individuals are heterogenous with respect to λi.

3.2.3 Behavioral predictions of both models

In section 3.3, we use both behavioral models to characterize the optimal social security

systems. Prior to doing so, it is important to better justify our modelling of both the

self-control preferences but also of the present-biased model. As we have already discussed,

optimal pension plans have already been derived in a model where the population is composed

of life-cyclers and of perfectly myopic individuals (a selective survey can be found in Cremer

and Pestieau (2010)). The results already obtained in such models are similar to those we

obtained with the present-biased model.

Here, I aim at providing a deeper reflection about the normative standpoint from which

a policy-maker should consider the behavior of individuals who do not comply with the

life-cycle hypothesis. Up to now, the literature on optimal taxation and pensions that

dealt with such problems blindly used paternalistic value judgements on the ground that

individuals regret their past behavior. Moreover, the apparent impossibility to resort to

revealed preferences comforted them of the necessity to take a stance: either the ex-ante, or

the ex-post utility realization has to be used by the social planner. The innovative aspect

brought by Gul and Pesendorfer (2001) and their self-control preferences is that they allow

us to incorporate problems of self-control in normative analyses, without having to resort

to such types of value judgements. Individuals, with these preferences, are conscious that

exerting self-control in the immediate is costly, and they do not regret later having behaved

as they did.
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The most important aspect of this paper is that I exploit a crucial property of the self-

control preferences: they may generate individual behavior that is identical to that of a

myopic agent. Under our specifications, this is the case absent overwhelming temptation.

Thus, individuals choose the same labor supply and the same savings under both models.

As a consequence, since the social welfare function that I use will always be utilitarian,

the nature of the optimal policies will explicitly hinge on the normative assumptions that

the social planner makes about the underlying model that drives the individual’s welfare.

Whether the social planner takes V (x) as generating a cost of exerting self-control, or as

a behavioral mistake that needs to be addressed paternalistically, will yield different policy

recommendations.

3.3 Optimal pensions: theoretical analysis

In this section, I characterize the optimal pension system under the two behavioral models.

This is simply the outcome of a planner’s social welfare maximization problem when the

planner wants to design a linear pension scheme by choosing the payroll tax rate τ, and

the Bismarckian factor α. Because both the self-control preferences and the present-bias

versions of the model generate identical predictions about individual’s behavior, we start in

subsection 3.3.1 by presenting the households’ problem. In subsection 3.3.2 we derive the

optimal policy formulas under self-control preferences, and in subsection 3.3.3 I do so with

present-biased preferences.

3.3.1 Problem of the households

For a household labelled with i the temptation function equals λiv(x). I assume that λ is

distributed across households according to a continuous and differentiable cumulative dis-

tribution function F (λ) with corresponding probability distribution function f(λ) = F ′(λ).
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The domain of λ is bounded below by zero and bounded above by λ̄, a finite but large num-

ber. The distribution of λ is independent of that of w. This last orthogonality assumption

simplifies our analysis and allows us to remain agnostic on the subject on the relationship

between one’s income and self-control.22

A household’s behavioral response to the pension policy is identical under the self-control

preferences or under present-bias. It is the outcome of the following maximization problem:

max
si, Li

u(xi) + λiv(xi) + u(yi) (3.43)

subject to the borrowing constraint as expressed by (3.8) and where xi(Li, si) and yi(Li, si)

are defined in (3.5) and (3.6). The first-order condition with respect to si is

−u′(xi)− λiv′(xi) + u′(yi) ≤ 0 (= if si > 0). (3.44)

For future use, let us denote by MRSi the marginal rate of substitution between con-

sumption when young and old for household i by

MRSi =
u′(yi)

u′(xi) + λiv′(xi)
≤ 1, (3.45)

where the strict equality holds in an interior solution, if si > 0.

The first-order condition with respect to labor supply is

ϕ′(Li) = wi(1− τ) + wiατ
u′(yi)

u′(xi) + λiv′(xi)
. (3.46)

For future use, let us combine (3.46) with the marginal rate of substitution shown in (3.45),

22Although Ameriks et al. (2007) stress that there is no consensus on the subject, Diamond and Spinnewijn
(2011) suggest the existence of a positive correlation between income and self-control.
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to derive the condition

[ϕ′(Li)− wi(1− τ)] = wiατMRSi (3.47)

which must always be satisfied in equilibrium. From (3.46) the labor supply of an individual

whose borrowing constraint does not bind satisfies

ϕ′(Li) = wi[1− τ(1− α)] (3.48)

and is identical to that of an individual whose behavior complies with the life-cycle hypoth-

esis. This is so because as long as si > 0 in equilibrium, individual i can reduce its savings

when the tax τ increases. It is distorted downwards for those whose borrowing constraint

binds because they do not value being forced to save by the pension plan. Qualitatively, the

comparative statics presented in (3.12), (3.13) and (3.14) hold here as well.

One noteworthy detail is that even in the case where v′′ < 0, the households’ decisions are

still defined by their first-order conditions with respect to Li and si. This is due to the fact

that the disutility of labour is encompassed into both u and v. A demonstration of this point

is presented in appendix A.1.3. A second important point to note is that the level of utility

that a household experiences differs depending on the behavioral model used. The last tool

that is needed before conducting our normative analysis is the indirect utility functions of

the households.

Indirect utility function under self-control preferences

The indirect utility under self-control preferences is defined by

W i
sc(τ, α, w

i, λi) = u(xi) + u(yi)− λi(v(x̂i)− v(xi)) (3.49)
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where λi(v(x̂i) − v(xi)) > 0 is the cost of exerting self-control, and where xi and yi satisfy

the first-order condition presented in (3.44) and (3.46). The missing term, x̂i, equals

x̂i = wiL̂i(1− τ)− ϕ(L̂i)− ŝi (3.50)

which is the outcome of the maximization problem

max
L̂i, ŝi

λiv(wiL̂i(1− τ)− ϕ(L̂i)− si). (3.51)

Trivially, ŝi = 0 ∀ i because the utility of an individual who exerts no self-control is strictly

decreasing in si, and

ϕ′(L̂i) = wi(1− τ). (3.52)

As in the benchmark model, in which the economy consists only of life-cyclers, it is useful

to find the derivatives of the indirect utility function W i
sc(τ, α, w

i, λ) with respect to both τ

and α. Taking the derivative of (3.49) with respect with τ yields

∂W i
sc

∂τ
= −wiLiu′(xi) + αwiLiu′(yi) + τ(1− α)

E[wL]

∂τ
+ λiwi(Liv′(xi)− L̂iv′(x̂i)) (3.53)

where E is the expectation operator with respect to both w and λ, as households are now

heterogenous with respect to these two exogenous parameters. Denoting by W i the indirect

utility function of a life-cycler evaluated at Li and si, one can see that (3.53) is also equivalent

to

∂W i
sc

∂τ
=
∂W i

∂τ
+ λiwi(Liv′(xi)− L̂iv′(x̂i)) (3.54)

where
∂W i

∂τ
is given by (3.16). Equation (3.54) illustrates the role of taxation in affecting

the cost of self-control and also the significance of the concavity (or convexity) of v(·). The

cost of self-control, is always decreasing with τ, as represented by the last term in (3.54).
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This happens because an increase in the tax rate reduces the best option an individual could

consume by not saving at all. However, if v′′ < 0, then the cost of self-control, given τ, is

decreasing in wi whereas the opposite is true if v′′ > 0.

The derivative with respect to α gives, for household i,

∂W i
sc

∂α
= (wiLi − E[wL])u′(yi) + (1− α)τ

∂E[wL]

∂α
(3.55)

which, in turn, can be expressed as

∂W i
sc

∂α

∣∣∣∣
τ

=
∂W i

∂α

∣∣∣∣
τ

(3.56)

where
∂W i

∂α

∣∣∣∣
τ

is given by (3.17). Equation (3.56) clearly shows that modifying α does not

affect the cost of self-control, which is only driven by immediate consumption as represented

by x̂i. Thus, the only part of the policy that affects it is τ, as higher taxes reduce the level

of utility the household would get when young by not saving at all, thus reducing the cost

of self-control. α is useless at doing so, as it drives the redistributive nature of the pension

plan, which will affect the households next period only.

Indirect utility function under present-biased preferences

The indirect utility function of a household whose preferences are present-biased is denoted

W i
p and is simply

W i
p(τ, α, w

i, λi) = u(xi) + u(yi) (3.57)

where, here again, xi and yi satisfy the first-order condition presented in (3.44) and (3.46).

Because the utility accounted for by the social planner is different from that perceived by a

young household, one can expect the derivative of the right-hand side of (3.57) with respect

to τ and α to generate some new first-order welfare effects. To illustrate this point and
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express the derivatives in an insightful way, let us add and subtract λiv′(xi) on the right-

hand side of (3.57) and reformulate the indirect utility of household i, as accounted for the

design of the policy, as

W i
p = u(xi) + u(yi) = u(xi) + u(yi) + λiv(xi)− λiv(xi). (3.58)

The reader will notice that the two last terms in (3.58) look very similar to the cost of self-

control of the self-control preferences, but that they cancel out. More interestingly, the first

three terms coincide with the level of utility of household i as it perceives it, including the

behavioral mistake, which facilitates the use of the envelope theorem (except with respect

to E[wL]) over these terms. On the other hand, the last term, −λiv(xi), is the paternalistic

objective of the policy, as it formalizes the fact that the social planner considers that the

individual puts too much weight on his immediate consumption when deciding how much

labor to supply and how much to save. Still denoting by W i the indirect utility function of

a life-cycler, taking the derivative with respect to τ thus yields

∂W i
p

∂τ
=
∂W i

∂τ
− λiwiLiv′(xi)− λiv′(xi)

(
−wiLi +

(
wi(1− τ)− ϕ′(Li)

) ∂Li
∂τ
− ∂si

∂τ

)
. (3.59)

where Wτ is given by (3.16) and is just the derivative of the indirect utility function of a

life-cycler with respect to the tax rate. Canceling out terms, I can re-express the derivative

as
∂W i

p

∂τ
=
∂W i

∂τ
− λiv′(xi)

(
(wi(1− τ)− ϕ′(Li))∂L

i

∂τ
− ∂si

∂τ

)
. (3.60)

Thus, the outcome is that the derivative is that of a life-cycler, to which one adds the

distortive effects due to the paternalistic part of the government’s objective, which consists

of the last term in (3.60). This last term consists of first-order welfare effects, and it is easily

shown that they in fact add to the costs of the policy on the individual’s welfare, as it is

93



easily shown that

λiv′(xi)

(
(wi(1− τ)− ϕ′(Li))∂L

i

∂τ
− ∂si

∂τ

)
≥ 0. (3.61)

The same exercise can be done with respect to α, which yields

∂W i
p

∂α
=
∂W i

∂α
− λiv′(xi)

(
(wi(1− τ)− ϕ′(Li))∂L

i

∂α
− ∂si

∂α

)
. (3.62)

In this case, however, the sign of the very last term is ambiguous.

3.3.2 Optimal pension policy with self-control preferences

We can now solve the problem of the social planner. It maximizes a utilitarian SWF denoted

Wsc. The optimal policy is the solution to

max
τ,α
Wsc = Ew

∫ λ̄

0

W i
sc(τ, α, w, λ)dF (λ) = Ew

∫ λ̄

0

[u(x) + u(y) + λ(v(x)− v(x̂))]dF (λ).

(3.63)

As in section 3.1, I analyze separately the two first-order conditions, with respect to τ and

α, that characterize the optimal policy.

Optimal tax rate

Making use of (3.54), the first-order condition of the social planning problem with respect

to τ is

∂Wsc

∂τ
= Ew

∫ λ̄

0

[
∂W i

∂τ
− λiwi(Liv′(xi)− L̂iv′(x̂i))

]
dF (λ) = 0. (3.64)

Developing the terms in (3.64) and reorganizing yields

Ew

∫ λ̄

0

[
wl(u′(y)− u′(x))− λ[wLv′(x)− wL̂v′(x̂)] + τ(1− α)

∂E[wL]

∂τ
u′(y)

]
dF (λ)

−(1− α)cov(wL, u′(y)) = 0. (3.65)
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where the covariance term is similar to that in (3.20), but is expressed as

cov(wL, u′(y)) =

∫
w

∫ λ̄

0

[wL− E[wL]]u′(y)dF (λ)dG(w). (3.66)

Isolating τ in (3.65) and taking the optimal value of α as given, we obtain the implicit

condition for τ, which is

τ ∗ =

Ew

∫ λ̄

0


Cons. smoothing effect ≷0︷ ︸︸ ︷

(wLu′(y)− wLu′(x)) −
cost of self-control ≥0︷ ︸︸ ︷
λ(wLv′(x)− wL̂v′(x̂))

 dF (λ)− (1− α)cov(wL, u′(y))

−(1− α)
∂E[wL]

∂τ
E[u′(y)]

.

(3.67)

Equation (3.67) clarifies the elements that the government should take into account when

deciding on the tax rate. First, if I compare it to the implicit tax rule obtained in the

benchmark economy populated with life-cyclers only and which has been presented in (3.22),

we can see that two of these considerations are similar. In the numerator, the rightmost term

captures the redistributive objective of taxation. Because the covariance term becomes more

negative when there is more income inequality among the retired households, such inequality

calls for a higher tax rate. The second element that is similar to our benchmark tax rule

is in the denominator and captures the efficiency cost of taxation. Higher taxes distort the

aggregate labor supply and negatively affects the size of the tax base.

However, the role of taxation differs from that in the benchmark economy with regard to

the role of the governmental intervention in helping individuals to smooth their consump-

tion over the life-cycle. The leftmost term in the numerator, which can also be expressed as

E[wLu′(y) − wLu′(x)] is the consumption-smoothing effect of the policy. With individuals

who smooth their consumption over the life-cycle, this was null for individuals whose bor-

rowing constraint was slack, and strictly negative for those whose borrowing constraint was

binding. Thus, taxation prevented some individuals from satisfying the life-cycle hypothesis
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and was socially costly, thus calling for a lower tax rate. With the self-control preferences, the

households’ first-order condition with respect to si ensures that, without any intervention,

E[wLu′(y)−wLu′(x)] > 0. We thus obtain an important intuition about the role of taxation:

absent the cost of self-control, household would have liked to equalize their marginal utility

across periods. Since it was too costly to do it themselves, they personally value a govern-

mental intervention that would help achieve this goal in their place. The leftmost term in

the numerator can therefore be called a non-paternalistic consumption-smoothing benefit of

taxation.

The second important effect of taxation is encompassed in the second term in the nu-

merator, which can be rewritten as E[λ(wLv′(x) − wL̂v′(x̂))]. This term is strictly positive

since Lv′(x) > L̂v′(x̂) for all households. This term shows the effect of taxation on the cost

of self-control. Let us recall that an individual experiences a utility cost from knowing that

he could have consumed all his cash-in-hand when young. Thus, as increasing τ reduces

his after-tax income at t = 1,, the value of the “no self-control” option declines, generating

an increase in welfare. As a result, not only are individuals grateful to the government for

having saved in their place, but they also gain welfare from taxation having contributed to

remove a source of temptation.

Optimal redistribution

Taking τ as given, the first-order condition of the SWF with respect to α is

τEw

∫ λ̄

0

(wL− E[wL])u′(y)dF (λ) + τ(1− α)
∂E[wL]

∂α
E[u′(y)] = 0. (3.68)

Because α is used by the policy-maker to achieve its redistributive objective, this first-order

condition is identical to that obtained in the life-cycle hypothesis benchmark, which can be

found in equation 3.23. As before, it can be re-expressed in a way that clearly emphasizes
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the redistributive role of social security:

τcov(wL, u′(y)) + τ(1− α)
∂E[wL]

∂α
= 0. (3.69)

The Bismarckian factor therefore ensures that there is not too much inequality among the

retired households. However, it has no effect whatsoever on the cost of self-control.

3.3.3 Optimal pension policy with present-biased preferences

The problem of the government is still to maximize a utilitarian social welfare function,

but using individual’s “true” preferences, since the government’s objective is paternalistic.

Denoting by Wp the objective of the social planner, the problem to solve is

max
τ,α
Wp = Ew

∫ λ̄

0

W i
scdF (λ) = Ew

∫ λ̄

0

[u(x) + u(y)]dF (λ). (3.70)

The social objective in (3.70) contrasts with that under self-control preferences, in (3.63),

because the government assumes that the optimal behavior from an individual’s point of

view would be to behave as a life-cycler.

Optimal tax rate

In an interior solution, the optimal tax rate is obtained by taking the first-order condition

of (3.70). Making use of (3.60), it can be written

∂Wp

∂τ
= Ew

∫ λ̄

0

(
∂W i

∂τ
− λiv′(xi)

(
(wi(1− τ)− ϕ′(Li))∂L

i

∂τ
− ∂si

∂τ

))
dF (λ) = 0. (3.71)

Obtaining
∂W i

∂τ
from (3.16), we re-express the first-order condition and characterize the

optimal tax rate with

Ew

∫ λ̄

0

((
αwL+ (1− α)E[wL] + (1− α)τ

∂E[wL]

∂τ

)
u′(y)− wLu′(x)

)
dF (λ)
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−Ew

∫ λ̄

0

(
(w(1− τ)− ϕ′(L))

∂L

∂τ
− ∂s

∂τ

)
λv′(y)dF (λ) = 0. (3.72)

Expressing the redistributive objective of the social planner using the covariance term as

expressed in equation 3.66, this is equivalent to

−(1− α)cov(wL, u′(y)) + E[wL(u′(y)− u′(x))] + (1− α)τE[u′(y)]
∂E[wL]

∂τ

−E

∫ λ̄

0

(
(w(1− τ)− ϕ′(L))

∂L

∂τ
− ∂s

∂τ

)
λv′(y)dF (λ) = 0. (3.73)

Finally, as the condition presented in (3.45) stems from the household’s first-order con-

ditions with respect to both Li and si, must be satisfied, we are entitled to use the fact that

[w(1− τ)− ϕ′(L)] = −ατwMRS to finally express the implicit tax rule as

τ =

E[wL(u′(y)− u′(x))] +

∫ λ̄

0

∂s

∂τ
λv′(x)dF (λ)− (1− α)cov(wL, u′(y))

−(1− α)E[u′(y)]
∂E[wL]

∂τ
−
∫ λ̄

0

∂L

∂τ
αwMRSλv′(x)dF (λ)

. (3.74)

One should notice the difference between the optimal tax rate as characterized by in (3.74)

and that under self-control preferences, found in (3.67). With the paternalistic objective, the

term involving ∂si/∂τ appears in the numerator of the tax formula, and the term involving

∂Li/∂τ is added to the denominator. They come from the fact that the social planner’s value

judgement about individual utilities differs from how individuals themselves perceive their

own welfare. Individuals, judging that the government does not act in their own interest,

distort their decisions accordingly. On the other hand, note that the government’s optimal

tax rate does not account for the effect of taxation on the cost of self-control, λ(v(x̂)−v(x)),

as it was the case in (3.67).

Optimal redistribution
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Using (3.62) the first-order condition is

∂Wp

∂α
= Ew

∫ λ̄

0

(
∂W i

∂α
− λiv′(xi)

(
(wi(1− τ)− ϕ′(Li))∂L

i

∂α
− ∂si

∂α

))
dF (λ) = 0. (3.75)

Combining with (3.17) it becomes

Ew

∫ λ̄

0

(
τwL− τE[wL] + (1− α)τ

∂E[wL]

∂α

)
u′(y)dF (λ)

−Ew

∫ λ̄

0

(
(w(1− τ)− ϕ′(L))

∂L

∂α
− ∂s

∂α

)
λv′(x)dF (λ) = 0. (3.76)

Finally, still using the covariance factor and the fact that [w(1 − τ) − ϕ′(L)] = −ατwMRS

we obtain

τcov(wL, u′(y)) + τ(1− α)
∂E[wL]

∂α
E[u′(y)] + Ew

∫ λ̄

0

[
ατwMRS

∂L

∂α
+
∂s

∂α

]
λv′(x)dF (γ)︸ ︷︷ ︸

Paternalistic distortions> 0

= 0.

(3.77)

The last term in (3.77) identifies a distortion caused by α that is not present in the

model with self-control preferences. As individuals disagree with the government’s objective,

they disagree with the idea that they should smooth their consumption across periods.

Labor supply being more sensitive to changes in α, which is captured by the fact that ∀i

∂Li/∂α > 0, everything else being equal the social planner will find it optimal to make the

pension system more contributory-based than with the self-control preferences. The second

first-order distortion is caused by the households’ savings being more sensitive to the value of

α. Increasing the Bismarckian factor will lead the (non borrowing-constrained) low-income

households to increase their savings, whereas it will leads high-income ones to reduce their

savings.
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3.3.4 Comparative analysis

The optimal pension systems that are characterized by (3.67) and (3.69) under self-control

preferences, and by (3.74) and (3.77) under present-bias, do not provide us with a closed

-form solution. Nonetheless, the optimal tax formulas that we have obtained allow us to

compare the optimal policies for both models, and to derive some further intuition. Let

us denote by {τ sc, αsc} the optimal policy under self-control preferences and {τ p, αp} that

under present-bias. Our strategy is to first fix both αsc and αp to an arbitrary value α, and

to determine if τ sc(α) ≷ τ p(α). We then fix the optimal tax rate to τ for both models, and

then try to evaluate whether αsc(τ) ≷ αp(τ).

Tax rates

Let us first compare the optimal tax rates. Fixing α to an arbitrary value, we can

compare the optimal tax τ sc that is characterized by (3.67) to τ p characterized by (3.69).

We take advantage of the fact that the behavioral responses of any household i to a given

policy are the same across models. This allows us to ignore the terms that are identical in

both equations and to compare the terms that differ. In (3.67), the important term is the

marginal effect of taxes on the cost of self-control, −Ew

∫ λ̄

0

λ(wLv(x)− wL̂v′(x̂))dF (λ) > 0,

which is in the numerator. It is positive because, independently of the sign of v′′, increasing

taxes renders the most tempting consumption bundle less interesting to the households.23

Now turning to (3.69), we see that the optimal tax rate is affected by an additional term

in the numerator, Ew

∫ λ̄

0

∂s

∂τ
λv′(x)dF (λ), which accounts for the crowding-out of private

savings. In the denominator, we have to take into account the term

−Ew

∫ λ̄

0

∂L

∂τ
αwMRSλv′(x)dF (λ) which accounts for the distortions on the labor supply gen-

erated by taxation. Both of these terms are due to the paternalistic nature of the policy

under present-biased preferences, and to the idea that individuals do not understand, when

young, that the social planner is acting in their own (ex-post) interest. They thus react

23Note however that the scope of this marginal effect is affected by the sign of v′′.
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inefficiently to the policy by distorting their savings and labor supplies. As it turns out,

the sign of these two signs depends on the sign of α. If α > 0, the comparative statics (in

the appendix) tell us that ∂si/∂τ < 0 and ∂Li/∂τ < 0 ∀i. The social planner thus has an

incentive to reduce the tax rate to avoid these undesirable distortions. Thus, we know that

∂Wsc

∂τ

∣∣∣∣
α>0

<
∂Wp

∂τ

∣∣∣∣
α>0

, which implies result 7

Proposition 7. Given α ≥ 0, τ sc(α) ≥ τ p(α).

On the other hand, it is impossible to clearly compare the optimal tax rates when α < 0.

The analysis under self-control preferences is still the same. However, whether τ p is larger

or smaller than τ sc becomes ambiguous for two reasons. First, for α < 0 the distortion due

to the crowding-out of private savings is partly canceled because ∂si/∂τ > 0 for the most

skilled households. Because the targeted nature of the pension system deprives them from

more future income as taxes increase, these households respond to an increase in taxes by

saving more. The share of the population for whom this is the case increases as α becomes

further negative. Overall, we cannot know for sure the sign of Ew

∫ λ̄

0

∂s

∂τ
λv′(x)dF (λ) when

α is negative without using functional forms for preferences. However, we can reasonably

presume that unless α is a very large negative number, this term will still be negative and

represent a distortion that can be partly avoided by reducing taxes.

On the other hand, the sign of the labor supply distortion−Ew

∫ λ̄

0

∂L

∂τ
αwMRSλv′(x)dF (λ)

is clearly reversed when α < 0, as ∂Li/∂τ < 0 for all households. Although it may seem

counterintuitive, this calls for higher taxes. The subtle intuition that underlies this result

is the following: The total distortions generated by the social security scheme through the

pension system under present-biased preferences consist of the whole denominator in (3.74),

which is a linear combination of the distortions caused by redistribution and of those caused

by individuals reacting suboptimally to forced savings. The lower is α, the more important

is the latter, whereas the higher it is, the more substantial the former becomes. Under a tar-

geted system, which is highly redistributive, the latter loses its importance because “forced
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savings” are absent and most of the distortive effects through the labor supply arise because

the system is very redistributive. Thus, overall, one can see why it is impossible to determine

with certainty whether τ p(α) ≷ τ sc(α) for α < 0.

Redistribution

We can repeat this analytical exercise, but with respect to α, by comparing (3.69) to

(3.77). Although it is still impossible to find with certainty whether αp(τ) ≷ αsc(τ), we can

still infer some intuition from the first-order conditions of the social planner. First, the only

term that differs is Ew

∫ λ̄

0

[
ατMRS

∂L

∂α
+
∂s

∂α
λv′(x)dF (λ)

]
in (3.77). Because ∂Li/∂α >

0 ∀i, the distortion through the labor market induces some pressure to increase α under

present-biased preferences. On the other hand, because ∂si/∂α > 0 for households such that

wiLi < E[wL], we can be sufficiently confident that, overall, increasing α under self-control

preferences would be optimal because it would reduce the inefficient crowding-out effect of

private savings, which makes it probable that αp(τ) > αsc(τ). However, without imposing

functional forms, we cannot be sure that it is the case. If in equilibrium α < 0, then such

comparison is even more difficult to make since ατMRSi
∂Li

∂α
< 0 ∀i. However in such case

it becomes more likely that αp(τ) < αsc(τ).

Note on degenerate distributions of λ

The optimal social security system differs, depending on whether we use self-control

or present-biased preferences, because individuals perceive differently how the social planner

should optimally interact with the self-control problem. Therefore, absent such a self-control

problem, the optimal policy would be exactly the same in both models. In our model, two

types of individuals exhibit a cost of self-control that is null. First, it is evident why this is

true for any household with λ = 0. However, one should also notice that any household with

λ → ∞ also exhibits, in equilibrium, a null cost of self-control. Such an individual, when

maximizing his utility, chooses to consume xi → x̂i which drives the cost of self-control,

as denoted by λ(v(x̂i) − v(xi)), to a value that has a null limiting value. In such case, no
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governmental intervention can help the individual to drive down this cost under self-control

preferences, and the preferred policy of the household is identical across models.

This is an interesting fact to note, as some in the literature have studied so-called pa-

ternalistic, forced-savings policies in the presence of myopic and rational individuals. For

such a degenerate distribution of λ, where a share π ∈ [0, 1] of all households behave as

life-cyclers and a share (1−π) is perfectly rational, it is impossible to tell whether the policy

implications are based on paternalistic grounds or not.

Result 2. The policy preference of any household with λ = 0 or λ→∞, is identical under

present-biased and self-control preferences. Thus, for any degenerate distribution of types

such that a proportion π of the population is perfectly rational and a share (1 − π) are

perfectly myopic, the policy prescriptions of both models are identical.

Numerical example

Thus far, our analysis was partial as we have compared the optimal tax rates under the two

models given α, and vice-versa. However, we did not get a comprehensive idea of what an

optimal pension plan may look like in equilibrium, because τ and α are jointly determined.

Moreover, the general formulation of our model did not allow us to go further with our

theoretical analysis. As is common in the literature, we thus provide numerical examples

of an optimal pension plan. Consistent with Cremer et al. (2008), we have assumed that

the distribution of wages in the economy is skewed on the right, with G(w) being a Beta

distribution Beta(2, 4), normalized to have full support on [1, 4]. Because our agents are

heterogenous both with respect to w and to λ, the domain w = [2, 4] have been discretized

with an increment of 0.1. It is larger than what Cremer et al. (2008) used, but the curse

of dimensionality would have rendered our computations quite tedious. The commitment

ranking is represented by the utility function u(·) = log(·) and the disutility of work is

quadratic, so that ϕ(L) = L2/2.
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We hereby present two simulations, one that is consistent with the temptation ranking

λiv(·) being strictly concave for all agents, and one for which it is strictly convex.24 For v(x)

we have used a CRRA utility function

v(x) =
x1−ρ

1− ρ. (3.78)

In the case with a strictly concave temptation ranking, we have used v(x) = log(x), which

is equivalent to set ρ → 1+. In the case with a strictly convex cost of temptation, we have

set ρ → −0.5. We have run several other simulations, and the two presented here conform

qualitatively with what we generally obtained.

Our strategy has been to fix the distribution of wages, and to allow the distribution for λ

across the population to vary. Recall that when λi = 0 an individual behaves as a life-cycler,

whereas whenever λi → ∞ then it behaves perfectly myopically. Our strategy to obtain

each distribution for λ has been to numerically generate a Beta distribution for a parameter

that we called γ, with degrees of freedom (a1, a2). As Beta distributions have full support on

[0, 1], a domain we have discretized with an increment of 0.05, we have been able to generate

a distribution for λ where λi = (1 − γi)/γi. The distributions of self-control that we have

used are shown in table 3.3, along with the mean and variance for λ that are associated with

each of them. The distribution in the first line corresponds with one where almost all the

economy has very high problems of self-control, whereas that on the last line correspond to

most households being very (although not perfectly) rational.

To obtain the simulation results, we have used the computation technique suggested by

(Mankiw et al., 2009b) , iterating on the first-order condition of the social planner with

respect to τ, and then to α, until convergence. We then numerically checked that the

second-order condition, as well as the government’s budget constraint was satisfied. We ran

24In all our simulations we have numerically verified that the second-order condition of the social planner
held.

104



f(1/(1 + λ)) E(λ) Med(λ)

Beta(2,120) 60.000 71.463
Beta(2,50) 25.000 29.590
Beta(2,30) 15.000 17.657
Beta(2,16) 8.000 9.331
Beta(2,12) 5.998 6.949
Beta(2,10) 4.999 5.757
Beta(2,8) 4.000 4.568
Beta(2,6) 3.000 3.376
Beta(2,4) 2.000 2.187
Beta(2,2) 1.000 1
Beta(4,2) 0.500 0.457
Beta(6,2) 0.334 0.296
Beta(8,2) 0.250 0.219
Beta(10,2) 0.200 0.174
Beta(12,2) 0.167 0.144
Beta(16,2) 0.125 0.107
Beta(30,2) 0.067 0.057
Beta(50,2) 0.040 0.034
Beta(120,2) 0.017 0.014

Table 3.3: Distributions for λ

an independent simulation for each distribution of λ. The numerical results are presented in

tables 4 and 5.

The two simulations presented here exhibit the same type of pattern. When the self-

control problems are very prevalent in the economy, then the optimal tax rates and redis-

tributive factors are similar in both cases. This due to households deriving a utility benefit

of being forced to save in both the self-control and the present-bias models. The interest-

ing effect happens when an increasing share of the population becomes more rational. In

this case, the rationale for forcing individuals to save gradually vanishes in the present-

biased model. The pension system becomes rapidly less generous, and more redistributive,

to eventually become a targeted one in which α < 0. However, in the case of the self-control

preferences model, even if individuals’ behavior gets closer to that of life-cyclers, they still

derive some welfare if the government forces them to save because it reduces their cost of
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Table 3.4: v(·) strictly concave

S-C Paternalism
f(1/(1 + λ)) α τ α τ
Beta(2,120) .1511 .2494 .1701 .2493
Beta(2,50) .1517 .2494 .1707 .2493
Beta(2,30) .1570 .2494 .1770 .2492
Beta(2,15) .1852 .2491 .2100 .2487
Beta(2,12) .2003 .2489 .2268 .2483
Beta(2,10) .2142 .2486 .2416 .2477
Beta(2,8) .2325 .2482 .2615 .2467
Beta(2,6) .2565 .2473 .2831 .2445
Beta(2,4) .2866 .2453 .2831 .2445
Beta(2,2) .3144 .2391 .2825 .2207
Beta(4,2) .3185 .2302 .1414 .1876
Beta(6,2) .2882 .2206 .0147 .1666
Beta(8,2) .2531 .2125 -.0157 .1629
Beta(10,2) .2215 .2058 -.0297 .1614
Beta(12,2) .1951 .2006 -.0363 .1608
Beta(15,2) .1670 .1952 -.0405 .1607
Beta(30,2) .1179 .1866 -.0434 .1611
Beta(50,2) .1095 .1851 -.0436 .1611
Beta(120,2) .1086 .1850 -.0437 .1612

u = log, λv = λ log .

exerting self-control. This effect is persistent in all our simulations, to the point that even in

the case where a very large share of the population behaves quite rationally (Eg. in the case

of the Beta(120,2) distribution), the system is still very generous and little redistributive, as

compared to that under present-bias. Finally, we observe that a convex cost of self-control

makes this effect even more persistent.

3.4 Conclusion

In this chapter, we have characterized an optimal pension scheme in an environment where

individuals’ observed behavior does not comply with the life-cycle hypothesis, and where
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Table 3.5: v(·) strictly convex

S-C Paternalism
f(1/(1 + λ)) α τ α τ
Beta(2,120) .1019 .2504 .1120 .2505
Beta(2,50) .1024 .2504 .1126 .2505
Beta(2,30) .1068 .2505 .1178 .2505
Beta(2,15) .1321 .2507 .1482 .2507
Beta(2,12) .1471 .2508 .1664 .2509
Beta(2,10) .1619 .2509 .1846 .2510
Beta(2,8) .1831 .2511 .2106 .2512
Beta(2,6) .2145 .2514 .2483 .2514
Beta(2,4) .2616 .2515 .3007 .2506
Beta(2,2) .3264 .2501 .3585 .2450
Beta(4,2) .3733 .2480 .3711 .2338
Beta(6,2) .3867 .2454 .3495 .2230
Beta(8,2) .3874 .2427 .1714 .1852
Beta(10,2) .3823 .2399 .0706 .1735
Beta(12,2) .3744 .2372 -.0510 .1584
Beta(15,2) .3587 .2328 -.0726 .1555
Beta(30,2) .3038 .2206 -.0944 .1518
Beta(50,2) .2895 .2177 -.0947 .1518
Beta(120,2) .2879 .2173 -.0948 .1518

u = log, ρ = −.5.

the lack of savings is a result of individuals having non-standard preferences. Optimal pen-

sions have been derived under two types of preferences. The first preference representation

is the self-control preferences (Gul and Pesendorfer, 2001, 2004). Under these preferences,

individuals’ savings decisions reflect a compromise between a commitment ranking accord-

ing to which consumption would be smoothed over the life-cycle, and a temptation ranking

according to which the household would immediately consume all its cash-on-hand. The

reason why households would not save enough to perfectly equalize their consumption levels

across periods is because exerting self-control (i.e. saving) generates a cognitive cost. They

thus find it optimal to consume more in the present to drive down this cognitive cost. Such

a model does not call for a paternalistic governmental intervention, as preferences do not
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change over time: the household does not smooth its consumption over time, knows it, and

does not regret it later on. In the second case, the present-bias model, young households’

behavior is biased towards consuming too much immediately, which leads them to under-

weight their utility when retired when making decisions. Once retired, they realize their

mistake and regret not having saved more. Such preferences call for a paternalistic policy

intervention and warrant forced savings.

Our analysis shows that it is possible that forced savings (i.e. a pension system that is

very generous but little redistributive) may be optimal without resorting to the notion of

paternalism. More interestingly, it is possible that the optimal pension plan under self-control

preferences is even more generous, and more contributory-based, than that under present-

biased preferences. This is the case because individuals who are aware of their problem of

self-control may prefer a more generous pension plan as it would allow them to save less,

as saving requires them to exert costly self-control. Because such a generous pension plan

includes high and potentially distortive payroll taxes, downgrading the redistributive scope

of the social security system reduces the efficiency costs of the policy.

Finally, our model allowed for a continuous distribution for the endogenous (innate) cost

of individuals to exert self-control. Thus, depending on a single idiosyncratic parameter,

our model allows households with the same marginal productivity to make several different

compromises between seeking for commitment (smoothing consumption over the life-cycle)

and uncompromisingly succumbing to temptation. Doing so allowed us to step away from

the class of models using only two types of individuals, namely the perfectly ‘rational’ (i.e.

with a zero cognitive cost of exerting self-control), and the ‘myopic’ (who have an infinite

marginal cost of exerting self-control). We found that if the distribution of abilities to exert

self-control across the population is degenerate, as in the rational-myopia models, then the

optimal policy prescriptions of both the self-control and the present-biased models collapse

and become identical. Thus, from the conceptual point of view, it remains unclear whether
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approaches such as that used in Cremer et al. (2007) do or do not rest on paternalistic

grounds. Critics of such models on the ground that they make the ad-hoc assumption that

the government should act paternalistically can therefore be dismissed.
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Chapter 4

Centralization and the stability of political unions

Constitutions should consist only of general provisions; the reason is that they must neces-

sarily be permanent, and that they cannot calculate for the possible change of things.

Alexander Hamilton (Eliott’s debates)

In this chapter, we reconsider one of the most fundamental questions in public finance:

what are the costs and benefits of delegating to a central government the task of providing

public goods and services (Oates, 1972). In a dynamic framework where, in each period, the

regions comprising the federation can decide to unilaterally secede, thereby imposing costs

on the rest of the federation, we analyze whether centralization of the public sector may be

used as a commitment mechanism to prevent inefficient dissolutions of the federation.

Political and fiscal unions, in general, are subject to political instability. Thus, their

unity is rarely guaranteed in the long-term and threats of dissolutions are common. This

comes as no surprise as, by their very nature, federations are generally composed of several

regions with well-defined bordersrd and linguistic, ethnic and cultural traits. The economic

characteristics of the regions forming the union can also change over time, thereby generating

inter-jurisdictional tensions. The ongoing sovereign debt crisis in the European Union, where

many are still wondering whether countries such as Greece, Italy or Portugal will be able to

remain in the union, is a clear example of this.
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In reality, centralization and decentralization have often been implemented with the ob-

jective of reducing political instability and secessionist pressures.1 In recent history, some

federations have tamed separatist pressures by decentralizing. This happened with Catalo-

nia (Spain), with the devolution processes to Scotland (U.K.) and Malaysia, and with the

decentralization efforts of General Musharraf in Pakistan during the last decade. Some fed-

erations have simply been dismantled by common agreement (Czechoslovakia), and other

regions have unilaterally claimed their independence (Kosovo).2 We have observed cases

in which a province came close to claiming its independence after running a referendum

(Québec in Canada) and cases where the referendary strategy has finally been successful

(South Sudan).

The simple intuition we study here is that seceding from a federation in which most of

the public sector ‘belongs’ to the central tier of government may be very costly as it would

require large reinvestments in the newborn country’s public sector (as suggested in Dion

(1996) among others). If a federal constitution cannot be written as a complete contract

(Grossman and Hart, 1986; Hart and Moore, 1990) in which regions formally and credibly

commit to not unilaterally secede, intuitively it would appear that increasing the size of the

central government may be used as an alternative commitment device as it would reduce

future incentives to secede.

Our analysis shows that this simple intuition may be incomplete, and that blindly relying

on such a mechanism and encouraging further centralization can be misleading. We show

that although the immediate costs of secession may be higher in a centralized federation,

centralization may reduce the welfare generated by the federation in the long run. Therefore,

whether centralization is likely to reduce political instability in the federation rests on its

1Henceforth we will use the term ‘federation’ to simplify the exposition, although we are conscious that
the political structure of the countries discussed is varied. Spain, for instance, is not a federal country per
se but still faces national unity challenges.

2One can count the USSR among the federations that have been dissolved. The Soviet Union, becauses
its socialist nature, experienced episodes of extreme centralization especially under and after Stalin (1922
onwards).
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relative effect on the immediate gain of utility to secede and also on the expected utility

not to do so, both being affected by the size of the central government. Centralizing the

federation may thus induce immediate costs of secessions and reduce their likelihood, but at

the same time it may reduce the ability of centralized public goods to suit local preferences,

thereby reducing the long-term benefits of remaining in the union. This last effect is due to

the dynamic nature of the model and it enriches pre-existing models that have been used

to study problems of time-inconsistency and lack of commitment in federations (such as in

Bordignon and Brusco (2001)).

A theoretical contribution to this question, we believe, is useful and warranted for two

main reasons. First, despite its relevance for policy, the effect of centralization on national

unity and political stability has been given little attention by theoretical economists. More

substantially, the limited evidence we have on the subject, mostly consisting of case studies,

is at best ambiguous about whether centralization increases or reduces the likelihood of

secessions. Of the recent empirical works that have been conducted by social scientists and

economists on the subject, all have concluded that centralization can be a double-edged

sword on this matter. Brancati (2006) empirically finds, using cross-country panel data,

that decentralization can alleviate ethnic conflicts and secessionism by bringing governments

closer to the people and by creating opportunities for minorities to participate in government.

On the other hand, he shows that decentralization may increase ethnic conflicts and bolster

secessionism by encouraging the development of regional parties. Tranchant (2007) finds that

decentralization dampens all forms of ethnic violence for groups which are geographically

concentrated or which have a local minority, whereas it fuels conflicts when one is lacking.

He comes to the same conclusion in Tranchant (2010). Tranchant (2008) also obtain mixed

results about the effect of decentralization and devolution on secessionism and conflicts. In

an extensive review of the literature on the subject, Bird et al. (2010) conclude that “no

one has either generally persuasive ideas or evidence about the impact of decentralization
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on national unity.” In their view, decentralization can be either a “glue” or a “solvent” for

the unity of a federation.

Analyzing centralization of the public sector as a commitment mechanism that may be

able to mitigate time-inconsistency problems in federations also contributes to a developing

literature on social contracts. As far as centralization is concerned, the main piece of work

is that of Alesina et al. (2005) who analyze the effect of increasing centralization3 on the

optimal size of a coalition of countries, called the union. In the context of federalism, the

work which is the closest to ours is Bordignon and Brusco (2001) who show that writing a

constitution which is ambiguous about regions’ formal rights to secede is likely to reduce the

frequency of secession threats. In the literature on constitutional design and social contracts,

the use of super-majorities to amend constitutions has been studied by Aghion and Bolton

(2003). Finally, we build on previous works on political stability and secessions, such as

Buchanan and Faith (1987) and Bolton and Roland (1997), who have analyzed the effect of

secession threats on inter-jurisdictional redistribution in federations.4

We also contribute to the theoretical literature on the costs and benefits of centralization,

which has thus far ignored its effect on national unity. The economic problem of determining

whether the power to regulate and to make policies in a given area of responsibility should

be centralized or decentralized is known as the assignment problem. When writing a federal

constitution, one has to clearly identify what are the costs and benefits of centralizing a given

legislative responsibility in order to choose the optimal assignment of powers across tiers of

government. Although the costs and benefits of centralization are manyfold and complex,

an intuitive and well-established criterion which is often used to think about the assignment

problem is that of comparing the preference-matching costs of centralization to its efficiency

benefits. Analyses based on this criterion rest on the assumption that a centralized provision

of public goods and services will not match the local preference of each member state of the

3They call it the “scope” of the union.
4Economic theories of secessions are surveyed in Buchanan (1997).
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federation as much as if lower tiers of government provided according to the preferences of

their own constituents. On the other hand, centralizing provision generates efficiency gains

such as economies of scale. According to this criterion, the provision of public goods and

services should be centralized only if the efficiency gains of doing so are at least as large as

the preference-matching cost.

The preference-matching cost versus gains from centralization is an obvious normative

criterion that has been widely used by both theoreticians and practitioners. For example,

Alesina et al. (1995) identify the “trade-off between specificity and economies of scale” as

fundamental in the attribution of powers to tiers of governments in fiscal and political unions.

Boadway and Shah (2009) also identify a similar trade-off as they suggest guidelines to

practitioners for the making of good policies. Our results show that this analysis should be

enriched by taking into account the endogenous effect of centralization on the life expectancy

of the federation. Also, if centralization increases the probability that the federation be

dissolved in equilibrium, the opportunities which regions will potentially miss by not seceding

should also be accounted for in weighing the costs versus benefits of centralization. Finally,

if the constitution is an incomplete contract, then centralization can have a “commitment”

benefit if it prevents inefficient unilateral secessions from happening and can also affect the

cost of negotiating constitutional amendments.

The remainder of the chapter is structured as follows: In section 4.1 we develop a simple,

two-region model of federalism where a federation has the roles of insuring its members

against a risky future and providing public goods more efficiently. Furthermore, before

uncertainty is resolved about the future economic conditions, a constitution is written which

specifies whether the provision of a public good, called the ‘public sector’, is centralized or

not. Using this model, we then derive a complete constitution in section 4.2. This benchmark

version of the model achieves the highest possible level of joint surplus for the members of

the federation since it precludes any unilateral secessions. We relax this last assumption in
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section 4.3 where we assume that unilateral secessions are allowed. Section 4.4 concludes.

4.1 The environment

Our objective is to study the costs and benefits of centralization in a federation in the

presence of political instability. The stylized model that we are working with must therefore

be rich enough to enable us to study both centralization and endogenous political instability

jointly. The problem at hand is also inherently dynamic, as the decision on centralization

generally occurs prior to secessionist pressures arising.

Let us consider the following environment. At the beginning of the game, the world

consists of two independent regions (or countries), indexed by i = 1, 2, which face an op-

portunity to merge into a single political jurisdiction. Upon this window of opportunity

opening, both regions will necessarily merge to become a unique country. We can focus,

now, on the structure of the founding act of this union, the constitution, under which the

level of centralization in the federation will be specified.5 The reasons why such a window

of opportunity may present itself abound. For instance, one may keep in mind the decision

faced by the American states shortly after the revolution, or when the end of the second

world war provided momentum for European integration. The regions might also desire to

become a single jurisdiction following an adverse shock in international trade. The Canadian

federation, for example, was founded after refusal, by the United States, to renew a trade

treaty.6

For simplicity in the analysis, we normalize the population of each region to one. Alter-

nately all the parameters of the model can be thought of as being per-capita values. Citizens

are immobile. Because our purpose is to exclusively focus on political interactions between

regions, we make the assumption that the preferences of all citizens living in the same region

5The case whereby a union is not formed at all is ignored and is uninteresting per se. The assumptions
of our model will ensure that forming a union is always a strictly dominant strategy.

6The Treaty of Reciprocity. For more details, see Masters (1963).

115



are identical, although we will allow them to differ across regions. Representative citizens are

infinitely lived, with each period of time being indexed by t = 0, 1, . . . where t = 0 is the only

period at which the new country is founded and a constitution being put in place. We will

refer to period t = 0 as the ‘ex-ante’ as it is then that the social contract (the constitution)

is ratified. Likewise we will refer to all subsequent periods t > 0 as ‘ex-post’ in which the

contents of the contract will be implemented.

The expected discounted welfare of each region’s representative citizen is expressed by

EU i(c) =
∞∑
t=0

βtEuit (4.1)

where β ∈ (0, 1) is the inter-temporal discount factor, and Euit is the expected per-period

utility that the representative citizens expect to benefit from in the future. Also, c = 0 if the

federation is decentralized, and it equals zero otherwise. As political jurisdictions generally

outlive their citizens, it makes sense to use infinitely-lived representative citizens here. In

this context, each period of time could be thought of as a distinct generation and β as an

inter-generational discount rate, or as the extent to which each generation cares about the

welfare of its offspring. The expectation operator in (4.1) captures the idea that, from an

ex-ante perspective, there exists some uncertainty about the future payoffs generated by the

federation. In equilibrium, this uncertainty will stem from political instability and threats

of secessions.

The general formulation for utility that is presented in (4.1) encompasses a per-period

utility term uit that will consist of two main elements. First, forming a single jurisdiction

will make it possible for the two regions to invest in a common set of institutions, and to

jointly provide public goods and services. Secondly, doing so will also allow them to shelter

themselves against some external utility shocks. These two elements are the main substantial

components of our model and are being presented separately in subsections 4.1.1 and 4.1.2.

We then provide an explicit form for uit in subsection 4.1.3.
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4.1.1 State capacity, institutions and public goods

One of the major roles for a government is to provide public goods and services. The

centralization problem in a federation amounts to deciding whether these will be provided

by the central, or by the local governments. Assuming such responsibility requires the state

to have some institutions at its disposal, such as a bureaucracy and some capital, and to

have developed some knowledge and expertise about policy-making. Following the recent

literature on the development of institutions, we will call this the “state capacity” (Besley

and Persson, 2008, 2009, 2010), which enables the state to make and implement policies.

To keep our analysis tractable, we assume that a single public good is to be provided

by the government. It can also be thought of as being a bundle of public goods. At the

time of forming a joint jurisdiction, the regions have to commonly agree on whether the

federation will be centralized or decentralized. In the former case, the public good will be

provided by the central government in the future whereas in the latter case, each region will

provide it individually. This is what we call the centralization decision, and it is written in

the constitution of the newborn country at t = 0.

The centralization decision is binary and denoted by c ∈ {0, 1}, with c = 0 denoting

that the federation is decentralized and c = 1 that it is centralized. This decision has two

important consequences on the welfare of the citizens. First, we assume that building up

the state capacity requires an initial investment at time t = 0. This initial cost to set-up

institutions equals I > 0 per capita under decentralization, and I−∆I under centralization,

with ∆I ∈ (0, I) being the efficiency benefits of centralization. Institutions are therefore

initially less costly on a per-capita basis under centralization. Consistent with the existing

literature on centralization, one may think of these initial savings as being the outcome

of economies of scale, or gains in specialization across regions. It may also represent the

fact that regions can better coordinate at providing non-rival public goods. An extensive

discussion about the sources of cost-savings in a centralized federation can be found, for
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example, in Boadway and Shah (2009).7

Once the centralization decision and the investment in institutions has been made at

t = 0, governments provide the public good in every subsequent period. Citizens derive utility

from this provision, and how much so depends on whether or not the federation is centralized.

Under decentralization, citizens in both regions derive utility b > 0 per period from the

public good. Under centralization, the utility they obtain is inferior and equals b − ∆b.

The parameter ∆b ∈ (0, b) represents the utility cost associated with a central government

being unable to provide public goods and services in a way that matches local preferences

as well as if each region had provided them in a decentralized fashion.8 The existence of

preference-matching costs under centralization stems from the central government having to

provide uniform public goods to all regions and from citizens’ preferences regarding public

goods being heterogenous across regions.9 Such costs have been found to be an element of

foremost importance in the cost-benefit analysis of centralization and they lie at the forefront

of the theory of fiscal federalism since Oates (1972). It has been emphasized as well by Oates

(1999) and Alesina et al. (2005) and investigated empirically by Panizza (1999). They also

figure in the cost-benefit guidelines for practitioners, such as in Alesina et al. (1995) and

Boadway and Shah (2009).10

The parameter ∆b can also be thought of as an index of heterogeneity in preferences

across regions. For example, if ∆b = 0 then the preferences for the public good would be

exactly the same in both regions. At the other extreme they can be thought of as being

irreconcilable if ∆b = b. Modelling preferences in this way allows us to include heterogeneity

7We do not exclude the possibility that centralization generates further efficiency gains in subsequent
periods.

8The term ∆b could also encompass some potential benefits of centralization, such as the internalization
of inter-jurisdictional externalities. Although it is not an interesting case per se, our analysis holds even if
∆b < 0.

9Although some economists have considered the case of central governments providing differentiated
public goods and services, such as Lockwood (2006), it is commonly agreed that a centralized provision of
public goods is generally unable to perfectly match local preferences.

10Usher (1995) provides an interesting discussion on the preference-matching costs due to the historical
linguistic compromises in the Canadian federation.
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in preferences across regions, while being able to solve the model using regions that are

mathematically identical.

More generally, our stylized modelling of the development of institutions and of the

provision of public goods is rich enough to capture the main interesting features of some of

the most important duties that governments fulfill. For example, centralizing the making of

policies that involve some redistribution requires both the development of state capacity and

also involves a preference-matching cost if preferences for redistribution differ across regions.

Centralizing the judicial institutions is also subject to this tradeoff if the legal traditions

differ across regions.11 Finally, our simple story straightforwardly applies to the provision of

standard public goods.

4.1.2 The sheltering benefits of federalism

Apart from the possibility to centralize the public sector, another benefit of joining a fed-

eration is that doing so allows the regions to reduce the impact of uncertain shocks. It is

well known that smaller nations generally face more uncertainty about their future economic

and trade opportunities than larger ones (Alesina and Spolaore, 1997; Alesina et al., 2000,

2005). Being part of a larger jurisdiction increases the size of the internal market, therefore

reducing the vulnerability of its regions to trade wars or international trade disruptions.12

Historically, the idea of commonly sheltering regions from external trade shocks has been a

major factor in the creation of the Canadian federation (Masters, 1963) and in the design of

the second United States constitution. Moreover, larger jurisdictions are also less vulnerable

to security threats as they can defend their outer borders in a more efficient way (Ruta,

2005). This advantage of creating a large federation has been discussed at length in the fed-

eralist papers (Hamilton et al., 2003;1788). Preventing wars has also been one of the main

11For example, in Canada the making of civil law is decentralized whereas that of criminal law is centralized.
In the United States criminal lawmaking is decentralized, as well as civil law.

12It also gives them more political clout in international forums.
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achievements of the European integration process since 1945. Being part of a federation also

allows the regions to insure the future value of their tax bases, for example through fiscal

equalization formulas.

We therefore want to model the general idea that regions face some risks if they are

independent countries, whereas they do not if they are within a federation. We do so simply

by assuming that, at each period t > 0, the two regions obtain a fixed utility level θ̄ ∈ [0, 1]

from being in a federation. They benefit from it as long as the federation exists. On the

other hand, small and independent countries are constantly subject to risk.13 In that case,

the regions obtain a random utility shock θit ∈ {0, 1} every period instead of θ̄. Henceforth

we will refer to θit = 0 < θ̄ as a bad shock, and to θit = 1 > θ̄ as a good shock.14

The shocks {θ1
t , θ

2
t } are drawn independently each period from a joint distribution ρ(θ1

t , θ
2
t ).

The assumptions that we make about these random shocks will have a crucial role at

generating political instability in equilibrium. We first assume that their joint realization,

∀t > 0, is public information. More importantly, we assume that the shocks {θ1
t , θ

2
t } are

observed each period by both regions even if the federation has never been broken-up in

the past. At the beginning of every period t > 0 the regions observe their shock, and

face the possibility of benefiting. Doing so, however, requires breaking-up the federation

forever. Thus, one can already see why the realization of good shocks θit = 1 will generate a

time-inconsistency problem, thus inducing political instability and threats of secessions.

We allow the shocks to be correlated across regions. We assume that ρ(1, 1) ≥ 0, ρ(0, 0) ≥

0 and we make the symmetry assumption that ρ(1, 0) = ρ(0, 1) ≥ 0.15 Finally, to comply

with the idea that the members of a federation are less exposed to risk than independent

nations, and that the stability of the federation is valuable, assumption 2 below implies that

13In our model, they can become independent ex-post only if the federation is being dissolved at some
period t > 0.

14Notice that we do not allow for θ̄ = 1. This, by assumption, gives some “insurance value” to the
federation.

15Notice that ρ(1, 0) = 0 if and only if the shocks are perfectly correlated across regions, whereas ρ(1, 0) =
1/2 if they are perfectly inversely correlated.
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the expected value of the shocks for an independent country is smaller than or equal to θ̄.

Being in a federation provides, so to say, a long-run insurance benefit.

Assumption 2. E(θit) = ρ(1, 1) + ρ(1, 0) ≤ θ̄.

As we explain in appendix A.2.1, assumption 2 is equivalent to assuming that the regions

are risk-averse with respect to external shocks, and that remaining in the federation allows

them to perfectly insure against them in the long-run.

4.1.3 Dissolution pressures and secession costs

Developing the institutions, or the state capacity, that are necessary to provide public goods

and services is costly. This state capacity, as we have seen before, is being paid for at t = 0

and can be under the control of either the central government or the two distinct local

governments. Because we allow for political uncertainty and the possibility of the federation

breaking up, this raises the issue of how the government of each region provides public

goods and services if a centralized federation were dissolved. This is in fact what links the

centralization problem and the existence of political instability in our model.

When time comes to dissolve a decentralized federation, each region keeps the institu-

tions it maintained previously and can keep providing public goods and services as before.

However, it will be subject to the random utility shocks for every subsequent period. On

the other hand, dissolving a centralized federation requires each region to re-invest, ex-post,

in building its own institutions or state capacity. We formalize this last idea as follows. If

a centralized federation is dissolved at any time, each region has to build its machinery to

provide the public goods. The per-capita cost of doing so is I − (1− δ)[I −∆I]. Thus, only

a proportion (1− δ) of the initial investment I −∆I can be used towards building the new

institutions after a dissolution. We can thus denote the ex-post cost of decentralizing by ϕ,

and express it as a linear combination of the cost of decentralized institutions I and of the

efficiency gain ∆I :
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ϕ = I − (1− δ)[I −∆I] = δI + (1− δ)∆I. (4.2)

As a consequence, when a centralization decision is made at t = 0, the regions will

anticipate that under centralization they will have to pay this cost if ever the federation is

dissolved. Note further that whenever the federation is dissolved, both regions are no longer

subject to the preference-matching cost ∆b.

Several reasons can explain why reinvesting in one’s institutions following a dissolution

is costly. If the capital required to produce public goods is spread all over the country,

each region naturally recovers only some part of it after the dissolution and has to invest

anew. Another possible interpretation is that providing public goods and services requires

some knowledge and expertise which can be lost if both regions suddenly decided to have

their own public sector. Also, the public sector may suffer a loss in its reputation, which

takes time to build up, as would be the case for central banks. The loss δ(I − ∆I) could

also reflect the expected utility losses due to the uncertainty associated with the dissolution

process (such as the possibility of conflict, destruction, or the uncertainty about the impact

on the country’s credit rating).

As one can easily note, we model this cost as being identical for both regions. This

symmetry assumption allows us, once more, to obtain a clear and simple analytical solution

later in the chapter, as we are working with two regions that are identical from the ex-ante

point of view, but whose interests can diverge in the future. The general idea that we capture

with this secession cost is well expressed by Dion (1996): “secessions entail surmounting big

obstacles which undermine confidence in the success of secession. Taking over all the public

services dispensed by a modern, centralized welfare state appears an almost impossible task.”

(p. 274) We believe that what is important here is that δI+ (1− δ)∆I be significant enough

to influence the regions’ interests to leave the federation ex-post.
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4.1.4 Costly ex-post transfers

At any period t > 0, and after having observed {θ1
t , θ

2
t } the regions can pay transfers to

one another. Region i can tax an amount τ i in its own jurisdiction and transfer it to region

j, j 6= i. Transfers are costly, and region j effectively benefits (1 − λ)τ i from this transfer,

where λ is a constraint on the transferability of utility across regions. If one thinks of these

as being financial transfers, λ may stand for the inefficiencies and distortions generated by

taxation, as is generally expressed in the form of a marginal cost of public funds (Browning,

1976). If transfers are the outcome of a constitutional amendment process one may also

think of it as capturing the transaction costs due to the negotiation process (Dixit, 1998).

These transfers will take an important role in section 4.3, when limited commitment will

generate constitutional renegotiations.

4.1.5 Timing and payoffs

Having presented the main components of the regions’ payoffs, we can now be more explicit

about the timing of the game and also about the various components for the term uit in

(4.1). To simplify the presentation, we first present a simplified version of the timing of

the game where we put the emphasis on the sequential nature of the centralization decision

c ∈ {0, 1}, and then of the dissolution decisions. Of course, the nature of the social contract

to be signed ex-ante will depend on whether it is possible to fully commit to staying in

the federation, unless it happens ex-post that both regions jointly want to put an end to

the political union. For the sake of clarity, these details will be discussed in sections 3 and

4 of the chapter. Also, the timing presented below makes salient one of our assumptions,

according to which a federation that is being dissolved at time t forces both regions to remain

independent forever. The timing, and sequence of decisions with respect to centralization

and dissolutions is described as follows:

t = 0 Ex-ante (veil of ignorance) period
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The window of opportunity opens, and both regions sign a constitution (equivalently,

a social contract). The latter specifies whether the institutions/state capacity will be

decentralized or centralized: c ∈ {0, 1};

Given c, the regions form expectations about the probable lifetime of the federation.

These take the form of a probability of future dissolutions, denoted by qc;

t > 0 Ex-post periods

1. Nature draws {θ1
t , θ

2
t } ⊂ {0, 1}2 according to the distribution ρ. The realized

shocks are common information;

2. If the federation is still in place at the beginning of the period, a decision is made

as to whether it should be maintained for at least one more period, or dissolved

forever;

3. If both regions were independent at the beginning of the period, they remain so;

4. Payoffs are realized for period t and a new time-period begins.

Thus, as long as the federation is maintained in the ex-post time periods, the regions can

enjoy the insurance, or sheltering, benefits of the union. However, if it is ever decided to

dissolve the union, then both regions are on their own forever. By being so, they are subject

to the randomness of the shocks every future period. They also have to pay to decentralize

their state capacity if the federation was centralized, which is represented by the one-time

cost ϕ in (4.2). The assumption that a dissolved federation remains dissolved forever will not

only simplify the resolution of the dynamic game, but can also easily be justified. Historical

examples abound where nations dissolved, but one can hardly find a compelling example of

the opposite (i.e. reuniting after separation). One can interpret this as separations being

the source of a breach of trust between the regions, or as the refusal to reunite later being a
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punishment strategy.16

The timing of the game that we have just presented also helps us to describe with more

precision the payoff terms uit in (4.1), which we explicitly express below in (4.3):

uit(c) =



−I + c∆I at t = 0

b− c∆b+ θ̄ − τ it + (1− λ)τ−it under national unity at t > 0

b+ θit + cϕ upon dissolving the federation at time t > 0

b+ θit post-dissolution

(4.3)

The first line in (4.3) makes clear that both regions have to make an investment I in

their state capacity at t = 0, and that the cost of this investment is subject to efficiency

gains that have value ∆I when the federation is centralized, which implies that c = 1 in

equilibrium. The second line shows that for as long as the federation is united, both regions

enjoy the flow utility generated by the provision of public goods and services, subject to the

preference-matching cost ∆b under centralization. They also enjoy the fixed utility value

θ̄ as they are not subject to randomness and they can pay transfers to each other.17 The

third line expresses that upon putting an end to the union at time t, the regions are not

subject to ∆b anymore, but have to pay the one-time ex-post decentralization cost ϕ if the

federation is centralized. They also immediately benefit from the the shock θit instead of

θ̄. Finally, the fourth line makes clear that, for all periods following the dissolution of the

federation, both regions are both subject to risk via θit ∀t and that they are never subject to

preference-matching costs again.

16In the context of dynamic risk-sharing, Kocherlakota (1996) assumes that an individual who runs away
from a risk-sharing contract because he has an interest to do so in the long-run must live in autarky forever.

17Note that because transfers are costly, it is clear that τ1 and τ2 can never be simultaneously positive.
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4.2 Political stability with full commitment

When presenting the general timing of the game in section 4.1, we have clearly specified

that in every period t > 0, once the shocks {θ1
t , θ

2
t } have been realized, a decision regarding

the future of the federation had to be implemented. This course of action could either be to

dissolve the federation forever, or to maintain it united for at least one more period. What

differs across the various versions of the model that we will use pertains to when and how

the decision to dissolve the federation is made. This section shows a benchmark version of

the model in which the regions can, ex-ante, commit fully and at no cost to dissolving the

federation in the future if and only if doing so maximizes social welfare. Thus, although

the decision to dissolve the federation is implemented at time-periods t > 0, the regions

can agree at t = 0 on the exact circumstances under which such a course of action must be

implemented.

The timing of the game is such that all possible decisions are made by the regions behind

a veil of ignorance at the time-period t = 0, before the realization of any uncertainty.

These decisions, which are all enshrined in a constitution, consist of the centralization rule

c ∈ {0, 1}, but also of future transfers τ it ({θ1
t , θ

2
t }) i = 1, 2 and of a dissolution decision

dct({θ1
t , θ

2
t }) ∈ {0, 1} that can be conditioned on the future realization of the shocks. The

binary dissolution rule dc(·) equals one if the federation is to be maintained conditional on

the realization of the shocks at time t, and equals zero if the federation is dissolved. The

subscript c signifies that both the transfers and the dissolution rules may differ, depending

on whether the federation is centralized or decentralized. We formally define the constitution

as follows:

Definition. A complete constitution is a social contract unanimously agreed on by re-

gions i = 1, 2 at time t = 0. It specifies (a) whether the federation is initially central-

ized, a decision denoted by c ∈ {0, 1}; (b) for every possible joint realization of the shocks

{θ1
t , θ

2
t } whether the federation must be dissolved forever or maintained, a decision denoted
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by dct({θ1
t , θ

2
t }) ∈ {0, 1} and (c) on state-contingent transfers τ i({θ1

t , θ
2
2}), i = 1, 2. The real-

ization of the shocks is verifiable and the constitution (c, dct(·), τ it (·)) is enforceable ex-post by

a third party.

The notion of full commitment stems from three of our assumptions. First, all possible

decisions are made prior to the realization of any shocks. Second, decisions regarding future

courses of action (dissolutions and transfers) can be conditioned on the future realizations

of the shocks. The constitution is thus a ‘state-contingent’ social contract. Third, it is

enforceable at no cost ex-post by a third party ∀ t > 0. Thus, renegotiation (and the

possible hold-up problems that may come with it) is precluded. Unsurprisingly, this complete

constitution generates the highest possible level of social welfare from an ex-ante point of

view. As the regions are ex-ante identical from an analytical point of view, they both decide

to centralize and to dissolve the federation when doing so is expected to maximize their

expected joint welfare. They thus behave in the same way as a social planner would, which

is exactly why the full-commitment case is interesting as a benchmark.

4.2.1 Optimal constitution

At the last step, it must be decided whether the federation has to be maintained or dissolved.

This decision rule is conditional on the realized shocks and on the federation not having been

dissolved earlier in history.18 This step has to be solved for all time-periods such that t > 0,

and for all possible joint realizations of the shocks. Then, at t = 0, it must be decided

whether the federation will be centralized or decentralized. Note that we voluntarily ignore

the transfers τ it , i = 1, 2 which will equal zero in equilibrium, a result that we discuss at the

end of the section.

Step 2 (c): dissolution rules - recursive formulation

18From the point of view of a social planner who seeks to write a complete constitution that maximizes
social welfare, and from that of two regions whose interests do not diverge at t = 0, designing the constitution
amounts to characterizing, by choosing dissolution rules and then a centralization rule, a subgame perfect
equilibrium (except under full-commitment).
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The optimal dissolution rules specify whether a still united federation should be main-

tained or dissolved at any time-period t > 0, conditional on the joint realization of the shocks

at that period. Given that the realized shocks at period t > 0 are {θ1
t , θ

2
t }, the optimal dis-

solution rule has to be such that the federation is maintained if and only if deciding so in

the joint interest of both regions. To express this idea in the simplest possible way, let us

characterize this problem using a recursive structure. Given that at time t > 0 the shocks

{θ1
t , θ

2
t } are realized, it is optimal to maintain the federation united for at least one more

period if and only if

2[θ̄ + b− c∆b+ βEtV
c
t+1] ≥

∑
i=1,2

θit + 2[b− cϕ+ βEρvt+1]. (4.4)

Both sides in (4.4) are Bellman equations. On the right-hand side of (4.4), we find

the joint utility of dissolving the federation which consists of the immediate joint benefits

of capturing the shocks,
∑
i=1,2

θit, plus twice the utility generated by providing public goods

locally, b, minus the cost of decentralization ϕ if c = 1, plus the discounted expected utility

of remaining independent forever, which is accounted for by the continuation value Eρvt+1.

This continuation value satisfies

Eρvt+1 = b+ Eρ(θt+1) + βEρvt+2. (4.5)

The latter equation simply expresses the fact that the future utility associated with being

independent includes the flow benefit b from the public good next period, the expected

value of the shock Eρ(θ
i
t) next period and the discounted expected value function under

independence.

On the left-hand side of (4.4), we find the discounted joint expected utility of both regions

associated with keeping the federation united. It consists of twice the immediate benefit

provided by the federation, θ̄+ b− c∆b plus twice a discounted value function βEtV
c
t+1 that
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accounts for a region’s expected utility starting at period t+1 if the federation is maintained

at the present time. Here again, it is useful to write the continuation value at length. At

time t, let us denote by qct+1 the regions’ expectations of the probability that the federation

be dissolved at time t + 1 if it is decided to maintain it united at time t. Note that, by

adding the superscript c, we allow this probability to be a function of centralization. Then

the expected discounted utility EtVt+1 has to satisfy

EtV
c
t+1 = (1−qct+1)[θ̄+b−c∆b+βEt+1V

c
t+2]+qct+1[b+Eρ(θ

i
t+1|dct+1 = 0)−cϕ+βEρvt+1]. (4.6)

Going back to the dissolution rule in (4.4), we can see that the social welfare of keeping the

federation united at time t is found on the left-hand side of (4.4), whereas that of dissolving

the federation is on the right-hand side of it. To derive some better intuition about what

forces drive the dissolution decisions, note that in (4.4) there is a single parameter of the

model that depends neither on the realization of the shocks nor on whether the federation

is a centralized or a decentralized one: θ̄. We can thus isolate it and obtain a condition

according to which the federation will be maintained if and only if

θ̄ ≥ 1

2

2∑
i=1

θit − c(ϕ−∆b)− β(EtV
c
t+1 − Eρvt+1). (4.7)

Thus it is warranted to dissolve the federation if the sheltering benefit is larger than

an endogenously determined threshold value, which it depends on three factors. First, the

lower θ̄ is, the less profitable it is to keep the federation united. The second term on the

right-hand side, c(ϕ −∆b), may be interpreted as the immediate secession cost induced by

centralization. It shows that upon dissolving the federation, the regions will capture the

immediate benefit ∆b not due to compromising anymore on the provision of public good,

but from reinvesting in their own institutions ex-post, which costs ϕ = δI + (1 − δ)∆I as

defined in (4.2). The analysis of the last term in (4.7) is a random variable and represents
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the long-run cost of keeping the federation united. Although it will be discussed soon, we can

thus derive proposition 8 on the immediate incentive to dissolve generated by centralization.

Proposition 8. Centralization generates an immediate cost of dissolution if ϕ > ∆b

and generates an immediate benefit to dissolve the federation otherwise.

Step 2 (b): dissolution rules under stationarity given qc

The last term on the right-hand side of (4.7) consists of the dynamic, or long-run effects of

centralization on the threshold value of θ̄ below which it is optimal to dissolve the federation

at {θ1
t , θ

2
t }. It captures the costs of becoming an independent country forever, as in case of a

secession, as compared to being able to insure against external shocks under unity. We can

account for the dynamics involved in the dissolution decisions by making use of the explicit

value functions as derived in equations (4.8) and (4.9), and by exploiting the stationarity

properties of the game.

Our solution method rests on the technique proposed by Shaked and Sutton (1984), and

makes use of the fact that if the realization of {θ1
t , θ

2
t } is the same at two different time

periods, say t and t + j, then both the optimal dissolution rule and the expectations about

the probability of future dissolutions, qc, must be identical at any two time periods for which

the same shocks are realized. Thus, it implies that in equilibrium qct = qct+1, vt = vt+1 and

that EtV
c
t+1 = Et+1V

c
t+2 ∀t, t + 1. We can thus remove the time indices on these functions,

and conveniently isolate Eρv in (4.5) to obtain a value function that is only a function of

exogenous parameters of the model:

Eρv =
1

1− β [b+ Eρ(θ
i
t)]. (4.8)

Likewise, we obtain the continuation value under unity:

EV c =
(1− qc)

1− β(1− qc) × [b− c∆b+ θ̄] +
qc

1− β(1− qc) × [b+ Eρ(θ
i
t|dc = 0)−ϕ+ βEρv] (4.9)
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Substituting (4.8) in (4.9) gives us a value function, under unity, that is also only a function

of the parameters of the model and of qc. Then, substituting (4.9) and (4.8) into the optimal

dissolution rule (4.4) we obtain more intuition about the dissolution rule, which becomes

θ̄ − c∆b
1− β(1− qc) ≥

(
1

2

2∑
i=1

θit − ϕ
)

+
β

1− β(1− qc)

 ∑
θ1t =0,1

∑
θ2t =0,1

ρ(θ1, θ2)dc(θ1, θ2)θ1 + cqcϕ

 .
(4.10)

Equation (4.10) is instructive by telling us more about the dynamic tradeoff that the

regions face upon deciding to dissolve the federation at time t. The left-hand side is infinitely

discounted at rate βt(1 − qc)t starting at t = 0. It encompasses the expected discounted

value of current and future insurance provided by the federation, net of the preference-

matching cost ∆b if the federation is maintained. The discount rate comes from the fact

that maintaining the federation today implies that it will potentially be dissolved next period

with the equilibrium probability qc.

The right-hand side of (4.10) consists of two terms. The first one, in parentheses, includes

the immediate welfare effect of dissolving the federation and is not discounted. It includes

the joint value of the shocks that are captured at time t net of the one-time immediate cost

of reinvesting in one’s state capacity, ϕ = δI + (1− δ)∆I. The second term encompasses the

future discounted value of the shocks that will be captured in states of the world {θ1
t , θ

2
t } in

which the federation would not be dissolved. The higher it is, and the more likely it is that

the federation be dissolved.

Step 2 (a): equilibrium political (in)stability

Up to now we have taken qc as given and we have treated it as an equilibrium probability

of dissolutions. However, it is endogenously determined by the secession rules. Thus, in

equilibrium, the probability of dissolutions or the equilibrium political instability in the
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model must satisfy

qc = 1− dc(1, 1)ρ(1, 1)− 2dc(1, 0)ρ(1, 0)− dc(0, 0)ρ(0, 0). (4.11)

Otherwise, qc cannot be an equilibrium dissolution value of the stationary game where

regions are rational and forward looking. Another fact that will help us characterize the

optimal political instability in the model is encompassed in proposition 9:

Proposition 9. If the federation is not dissolved when {1, 1} realizes, then it is never optimal

to dissolve it in any other state of the world. If the federation is not dissolved in state {1, 0}

or {0, 1} then it is never optimal to dissolve it in {0, 0}.

Proposition 9 simply states that the probability of dissolutions satisfies a monotonicity

condition with respect to (θ1
t + θ2

t ) according to which, if the federation is maintained in any

state of the world, it will also be maintained in any other state of the world in which the

sum of the realized shock is at least as small. The proof of the proposition is straightforward

and comes from (4.10), which depends on the current state of the world only through the

joint value of the realized shocks at time t.

Using equation (4.10) and the continuation values, one finds that

dc(1, 1) = 1 iff θ̄ ≥ βE(θ) + (1− β) · 1 + c(∆b− (1− β)ϕ) (4.12a)

dc(1, 0) = 1 iff θ̄ ≥ βE(θ) + (1− β) · 1

2
+ c(∆b− (1− β)ϕ) (4.12b)

dc(0, 0) = 1 iff θ̄ ≥ βE(θ) + (1− β) · 0 + c(∆b− (1− β)ϕ). (4.12c)

We know that if (4.12a) holds then (4.12b) and (4.12c) necessarily do. By the same token

we know that if (4.12b) holds then (4.12c) is verified. Accordingly, we can easily derive the
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equilibrium expectations for qc which satisfies

0 if θ̄ ≥ βE(θ) + (1− β) + c(∆b− (1− β)ϕ) (4.13a)

ρ(1, 1) if θ̄ ∈]βE(θ) + (1− β)/2 + c(∆b− (1− β)ϕ),

βE(θ) + (1− β) + c(∆b− (1− β)ϕ)] (4.13b)

ρ(1, 1) + 2ρ(1, 0) if θ̄ ∈]βE(θ) + c(∆b− (1− β)ϕ),

βE(θ) + (1− β)/2 + c(∆b− (1− β)ϕ)] (4.13c)

1 otherwise. (4.13d)

From (4.13a)-(4.13d) we obtain proposition 10:

Proposition 10. Centralization generates a long-run cost of dissolution if (1− β)ϕ >

∆b and generates a long-run benefit of dissolution otherwise.

This last result is illustrated by figures 4.1 and 4.2, which are respectively the cases

where a centralized federation is (weakly) more politically stable than a decentralized one,

and vice-versa. In each figure, the two vertical axes represent all of the possible values θ̄

can take. On the leftmost axis, we have added the bounds identified in (4.13a)-(4.13d) for

a decentralized federation. Those for a centralized federation are located on the rightmost

one. Looking at figure 4.1, it is clear that centralizing the federation sequentially generates a

net cost of dissolving the union resulting in more political stability. On the other hand, it is

clear from 4.2 that the bounds are shifted upwards when ∆b > (1− β)ϕ. This is an obvious

illustration that the argument defended by Dion (1996) can easily be reversed, and that it

is not obvious at the outset that more centralization will be associated with more political

stability.
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θ̄1

0

qc = 0

dc = 1 ∀{θ1, θ2}

qc = ρ(1, 1)

dc(·) = 0 at {1, 1} only

qc = ρ(1, 1) + 2ρ(1, 0)

dc(·) = 0 at {1, 1}, {1, 0} and {0, 1}

qc = 1

dc(·) = 0 ∀{θ1, θ2}

βE(θ) + (1− β)

βE(θ) + (1− β)/2

βE(θ)

βE(θ) + (1− β) + [∆b− (1− β)ϕ]

βE(θ) + (1− β)/2 + [∆b− (1− β)ϕ]

βE(θ) + [∆b− (1− β)ϕ]

Figure 4.1: Optimal political instability when ϕ > ∆b/(1− β)
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θ̄1

0

qc = 0

dc = 1 ∀{θ1, θ2}

qc = ρ(1, 1)

dc(·) = 0 at {1, 1} only

qc = ρ(1, 1) + 2ρ(1, 0)

dc(·) = 0 at {1, 1}, {1, 0} and {0, 1}

qc = 1

dc(·) = 0 ∀{θ1, θ2}

c
=

0

c
=

1

Figure 4.2: Optimal decision rules when ϕ < ∆b/(1− β)
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Centralization

At t = 0 and prior to any shocks having been realized, the regions have to decide whether

they centralize or decentralize the federation. At the time of making this decision, forward

looking regions will anticipate the effect of centralizing or decentralizing on their future joint

welfare. If the centralization decision is made rationally, then it must be decided that

 c = 0, if − I + EV 0 > −(I −∆I) + EV 1

c = 1, otherwise.
(4.14)

Notice that for simplicity, we have assumed that time between t = 0 and t = 1 is not

discounted, which does not affect the intuition. We thus obtain that centralization is optimal

if ∆I ≥ EV 1 −EV 0. We keep for future work the full characterization of this centralization

decision as a function of the parameters of the model. Since our main focus is to study the

effect of centralization itself on the probability of dissolutions, (4.14) is enough to obtain our

results.

4.3 Centralization without formal commitment

The complete constitution that we have characterized in section 4.2 is informative mainly

because it enriches the previous literature by clarifying what elements should be accounted

for when making a centralization decision in a federation. It concluded that, in addition

to generating preference-matching (net) costs of benefits, centralization can have the effect

of stabilizing the federation. This, however, is at the risk of missing welfare-improving

opportunities to secede and the equilibrium probability of dissolutions comes to modify the

discount rate at which the future costs and benefits from centralization have to be discounted.

More importantly, a complete constitution is also a useful benchmark as it achieves the

highest possible expected discounted utility when the regions make decisions behind the veil

136



of ignorance, and is equivalent to solving a social-planning problem. However, this last result

critically hinges on the assumption that the members of the federation can fully commit,

ex-ante, not to renege on the constitution after the resolution of uncertainty.

In this section we relax the assumption of full commitment. In fact, the constitutions of

most federations are at best ambiguous as to whether regions have the right to unilaterally

secede (Bordignon and Brusco, 2001). The Canadian constitution is a good example whereby

the ambiguity about the right to secede has had to be settled by the Supreme Court of Canada

which technically granted the right to provinces to leave the federation conditional on ‘a clear

majority’ of its citizens expressing this wish in a referendum.19 In a recent legal advice by

the International Court of Justice, the right of Kosovo to unilaterally secede from Serbia was

found to be in agreement with the prevailing international law.20 An even more compelling

example is the European Constitution which, prior to the Lisbon Treaty, clearly defined

the path to become a member of the union but which remained ostensibly silent on how to

leave it. This ambiguity has much significance in light of the recent events involving Greece,

who potentially could decide to leave the European monetary union through a referendary

process.21

Another contentious assumption with the complete constitution is that it must foresee

all possible future historical events, and condition the dissolution decisions on their eventual

realization. Even if writing such a complex contract was technically possible (which it is

not), implementing such a state-contingent constitution would imply that each state of the

world be verifiable by a third party and that, in turn, this third party would have enough

authority to enforce the contract at a very low cost.

The task at hand in this section is to create one more step towards realism, and to derive

19Reference re Secession of Quebec [1998], 2 S.C.R. 217, Supreme Court of Canada
20‘Accordance with international law of the unilateral declaration of independence in respect of Kosovo’

(Request for Advisory Opinion) - Advisory Opinion of 22 July 2010, International Court of Justice
21This has been suggested by the French President and the German Chancellor. The case of Greece in

the European Monetary Union is certainly one where the immediate benefits from leaving the Union would
generate costs to all other members of the monetary union.
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the optimal constitution when regions cannot commit to not renege on the contract once

the shocks have been realized. This enables us to analyze whether centralizing the public

sector can help to preserve the unity in the federation when it is impossible to write a state-

contingent constitution. By doing so, we ask a simple question: is leaving a centralized

federation is costlier than seceding from a decentralized one? If so, one might think of

centralization as a potential commitment mechanism to help preserve the united federation

when the full-commitment assumption is relaxed.

Analyzing whether such a commitment mechanism can and should be used is a subtle

problem. If the complete constitution, as we have derived it in section 4.2, is implementable

even when the assumption of full commitment is relaxed, then the optimal incomplete consti-

tution is necessarily identical to the optimal complete one. Using the common terminology

in contract theory, this means that the problem under scrutiny in this section is interesting

only if the complete constitution is not always renegotiation-proof (Dewatripont, 1988). In

other words, if it is possible that a region can eventually breach the contract, and if the

impossibility to commit to not renege on the constitution actually introduces such breaches

which here take the form of threats of unilateral secessions, then the optimal incomplete

constitution has to take that into account. It will either be modified so as to avoid such

unilateral secessions or, if they are inevitable, to reduce their adverse effects on welfare.

4.3.1 Credible threats of secessions

We study the problem of political stability and of centralization in a federation where any

region can unilaterally decide to leave the federation at any time-period. We thus need to

change the timing of the game. As before, a centralization decision is made at t = 0, as well

as dissolution decisions and state-contingent transfers. However, these dissolution decisions

cannot be enforced ex-post by a third party. A consequence is that the dissolution rules can

be judged credible by the regions as they form their expectations regarding future political
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instability only if, for all joint realizations of the shocks such that dc({θ1
t , θ

2
t }) = 1, both

regions independently find themselves better off within the federation than by seceding. The

timing of the game is now as follows:

t = 0 Ex-ante (veil of ignorance) period

The window of opportunity opens and both regions sign a constitution (equivalently, a

social contract). It specifies whether the institutions/state capacity will be decentral-

ized or centralized: c ∈ {0, 1};

Given c, the regions make a state-contingent dissolution decision dc({θ1
t , θ

2
t }) ∈ {0, 1}

and choose state-contingent transfers τ i({θ1
t , θ

2
t }) from region i to region j, i = 0, 1;

t > 0 Ex-post periods

1. Nature draws {θ1
t , θ

2
t } ⊂ {0, 1}2 according to the distribution ρ. The realized

shocks are common information;

2. If the federation is still in place at the beginning of the period, the federation is

maintained if and only if each region taken independently has an incentive not

to secede and if dc({θ1
t , θ

2
t }) = 1;

3. If both regions were independent at the beginning of the period, they remain so;

4. Payoffs are realized for period t and a new time-period begins.

First, we must find out whether the complete constitution can be an equilibrium of the

game above. If so, the regions will necessarily want to implement it as it maximizes joint

utility from an ex-ante standpoint. The complete constitution is an equilibrium here only if

no region ever has an incentive to renege on it at any state of the world. In the context of our

model, it means that if the complete constitution involves maintaining the federation given

some shocks, then it is now in both regions’ interest to voluntarily abide by this rule without
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any transfers being paid across jurisdictions in the equilibrium. Otherwise, we would have

to look for a new equilibrium. Let us first define the concept of renegotiation-proofness in

the context of this model:

Definition. Suppose that ex-post renegotiation is allowed. Then the complete constitution

derived in section 4.2 is renegotiation-proof if and only if, for any joint realizations of the

shocks {θ1
t , θ

2
t } where dc({θ1

t , θ
2
t }) = 1 with τ i({θ1

t , θ
2
t }) = 0 then each region would indepen-

dently choose to stay in the federation.

An easy way to characterize renegotiation-proof is to verify if a set of two incentive-

compatibility constraints, one for each region, hold in any state where it was previously

prescribed in order to prevent dissolution of the federation. These constraints are

θ̄ + b− c∆b+ βEV c ≥ θi + b− cϕ+ βv, i = 1, 2 (4.15)

where EV c is the same continuation value as before and where we have made direct use of

the stationarity properties of the game in order to remove all time indices. Equation (4.15)

is nothing more than the same condition as in (4.4) not summed across regions, as it is not

the joint welfare that interests us anymore. Using it we can characterize when dropping the

full-commitment assumption will modify our previous analysis.

Proposition 11. Renegotiation-proofness of the complete constitution. The complete con-

stitution is always renegotiation-proof for all realizations of the shocks unless the ex-ante

probability of dissolutions was qc = ρ(1, 1).

Proving proposition 11 can be done very simply and provides us with some important

intuition. First, one must notice that whenever the complete constitution prescribed a

dissolution, then the problem of renegotiation does not arise and renegotiation-proofness is

necessarily satisfied for all realizations of the shocks. Second, in any symmetric states of the
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world, namely {0, 0} and {1, 1}, the incentive-compatibility constraints (4.15) are equivalent

to maximizing the joint welfare as in (4.4) and renegotiation-proofness is guaranteed as well.

Unsurprisingly then, renegotiation would happen only when the regions’ ex-post interests

diverge, where the realized shocks are {1, 0} and {0, 1} and where the federation should

ideally be maintained united. Third, it is clear from (4.15) that for asymmetric realizations

of the shocks, if the incentive-compatibility constraint is satisfied for the region in which

θit = 1 then it is necessarily satisfied for that whose shock equals one. Thus, the complete

constitution is only renegotiation-proof for all {θ1
t , θ

2
t } if

θ̄ + b− c∆b+ βEV c ≥ 1 + b− cϕ+ βv, i = 1, 2

which is not satisfied only if, with full commitment, the federation was maintained only at

{1, 1}, {0, 1} and {1, 0}, or if the parameter values of the model satisfy

θ̄ ∈ [βE(θ) + (1− β)/2 + c(∆b− (1− β)ϕ), βE(θ) + (1− β) + c(∆b− (1− β)ϕ)].

This result gives us some interesting intuition. First, with values of θ̄ that were high

enough to ensure that qc = 0 the sheltering benefits of federalism are high enough to avoid

renegotiation when commitment is assumed away. Also, for values of θ̄ that were low enough

to warrant secessions in all states except {0, 0}, then dropping full commitment has no effect.

However, for intermediate values of θ̄ such that the federation was preserved in all states

except in {1, 1}, then an incentive to renege on the constitution now appears. For this reason,

henceforth we can only concentrate on this last family of cases.

4.3.2 The modified problem of the regions

At t = 0, the regions thus have to design dissolution rules and inter-jurisdictional transfers

that are renegotiation-proof. The problem is more simple than in section 4.2, since there are

141



only two ways of designing such a renegotiation-proof constitution. The first possibility is

that, when either {1, 0} or {0, 1} is realized, the region with the low realization of the shocks

will pay a transfer to the other region to convince it to stay. In this case the federation is no

more unstable than before, but the sequential renegotiation process involves a deadweight

loss and thus a loss of social welfare from an ex-ante point of view. The second possibility

arises when waging such a transfer is infeasible. In this case, the federation becomes more

unstable and the probability of dissolutions (including the unilateral secessions) increases

from ρ(1, 1) to ρ(1, 1) + 2ρ(1, 0). The first natural step at solving the problem is, therefore,

to determine whether it is possible to avoid unilateral secessions through the payment of

transfers.

Feasibility of transfers

We sometimes refer to transfers as constitutional amendments. They may be considered so

if it is impossible to enshrine state-specific inter-jurisdictional transfers into the constitution.

In this case, the transfers will be determined by a process, discussed later in this chapter,

upon the realization of an asymmetric state of the world.

Let us first suppose that it is possible to keep the federation united in the asymmetrical

states of the world with a transfer. This implies that an amendment is feasible. Note that

we call it an amendment since it is a transfer of utility, but that it may be thought of as

being a financial transfer as well. The Bellman equation has to include the fact that each

time that an asymmetrical state of the world will be realized, costly transfers will have to

be paid. Thus, taking the transfer as given for the time being, and using the fact that the

equilibrium probability of dissolutions remains unchanged (as transfers prevent inefficient

secessions from happening), the Bellman equation has to satisfy

EV̂ c = (1−qc)×[b−c∆b+θ̄+βEV c]−ρ(1, 0)λτ(c)+qc×[b+Eρ(θ
1
t |dc = 0)−cϕ+βEρv] (4.16)
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where the right-hand side is similar to the Bellman equation that we had characterized before,

except for the term −ρ(1, 0)λτ(c) that reflects the fact that every time an asymmetrical state

of the world is realized, the region at the receiving end of the transfer process gets a portion

λ of its potential transfer being wasted. Still, isolating the function we obtain

EV̂ c = EV c − 1

1− β(1− qc)ρ(1, 0)λτ(c). (4.17)

Notice that in (4.17) the probability qc equals ρ(1, 1) is the same as in the complete

constitution. Thus, provided that a transfer is feasible (i.e. that λ is small enough) the

transfer inherent to the lack of commitment allows the federation to be as politically stable

as before, but at a loss of joint social welfare in the continuation value under unity.22

Let us simplify our previous equation by denoting

Λ(qc) =
1

1− β(1− qc) = β(1− qc) + β2(1− qc)2 + . . . (4.18)

and we will denote the current dynamic net surplus, net of current shocks and net of transfers

as

Sc = θ̄ + βEV c − βEρv − c∆b+ cϕ. (4.19)

The significance of this last expression is that, without any transfer being paid, region i would

stay in the federation only if the dynamic (i.e. infinitely discounted) surplus of staying in

the federation, net of what it would obtain by seceding and of the current value of the shock,

is non-negative, or if Sc ≥ 0. The IC constraint without transfer can be re-expressed as

Sc − θ1
t ≥ 0. (4.20)

22In the case where the complete constitution is implementable as it is, i.e. when the complete constitution
is renegotiation-proof without transfers or if there are no credible threats of unilateral secessions, then the
Bellman equation is simply EV c.
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Notice that under credible threats of unilateral secessions, we know that

Sc > 0 > Sc − 1 (4.21)

and that, if the federation may be preserved via the payment of transfers at {1, 0} and {0, 1}

then

2Sc − 1 > 0. (4.22)

Since, for now, we want to remain agnostic as to how the transfers are set in equilibrium

but want to determine under what condition transfers are feasible at all, we can find the

lower and upper bounds and then verify when it occurs that the set of feasible transfers is

not empty.

Lower bound for constitutional amendments

To characterize the magnitude of transfers and also their existence, we have to determine

both the smallest and the largest transfers that can be observed in equilibrium. First,

τmin must make the region with a high shock indifferent between staying and leaving. The

condition is therefore

θ̄ − c∆b+ (1− λ)τmin + βEV c − βΛ(qc)ρ(1, 0)λτmin = 1 + βEρv − cϕ.

We can rewrite this expression as

(Sc − 1) + (1− λ)τmin − βΛ(qc)ρ(1, 0)λτmin ≥ 0

so

τmin =
(1− Sc)

1− λ[1 + βΛ(qc)ρ(0, 1)]
> 0. (4.23)

The logic behind this lower bound is as follows: To induce the region with a high shock

to stay in the federation, there exists a number (1 − λ)τ that induces the region with the

144



high shock to not apply its threat of secession. At the same time, the term −βΛρλτ captures

the fact that this transfers themselves are wasteful. Thus, to be able to have a solution at

all, it must be that the transfer allows the region to stay – or that

1− λ > βΛρ(1, 0)λ

where the left-hand side is the static effect of the transfer, and the right-hand side is its

dynamic effect. A condition for it to be feasible is to have

λ <
1

1 + βΛρ(1, 0)
(4.24)

Upper bound for constitutional amendments

Similarly, the maximum transfer leaves the region with the low shock indifferent be-

tween staying and leaving. It thus maintains the federation united at the highest possible

deadweight loss. Therefore, τmax has to satisfy

θ̄ − c∆b− τ(c) + βEV c − βΛ(qc)ρ(1, 0)λτmax ≥ βEρv − cϕ.

Notice that for the region that is at the giving end of the transfer process, the intuition

is simpler since both the current and the future effects of increasing transfers are negative.

They thus generate, at the margin, a disincentive to stay in the federation. Isolating the

transfer we obtain that

τmax =
Sc

1 + λβΛ(qc)ρ(1, 0)
. (4.25)

Is the set of feasible amendments empty?

As we have seen before, if the transfer process were not generating any inefficiencies, or

if λ = 0, then a negotiated solution would always be possible. On the other hand, if it were

equal to one, we know that transferring surplus from one region to the other would not be
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possible and such a solution would not exist. Thus, it is natural to characterize the existence

of a negotiated constitutional amendment in terms of a threshold on λ.

For the set of possible transfers to be non-empty, or equivalently for the set [τmin, τmax]

to be nonempty, it is required that

τmin < τmax.

We can express the condition as

0 <
1− Sc

1− λ[1 + βΛ(qc)ρ(0, 1)]
≤ Sc

1 + λβΛ(qc)ρ(1, 0)

which requires that

λ ≤ λ̂c =
2Sc − 1

Sc + βΛ(qc)ρ(1, 0)
(4.26)

With strict equality the transfer is uniquely defined, τmin = τmax and the set of feasible

transfers is a singleton. Otherwise there is a wide array of transfers that can possibly be

implemented in equilibrium.

Equation (4.26) sits at the heart of the question that we are trying to answer: can central-

ization or decentralization be used as a commitment mechanism to mitigate the inefficiencies

due to the absence of commitment? The equation tells us that there exists a critical value

λ̂ below which λ has to lie for inefficient secessions to be avoided. This value depends on Sc

which, in turn, depends on centralization.

∆Sc

∆c

∣∣∣∣
q1=q2

 ≥ 0 if ∆b ≤ (1− β)ϕ

< 0 otherwise.
(4.27)

Thus, it may be possible to avoid unilateral secessions under centralization while not under

decentralization, and vice-versa.

Proposition 12. λ̂1 ≥ λ̂0 if and only if ∆b ≤ (1− β)ϕ.
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4.3.3 Equilibrium transfers

Even if we know the values of λ for which it is possible to maintain the federation in states

(1, 0) and (0, 1), the transfer that will effectively be paid can lie anywhere on the interval

[τmin(c), τmax(c)]. To find the equilibrium transfer, we model the renegotiation process as

a Nash-bargaining problem between regions 1 and 2. By doing so, we ponder that the

equilibrium value of the transfers is endogenously affected by the environment not only

through the bargaining power α, but also via the bargaining power and stances of each

region.

The problem is characterized using a Nash-bargaining solution. It is formulated as

max
τ(c)

[θ̄−c∆b+(1−λ)τ c+βEV̂ c−1−βEρv−cϕ]α×[θ̄−c∆b−τ c+βEV̂ c−βEρv−cϕ]1−α (4.28)

subject to

τt(c) = τt+1(c) ∀ t (4.29)

and

τt(c) ∈ [τmin(c), τmax(c)]. (4.30)

The parameter α ∈ [0, 1] represents the bargaining power of the secessionist region, for

which the realized shock at time t equals one. We model the bargaining power in this way

to emphasize the importance of the institutional context in which the negotiation process

takes place, as α may well represent the anticipation of the eventual bargaining power of

a secessionist region.23 In one extreme case where α = 1, we obtain a situation where the

secessionist region can make take-it or leave-it offers. This may happen when, for example,

it is granted the right to unilaterally secede by the legal environment or if it is confident

enough that, as a new country, it will be easily recognized by its peers. For example, the

23The Nash-bargaining problem yields the same outcome as an alternative-offers game à la Rubinstein
where α/(1 − α) represents the relative patience of the secessionist region. See Muthoo (1999) for more
details.
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International Court of Justice ruled, in the case of Kosovo:

The Court has concluded above that the option of the declaration independence of 17

February 2008 did not violate international law, Security council resolution 1244(1999)

or the Constitutional Framework. Consequently the adoption of that declaration did

not violate any applicable rule of international law. (Par. 122. International Court of

Justice, 22 July 2010)

At the other extreme, if it is possible for the region with a low realized shock to make

a take-it or leave-it offer to the secessionist one, then α = 0. As an illustration, the French

Minister of Foreign Affairs said, after the announcement that the Greek government would

hold a referendum about a debt bailout plan:

The referendum raises a fundamental question: do you or do you not want to remain in

the eurozone, because if you do not accept the accord, then that means not staying in

the eurozone. (Jean Leonetti, France’s European affairs minister, as quoted by Reuters,

2 November 2011).

Finally, and on a milder account, a legal opinion by the Supreme Court of Canada,

as requested by the Canadian government, confirmed the obligation of both a secessionist

Quebec and the rest of Canada to negotiate an agreement in good faith, which would be

consistent with some α ∈ (0, 1) :

A clear majority vote in Quebec on a clear question in favour of secession would confer

democratic legitimacy on the secession initiative which all of the other participants in

Confederation would have to recognize. [...] The negotiation process would require the

reconciliation of various rights and obligations by negotiation between two legitimate

majorities, namely, the majority of the population of Quebec, and that of Canada as

a whole. A political majority at either level that does not act in accordance with

the underlying constitutional principles puts at risk the legitimacy of the exercise of
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its rights, and the ultimate acceptance of the result by the international community.

(Supreme Court of Canada, 20 August 1998)

First, taking for granted that the set of feasible constitutional amendments is non-empty,

and taking into account that EV̂ already encompasses (4.30), an interior solution for the

equilibrium transfer solves

max
τc

[Sc − 1 + (1− λ)τ c − βΛ(qc)ρ(1, 0)λτ c]α × [Sc − τ c − βΛ(qc)ρ(1, 0)λτ c]1−α. (4.31)

The solution to (4.31) gives a simple and intuitive solution, which is

τ c = ατmax + (1− α)τmin. (4.32)

Thus, if α = 0 then the secessionist region has no bargaining power and τ ∗(c) = τmin(c)

whereas if α = 1 the secessionist region has all bargaining power and τ ∗(c) = τmax(c). There-

fore the equilibrium transfer τ ∗(c) can be straightforwardly expressed as a linear combination

of these two values. Also, as τmin(c) < τmax(c) it implies that
∂τ ∗(c)

∂α
> 0. Thus, for a given

centralization decision c, the institutional context in which renegotiation happens, captured

by α, matters.

The effect of centralization on τ c

The renegotiation process, and deadweight loss associated to the payment of transfers

that it entails, implies a long-run welfare cost. Does centralization affect the size of the

equilibrium transfer? The change in τ(c) when c goes from zero to one is presented in (4.33).

∆τ c

∆c



[
α

∆τmax

∆Sc
+ (1− α)

∆τmin

∆Sc

]
∆Sc

∆c
, if λ̂1, λ̂0 ≤ λ

τ 1 if λ̂1 < λ < λ̂0

τ 2 if λ̂0 < λ < λ̂1

∅ otherwise.

(4.33)
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The last three lines of (4.33) give us an obvious answer: if it is only possible to preserve

the federation with the payment of transfers under centralization, then centralizing increases

the equilibrium transfer. The opposite is true as well. However, the interesting result here

lies in the first line of the equation. It tells us how the equilibrium transfer changes with

centralization. As it turns out, ∆τ(c)/∆c can take either sign depending on the magnitude

of both λ and α. Taking the explicit value for all of these expressions, we find that

∆τ c

∆c
=

[
α

1

1 + βΛ(qc)ρ(1, 0)λ
− (1− α)

1

1− λ− βΛ(qc)ρ(1, 0)λ

]
︸ ︷︷ ︸

≥ 0 if α ≥ α̂ =
1 + βΛ(qc)ρ(1, 0)λ

2− λ

∂Sc

∂c
. (4.34)

Equation (4.34) implies that whether centralization increases or reduces equilibrium

transfers rests on the interaction between two elements: λ and the bargaining environment

α. Let us start with the case where ∆Sc/∆c > 0, which happens when ∆b < (1 − β)ϕ. In

this case, centralizing increases the total surplus that is bargained over by the two regions

if a credible threat of secession happens. If the bargaining power of the secessionist region

is large enough, larger than a threshold α̂, then the region that threatens seceding takes

advantage of this increased surplus and centralization increases the equilibrium transfer. If

α is small enough however, the region that wants to keep the federation united wins out,

and the transfer declines. A reverse argument holds if ∆Sc/∆c < 0.

4.3.4 Centralization

We can also give more details on how the absence of commitment induces the regions, in the

first period, to centralize more or less. Recall that, under full commitment, the federation

was centralized if the condition

∆I ≥ V 0 − V 1 (4.35)
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was satisfied. The new criterion is similar to (4.35) since centralization happens if the initial

efficiency benefit of centralizing, ∆I, is at least as large as the expected discounted sum of

future costs that it induces. The difference without commitment is that the value functions

on the right-hand side are now modified given c if the federation is not renegotiation-proof.

We look at each possible case in turn.

A first set of cases, which are trivial, occurs when the complete constitution is renegotiation-

proof under centralization but not under decentralization. If it is renegotiation-proof under

centralization only, the regions have an additional incentive to centralize in order to possibly

avoid the costs associated with either inefficient secessions or with those due to the pay-

ment of transfers. The opposite is true if the complete constitution is renegotiation-proof

only under decentralization. Centralization or decentralization can thus act as an obvious

commitment device so as to avoid the costs of renegotiation.24

A second family of cases is when there doesn’t exist any transfers to maintain the fed-

eration. In such case, the value function under either centralization or decentralization is

denoted by V c < V c where V c is defined in the same way as V c in (4.9), but where the

probability of dissolution passes from ρ(1, 1) to ρ(1, 1)+2ρ(1, 0). The centralization criterion

here becomes

∆I ≥ V 0 − V 1

which is greater than or equal to the right-hand side of (4.35) if ∆b ≥ (1−β)ϕ and vice-versa.

A third set of cases is when the federation can be maintained through the payment of

transfers under both centralization and decentralization. In this case, the new centralization

criterion becomes

∆I ≥ βV 0 − βV 1 − Λ(qc)ρ(1, 0)
∆τ(c)

∆c

where the last term is governed by (4.34). In this case, whether the federation is more

24Obviously, it does not mean that the regions will necessarily modify their original centralization decision,
but it means that the threshold for which ∆I above which centralization happens becomes smaller.
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or less likely to be centralized depends, as we have explained before, on both the relative

bargaining power and on λ. Here, it is clear that the regions will have an incentive to modify

their centralization decision so as to avoid the costs of constitutional renegotiations.

Finally, there are cases where the federation can be maintained through the payment of

transfers under centralization and not under centralization, and the opposite. Taking the

first case as an example, the centralization decision is

∆I ≥ V 0 − V 1 + Λ(qc)ρ(1, 0)τ(1).

Therefore, the federation is more likely to be centralized if

V 0 − V 0 ≥ Λ(qc)ρ(1, 0)τ(1)

or if the infinitely discounted expected social loss due to allowing inefficient secessions under

centralization is larger than the discounted deadweight loss associated with paying transfers

under renegotiation. As it turns out, this inequality may or may not hold, but it is a necessary

condition for decentralization to be a commitment device. Similarly, if the federation can

be maintained with transfers under decentralization only, then the necessary condition for

centralization to be a commitment device is

V 1 − V 1 ≥ Λ(qc)ρ(1, 0)τ(0).

Additional remarks

Although our model provides some simple intuition about the costs and benefits of central-

ization, it rests on assumptions that we find important to discuss further. First, it is assumed

that the federation consists of only two regions. The two regions may be thought of as being

two groups of members of the federation, whose interests are aligned. More importantly,
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assuming that the federation is a two-region one allows us to get around some additional

problems. For example, in a multi-region setting the renegotiation problem would be subject

to a Samaritan’s dilemma and it would not be clear what region would finally pay for the

transfer. A second assumption is that of symmetric information between the two regions.

Under this assumption, we ruled out the possibility that a region would threaten seceding

without having a real interest in doing so. Issues related to ‘cheap talk’ could be studied in

a framework with asymmetric information. We keep this for future research.

Finally, we justify the impossibility to commit by arguing that a constitution is not a

complete contract, and that dissolution rules cannot be made state-contingent. However,

even under an incomplete constitution it would not be impossible to give non-secessionist

regions a veto power in case of secession threats. Although we also keep this analysis for

future research, it is clear that some of the intuition that we have derived would be reversed.

For instance, although secession rules would prevent inefficient secessions at no cost, it

could also prevent efficient dissolutions from happening which would generate a renegotiation

process when the federation should, perhaps, have been dissolved.

4.4 Conclusion

In this chapter, we have reexamined the classical problem of centralization in a federation.

We have done so in an environment where the size of the public sector affects the incentives

to either dissolve the federation on efficiency grounds, or to unilaterally secede. We have

characterized the effect of centraliza shown how this affects the optimal decision to centralize

the provision of public goods. Our results have been derived in two different institutional

environments. First, we have characterized the optimal centralization decision when regions

can commit, ex-ante, to not renege on a complete constitution. We have then derived the

optimal centralization decision when the constitution, being an incomplete contract, had

to be renegotiation-proof in equilibrium. The novel feature of our approach is that, in a
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dynamic framework, we model the centralization of the public sector as influencing both the

immediate cost to secede from the federation, and also the cost of keeping it united in the

long-run.

Our dynamic analysis first shows that centralization, even when it generates an immediate

cost to secede, does not necessarily improve the political stability of the federation. Because

a centralized provision of public goods and services may not suit the local preferences of

each region as well as a decentralized provision would, centralization may reduce the long-

run viability of a united federation. In a centralized federation, a secessionist region would

therefore be more inclined to secede if it judged that these immediate secession costs were

worth paying in order to avoid staying in a federation that would provide its citizens with

too low a level of utility in the future.

In our model, the probability of dissolution of the federation is therefore endogenously

determined by the centralization decision which, in turn, depends on the latter probability.

We argue that the effect of centralizing the public sector on the probability that the federation

will be dissolved in the future must be accounted for when solving the fiscal assignment

problem, and when designing the institutional features of a country.

Finally, our analysis shows that if it is impossible for the regions in the federation to

commit to not threatening unilateral secession, and that if such threats are credible, then

the centralization problem must encompass some costs and benefits which are absent in the

literature so far. First, if it is expected that such threats will effectively lead to secessions, the

discount factor at which the costs and benefits associated with centralizing the public sector

must be adjusted accordingly, and, in an optimally incomplete constitution, centralization

becomes less advised than under full-commitment. Second, credible threats of secession can

also lead to future amendments of the constitution. Should this happen, centralizing the

public sector would be more advisable than under the assumption of full-commitment if it

reduced the expected transaction costs of renegotiating the constitution. Whether this is
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the case or not has been found to depend not only on the comparative value of the short-

run costs of secessions associated to centralization versus the long-run benefits of keeping

the federation united, but also on the expected relative bargaining power of a secessionist

region. In such cases, reducing the expected costs of renegotiation can be achieved either by

centralizing more, or by decentralizing.
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Chapter 5

Conclusion

This thesis has focused on some aspects of policy design in the event of time-consistency

problems. In the first chapter, we have characterized optimal intra- and inter-generational

redistributive tax policies when the government cannot necessarily commit. Special emphasis

has been put on the optimal pre-funding of public pensions. In a dynamically inefficient

economy, we showed that optimal public pensions are pay-as-you-go. But if households have

private information and the government can commit, we showed that the optimal structure

on the pension system affects the marginal cost of inducing self-selection and can be either

more or less pre-funded than with a first-best policy.

If the government cannot commit and has an incentive to inefficiently use the households’

revealed information, we showed that a second-best pension system can be sustainable even

when commitment is assumed away. If it is not, it may be optimal to either increase or

reduce the pre-funding of pensions.This allows the government to lessen the adverse effects

of time-inconsistency. Without commitment, the optimal policy induces individuals to not

smooth consumption over the life-cycle, and to consume more when young than when retired.

Without commitment, the optimal policy discourages individuals from smooth consumption

over the life-cycle and induces them to consume more when young than when retired.

Our results give rise to some important policy reflections, particularly regarding the pre-

funding of public pensions and whether or not governments should induce households to
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smooth their consumption over the life-cycle. On the first issue, we have certainly provided

a good argument in favor of taking into account the commitment value of pre-funding (either

more or less) social security systems. This should, therefore, be taken into account in the

cost-benefits analyses that are made when public pension systems are set up or reformed.

On the second issue, we have provided an interesting challenge to the intuition that a good

pension policy involves inducing individuals to smooth their consumption over the life-cycle.

As we have shown, displacing some consumption to earlier periods of life may have some

appreciable properties for self-selection.

On the more technical side of things, there is still much to be achieved in the design

of reputation games between governments and overlapping generations of households. We

believe that the ‘punishment strategy’ we have presented rests on the realistic intuition

that citizens will eventually distrust a government that continually reneges on its promises.

If this lack of trust pushes the economy towards an inferior equilibrium that is somewhat

persistent over time, the government is then deterred from behaving in a time-inconsistent

way. However, it is true that the characterization of such equilibria has to be refined.

For example, although our focus on Perfect Bayesian equilibria simplifies the analysis and

provides some valid intuition, it does require households to both coordinate and to commit

to a punishment strategy that may not be subgame perfect.

In the second essay, we analyzed optimal public pensions when households, due to a

lack of self-control, fail to smooth their consumption over the life-cycle and are tempted by

immediate consumption at the expense of saving for their retirement. We compared the

optimal payroll tax rates and the redistributive features of social security schemes under two

normative criteria. In the first instance, the government assumes that households behave

time-inconsistently and that they discount future time-periods at an inappropriate rate. This

approach is consistent with households being myopic in making consumption-saving decisions

and later regretting having saved too little for their retirement. It justifies a paternalistic
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pension policy that exhibits forced savings and little redistribution through the social security

system. We obtain that the optimal policy, which no longer rests on paternalistic grounds,

may exhibit higher tax rates and even less redistribution than under myopia. Higher payroll

taxes tend to reduce the mental cost of exerting self-control. Simultaneously, redistributing

less through public pensions reduces the distortionary costs of taxation.

The importance of our results goes beyond simply providing a new rationale for forced

savings. Our results convincingly show that a government does not necessarily act on account

of a paternalistic social welfare function when it forces individuals to pay. They also show

that when individuals understand that the government acts in the households’ own interest,

the effects of payroll taxation are much smaller than those of models in which the government

provides some “forced commitment.”

Needless to say, the model we have presented is quite a simplified one. Working out the

problem this way allowed us to clearly identify the difference in economic impact between

redistribution and payroll taxation when households value commitment in the early periods

of their lives. Comparing the optimal policies under both types of models in a more general

environment, such as by calibrating a more complex economy with capital accumulation,

would certainly add to the current knowledge. Generally speaking, the second essay of this

thesis has shown how the field of optimal taxation could benefit even more from interacting

with that of behavioral economics.

Finally, we have considered the costs and benefits of centralization in a federation. In

the model, centralization affects the probability of the unions survival. For environments in

which the members of the federation can or cannot commit to unilaterally secede in future

periods, we showed that the level of centralization of the public sector endogenously modifies

the probability of dissolution of the federation. In the dynamic analysis, we have put to the

test the intuition that centralization may improve the political stability of the federation.

Seceding from a centralized federation may be costlier, as it would require the newborn
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country to massively re-invest in its own institutions. We maintain that this is true only if

the immediate secession costs associated with a centralized public sector outweigh the long-

term welfare costs it also generates under a united federation. We also discussed optimal

centralization rules under both full and no-commitment, namely when the constitution is

either a complete or incomplete contract. In the latter case, centralization can either be used

as a commitment device to avoid inefficient unilateral secessions, or as a way to reduce the

transaction costs associated with the negotiation of future constitutional amendments.

Over the last few years, the field of fiscal federalism has garnered less interest from

researchers. At the same time, the number of jurisdictions that became part of some type of

political union has increased. For instance, the European construction process has continued,

along with the world trade integration. We believe that the recent debt crisis in Europe has

stressed the importance of better understanding how to enhance the stability of such political

unions. Although the third essay of this thesis is only a starting point on the subject, we

have shown that one may realistically think that changing the institutional structure of

multi-national political organization may seriously change the political incentives of those

who manage them on a day-to-day basis.
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Appendix A

Mathematical Appendix

A.1 Temptation, Self-Control and Redistributive Public Pensions

A.1.1 Comparative statics: life-cyclers

We know that if si > 0 then in equilibrium dxi = dyi. Total differentiation with respect to

τ and si gives

−dsi − wiLidτ = dsi + αwiLidτ + (1− α)E[wL]dτ.

Isolating dsi/dτ we get

∂si

∂τ
= −1

2
[wiLi + αwiLi + (1− α)E[wL]]

so

∂si

∂τ
:


< 0 ∀i, if α > 0

< 0 if α < 0 and (1− α)E[wL] + (1 + α)wiLi > 0

> 0, otherwise.

(A.1)

The partial derivative is trivially null if si = 0. Now totally differentiating with respect

to α and si we obtain

−dsi = dsi + τ [wiLi − E[wL]]dα.
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We therefore obtain that,

∂si

∂α
:

 ≤ 0, if wiLi ≥ E[wL]

> 0, otherwise.

This means that for an individual i whose income is larger than the average income, savings

decrease when the pension system becomes more redistributive, and vice-versa. Finally,

using the first-order condition for labor supply, we know that whenever si > 0 ϕ′′(Li)dLi =

−(1− α)widτ + τwidα. Therefore

∂Li

∂τ
=
−(1− α)wi

ϕ′′(Li)
< 0

as long as α < 1. We can also obtain

∂Li

∂α
=

τwi

ϕ′′(Li)
> 0.

Let us now derive some comparative for Li when si = 0. Because we know that ϕ′(Li) =

(1− τ)wi + ατu′(yi)/u′(xi) < wi(1− τ(1− α)). We therefore know that

∂Li

∂τ
<
−(1− α)wi

ϕ′′(Li)
< 0.

As one can see, when si > 0 the distortion of labor supply comes from the fact that the

system redistributes. When si = 0, independently of how redistributive the system is,

taxation generates an additional distortion because individuals cannot reduce their savings

in order to smooth income across periods. By the same token we know that

∂Li

∂α
>

τwi

ϕ′′(Li)
> 0.
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By making the system more contributory-based, the aforementioned additional distortion is

partly mitigated, thus increasing labor supply.

A.1.2 Comparative statics with self-control preferences

As we have explained, a household will react in exactly the same way to a policy {τ, α}

under both the self-control and the present-biased preferences. We can thus derive some

comparative for both models at the same time. Let us first use the first-order condition with

respect to savings in an interior solution, which gives −[u′(x)) +λv′(xi)] +u′(yi) = 0. Taking

the total derivative while assuming that dα = 0, we obtain that

∂si

∂τ

∣∣∣∣
α>0

= −(u′′(xi) + λv′′(xi))wiLi + αu′′(yi)wiLi + (1− α)u′′(yi)E[wL]

u′′(xi) + λv′′(xi) + u′′(yi)
< 0.

The sign of the derivative comes from the signs of u′′ and v′′, and also from the fact that

if v′′ > 0, the savings of a household with u′′(xi) + λv′′(xi) > u′′(yi) are characterized by a

corner solution. For α < 0 one can verify that ∂si/∂τ > 0 for the richest households for

whom si > 0, or if wiLi ≥ (1− α)u′′(yi)

u′′(xi) + λv′′(xi) + αu′′(yi)
E[wL].

Taking the total derivative of the first-order condition, assuming dτ = 0 and isolating

also gives us

∂si

∂α
= − τ(wiLi − E[wL])

u′′(xi) + λv′′(yi) + u′′(yi)

which is greater than zero if an individual’s income is greater than the average gross income

in the economy.

We can now derive the comparative statics for the labor supply Li. Note that because

the individual’s labour supply is given by his first-order condition with respect to L̂, which

is located where the utility function is strictly concave with respect to L, we have that
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∂MRSi/∂τ < 0 if si = 0 and that it equals zero otherwise. Thus, if si = 0

∂Li

∂τ
= −w(1− α)

ϕ′′(L)
< 0.

If si = 0 we obtain that

∂Li

∂τ
< 0

by the same argument as before.

A.1.3 Properties of self-control preferences with v′′ > 0

This section aims at showing that even if the individual maximizes u(xi) + λv(xi) + u(yi),

which is not necessarily globally concave, the optimal labour supply and saving decision of

the individual is given by his first-order conditions. In other words, we show that Li and si as

obtained in (3.46) and (3.44), indeed characterize the unique maximum for the individual’s

problem. The assumptions on which this result rests are that the cost of supplying labour

is inserved into u and v in the first period, and that u′ > 0.

For s let us call ŝ the savings such that −u′(x) + u′(y) = 0. Let us divide the possible

domain for savings as ]0, ŝ] ∪ [ŝ,∞[. We thus know that the optimum savings with the self-

control problem lies on ]0, ŝ]. As ∃s∗ < ŝ such that −u′(x) − λv′(xi) + u(yi) = 0 we need

to show that this characterizes a maximum in an interior solution. This is the case as

u(x) +λv(x) is strictly decreasing in s on this domain, whereas u(y) is strictly increasing on

it.

For L, let us define the function x(L) = (1−τ)wL−ϕ(L)−s. First, we know that given the

conditions on ϕ(·) and taking s as given, we know that there exists a unique global maximum

solving maxL x(L) and that it is given by the first-order condition (1−τ)w−ϕ′(L) = 0. Let us

denote the solution by L̂. Second, it is trivial to show that for any strictly increasing function

σ(x) of x(L), the solution to maxL σ(x(L)) is L̂. Note that the only condition that we impose
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on σ is that it be strictly increasing in x(L), but that it can be convex or concave. Third, we

can show that the unique solution to maxL σ(x(L)) + u(y(L)), for ∂y/∂L > 0 lies on ]L̂,∞]

and that it is characterized by the first-order condition σ′(x)xL + u′(y)yL = 0. Because u is

strictly increasing in L, the global maximum has to be greater than L̂. We can show that

σx(x)xL = −u′(y)yL can be satisfied for only one L. By the intermediate value theorem, both

curves can only cross once, and this is the global maximum given that u′ is never decreasing.

A similar proof can be done for yL < 0, which provides a global maximum smaller than L̂.

Finally, denoting σ(x) ≡ u(x) + λv(x) establishes that the first-order condition can be used.

A.2 Centralization and the political stability of federations

A.2.1 Shocks and risk-aversion

Although the preferences we use in the paper are linear, the regions can be thought of as

being risk averse with respect to the uncertainty generated by future shock. The problems of

regions can be thought of as being fully insured against these shocks as long as the federation

remains united. To provide a clearer interpretation in terms of risk-aversion, let us suppose

that an independent region can face a stochastic payoff x ∈ {x, x} each period, with x < x.

Citizens value these payoffs according to the strictly concave utility function u(·). Note that

this can be interpreted as the regions having quasi-linear preferences, with the non-linear

part being with respect to x.

Let us assume that u(x) = 0 and u(x̄) = 1. Consistently with our previous assumptions

on the joint probability distribution of the shocks, we model the probability of a high payoff

x̄ as being ρ(x̄, x̄) + ρ(x̄, x) = p. Because citizens are risk-averse with respect to x, it must

be that

u(px̄+ (1− p)x) > pu(x̄) + (1− p)u(x)

where the left-hand side takes the value θ̄. As long as θ̄ is at least as large as the certainty
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equivalent under risk, or if θ̄ ≥ ρ(x̄, x̄) + ρ(x̄, x).

Therefore, prior to the value of the shocks being realized, our model can be interpreted

as a choice between a lottery or a sure bet, the latter providing at least as much utility

as the former. Our problem is thus one of (self-)insurance against future shocks with the

mechanism being to stay in the federation for at least one more period. However, once the

regions have observed the current shocks at period t, it is important to note that the realized

values of {θ1
t , θ

2
t } do not affect the ability of the regions to obtain a payment of θ̄ by not

dissolving the federation. In some specific cases, especially those featuring financial insurance

such as equalization mechanisms, this assumption would need to be relaxed. However, our

model suits most types of uncertainty (i.e. trade shocks, security shocks, long-run financial

insurance) that countries may face, and it allows us to obtain a clear and insightful analytical

solution for our dynamic model.
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