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Abstract

Incentive problems arise in many economic relationships, between workers and
firms as well as between those agents and the fiscal authority. If it is well
known, in fact, that labor contracts tying wages to performance may mitigate
the efficiency costs from unobservable effort, it is also an empirical fact that real
word contracts, and the incentives provided wherein, are more frequently based
on some sort of non-monetary compensation - fringe-benefits, or perks, as they
are called. As a result, the fiscal authority is more often called to decide on the
eligibility of those perquisite goods and, therefore, on their taxability.

In spite of their diffusion, however, there is still little consensus among re-
searchers on the reasons why perks should be provided, and what their effect
on welfare might me. The standard explanation for perks usually relies on some
form of agency problem. However, monitoring concerns are certainly less rele-
vant when dealing with a fiscal authority, that, for the most part, may monitor
the provision of perks better than the payment of cash.

Motivated by the concerns about how fringe benefits may restrict the revenue
collection problem and affect the redistribution of resources and incentives, this
research aims at investigating the relationship between the provision of perks
and i) the progressivity /regressivity of the optimal transfer-tax system, and ii)
the top-income marginal tax rate.

To the best of our knowledge, this thesis constitutes the first theoretical at-
tempt to deal with the issue at hand. In fact, all existing papers that analyti-
cally study the moral hazard problem with perks, either focus on their effect on
the effort responsiveness to monetary incentives, or they study the cash-perks
substitutability in the optimal labor contract, absent any consideration for the
insurance/incentive purposes of income taxation. To some extent, we also con-
tribute to the literature on optimal taxation, by emphasizing the connection
between the agents’ responses to the fiscal system and the structure of the labor
market.

Methodologically, we investigate our research agenda by following two different
approaches. In Chapter 2, we develop a static version of a standard stochas-
tic Ramsey’s problem with a representative agent and an utilitarian, resource-
seeking government who takes the post of the principal and owner of the only
firm in the economy. When designing the optimal rules for cash payment and
perk provision, the government, who is constrained by his budget balance, takes

into account the agent’s unobservable reactions to the tax system, and set op-



timal taxes so as to provide either insurance and right incentives.

In Chapter 3, however, we take an alternative perspective, and study a decen-
tralized economy wherein an independent, self-interest firm retains full control
of the provision of perks and wage payments, given the fiscal policy announced
by the government. Our analysis aims at highlighting the existence of a trade-
off between the opposite interests of the government and the employer, that will
serve as a rationale for the characterization of the equilibrium marginal tax rate
that we derive from a Nash non-cooperative interaction game between the fiscal
authority and the agents in the labor market.

Our analysis suggests that, whenever perks are efficiently provided, the gov-
ernment trades off progressivity for perk provision. Our main conclusion, in
fact, is that the (centralized) second-best efficient taxation scheme with perks is
more regressive compared to its perk-less equivalent. Notably, we also find that,
whenever society’s preferences for public expenditure and agents’ risk aversion
are sufficiently low, a regressive top-income marginal tax is also consistent with
a positive provision of perks. In a numerical exercise, for example, we show
that a marginal tax rate of 30% allows for either i) a positive provision of perks
that accounts for 1.6% of the gross income (3.2% of the agent’s wage), and
ii) a per-capita public expenditure which is 7% of the top-brackets taxpayers’
gross income (15% of their earnings) . An equilibrium allocation without perks
results, instead, for a 45% marginal tax rate.

However, in spite of the ability of our theoretical framework to capture the re-
lationship between risk aversion and efficient provision of perks, through their
effect on the optimal trade-off between the insurance and incentive motives
for taxation, our model has its weakness, as to regard its sensitiveness to the
stochastic dominance properties of the probability distribution and the level of
income in the economy. If, in the former case, deviations from the benchmark
distribution are qualitatively important but quantitatively small, in the latter
case, the quantitative implications of different income levels are quite significa-
tive. A more precise calibration of the models and a better characterization of

the results are left to future works.
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Chapter 1

On the Field of Optimal

Income Taxation

Incentive problems arise in many economic relationships, between workers and
firms as well as between those agents and the fiscal authority. If it is well
known, in fact, that labor contracts tying wages to performance may mitigate
the efficiency costs from unobservable effort, it is also an empirical fact that real
word contracts, and the incentives provided wherein, are more frequently based
on some sort of non-monetary compensation - fringe-benefits, or perks, as they
are referred to.

As a result, the fiscal authority is more often called to decide on the eligibility
of those perquisite goods and, therefore, on their taxability. According to the
Internal Revenue Service (US), for instance, transportation benefits, working
space amenities, free cafeterias, along with employee discounts, educational as-
sistance and scholarship for family members, are just some of those “qualified”
perks that are defined non-taxable.

Besides, the issue is not far from having a large empirical relevance. As perks
may include personal use of corporate jets, membership in selected clubs, fi-
nancial consulting, estate planning, kindergarten services, airplane tickets and
so on, they can reach significant amounts, still representing a small fraction of
an individual salary. Furthermore, as some surveys suggest!, fringe-benefits,

though common among chief executives, are certainly not exclusive to them,

1The Associated Press, for example, use data provided by Equilar for its annual survey
of CEOs’ pay, consisting of base salary, short- and long-term incentives, employee benefits,
perquisites, and compensation protection.



nor they are a phenomenon specific to large and private corporations.

In spite of their diffusion, however, there is still little consensus among current
researchers on the reasons why perks should be provided, and what their effect
on welfare might me. In the financial literature, for example, the standard
explanation for perks relies on some form of agency problems. However, it can
be argued that monitoring concerns, which are the key factor of those models,
if even less reasonable nowadays (since the disclosure rules issued by the US
Securities and Exchange Commission, in 2006), are certainly less relevant when
dealing with a fiscal authority, that, for the most part, may monitor the provision
of perks better than the payment of cash.

Motivated by the concerns about how fringe benefits may restrict the revenue
collection problem and affect the redistribution of resources and incentives, this
research aims at merging the macro approach to the optimal income taxation
with the micro approach to an efficient labor contract, and studies how perks
do affect optimal labor income taxes. More precisely, the purpose of this study
is to investigate the relationship between the provision of perks i) and the pro-
gressivity /regressivity of the optimal tax-transfer system, ii) and the top income
marginal tax rate.

The main contribution of our work is the development of a theoretical frame-
work for the optimal labor income tax, wherein: i) agents’ work decisions are
unobservable, ii) production technology depends (in a non-deterministic way)
on the agent’s effort, and iii) labor is optimally repaid by paid-in-advance perks
and state-contingent wages.

Technically, this thesis relies on the first-order approach (FOA) to replace the
effort incentive compatibility constraint with the first-order necessary condition
derived from the agent’s maximization problem. Though relying on the FOA
means more complex computations, its application is important for at least
two reasons. Firstly, it is useful when explaining our dynamics in terms of the
responsiveness of the agents’s effort to the instruments designed by the principal.
Secondly, it allows for a direct comparison with the more recent works on optimal
taxation and agency problems.

To the existing literature, we also contribute by emphasizing the connection
between the agents’ responses to the fiscal system and the structure of the
labor market, which was previously absent from the theory of optimal income
taxes. In particular, we focus on formally modeling and rigorously deriving
the equilibrium allocation of either labor, consumption and tax revenues, when

perquisite goods are available to (independent) firms, so as to deal with the
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incentive problems that naturally arise in the labor market when the agents’
effort is neither contractable nor observable.

In doing so, however, we neglect some of the points that still concern current
researchers, namely: i) the design of transfers to subside work (the extensive
margin of the labor supply); ii) the differentiated taxation of commodity goods,
and therefore, of perks; iii) the revenue-maximization problem (the so-called
Laffer curve). We also abstract from any issue on collusion between the worker
and the principal, and any misbehavior of the former, and mainly focus on
a class of pure work-related goods, with no productive attributes, which are
uniquely defined according to their complementarity with respect to the agent’s
effort?.

Methodologically, we investigate our research question by following two different
approaches.

In Chapter 2, we develop a static version of a standard stochastic Ramsey’s prob-
lem with a representative agent (the worker), where the utilitarian, resource-
seeking government takes the post of the principal and owner of the only firm
in the economy. When designing the optimal rules for cash payment and perk
provision, the government, who is constrained by his budget balance, takes into
account the agent’s unobservable reactions to the tax system.

Here, optimal taxes are designed so as to accomplish to either the insurance
and the incentive motive. The key aim of Chapter 2, in fact, is to show if there
exists a room for a “socially” optimal provision of perks, and which restrictions
perks do impose on the optimal taxation, as compared to the the optimal tax
system that would arise in the perk-less economy. To the best of our knowledge,
this chapter constitutes the first attempt to deal with the issue at hand. In
fact, virtually all the existing papers that analytically study the moral hazard
problem with perks, either focus on their effect on the effort responsiveness to
monetary incentives, or they study the cash-perks substitutability in the optimal
labor contract, absent any consideration for the insurance/incentive purposes of
income taxation.

In Chapter 3, however, we take an alternative perspective, and study a decen-
tralized economy wherein an independent, self-interest firm retains full control

of the provision of perks and wage payments, given the fiscal policy announced

2Though somehow limitative, this restrictive view of the perquisite good is useful for at
least two purposes. First, it allows us to avoid the unnecessary entanglement of mechanisms
that would naturally occur if perks were also used as a consumption good. Second, it makes
easier to apply our analysis to any hierarchical level and any production sector.



by the government. The analysis therein aims at highlighting the existence of
a trade-off between the opposite interests of the government and the employer.
It serves as a rationale for the characterization of the equilibrium top income
marginal tax rate that results from the Nash non-cooperative interaction game
between the fiscal authority and the agents in the labor market. It is for seek
of tractability that, in defining a social welfare function for that problem, we
assume that public revenues, whenever taken as given from the agent, do not
directly affect labor supply decisions. What actual revenues do, however, is to
affect the equilibrium optimal tax rate.

Though divergent from a standard utilitarian approach, being built on the con-
cept of an “ideal citizen”, the analysis in Chapter 3 results a simple formula for
the top income marginal tax rate that serves either as a policy recommendation
and a renewed testable hypothesis, based on variables whose micro-foundation
now relies on more sophisticate, but also more realistic, labor contracts.

In doing so, we stress the need for a deeper connection between real economy
and theoretical predictions, and emphasize the loss in economic content when
setting the debate on optimal income taxation apart from the richness of the
dynamics in the labor-market.

The rest of this chapter is organized as follows. The next section mainly reviews
the theory of optimal labor income taxation, by highlighting those theoretical
underpinnings needed to place this work in its historical background. In Section
1.2 we propose and discuss a few arguments in favor of the non-taxability of
the perquisite good. Section 1.3 discusses our methodology and the technical
challenges imposed by the provision of perks. Section 1.4 concludes with an
overall view of our results as to regard the effect of perks on the optimal taxation

scheme and the top-income marginal tax rate.

1.1 The Theory of Optimal Income Taxation

Though characterized and renewed by the provision of perks, this thesis mainly
focuses on the optimal labor income taxation, i.e. on the fair and efficient
distribution of the tax burden across individuals with different earnings.

A large academic literature has developed models of tax theory to cast light on
the optimal balance between equity and efficiency. Their models typically posit
that the government maximizes a social welfare function, subject to his budget

constraint, when taking into account the agents’ responses to the tax-transfer



system. Since, for sufficiently well-behaved preferences, the social welfare is
larger when resources are more equally distributed, but redistributive taxes
negatively affect incentives to work and earn income, levying taxes creates a
non-degenerated trade-off between equity and efficiency, which is at the core of
the optimal labor income taxation problem.

As argued by Diamond and Saez (2011), however, theoretical results in opti-
mal taxation are actually useful for policy recommendations whenever three

conditions are met:
o results are based on economic mechanisms that are empirically relevant;

e they are reasonably robust to modeling assumptions and heterogeneity in

individual preferences;
o tax policy prescriptions are implementable.
Historically, these conditions have led to two different methodological choices:

1. the “mechanism-design” approach derives the optimal transfer-tax system
which is compatible with the information structure. This method, though
extremely effective in casting light on the optimal equity-efficiency trade-
off, generates tax functions that are complex, and results which tend to

depend heavily on the choice of the primitives of the model.

2. the “sufficient-statistics” approach aims at proposing tax formulas that
are derived and expressed in terms of estimable statistics. Those include:
i) social marginal welfare weights (which capture society’s value for redis-
tribution, or society’s value for the size of the social state); ii) labor supply
elasticities (which capture the efficiency costs of taxation, and, as it is in
our setting, its efficiency benefits, for reducing the distortions that arise in
the labor market due to the information asymmetry); iii) the endogenous
distribution of earnings (or its simplification through the application of

Pareto weights).

Since the former approach has recently received new interest from the dynamic
public finance literature, because of the major tractability guaranteed by the
applicability of the first-order-approach (FOA), which we will discuss below,
the model proposed in Chapter 2 constitutes a first attempt to discuss the
issue at hand by appealing to the mechanism-design approach. A sufficient-

statistics approach will be follows, instead, in Chapter 3, the analysis of the



decentralized economy being necessary to understand the driving forces and
underlying mechanisms behind the tax formula therein derived.

To place our thesis in its academic context, the rest of this section briefly reviews
the history of the field (distinguished by focus and approach), and discusses
some of the theoretical underpinnings of the standard models of optimal income
taxation. It also proposes a critical overview of our main contributions to the
literature, by highlighting, whenever possible, the advantages/disadvantages of

our approach.

1.1.1 Optimal income taxation: Mirrlees (1971)

The modern analysis of optimal income taxation certainly started with Mirrlees
(1971). He considered the problem of maximizing a social welfare function
based on the agents’ utilities, subject to the government budget constraint and
the incentive compatibility constraint arising from the individuals’ labor supply
responses to the tax system.

More precisely, in Mirrlees’s model, the agents, by differing in their ability, earn
different wage-rates. On account of the social preferences, the government seeks
to redistribute from high-income to low-income agents, but he can only do so
by setting taxes and transfers based on earnings, rather than on productivity.
The existence of an incentive-compatibility constraint, thus, leads to a non-
degenerate equity-efficiency trade-off. The theoretical underpinning of this kind
of models is that, under utilitarian social preferences, behavioral responses are
the sole factor preventing the complete redistribution of income, that still would
result if earnings were fixed.

To state the problem more formally, for a general social welfare function of the

form
SWEF = [ w;iW (ui(c(y:)))dF (i),

the combination of arbitrary Pareto weights w; (which are independent of indi-
vidual choices), and of the increasing and concave social welfare function W (-)
(of the agents’ consumption utility u; at earnings level y;), pins down the social
marginal welfare weight on individual i,
WO
A
where A is the social marginal value of government’s revenues. Intuitively, pu;

measures the dollar value of increasing individual i’s consumption by one unit.
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Social preferences for redistribution, then, enter optimal tax formulas through
the weights p; .

In the class of non-linear tax systems, the optimal marginal tax is set according

T _ 1 (“F@) (1~ n(w)]

1=T"(y) e\ wf(y)
where pu(y) is the average social marginal value of consumption for taxpayers
Oy  1-T'(y)
O1-T'(y) vy
to the marginal tax rate, and F(y) is the CDF of y, with density f(y) - both

endogenous.

to

with earnings y; above y, ¢, = is the elasticity of earning

Though Mirrlees (1971) had an enormous influence in the development of social
contracts based on information asymmetry, its application in practice was very
limited. The general solution to this problem is indeed very complex, due to
the endogeneity of u(y), and provides little intuition. Mirrlees himself carried
out several simulations, using a Cobb-Douglas utility function and a log-normal
wage distribution under a classical utilitarian SWF, and found that the optimal
tax schedule is approximately linear above a certain threshold. Moreover, it is
always non-negative.

Appealing to the concepts of aggregate elasticity e = 8(1ay7_) -7 and average
“normalized” social marginal welfare weight u, weighted by the Iy)re—tax incomes
yi, the optimal tax rate in the class of linear tax system is given by

L—p
T 1 M€

1
where y is the (endogenous) average income and p = — / iy dF (1) is also the

ratio of the income mean, weighted by the individual social welfare weights p;,
to the actual average income y.

As a remark, which applies to our setting, we note that, whenever earnings are
generated by a partly random process involving luck in addition to effort (as it
is in our model), the tax formulas above still hold, as long as the social welfare
function W (-) is defined over the individuals’ expected utility, £ [u;(-)].
Stiglitz (1982) discrete version of Mirrlees (1971) model was useful to understand
the problem of optimal taxation as a modern information problem. The two-
type (high-skilled and low-skilled agent) case highlighted the requirement that
the optimal tax system must be set up so as to discourage the high-skilled agent

from mimicking the low-skilled by working less. Nonetheless, either the general
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model of Mirrlees and Stiglitz’s discrete version, have had limited use for actual
policy recommendations in practice, since it is hard to obtain tax formulas in

terms of “sufficient statistics”.

1.1.2 Optimal top income marginal tax

The taxation of high-income earners is a very important aspect of any tax sys-
tem. Initially, progressive income tax systems were limited to the top of the
income distribution. Today, because of the large increase in income concentra-
tion, the level of taxation of top incomes (i.e., the top 1%) matters not only for
equity reasons but also quantitatively, for revenue-raising needs. Since the top
of the income distribution is the one that more is concerned about the provision
of the perquisite good, we focus on the optimal top income tax in the last chapter
of our thesis, and propose here a brief review of its theoretical derivation.
Standard models of optimal top tax rate assume that the tax rate above a fixed
income level y* is constant and equal to 7. By a perturbation argument, for
any small variation dr, by earning b; above y*, individual ¢ mechanically pays
(b; — y*)dT extra units in taxes. This extra payment creates a social welfare
loss equal to —pu; - (b; — y*)dr , where p; is the social marginal welfare weight
on individual 4. The tax change, however, triggers a behavioral response, db;,
so leading to an additional change in taxes equal to db; - 7.

By combining the marginal effect of this small reform on individual 7 , and
aggregating the welfare effects across all the top-bracket taxpayers, so that y
is the average income of the individuals in the top-bracket, the optimal top tax

rate solves
Th (1 —gp)(yp/y* — 1)

-7 Yo
1—m7 € - (E)
where g, is the average social marginal welfare weight (weighted by individuals’
income b;) for the top-bracket individuals, and €, is the top-bracket individu-
als’ average elasticity of income g, with respect to the net-of-tax rate 1 — 73,
multiplied by earnings .

Moreover, since the top tail of the income distribution is closely approximated

*
by a Pareto distribution with tail parameter a = (Z?/J:/yl) =up/(yp —y*) > 1,

*

the above formula is generally proposed in its simplified version, that is

1—gp

T:*
"Ti-g+a-a
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Accordingly, the optimal top tax rate decreases in:

i) gp. In the limit, when the social marginal weight on top-bracket earners is

zero, it simplifies to 7, = TTa g’ which is also the revenue maximizing top
tax rate;

ii) €, as a higher elasticity leads to larger efficiency losses;

iii) a. Moreover, if y* reaches the level of income of the highest income earner,
for a — 0, then 7, — 0 (unless €, = 0), which is the famous zero-top-rate result

first demonstrated by Sadka(1976) and Seade (1977).

The importance of the top tax rate is in its being the asymptotic limit of the
optimal marginal tax rate of the fully non-linear tax problem of Mirrlees (1971).
What the literature on either optimal income and optimal top income taxation
emphasizes, therefore, is that any policy recommendation on how the optimal
tax system should be designed depends on the extent of behavioral responses
to taxes, and, hence, on the size of those empirical parameters, such as the
elasticity of labor supply and the density of earnings. Different concepts of
elasticity have been involved, to take into account either the participation labor
supply response (the so-called extensive margin), and the effort’s responses (the
intensive margin).

Since we focus on the intensive labor supply margin, i.e. on the choice of how
much to work, conditional on the compensation scheme, and since wage-rates
are set by independent firms, the elasticity concepts that are convenient in our
framework are those of an uncompensated (or Marshellian) elasticity of earnings,
and that of an uncompensated elasticity of labor supply, both with respect to
the tax rate. As we shall see in Chapter 3, in fact, the uncompensated elasticity
of labor supply combines with the uncompensated elasticity of earnings (the two
been the solutions of two different maximization problems) in order to determine
the optimal top tax rate.

Generally speaking, because there are no income effects in our models, in the
sense that increasing the (certain amount of) non-labor income of either the
agents or the firm does not affect labor supply decisions, uncompensated elas-
ticities are also compensated ones. However, the provision of perks, which is
made to the agent by a self-interested firm, is going to slightly change this
equivalence. In the spirit of a decentralized economy, the provision of perks
that follows to an increase in the tax rate can be looked at as a compensated
labor-income increase, since the incentive compatibility constraint still binds. If

those “income effects” were large, and perks had a large impact on labor sup-
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ply and earnings decisions, distortionary taxes could play even a higher role in
balancing insurance/redistribution against incentives.

Finally, our contribution to this literature could be extended to the suggestion
of a measure for the density of earnings that is derived from the pricing of wages
in the labor market, as a response to the asymmetric information problem. In
that sense, we propose a micro-foundation of the income-distribution, that also

could serve to rule out the zero top-rate result.

1.1.3 Discrete models of labor income tax

Piketty (1997) and Saez (2002) develop an alternative form of the discrete Mir-
rlees model with a finite number of possible earnings levels, and therefore, of
possible jobs n = 0,...,N, but a continuum of individual types so that the
fraction of individuals at each earnings level is a smooth function of the tax
rate.

More formally, individual ¢ chooses n so as to maximize a function u;(c,,n)
where ¢, = y, — T(yn) is the after-tax consumption level. For a given tax
and transfer system which implements {c,}, a fraction p,({c,}) of individuals
chooses occupation n, p, being differentiable.

Assuming that an individual can only work in two adjacent occupations, n — 1

and n, and that there are no income effects, if we denote by n the occupational

T, — T,
choice of individual ¢, and by 7, = Zn ol the marginal tax rate between
Yn — Yn—1
. . 1- Tn 6pn o . .
earnings level y,,_1 and y,,, being €,, = ———— the elasticity with respect
pn 0l —1,

to 1 —m, of the fraction p,, of individuals in job n, the government chooses {7, },

so as to maximize the social welfare function, according to

Tn 1 ZnLZn(l - lum)pm

1- Tn €n DPn

In spite of the dissimilarities between this model and our model of continuous
effort and non-restricted incentive compatibility constraint-set, there exists an
important similarity between the above tax formula and the one we derive in
Chapter 3.

To make the point clearer, it suffices to note that referring to the probability
of realizing different states of income is the same as considering a population
of measure one of individuals, fractions of which, at an equilibrium, realize
different income levels. The main point is that those fractions, as the discrete

probabilities in our model, are endogenous.
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1.2 Should fringe-benefits be taxed?

Since it may be argued that, in addition to a non-linear income tax, the gov-
ernment could potentially implement a differentiated taxation on commodity
goods, we appeal here to a well established result in optimal taxation theory,
to rule out the taxability of the perquisite good in our model, though we do not
explicitly derive it.

To clarify the point, consider an economy consisting of N differentiated con-
sumption goods ¢ = (¢,q1...,qn—1) and pre-tax prices k = (1,k1,...,kn_1).
Individual ¢ derives utility from the consumption bundle ¢ and earnings y, ac-
cording to an utility function of the form u;(y, q).

Atkinson and Stiglitz (1976) model of commodity taxation shows that, under the
assumptions of weak separability between ¢ and y in u;(+, ), and homogeneity
in the agents’ preferences for ¢, such that u;(y,q) = U;(y, g(q)), a differentiated
commodity taxation is useless as long as earnings are taxed according to a non-
linear tax function. As we shall see, conditional on the level of effort, these
conditions are equally satisfied in our setting.

The reason behind the result is that, under those assumptions, consumption
choices for bundle ¢ provide no information on individuals’ ability. If the tax
system were more progressive (relative to the standard case), a high ability
individual would choose to work less and consume the same bundle ¢ to mimic
the income level and preferences of a low-ability agent. Both individuals would
pay the same income tax and have the same after-tax consumption, but the high
ability agent would end up enjoying more leisure. Differentiated commodity
taxes, therefore, create further distortions with no benefit. At the limit, hence,
it is optimal to have a uniform zero taxation of all consumption goods, and to
attempt redistribution solely through individual, non-linear income taxes alone.
However, as pointed out by Diamon and Mirrlees (1971) and by Diamond (1975),
with linear income taxes alone, differential commodity taxation can still be use-
ful to non-linearize the tax system. Given this remark, we design our framework
so as to implicitly account for a positive transfer to the agents at the bottom of
the income distribution, though we do not explicitly solve for it.

A further issue is imposed, however, by the homogeneity of preferences. Since
the theorem states that goods for which high-income people have a relatively
stronger taste, i.e. goods which are more complementary to leisure, should be
taxed more heavily, we model heterogeneity in our models in the form of differ-

ences in the production technology, rather than of individuals’ utility function.
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Moreover, we must remind that we focus on a class of perks that, by con-
struction, are thought of as pure work-related goods, in that being more close
substitutes to leisure than wages.

If Atkinson and Stiglitz (1976)’s argument easily applies to our model in Chapter
2, to justify the non-taxability of perks in the decentralized economy studied in
Chapter 3, we appeal to Diamond and Mirrlees (1971) model with endogenous
prices, and to their result of an optimal fiscal policy maintaining production
efficiency. As the latter authors show, despite the need to distort consumption
choices to raise revenues (or to redistribute), it is always optimum not to distort
the production side, since taxes on those intermediate goods that are not settled
for final consumption (i.e. goods the individuals cannot buy on the market), by
affecting firms’ transactions, would distort production, and therefore, efficiency.
Since we assume that the perk good, which is acquired by the firm in the external
market, serves as an intermediate good, by ruling out those scenario in which
it may serve as a consumption good under perfect information, Diamond and

Mirrlees (1971)’s result provides a rationale for imposing no tariff on perks.

1.3 The first-order approach (FOA)

To some extent, our work is in close relationship with the work by Abraham,
and Pavani (2008) on optimal income taxation and hidden savings. Their paper
studies the two period version of a dynamic moral hazard model where agents
can borrow and save on a risk-free bond market and their asset decisions are not
observable to the planner. In spite of the differences between the agent’s hidden
accumulation of savings, and the principal’s provision of perks as substitutes to
wages, both settings share the same difficulties of a possible deviation from the
efficient consumption plan.

The main contribution of Abraham, and Pavoni (2008) lies in providing suffi-
cient conditions under which the first-order approach (FOA) is valid. The FOA
constitutes in replacing the planner’s incentive compatibility constraint-set by
the corresponding first-order necessary conditions derived from the agents’ maxi-
mization problem. Rogerson (1985) and Jewitt (1988) provide conditions for the
validity of the FOA in the class of static principal-agent models. Certainly, the
simplification of the constraint-set becomes even more important in a dynamic
environment wherein the principal faces additional information problems, as it

happens when the agent has access to an hidden savings technology. Abraham,
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and Pavoni (2008)’s strategy is to show that if the agent’s problem is globally
concave when facing the optimal contract, the first-order conditions are either
necessary and sufficient for the optimality of the agent’s decisions, so that none
potential benefit is derived from jointly decreasing effort and increasing savings.
In addition to the conditions that are required in the static and observable
savings case, (i.e. the monotonic likelihood ratio property and the concavity of
the distribution function), they show that, within the family of non-increasing
absolute risk aversion (NIARA) utility functions in consumption, either a strong
concavity condition on the distribution function or a strict requirement on the
convexity of the disutility of effort guarantee that the FOA is applicable.

As they due, we rely on the first-order approach to characterize the optimal
insurance contract with a provision of perks in Chapter 2, and compute how
much dispersion the optimal consumption exhibits at the varying of income,
when perks are optimally provided. As we shall see, a likewise restriction on
the relationship between the Frisch labor elasticity and the concavity of the
technology for perks is actually required for the problem being jointly concave
in effort and perks.

Furthermore, Abraham and Pavoni (2008)’s main conclusion is that, whenever
the agent’s utility function exhibits decreasing and convex absolute risk aversion
(HARA), the possibility of the hidden asset accumulation makes the optimal
consumption a more convex function of income. Hence, under hidden asset ac-
cumulation the optimal tax system becomes more regressive (or less progressive)
compared to the case where asset accumulation is observable.

In that regard, though we follow a standard utilitarian approach rather than to
solve a revenue-maximizing problem, we find that, whenever perks are provided
in positive amount, the more regressive tax-transfer system, which is set to
support them, could result in welfare losses, if it were implemented at those
income levels for which the agents value the provision of insurance more than
they value production efficiency. In that, in our model, the coefficient of absolute
risk-aversion plays even a greater role than it does in Abraham, and Pavoni
(2008).

A final remark is owed, which concerns the relevance and robustness of our
predictions. Though our analytical results for the two-income-level model can
be easily extended to a framework with more than two states and continuous-
income (as long as a monotonic likelihood ratio property is satisfied), closed form

solutions for the model in Chapter 3 have been derived only for the special case
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where the substitutability /complementarity between perks and wages is ruled
out by a restriction on the probability distribution function. Whenever wages
are settled by the firm independently from the agents’ taste for the perquisite
good and its monetary cost, perks do affect welfare only through their direct
effect on effort. Absent any substitution between cash payments and fringe-
benefits, therefore, our results can be interpreted as a lower-bound of the effect

of perks on the economy.

1.4 A sketch of the overall results

To the best of our knowledge, this thesis constitutes the first step toward the
theoretical study of how the provision of perks may affect the progressivity of
the optimal tax-transfer system and the optimal top income tax rate, in the
class of standard moral-hazard models of social insurance (Chapter 2), and
strategic interaction games between the fiscal authority and the labor-market
agents (Chapter 3).

The two chapters, though clearly related, are independent. If the aim of the
first model is to investigate the centralized (socially optimal) allocation and the
effect of perks on the designing of the optimal taxation scheme, the analysis
proposed in the last chapter focuses on the decentralized equilibrium outcomes
that arise in the labor market and on the interests that may lead the optimal
tax to discourage or support the provision of perks.

For its static character, the model developed in Chapter 2 may be thought of
as the asymptotic steady state of a real economy, indexed by its technology.
Our results firstly show that there may be a scope for providing perks under
moral hazard that exceeds the one with perfect information. Secondly, we prove
that, from an ex-post perspective, the equilibrium marginal-rate of substitution
between cash and perks is always, at all levels of consumption and for all states of
the world, greater than its first-best value. In spite of this ex-post inefficiency,
however, we find that the provision of perks may be socially efficient if their
complementarities with the agent’s effort allow to offset the negative effects on
the labor supply that naturally arise at high income levels.

Moreover, our analysis suggests that, whenever perks are efficiently provided,
the government actually trades off progressivity for perk provision. Our main
conclusion, in fact, is that the second-best efficient taxation scheme with perks

is (more) regressive compared to its perk-less equivalent.
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As the agent’s risk aversion increases, however, the provision of perks that would
have occurred at low income levels according to that logic becomes inefficient.
As we show, in fact, at lower states, when the revenues collection problem is
more severe, the optimal tax system supporting a positive provision of perks is
such that transfers are more progressive, and taxes are less regressive than in
the perk-less scenario. Since these changes occur at those states at which the
agent values insurance the most, providing perks is actually inefficient.
Notably, in the richness of the results derived in Chapter 3 as an equilibrium
solution to the interaction game between the fiscal authority and the agents, a
similar prediction can be found. In fact, the main contribution of that chapter
consists in showing that, whenever society’s preferences for the public expen-
diture and agents’ risk aversion are sufficiently low, a regressive marginal tax
rate is consistent with a positive provision of perks if, in relaxing the incentive
compatibility constraint of the agent, perks do not make her worse off. On the
other hand, however, if agents are sufficiently low risk averse, the equilibrium
top-income marginal tax rate that is consistent with a positive provision of perks
(and it is so even when preferences for the consumption of the public good are
larger) is found to be progressive.

To some extent, we also contribute to the literature based on the sufficient-
statistics approach, by proposing a simple tax-formula, which builds on a new
theoretical explanation that explicitly accounts for the provision of perks. Its
novelty should be found on its replacing the elasticity of the reported income
with the combination of the elasticity to the tax rate of effort (which account
for the extensive margin of the top-earners’ labor supply) and wages (which
captures the intensive margin of the labor supply, net, however, the portion of
it that is repaid by perks).

Finally, we must mention that, in spite of the ability of our theoretical framework
to capture the relationship between risk aversion and efficient provision of perks
through their effect on the optimal trade-off between the insurance and incentive
motives of taxation, our model has its weakness. In fact, either analytically
and by means of numerical simulations, we show how our results are sensitive
to the stochastic dominance properties of the probability distribution and the
value of the state in the economy. If, in the former case, deviations from the
benchmark distribution are qualitatively important but quantitatively small, in
the latter case, the quantitative implications of different income levels are quite
significative.

A lot of work must still be done, therefore, to assess the ability of our model to
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jointly account for the the facts on wages and perk provision, the dynamics of
tax revenues and the level of government’s expenditure. A precise calibration
of our models is at a need, along with a better characterization of the results in

terms of the degree of stochastic dominance implied by the income distribution.
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Chapter 2

Optimal labor income taxes
with perks: a mechanism

design approach

That the compensation of employees may contain non-monetary ingredients is a
well established fact. These fringe-benefits (or perks, as they are called) though
common among chief executives, are certainly not exclusive to them; nor they
are a phenomenon specific to large and private corporations.

There is a long-lasting debate on whether agents are over- or under- provided
with perks, and whether perks and cash are complements or substitutes in
providing incentives. Nonetheless, the literature on non-monetary compensation
does not deal, for the most part, with the specific issue considered here: namely,
how perks may affect the progressivity of the optimal tax/transfer system. If it is
well known, in fact, that top managers receive a large part of their remuneration
in terms of perks, it is a far less clear point how the expenditure in perks may
affect the design of the optimal labor income tax and, therefore, the distribution
of the agents’ income and their well-being.

Though the largest part of the literature has addressed the issue on the provision
of perks through static versions of a moral hazard problem between a risk-
neutral principal (the firm) and a representative agent (the worker), we take here
an alternative route, and instead of assuming discrete effort choice and profit-
maximizing behavior, we approach the matter by developing a static version of a

stochastic Ramsey’s problem, where an utilitarian, resource-seeking government
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takes the post of the principal and owner of the only firm in the economy. When
designing the optimal rules for cash (consumption, so far) and perk provision,
the government, who is also constrained by his own budget balance, takes into
account the agent’s unobservable reaction to the tax system.

It is the different technology for perks and money what gives a novel advantage
to the government, while dealing with a risk-averse, utility-maximizer agent,
whose effort choices affect - in a non-deterministic way - the realizations of that
income on which the government leaves state-contingent distorting taxes.

To investigate our point, we focus on a class of pure work-related goods, with
no productive attributes, which we define as any non-taxable, non-monetary
compensation that the agent is not allowed to sell. Examples include (i) per-
sonal business machines, such as cars, computers, laptops and mobile phones;
(ii) workplace amenities and personal services, such as pleasant working envi-
ronment, coffee machines, meal tickets and gyms; (iii) transportation services,
such as automobiles, airplanes, and limousines.

The key assumption in modeling this kind of goods is that there are utility
complementarities between perks and effort, in the usual sense that consuming
more of the former good increases the utility (here, decreases the disutility) of
the latter. No farther distortion, such as the misusing of perks, is taken into
account.

To deal with the static nature of our problem, we assume that the government
runs a balanced budget in expected terms, as opposite to a state-by-state budget
constraint'. We justify our choice by assuming that the government - not the
agent - has access to an abroad insurance/financial market, that allows him to
smooth taxes/consumption across income realizations, when it is optimal to do
so. For its static character, this model should be thought of as the asymptotic
steady state of a real economy, indexed by its technological parameter, wherein
the benefits from perks, if any, shall be found in their decreasing the agent’s
disutility of effort.

Methodologically, this paper relies on the first-order approach (FOA) to replace
the effort incentive compatibility constraint with the first order necessary condi-
tion derived from the agent’s problem. This allows us to characterize our results
in terms of the associated best response functions. To keep things as simple as
possible, we assume that preferences are additive separable in consumption and

effort, and let the agent’s labor disutility be strictly convex. We also assume a

IThough we limit ourself to the case of just two states of the world, our analysis extends
to any multi-state problem and, in the limit, to the continuum case.
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linear stochastic process for income realizations, either in effort and in productiv-
ity, and see how the (weak) income and substitution effects propagate through
the agent’s optimal effort responses to either the government’s instrument. with
respect to the government’s instruments. Though sufficient conditions for the
validity of the FOA in this class of models have been recently identified by Abra-
ham and Pavoni (2008), and those are also met in our setup, we argue that the
existence of perks, and the weak separability between perks and effort, imposes
an even stronger restriction on the convexity of effort which, though related to
the concavity of the perk technology, is not affected by the cost of perks.
Although relying on the FOA means more complex calculations than the dis-
crete effort-choice option does, it allows us to analyze the issue at hand by
addressing a few questions that naturally arise from observing the existence of
perk. Namely, if firms are willing to pay in perks, workers are willing to accept
them and the financial authority is willing to regulate them, how strongly is
their provision tied to social welfare? How does the optimal provision of perks
depend upon the cost of perks and the government resource-requirement? What
is the relationship between the optimal amount of perk and the the agent’s labor
supply sensitiveness to taxes? Do (not cost-minimizing) perks help to overcome
the inefficiency of distorting taxes?

Before discussing the optimal mechanism in presence of moral hazard, we pro-
vide a benchmark model with perfect information, where perks may be used,
along with cash, to reward the agent’s observable effort. Our analysis suggests
that, when effort is observable, the government reaches his objective by letting
the agent be the full-residual claimant of all her expected income, above the
public expenditure requirement. The system of optimal transfers and income
taxes fully insures the agent against the systemic risk. As to regard to perks,
we argue that, even in a world with perfect information, perks might in princi-
ple be provided in positive amounts because of their “being a different good”.
Though our results replicate the well-established equality, at an optimum, be-
tween relative price and marginal rate of substitution between cash and perks,
we discuss the conditions under which there may be a room for the provision
of perks with moral hazard, that there is not with perfect information, and see
that, whenever there is a scope for providing perks in the first best, there must
be then also a scope for providing perks under asymmetric information.

When applied to the moral hazard setting, our analysis firstly shows that, from
an ex-post perspective, the equilibrium marginal rate of substitution between

money and perks is always, at all levels of consumption and for all states of
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the world, greater than its value of first best. From a normative prospective,
however, we argue that, because of the complementarities that arise between
cash and perks when taking into account the agent’s optimal responses, there
exists none income tax (even non-proportional) nor excise on perks such that
we can replicate the result of first-best.

Secondly, we notice that the agency problem causes an additional distortion,
which makes it less costly for the government to implement high effort by perks.
Indeed, the substitutability between perks and leisure, and the complementarity
between perks and cash that arise from the agent’s optimal response functions
are the driving forces of our model. However, this latter force is counterbal-
anced by an opposite force, which requires the government’s budget constraint
to bind. Though giving more perks increases the responsiveness of effort to
cash payments and, therefore, the efficiency loss from distorting taxes, it also
reduces the ex-post disposable resources, so enhancing a negative income effect
that makes the agent more willing to work on her-own. If such a negative in-
come effect is large enough, an increase in the cost of perks, for example, by
increasing the expected level of income, could also allow for a more progressive
tax/transfer system.

In a quantitative exercise we test the ability of our model to keep track of
all these dynamics. Imposing the restrictions on parameter values we derived
from our analytical analysis, we compute the optimal allocation with perks and
compare it to the solution for the perk-less economy. Our simulations suggest
that the provision of perks reduces the progressivity of the tax system supporting
the equilibrium consumption levels. The main economic intuition behind our
result is as follows. The utility complementarities between perks and effort
have an incentive effect, which also causes an increase in the sensitivity of labor
supply to monetary payments. The higher that elasticity is, the greater is the
distorting effect of any progressive income tax, which in turn explains why, in an
economy with perks, the supporting tax system is more regressive. Moreover,
as long as perks are optimally provided the optimum amount of perks depends
on either i) the differential of equilibrium consumption levels (inversely), and
ii) the the consumption dispersion (directly). Put it differently, from a social
point of view, it is optimum for the government to trade off progressivity for
perk provision.

The rest of the chapter is organized as follows. Section 2.1 briefly reviews some
of the most recent works on perk provision and optimal compensation schemes.

Section 2.2 describes the setup of the model and introduce the concept of inter-
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and intra- state progressivity of the tax system. Section 2.3 characterizes the
optimal allocation (with and without perks) of first-best and provides some use-
ful comparative statics results. Section 2.4 discusses the optimal consumption
plan and provision of perks under asymmetric information. It presents the main
analytical results of the paper as to regard the channels through which perks
may affect the progressivity of the optimal income tax. Section 2.5 puts the

model at work in a quantitative exercise. Section 2.6 concludes.

2.1 Perks in the literature

For the most part, the literature on perks does not deal with the specific issue
considered here, namely, how perks do affect optimal income taxation. Neither
does the literature on optimal taxation and multiple goods, because of the tech-
nology differences that there exist between any commodity good, either used as
a consumption good or a production factor, and the perquisite good.
Moreover, the question at hand is far from having no empirical relevance, as re-
cent surveys suggest. A research conducted by Equilar, for the Mercury News,
reports on the compensations received by several Silicon Valley’s chief execu-
tives, in 2006. It indicates that Larry Ellison, Oracle’s CEO, received almost
two millions in ‘perks and other compensations’, and that Meg Whitman (eBay)
landed more than one million, while several other CEOs received $500,000 or
more. In Grinstein et al. (2009), of a random sample of 361 firms belonging to
the S&P 1500 Index for the years 2006-2007, 90% has been found to provide
perks to their top five executives, with a mean-annual value of $296,300.

If empirical work have focused on the compensation of high profile CEOs and
its effects on market capitalization and market values (see Yermack (2006),
Jensen and Murphy (1990), Rajan and Wulf (2006)), others have approached
the problem theoretically, by developing different versions of a standard moral
hazard problem.

In the financial literature, the standard explanation for perks relies on some
form of agency problem (see Jensen and Meckling (1976) and Bebchuk and
Fried (2003)). Perks are used by managers to appropriate some of the surplus
generated by the firm, in a way that is neither approved nor acknowledged by
shareholders. This is beneficial for them, but detrimental for welfare. We think,
however, that monitoring concerns, which are the key factor of those models,

are less reasonable when dealing with a fiscal authority, that, for the most part,
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may monitor the provision of perks better than the provision of cash.

A second group of researchers consider perks as productive goods. This view
suggests that perks are useful instruments to align the objectives of principal
and agents, so that the investment in them is efficient. Other authors, however,
while thinking of perks as goods that, in Rosen’s (2000) terminology, have no
“productive” attributes but are uniquely defined by their complementarity with
an agent’s effort, do focus on the issue of perk optimal provision and ex-post
efficiency.

To this group belongs the work by Bennardo, Chiappori and Song (2010). They
show that whenever perks are substitute to leisure (or even less complementary
to leisure than money), the optimal incentive scheme involves over-provision of
such commodities, in the sense that the agent consumes more of them than what
she would decide to if given a choice between money and perks at the current
market price. Such perks can profitably be used for pure incentive purposes,
even when they generate no productivity gains. Our paper, though building
on the same assumption, goes a little farther and tries to relate that ex-post
inefficiency in providing perks to the behavior of the agent’s response functions.
On the same ground stands the paper by Weinschenk (2013), according to
which the principal may either underinvest or over-invest in perks, depend-
ing on whether the work-relatedness of perks does exceed or not a measure of
the performance precision. Most significantly, the author finds that if perks
harm the agent, the principal never underinvests and may over-invest in perks.
The opposite happens if perks increase the expected utility of the agent.
Despite the differences between the last two models, they share the same as-
sumption that principal and agents are opposite one the others, and that all
the bargaining power is held by the former. In the present paper, we show that
excessive perks can appear, from an ex-post perspective, even when the pro-
vision of perks is decided by an utilitarian principal. We are more concerned,
however, about understanding how that phenomenon is linked to the agent’s
optimal behavior as to regard taxation. We argue that the agent may like perks
less than money and yet she may found them of some advantage if they glean
the efficiency loss that arises in presence of an agency problem.

Among those that approach perks as productive goods is the work developed
by Marino and Zabojnik (2008). They study a static moral hazard model with
technological perks and an liability-unrestricted, risk-averse agent. Differently
from our model, where perks play no role in the production function, in their

model perks are either a consumption good and a productivity enhancement
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tool. Moreover, due to their specification, though perks do not affect (the
monetary equivalent of) the agent’s effort disutility (as we assume), effort does
increase (the monetary equivalent of) the utility from consuming the perk good.
The complementarities between perks and effort, either in the production func-
tion and in the consumption utility, capture the controversial idea that an
employee is likely to derive either a larger output and a greater utility the more
intensively the perks are used in the production process. Those complemen-
tarities have an incentive effect that allows the principal to decrease the pay-
performance sensitivity and the uncertainty in the agent’s income, thus leading
to a lower expected pay. However, the resulting substitutability between perks
and wages that they derive is quite mechanical, being driven by the way volatil-
ity comes along in the model. Moreover, due to the agent’s unlimited liability,
the principal’s problem falls into one of maximizing the (certain equivalent of
the) total expected surplus, so that the provision of perks is always socially op-
timal and neutral for an agent’s well being. As a corollary, they also find that
the agent shall never be charged with the cost paid for perks by the principal.
However, we argue that, if it is the case, it is so because no resource constraint is
assumed to hold on the principal’s side, the principal being the residual claimant
of the agent’s income. It is, therefore, on the account of these dissimilarities
from our model, that we discussed the effect of changes in the cost of perks for
the agent’s well-being.

For its understanding of perks as a disutility-reducing device, Kvaloy, and Schot-
tner (2012) is the work most related to ours. They characterize a static moral
hazard model, with a risk-neutral agent and continuous effort, in which the
principal can take a costly motivational action in order to reduce the worker’s
effort cost. They distinguish two cases: in the first case, the principal itself
chooses the amount of motivation and bears its cost; in the second one, the
principal delegates the provision of motivational effort to another agent (a se-
nior or motivator), charges the motivator by the motivational cost and pays him
back a bonus, depending on the performance of the subordinate, low-ranking
worker. Their main contribution is a complete discussion of the conditions (on
the concavity of the agent’s disutility of effort) under which monetary payments
and perks are substitutes in reducing the agent’s cost of effort, and the char-
acterization of a solution where banding the objective of two different subjects
helps to by-pass the course of asymmetric information.

Aiming at understanding the role of perks when such an asymmetric information

there does not exist, Carrothers, Han and Qiu (2012) develop an equilibrium
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matching model for a competitive CEO market, where CEOs’ wages and perks
are both determined by bargaining between firms and CEOs. In their model,
(i) the production technology is firm-agent specific: it depends upon the firm’s
size, the CEQ’s talent, while it may account or not for perks as a production
input; (ii) CEOs have Cobb-Douglas preferences over cash and perks, and they
are liability constrained; (iii) there is neither moral hazard, nor asymmetric
information in the model. As it would be expected, their results show that firm
size, wage, perks and talent are all positively related. Interestingly, they also
found that perks are more sensitive than wage to changes in firm size when
there are economies of scale in the cost of providing them. This suggests that
the designing of perk cost plays a big role in characterizing the result even under

perfect information, regardless of the interaction between perks and effort.

2.2 The stochastic economy

Our model builds on a typical static moral hazard problem, with a risk-neutral
principal (the government) and a risk-averse agent (the worker), and assumes
that consumption of perks occurs at the beginning of the period (simultaneously
with the effort decision), while the consumption of the numeraire good (cash)
only occurs at the end of it, when the state of the economy is realized and
uncertainty is resolved. Moreover, we assume that either type of consumption
cannot be negative.

We can interpret this extended setup with perks in several different ways?. Our
most preferred interpretation is that of an optimal tax/transfer provision prob-
lem (social insurance), where the principal is a benevolent social planner whose
objective is to maximize the welfare of the representative citizen. The planner
offers a tax/transfer system supplemented by the provision of perks to insure
her against the systemic risk and, at the same time, provide her appropriate

incentives for working hard.

2First, our framework may describe a private franchising agreement, where the agent, as a
franchisee, can affect future outcomes by exerting unobservable effort. The franchisor is the
planner, who offers a contract which implies for the franchisee an initial service displacement
from the franchisor (the provision of perks) against the payment of a fee, which depends on
the realized state. Another interpretation is as a two-stage compensation contract, where the
difference in the income states plays the role of the surplus the principal and the worker may
be able to share. In this case, cs(ys) is the wage-rate for state s. Wages have to provide the
right incentives for the agent to exert the right effort. Moreover, since punishments (lower
wages) for state-O-income realization cannot be implemented, the principal can incentivize
effort through the payment of perks, if he finds optimal to do so.
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2.2.1 Technology, information set and markets. Consider a small open
economy, consisting of a one-period-living risk-averse representative agent (She)
and an infinitely living risk-neutral government (He). The productivity of this
economy is denoted by 6 € © = [0, 0] C R, which we assume common knowledge
of either the agent and the government. The agent likes consumption ¢ € [0, g]
and perks g € [0, 7], and dislikes effort n € [0, 7], with both § and 7 being non-
negative and finite. From her effort, the agent earns a gross income y = {yo, 41},
with 0 < yg < y; < g, that can be either consumed by the agent or used by the
government to finance his expenditures. We call y, the state of the economy.
We maintain that income realizations are publicly observable, verifiable and,

therefore, contractable.

The technology of this economy consists in a collection of kernels (pg, p1; V6 €
©) that maps the agent’s effort n into a probability measure over the set of
income realizations. We denote by ps(n, ) the conditional probability that the
agent in the economy 6 realizes income yq, i.e. ps(n,0) = Prob{y = ys|n,0}.

Throughout all this chapter we make the following assumption about the
income generating process.

Assumption(PD, Probability Distribution): The discrete density functions

are such that

o p1(n,0) = a(n+0), with a € (0,1]
e 0<pi(n,f) <1, forall@andn € [0,7), where @i := {n| p1(n,0) = 1},
and po(n,0) =1 —p1(n,0)

0 0
It follows that p} = M =a > 0, while pj) = M
on on

That is, the probability of realizing any ys is either linearly increasing or linearly

=—-a<0.

decreasing in n. Moreover, for § > 0 and all s = {0,1}, p; is linearly increasing

(or decreasing) in 6 as it is in effort. The random factor «, which - of the two
/

likelihood ratios (LR) s _ only affects @, also measures the effect of changes
s Po
on n and 6 on the probability function ps.

Sufficient restrictions will be imposed on the parameter values, such that, given
0, p1 € (0,1) is satisfied at an optimum. To simplify notation, we drop pro-
ductivity as an argument and denote by ps(n) what shall be understood as
ps(n,0).
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We also assume that the agent has not access to financial markets: she cannot
insure herself against the idiosyncratic risk (living in an economy whose pro-
ductivity is €), nor against the systemic risk (), unless she participates to the

government’s system.

2.2.2 The government. The government finances his constant purchases G,
with yo < G < y1, by levying type-and-state contingent taxes on labor income
alone, Ts(ys) = ys — ¢s. Perks are not taxable.

The government is forced to run a balanced budget that only holds in expected

terms:
Zps(n) (ys - Cs) -G - kq=0 (GBC)

Here, ¢ and ¢ should be understood as the equilibrium quantities of the nu-
meraire good (money or consumption) and perks, respectively. We assume that
one unit of real value paid by perks costs k > 0 to the government, with k being
the relative price of ¢ in terms of money. k can be thought of as the marginal
cost of the perk good, added any efficiency loss that may be due to either i)
transformation costs, and ii) bargaining with the agent about their provision.
It is wort noting that a consumption plan that makes expression (GBC) negative
would not be possible, since the government would not find anybody willing to
be on the lending side of the financial transactions that serve him as an insurance
device. To keep things as simple as possible, we neglect the costs associated with
the government financial activity or pretend they are already included in G.
In designing the optimal fiscal policy, the government - who maximizes a social
welfare function defined over the agent’s preferences for cash, perks and effort -

is constrained from a non-negative consumption requirement:
Vs, cs >0 (LL)

We also notice that, whenever (GBC) binds in equilibrium, the expected income

tax is always equal to the government’s expenditure, G + kg*.

2.2.3 The tax system. In our setting, income taxation obeys two purposes.
Firstly, since the agent is risk averse, we expect the benevolent social planner
to smooth some of the income risk the agent faces. This is the insurance motive

of taxation. Though from Abraham and Pavoni (2008)’s moral-hazard model
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we already know that the constraint efficient allocation varies from that in a
“pure bond economy”, i.e. from the allocation the agent can obtain by insuring
herself through borrowing and lending, the question still remain, in our optimal
taxation setting, on whether the planner can provide additional insurance by
means of the perk good. This result would imply that perks have a role in
enhancing welfare compared to a pure perk-less economy.

The second motive for taxation builds on incentives. In offering the tax/transfer
system, the social planner also tries to provide the agent with appropriate in-
centives for exerting high effort. Though working hard may be beneficial for
the agent as well, it is certainly necessary for the planner himself, since he is
constrained by his budget balance. When high punishments (low consumption
levels) for low income realizations cannot be imposed, providing perks may be
a valuable alternative in order to relax the agent’s incentive compatibility con-
straint.

Intuitively, the full support assumption we made plays a major role in balancing
the two motives for taxation. Under this condition, in fact, the agent has incom-
plete control over income realizations. Hence, the government can implement
schemes that impose a tax payment in one state and a transfer in the other in
such a way that the agent is not able to avoid paying taxes with certainty. Still,
however, the agent may be allowed to enjoy - with certainty - the provision of
perks.

No restrictions are imposed on the functional form of Ts(y), that will be derived
from the optimal plan for consumption. Clearly, the curvature of the cs functions
is closely related to the progressivity of the tax system. Thus, in order to study
the pattern of the optimal tax system, we allow y; to increase - from y; ; to
y1,i+1- and look at the curvature of the optimal consumption allocation.

Following Abraham, and Pavoni (2008), we define the following,

Definition(TS, Tax System): We say that the tax scheme is:

C1,i — Co,i
Yi,i — Yo

o “inter-state” progressive (regressive) if is decreasing (in-

creasing) in y1 ;;
Cli+1 —C1

is decreasing (in-

« “intra-state” progressive (regressive) if
Yii+1 — Y1,

creasing) in yi j41.

This definition implies that whenever consumption is a convex (concave) func-

tion of income we have a regressive (progressive) tax system supporting it. In
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a progressive tax system taxes are increasing faster than income does. At the
same time, for the state in which the agent is receiving a transfer, transfers are
increasing slower than income decreases. The opposite happens with a regressive
tax scheme.

If the scheme is progressive, incentives are provided by imposing “large penal-
ties” at low income levels. On the other hand, if the scheme is regressive,
incentives are provided by larger rewards for high output realizations. If the
scheme is proportional these rewards and punishments are balanced.

The next proposition reports on a well-establish result on the literature on

optimal taxation and first-order approach

Proposition: (AP, Proposition6) Assume the FOA is justified, and that the
optimal (cg, c1) is interior at ¢ = 0. Then, if it holds that i) the likelihood
ratio (LR) is monotone and convex (concave), and ii) ) is concave
(convex) in ¢, and that iii) the absolute risk aversion coefficient (ARA) is
decreasing and convex (constant), then the optimal tax scheme is regres-

sive (progressive)?.

2.2.4 The agent’s preferences and strategy. The representative agent

chooses n € [0,7] in order to maximize her expected utility
UP)(c,q;n) = Zps(n) u(es) — g(n, q) (AEU)
subject to:
Vs, s =ys — Ts(ys)

where u(c) : [0,7] — R is any non-decreasing, strictly concave, twice-continuously
differentiable function of ¢, that is uc(-) > 0 > we(-); g ¢ [0,7] x [0,5] - R
is strictly increasing and strictly convex in its first argument, n, and strictly
decreasing and convex in its second arguments, ¢. That is, g, > 0 < g, and
gq <0 < gqq, for all n >0 and ¢ > 0. For n =0, ¢(0,¢q) = g»(0,¢9) = 0.

The complementarity between ¢ and n, which is the key feature of our model,

is what makes of perks a purely work-related good.

3When the LR is convex, CRRA with n < 1 induces regressive schemes since ARA is
decreasing and convex and 1/uc(:) is concave. This case includes the logarithmic utility
function, for which linear LR, rather than convex LR, leads to proportional schemes.
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2.2.5 Allocation and Ramsey’s problem

Definition(Feas, Feasibility): A feasible allocation is a collection {cg, ¢1, n, g; V6)
such that expressions (GBC), (LL) and g > 0 are satisfied.

Definition(FP, FiscalPolicy): A government’s policy is a collection of func-
tions (Ty(yo), T1(y1); V0) such that c; = ys — Ts(ys), for all s € {0,1}.

Definition(FB, FirstBest): A FB optimal equilibrium allocation is a fea-
sible allocation, a government’s policy, a price and technology system
{{k,G), (ps)} such that: i) given the government’s policy, the price and
technology system, the allocation maximizes expression (AEU); ii) given
the allocation, the price and technology system, the government policy
satisfies expressions (GBC) , (LL) and ¢ > 0.

There are many equilibrium allocations, indexed by different government expen-
ditures, technologies and productivities. Following Lucas and Stokey’s (1983)
argument, we let the government choose directly the optimal feasible alloca-
tion, and discuss the progressivity of the optimal tax system by looking at the
equilibrium consumption levels.

We call the optimal taxation problem a Ramsey problem. The next section
states the problem and characterizes the solution for the first best. Before doing
so, however, we assume the following functional form for the agent’s disutility
of effort,

ntite 1

140 (1+aq)’

Assumption(N, Disutility of effort): g(n,q) =

e {y,6,a}>0and o > 1.

5n1+0
A dingl ,0) =
ccordingly, g(n,0) T o

, which is the standard isoelastic disutility of effort.
Because of this, any comparison with the optimal allocation in the perk-less
economy becomes straightforward. Furthermore, by this specification form, we
aim at shaping the curvature of the perk-technology by means of two parameters,
a and 7, that are directly comparable with é and o. Here, in fact, a accounts
for the work-relatedness of perks and, along with -, it controls for their degree

of diminishing returns.

2.3 The Ramsey’s problem with PI

When effort is observable, the government’s problem can be stated as follows:
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an.{c}
subject to:
> ps(n) (ys —cs) =G —kg=0 (GBC)
Vs, ¢s >0 (LL)
qg=0

The Lagrangian to (P1) is therefore as follows

5n1+0
L= - s s A — Cs
nrga?c(}{ 140 ( 1+aq Zp ulee) = A e =]
1
NG+ R+ e +5q}
s=0

where ) is the non-negative Lagrange multiplier on (GBC), and {xs}._, and
¢ are the non-negative Lagrange multipliers associated to (LL) and ¢ > 0,

respectively. For fixed G and (p,), we maximize £ with respect to (n,,q,co,c1).

2.3.1 The analysis

The first-order conditions to problem (P1) state

Cs: ps(n) [uc(cs) —A] <0, Vs >0 if <, then ¢ =0
ontte va
: - M <0 if <, th *=0
a4 1+0 (1+ag)¥*! -7 1L <, then g
n: Pl [u(es) + Ay s)]—(snio>07 if >, then n* =n
2 (T + gy =

A Zps(n) (ys —cs) =G+ kg

To interpret these conditions, we first note that the Lagrange multiplier A equals
the rate of change of the maximum value of the agent’s expected utility with
respect to changes in the value of the public expenditures. In other words, A is
the marginal social cost of resources. The first order condition with respect to c;

states that, for any s : ¢ > 0, this marginal cost shall equate the marginal gain
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from consuming c;. With perfect information, the features of the distribution
function do not affect this mechanism. Actually, neither the limited liability
does. To see why, let denote by § the state s: c¢s > 0, and let be ¢ = ¢z. The

focs with respect to ¢ and ¢, jointly state:

1 S 1
uc(cs) — ue(C)

, if >, then ¢} =0

This condition, that holds whatever ps(n) is, implies that, as long as there is
at least one state for which the agent is worthy to be paid a positive amount of
cash, it is optimal to supply her with a constant consumption stream. When it

is the case, the optimal € is uniquely defined from expression (GBC), i.e.:
&= Zps(n*)ys -G — kg*
S

Therefore, whether perks are provided or not does no affect the necessary condi-
tion for optimality with respect to cs, but just the level of the optimal constant
consumption level, throughout the government’s budget constraint.

Since the optimal consumption is bounded, either from below and from above,
so it is the optimal tax/transfer. That is, the agent is full-insured against the
systemic risk, she being the full-residual claimant of all her expected income

above the public expenditure, in either G and gq.

From the foc with respect to effort, we see that a necessary condition for a
strictly positive solution to exist is that there is at least one state ys, > 0,
whose probability increases with effort. The optimal effort is then the one that
maximizes the agent’s expected utility at the constant consumption level ¢. The

following proposition states it more formally.

Propositionl: Fix problem (P1), and let Assumption(PD) holds. Then, the
optimal first-best allocation has effort n* > 0 and consumption ¢, = ¢ > 0,
V s = {0,1}, where ¢ is the expected income, net of the government’s

equilibrium expenditure in either G and perks.

The system of optimal transfer and income taxes, which is bounded from
above, with bound T} = y; — ¢, either i) fully insures the agent against
the systemic risk, ii) it makes the agent be the full-residual claimant of all

her expected income above G + kq*.

With ¢ = ¢; = ¢, the (LL) constraint reduces to ¢ > 0, with multiplier x > 0.

We can immediately rule out ¢ = g = 0, since this implies government’s finances
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are in surplus. Since the utility function is strictly increasing, all available
income will be spent at the optimal point (no interior solution). Therefore,
the budget constraint must hold with equality. For any utility function that
satisfies Inada’s conditions, moreover, if it were ¢ = 0, then A = +oco and
n = n would still imply ¢ = 0, which is a violation of optimality. At an
optimum, therefore, either the set of effective constraint is Fy = {(GBC)}, or
it is B = {(GBC),q = 0}.

2.3.1.1 The optimality condition for perks

With A > 0, the foc with respect to ¢ says that, if the maximum occurs at any
positive amount of ¢, the marginal return of perks, i.e. the marginal reduction
in the agent’s disutility of effort, must be equal to the marginal cost of perks, as
expressed in terms of consumption utility, i.e Ak. By combining the two first-
order conditions, the one with respect to ¢ and the other with respect to ¢, we
obtain the well known equality result between the marginal rate of substitution

of ¢ in terms of ¢ and their relative price.

uc(c) 1

U, k
To look at it differently, from the first-order conditions (taken with equality)
and the government’s budget constraint, we can write
o uel0) -+ gyl
2 ps(n)ys — G
The first relation means that at any optimal constrained allocation the marginal

utility per dollar must be the same at both margins, i.e. for ¢ and ¢q. The same
marginal utility per dollar must occur when the expected extra revenue, i.e.
> < Ps(n)ys — G, is spread out over both consumption and perks, as when it
is spent in either good. That is, the rate of change of utility with respect to
any additional revenue must be the same at each margin and at either margin
simultaneously.

This non-surprising result is due to centralization and perfect information. Un-
der these assumptions, perks are certainly not a “prior good” with respect to
cash. Only their relative price is what matters (to either the worker and the
government), and it is their relative price that determines their marginal value

and, therefore, the marginal rate of substitution.

Substituting out the optimal consumption plan and the government’s budget

constraint, problem (P1) reduced to
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(P1-R) L =max ulyo + a(n+0)(y1 — yo) — G — kq

n,q

ontte 1 e

1+0o (1+aq) e
The focs to this problem are, therefore,
c (@al L if > then n* — 7

n ue(€)a(y — - > if >, then n* =n
c Y1 — Yo (1+aq)
5 1+o

Ly: —uc(€)k + Jaon <0 if <, then ¢* =0

(1+0)(1+ aq)wrl B

From the government’s budget constraint, and Assumption(PD), we already
know that

c=yo+an+0)(y1 —y)—G—kq

Together, £, and L, imply that the optimal amount of perks is adjusted de-

pending on the cut-off level

WCW(ZA - yo)no
1+o0

kl (no)

Therefore, if k > ki(n§), where nf = n*|;=o, then, ¢* = 0 and perks are
never part of a first-best solution. Unfortunately, this condition involves all the
parameters of the model, so that it can be argued that the result for perks it is a
matter of parametrization. Indeed, it is. Besides, the scope from providing perks
with perfect information, which is strongly related to the decreasing marginal
returns of consumption, may fail to catch the full content of their provision.
We defer, however, to next section the discussion of the rationale behind the
provision of perks, while dealing with the asymmetric information problem.

1
Nonetheless, it is worth noting that, if ng > ﬁ, then k1 > a(y1 —yo) and for
~Ya

k € (a(y1 — yo), k1(ng)) perks may be provided even if they are technologically
inefficient. Moreover, by the dependence of k1 from ng, it is always possible to
find a value of § such that either case holds*.

Proposition2: Fix problem (P1-R), and let Assumptions (PD) and (N) hold.

1At ¢* = 0, the equilibrium values of ¢ and n solve the following system of equations

{c = af(y; — ggo)a— (Gj —y0) +alyr —yo)n

-1
c=u, {7
a(y1 — o)
where uz[] denotes the inverse of the marginal utility of consumption.
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a(yr — yo)a’Yn*.

1. If ¢ = 0, then it holds that £ > k; = T o 5

5n*1+o

T+~
2. Ifgp >0, withq*zmax{( -, 1}7thenk<k’1.
a a

(1+ o)uc(ch)k
Moreover, at any interior solution, perks are adjusted so that the marginal
rate of substitution between cash and perks is equal to their relative prices,
1/k.

3. If v < o, the above necessary conditions are also sufficient.

4. If the disutility of effort and the perk technology are such that the optimal
1
effort in the perk-less economy satisfies ng > ﬁ, then, for all k£ €
a

(a(y1 — Y0), k1(ng)) perks may be provided in the first best even if they

are technologically inefficient.

The proof of the statement in point 3 of Proposition2 is discussed in Appendix
2A. Tt builds on the negativeness of the Hessian matrix to problem (P1-R)
and it ensures that the government’s problem is jointly concave in either effort
and perks, at any interior solution for perks. The economic content of point
4, instead, is the following. As long as our welfare criterium is utility, the
decreasing marginal returns of consumption leave rooms for a positive provision
of perks, even if they are not a cost-minimizing tool. Nonetheless, for this
being the case, the optimal effort implementable without perks must be already
sufficiently high. In that, we say that perks may be more effectively used as a

consumption good.

2.3.2 Comparative statics results

The complete discussion of the comparative statics analysis may be found in
Appendix 2A. Here, we limit ourselves to a brief statement of the main results,
that will serve as a reference point when discussing the dynamics that lead to

the second-best optimal allocation.

Corollaryl: Fix problem (P1-R) and let Assumptions (PD) and (N) hold. The

optimal first-best allocation is such that:

1. if perks are optimally not provided, then the optimal effort decreases

in either y1,a and 0;

38



2. if ¢* > 0, then the equilibrium effort level, n* may either decrease or
increase in both y; and «, depending on i) the agent’s absolute risk
aversion, ii) the agent’s preferences for perks. ¢* always increases in

either y; and «, while both effort and perks decrease in 0 and k.

3. If preferences and technology are such that both effort and perks

show high decreasing marginal returns, i.e. if |Lppl, |Lqq| > Lng for

0 0 0
all n, ¢, then at any interior solution, a—;l — a—;l <0, a—z — a—g <0
on  0Oq
and % — % > 0.

To understand the strength of Corollaryl, we must keep in mind that in this
framework, an increase in either y1,a and 6 does not affect the relative price
of consumption with respect to perks. This is so because, with perfect infor-
mation, the agent receives a constant payment that is the same in either state.
Variations in the optimal allocation, therefore, results from a pure income ef-
fect, which is negative for effort and positive for perks. As the cost of perks
increases, the substitution effects that push for providing less perks and more
consumption, in reason of the complementarity of perks and effort, are the lead-
ing forces in explaining the drop in effort. In fact, either the income effect and
the substitution effect that follow an increase in k£ would have act so as to reduce
leisure.

Clearly, when effort is observable, the planner, by choosing either the optimal
effort and the optimal amount of perks simultaneously, takes advantage of the
complementarities between effort and perks in order to offset the income effect.
However, when the convexity of effort is sufficiently high and the technology for
perks show very high decreasing marginal returns those income effects seem to

dominate.

2.4 The Ramsey’s problem with MH

This section extends our analysis of the optimal taxation problem to the case
where the agent’s effort is neither observable, nor contractable. The govern-
ments wants to maximize the agent’s expected utility, subject to his budget
balance and the agent’s incentive compatibility constraint. This constraint re-
quires that the effort the planner wants to induce results from the agent’s utility-
maximizing behavior, given the terms of the social contract. That is, since the

government cannot observe the agent’s effort, he must design a mechanism such
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that it is in the agent’s self-interest to apply the effort that she is meant to
implement.

As before, we assume that the agent, who is cut off from all insurance/asset
markets, may be provided with either cash and any non-negative amount of the
single, non-taxable, work-related good that is called perk.

We analyze the problem with moral hazard in three steps. In step 1 (Section
2.4.1), we assume that the contract (cg,c1,q) is fixed, and study the utility-
maximization behavior of the agent given the contract. In step 2, we derive
the optimal fiscal policies as to regard consumption (Section 2.4.2) and perks
(Section 2.4.3). Precisely, we will highlight the mechanisms that may affect
the curvature of the optimal consumption fact, by deriving a simple expres-
sion for our index of progressivity. Then we will discuss the conditions under
which perks may be provided with moral hazard when they are not under per-
fect information, and characterize the shape of the agent’s indifference curves
at any equilibrium allocation. Unfortunately, because of the non-linearity of
our problem, we cannot characterize the optimal contract much further analyt-
ically. Numerical simulations are the scope of Section 2.5. There, we combine
the payment rules with the agent’s incentive compatibility constraint and the
government’s budget balancing order to derive the optimal incentive-compatible

allocation {{cop, c1,¢),n} as an equilibrium outcome.

2.4.1 Step 1: The agent’s problem

The agent has preferences over streams of consumption levels, ¢ = {¢g,c1},
with 0 < ¢y < ¢1 < @, perks ¢ € [0,7], and effort choices, n € [0,7] , that are
described by an expected utility function of the form

Snite 1
1+0 (14 aq)”

U@ (c,gin) = ps(n) ulcs) —

where u(+) is a strictly increasing, strictly concave and twice-continuously differ-
entiable in class of CRRA utility function with relative risk aversion coefficient
n > 0, and the parameters are such that {v,a,6} > 0 and o > 1.

The agent’s maximization problem
max UP (c, q;n)
n

implies the following first- and second- order conditions
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5 o
Ly : Zp’su(cs) - ﬁ >0, if >, thenn=n

Lon —M <0 for all feasible n, ¢

(1+aq)7
In the spirit of the first-order approach (FOA), the first inequality replaces
the agent’s incentive compatibility constraint (IC). Implicitly, it defines the
agent’s effort as a function of either monetary and non-monetary incentives,

i.e. n =n*(c,q). Standard comparative statics analyses yield to the following

functions,
on  piuc(s) . /on )
Ocs - U:Sn"_l (1+ag)” Slgn(@cs) = sign(pl)

on _vya n

— = >0 for all feasibl
g - 0 +ag) or all feasible n, ¢

The optimal response to consumption, ng; = g—ci, therefore, is higher, in magni-
tude, the lower is the convexity of effort and the higher are ¢ and the marginal
utility of consumption in state s, the latter being larger the smaller are either
cs and 7. However, for larger ¢, given n, n, = an is smaller. By simple

dq

computation, we derive

sign (’ gcns

B %Z) _ sign((l +ag)vtt — m)

Because of the dependence of n from either ¢, and g, it is in general difficult to
say what the sign of the difference |ns| — ny, may be. However, some sufficient
conditions can be found whenever n < 1 holds. We state them in terms of

Lemmas.
Lemmal: If au.(g) > vad, then n. > ng, ¥g > 0.

For u(-) in the class of CRRA functions, if we also assume § = 1, the above
condition reduces to @ > va. Thai is, when a net measure of the profitability
of effort, namely «/d, is larger that the direct marginal effect of the first unit
of perks, then the effort responsiveness to cash payments is higher than the one
to perks.

The reversed inequality, however, do not imply that n, > n. for all or some

q > 0. Nonetheless, a simple case arises when v = 1. Indeed,

on on 2 1 ~yadn®
“Cifand only if >+ >+ (1 )
Ocs ” 0q NG ony it +aQ+a2 aue(cs)

0. Therefore, if auc(cs0)) > gng(no,0) = yadng, then n, > ngy for all

Lemma2: If y =1, then ‘
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q > 0. If auc(cyy) < yadn§, then 3¢ >0 : ng >n.Vq e [0,q] & n. >
1 on’(q
ngVaqg>q, withg=— [ L(q_) — 1} endogenous.
a |\ auc(cs(q))
Though the first-order derivatives suffice to characterize a candidate solution to
our problem, we need the second-order partial derivatives of the agent’s choice-
function to study the global concavity of the government’s problem. We do it in
Appendix 2.C. Nonetheless, before going farther with our analysis, it is worthy
to stress out the behavior of the optimal n as regard to q.
&*n 0’n

Lemma3: ng, = 200 > 0 and ngg = 902 < 0, whilesign [nsq} = sign (p)),
qgon q
9n

Ocs0q’

The economic content behind Lemma 3 is the following. The contribution of

for all c, ¢, n, with ng =

perks as an incentive-device is higher the higher is the effort that the agent is
asked to implement, though this effect shows diminishing returns.

In spite of the lack of any complementarity between effort and consumption and
between consumption and perks in the agent’s utility function, because of the
stochastic nature of our problem, the agent’s responses to monetary incentives
also depend upon the amount of non-monetary ones. In the literature on perks,
to niq > 0 corresponds a hidden benefit of reward, since monetary incentives
complement and enhance the effect of perquisite goods on effort and vice-versa.
We argue, however, that when an increase of ¢ makes labor supply more elastic
as to regard cash, income taxation (whatever its purpose might be) is more

distorting.

Understanding the dynamics implied by Lemma 2 and 3 is quite important,
since they are relevant in driving our results. In fact, the following lemma and
proposition link the scope for providing incentives (the tightness of the moral
hazard problem) to the optimal fiscal policy through the the effort responsive-
ness to either consumption and perks.

Lemmad4: Fix the agent’s incentive compatibility constraint of problem (P2).
The partial derivatives of n* with respect to the government’s instruments

also imply that the total derivative of n with respect to y; is given by

dq
7} + ¢>0¥(n, Q)Tyl

dn der  wue(co) deg
— =®(c,n,q)|5— —
dy ( q) [dyl Uc(Cl) diyr

42



(14 aq)auc(cr)
dono—1

nya
o(1+aq)

where ®(c,n,q) = and ¥(n,q) =

ue(co)

UC(CI)

ii) the degree of insurance provided by the contract; while the total derivatives

Here, the term depends on either i) the curvature of the u(-) function, and

Cs .. .. .
dTﬂ capture the progressivity /regressivity of the supporting tax system. To see
why, let first notice that in our setup, as it is in the literature on optimal taxation
with moral hazard, but neither perks nor public expenditure expenditure, any
progressive (respectively, regressive) tax system is such that, by definition®,
there exist an income level § € [yo, ] for which the following hold:

d d
a) fory>g,either£<0(> 1) and 0 < 20 <1 (>1); and
dyi dy

deo

b) for y < 7, m

>1(<1).

Nonetheless, along with this, we must account for the compliances that naturally
arise from assuming the existence of a government’s budget constraint. In fact,
if it is clear that any increase in state-s consumption, by reducing the marginal
utility in that state, relaxes the incentive compatibility constraint and, therefore,
modifies how the gains of allocating utility vary across states, it is also obvious
that any relaxation of the incentive compatibility constraint does change the
shadow cost of the government’s revenues. At low income levels, therefore,
when the marginal social value of wealth is indeed larger, the optimal tax system
shows - all other things equal - a higher degree of regressivity. Intuitively, we
derive our result from the feature of the utility function which, by satisfying the
Inada’s conditions, prevents large (potentially infinite) punishments and also
makes the provision of incentives at low consumption levels less-costly.

For a progressive tax system, the existence of a wasteful public expenditure
implies an even more negative responsiveness of ¢; to yi, at low income levels.

On the other hand, for a regressive tax system, for which that responsiveness can

dc
be positive even at low income gap, our theory only implies that =t < 0.
Y1 ly=vo
Nonetheless, by the continuity of the solution, there must be an interval Z such

dc

that d—l < 0 for at least all y € [yo,G] C Z.
Y1

The following Proposition, by summarizing our result, completes the proposition

discussed in Section 2.2.3.

5See AP (2006) and the discussion in Section 2.2.3 of this paper.
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Proposition3: Assume the FOA is justified and that the optimal (cq,c1) is

interior at ¢ = 0. Then,

1. If it holds that i) the likelihood ratio (LR) is monotone and convex (con-
1
cave), and ii) A is concave (convex) in ¢, and that iii) the absolute risk

C
aversion coefficient (ARA) is decreasing and convex (constant), then the

optimal tax scheme is regressive (progressive)

2. Whenever the government’s expenditure is such that G > yo and it is
wasteful, all conditions i), ii) and iii) in point 1 being satisfied, the re-
gressivity of the optimal tax scheme increases - as compared to the case
where G = 0 -, at those income levels for which the marginal social value

of wealth is positive.

At low income levels, i.e. at those states at which the marginal value of re-
sources is higher for the principal, the more progressive the tax system is, the
more negative is the effect on implementable effort of increments in the income
gap. Put it differently, if the agent were facing a progressive tax system, the
government could still be able to offset the negative income effect on effort by
providing her with perks, though the effect of increasing perks can be subject

to diminishing returns. However, at higher income levels, for which the pro-

Cs

gressivity of the tax system implies that — 0 for all s, since those negative

effects are reduced in magnitude, the probllem of diminishing returns in perks
is less severe.

The same logic applies when the agent faces a regressive tax system. In this
case, the negative effects of income are mechanically reduced on account of the
higher weight that the increased ratio of marginal utility puts on the reduced
sensitivity of ¢g to y; at low income levels. To counteract the reduction in effort
by providing perks is then less costly, since less perks are required, and those
are less subject to diminishing returns. Moreover, at high income levels, the
regressive tax system is such that j—;‘i — 0, while 3—; > 1. On account of
that, the principal can obtain a positive sensitivity of effort to y;, by adjusting
optimally the provision of either state-1 consumption and perks, both having a

. dn
positive effect on —.
dy1

Propositiond: Fix the agent’s incentive compatibility constraint of problem

(P2). If the tax system were
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1. progressive, then the principal may counteract the negative effect of in-
come on effort by providing the agent with perks. Moreover, the amount
of perks needed to offset that effect is decreasing in y;. However, at low
y1, the positive effect of perks is humbled by their diminishing marginal

returns.

2. regressive, then the negative effects of income on effort are reduced at low
income levels and they cancel out for y; sufficiently high. Therefore, the
principal can implement a positive sensitivity of effort to y; by optimally

adjusting the provision of either perks and state-1 consumption.

To conclude this section, we notice that, in the present set-up, the effect of
effort on the marginal utility of perks is always positive, being Uy, > 0 for all
n > 0. That is, except from moral hazard, there are no further distortions,
such as misusing of perks. Though it can be argued that such misbehavior is
part of any work-related good, we abstract from this problem to focus on the
intrinsic ability of perks of moving the agents closer to the Pareto-optimum
when asymmetric information further constrains the government’s problem of

collecting resources and providing insurance.

2.4.2 Step 2: The government’s problem w.r.t. consump-
tion

In this second step of our analysis, we assume that the government chooses
the values of the contract {(cg,c1,q) so as to maximize the agent’s expected
utility, subject to: i) budget balance, ii) the agent’s incentive compatibility
constraint, iii) limited liability, and iv) the non-negative constraint on perks.

The government’s problem can be stated as follows,

5n*1+a 1
1+o0 (14 aq)

(P2) max > pa(n*) ulcs) -

subject to:
> pa(n*) (ys—cs) =G —kq=0 (GBC)
n*:{n: Zp’u(c)—(sniazo} (IC)
= (1 ag)
Vs, cs >0 (LL)



q=>0

After substituting out the agent’s choice function (so dropping expression (IC)

from the set of constraints), the Lagrangian to this problem is

. 6n*1+a 1 .
L= C{)I}i)fq{zs:pS(n )U(CS)— 1+o0 (1+GQ)7+)\{zs:pS(n ) (ys_cs)_G_kq

+ZXSCS + §Q}

where A > 0 represents the Lagrange multiplier associated with the govern-
ment’s budget constraint, and xs and £ are the non-negative multipliers asso-

ciated with (LL) and ¢ > 0, respectively. The choice variables of problem (P2)

are {(cg, c1,q).

Definition(SB, Second Best): A SB optimum equilibrium is a feasible al-
location, a fiscal policy, a price and a technology system such that: i)
given {Ts(-)} and {(k,G),(p)}, the allocation maximizes (AEU); given
the allocation,(k, G) and (p), ii) {Ts(-)} satisfies (GBC), (LL) and ¢ > 0,
iii) the compensation scheme W = (¢, c1,q;V0) implements the effort

policy n*(c, ¢; 0) as implied by (IC).

2.4.2.1 The optimal consumption plan

Using the comparative statics results derived earlier, and by defining £, =

A {Zp; (ys — cs)}, the first order conditions with respect to ¢s and ¢ are,
S

on
. —_— —_ < 1 —
Le Ly a. + ps {uc(s) )\} <0, if<,¢c5=0
on  onite a
: nao- - S ) i ) =
L, 8q+1+0(1+aq)“¥+1 Ak <0 if<,g=0
Ly: > ps(n) (ys —cs) = G+ kg

Though the marginal utility derived from consuming c; is a function of ¢ alone,
because of the absence of any complementarity between cash and perks, the
optimality condition with respect to c; is affected by ¢ throughout the impact of
perks on the agent’s reaction function with respect to ¢s. In order to maximize
his objective, therefore, the government takes into account how each of his

instrument affects (simultaneously) the agent’s behavior.
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As we are interested in any equilibrium at which n* > 0, we can conveniently
neglect the non-negative constraint on c¢;. In the following, we assume that an
interior solution for ¢y does exist. ¢ Accordingly, there are only two sets of all
the possible constraints that are effective at an optimum, either E; = {(GBC)}
or Ey = {(GBC),q = 0}. The following analysis applies to both.

Let be A = Zp’s(ys —¢s). Then, £,, = AA. Optimality conditions for ¢; and

S
co thus imply,

Y ol
11 _A(l—i-aq) &7 ()
A ue(er) odn?=1 py
and
LI —A(H“qw(ﬁ_ﬁé)<o if <, co=0 (2)
uc(er)  ue(co) oon=t \p1 po/ =7 7

The following Lemmas can be derived.

Lemma5b: At a SB optimal allocation, the equilibrium level of effort is ineffi-

cient. Moreover, perfect risk shearing can not be achieved.

To prove the statement, firstly we notice that the efficient level of effort, the one
at which £,, = 0, requires either A = 0 or A = 0. Since of the two requirements,
the former does violate optimality, through its implying GBC > 0, it remains
to discuss if at an optimal allocation, A = 0 may be an equilibrium outcome.
However, from the first-order conditions with respect to either ¢y and ¢y, if
A =0, then u.(cs) = A for all s such that ¢, > 0. Therefore, by (2), for either
realized income level, either the corresponding cash payment is constant, or
c1 =y1 — Yo and ¢g = 0. In the former hypothesis, the incentives compatibility
constraint would be only binding at n* = 0; in the latter, GBC = 0 would be
violated.

In other words, when the government needs to provide agents with incentives,
to choose a positive effort level, risk sharing cannot be his only consideration.
With both A and A strictly positive, the agent’s consumption will generally vary

with income, trading off some risk-sharing benefits for incentive provision. As a

6Tt is precisely the case when u(-) is CRRA with parameter n > 1. In this case, in fact, if
it were co = 0, (IC) whould imply that, for any feasible ¢; and g, the agent chooses n = .
Moreover, since, by construction it must hold that p1 (7, -) < 1, the agent’s expected utility is
U(0,c1,q,7) = —o0o, which is infinitely less than what she can get for any ¢g > 0. Therefore,
we would expect a benevolent government to set co > 0.

For all u(-) such that n < 1, instead, the infinite marginal utility of consumption at zero
also implies a violation of optimality.
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by-product, the equilibrium effort, though optimum, is below the level at which

it maximizes the government’s objective, that is £,, > 0.

P

/
Lemma6: Whenever #* ‘%, the optimal payment to the agent increases

Dbs Ds
with the value of the likelihood ratio, weighted by a positive factor, which
depends on n, ¢ and c. Furthermore, the higher is ¢g, the larger is ¢; of

equilibrium.

The proof of the statement follows from (2). As we see, the difference be-
tween the inverse marginal utilities is negatively related to the difference in
the likelihood ratios. Moreover, since p; < 0, optimality conditions imply that

uc(co) > uc(c1), and, therefore, by the concavity of u(-), that ¢y < ¢;.

With bounded resources, this consumption structure reflects the logic of statis-
tical inference altogether with that of incentive provision. Rising n by rising ¢;
contributes to greater efficiency. On the other hand, a contract with a greater
monetary incentive component will tend to lower the expected utility because

of diminishing returns in consumption, leaving room for the provision of perks.

Finally, we notice that, by a revealed preference argument, using additional
signals (so as the productivity) will increase the government’s objective as long
as these signals have an independent effect on the likelihood ratio (as it is when
ps(n,0) = as(n+0)). Moreover, since the likelihood ratio decreases in 6 we will
aspect the optimal monetary compensation to be affected by two forces: the first
one decreases ¢ in 6. It holds anytime the rationale for monetary compensation
is to incentivize work, and effort and productivity have no positive cross-effect.
The second one pushes for increasing ¢ in 6, as a consequence of a weakly
income effect.

The following Proposition summarizes the results as to regard the optimal con-

sumption plan.

Proposition5: Fix Problem (P2) and let Assumption (SD) hold. Then, the
stream {c; } will vary with {y;}, trading off risk-sharing for incentive provi-

sion. The optimal ¢, increases with the equilibrium value of the likelihood
/

.. P
ratio —=. Moreover,
Ds

o the difference in the inverse marginal utilities (taken in pairs) follows the
difference in the likelihood ratios, as weighted by a factor which depends

on g*.
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e since the likelihood ratio decreases in 0, any c; is affected by two forces:

statistical inference vs. income effect.

2.4.2.2 About the convexity of the optimal consumption plan

This subsection introduces our index of productivity. We derive it from the
first-order condition with respect to ¢, and the government’s budget constraint.
Altogether, those imply that, at any interior solution for ¢y, the planner set the

optimal consumptions according to the following system
co =yip1v +yo(l —p1v) — G — kq
e =yipip+yo(1 —pip) — G — kg

where v and p measure the direct equilibrium responsiveness of , respectively,

co and ¢1 to expected income p1y;, and are define as follows,

Son® pipo — don” 'pipo + o2(1 4 aq)? /p
don®~pipo + (1 + ag)” = T Son  Ipipo + a?(1+ agq)

14

With 0 < v < 1 and g > 1, it holds that the partial derivatives are such that
600 801

— < —, for any n*.

8y1 8y1 )

. . . . 1+ aq)”
Since v and p are linked, we define a unique variable M = M, such

don?~pipo
1 M
that v = andy = —2L. By simple substitution in the system of
Ly M = e Y e Y

equations, we obtain an expression for our index of interstate progressivity”.

Namely,
€1 — o M

vi—Y 1+M

and, therefore,

C1i —Coi _ M(n(yl,i)aQ(yl,i))
yii—% 1+ Mn(yi) qyiq)

7A similar expression for the index of intrastate progressivity can be obtained by computing

c1,i+1and subtracting to it the same expression for ¢1 ;. With pq j = p1 jp;, for j = {3,i+1},
we have that

Cl.i+1 — Cl,i

- Y1,i — Yo - . k
=pPli+1 + ——————P1,i+1 —P1,i ) — ——(qi+1 — @
Yi,i+1 — Y1,i Yi,i+1 — Y14 Y1,i+1 — Y1,
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We notice, first of all, that the effects on our index of changes in y; are all of
second-order. That is, since y; does not enters the expression for M directly,
progressivity is measured only through the effect of income variations on both
the provision of perks and the implementable effort. Moreover, other than
from the direct effect on effort, that only accounts if ¢ > 1, progressivity is
also affected by the features of the probability distribution, since the effort
responsiveness of pipg, which can be either positive or negative, depends on n,

and on « and @ as well. This complicates our analysis. Nonetheless, for 8 = 0,

1 ¥
M= &. For 6 = 0, therefore, we obtain
don? [é — n]
0 |:CL7; — CO,Z’:| - 1 dM
Oy, [ Y10 — Yo (L+ M)? dyy,;
dM  OM dq oM dn
where = + =

dyl,i a 6(] dyl,i on dyl,i o

(T4 agt {
 bone F - n] o dyi;

@

ya dg (1"“1‘1)[% - &Tan] dn }
n{l _ n] dy1,i

From the above expression, it is clear how either the sign and the magnitude
of the interstate progressivity depend on the responsiveness of both perks and
effort to income increases. Unfortunately, since the pattern of the latter changes
with the magnitude of the income gap, through the relevance of the resources
collecting problem and the tightness of the moral hazard, we cannot characterize
the optimal social contract much further analytically without having a better
understanding of the dynamics that lead to a positive provision of perks, or
without imposing heavy restrictions on the parameters.

The exercise we propose in Section 2.5 aims at exploring the quantitative im-
portance of the provision of perks in assessing the progressivity that arises in

equilibrium.

2.4.3 Step 2: The government’s problem w.r.t. perks

The optimality condition for the perk good, g , states that

1+o
L, on d </\{kAan} if <, q*=0

140 (1+ag)*t — 0q
with A = Zp’s (ys — ¢s). Substituting out A\, we can see how the provision of
S

ntte va
1+o (1+ag)r+t

perks is linked to the agent’s responses. Let be U, = Then,
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. Uq aq : *
Ly : Uc(Cs)g _éan’ if<,¢*=0
Ps Ocs

which holds for all s, such that ¢s > 0. Because of its relevance, we state the

above result in terms of a Proposition and its Corollary.

. 0 A0
Proposition6: Let define k = [k‘—A—n] / [1 _oa
dq Ps Ocs
perks are adjusted so that their marginal social value in terms of forgone

} . Then, at an optimum

consumption c;, i.e the marginal rate of substitution M RS,.,, is equal to
(or less than, if ¢* = 0) the relative price k which is relevant when taking

into account the efficiency costs from the moral hazard.

By rearranging £,, we can see how deeply the provision of perks is linked to the

agent’s responses. Namely,

1 A
,Cq: MRS-S‘IZ%_Z

if > ¢*=0
ps Ocyg U, 0q ! 4

That is, whether the MRS;, (between c, and ¢) of second-best is larger or

1
smaller than its value of first-best (namely, —), it depends on the difference,
at ¢*, n* and c¢*, of the weighted derivatives of n with respect to ¢s and gq.
In principal, therefore, both scenarios may apply. Because of our specification

form, however, we can show that

Za<ys - Cs) ,

1 . (1+ aq)” np .
MRSS > — 1 _ S , f , * 0
=k + kdon® Ue(es) ™t {( +o) Ps hd

*

That is, given Assumption(PD), provided that 6 > —%
o

solution (even at ¢* = 0) the marginal rate of substitution between ¢y and ¢ is

, at any optimal

larger than the MRS, of first-best. More generally, the smaller (or negative)
is the likelihood ratio evaluated at n*, the higher is the M RS,, of equilibrium.
The optimal second best contract, therefore, is such that at any interior solution
for perks, the perk good is over-consumed, in the sense that should the agent
have received a cash amount equal to the value of the optimal provision of
perks, she would have purchased less perks. In fact, the equilibrium marginal
utility of consumption, at any state, is strictly larger than the marginal utility
of one dollar of expenditure in perks. That is, from an ex-post perspective, after

the realization of either state, the agent regrets her consumption decisions: she
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would have liked to receive less perks in the first stage and more of the numeraire
good afterwards. Nonetheless, from an ex-ante perspective, efficiency requires
perks to be provided in kind and fully consumed under uncertainty, though
such an amount results in more perks than what the agent would have freely
purchased on the market if that uncertainty were resolved.

Up to this point, however, we cannot infer whether the provision of perks is (even
ex-post) harmful to the agent, but just that it is socially optimum (ex-ante) to
provide them in larger amount than it is in the first-best. We summarize the

previous result in form of a corollary to Proposition6.

Corollary2: Because of the agency problem (i.e. whenever £,, > 0), for any
value of the effort functions (such that n, and n. are either different
from zero) and for all # > 0 or 6 negative but sufficiently high, it holds
that M RS,s > k and the provision of perks in the second-best is ex-post
inefficient. Moreover, if ny. # 0, then there is no income tax, even non-
proportional, nor excise on ¢, such that the optimality condition of FB,
namely M RS, < k, is achieved.

The effect of increasing k. Suppose an interior solution for perks do exist.
What is the effect on the M RS, 0f increasing k?

0
kA — aﬁ
We write the adjusted relative price as k = —qan Then, an increase
pi(n)/A — Doy
1

in k raises the opportunity cost of perks with respect to the opportunity cost of
paying ¢; (namely, 1) with probability p;(n). On that account alone, we should
expect the government to substitute away from perks, toward more monetary
incentives. However, as k increases, disposable resources also decreases. Since
leisure is a normal good, we might expect the agent to be willing to work more
on herself®. But, fixed g, the higher is n, the lower is the true opportunity cost
of perks, because either i) p;(n) is increasing in n; and ii) ng, > 0 while nq,, <0.
Therefore, if at some k, the total income effect is larger than the substitution

effect, and A(k) = Zp’s (ys — cs(k)) is sufficiently large, increasing k by some

S
amount dk > 0 might reduce the marginal rate of substitution between ¢ and
c1. That is, at the new price k + dk, since the government’s value for perks

increases, also the provision of perks does increase.

8We notice that, though ne, = 0 for o = 1, a weakly income effect propagates also in this
case, by the optimal c.
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2.4.3.1 On the scope of providing perks
np)
p1
when taking into account the convexity of the agent’s disutility of effort and

Let denote by p = {(1 +o0)— a measure of the net efficiency-cost of effort,

the effort effectiveness in determining the probability of success, p1(n,6). To
simplify notation, let beQ = (1 + aq). Then, the first-order condition for perks

can be written as

k
L, : _%Q’Yle +B(n,c)BQV + D(n,¢) <0, if <, ¢* =0
g
A 1 B 140
where B(n,) = T and Dln,c) = e gm0

Since ¢* > 0 if and only if £;|4—0 > 0, we state that ¢* > 0 if and only if the

following condition is satisfied, namely
k < ko(no, C(O)) = B(no, C(O))% + D(nyg, C(O))

where the subscripts ¢ and () mean that either n,co and c; are evaluated at

q=0.

By simple comparison between k; of first-best and ko of second-best, we obtain

ki —ky a(y1 — yo)ya {%FB _ [@ (1_ €1(0) — Co(o)) SndtH o H
ny' (1+o) [ Lo Y1 — Yo aue(er o)) (1 — Yo)
which is:
1. negative for pg > 0 and n}# sufficiently high, such that nfBo = nd! p,,
ndH o
and > uc(ei(o))(C1(0) = Co(0));
5 MH
2. positive for pg > 0 and uc(c1(0))(c1(0) — Co0)) > no(jp .
0

3. always positive for pg < 0.

We focus meanly on cases 1 and 2, since - due to our specification form - p > 0 is
satisfied at all n. The economic content of the above expression is the following.
For ko > ki, the price the benevolent social planner is willing to pay for the
first infinitesimal unit of perks is lower in first-best than it is with asymmetric
information. Thus, there may be values of k in the positive interval (ki, ko)
for which perks are provided in the second-best when they are not with perfect

information.
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First of all, we notice that the technology parameter a is of no consequence in
signing k; — ko, while this difference is decreasing in either « and pg. Therefore,
ko is eventually greater than ki, providing more role for perks in the second-
best, the larger is 6 (because of the negative effect of higher expected income),
and the lower is « (because of the tightness of the moral hazard problem).

C1(0) — €o0(0)

Moreover, the smaller is , i.e. the more insurance-oriented the tax

Y1 — Yo
system is at ¢ = 0, the more likely is that ko > k1. As far as we can see, in fact,
the magnitude of the term w.(cy(0))(c1(0) — Co(0)) i linked to the features of the
optimal tax system at ¢ = 0, which, of course, does vary with the income gap,

Y1 — Yo- To see how, let us write

Oue(er)(er — ¢o) dey Co Ecoy
ol DACS € _ Ceom
8:[/1 v (Cl)dyl [ 77:| + C1 |: 661,y1i|

Uee(c1)|c
where 5 = [teclcller
. ue(er)

c
s Y1 is the elasticity of consumption in state s with respect to the level of

dyl Cs X
income in state 1.

is the coefficient of relative risk aversion and e ,, =

Therefore, a progressive tax system (such that at low income levels e, ,, <
€co,yn) Makes more likely that ks > ky. That is, conditional on the income
gap being sufficiently low (such that the incentive motive of taxation actually
applies) the scope of providing perks with moral hazard exceeds the one of first
best the more progressive is the tax system at ¢ = 0.

As we already discussed, a progressive tax system imposes larger penalty on
low income realizations than it pays rewards at high income realizations. At
low consumption level ¢y and low income gaps, when providing incentives is
easier, because of the concavity in the consumption utility function, the cut-off
price for perks is more likely to be higher under moral hazard then with perfect
information. However, we argue that trading-off progressivity/insurance for
perks could also be suboptimal. In particular, we expect that if agents have low
taste for perks, trading insurance for incentives, may be harmful the higher is

their absolute risk aversion.

Finally, we notice that, if § = 0, then p = o. The condition stated in case 1,
therefore, has the nice interpretation of the marginal disutility of effort evaluated
at ¢ = 0 being higher than the marginal utility gain from consuming ¢y ) —co(0),
an event which only occurs with marginal probability a. The contents of the

following propositions are, therefore, quite intuitive.
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Proposition7: Let be § = 0. Then,

FB MH o
- o €1(0) ~ €0(0) ong
_ = — (1=
sign <k1 kz) Slgn{né”H [( " — 0 ) + e (1)) (91 = yo)H

Hence,

o if nf'P > ndH and e (1 (0))(€1(0) = Co(0)) > Gng(ndHH0), then the price
the planner is willing to pay for the first infinitesimal unit of perks is
higher in FB than it is in SB.

o if n{? &~ nd"H, and gne(nd*,0) > auc(ci))(ci) — co)), i-e. if the
moral hazard problem is not too much severe but still the marginal disu-
tility of effort is sufficiently high, there is a scope for providing perks even

at those values of k for which ¢z = 0.

Proposition8: Let be § = 0 and assume (P1) and (P2) are jointly strictly
Aayn adntte Th
. Then,

dk =
T+ o ndks(ne) =m0

a) grp > 0iff k < k1(nd'B,el'P), and g5z = 0 otherwise;

concave. Denote ki(n,c) =

b) ¢55 > 0iff k < k1 (ng B, c5P) +k3(n§B,cf£)) , and ¢§p = 0 otherwise.
Moreover, the following holds,
i) if k1 > k > ko for all yq, then g5 > g% = 0 for all yi;

i) if k2 > k1 > k for some y;, there exist two intervals Z~ and Z such
that ¢55(9) > ¢p(9) = 0 and ¢§p(2) > qpp(z) > 0, for all § € 7~ and
all z € Z% , with § <y < 2.

Ue 5B SB | 1+0o
iii) Moreover, if (71;?3)) (n%B) , it always holds that ko > k1.
uc(cy ”) g

Though we can derive the cut-off levels for any 6, so that assuming 8 = 0 is a bit
of loss of generality, to impose v < ¢ , which is a sufficient condition for problem
(P1), would not be enough to guarantee the strict concavity of problem (P2) (see
Appendix 2.C). The second part of Proposition 8 follows from the continuity
of the optimal solutions at y;, which guarantees the continuity of the k—cutoff
levels. Finally, the last statement is a restriction on the values k$Z(n,c) and
kf'B(n,e). In fact, as long as k7 Z > kf'B(the condition stated in point iii), then
ko > k1.

In the following section, we explore by a numerical exercise the effect on the
progressivity of the optimal tax system of assuming a price for perks above and

below the cutoff levels.

95



2.5 A numerical exercise

This section puts the model at work. The main purpose is the one of assessing
the qualitative importance of the channels we have derived analitycally, and
through which perks may affect the progressivity of the optimal tax/transfer
scheme and, therefore, the social welfare.

It also extend our theoretical results in that that, by allowing to control for the
existence of local maxima, it also help us to highlight the mechanism by which
an optimal allocation with perks may still be inefficient.

In order to do this, we fix the parameter values in such a way that the predictions
derived for our model without perks are consistent with those discussed in the
literature. We mainly try to target the optimal tax on state-1 income, when G
is fixed at level 0.5 and y; is allowed to vary in the range [1,3]. By this, we
mean to capture the optimal average tax on labor income when the per-capita
public expenditure is between about 15% — 50% of the (average) top-bracket
gross income. We then set yg = 0.3, a = 0.5 and 6 = 0. As standard in this
class of model, we assume a Frisch labor supply elasticity equal to 0.5, and work
with the pair (o,7) = (2,1). The parameters ¢ and a are adjusted so that the
k—cutoff levels range around 1. Since we do not impose any restriction on effort
other than the non-negativeness of the probability measures, one can think of
our strategy as to target some relative price for perks, and perk-to-consumption
ratio, rather than to match some frequency of the data. Finally, we assume

preferences such that the coefficient of relative risk aversion takes value n = 2.

As one can see from Figure 2.1, the following exercise computes the optimal
allocation when the cost of perks is 1.2 times the cost of the numeraire and
the equilibrium probability of state-1 being realized ranges between 0.3 and
0.7. The model is, therefore, parametrized so that the effort and, thus, the
probability of y;to be realized decreases in the value of the state. The dynamics
for the k—cutoffs are the ones we derived. As income increases, both thresholds
increases, though at low income level, the willingness to pay for perks is higher
with asymmetric information than it is when effort is observable. For some
values of y1, therefore, the actual price k is below ko of moral hazard and above
kyof first best.

Figures 2.2 and 2.3 report the equilibrium allocation for either state consump-
tion, effort and perks. The former show how our extended model with perks
performs when effort is observable and when it is not. For our purposes, it suf-
fices to notice that the profiles of the k—cutoff clearly justify the result. With
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asymmetric information, perks are provided in positive amounts i) at earlier
states and ii) in a higher proportion than they are under perfect information,
so triggering a positive response in the agent’s effort that offsets the negative
effects of increasing income.

When looking at the optimal consumption schemes, perks allow for a higher
state-1 consumption level as compared to either the constant consumption level
of first best and the consumption obtainable in the perk-less economy when
effort is unobservable. However, state-0 consumption falls below its perk-less
value. Figures 2.4 and 2.5 shed light on the real effect of this substitution. In
fact, either the intrastate and the interstate progressivity indexes, when com-
puted for our model with perks, increase with the value of y;. Whereas the
optimal tax system of the perk-less economy is progressive (n = 2), the provi-
sion of perks makes the optimal tax/transfer scheme being (more) regressive in
that that the ex-post tax on state-1 quickly decreases with income, while state-0
transfer becomes a less concave function of y;.

Though small in its magnitude, the percentage utility gain from a system with
perks increases in the state (Figure 2.6). Moreover, those gains are higher with
asymmetric information than they are when effort is observable.

To complete our analysis of the welfare implication of providing perks, we repeat
the same exercise when controls for the strict concavity of the problem are not
imposed. Figures 2.7 and 2.8 prove that optimal (in the sense of been local max-
ima) but inefficient interior solutions may arise at low income levels. At those
income levels, the actual price for perks is above the k—cutoff. Nonetheless, as
Figure 2.9 shows, the responsiveness of effort to perks is so higher compared
to g—n , that the principal may be tempted to provide perks, also on account
of thi}lir small marginal diminishing returns at those states. The implied fall in
the sensitivity of n with respect to ¢;, however, results (Figure 2.10) in a less
progressive transfer system if we look at the difference in state consumptions,
and in a more progressive tax on state-1 income, rather than in a regressive one.
Is this profile of the tax system, which trades off insurance for incentives at a

too low state of income, what makes the allocation inefficient.
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Figure 2.1: Prices and probability
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Figure 2.3: Optimal SB allocation: W/ vs W/O
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Figure 2.5: SB optimal tax and transfer
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Figure 2.7: Inefficient provision of perks at low income states

Figure 2.8: Utility loss from perks
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Figure 2.9: Responsiveness of effort to perks
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2.6 Conclusions

This chapter adopts a mechanism design approach to study the optimal labor
income tax/transfer system with perks. To the best of our knowledge, it consti-
tutes the first attempt to study analytically the implication of providing perks
for optimal taxation. In fact, virtually all the existing papers that analytically
study the provision of perks with moral hazard, either focus on their effect on
the effort responsiveness to monetary incentives, or they study the cash-perks
substitutability in the optimal labor contract, absent any considerations for
income taxation.

To deal with the issue at hand, we develop a two-state version of a stochastic
Ramsey’s problem with a representative, risk-averse agent and an utilitarian,
resource-seeking government, who also takes the post of the principal and owner
of the only firm in the economy. When designing the optimal rules for cash
payments and perk provision, the government, who is constrained by his budget
balance, takes into account the agent’s unobservable reactions to the tax system.
While we assume that perks are not taxable, labor income taxes in our model
are set so as to accomplish to either the insurance and the incentive motive.
Methodologically, we rely on the first-order approach (FOA)to replace the set of
incentive compatibility constraints with the first order condition derived from
the agent’s maximization problem, and show that, though we meet the sufficient
conditions for the validity of the FOA, a stronger restriction on the convexity
of the agent’s disutility of effort is needed for the problem to be jointly concave
in either effort and perks. To that literature, we also contribute by emphasizing
the compliances that naturally arise when a revenue collection problem with
wasteful expenditure is taken into account.

Though the complexity of our problem does not allow for a sharp characteriza-
tion of the solution, we derive simple analytical expressions so as to investigate
the main channels through which the provision of perks may affect the optimal
tax system. Then, we complete a numerical exercise, in order to test the ability
of our model to quantify the progressivity of the optimal tax system, for which
we propose two fairly indexes, and prove the robustness of our analysis.

Our results firstly show that there may be a scope for providing perks in the
second best that exceeds the one with perfect information, and argue that, when
it is the case, the optimal amount of perks in the constrained-efficient allocation
is always above its value of first best. Secondly, we prove analytically that,

from an ex-post perspective, the equilibrium marginal-rate of substitution be-
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tween cash and perks under asymmetric information is always, at all levels of
consumption and for all states of the world, greater than its first-best value.
In spite of this ex-post inefficiency, however, we also find that the complemen-
tarity between perks and effort may be of advantage to the government while
counteracting the negative effects on effort that naturally arise at high income
levels. Whether or not this feature is beneficial to the agent, it depends on the
induced effect of perks on the supporting tax system.

Our analysis suggests that, when perks are efficiently provided, the government
trades off progressivity for perk provision. Our main conclusion is that perks
make the optimal state-1 consumption be a more convex function of income,
while they increase the concavity of the optimal transfer in state-0. Hence, the
second-best efficient tax system with perks becomes (more) regressive compared
to the case where perks are unavailable. Intuitively, the mechanism designer
wants to discourage the agent from exerting less effort. To discourage idleness,
not only consumption has to be incentivizing (consumption in higher states
needs to increase), but it must also increase more in order to enhance the ben-
eficial effect of perks. Moreover, the lower is the agent’s risk aversion, the
less-costly is for the principal to trade off insurance for incentives.

As the agent’s risk aversion increases, however, there may be an inefficient
provision of perks at low income levels. As our quantitative exercise shows,
in fact, at lower states, when the revenues collection problem is more severe,
the optimal taxation system supporting a positive provision of perks reverses:
state-0 transfers become less progressive; state-1 taxes turn to be progressive,
while they are regressive in the perk-less scenario. Since these changes occur at
those states at which the agent values insurance the most, providing perks is

actually inefficient.
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Appendix 2.A: The Hessian matrix to (P1-R)

A sufficient condition for x* = {n*,¢*} to be a local maximizer for problem
(P1-R) is that

1. (x*,£*) satisfies the first order conditions (with £ being the Lagrange
multiplier on ¢ > 0), and

2. |Ha(x*)| > 0.

We also notice that the constraint qualification condition is always satisfied. By

differentiation of the first-order conditions to problem (P1-R), we find

0 O 1
|H2| =0 Lnn £nq =Ly >0
L Lng Lyg
With L, = —|uee(e)|a®(y1 — y0)? — M < 0, for all feasible {¢, n, ¢}, the
nn — cc Y1 Yo (1 + aq),Y ) y 14y

sufficient condition for a global maximum at x* are satisfied.

2.A.1 Comparative statics for the FB

Let Hy be the bordered Hessian matrix to problem (P1-R) with positive de-

terminant H = —L,,, and let denote by g(¢q) the non-negative constraint on

q.

1. Whenever g¢(q) is active, and ¢kp = 0, by applying Cramer’s rule we

obtain the following comparative statics results.

(a) The agent’s marginal productivity of labor, 8 = a(y1 — yo)-

0 —Log
1 L
ain _ qp _ Enﬁ <0
a8 H H

Proof: L3 = |ucc|k(n+0) >0, and

Lnp = ue(€) — alyr = yo)(n + 0)[uce(c)| =

Ue — C|Uee]

— luee(@) ~(G+ka" —10))

|UCC|
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Therefore, L£,5 < 0 if yo < G and u(-) is of the class CRRA with n > 1.

For all 0 < < 1 such that n € it also holds that

—717
1+ (G —yo)/c

Eng <0.

(b) The technological parameter, ¢
0 _Ene

l — a9 — ﬂ < 0

00 H H

Proof: Ly = |ucclka(ys —yo) > 0, and L,g = —|uce|a?(y1 — yo)? < 0.

(c) The cost of perks, k

0 _Enk
on _ |1 Ear| _ Lo _
ok H - H

0

Uc

Proof: Ly = —|ucc|(kq* + ) >0, and Lk = |teela(yr —yo)g* =0

|ttce
. At an interior solution for ¢ the effect of the same parameters on either

n and ¢ is less clear. We can, however, derive the following comparative

statics results,

(a) The agent’s marginal productivity of labor, 8 = a(y1 — yo).

on 1
% = (LagLas — 1£apl|Laal) > 0 for uce| sufficiently high;

o8 H
dg 1
85 = E(|£nn|£qﬁ - |LnB|an) > 0 for 6§ <O0.

(b) The technological parameter, 6.

dg 1 1 Juee]e®(y1 — y0)?0n7ya
90 E('E””wq" |£”9‘£"q) “H (1to)dtagr 0

on 0O0q n . On _ Oq . 1
o _ A . That is, & < 2L if * < p* — =.
20 (96‘(%+q)<0 atlb,ae<891q<n o
(c¢) The cost of perks, k.

on 1

= E("C‘”w"’“ + LapLag) <0

dq 1 .

== E('ﬁqu’“ n Enkﬁnq> <0ifo>n.
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Here, all partial derivatives (L3, Lqs , etc.) are as in point 1. Moreover, being
y(v + Da?éntte

Log = —k|uce] — <0
= e = U ag
Son?~1
Lon = —a?(y1 — y0)?|tee| — ———= <0
(yl yO) | | (1+aq)’7
B ~yadn?
Lrng = a(y1 — yo)k|uce| + (1+ ag) ™t >0,

we notice the following,

o if k> a(yr—yo), then | L] < Lng < |Lgq]- That is, the marginal returns

from increasing the amount of perks are less persistent;

1
o if ﬁk < a(y1—yo), then |L,,| > Lnq > |L4q], and the marginal returns
Y

from increasing effort decrease more quickly.

o If, however, either |L,,| and |L4,| are larger than L,,, all comparative

0
statics are such that, at any interior solution for perks, % — % <0,
on  9dq on  Jq
%—%<Oand%—%>0.

Appendix 2.B: The agent’s optimal response func-

tions
dn
dx

n
and — denotes its partial.
Ox

Here denotes the total derivative of n with respect to x, for x = {cs, ¢, n},

dn  pluc(s)
des  oonc-1

(1+aq)” sign= +(p})

dn a n

L >0

dq o (14 aq)

It is also convenient to compute the second-order partial and total derivatives.

Those are,

—1) plu,
d2n _Mw(l_’_aq)'y for o Z 2 d2n Y a

= o onc = L >
desdn 0 for o — 1 dgdn o (1+ aq)
0
0%n  Plice(s) 0%n v na®
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We conclude, therefore, that,
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P (0 — Dpluz(s) :

2n _ _aénf’_l (1+ agq)” Ta“(l +aq)” + |uce(s)|| ifo>2
2 /
des pis”gc(s) (1 + aq)? ifo=1
d2
We notice that for 0 =1 and p), < 0, d—CZ > 0 for all g and ~. For o > 2, it is
* 2
always possible to find a value for 6 small enough and such that 7 Z < 0 for all
CS

q and p}, < 0.
d2 2
d—qz = % {% — 1}, which is negative for all v < o.

Finally, the total cross-derivatives are as follows:

2 o ’
Yo — 1 PsDPgrUc\S)Uc(S .
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= 1 y-1
degdq do2no—1 (14 aq)

Appendix 2.C: The Hessian matrix to (P2)

Each expression in the Hessian matrix results from solving, for all r = {co, ¢1, ¢, A}

and x = {cp, ¢1, ¢, A}, the following

o L, dn  OL,
" On dx or
We find,
EA:Zp’(y —c)d—n—p and E)\:Zp’(y —c)d—n—k
Cs - s\Ys s dCS s q - s\Ys s dq
dn dn , dn 9’n
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which is negative either for ¢; and ¢, for ¢ sufficiently high.
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which is negative for all v < ¢ . This restriction is necessary for the problem

being jointly concave in effort and perks at any interior solution.

Finally, we have,

_p;uc(cs)amv?(uaq)“[ 0 oon” (uc(lcl) uc(lcs))]

L. -
cad do2no—1 n+0 + Av(1 + aq)”
with sign = +(p/,)

Global concavity of problem (P2), with A = {£,, A} and z; = {c1, o, ¢}, requires
that the bordered Hessian is such that |Hs| < 0, with

0 0 0 0 1

0 0  Lex Legn Lgn
|H3(x:64, M) =10 Lon Leye Leyeo Leg| =
0 Leox Leeo Legeo Leog
1 Loy Leg Leyg Lgg

= _<2£c1)\£51c0£c0)\ - »Cg())\»cclcl - £§1>\£COCO> <0

Finally, we note that the constraint qualification is met at x* for all sets of
effective constraints, £y = {(GBC)}, and Es = {(GBC), q = 0}.
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Chapter 3

A Nash non-cooperative
game between the fiscal
authority and the labor
market: the top income

marginal tax

This chapter models a two-stage interaction game between the fiscal authority
and the labor market, by assuming that the government acts as a Stackelberg
leader and the firm as the follower. In fact, it consists of two parts, one for
each stage of the game. By a backward induction argument, we first study a
two-state version of a static moral hazard problem wherein the independent,
self-interest risk-neutral principal (the firm) retains full control of the provision
of perks and wage payments to the risk-averse agent (the worker), given the fiscal
policy announced by the government. Then, in the second part, we state the
government’s maximization problem, as restricted by the outcomes generated
in the labor market, and solve for the optimal income tax.

To simplify the analysis of the labor market, we abstract from any structural
issue (as the market competition, the term structure of the labor contract,
the market price of perks, their contribution to productivity, the access to the

financial markets, and so on), and concentrate on the effect that perks may have
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on (different measures of) the social welfare, when labor income taxes optimally
react to their provision.

To deal with the asymmetric nature of our problem, we require that the prin-
cipal - nor the government - takes into account the agent’s effort incentive
compatibility constraint, when designing the optimal compensation scheme.
To focus on the main purpose of our research, we also assume that labor income
taxes are paid by the firm, so that the worker makes her effort decision only
on account of net wages and perk provision. In order to simplify our analysis,
however, we fix the low-state income tax to zero, and solve for the top-income
tax rate alone. In that respect, we interpret our results in terms of the effect of
perks on the marginal tax rate paid by the top-income bracket earners.

We split our analysis in four steps. Firstly, we address our attention to the
scope of providing the perquisite good, with and without perfect information.
Secondly, we characterize the optimal compensation scheme as the collection
of wages and perks that maximizes the firm’s expected profits, given the tax
rate announced by the government. Thirdly, we enquire on the effect of perks
on the rent-extraction problem faced by the principal, and on a measure of the
production efficiency. Fourthly, and finally, we state the government’s prob-
lem and characterize the optimal top-income marginal tax that maximizes the
expected utility of an “ideal worker” who does not shrink and is paid her net
productivity only in wages.

The rest of the chapter is organized as follows. Section 3.1 briefly reviews some
of the more influential works on perk provision. It also emphasizes our contri-
bution to the literature, by pointing out the main dissimilarities and the results
we derive from them. The general set-up and the agent’s optimal effort policy
are described in Section 3.2. Section 3.3 discusses the principal’s problem when
effort is observable and contractable, and characterizes the first best solution
as a reference point. The principal’s problem with asymmetric information is
then described in Section 3.4. Sections 3.5 and 3.6 characterize the optimal
rules for the wage payment and the provision of perks, respectively. The issue
on ex-post (in)efficiency is discussed in Section 3.7, while Section 3.8 links it to
the agent’s information rent and well-being. Section 3.9 derives a closed form
solution for the benchmark model, and introduces the concepts of effort and
wage elasticity to the tax rate. Section 3.10 proposes and discusses our mea-
sure of production efficiency, in order to assess the social desirability of perks.
Numerical predictions and comparative statics results are presented in Section

3.11. Section 3.12 states the government’s maximization problem and charac-
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terizes the equilibrium tax rate. All the results in this chapter are summarized
in a simple tax-formula, which we propose as a new testable hypothesis. Section

3.13 concludes.

3.1 Related literature

Though there is a long-lasting debate on whether agents are over- or under-
provided with perks, and whether perks and cash are complements or substi-
tutes in providing incentives, the theoretical literature on non-monetary ben-
efits does not provide a satisfactory explanation of why, even with perfect in-
formation, perks should be provided. Neither it discusses the welfare impli-
cations (in terms of excess resources and agent’s well-being) of the comple-
mentarity /substitutability between perks and wages that, for the most part,
mechanically results from those model.

In the financial literature, for example, the standard explanation for perks relies
on some form of agency problem (Jensen and Meckling (1976), Grossman and
Hart (1980), Bebchuk and Fried (2003), Gabaix and Landier (2008)). Monitor-
ing concerns, which are the key factor of those models, lead managers to use
perks in order to appropriate some of the surplus generated by the firm, in a
way that is neither approved nor acknowledged by shareholders. This should be
beneficial for them, but detrimental for welfare. Unsatisfactory as it might be,
in order to be able to apply our analysis to any hierarchical level and any sector,
we build instead on the assumption of a principal who has full control of (and,
therefore, imposes) the provision of perks to the agents. More generally, we
abstract from any issue on the collusion between the worker and the principal,
and any misbehavior of the latter.

A second group of researchers consider perks as a “productive” good. This view
suggests that perks are useful instruments to align the objectives of principal
and agents, and drives the result that the investment in them is always efficient.
In Marino and Zabojnik (2008)’s model, for example, perks are either a con-
sumption good and a productivity-enhancement tool. The complementarities
between perks and effort, either in the production function and in the consump-
tion utility, have an incentive effect that allows the principal to decrease the
pay-performance sensitivity and the uncertainty in the agent’s income almost
mechanically. To avoid such an entanglements of mechanisms, we focus on a
class of pure work-related goods, with no productive attributes.

Among those studies, as ours, that deny fringe benefits any “productive” at-
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tribute, there are some that uniquely define perks for their complementarity
with the agent’s effort, in the usual sense that consuming more of the former
good does increase the utility the agent gains from applying the latter. Re-
searchers in this group, however, mainly focus on the issue of ex-post efficiency
and agent’s utility losses. On that regard, for example, Bennardo, Chiappori
and Song (2010) construct a discrete-effort principal-agent model, with no lim-
ited liability and binding participation constraint, to find out that whenever the
perquisite good is a substitute for leisure, the optimal incentive scheme involves
an over-provision of perks, i.e. the agent consumes of perks more than she would
have to if given a choice between money and perks at the current market prices.
When applied to our setting, however, the analysis of ex-post inefficiency leaves
rooms for dynamic improvements as the income gap between states of the world
increases, yet providing conditions (on the probability distribution) under which
that ex-post inefficiency holds, and it actually holds whenever the agent is enjoy-
ing a positive rent. Similarly, in Weinschenk (2013)’s discrete-effort model, the
employer may either underinvest or overinvest in perks depending on whether
the work-relatedness of perks exceeds or does not a measure of the performance
precision. The analysis wherein shows that if perks harm the agent, the prin-
cipal never underinvests but may overinvest in perks. Though a similar result
holds in our model, the derivation of it follows from the extent to which the prin-
cipal makes use of perks in order to reduce the agent’s rent in those scenarios
(i.e. technological environments) wherein the wage responsiveness to increasing
effort that is needed to preserved incentive compatibility is particularly high.

In the same spirit, though referring to a “motivational action” rather than to
a qualified perquisite good, Kvaloy, and Schottner (2012)’s continuous-effort
model contributes to a complete discussion of the conditions on the agent’s
disutility of working under which monetary payments and motivational effort
are substitutes in reducing the agent’s cost of effort. As we shall see, though
we assume, as they do, utility complementarities between perks and effort, the
direct or inverse coo-movements in the equilibrium allocations for perks and
effort, as long as the complementarity/substitutability between cash and perks,
do follow from the interaction between the responsiveness to effort of the prob-
ability distribution and that of the agent’s marginal disutility of working. Our
qualitative result, compared with that in Kvaloy, and Schottner, owes its rich-
ness to the different probability measure we assume. Whereas, in their paper,
the distribution is defined by just one parameter, normalized to one, we allow

the probability distribution to vary with respect to the shape and a location-
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parameter, upon which those differences in the comparative statics results turn
out to depend.

Moreover, despite the differences between the last three models, they share the
same assumption of a profit-maximizing principal, as opposite to the worker’s
interests. We argue that, though the agents may like perks less than money (as
measured by the ex-post inefficiency), yet society (as a whole) may found the
perquisite good of some advantage if, by incentivizing effort, perks constitute
a resource-improving technology even when agents are compensated (in perks)
for their excess of effort.

That is what motivates us to enquire either the real gains from perks in terms
of increased capacities, and the agents’ utility gains when the tax system itself
is allowed to optimize on the tax rates, while taking into account the firm’s
incentives to provide perks and their effect on production efficiency.

Our results as to regard these questions are completely new to the literature on

perks and, therefore, constitute our main contribution to it.

3.2 Preferences, technology and information set

Consider a representative economy, inhabited by an agent (the worker, She)
and a firm (the principal, He). The technology of this economy consists in
a collection of functions p? = (ps : © x N' = S(I)), that, for a given pa-
rameter § € © = (§,0) C R, maps the agent’s effort n € N = [0,7] into a
probability measure over the set of income realizations, ys € ¥ = {yo, y1}, with
0 < yo < y1 <y and either 7 and 7 finite. Income can be either consumed
by the agent or used by the principal to acquire (at a linear price k > 0) any
amount of the perk good, ¢ € Q = [0,q], with § < §. Perks, if paid, are pro-
vided to the agent’s before effort is taken. We also maintain the assumption that
income realizations and the technological parameter § are both publicly observ-
able and contractable, and call y; the state of the economy, while the agent’s
effort may or may not be observable. We refer to the equilibrium allocation
arising when effort is observable as the first-best, and define as the second-best
(or constrained) optimal allocation, the collection of equilibrium variables when
effort is an agent’s private information.

A government levies distorting taxes, Ts(ws) < ys, for s = {0, 1}, on the state-
contingent (gross) wage paid to the worker, ws € R.. It is without loss of

generality that we assume that labor income taxes are paid by the principal in
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behalf of the worker, so that ws is the agent’s net wage. Restrictions on the
functional form of Ts(-) will be imposed as derived by the analysis. Finally,
perks are not taxable.

We denote by ps(n,6) the conditional probability that, given 6 and effort n,
state y, is realized, i.e. ps(n,0) = Prob{y = ys|n,0}. While dealing with a
representative economy, in order to simplify notation, we drop 6 as an argu-
ment of the probability measure, and simply denote by ps(n) what should be

understood as ps(n, 6).

We make the following assumption on the discrete probability distribution:

Assumption(PD, Probability Distribution): The density measures (p?) are
such that

e p1(n) = aln+0), with a € (0,1]
e 0 <pi(n) <1l forall® € ©andn € N = [0,a] C N, and
po(n) =1—pi(n)

Ipi(n) _ , _ Opo(n) _
n =a >0, and pj = n =—a<0.

That is, the probability of realizing any ys is either linearly increasing or linearly

It follows that p’ =

decreasing in n. Moreover, for any 6,60’ € © such that 8’ > 0, <p9/> stochastically
dominates (p?), in that that for any n, po(n, ) < po(n, 6).
/

/

The factor «, which, of the likelihood ratios, &, does directly affect o 1yt not

Ps Po
/

p—, measures the effect of changes in n and 0 on the probability function ps.
p1
Linearity implies that, once nis fixed, the effect of a marginal increase in n on

p1 , as measured by p—} =n + 0, is constant in n.

To respect the full-support assumption, we assume p;(77) = 1 — €, or, which is

equivalent, po(7i) = €. For the property of a probability measure to be satisfied,

we restrict € to belong to the interval £ = (1 — a,1). That implicitly defines
1;5 — 9, forall0cO©= (—(1— 1_8),1_5).

We also assume that: i) the agent has an outside option (as an unemployment

n=

(0%

benefit /research cost) that yields utility & € R, and/or ii) wages are bounded
from below by the minimum wage level, § > 0 . Though assumption i) is
somehow redundant when the other holds, we maintain both assumptions in
our analysis of the first-best, in order to be able to show the link between the
agent’s bargaining power, i.e. the labor market structure, and the provision of

perks.

(0]



The agent has preferences over streams of wage levels, w = {ws}l_, with
ws € R4, perks q € [0, q], and effort choices, n € [0,7] , that are described by

an expected utility function given by

1

Up (w,q;n) = Zps(n) u(ws) — g(n, q)
s=0

where v : R4 — R is a function strictly increasing, strictly concave and twice-
continuously differentiable in its argument, i.e. wu. > 0 > uc., for all w, in
R4; and g : [0,7] x [0,4] — R4 is a continuous function, twice-continuously
differentiable, increasing and convex in n and decreasing and convex in g, i.e.
gn > 0 < gppn and gg < 0 < ggq, for all feasible n and g. Moreover, we assume
that,

i) u belongs to the class of NIARA (non-increasing absolute risk aversion) utility
functions (either CRRA or CARA);!
ii) ¢ is multiplicatively separable in n and ¢, i.e. g(n,q) = g(n)h(q).

3.2.1 The agent’s maximization problem

The agent decides effort n so as to maximize her expected utility, under (p%)
and given the principal’s compensation scheme ({w},¢). The maximization
problem,

max U®) (w, g;n)
neN

whose foc with respect to n, namely
P (u(wy) — u(wp)) = gn(n,q) >0, if > thenn =n (IC)

represents the agent’s incentive compatibility constraint that will be taken into
account by the principal when designing the compensation package, implies the
following optimal response functions (with s = wp and b = w; , and for all
n e [0,7)),

on _ pluc(s) on  puc(b) o gnlhgl

9s ____g(n)h(q) b g(n)h(q) ¢ gnnh(q)

IThe most straightforward implications of increasing or decreasing absolute risk aversion,
is that, if the agent did experience an increase in wealth, she would choose to decrease (or
keep unchanged, or increase) the number of dollars spent in the risk-less asset (here, the perk
good) if absolute risk aversion is decreasing (or constant, or increasing).
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Assumption(N, Disutility of effort): We adopt the following specification
form for the agent’s disutility of effort,

ontte
e g(n)= ——, withd >0and o > 1;
l1+o
1
o h(qg) = ———— with 0.
(a) Axag ™ {r,a} >

Because of Assumption(N), we have that the agent’s responsiveness to the prin-

cipal’s instruments are given by

on _ aue(s)(1+agq)” On _ aue(b)(1 + aq)” on ~yan

ds dono—1 b dono—1 dq  o(1+aq)
Accordingly, n increases either in b and ¢, and decreases in s. We also note, as
it will turn useful later on, that, as long as o =1,

*n pluce(ws)(1+ aq)? *n pluc(ws) ~va
ow? 5 owsdg & (1+ag)t~

imply that, for given w, and ¢, the responsiveness of the marginal labor supply

B, to infinitesimal changes in either ws and ¢ is independent of the effort level
that has to be implemented. That is, because of the consumption-leisure sepa-
rability and linearity in the probability measure, as long as the Frisch elasticity
of labor supply - namely, o is equal to one, changes in the instruments affect

the labor supply only directly (they do not trigger a feedback process).

3.3 The First Best

The characterization of the-first best solution, far from having any policy impli-
cations, serves as a reference point for the analysis we conduct in the following
section, while dealing with the asymmetric nature of our information structure.
It aims at shading light on the dynamics that may lead to a positive provision
of perks even with perfect information, and allows us to rule out those scenarios
wherein the perquisite good serves as a consumption good, which is not the
scope of this research.

Here below is a brief review of our results, so that the reader can easily skip the
analysis of the first-best and go directly to Section 3.4.

As our analysis suggests, as far as the agent’s effort is either observable and
contractable, and taxes on wages are payment-contingent (rather than state-

contingent), the principal fully insures the worker against the systemic risk, by
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offering her a contract consisting of a fixed wage and, eventually, on a certain
amount of the perk good. However, the provision of perks appears to be crucially
related to the competitive structure and regulation of the labor market, that,
in our model with just one agent and one principal, we model in the form of
two fairly assumptions on an agent’s reservation utility and the minimal wage
requirement.

It turns out, thus, that the highest level of effort may actually be implemented
even at ¢ = 0, if the restriction on wages guarantees that the worker’s participa-
tion constraint is satisfied with inequality. On the other hand, however, though
the principal’s excess of bargaining power pushes the agent’s utility from con-
tracting downward to its reservation value, the cost of perks may be sufficiently
higher to make the perk good worthless even at the highest effort level. Between
these two polar cases, for sufficiently small values of the minimal wage, such that
the equilibrium effort in a perk-less economy is interior, the condition for a pos-
itive provision of perks may be more or less demanding, depending on the value
of the minimal wage. Given the causality between minimal wage and effort, we
conclude that, with perfect information, there may be a scope for perks as a
consumption good, substitute to leisure, when the labor market structure keeps
the fixed wage excessively low, even below the frontier of production possibilities
of the firm. When it is the case, the principal reallocates resources to the agent

by balancing bonuses and perks according to their relative cost.

3.3.1 The analysis

Under perfect information, the principal’s problem consists in maximizing ex-
pected profits, net of wages (gross of labor income taxes) and of expenditure
on ¢, subject to: i) the agent’s (ex-ante) participation constraint (IR); ii) the
minimum-wage requirement, ws > §, for s = {0,1}, and iii) the non-negative

constraint on perks. Maximization is taken over {ws}, ¢ and n.

P3 max  Fg(ys —ws — T(ws)) — kq
(P3) (o X ( (ws))
subject to: Es(u(ws)) —g(n,q) > 4 (IR)
Vs, ws > § (LL)
q=>0
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The Lagrangian to this problem can be written as follows

L= max po(n)(yo — s —T(s)) +p1(n)(y1 —b=T(b)) — kg+

n,8,b,q

M E(u(ws)) = g(n,q) —a| + 37, xs(ws — 8) + Xqq + Xn(R — 1)

where A > 0 is the Lagrange multiplier attached to the agent’s participation
constraint; {xs} is the set of Lagrange multipliers, all non-negative, such that
Xs(ws — §) = 0; while the non-negative multiplier x, refers to the constraint
q > 0. Finally, x,, > 0 is the Lagrange multiplier corresponding to the feasibility

constraint, n € N.

A solution to problem (P3) must satisfy the following first-order necessary con-

ditions:

L, A+ )\[p’ <u(b) — u(s)) - gn(n,q)} —xn =0, if x, > 0, then
n=mn

with A=y, —yo—b+s—T()+T(s)

Ly : —p1(n)(1+T'() + Ap1(n)uc(b) + x5 =0

L —po(n)(L+T'(s)) + Apo(n)uc(s) + xs =0

Ly —k —Agg(n,q) + x4 =0

and the agent’s participation constraint below,
E(u(ws)) — g(n,q) —a >0, if >, then A = 0

Two different scenarios arise, depending on the bindingness of the participation
constraint. Each of them corresponds to a particular structure of the labor mar-
ket as regard to the agent’s bargaining power and implies a different allocation

of perks.

1. If A =0, meaning that the agent’s participation constraint does not bind,
the Lagrangian multipliers xs, X, X4 are all strictly positive. Thus, at an
optimum, either s = b = § and ¢ = 0. Moreover, since £,, = p'(y1 — yo) >
0, we have that, for all § such that (IR) holds with strictly inequality,
n = i is implemented at ¢ = 0. The principal’s expected profits are given
by IT = yo + P1(y1 — yo) — § — T(8), where 1 = p1(7i), while the (certain)
agent’s utility satisfies, u($) — ¢g(n,0) > a.

This scenario, pretty simple, assumes that the agent is able to earn a rent

even with perfect information, and that the first best power of monetary

79



incentive is f-independent. Nonetheless, it allows to exclude a positive
provision of perks, independently from the parameter values linked to the

perk technology.

Though appealing for its tractability, this scenario looks quite at odds
with the reality in the labor market. Since the scope of this work is the
one of providing policy recommendations on the provision and on the
tax-treatment of perks, which should potentially hold for any hierarchical
layer and any sector, we mainly focus on the opposite scenario of a prin-
cipal that, with perfect information, is able to seize all of the gains from

contracting with the agent, i.e. on the case A > 0.

2. Assume (IR) is binding, then A > 0 and p;(n)u(b) + po(n)u(s) = 4 +
g(n,q). Optimality conditions with respect to b and s yield, respectively,
to: Auc(d) + xp = (1 4+ T7(b)) and Auc(s) + ¥s = (1 + T'(s)), where
Zo= X5 for all p, > 0. Then, A = L1 () = Xs

Ds uc(“’S)

(b 1+T'(b) — x
b and optimal s are allocated as to satisfy te(b) S (b) Xf).
uc(s) 1+T/(S)_Xs

o For all payment-contingent taxes such that T7”(-) > 0, either i) b =

implies that optimal

s=3&orii)b=s>3. 2
o For all state-contingent taxes such that T;(-) > T.(-), we get the coun-
terfactual result that either: 1) if both limited liability constraints do

not bind (or there are no such constraints at all), then s > b > 3, and
U !
14 T;(b) _ 1+ Ts(s); or 2)
uc(b) uc(s)
if only (LL;) binds, and b = §, then, either s >b =35, or s=b=3§.

optimal payments b and s are such that

By the preceding analysis, we conclude, therefore, that either b = s > §, or
s > b > 5. Nonetheless, we can rule out all the equilibria for which s > b > §,
by assuming that the income taxation is actually payment-contingent. Under
this reasonable assumption, the principal always finds optimal, with perfect
information, to equalize wages (and thus taxes) across states. At an optimal
solution, therefore, it must be that either b = s = §, or b = s > 5. The following
analysis aims at discussing how the varying of § , i.e. of the minimum wage
requirement, actually varies the scope for perks in the labor market when effort

is observable and thus contractable.

2In both cases, xp = xs. However, xs > 0 in subcase i), and xs = 0 in subcase ii). It is
worthy to note that if s = §, and xs > 0, then, neither b > s = §, because of the decreasing
marginal consumption utility, nor b < s = §, because of the minimum wage requirement.
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Given the principal’s optimal wage scheme, the binding of (IR) implies u(b) =
@+ g(n,q). Thus, by Assumption(N), we can derive two fairly important con-
ditions:

i) gn(n,q) = 9(n,q) =
tion, the agent’s consumption utility gain from contracting, namely u(b) — 4, is

(14+0) 140

u(b) — ﬁ} That is, under perfect informa-

a fraction 1 of the marginal cost of effort times the effort itself; and
g

l1+o
)

best level of effort at any interior point, is a concave function of the agent’s

1
T+
ii) np = min{n, (u(bo) - ﬁ)} } That is, as long as ¢ = 0, the first

consumption utility gain.

We also notice that, whatever ng may be - whether it is at the boundary of the
feasible set or not -, ¢ is never part of a the first best solution if the following
holds

ﬁ > P'(y1 — Yo)no
ya 1+o

The utility of the above condition in our model is straightforward. To it we

attach the scope of providing perks in an economy where agency problems do

not arise, but yet the perk good can serve as a pure consumption good, substitute

to leisure. Two scenarios may then arise, depending on whether perks are paid

or not at an optimum. We discuss both, though we will focus mainly on the

case of a non-positive provision of perks.

o Let assume b = s = §, and § = {§: u(8) = @+ g(7,0)}, then ng = 7.
The binding of (IR) requires that perks are never paid at an optimum
(and n = n), so that all the parameters must satisfy the condition for

) ~

P'(y1 —yo)n

1+o

as this condition is satisfied, {b*,n*,¢*} = {§,7,0} is an equilibrium at

which (IR) is satisfied with equality.

k
a non-positive provision of perks, namely — > . As long
a

o For arbitrarily small § = {§: u(5) > 4}, it may be that ng < 7, and the
condition for a positive-provision of perks may be more or less demanding
depending on ng’s value. However, we notice that if the condition for a
non-positive provision of perks is satisfied for n, it is also satisfied for all
ng < n.

1+T'(b)

For all b = s > 3, such that A\ =
uc(b)

, the optimal ng is found by

solving with respect to n
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P(y1—v)  gn(R) . ~
— >0 f > th —
T+17(s)  telbo) = >, thenmo =1,

with by = u=? {g(ﬁ) + a} by (IR), u~! denoting to the inverse of the agent’s
consumption utility?.

If it is optimal to set ¢ = 0, then, by substituting ng = 7 and ¢ = 0 into (IR),
we obtain the equilibrium wage, b* > §. If it is not, the optimal allocation

1+1
{b*, ¢*,n*} solves L, L,, and (IR), with A = —i_(b)(b)
Ue

derive from this result is that, for sufficiently low minimal wage 3§, if there is a

. The main lesson we can

scope for paying wages above that value, it there may also be a scope for paying
perks as an alternative consumption good, substitute to leisure. When it is the
case, the principal optimally provides perks depending on their marginal cost
and benefit.

3.4 The second-stage of the Stackelberg game:

the firm’s problem with moral hazard

This section provides a fully characterization of the principal’s problem of de-
signing the optimal compensation scheme ({s, b}, ¢) when the agent’s effort is
neither contractable, nor observable. It constitutes the second stage of the
strategic game between the fiscal policy and the pair of worker and firm, through
which we characterize the equilibrium marginal tax on income. From Sections
3.4 to 3.11, therefore, we will focus on the outcomes of the labor market, when

agents take the fiscal policy as given.

3When u(c) is CRRA, Assumption(N) implies 9
u

o)

14+T'(b
Therefore, for Q = +T(b)

7—, no solves the following expression:

Py *M))(?Ii) !

[— <6ﬁ1+" Ta(l+ o)>] T

Ly
" SR

<Q, if <, then ng =n

41+ T' (b))

Foro=1,n=2and 4 <0, we get Q = .
P'(y1 —yo

and, therefore,

snt Q 02

L : T§n2|ﬁ|+zn—?, if <, then ng =n
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Because of the insights gained from the first best solution, we shrink the set of
the constraints in the principal’s maximization problem, and of the two assump-
tions on the agent’s reservation utility and on the minimal wage requirement,
we maintain only the latter. As pointed out in Section 3.8, an adapted version
of the last requirement, when combined with the information asymmetry, is
enough to guarantee that in our representative economy with just one agent
and one principal, the participation constraint of the former does not actually
bind (i.e. the worker earns a rent). Furthermore, the limited liability constraint
allows us to focus on the role played by the minimal wage requirement (as em-
bodying any given structure and/or regulation of the labor market) on the scope
for providing perks under asymmetric information, which, in turn, guarantees
more flexibility while parametrizing the model.

As we shall see, the solution to the principal’s maximization problem is indexed
by the technological parameter 6. At this stage of our work, differences in 6
must be understood as differences in the stochastic dominance of the probability
distribution (p?), i.e. as differences in technology. Since in a representative
agent’s framework there is no meaning of talking about heterogeneity in workers’
productivity or workers’ type, by means of 6 we aim at accounting for intrinsic
differences in the production process, which we believe are tightly linked to the
scope of providing perks.

As discussed in Section 3.5, and then in Appendix 3.A, € is responsible for the
complementarity /substitutability of wages and perks in the optimal compensa-
tion scheme. Due to the linearity of the probability measure, the second-order
effects of increasing (decreasing) the optimal piece-rate at any equilibrium allo-
cation for which the provision of perks is positive depend on the fact that the
elasticity with respect to effort of the probability p;(n) (which is a decreasing
function of @) is either constant or increasing (decreasing) in effort. This sharp
result, which also affects the ex-post efficiency of perks, contributes to the ex-
isting literature by providing a more general explanation of the scope for perks,
based not (or not only) on the way they enter the agent’s utility function, but
on the relative responsiveness to effort of the probability distribution and the
marginal disutility.

Moreover, as long as perks have no productive attributes, and the agent’s utility
is super modular in effort and perks, the optimal piece-rate, which increases in
the likelihood ratio, according to the inference principle, and in the convexity
of effort disutility, because of the incentive motive, is only an indirect function

of g, through the perks’ effect on effort. This allows us to study the positive or
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negative correlation between changes in the optimal effort and optimal incentive-
rate b, as induced by variations in those parameters that control for either the
technology of perks and the stochastic distribution (in particular in y;).
Section 3.6 states, not very surprisingly, that at any interior solution for perks,
the principal’s expected gain from saving on perks and paying the agent by
cash after state-1 is realized must be zero. That is, since the principal is risk-
neutral, substituting an uncertain payment b by a certain payment of ¢ must
come at no cost for the firm. Nonetheless, Section 3.7 points out as the agent’s
marginal rate of substitution between b and ¢ may differ from the relative price
of wages and perks, so leading to an (ex-post) inefficiency in the provision of
perks, which holds from the agent’s point of view. Moreover, depending on the
stochastic dominance properties of the probability distribution, the inefficiency
the principal imposes on the agent might become larger as income increases. We
argue, however, that even an over-provision of perks may make the agent better
off, compared to a system without perks, if the excess of perks triggers a suffi-
ciently high excess of effort (Section 3.8), or if it results in a resource-improving
technology, that allows for an ex-post compensation of the agent’s effort (Sec-
tion 3.9). Yet, the bottom line of our analysis is that this contingency is ruled
out anytime the probability distribution does exhibit a low degree of first-order
stochastic dominance. Section 3.9, embodying our welfare analysis based on the
concept of production efficiency, makes grounds for farther enquiring the real
gains from perks when the tax system itself is allowed to optimize on the tax
rate.

To conclude our analysis of the labor market outcomes, Section 3.10 provides a
closed form-solution to the principal’s maximization problem for the benchmark
case with no feedback process, and constant risk-sharing (or independency of
b from ¢). Finally, Section 3.11 puts the model at work and, in a numerical

exercise, tests the quantitative importance of our predictions.

3.4.1 The principal’s problem: definitions

The principal’s problem is the one of maximizing expected profits, net of wages
(gross of labor income taxes) and of expenditure on ¢, subject to the agent’s in-
centive compatibility constraint, the minimum-wage requirements s,b > §, and
the non-negative constraint on perks, while taking the tax system, {T'(s), T(b)},

as given.
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(P4) max po(n*)(yo — s = T(s)) + p1(n*)(yr —b—T(b)) — kq

s,b,q
subject to: n* = {n € N|p (ub) —u(s)) = g(n,q)} (IC)
$,b>3§ (LL)
q=>0

Because of Assumption(PD), and by substituting n* with n(s,b,q) from (IC),

the Lagrangian to problem (P4) can be written as

L =yo—5—T(s)+a(n+0)(y1 —yo—b+s—T(b)+T(s) —kq+ Y _xs(ws—3)+xqq

where {x;} is the set of non-negative Lagrangian multipliers attached to (LL)
and x, is the multiplier attached to the non-negative constraint on ¢. Maxi-

mization is taken over s, b, q.
Definitionl: We refer to the collection W = ({s,b}, q) as the contract.

Definition2: A second-best optimal allocation of this economy is a pair (W, n*),
made of a contract W and a policy function n*, such that: i) given {T'(-)},
k, and (p), ({s, b}, ¢, n*) maximizes the principal’s expected profits, sub-
ject to (LL) and the non-negative constraint on g¢; ii) the contract W

implements the effort policy n* implied by (IC).

In the following, we focus on characterizing an optimal allocation at which n > 0.
As it is, from the set of the limited liability constraints, we drop the constraint
on b, since by strictly monotonicity of u and (IC), for any s > §, and n > 0, it
must be that b > § as well.

The principal’s risk neutrality, as compared to the agent’s risk aversion, which
makes her willing to accept a higher reduction in her expected wage the more
disperse the state-contingent payments are, could induce us to believe inefficient
any contract such that s > §, since the firm could, in principal, reduce the
agent’s expected payment by decreasing either s and b, without violating (LL)
and still providing the same incentives.

In our set-up, however, the existence of a tax on wages, along with the chance
of substituting out state-0 taxes with state-1 taxes, does not allow to directly

apply this reasoning and to fix s = §, unless we make more specific assumptions
on T(+).
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So far, we do not assume any restriction on the equilibrium value of the expected
profits, since, by (LL), we can always set the value of § so as to make the

equilibrium expected profits equal to zero.

For convenience, we report below the derivative of the Lagrangian to (P4) with

respect to the agent’s effort:
Lo W[p—wo—b+s—(T()-T())

The principal’s marginal gain from increasing effort is given by the expected
marginal revenues he can retain by moving away from state 0 to state 1, i.e. by
the extra income, net of wages and income taxes, he will gain with a marginal
probability of p’.

By global concavity of (P4) (discussed in Appendix 3.A), either i) £,, = 0 and
the implemented effort is the one that maximizes the principal objective; or
ii) £, > 0, and the implemented effort is below its efficient level (from the
principal’s perspective). If it were £,, < 0, it could be possible to increase the
principal’s objective by decreasing either b or ¢, or both, so as to i) discourage
the agent from applying a dynamically-inefficient effort; ii) save on payments.
Tt follows, therefore, that any allocation (s, b, ¢, n) such that £,, < 0 does violate
optimality.

All this said, and since £,, can be thought of as a measure of the tightness of the
moral hazard problem, i.e. of how difficult is for the principal to implement the

optimal effort, we focus on characterizing a solution (s, b, g, n) at which £,, > 0.

If we use (IC) to substitute out p’ from the expression for £,,, we find that the
marginal effect of effort on the principal’s expected profit can be measured by
the amount of revenues the principal gains by moving from state 0 to state 1,
per unit of the payment (in terms of utility) that the principal leaves to the
agent to compensate her for increasing the disutility of effort by one unit (when

technology is such that the marginal effect of n on py is p’). That is,

L, : A/%
with A=y —yo—b+s—(T(b)—T(s))
and Au = u(b) — u(s)

Definition3: We refer to A as the principal’s opportunity-gain from moving to
state-1. As one can see, ¢, which is paid to the agent with certainty before

any state is realized, does not enter this identity. As its counterpart, Au
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represents the agent’s opportunity-gain of state-1 being realized, given

that she spent g(n,q) in providing effort.
The focs to problem (P4), then, solve?

on ot P :
0s 0s

Es L b " b dq ' Bq

3.5 First-order conditions for wages

As to regard to s, the first order condition below

p?u.(s)A
~ Gun(n.q)
implies that, unless 77(§) < 0 and such that |T7(8)| > 1, i.e. unless the principal

Ls: —po(m)(1+T'(s)) + xs <0, if <, then s =3

gets a positive transfer and a net gain for any unit paid by s, optimality requires
s = §, regardless of what ¢*, {y} and u(-) are. If we think of T'(-) as a proper

tax function and assume 77(-) > 0, thus, it is always optimum to set s = §.
More on § will be said later on. For the moment being, we assume s = § > 0.

As we are interested in those equilibrium allocations such that n > 0, by (IC)

it must be b > 5. Optimality, then, requires

P'uc(b)p’A
Ly U0 _ o )1 +T'(b
Since p'A = P from (IC), by denoting ps = ps(n), we can rewrite it as
% gn(n.q
follows,
A Nnn
Ly: =1+ 1) LY

Au/uc(b) Py On
That is, combining £, and (IC) we find that, at an optimum,

(1+ T’(b))uf(%) Pujgnn

Propositionl: The optimal payment b is set by the principal in such a way
that the equilibrium revenues he gains by moving from state 0 to state

1, per any dollar of the expenditure in state-1 wage that is needed to

2

¢ o‘n
dwsdn  Hqgdn
o =1, then, all derivatives Ls, L, and L4 are linear in effort.

4Note that, because of the linearity of (p), i , as it is in the case where
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compensate the agent for an exacerbation of her incentive compatibility
constraint, equates the ratio of the marginal effects of n on the probability

density measure and on the the marginal cost of effort.

Put it differently,

pl(l +T/(b))u€(7f,) _ Jn
p'A Gnn

The expected expenditure in b that is needed to compensate the agent for her
effort, per unit of the marginal revenues the principal may gain by moving from
state 0 to state 1, is adjusted so as to move one-to-one with the responsiveness
to effort of the agent’s marginal disutility of working.

It is convenient to write the above expression in the following way,

Au ~ ~
(1+T’(b))uc(b) _ 11 g _ G0 /P2
A D1 gnn gnn p/

(1)

In (1), the adjustment in b (on the LH side) is directly linked to changes in n (on
the RH side). Expression (1) states that the expenditure in b that is needed to
compensate the agent for implementing n, per unit of the revenues the principal
gains by moving from state 0 to state 1, is adjusted so as to move one-to-one
with the ratio of the effort marginal effects on g,, and p;.

From (1), we derive the following corollaries.

Corollaryl: As long as i) perks have no productive attributes, i.e the density
measure (p) is not a function of ¢, and ii) perks and effort are multiplica-
tively separable in g(n,q), the optimal b is a function of n alone, rather

than of n and q.

That is, for ¢ = 0, there exists no difference between (1) and the expression we
would obtain in the perk-less economy. By this simple assumption, we mean
to characterize the effect of perks on optimal compensation only through their

direct effect on effort, provided that effort does affect the optimal wage.

Corollary2: By DARA, the LH side of (1) does increase in b and decreases in
s, for all tax schemes such that 7" (b) > 0, i.e. for all proportional and
progressive tax functions. For those tax schemes such that 7" (b) < 0, the
LH side of (1) does still increase in b for |7 ()| sufficiently small.

It is, therefore, for seek of simplicity, that we assume taxes are proportional to

wages, and constrain the tax function to satisfy the following assumption,
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Assumption(TS, Tax System): The tax system is described by a labor-income
tax function T'(ws) such that, for j = {s, b},

(i

. T’(j)zddlg]):Tj>Oand
, d*T(j

.« T(j) = djgj) =0

Corollary3: Let g(-) and (p?) satisfy Assumption(N) and Assumption(PD),
1

+o

and p1(n,0) = a(n + 0). Then, at
o

an equilibrium allocation, the optimal payment b is such that the prin-

respectively. That is, g(n) =

cipal’s share of the opportunity gains of moving from state 0 to state 1

by incentivizing the agent’s through b is either constant, or increasing
e

(decreasing) in effort, depending on whether p—f]—" is a constant, or a

D1 Gnn
decreasing (increasing) function of the agent’s effort.

By specification of §(n), (p?) and T'(-), expression (1) becomes
1 { A

0
M/uc(b)] =(1+mn)(1+ 5)

o
Three scenarios are thus possible:

A
(147p)Au ue(b)
sharing benchmark, since, at the equilibrium allocation, the principal’s

1. If 6 = 0, then = 0. We refer to this as the perfect risk-

opportunity-gain is proportional to his expenditure in state-1 wage, by
a factor which measures the inverse of the Frisch elasticity of the labor

supply. That is, the gains for higher y; are split between the principal

and the agent, in such a way that the ratio of gains is maintained

Aufu,(b)
constant.

In this scenario, what really matters for the principal is the implementable
marginal cost of effort alone, i.e. g,(n,q), since varying ¢ does not affect
the ratio of the marginal cost’s and of the marginal cost’s responsiveness
to effort. For given g, (n, q), it is possible to define the optimal b, indepen-
dently of how g, (n,q) is split between marginal disutility of effort g,(n)
and utility from perks h(q).

A 0, . . ST
2. If 6 > 0, m = 0(1 + ﬁ) is decreasing in n. The principal’s

share of the opportunity gain from contracting is higher than it is in the
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perfect risk-sharing benchmark (either because 6 > 0, and ny < 0), but it
is decreasing in the effort level the principal wants to implement.
16

m = 0'(1 — W) is increasing in n. With a

negative systemic component 6, for given n, the equilibrium expenditure

3.If 0 < 0, then

in b per opportunity-gain is ceteris paribus higher and increasing in n.
Since (p?) stochastically dominates (p~?), the provision of incentives when

0 < 0 is indeed more costly to the principal.

In the following, we think of the kernel (p°) as our benchmark. Besides having
some economic content, by assuming # > 0, we mean to characterize those
scenarios wherein the production technology first-order stochastically dominates
that in the benchmark. By assuming 6 < 0, we aim at investigating the optimal
allocation when the probability distribution is stochastically dominated by the
benchmark.

As it shall be discussed later in Section 3.9, solving for the optimal contract
amount to solve a system of non-linear equations. Because of the linearity
assumption, and the weak separability of ¢ and n in g(-), a solution to the
problem is proved to exist when § = 0. For all other § € ©, however, we cannot
guarantee the existence of a solution, apart than in a small interval around
6 = 0. Since the profit function is continuous, in fact, an application of the
Maximum Principle Theorem implies that the solution is continuous, and that

it does exist and is also continuous around 6 = 0.

3.5.1 Comparative statics for the optimal piece-rate

P N R
Because of our specification assumption, —— = — .
P1 Gnn on+ 0

LetbeEEL>O.
n—+6

de 9 . (0e .
Therefore, = m &gn(a—n) = sign (9)
Let be A =y1 — yo + s(1 + 75), with the proviso that A > b(1 + 75) as long as

L, > 0. Then expression (1) becomes

[U(b) - U(S)]

{1 Ef)_ b] - 3 (2)
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By differentiating (2), we obtain that, for all parameters j, the following propo-
sition holds,
. Au A . ,
Proposition2: Let N = —— and D = ——— be, respectively, the agent’s
U (D) 1+
and the principal’s opportunity gain of moving from state 0 to state 1 per

unit of state-1-wage marginal cost. Then,

o for all parameters j € {a,d,~, k}, and for j = «, either

db
1.d—j:0, ifg—;:Qi.e.ifﬁzO;or
db Oe d
2. — moves together with —6—7, according to
dj on dj
_ D 0= dn
di  o(D-Ny+ N)\on dj

db d
When 6 > 0, sign(d—j) = sign(d—?). When 6 < 0, the opposite
happens.

® Forj:ylv
@1 [DP(0 ), N
dyy, D-Ny+N | o \On dy 147

1. Ifd—n >0, thenﬁ>0fora119208uchthat % > 0;
dy, dyr on

db
2. For 6 < 0, the sign of T is still positive for 7, sufficiently low.
Y1

3.5.1.1 Math Note: The functional forms at work
Au

uc(b)
when the marginal utility of b is equal to u.(b). The higher is this index, the

measures the change in the opportunity-gain Au due to an increase in b

easier is for the principal to provide incentives by the payment of b. As one

can see below, with a CRRA utility function, we can shape the curvature of

d| Au

o {(b)} simply by varying the coefficient of the agent’s relative risk aversion.
Ue

We must note, however, that, by increasing/decreasing b over a fixed s, the

principal does change the wage dispersion, and by that, the agent’s (absolute)

risk aversion.
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Au }
uc(b)
is increasing and convex in b for any value of the absolute risk aversion coeffi-

d
Instead, if u(c) belongs to the class of CARA utility function, not only 7 [

cient, but, by varying b the principal does not affect the agent’s risk aversion.

We expect these differences to play a role in characterizing the welfare implica-
tions of the optimal solution, more than the optimal solution itself. Nonethe-
less, the following analysis suggests that the magnitude of this changes is only
of second-order. However, it allows us to focus on a subset of the values for the

coefficient of relative risk aversion which is in line with the literature, n € [1,2].

Lemmal: (See Math Appendix 3.B)

1=n d[ A
1. Ifu(e) = 1C . Then, N, = 5 {(ub)} is positive, and i) linearly increas-
-1 Uc

ing in b for n = 2; ii) increasing and concave in b for all n € (0,1] U (1,2);

iii) increasing and convex in b for n > 2.

d
2. Assume u(c) = —exp(—nc). Then, N, = db[ Y } is positive and in-

uc(b)
creasing and convex in b for all n > 0.

As far as we can see, CRRA functions with n > 2 and the C ARA utility function

behave alike, as to regard the effect of a marginal increase in b on the utility

gain the principal must guarantee to the agent in order to ensure incentive

compatibility. For n = 2, the second-order effects of an increase in the piece-

rate on the agent’s incentive-compatible utility gains are zero; while for n €

(0,1] U (1,2), increases in b have decreasing second-order effects.

3.6 Optimality condition for perks

The foc with respect to ¢ writes
Gnlhql
Gnnh(q)
Evaluating £, at ¢ = 0, we get

L,: PA—k<O, if <, q" =0

k> WZ”O (y1 — g0 — bo(1+ 1) + s(1+ 7)) (3)

In Appendix 3.A, we discuss the restriction on ¢ and 7 such that £,, < 0 for
all n > 0. As long as L4 < 0, the condition stated in expression (3), for a non-
positive provision of perks, is either necessary and sufficient. We can derive,

therefore, the following proposition,
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Proposition 3: Fix problem (P4) and assume v < 0. Then, ¢ > 0 if and only
if the marginal cost of perk is smaller than the marginal benefit of the first
unit of perks when taking into account the effect of n on the principal’s
expected opportunity-gain, and that of ¢ in the agent’s effort policy. That

is, if

|hq (0) | D' A

k< .
h(0)  Gnn

q=0

Because of our specification, with sy = §, we obtain that ¢ > 0 if the following
holds,

k<’557@? yl*yO*bo(lJrTb)Jré(lJrTs)} (4)

where the subscript ¢ denotes that the corresponding value is computed for

|4 . . .
q = 0°. More conveniently, we can write the above expression as

k 1

= <= (nL,) (5)

ya O q=0
1

Here, — is the Frisch elasticity of the labor supply. It can be useful to think of £,,
a

as the firm’s labor demand, that is as the price the principal is willing to pay in

order to implement (consume) different effort levels. Since £,, is decreasing in b,

as long as b is increasing in n (so as it is under very mild regulatory conditions),

5(See Math Appendix 3.B). When ¢ = 1 and q¢ = 0, effort must satisfies, from (IC),
a- Au|
q=0

ng = ——————. Substituting ng into ,Cn|q and assuming u(-) is CRRA with n =2, we

-0
get the following expressions for by and ng,

- 1
b0<1Aea)2 "Of;{i— (i*f)/ﬂ]
S

[0}

y1 —yo + s(1 +7s)
1+

where A =

For yo = § = 1, # = 0 and 7s = 0, our benchmark parametrization, we get by =

vy1/(1+ 1) and ng = % |:1 — 4/ (1 + ‘rb)/yl], which is always positive for y1 > 1 + 7.
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L,, is indeed decreasing in n for any variation in all those parameters, but y;%
and §, that are linked to the perks technology and preferences.

Following this interpretation, the area below the £,, curve and above the £, (ng)
line represents the principal’s surplus derived from implementing (or purchasing)
ng. The rectangle below L,,(ng), i.e. ng - L, (ng) represents, therefore, the total

amount the principal is actually paying for ng units of effort 7.

The above condition can be stated as follows,

Corollary4: Perks are provided in positive amount only if their price, net of
the perk’s marginal effect on the agent’s disutility of effort (namely, %),
is smaller than the expenditure the principal is willing to make in effort
at the implementable perk-less effort level ng, while taking into account
the hidden cost of “demanding” n, here represented by the labor supply

o1
elasticity, —.
o

At an interior solution for ¢, therefore, provided that (IC) binds, we obtain
A k P

X ‘gnql B Gnn

gnn

Ly:

The first equality says that ¢ is paid till the principal’s opportunity-gain A, per
unit of the utility gap needed to compensate the agent for a unit increase in
gn by n, equals the expenditure in perks that is needed to decrease the agent’s
marginal cost of effort by one unit.

In more useful terms, the second equality states that the expenditure in perks
that is needed to decrease the marginal cost of effort by one unit is a share
of the principal’s gain of moving away from state 0 to state 1, the factor of
proportionality weighting the marginal effect of n on the probability of state 1
to be realized with the responsiveness of the marginal cost of effort to increasing

n.

dn
6In Math Appendix 3.B we prove that, for increasing y; and — > 0, L., is increasing in
1

db
n if and only if (1 + Tb)d— < 1, which holds whenever either i) 8 < 0, and |6]| is such that all
Y1

variables are well-defined; ii) @ > 0, and either o is sufficiently high or 7, is sufficiently low.
“For all those changes in the parameters such that £, (n) is increasing in n, representing
Ly as a labor demand can be misleading. However, as long as we think of n as the “good”
produced by the firm, on the assumption that it is the firm that produces opportunities of
work and transforms production capacities (p) into real value (n), we can still represent Ly (n)
as the firm’s supply curve. Following this interpretation, condition (5) states that the firm’s
investment in the intermediate good “perks” is positive, i.e. ¢ > 0, if and only if the adjusted

k
price — is smaller than the amount for which the principal is willing to offer ng units of

ya
effort, scaled by o, that here represents the hidden cost of “producing” n.
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By rearranging, so as to get all terms in non the RH side, we get
E_Gn s

L,: _— =
I |hq| gnn

Since - is increasing in n, the optimal expenditure in ¢ is increasing in n as
long as this direct effect overweights the indirect effect of effort on increasing b
and, therefore, reducing A. However, if b and n change in the opposite direction
(for example, for changes in the parameters a,~, d, k and « for § < 0), the total

expenditure in ¢ and, therefore, g itself, is always increasing in n.

¥/ihal _ gn
Ly L= 6
! PiA  Gnn ©
Equation (6) states that perks are paid till the expenditure in perks that is

needed to decrease h(q) by one, per unit of the marginal revenues the principal

“

gets by moving from state 0 to state 1, equals the agent’s “expenditure” in effort

1

(i.e. amount of effort needed to increase g,, by one unit (g

) times the marginal

cost of effort (g,). We can conclude, therefore,

Propositiond: Fix problem (P4) and assume that the condition for a positive
provision of perks is satisfied (Proposition 3). Then, the principal sets ¢
such that the following equality holds

iral _ D" G
plA D1 gnn

That is, the share that is invested in perks of the expected gain from
moving to state 1 moves one-to-one with the ratio of effort marginal effects
on g, and p;. This share is constant in n for § = 0, and it is increasing
(decreasing) in n for all > 0 (6 < 0).

3.7 A characterization of the MRS between wages
and perks

From £, and L, by substituting out (IC), what we obtain is (See Math Ap-
pendix 3.B)

k :pl(l—i-Tb)
|Gnql Pt (D)

The expenditure in perks that is needed to decrease the agent’s marginal cost

by one unit must be equal to the expected expenditure in state-1 wage that is
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needed to repay the agent for increasing that marginal cost by the same amount.
Altogether, these variations will keep (IC) binding. We state it in terms of the

following proposition,

Proposition5: Fix Problem (P4) and assume Assumptions (N), (PD) and (TS)
hold. Thus, whenever the principal wants to induce a one-unit increase in
(1 + Tb)
p'uc(b)
with probability pq; or ii) he can reduce his investment in perks by ——

|gnq| -
Hence, optimality requires that the expected gains from saving on perks

the agent’s marginal cost, he may either i) spend in b the amount

and repaying the agent by cash after state 1 is realized are zero. That is,
since the principal is risk-neutral, substituting uncertainty for certainty,

and vice-versa, must come at no cost.

By rearranging the above expression, we can write

pluc(b) _ pi(1+m)
|gnq| a k @)

and state the following,

Corollary5a: From the principal’s perspective, the marginal rate of substi-
tution between b and ¢, in keeping the agent’s incentive compatibility
constraint binding, must be equal to their relative price, with the proviso
that b is paid only with probability p;, and therefore its expected marginal
cost for the principal is p; (1 + 73), while the marginal cost of perks is k.

By rearranging (7), we also get an expression for the agent’s equilibrium marginal

rate of substitution.

Corollary5b: At an equilibrium, the agent’s (ex-post) marginal rate of substi-
tution between b and ¢ is proportional to the relative price of wages and
perks faced by the principal, with a proportional factor that is increasing

in the ratio of the effort marginal effects on p; and g. That is,
uc(b)  [p1 /g(n)\ 1+
=\=/= (8)
Uq p 9n k

Because of our specification, (8) becomes

u(b) :(1+U)n+9(1—|—Tb)

U, n k (8a)
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We note that:

1. for 8 = 0, the agent’s marginal rate of substitution is constant to variations
in the income levels, yy and y;, and in a,n,a,d. It is, then, decreasing in

k and increasing in o and 7.

2. For 6 > 0, if n increases in y; and ¢ > 0, the MRS must be decreasing in y; .
As y; increases, then, the ex-post inefficiency (associated to larger MRS
than the relative price) does decrease, and perks become, for the agent’s
perspective, less excessively-provided. Moreover, since u.(b) is decreasing
in b and b is increasing in y; when 6 > 0, it must be that U, decreases

slower than the marginal utility of wage.

3. For 6 < 0, the equilibrium marginal rate of substitution is, ceteris paribus,
lower (for given n), and for higher y; it must be that U, decreases faster
than the marginal utility u.(b). That is, substituting out b with ¢, the
principal imposes on the agent a greater ex-post inefficiency. Since (p’9>
is stochastically dominated by (p?), the substitution of b with ¢ finds its
rationale in the better capacity of perks to provide incentives, which is

more valuable the higher is ;.

Moreover, by differentiation of the LHS of (8a) with respect to y;, we obtain
the following result, stated as a corollary (See Math Appendix 3.B).

Corollary6: The MRS, , decreases in y; as long as the following inequality is
satisfied

tce(D)] |hq| dq db

ue(b) heg ~ dyr/ dy

We conclude, therefore, that the principal more heavily substitutes out wage
compensation with perks, the higher is the agent’s absolute risk aversion and

the less diminishing the returns of perks are.

3.8 Rent, MRS, , and E[U]

As already discussed, the limited liability constraint and the incentive compat-

ibility constraint univocally determine the wage schedule: that is, s = § from
(LL) (with § =[] ), and b = {i) u(b) =i+ gn(pw} from (IC).

/
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Nothing has been said, however, on the agent’s expected utility. From Mi-
croeconomics, we already know that if the (LL) constraint were replaced by an
agent’s participation constraint of the form E[u(wé)} —g(n,q) = @ (IR), the
principal would find optimal to propose a contract W such that the agent’s indi-
vidual rationality constraint would bind, i.e. such that E [u(ws)} =u+g(n,q).
Therefore, as long as we set § greater than the optimal payment (better to say,
punishment) the principal would like to impose on the agent at the realization
of state 0, and require s,b > §, it may well occur that (IR) does not actually

bind, the optimal allocation leaving the agent to enjoy a positive rent.

To our purposes, under Assumption(PD), the expected consumption utility sat-
isfied:

Blu(w,)| = u(s) + pi (u(b) - u(s)) =
=i+ 2g.(nq) =1 n DL (. q) — g(n
=1U+ p/gn( ,q) +g( ,q)+ p,gn( vQ) g( 7Q)

=0+ g(nv(I) + R(n7q)

>a+g(n,q), if R(n,q) >0
Where
_ P gn 4| _
R(n,q) = g(n,q) {p, ) 1} =
—gna)|"ava 1]

is the rent the principal has to leave to the agent on top of what is needed to

accommodate the (LL) and (IC) constraints. The rent is i) non-negative for all

6 > 0, and negative for all negative 6 such that |6| > n ; i) increasing in n for
sufficiently small § > 0 and all § < 0 ; iii) decreasing in ¢, at a higher rate the

larger is n.

3.8.1 Rent vs. MRS

As we are interested in studying those scenarios wherein the rent is non-negative,
P1 gn

P g(n)
1. By simply inverting it, we obtain that the non-negativeness of the agent’s

we focus on those solutions at which, according to expression (9),

information rent is a restriction on the ratio between the marginal effects of effort
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on p; and g(n). In fact, the requirement that, at the optimal allocation of effort,
v §(n)
D1 gn

the convexity of the agent’s direct cost function is such that the marginal effect

< 1 amounts to say that a positive rent is left to the worker if and only if

of effort on g(n) is higher than its marginal effect on the probability of state-1
being realized. At the implemented effort, therefore, the (direct) marginal cost
of incentivizing effort outweighs its (direct) marginal benefit.

Moreover, by Corollary 5b, we can easily derive the following,

Corollary7: As long as a positive rent is left to the worker, the higher is the
rent, the larger is the agent’s marginal rate of substitution between b
and ¢, as compared to the relative price paid by the principal. Ex-post,
therefore, at those prices, the agent is willing to give up more units of ¢

to obtain one additional unit of b.

Intuitively, this result can be understood as the convexity of the agent’s effort
cost being so high that, ex-post, the agent had rather received the fair remu-

neration of her high effort, since it would have amounted in even larger wages.
, . P gn) . .
It is useful to rewrite — == as the product between two fairly known objects,
P1 gn
!/~ ~ ~
n .
namely, p—jq—n, which affects £, and 9 )~2 Jon _ 9 , where the equality
P1 Gnn 9n 1 +o
follows from Assumption (N).

As it is, there are rooms for a positive information rent if and only if

1
o Moreover, the lower is o, the higher is the value of L

R i 0, with this upper-bound ranging in the interval (1, 2] for Z;1€Qn[71L7 +00).
Finally, we notice that the higher is g’?i and, therefore, the smaller (given
g(n,q)) is the rent, the larger is the re];;)grnlgiveness of b to positive variations in
n. Our conclusion is the following. )

Whenever an optimal effort n is implemented at which p—/ ~g—n is large, the more

P1 Gnn
heavily the principal substitutes perks for wages. In doing so, the principal

reduces the agent’s rent but increases ex-post efliciency, the agent’s marginal
rate of substitution being now closer to the relative price of wages and perks.
It is on this ground that our analysis of the efficiency stands. The next two
sections are devoted to provide an answer to the issue at hand (in this par-
tial equilibrium framework), looking at it from two different prospectives: the
agent’s well being (Section 3.8.2), and a measure of production efficiency (Sec-
tion 3.9).
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3.8.2 Rent vs. the agent’s well-being

As for the model with perks, the agent’s expected utility from working in a perk-
less economy is given by E[u(ws)} —g(n) = 4+ R(n). By simple comparison,
therefore, we conclude that the expected utility of the agent leaving in the perk-
less economy is either greater or lower than the expected utility of the agent
leaving in the more sophisticate, perk-allowed economy, depending on whether

R(n) is larger or lower than R(n,q). Formally,

Proposition6: For all (p?) and o, the agent’s equilibrium expected utility with
perks, U (w,gq,n), is larger than the agent’s equilibrium expected utility
without perks, U (w,n), if and only if the equilibrium values of effort
and perks satisfy the following condition,

g(n?) 1

o(n,a) > @gln) = (1+ag)7 < Zoog

q
With@zn—[an+0(l+o)

n Llon?+60(1+ o)
when ¢ > 0, and n is the effort equilibrium solution in the perk-less econ-

] , where n? is the solution to problem P(4)

omy.

A simple way to interpret the above inequality is that, as long as there is an
over-excess of perks, a system with perks might make the agent worse off if
their provision fails to trigger a sufficiently high excess of effort. In fact, it is
straightforward to see that, for 0 = 1 and = 0, the condition for a non-harmful
provision of perks results in the following,

g(x,q)
(1+agq)

g(n,q) > g(n)

Besides this limiting scenario, the problem also displays an interesting feature

0|(1
as long as 8 < 0 and n? and n are such that n < M < n4. In this case, in
o

fact, UP) (w,q,n) < U (w,n) for all ¢ > 0. The conclusion is that providing
perks to the workers reduces their well-being if it occurs when the technology
exhibits a low degree of stochastic dominance (with respect to the benchmark).
Finally, it is worth noticing that, if the effort levels satisfy n = n? = n, a
system with perks does never make the agent’s strictly better-off, while it makes
her strictly worse off at any equilibrium allocation for which perks are paid in
positive amounts. Intuitively, a sufficient condition for the perks being harmful

for the agents is that their effort is already at its maximum level.
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3.9 A closed-form solution to (P4)

The main purpose of this section is to bring to unity the partial analysis of the
optimal allocation as it has been discussed so far. Since finding a solution to
the principal’s problem comes down to solve a system of non-linear equations,
for which the existence of a solution itself is not guaranteed, we derive a specific
closed-form solution to problem (P4) only for a benchmark case, in which any
complementarity /substitutability between wages and perks is ruled out.

The focs to problem P(4), left out the one on s, are the following,

/ /
Ly : _Puc(b) PA= (1+m7)
Gnn (1, q) P1
Eq: |h~q|gnp/A:k
gnn
IC: P’ (u(b) — u(s)) = gn(n,q)

Each of them simply states that, at the equilibrium allocation, the marginal
benefit of setting any instrument to the corresponding optimal amount equals
its marginal cost - for the principal as well as for the agent. Because of the

specific functional forms we have assumed, we obtain

(I1+aq)” n+60oc(l+m)

Lo n®  n aA- ue(b)
Co (1+ aq)” B ~yaaA
v on® k(1 +aq)dono—!
(14 aq)” 1
I : =
= on® a(u(b) — u(s))

The LHS of each of these equations represents the (inverse of) the agent’s
marginal cost of effort. As already discussed, if we look at L, , its equilib-
rium value is a function of n and b alone. However, as long as, the probability
distribution is such that the effect of effort on p; equals that on g,, for any
given value of the parameters, the principal sets b regardless of which n has to
be implemented. For ¢ = 1, moreover, optimality with respect to ¢ imposes to

fix the agent’s marginal cost of effort as a function of ¢ and b alone. It is so

because, for ¢ = 1, the responsiveness of n with respect to b and that of a—z
with respect to ¢ are independent of n.
Dividing the two focs for IC, we obtain
vyaaA  a(u(b) — u(s))
k(14 aq)o dno—1

Ly/IC : 1=
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| = (024 ) () ~ ()

Lo/ IC: n /JaA-u.(b) )

and thus,

(= - n) k(ILQQ) - (O;A)za(?cfib)

Therefore, if 0 = 1, i.e. there is no feedback process through n on the labor
optimal policies, and 6§ = 0, i.e. the marginal effect of n on g, equals its effect on
p1, either i) b is not a function of n; ii) given b, g, is fixed; iii) the substitutability
between b and ¢ does not depend on n.

For o = 1, however, concavity on ¢ demands 0 < v < 1. For the most part we

can neglect what ~ is, and look only to the relative cost k = — when computing
ay
g. Then, for higher ~, (IC) implies higher n.

With ¢ =1 and 8 = 0, £, becomes
b

-1

—2=-mMb-(n-1)A=0

s

_ 147,
WithAEyl Yo + 5 +T).
1+7

By differentiating this equation with respect to the parameter 7, we obtain

an expression for the sensitivity of the optimal b to the agent’s relative risk
aversion, that will be useful later on, when discussing the dynamics that lead

to an optimal marginal tax rate. In fact,

9 (A—b)—s'=""1ogb
CRE R

S

which is negative for sufficiently low 0 < 1 < 1 and it is negative for n > 2,

A b\"
provided that " <14 (7) logb. For n = 2, moreover, the optimal b is set
s
as to satisfy
b2
——A=0

S

That is, b = vV As. When yo = s = §, and 75 = 0, the optimal rule for the

[ 5
bonus states b = T y1, which clearly relates the equilibrium wage to i)
To
a measure of the agent’s effort productivity, y; ii) the distorting marginal tax
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rate (where the marginality of 7, comes from the fact that we fixed 7, = 0); iii)
the labor market structure (through the minimal wage requirement, §); iv) the
agent’s risk aversion (from which the square rout has been derived).
kE(1+aq) <aA)2 uc(b)
va o) 6(1+m)
va o A2

As long as n = 2, therefore, (1 + ag) = ?mbj implies
Ty

2
_ vl tm)r JA 92 1
o= max{ B CER 2] 2

From L,/L, we know that

The main result as to regard ¢ is that its optimal amount is not monotonic
in 7,. As we can see, indeed, the effect of the top-income tax on perks can
be decomposed into a (positive) substitution effect, that operates through the
relative price of wages to perks, and a (negative) income effect derived from the
fact that an higher tax reduces the principal’s expected gain from incentivizing
a movement from state 0 to state 1. Moreover, to this direct effect of the labor
income tax on A, we have to add the indirect effect that changes on n, which
occur because of the direct substitution effect of 7, on b, have on the probability
that A is gained. Whenever the complementarities between n and ¢ are strong,
and the agent’s effort is sufficiently sensitive to variations of b, the negative

income effect is more likely to outweigh the substitution effect.

0
In fact, whenever yo = s = § and 75 = 0 hold, 8—(1 < 0 for all y; such that the
Tb

following condition is satisfied, namely y—} > 4(1 4 7).
§

Finally, from the agent’s incentive compatibility constraint, n = —(1+aq)” [u(b)—

| Q

u(s)|. For n = 2, therefore, the equilibrium effort is

n =

a7 [~va v 291V A— /5
wﬂ“”ﬂ} [y5-1 [fﬁﬂ

1
—, we obtain that

By letting be v = 5
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3.9.1 Elasticities w.r.t. the tax rate

To our main purpose, we compute and briefly discuss the elasticities with re-
spect to the tax rate of either the wage-bonus and the agent’s effort. It is,
unfortunately, with loss of generality that we focus on the case where 6 = 0,

n=2,y=5=1,and 75 = 0. Then,

_obmy 1 7

A e S

which is negative, decreasing and convex. Moreover, we note that ¢, — 0 as

T — 0.
U d trizati * ¢1 + Tb Y1 ) 2 h ¢ 0[2 a
naer our parametrization, n- = — , whnere = — - .
p N 1+7 55V 2k

Therefore,

_On T Tb /( [ 1>
Enr = 7 = — -
' o7y P1 1+7 1+m7

Unsatisfactory as it may be, that the elasticity of the effort (and therefore of the
equilibrium probability, p;) with respect to the top-income marginal tax rate is
not affected by the preferences for perks (being somehow less unsatisfactory its
unresponsiveness to their price), we stress on the result that, for any 7, > 0,
€n,r — 0 if and only if y; — co. Nonetheless, we must notice that, for y; — oo,

also £,, — oo, so that n = n.

3.10 A measure of efficiency for perks

In this section, we propose a simple measure of efficiency so as to assess the
(market) value of an equilibrium allocation with perks and compare it to the
value of the equilibrium allocation we would obtain in a perk-less economy.

For our purposes, we denote by “efficiency” the capacity of either technology
system (the first one applying both effort and perks; the second one applying
only effort) to realize an higher expected income (i.e. real resources), net of i)

the agent’s work cost, and ii) all the expenses, in perks (if any) and taxes.

Definition(E, Efficiency): We say that the equilibrium allocation with perks
is efficient, or that the perk system is a resource-improving technology,
if and only if the equilibrium expected value of production, net of taxes,
expenditure in perks and agents’ cost of effort, is larger in the economy

with perks than in the perk-less economy. That is,
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B[y, - T(w,)| — kg = g(n.q) > B[y, = T(w,)| —g()  (10)

By doing so, we are interested in understanding whether the payment by perks,
whose amount is decided by the principal in order to maximize his own profits,
can make the equilibrium allocation with perks (socially) inefficient as compared
to the equilibrium allocation we would obtain in a perk-less economy. If that is
not the case, then, it must be that the second-order effects of perks on either the
implementable effort (which is positive) and taxes (which is ambiguous) does

balance the direct negative effect of their cost.

Up to this point, the analysis assumes that the tax system is the same for either
technology. Nonetheless, it makes grounds for the enquiring of the general gains
from perks when the tax system itself is allowed to optimize on the tax rates,
when taking into account the firm’s incentives to provide perks, and their effect
on efficiency /redistribution. We will attempt to give an answer to this question
in Section 3.11, by solving the first-stage of the interaction game between the
government and the labor market. Since that problem requires the definition of
a sufficiently tractable social welfare function, however, we find convenient and
yet interesting to adapt the framework discussed so far, in order to assess the
(monetized value of the) efficiency of providing perks.

The next section goes through all the details of our efficiency indexes.

3.10.1 The normalization procedure

Because of the separability between wages and effort in the agent’s utility func-
tion, it seems unreasonable to directly refer to g(n, q) as the monetary equivalent
of the agent’s effort. The drawback of this is that, since g(-) is expressed in util-
ity terms whereas monetary values are expressed in units of the numeraire, our
efficiency index, and the comparative statics results for it, may be affected by
the scale of the g(-) function.

In order to get rid of this effect, we apply a simple compensation principle and
compute the principal’s expenditure in perks that, given the optimal allocations
with and without perks, is needed in order to impose on the agent the same cost
of effort across models. Computed the required differential in ¢, we value it at

the market price k 8. The rest of this section provides a detailed explanation of

8 Alternative to this pricing would be to apply to the differential in perks their shadow
price, i.e. the marginal price the principal is willing to pay for a relaxation of the constraint
q = 0, namely xgq.
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how the compensation is carried over. Results, based on numerical simulation,

are discussed in Section 3.11.

Let denote by z € [0,7] the optimal effort, solution to (P4) when ¢ > 0; and
by n € [0,7], the optimal effort in the restricted model with ¢ = 0. Then, we

require, either
L. g(x,q+dq) = g(n), or

2. g(x,q) = g(n,dq)

where dgq is the differential change in ¢ that, starting from the equilibrium, is
required in order to equate the cost of effort across the two models.

In case 1, dg is computed so as to bring the agent’s cost of effort that prevails in
the perk economy to the value it takes in the perk-less economy (i.e. he agent’s
cost of effort of the perk-less economy is the one that has to be implemented).
Therefore, either dg > 0 if g(n) < g(x,q) or dg < 0, otherwise.

The history behind this adjustment can be easily told as follows. Let assume
that the contracting game is such that the principal only commits to provide g,
and that, on that account, the agent takes effort x. The die is cast and either
state of the world is realized. Then, a social planner call on the principal and ask
him to adjust the provision of perks such that the end-of-game agent’s disutility
of effort is g(x, ¢ + dg) = g(n). The question is therefore the following: from an
ex-ante perspective, whenever perks are provided, do they guarantee that there
are sufficiently high expected resources in the economy for the principal being
able, if he were asked to do so, to buy extra dq units of perks, at the market
price k , in order to leave the agent indifferent (as to regard her cost of effort)

between the two systems?

By solving the following equation,

dxlte 1 _ ontte
l+o0 (1+a(g+dg) 140

we obtain that the dg required to implement g(n) amounts to

=T w

When, in the model w/o perks, we impose ¢ = 0, the Lagrangian associated to that con-
straint, can be either positive or negative, depending on which direction the principal would
like to violate the constraint. (See Math Appendix 3.B)
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For case 1, therefore, the compensated efficiency index for the perk economy is

as follows,

E@ [ys _ T(ws)} — k- (g +dg) — g(n)

In case 2, instead, the effort cost that has to be implemented is the one with
perks. If it is therefore the case that g(x,q) > g(n), a negative dq is needed to
bring g(n, dq) at the level g(x, q). Alike to the previous case, we can think of the
social planner buying from the principal in the perk-less economy, at price k,
dq units of his plant, so as to impose on the agent an end-of-the-game disutility
of effort equal to g(x,q). The compensated efficiency index, for the perk-less

economy, is given by

Elys = T(w,)] + k- dq - g(x,q)
That is, in the scenario without perks, we compute dg such that

Sxtte 1 _ ontte 1
1+0 (14+aq) 1+0 (1—adg)

and obtain

Since it can be argued against the planner eating some of the “intangible” struc-
ture of the perk-less firm, we propose an alternative compensation (named case
2b) that, as for case 1, implements g(n) and requires the planner of the perks
economy to provide the agent with extra units of perks.

The difference between case 1 and case 2b relies on the marginal effect of the
extra units being different across types of compensation. While, in fact, dq is

weighted according to the parameter a in case 1), in case 2b) the sensitivity of
1to 1to

h(q) to dq is measured by a- [E} " . We can, therefore, think of [E] " as the
personal benefit the agent derives by his position in the firm. Forngiven x, the
larger is that responsiveness, the less units of dq are required in order to bring
the agent’s work disutility to its value g(n). Formally, we solve the following

identity,
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dxlte 1 B snlte

1+o Le N7 T 40
<1+a(q+dq- [%} )>

It is straightforward to see that case 1) and case 2b) are such that dg" =

140

dg?® [E} 7 with dg?) < dgV). The difference is due to the fact that in case 1)
g(n) isnimplemented, whereas in case 2b) the responsiveness to the extra units
of perks is adjusted and dg is computed so as to implement g(n, ¢). To conclude,
the efficiency index that is relevant in case 2b), which modifies the expression

for the perks economy, is the following,

3.11 A numerical exercise

This simulation exercise serves two purposes. Firstly, it extends our theoretical
results and comparative statics. The reference is precisely to the discussion on
the second-order effects associated with the curvature of the utility function, and
on the complementarity /substitutability of perks and cash at the equilibrium
allocation, which unambiguously requires to control for the strict concavity of
the problem. The second target is to evaluate quantitatively our efficiency
indexes and draw some conclusions on the convergent or divergent incentives
between firms and fiscal authority as to regard the payment by perks.

In order to proceed, we postulate the main parameters according to either our
feasibility analysis and the values that appear typical in the literature on optimal
taxation. We use the values n = {0.5,1,2}, and o = {1,2}. In fact, according
to Bernasconi (1998), the coefficient of relative risk aversion should lie in the
range 1-2, whereas many empirical studies seem to confirm a Frisch elasticity
that is less than one. As we need v < o, we set v = ¢/2 for convenience.
Since we do not know the appropriate values of «, ¢ and 0, which determine the
stochastic distribution of income, we let them range around the values 0.8, 0.05
and 0, respectively. We set 7, = 0.25 if n < 1, and 7, = 0.45 for n = 2, or let
it vary in the interval [0.2,0.6]. We fix 7, = 0, and yo = § = 1, while we allow
y1 to vary in the interval (2,4), or we set it at 3.5, when varying some other
parameter. The values of § = {0.25,0.5,1} and a = {2,4.5,5}, are adjusted so

as to maintain the cost of perks k£ around 1.
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The effect of a change in the agent’s relative risk aversion, . We
first notice that an increase in 7 leads to a drop in the optimal effort which,
everything else equal, reduces the principal’s incentives to provide perks. As it
is, either 4 and % fall down as n increases. The intuition behind the result is
the following. The more relatively risk-averse the agent is, the lower is the risk-
premium that the principal has to pay in order to incentivize the agent’s effort.
Nonetheless, the level of effort that can actually be implemented decreases in
7, so reducing the scope for providing perks. As an overall result, the principal
expected profits decrease, but, because of the provision of perks, they fall less
than they do in the perk-less economy. The agent, however, is made worse off
from the provision of the fringe benefit at those n’s for which it is still convenient
for the principal to pay her in work-related goods and incentivize effort above
the optimal level it takes in the perk-less economy. When it is the case, in fact,
the information rent paid to the agent in the perk system is higher (though
still being decreasing in 1) than it is in the perk-less economy, because of the
positive effect of perks on effort. Nonetheless, the utility derived from the lower
wages and perks that are needed to induced the more risk-averse worker to apply
the desired effort is not enough to outweigh her disutility from working. The
mismatch between the linearity of the principal’s payoff and the concavity of
the agent’s utility gives an incentive to the principal to use perks in order to
distort the agent’s working decision.

When looking at the behavior of our efficiency indexes as 7 increases, we see that,
besides an overall tendency to state the inefficiency of perks when compensation
is performed so as to implement the perk-less economy’s effort (case 1), the gain
from providing perks is U-shaped when efficiency is measured as in case 2.
That is, the system with perk performs better than the perk-less economy at
sufficiently low values of the coefficient of relative risk aversion. Nonetheless,
as 7 increases, the index decreases, so making perks a less-efficient technology
for a bunch of relatively higher coefficients, with a change in tendency at some
point and a progressively decreasing inefficiency as we approach the level of 7
for which ¢ = 0.

The inefficiency that arise in case 1 can be easily understood if one looks at
the principal’s willingness to pay for a relaxation of the constraint on a non-
positive provision of perks. Given our simple parametrization, that willingness
is very low compared to the market price of perks, k. Since, because of the

combined effect of relatively low risk-aversion and perk provision, the amount
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of extra units of perks that the principal has to pay to the agent, in order to
bring her disutility to its perk-less counterpart level, is very large (higher than
the amounts required in case 2 and 2b), at a price k there may be not sufficient

resources left for that compensation to take place.

The effect of a change in the stochastic parameter, §. Here, the most
striking result, somehow related to the second-order gains that the principal
can potentially obtain at 6 # 0, by deviating from the optimal contract, is

that, for all , as 6 varies in a small interval centered at zero, either 4 and a

b

1
exhibit an inverse U-shape pattern, with a maximum at § = 0. Though this

n
behavior reflects the increased concavity of the ratio —, both being decreasing
n

b
and concave functions of 6, it does not affect the trend of —, which strictly
Y

decreases as 6 increases in its interval. When compared with1 its value in the
perk-less economy, the strictly positive (respectively, strictly negative) variation
in the optimal compensation b for § € (0, 8] (respectively, 6 € [0, 0)) is, however,
too small (in quantitative terms) to explain the worker’s excess of utility derived
from the provision of perks. In fact, that gain chiefly results from the higher rent
the agent is let free to enjoy along the interval, in the perk economy. Moreover,
since i) because of our parametrization, the rent equals the disutility of effort,
and ii) the effect on the optimal wage is very small, the percentage increment in
the principal’s expected profits, achieved by providing perks, is quantitatively
unimportant.

As 0 increases, either the model with perks and the perk-less economy perform
better in terms of net expected resources, after compensation has taken place.
However, all our efficiency indexes show the relative inefficiency of providing
perks, as compared to a system that does not allow for them, with a trough
near 6§ = 0. The result being robust to changes in o and 7, our analysis suggests
that, by focusing on § = 0, we are actually overestimating the effect of perks in

the economy.

The effect of increasing y;. For given prices, 7, and k, and fixed y; = §, the
overall effect of increasing y; amounts to a steady increase in the ratio 4 (as
soon as the income gap is such that it becomes optimal for the principal ’Zcﬁ pay
by perks also) and, therefore, to a higher ratio % in that region, as compared

b
to a system without perks. In spite of the negative trend of —, which is robust
n
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to changes in 7, 6 and o, the perk-to-wage ratio increases in the income level,

and reaches its maximum in correspondence of the y;’s value at which n = n.

Further increments in y; are then associated with lower 2 and ﬁ, so as to
keep the ratio perk-to wage constant. - o

The net effect of the agent’s higher productivity, if positive on the principal’s
expected profits, is ambiguous from the agent’s prospective. Indeed, either the
information rent and the agent’s expected utility may fall below the values they
take in a perk-less economy. Moreover, differences in the relative risk aversion
may lead to different dynamics as to regard the worker’s well-being. In fact,
though the agent’s expected utility with perks is initially decreasing in y, as
the principal starts using them, reaches a minimum and then increases above
its perk-less level, for 0 < n < 1; for n > 1, this dynamics is reverted, with the
agent’s utility gains from perks being firstly positive and increasing, as the rent
increases in her effort, and then starting to fall, as soon as the implementable
effort hits its maximum. We will refer to these differences later on in this
chapter, when discussing the implications of a lower relative risk-aversion on
the designing of the optimal top-income tax.

Finally, let notice that, whenever the focus is the production efficiency, the
agent’s relative risk aversion does not change the behavior of any of the effi-
ciency indexes as the income level increases. In fact, other than a difference in
quantitative terms, which is larger the higher is n, all indexes split the interval
of income gaps into two regions. At first, as soon as perks are provided, the less
advanced system performs, in expected term, better than our model with perks.
Then, after a trough, the latter system decreases its inefficiency, until it over-
comes the perk-less economy in exploiting the higher potential of the agents, as
embodied in larger y;’s. Furthermore, it is worth mentioning that, because of
the linearity with respect to effort and perks of our indexes, for all y; such that
n = n, though the perk-to-wage ratio and the effort keep constant as income
increases, the efficiency from providing perks is characterized by a less steep,

but still increasing, trend.

The effect of increasing 7,. When designed so as to measure the impact
of an increase in the tax rate (but the same hold for an increase in k), our
numerical solutions corroborate the analytical result of the complementarities
between wages and effort and those between effort and perks being the driving

forces in explaining the reduction in g as the income tax increases.
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In fact, as soon as the model’s parametrization is such that incentives are so
strong that effort hits its maximum in a range of positive values for 7, the sub-
stitution effect alone (those complementarities have being ruled out) leads to an
increase in the optimal provision of perks and to a drop in wages. Nonetheless,
as soon as the agent’s effort is pushed down by the reduction in wages and by
the decreasing marginal returns of perks, higher tax rates are associated with
less perks and a fall (at a decreasing speed) in wages, as compared to the value
they take in the perk-less economy. In the broader interval, therefore, the net
effect on the perk-to-wage ratio is no longer monotonic in 75, being initially
increasing, and then sharply decreasing in the income tax, until it goes to zero.
Though higher distorting taxes generally imply lower expected utilities and
smaller information rents, the gain/loss from being paid with perks, as compared
to a perk-less scenario, depends on the agent’s risk aversion. For n = 0.5, the
worker is made worse off by the (temporary) provision of perks, whereas, for
n = 2, the agent is better off when provided by perks, for at least some values of
Tp in our interval. Moreover, in either case, optimal responses are such that they
change their trend just once, i.e. the agent’s expected utility is (weakly) concave
in the tax rate. As we already pointed out, these are the dynamics we will be
concerned about when characterizing the equilibrium top-income marginal tax
rate.

Finally, strong of the intuitions on how variations in the principal’s expected
profit’s, through their effect on the willingness to incentivize effort, spread over
the optimal policy functions, it is not surprising that the efficiency indexes’
response to changes in the tax-rate shears the same pattern, but reflected, than
the response to changes in y;. In fact, our system with perks shows an index
of relative efficiency that: i) is strictly positive and firstly increasing (if n = 7)
and then decreasing (as effort decreases) for some 7, sufficiently low; ii) becomes
negative, with a global minimum, over a range of intermediate values; iii) slightly
reduces its inefficiency, until the provision of perks turns to zero for sufficiently
high 7.
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Figure 3.1: For n: Optimal allocation (§ = 0)
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Figure 3.2: For n: Information rent

and efficiency (0 = 0)
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Figure 3.3: For #: Optimal allocation (n = 2)
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Figure 3.4: For 0: Information rent and
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Figure 3.5: For y;: Optimal allocation (n = 2)
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Figure 3.6: For y;: Optimal allocation (n = 0.5)
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Figure 3.7: For y;: Efficiency (n =2)
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Figure 3.8: For y;: Efficiency (n = 0.5)
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Figure 3.9: For 7,: Optimal allocation (n = 2)
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Figure 3.10: For 75: Optimal allocation (n = 0.5)
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Figure 3.11: For 7,: Efficiency (n = 2)
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Figure 3.12: For 7,: Efficiency (n = 0.5)
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3.12 The first-stage of the Stackelberg game: the

optimal top income marginal tax

So far, we have discussed and characterized the outcomes of the second of the
two stages in the Nash non-cooperative game between the fiscal authority and
the labor market. The sequence of the moves for the complete game can now

be stated more formally as follows:

1. The fiscal authority announces the tax scheme and the monetary value of
the public expenditure, (74,7, G).

2. Given the fiscal policy (74,75, G), the principal designs the optimal com-
pensation scheme W = (s, b, ¢), and provides the agent with perk g.

3. Given (15,7, G) and W, the worker decides how much effort n to apply.

4. Income is realized, net wages are paid to the worker, while taxes are

collected by the government.

In this section, by solving the first stage of the game we aim at endogenizing
the income tax rate that arises in the decentralized economy, when the fiscal
authority allows for the provision of the non-taxable perquisite good. Either
for tractability purposes and because the part of the income distribution that
is more concerned about the provision of perks is the upper tail, we focus on
the equilibrium top-income marginal tax rate, and assume that G, which was
mostly excluded from the analysis in the second stage, does not now directly
affect the agent’s incentive compatibility constraint.

Technically, in fact, the problem at hand requires the specification of an ob-
jective function for the government (and, therefore, for society) that, though
unable to accurately describe the behavior of the fiscal authority, builds at least
on some simple normative criterium. On that regard, we develop an alternative
approach to optimal taxation based on the notion, not new to other branches
of the literature on fiscal policies, of an “ideal” agent.

We then discuss how our results have a bearing on the debate on i) labor supply
elasticities, ii) zero top-income tax rate, iii) incentive versus insurance motive
of taxation. In doing so, we clearly mean to explore the ability of our theory
to explain, jointly, the facts on wages and perk provision, the dynamics of tax
revenues and the level of government’s expenditure. Our results are in fact in the

form of a simple tax-formula that, though in line with those in the literature,
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builds on a new theoretical explanation which accounts for the provision of
perks.

The next of the section proceeds as follows. The nature of the externality
problem and the social welfare function are described in Section 3.12.1. Section
3.12.2 state the maximization problem formally, and derives our tax formula.
The main results of the chapter are combined together and discussed in Section
3.12.3. Finally, Section 3.12.4 proposes a numerical solution for the equilibrium

marginal tax rate which is compatible with perks being either provided and not.

3.12.1 Set-up and information structure

As before, we consider a model where the government levies taxes to finance
the public provision of goods and services. Now, however, to deal with the issue
at hand, we explicitly assume that the agent derives utility from both private
consumption (i.e. the allocation of wages, perks and effort) and the public
expenditure.

The government, thus, chooses the optimal tax rate, given social preferences and
the behavior of the labor market. That is, although the government recognize
correctly that perks are used to incentivize workers’ effort and that perks might
substitute out wages, and he derives his budget constraint on that account, in
designing the optimal tax rate, he seeks to maximize a properly defined social
welfare function.

Since the “ideal”, both for the society and the government, is for the worker not
to shrink, we assume that the government takes as his objective the expected
utility of a representative agent who always applies the maximum effort, n. We
may call such an agent the “ideal” agent. She takes no decision, hence, has no
incentive compatibility conditions to satisfy. Decisions, however, are taken in
her behalf by the government who, as we said, derives his budget constraint
from the behavior of self-interested agents in the labor market.

Characterized the revenues that can be collected when agents take the fiscal
policy as given, we derive the optimal marginal tax by equating G to the ac-
tual expected revenues and then searching for the value of the tax rate that
maximizes the social welfare function.

Throughout all this section we assume yo = § , and 7, = 0. Then, 7, can be

thought of as the top-income marginal tax rate of this economy.
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The extended information set. The nature of the externality problem is
as follows. Workers derive utility from labor market outcomes ({(s,b, g, n)) and
the publicly provided goods and services (G). Nonetheless, when deciding how
much to work and how much to pay, agents take as given the tax system and
the public provision of goods, namely (73, G). The government, however, spends
the actual expected tax revenues, T'(7), under the balanced budget constraint,
G = T(m). Since the firm may have an interest to pay by perks in addition
to wages, by substituting out wages with perks, it can cause a reduction in the
amount of taxes, though expected taxes, and therefore, the public expenditure
G, may either increase or decrease by the effect of perks on effort and, thus, on

probabilities.

3.12.1.1 A refinement of the agent’s preferences and SWF

Workers’ preferences over public expenditure and private outcomes are given by
VPW, Gin) = pu(G) + (1 = p) [pru(b) + pou(s) — g(n, q)]

The term into square brackets is what we have defined in Section 3.4 as UP(W;n).
We notice that, whenever the agent takes the public expenditure G as given,
the incentive compatibility constraint derived from maximizing either UP (W;n)
and VP(W, G;n) with respect to n is the same, so that our derivation of the
optimal allocation (s, b, q,n) still applies here®.

The government uses VP(W, G;n) to maximize over 7, the expected utility of an
“ideal” worker for whom n = n and ¢ = 0. In fact, we are implicitly assuming
that the government behaves “as if” he does not know what the provision of
perks is. To keep things as simple as possible, we also assume that the govern-
ment is indifferent about who pays the tax, if the principal or the worker, so
that, in designing the optimal tax, he maximizes the expected utility of the ideal
worker whose net wages are b = y1(1 — 7)) and s = ys(1 — 75) = ys. Actually,
we can think of this limiting worker as being the entrepreneur of the firm, who
retains for himself his productivity (namely, y1) and pays 7,y; in taxes.

We, therefore, define the following

Definition(IEU, Ideal agent’s expected utility): Let denote by

9The key assumption is, in fact, that though derived from expected revenues, the public
provision of good is a certain outcome. In that, our searching for the optimal tax wants to
shed light on the desirability of some crowding-out effect between perks and public services.
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VP(1y,G) = pu(G) + (1 — p) [pru(yi (1 — 1)) + poulys) — g(n,0)]

with

1-n

Vi # 1 pl+o
wley =410 "7 o(m,0) ="

loge ifn=1

the expected utility of an “ideal” worker, whose effort is n = i and the

wages are her net-of-tax productivity.

Assumption(SWF, Social welfare function): Let VP(r,,G) give the social
preferences between public expenditure and private labor market outcomes

in this economy.

Definition(NNE, Nash non-cooperative equilibrium): Each 7, chosen by the
government in the first stage determines a (second-stage) sub-game. The
profile of strategies (b*(73,), ¢* (1), n* (7)) forms a Nash non-cooperative
equilibrium in the sub-game. A sub-game perfect equilibrium of the game
is then the tuple (b*,q¢*,n*,7}), where 77 maximizes the government’s

social welfare function subject to the budget constraint, G = T(Tg ).

The next subsection states the problem formally and characterize our solution.

3.12.2 The government’s problem

The government’s problem can be stated as follows

(P5) max VP(n,, G) subject to:
Tb

b* = argmax 1P (n; W)

n* = argmax UP(W;n)
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The existence of a solution to (P5) depends, of course, on a multiplicity of
parameters: directly on yi, (p(72)), # and 7, and indirectly on all the other pa-

* 10 One of the most important parameters,

rameters which affect b* and n
however, is u, which determines society’s preferences for public services com-
pared to the consumption of the private outcomes.

Since we do not know the right value of u, but - due to our tractable form
for the agent’s utility function - expected tax revenues (and, therefore, G) do
not depend on p, a calibration strategy should consist in picking a value for
€ (0,1) so as to meet a target value for G. We leave it to future works.
For the moment, we limit ourselves to pick the value of u, such that at the
equilibrium marginal tax-rate either perks are optimally provided or they are
prevented, and test the ability of our framework to account for the differences

in the two cases.

3.12.2.1 A formula for the top-income marginal tax

Whenever an interior solution does exist, the first-order necessary condition for
an optimum requires
Op1 On ab I—pr_
I P (i R OO P ] PR
T [p1 + T ( on o, +p1 87,1” m p1y1(yr(1l — 7))

Simple rearrangement of the above expression leads to the following tax formula,

1 o 1 b 77;;1

_r 2 (14 e, + €b77_)717 (&) Vi #1
= 1—pp Y1

1-— 1

Tb B — | (14 aen,r + €b,7) ifn=1

Ty

where €, and €, are, respectively, the elasticity of effort and wages with
respect to the marginal tax rate, and p1b can be thought of as the product of
the (average) wage rate in the top-income bracket times its density.

While the first term on the RHS accounts for the social marginal weight on
public expenditure, so that the optimal marginal tax is increasing in pu, the
second term directly reflects the efficiency cost of increasing taxes, due to the
behavioral responses of either the worker and the firm. It is an efficiency cost
because such behavioral responses have no first-order positive welfare effects on
the agent (not just on the ideal agent) and the firm, but have a second-order

negative effect on revenues.

10As we shall show, however, when the agent’s utility takes the logarithmic form, the exis-
tence of the solution and, therefore, its equilibrium value, depend only on p and pi (7).
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Since the €’s are both non-positive for y; sufficiently high, this expression re-
quires for an optimum to exist, that the elasticities with respect to 7, of the
probability measure and the optimal wage sum up together to a number less
the one (in absolute value), i.e. either effort and wages must be not too much
elastic.

It is also worth stressing that € is an uncompensated elasticity concept. It differs
slightly from the literature on optimal taxation, which focuses, instead, on the
elasticity of reported income with respect to the participation/post-tax wage
rate, (1 — 7).

Furthermore, since all the variables involved are endogenous functions of 73, and,
thus, they do not allow for a closed form solution of the equilibrium tax, we pro-
pose the above formula as a testable hypothesis. According to it, our framework
gives leave to i) replace the elasticity of effort supply, €,,, with the elasticity
of the density measure, €, = pe,,, and ii) handle with the wage distribution
instead of the one for the reported income. In that, the first difference seems to
account for the extensive margin of the top-earners’ labor supply, while the sec-
ond captures its intensive margin, net, however, the portion of it that is repaid

by perks.

3.12.3 Comparative statics results

In the standard optimal taxation theory, the optimal top tax rate increases in
the density of the top-income agents (the revenue-collection motive). However,
our model predicts that, whenever that density increases, y; being fixed, the
optimal tax rate should decrease if the economy is sufficiently high relative risk
averse, i.e. if n > 1. The marginal tax rate, however, becomes more progressive
if the agent’s is relatively low-risk averse. In this last scenario, in which the
provision of incentives through wages is more costly for the principal (risk-
premia are in fact higher) and firms more easily substitute wages with perks,
our model predicts higher optimal marginal taxes.

The economic content behind the result can be explained as follows. Since at

n = 7, which is the desirable level of effort for the government’s perspective,
b
a drop in 7 is associated with lower either — and i, the government finds

Y1
optimal to counteract the leading forces in the labor market, and acts so as to
substitute the low private consumption with a “forced” increment in the public
expenditure, since for those values of the agent’s risk aversion, the ideal agent’s

expected loss from a system with perks (in terms of her private consumption)
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is positive. In fact, when society is low-risk averse, the social value of public
expenditure is high and persistent, so that decreasing the marginal consumption
gain of higher b by increasing the tax rate, increases the utility of the ideal agent
in its public-good-consumption component.

On the other hand, when agents are sufficiently high risk-averse, there are
two possible effects: firstly, since guaranteeing incentive compatibility is easier,
higher tax rates at lower wages are consistent with the optimizing behavior of
the firm and the workers. At those states, in fact, the outcome implementable
in the labor market is less likely to make the agent worse off. Secondly, since the
ideal agent is more risk-averse, the government can find optimal to substitute
labor-outcome uncertainty with the certainty of providing the public-good.
Intuitively, one can find values for p and 7 for which either effect dominates the
other. Nonetheless, for u sufficiently small and fixed, we expect the decentralized
labor market outcome to converge to the centralized efficient allocation as the
agent’s risk aversion increases over a small range.

According to Bernasconi (1998), the coefficient of relative risk aversion lies in-
deed in the interval [1,2], so that our theoretical result is in favor of a more
regressive tax rate. As we discussed in Chapter 2, this is indeed what an utili-
tarian social planner would have liked to do in the centralized economy.

In the next section, we provide a graphical representation of our results, based
on the numerical exercise discussed in Section 3.11.

The following proposition summarizes the main results of this chapter.

Proposition7: Fix problem (P4) and (P5) and let Assumptions (PD) and (N)

hold. Then, for fixed y;, the equilibrium marginal tax is:

1. decreasing (respectively, increasing) in the expected wage, p1b, if n > 1
(respectively, if 0 < 7 < 1), and does not depend on it if the agent’s utility

function is logarithmic;

2. increasing in the social weight to public expenditure, u and decreasing in

both elasticities, €, - and €, r .

Moreover,

3. When society is low risk-averse, the equilibrium marginal tax rate is con-

sistent with a positive provision of perks, even for large values of pu.

4. When agents are sufficiently high risk-averse, and the provision of in-

centives is less-costly for the principal, either the equilibrium tax rate
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discourages the provision of perks, for relatively high p and 7, or it is
consistent with a positive provision of the perquisite good. Furthermore,
the latter case is more likely to occur if the outcome implementable in the
labor market, as compared to the perk-less economy, does not make the

agent worse off.

3.12.4 A numerical exercise for the equilibrium marginal

tax rate

So far we have proposed an argument for why, for n € (0, 1], the optimal tax
rate is increasing in wages; whereas, for n > 1, the optimal tax is decreasing in
them. Here, we test the ability of our model to pin down the equilibrium tax
rate that is compatible with perks being supplied in the economy.

As we already discussed, we should be able to find a set of parameters for which,
at the equilibrium tax rate: i) perks are provided even when social preferences
attach a large weight to the public expenditure, if the agent is sufficiently low
risk averse, and ii) perks are not provided in positive amount as the agent’s risk
aversion increases.

Because of the continuity of our solution, however, there must be some param-
eter values for which, given n = 2, which is our upper-bound for the agent’s
relative risk aversion, the equilibrium tax rate takes two values, one of which
allows for a positive provision of perks in the economy. Intuitively, then, the
complementarity /substitutability between cash and perks plays now a key role
in determining the optimal marginal tax rate.

The following figures assume p = 0.2, (0,d) = (1,0.5) and y; = 3. However,
for case 1, which is the case of an equilibrium with perks, we assume a = 5 ;
while, for case 2, for which at the equilibrium tax rate perks are not provided
by the principal, a = 4.5. In either case the price of perks is set to k = 1.

As we can see form the Figure 3.13 and 3.14, our model predicts a top-income
marginal tax rate of 30% in case 1. It implies a public expenditure, G = 0.20,
which accounts for about 7% of the state, y1, and 13% of the equilibrium wages
b(17). Moreover, at their equilibrium value, perks amount to 1.6% of the gross
income and 3.2% of the wage.

However, in case 2 (Figures 3.15, 3.16) the optimal marginal tax rate is found
to be 45%. At those value, it is not optimal for the firm to pay perks. The
actual expected revenues imply G = 0.22 , which account for 7.5% of the gross

income and 15% of the wage.
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Figure 3.13: Stage two: The wages and perk strategies (case 1)
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Figure 3.14: The ideal agent’s expected utility (Equilibrium w/ perks)
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Figure 3.15: Stage two: The wages and perk strategies (case2)
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3.13 Conclusions

This chapter develops a two-stage Nash non-cooperative game between a fiscal
authority and the agents in the labor market, in order to pin down the equilib-
rium top-income marginal tax rate that results when firms are allowed to repay
workers by perks.

The nature of the externality problem implied by our setting is the following.
Workers derive utility from either the labor market outcomes and the goods and
services publicly provided by the government. Nonetheless, when deciding how
much to work and how much to pay, both agents take as given the tax system
and the public expenditure announced by the fiscal authority. The government,
however, sets his current purchases equal to the value of the expected tax rev-
enues he can actually collect, given the behavior of the labor market. Since the
firm may have an interest to pay by perks in addition to wages, the government
may also have an interest to either discourage or support the provision of perks.
Technically, the problem at hand requires the definition of a social welfare func-
tion that is either tractable and simple to justify. On that regard, we adopt
an utilitarian approach based on the concept, not new to the literature on tax
evasion, of an ideal agent, who never shrinks nor receives perks.

We split our analysis into two parts. In the first part we focus on the labor
market and, given the fiscal policy, we characterize the optimal allocation of
perks, wages and effort. Our analysis suggests that the agent’s marginal rate
of substitution between perks and wages may differ from their relative price,
so leading to an (ex-post) inefficiency in the provision of perks. Nonetheless,
we argue that even an over-provision of perks may make the agent better off,
compared to a system without perks, if the excess of perks triggers a sufficiently
high excess of effort, or if it results in a resource-improving technology that
allows for an ex-post compensation of the agent’s effort.

However, either theoretically and through numerical simulations, we show how
these results are sensitive to the stochastic dominance properties of the proba-
bility distribution and the value of the state in the economy. If, in the former
case, deviations from the benchmark are qualitatively important but quantita-
tively small, in the latter case, however, the quantitative implications of different
income levels are quite significative.

In the second part of the chapter, we formally state the government’s maximiza-
tion problem over the optimal marginal tax rate, given society’s preferences and

the outcomes generated in the labor market. Our results are in terms of a simple

133



tax-formula, that we propose as a new testable hypothesis, which builds on a
theoretical explanation that explicitly accounts for the provision of perks. Its
novelty should be found on its replacing the elasticity of the reported income
with the combination of the elasticity to the tax rate of effort (which account
for the extensive margin of the top-earners’ labor supply) and wages (which
captures the intensive margin of the labor supply, net, however, the portion of
it that is repaid by perks).

Our main contribution consists in showing that a regressive marginal tax rate is
consistent with a positive provision of perks. Though we argue how this result is
sensitive to the match between the agent’s relative risk aversion and the level of
preferences for public expenditure, we also justify it according to our theoretical
predictions.

Finally, in a numerical exercise, we test the ability of our model to quantify
the equilibrium top-income marginal tax and find that a tax rate about 30%
is consistent with a positive provision of perks when they account for 1.6% of
the gross income (3.2% of the agent’s wage), and the implementable per-capita
public expenditure is about 7% of the top-brackets taxpayers’ gross income (15%
of their earnings). An equilibrium allocation without perks is also found for a
45% marginal tax rate.

A more precise calibration of the model is left for future works, along with
a better characterization of the results in terms of the degree of stochastic

dominance implied by the income distribution.
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Appendix 3.A: The Hessian Matrix

Remember Assumption (N),
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if and only if ¢ > 7. Because of our specification, thus,

2
avya*nA |~
Lgq {

o
The cross-derivative Ly is,

d’>n  dn d*n
L : —t — — —pi(1
ab "dbdg dq[ "dodn P +T")]
th d2’ﬂ pllu(‘(b)‘hq| d2n plluc(b)gnnn
W1 = — —
dbdg  Gnnh(q)? dbdn hq)Gnn
Uuc(b) |hql Gnnndn gn |hyl
Loy : Lap|— 11— —pi(1+7)= 1 =
/ ! 9nn h(Q)2 Inn? 1( )gnn h(Q)
p/1|hq|g~n|: Gnnndn \ Lniie(b) <
= = 1-— — —(147m) =0
ha)Gnn ( Gnn2 ) gnh(q) ( )| =
- s Lyuc(b)
We remember that optimality condition for b states that — ) = (1+
gnit\q
b1 gnnn
Tb> 7 = .
np1 Ygn .
Therefore, as long as the following holds, jqn =1- gmmg", and it holds for
nnT 9nn?
our iso-elastic disutility function, we obtain
Phlhglgn [ P }
Loy : — 1+ —1
! h(Q)gnn( ) np/l
By Assumption(SP),
P'i|hg|gn [9}
Lob : ———(14+m)|—
* g T [
Then,

o if § =0, L5 = 0, meaning that there is no gain from joint deviation of

increasing b and reducing ¢ at the equilibrium allocation (s,b,n, q).

o if 0 > (<) 0, Ly, > (<) 0, there may be a profitable deviation from
increasing (decreasing) b and increasing ¢ at the equilibrium allocation
(s,b,n,q).

Anyway, for the problem being jointly concave in g and b (when s is exogenously
fixed), those second-order gains must be outweighed by the losses the principal
would face by moving away from the optimal levels of b, ¢ (as measured by the

main entrees in the Hessian matrix).
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e At any interior solution for ¢, joint concavity requires
2
‘H2| =Ly - ﬁqq — (ﬁqb> >0
which, for 8 = 0, requires o > 7.

e When ¢ = 0, that is, when the non-negative constraint on ¢ is binding,

joint concavity demands

Ly Lg 0O
|Ha| = |Lgp Lgg 1| ==Lty >0
0 1 0

Appendix 3.B: Math notes

Proof of Proposition 2:
(b) — u(s) A

Let denote N = = ,yand D =
ue(b) 1+

Lemmal below). By differentiating (2), we get that, for all parameters j:

Nedb 10N N (0D dby _1(0e dn) 5]
Ddi Doj D2\09j dj) o\on dj =7 o2

db (D-Ny,+ N 1 ON oD 1 Os dn €
il e UL — N =——— [ = ) 1, | =
dj( D2 >+D2 (D 9 Naj> o(1— ) (an dj) =53]

from which we derive our results.

N
—b, and let be N}, = aa—b > 0 (see

Proof of Lemmal:

ct=n
e Assume u(c) = - Then,
1 o= — gt 1 st=1]
u(b)fu(s): 1_77{ = }:1—77{1)_ b”] ifn#1
e (b) b(logb “log s) ifn=1

Therefore, its derivatives (total and partial coincides) with respect to b

are equal to

szd[“(b)_u(s)}: 1in{l—n(i)l_q>0 ity #£1
db | uc(b) 1+10g(§)>0 _—



b2

A AL
b [ uc(b) >0 if n=1
—2)bp7—3
9 d?’{Au]_ % if n e (0,1)U(1,00)
db* Luc(b) 5 <0 if =1

That is, Np is i) linearly increasing in b for n = 2 ; ii) increasing and
concave in b for all n € (0,1] U (1,2); iii) increasing and convex in b for
n > 2.

e Assume u(c) = — exp(—nc). Then,

u(b) —u(s) _ —exp(=nb) + exp(=ns)
uc(b) nexp(—nb)

- —% + %eXp(n(b —5))

whose derivative with respect to b is given by

M= |5 (exwno - ) = 1)] =exptuo - 9) > 0

a3 (00— 9) - 1)] = epia®— 9 > 0
s (et - ) —1) | = wesplato— ) > 0

The perk-less values of effort and wage

1-n
In our most preferred specification, we assume o = 1 and u(c) = 1C . From
A
. ) p - Au

expression (IC), therefore, as long as ¢ = 0, effort must satisfy ng = 5
Substituting ng into £,, and evaluating it at ¢ = 0, we obtain

"uc(b)p’ A b)p' A
M = p1 and, therefore, M =n-+6
gnn(n, q) (1 +75) 6(1+m)

- — 1+ 7,
Let A= v o+ s +T). The optimal by solves
1+7
~ 1—-n
A—b:ibfbn(s f@)
L=n L—n p
2 — =n 9§
A (e ()
1= IL—n ¢
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95

/

1
~ 3
For n =2, by = ( i A ) . Substituting it into ng above, we find

+
s p

"1 1 6 ~
=L [ ™) /4
o |s s p
For yg =§ =1, 8 =0 and 75 = 0, we obtain our result.

Proof of £, being increasing in n

db
For changes in y1, £, is increasing in n if and only if (1 + Tb)d— < 1, provided
Y1

dn
that o 0. Differentiating £, (n) with respect to y; we obtain:
Y1

dL, dn , db
————=p(1-(1 —
dn dy; b ( (1+7) dyl)

Since, from £; we know that,

@ _ 1 [DP(0 ), N
dyy, D-Ny+N | o \On diy 1+7

. db N
. 1f9_07(1+7—b)d7y1_m<17
A? [ (1+m)
N b
. if0<0, (14m) L - - / Og)dn .
dy7. D-Ny+N o(D-Ny+ N)|0n|dy

d db

o If & > 0, with d—g > 0, condition (1 + Tb)d— < 1 is more demanding.
n Y1

However, if second-order effects are less important than direct effects, it

is always satisfied for sufficiently high cand low 73 .

The MRS

From £, and £, we know, respectively, that

gnnh(q) /A _ pl(l + Tb)

p/A =k - P —
gn|hq‘ p'uc(b)

Gnn(n,q)
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Substituting out p’A we find

kgnnh(q> (1 + Tb) 1.
= = 7gnnh q
Galhl ) p M)
k _ (1+7)p1

~n‘hq| ue(b) ?/

E (1+7)pign

h(I| uc(b) p/

lhel _ Gn
(+7) fu.d) P/

ko p(l+m)
|gnq| p/uc(b)

Corollary5b
From (7) , by noticing that §(n)|hy| = U,, we obtain (8) in the following steps
Pluc(®) _ p(1+m)

gulhgl K
~p/uc(b) _ pi(l+7)
O
uc(b) (pl/g(n)) 1+ 3
Uq 4 Jn k ( )
Corollary6

By differentiation of the LHS of (8a) w.r.t. y; we obtain,

db d
eed) g - we®)U a

My _
U, Uz

_ uc(b) |:_ |uce (D) db Mgl d(l] _
Uq uc(b) dyr  |he| dya

_ uc(b) |hqq| |: ‘ucc(b)‘ |hq| ﬂ dq:|
U, |hyl uc(b) [hgql dyr — dyr

from which we derive our conclusions.

140



Xq

From the foc w.r.t. ¢, we can conclude the following:

gnlhgl

k p'A
Gnnh(q)
to increase g above zero.

o If x4 <0, then

> k, and the principal would have liked

q=0

A negative x, stands for the reduction in the maximum value of the ob-
jective function the principal is willing to accept for each increase in q.
gnlhq
gunhle)™ |

to reduce g below zero. That is, x4 is the price the principal would have

o If x4 > 0, then

p'A < k, and the principal would have liked

asked for himself, to be compensate for paying ¢ = 0 to the agent, instead

of paying her a negative amount of perks.

Normalization procedure (case 1)

dxlte 1 _ on'te
140 (14+a(g+dg) 1+40o
$1+0
(1 +alg+dg)) = 2
=17 -1
n a

Normalization procedure (case 2)

Sxlte 1 _ ontte 1
l+0 (1+aq) 1+o0 (1—adg)

140

(1-adg) ="

i (L +ag)?

140

(1 —adg) = [%} 7 (1+ag)

T

w37 BT o

a

=} 2] ¥
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Closed-form solution for perks and effort

_ya o A2

o) = 3 5y

o o [A0+T)—b(1+7)] i

_1e
kE o6(1+m) 1 b2
2
2
:ﬂoﬂ(l—&—n)b {3_1}
k ) b2
:EM[é_lr
k ) b
:ﬂoﬂ(l—&—ﬂ,)[ A _lr
k 5 VAs

Finally, we obtain

q:%oﬂ(l;-ﬁ,)[ A_lr_ 1

e Derivative w.r.t. 7, of ¢

s =15 {5 - vam s 0o [ tan )

s s(1+ )2

0 _ v, 1 VY
o ko 2/s(1+m)

which is negative if y > 4s(1 4 7).

e Derivatives w.r.t. 7, for n

_|_

2
3n_¢[< yi 1)\/2/1 (\/yl 1)]_
Ty VY 147 147 147
:¢< Y1 _1){ v [
NI 147 147 14+m7
:_¢< h _1)
Vi \V1+m7

which is negative for all y; > 1+ 7, but is positive for any 7, such that 1 <
y1 <14 7.
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The effort and wage elasticities w.r.t. 7,
e The elasticity of p; with respect to 7

e _Omonm ¢ g\ T
DT On Oy py NG 14+

o () (V)]
_11)%/ (E_l>

e The elasticity of b with respect to 7, is derived as follows,

o _ 1 [y _Obm 1 ™
o, 2\ (1+7)3 PTTOn b 2147

The tax-formula

From the foc w.r.t. 7, in (P5), we obtain,

Op10n N Ay Lons P
{leTb(bana@‘Lplafb)}G = [p1y1(yl(1 b)) }

8p1 aTLTb abTb . 17,U,_ % 1;"
[plb(”(anan,pﬁaw)ﬂ /G‘< i pl) 2 /(1 ™)
p1b 1— R
) = () W fan

G (1 + 61’77' + 6[,)7—)

piby 7t 11—m7 1—p _ a
(B2) 7 e+ —2 =

Y1 n

=

S|

3|~

1

b1
Tb
1-m7 1—p " L by
b — < pl) (1-‘,-0[6”’7_—}—61777.)_5 (i) 7
T M Y1

T po1 n L /pib _n-t
b = 1 n

= — 1 +Of€n7 +€b,7' 7 ( )
1—m <1—,up1) ( ’ )

o In the log case, it simplifies to:

].—Tb

1-— _
— ( ’upl> 1+ aenr +€pr) !
Tb 2
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