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Abstract

This thesis consists of three independent essays in applied microeconomics. The first
paper estimates the marginal social welfare functions for Brazil using two functional
forms for the agents preferences: quasi-linear in consumption and isoelastic in consump-
tion and in labor. We use a dual approach of the standard optimal income tax model,
the logic is inverted, we estimate a social welfare function that makes optimal the actual
marginal tax rate schedule. Finally, we check if the revealed social preferences satisfies the
conditions of the model, so the inversion is well behaved. We find that with quasi-linear
utilities, the revealed social preferences are not decreasing for some values of productivity.
When we introduce income effects, we introduce curvature in the utility for consumption
and then the revealed social preferences are well behaved and Paretian.

The second paper evaluates the welfare consequences of replacing the Brazilian cur-
rent joint tax system in which spouses’ incomes are added to calculate taxable income
with one for which spouses’ incomes are averaged to determine taxable income. In Brazil,
spouses have the option to file individually or jointly. We find that a reform in the Brazil-
ian current joint tax system is welfare-improving. Changing to an income tax system in
which spouses’ earnings are averaged to determine taxable income increases the social
welfare of the economy.

The final paper investigates consumption behavior and optimality using microdata
available from the Consumer Expenditure Survey. With a longer and more recent sample,
we confirm the life cycle and time series patterns found by [ |
for the United States through a synthetic panel and cohort analysis. Furthermore, we
follow their approach of modeling the Euler equation with demographic and labor sup-
ply variables, but relaxing the implicit assumption that consumers use only one asset to
smooth consumption over time. We do so by aggregating returns and using

[ ] measure of return to aggregate capital to test the life cycle-permanent in-
come hypothesis. Our results provide further evidence in favor of the theory and show
that ignoring the portfolio optimization of households may overestimate the Elasticity of
Intertemporal Substitution.

Keywords: Optimal income taxation; HSV taxes; Consumer Intertemporal Optimization;

permanent income hypothesis.
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Chapter 1

The Brazilian Social Welfare Function !

1.1 Introduction

In Brazil, as in most countries, the income tax structure is characterized by higher rates
on higher tranches of income. While this suggests a desire for redistribution, actually
measuring the strength of this motive requires one taking seriously how society is striking
a balance between meeting its distributive justice views and providing incentives.
In this paper, we use an inverse optimum problem, due to [ p
] to recover the weights that rationalize the current tax system in Brazil. For reasons
that we will make clear momentarily we only consider single individuals.

The modern optimal tax literature starts with " seminal work. He developed
the standard approach for nonlinear income tax schedules with a utilitarian social welfare
function and non parametric individual function, a logarithmic function.

After that result, [ , ] estimated the same model with a dif-
ferent welfare function obtained different marginal tax rates. Using a Rawlsian social
welfare function, the effective marginal rate for low ability individuals is high and using
a utilitarian function the effective marginal rate is approximately constant. Depending on
the functions used in the estimation, they obtained different marginal tax rates. In other
words, the optimal tax schedule was shown to crucially depend on the shape of the social
welfare function.

For a while it was common practice to take the Utiliarian prescriptions and suggest
mis-optimization every time the actual schedule departed from these prescriptions. The
problem is that these evaluations are based on the presumption that the planner’s objec-

tive is Utilitarian, which may not be valid. As we have seen, the optimal tax schedule is

Joint work with Carlos Eugenio Ellery Lustosa da Costa.



very sensitive to the selection of functions, and what we observe may just be the optimal
for some social welfare function. Based on this insight, [ ]
proposed a new method that inverts the logic of the optimal income tax model, that is the
dual of the standard approach.

The idea is to assume that the observed schedule is optimal for some social welfare
function and use the optimal tax formulae from [ ] to recover this function.
The revealed social preferences, or inverse optimum approach therefore corresponds to
using this dual method to estimate the social welfare function that makes optimal the
actual marginal tax rate schedule.

[ ] adopted this dual method in his article and compared the tax schedule
of Brazil and United States. In his work, [ ] used direct taxes for the estimation
of the revealed social welfare function and, following [ 1,
assumed that the individuals’ preferences were quasi-linear in the consumption.

In this paper, we introduce curvature in the utility for consumption and restrict our
analysis to weighted utilitarian objectives. We first recover the effective marginal tax rate
from the current tax schedule and then estimate the Pareto weights that are compatible
with the observed tax schedule under the assumption that it is optimal.

The importance of allowing for curvature is two-fold. First, the quasi-linear speci-
fication assumes away income effects on labor supply. Second, a concave utility for con-
sumption implies a direct motive for income distribution even for a Utilitarian planner. In-
deed, [ ] have shown how optimal tax schedules may change
substantially if we change our assumptions regarding how the utility from consumption
varies with the level of consumption. 2

Under a quasi-linear specification, we have to check if the marginal social welfare func-
tion is always decreasing. If it is increasing, the inversion of the estimation has some prob-
lem, because the social welfare function must be concave for the first order conditions that
we use to recover it to characterize an optimum. With our restriction to a weighted Utili-
tarian program with a concave consumption utility, the planner’s problem is guaranteed
to be concave: the tax formulae that we use are indeed optimal for the objective we re-
cover. It is still true that we may find negative weights, in which case we find that the
planner’s objective is not Paretian.

As in [ ] we have a continuum of individuals with identical preferences
defined over consumption and labor. The difference between the individuals is their labor

2One may be wondering whether imposing curvature directly on the social welfare function is not equiv-
alent. The answer is no. By varying the curvature of the utility for consumption, one may change the eval-
uation of income in the hands of different agents independently of the amount of effort they make, which is
not the case when we change the curvature of the social welfare function.

2



market productivity, w. The planner chooses an arbitrarily non-linear income tax schedule
to maximize a weighted utilitarian objective, subject to its budget constraints.

We focus on single agents without children and do not distinguish between male and
female since the Brazilian tax system does not do it. The Brazilian system does, however,
take the marital status into account, which means that one must study this group sepa-
rately. However, extending the optimal tax theory to consider couples is far from trivial,
and we refrain from doing it in this paper. We consider only the intensive margin in our
work, our sample is composed by employed single individuals, the participation is not
random, but they can choose their work effort.

As for our results, we computed the marginal tax rates on the basis of official rules for
the calculation of income taxes. We do not consider health insurance contributions and
social benefits, because the 2015 micro data set from Brazil’s households does not have
available data for the estimation. The tax system is reduced to income taxes.

Using a quasi-linear preference and the marginal tax rates computed for Brazil, the
revealed social welfare function estimated is not well behaved. The marginal social wel-
fare function is not decreasing for every value of productivity, so we cannot ensure that
the social welfare function is concave. The inversion of " optimal labor income
tax model is very sensitive to auxiliary assumptions as the labor supply behavior and the
distribution of individual abilities, so some assumption is inconsistent and the revealed
social function with quasi-linear preferences are not well behaved.

The inclusion of income effects reduces the possibility of a social welfare function be
Non Paretian as [ ] proved in their work. To neglect the
income effect on labor supply can produce spurious results and could be misleading. As-
suming preferences that are nonlinear in consumption is important for measuring the so-
cial welfare impact of redistribution as [ ] pointed out. We introduce income
effects and recover the Pareto weights assuming that all agents have identical iso-elastic
preferences in consumption and in labor. Individuals with lower productivity receive
smaller social weights from the government than individuals with higher productivities.
The introduction of income effects in the model generates an average marginal social wel-
fare function decreasing and positive. So, the social welfare function revealed for Brazil is
concave and Paretian®.

The paper is organized as follows. Section 1.2 consists in a overview of the literature of
optimal income taxation. Section 1.3 describes the model for quasi-linear preferences and
for isoelastic preferences, discuss the data singularities and the empirical implementation.

Section 1.4 presents estimates for the group of singles for the two specifications. Section 1.5

3We have considered only income taxes for the estimation of the marginal tax rates.

3



performs sensitivity tests changing the values of the parameter a. Section 1.6 concludes
the paper.

1.2 Related Literature of optimal income taxation

[ ] proposed a solution to the problem of the nonlinear tax structure using a
general utility and a social welfare function. Typically, governments use nonlinear income
taxes to achieve their tax collection and income redistribution objectives. By numerically
computing the optimal marginal tax rates assuming a utilitarian social welfare function
and an additive logarithmic utility function, this model estimates the optimal solution to
the trade-off between efficiency and equity that income taxes face. The paper shows that
optimal marginal tax rates cannot be negative for any income level.

In " optimal tax model, the government maximizes a social welfare function,
which is increasing and concave, subject to the government’s budget constraint and the
condition that individuals maximize their choice between work and leisure (incentive
compatibility constraint), given the tax structure. Individuals are differentiated accord-
ing to their productivity and the government only observes the income received by each
individual and does not observe hours worked or their productivity. So, the tax is levied
according to the earnings of individuals, who all have the same utility function positively
dependent on their consumption and negatively on the labor supply.

In [ ], the optimal tax formulas take the same form as opti-
mal tax formulas in the standard approach by simply substituting standard social welfare
weights with their generalized weights. With this extension, they are able to analyze new
concepts of justice in the theory of optimal taxation.

In [ ], the original model of [ ] is used, but the necessary
and sufficient conditions required for the Pareto-efficiency condition are derived, instead
of maximizing a utilitarian social welfare function. The author derived a test to check
the efficiency of any tax structure, graphically comparing the current income distribution
with a hypothetical distribution that would have generated an optimal tax structure. For
any increasing income tax structure there is a productivity distribution set that generates
Pareto efficient allocations.

[ ] reverses the direction of the study. Normally, the usual models as-
sume a social welfare function and thus obtain the corresponding optimal tax structure.
As there is no method to obtain this welfare function empirically, the results may be over-
estimated. Thus, what can be done is to analyze whether a hypothetical tax structure

is Pareto efficient. In this work, the set of efficient tax structures is studied, rather than

4



optimal structures obtained through a specific social welfare function. As a result, the
planner’s preferences are not predetermined.

Following the trend of models that reverse the direction of analysis of optimal tax
structures, we find the work of [ ] that derives the dual re-
lationship from the usual problem of optimal income tax. They adopt the optimal income
tax model with labor supply incorporating participation responses, as does the work of

[ . They use the observed income distribution and the effective marginal tax
rates to recover the social welfare function that makes this tax structure optimal, that
makes the observed marginal tax rates optimal. They estimate the simple case of indi-
viduals with a quasi-linear utility function and assume that the elasticity of labor supply
is constant.

Using the observed distribution of income, [ ] derive
the distribution of individuals” skills (productivity). The problem is to find the shape
of the social welfare function linked to this tax structure that satisfies the concavity and
positive marginal welfare function assumptions.

Regardless of the form used to calculate the optimal tax rate, the standard or dual form,
the assumptions made about labor supply and distribution of skills affect the estimation
of the social welfare function. [ ] conclude that revealed
social preferences satisfy the properties of decreasing and positive marginal social welfare
if the elasticity of labor supply is below a threshold.

The work of [ ] also composes the literature of inverting the optimal income
taxation. It uses the nonlinear optimal income tax formula, as well as the quasi-linear
assumptions of individuals’ preferences in consumption and the constant elasticity of la-
bor supply to estimate the government’s welfare function. He tests if the social marginal
weights for the different families are equal (ie, if the function is utilitarian) and if they are
positive for the entire sample (ie, the social welfare function is Paretian).

[ ] uses the marginal income tax rate instead of tax data. He assumes
that the estimated welfare functions are continuous and uses the Kernel approximation
method to compute them. The author considers only income tax data, disregarding so-
cial security taxes and indirect taxes, and uses only formal workers” income data.

[ ] reveals the social welfare function of Brazil, he estimates the marginal and average
marginal social welfare functions.

A differentiated approach would be to consider the heterogeneity of families in the cal-
culation of the social welfare function. The work of [ ] describes how the
income tax effectively paid by families in the United States depends on their income, their

marital status and the number of dependent children. In that work, they document the



basic properties of the income tax structure for a cross-sectional data sample of families.
They also provide estimates of effective tax functions that capture the heterogeneity of the

data, making it possible to use the results for work applied to public finance companies.

1.3 The Model

1.3.1 Non-linear optimal income taxation

The model used in this work is the non linear optimal income taxation. The analysis will
be done according to a dual approach to the " problem, following the works of

[ ] and [ ]. It is a partial equilibrium model in
which we obtain the social welfare function that makes a marginal tax rate effective, which
corresponds to the prevailing tax structure. We check if the social welfare function from
the applicable tax structure is reasonable, if the function is in fact optimal and positive
(indicates whether the function is Paretian).

The first part of the optimization maximizes the utility of households that are quasi-
linear with respect to C' and isoelastic with respect to L as in [ ]. In a second
moment, we will estimate the format of the social welfare function using the formula of
the optimal income tax schedule. We will make some assumptions such as: the period
of one year will be considered long term, there will be no accumulation of human capital
and the collection of taxes will have zero cost.

Agents choose the amount of consumption, C, and labor, L, that maximizes their pref-

erences,
Lt

1+7’

given the budget constraint imposed by the government:

U(C,L)=C —

C=wL—-T(wL)

. Where w is the agent’s productivity and 7'(.) the amount of income tax paid by him.
The government’s problem is to maximize the function that transforms individual util-

ity, v(.), into social welfare (G(.)), given the optimal choice of individuals regarding con-

sumption and labor, (C*, L*), and aware of the productivity density function f(w) defined

on the support [w, w]|, we have the following government’s problem:

max / " G w(w)) fw)dw



s.t.,

/wZD C(v(w), z(w),w) f(w)dw < /wﬁ’ z(w) f(w)dw (1.1)
v(w) = u (C(v(w), 2(w), w)) — h (g) (1.2)

and, for all w,
w E argiirllax {U (Clo(w"), z(w"),w)) —h (Z(Z/)>} (1.3)

where z(.) is the gross income, z = wL and v(.) the agent’s indirect utility function.
C(v, z,w) implicitly define for a type w agent the amount of consumption that he or she
must be given to attain utility v when he or she is producing z.

Solving the agent’s problem, we get the labor supply function:

2=

L=w(1-T()) (1.4)
And the productivity function,
w= 2T (1 — T'(z))% (1.5)

Adopting the specific form of individual utility above, it can be obtained the simplified

equation for the optimal tax function *,

1 — F(w)

=(1+7) (1= S(w)), (1.6)

1—17(2)
where 7(z) = T'(z) is the optimal marginal tax rate, f(w) is the productivity density
function and F'(w) the cumulative. S(w) is the average marginal social utility of all agents

with equal or greater productivity than w,

S(w) = — ; o / " Glo(®)) F(w)du, (1.7)

where ) is the Lagrange multiplier corresponding to the constraint (1.1) of the govern-

ment maximization problem and G’(v(w)) is the marginal social welfare function.

4See in Bourguignon and Spadaro [2012] or Atkinson and Stiglitz [2015].



The estimation of the marginal social welfare function requires the derivatives of 7(y)
and f(w). Differentiating (1.7), we obtain®

Glow) _,, 1 ) [, S 'y
T T T ) TR ) 18

One important thing to bear in mind is that, for the first order conditions to charac-
terize the planner’s optimum, the program must be concave. This requires G’'(v) to be

decreasing in v, a condition that must be verified after one obtains G'(.) from (1.8).

1.3.2 Non-linear optimal income taxation with income effects

In this section we will introduce curvature in the function which captures the agents’ util-
ity derived from consumption. The consequences are two-fold. First, and more relevant
from an empirical standpoint, with curvature income effects are incorporated to the labor
supply. Second, and most crucial from a purely technical viewpoint, with curvature we
introduce a motive for redistribution that is present even when the planner is utilitarian.
This will allow us to focus on the weighted utilitarian objective for which the planner’s
objective (or a simple transformation of the planner ‘s problem) is concave.

Agents choose the amount of consumption, C, and labor, L, that maximizes their pref-

erences,
Ol I,(A+7)

U(OaL):l_a_ 1+77

given the budget constraint imposed by the government: C' = wL — T'(wL). The agent’s
preferences exhibits constant relative risk aversion, a corresponds to the coefficient of
relative risk aversion. Solving the problem, we get a new expression for the labor supply

function,®

L=wi(1-T()7(z—T(2)) 7, (1.9)
and the productivity function,
w=zT (1= T'(2))T (2 — T(2)) 757 (1.10)

5See [ 1.
®See the derivation in Appendix A.



With curvature in the consumption we consider a weighted utilitarian program for the

planner. IL.e., the planner ‘s objective is now,

max/ (w)v(w) f(w)dw,
where II(w) is the social weight assigned to a type w agent.
Adopting the specific form of individual utility above, we obtain the simplified equa-

tion for the optimal tax function,”

} F()did (1.11)

Equation (1.11) can be rewritten as

[ swyin = [ ety e - T wrw

. A , 1—7(w) (1.12)

—~

1+7)

Dividing equation (1.12) by (1 — F(w)) we get the average marginal social welfare
function of all agents with equal or greater productivity than w:

B 1 N T(w)  wf(w) C(w)*
S(w) = 1_—F(w)/ () i — L (1.13)

w

To obtain IT(w) we need additional assumptions regarding smoothness of tax functions
and densities, i.e., we need 7’(y) and f’(w). Therefore, the estimation of the average social

welfare weight, S(w), is more robust than the estimation of II(w).

We know that -
/ @f{@)dw = S(w)(1 — F(w)) = ®(w),
and
M(w) -9 (w)
A fw)

’See the derivation in Appendix B.



So, we have an expression for the marginal social welfare function

Mw) Cwe 1 7y
)\ f(w)+(1+7)(

1.3.3 Data

The data set used for the estimation are from Pesquisa Nacional por Amostras de Domicilios
(PNAD), it was carried out annually by the Brazilian Institute of Geography and Statistics
(IBGE), but the survey ended in 2015. This was a survey that investigated general char-
acteristics of the population, such as education, work, income and housing, migration,
fertility, among others. Specifically, we will explore the microdata referring to the last ver-
sion, the 2015 PNAD. It was used total gross income in our estimations and we winsorized
it to reduce the effect of spurious outliers, assigning the outlier a lower weight, changing
the lower points to the 1% value and the greater points to 99%. So the data points are not
trimmed, but modified.

This data base does not have the necessary variables for the estimation of the social
welfare function, so we will have to use proxies. The proxy for disposable income is
the gross income and we don’t have data for income tax, so we estimated the effective
marginal income tax rate. In order to maintain the logic of the optimal income taxation
model, we eliminate from our sample individuals with zero gross income and with non-
labor income. According to the Law 13.149/15, the income tax rates are different depend-
ing on the individual’s income. With the 2015 household data and the legal marginal rates,
we calculate the effective marginal tax rate for each person.

The tax schedule is composed by income taxes, transfers and social benefits. In this
paper, we are considering only the income tax, we do not have individual data for the
other variables. So the effect of income redistribution is not fully estimated.

We suppose that all taxpayers use the simplified model of the income tax declaration,
i.e, the taxpayers replace all legal deductions in the complete model for a 20% discount
off the tax base, limited to the amount of R$16.754, 34. The income tax paid is calculated

as follows, for each individual i, we have:

T(z;) = 0,8.legal rate.z; (1.14)

The rates are defined by law, table 1.1 shows the legal tax rates for each income.
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Table 1.1: Annual rates of IRPF

Labor Income Tax Rate (%)
up to R$ 22499,13 0

from R$ 22499,14 to R$ 33477,72 7,5
from R$ 33477,73 to R$ 44476,74 15
from R$ 44476,75 to R$ 55373,55 22,5
over R$ 55373,55 27,5

Source: Receita Federal do Brasil.

With the gross tax paid by each person, we calculate the marginal effective income tax
rate by assigning to each one a lump-sum amount of gross income equivalent to R$500, 00

per year:

B ATaxes
~ AGross Income

7(2) (1.15)

In figure 1.1 we observe the effective marginal tax rates for the sample of singles ac-

cording to their incomes.

1.3.4 Empirical implementation

We need to rely on some assumptions about the elasticity of labor supply and the distribu-
tion of individuals productivities to estimate the marginal welfare functions. The optimal
nonlinear income tax model is very sensitive to these assumptions, so we use two values
for the labor supply elasticity in the quasi-linear estimation and two sets of values for the
parameters in the isoelastic estimation.

To obtain the marginal welfare functions, we need the continuous functions 7(z) and
f(w), effective marginal tax rate and productivity density. The marginal tax rates are com-
puted on the basis of official rules for the calculation of income taxes, it was not considered
health insurance contributions and social benefits in our estimations of the tax schedule.
This simplification was due to unavailable data. As the data set obtained by the PNAD
is discrete and we need to switch from a discrete to a continuous representation of the
income tax schedule and the distribution, we estimate the two functions above by the

Kernel method.
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In figure 1.1 we have the effective marginal tax function, 7(z), estimated by the Kernel
method with Gaussian function for the group of singles. Note that the curve is increasing,

this fact is due to the progressive income tax structure.
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Figure 1.1: Effective marginal tax rates for singles

Figure 1.2 shows the result of the kernel density estimation of the distribution of pro-
ductivity among singles, f(w). In figure 1.2a, we assume two values for the parameter of
the labor supply, v = 2 and v = 10. In figure 1.2b, we assume two sets of values for the
parameters (a, ) : (0.5,2) and (0.5, 10).

1.4 Results

1.4.1 Results for singles with quasi-linear utility

The estimation of the dual approach to the " nonlinear optimal income tax prob-
lem for the quasi-linear case is important, we are able to compare the results of this esti-
mation with the one with income effects for the same sample of agents. It is known that
the optimal tax schedule is very sensitive to the selection of functions, so comparing the
two scenarios shows the degree of sensitivity of the model.

Based on the data obtained from the 2015 PNAD, consisting of 15.119 agents, for the
tirst part of the work, it was necessary to use proxies in order to calculate the income tax

paid by each individual and the corresponding productivity.
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(b) Productivity Density Function for singles with isoelastic utility

Figure 1.2: Productivity Functions estimated by Kernel for singles

Given the gross income received by individuals, the gross tax paid, and the marginal
effective tax rate, we can calculate the productivity of labor supply. But for that, we as-
sume two values for the elasticity of labor supply: € = 0.1 and € = 0.5. According to the
optimization model adopted, we obtain the productivity of the labor supply:

13



w= 2T (1 — T'(2)) T~

where ¢ = % . From the Brazilian data, we obtain the cumulative distribution functions
(F(w)) and productivity density (f(w)) all normalized. The functions were estimated by
a Kernel approximation and they are depicted in figure 1.2a.

In figure 1.3, we observe the estimation of the marginal social welfare functions using
the expression in (1.7) and (1.8). In both graphs, the marginal social welfare functions,
G'(w), have an increasing section for the more productive agents. We can infer that the
inversion of the " optimal income tax model is not well behaved. When we as-
sume quasi-linearity for the preferences, the marginal social welfare function have to be
decreasing for all values of productivity, this is a condition that guarantee the concavity
of the social objective function. So the inversion process is doubtful, we can not conclude

that the Brazilian social planner is Paretian or not.
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Figure 1.3: Marginal social welfare functions with quasi-linear utility

1.4.2 Results for singles with income effects

We introduce income effects and estimate for the same sample of singles the average
marginal social welfare function, as shown in figure 1.4. We assume two sets of values for
the parameters (o, 7y): (0.5,10) and (0.5, 2). According to the optimization model adopted,
we obtain the productivity of the labor supply
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w=z%(1-T(2)" (2 —T(2))™+ (1.16)

The average marginal social welfare function, S(w), for the two cases are positive ev-
erywhere. We observe that the S(w) curve when the elasticity of labor supply is 0.1 has a
steeper slope and is lower than the curve when the elasticity is 0.5.

When we introduce income effects in the nonlinear optimal income tax model, we
reduce the possibility of a non Paretian average social marginal welfare function. The
estimations with both set of parameters, a low and a high labor supply elasticity, result in
two decreasing curves with positive values only.

In figure 1.4 we observe that for the top 3 or 4 percentiles the average marginal social
welfare function is increasing and than becomes decreasing, this phenomenon is statis-
tically not significant because of the scarcity of observations, the imprecision of the data
affects the inferences.

We can conclude that income effects are important to the model, simplifying hypothe-

ses may distort the marginal social welfare weights.

average marginal social welfare

0 A 2 3 4 5 6 T 8 9 1
productivity

SW): ¢=0.5,y=10

SW): a=05 .22 |

Figure 1.4: Average marginal social function with income effects

In Figure 1.5, we observe the marginal social welfare functions for the two sets of pa-
rameters. In both cases, the weights are increasing in productivities, so we believe that the
Brazilian social planner puts more weight on relatively productive individuals.

We also estimate the marginal social welfare weights, we observe the curves in figure

15
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Figure 1.5: Marginal social welfare functions with isoelastic preferences
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Figure 1.6: Marginal social welfare weights with isoelastic preferences

1.6. The weights are increasing in w, so for the social planner, an extra real for a poor indi-
vidual worths less than an extra real for a middle class individual. The planner puts more
weight on the middle class agents then the very poor agents. We have to take into account

the fact that some hypothesis about the tax schedule were made, so our estimation of the
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marginal social welfare function could be biased in favour of the middle class agents.

1.5 Sensitivity tests

We perform sensitivity tests for the marginal social welfare functions, we test if they are
affected by variations of the parameter «. In figures 1.7 and 1.8, we assume two different

values for the parameter : 0.75 and 1.5

average marginal social welfare

o
Y
o

3 4 5 6 T 8 9 1
productivity

S(w): ¢=05,7=10 S(w): a=0.5 , =2
S(w): ¢=0.75 ,y=10 S(w): a=0.75 , =2
S(w): a=1,y=10 S(w): g=1,4=2

Figure 1.7: Average social marginal function with income effects

The average marginal social welfare function does not suggest excess sensitivity to
variations in the parameter o, we observe that in figure 1.7. But figure 1.8 shows an excess
sensitivity of the marginal social welfare function, we observe a change in the level of the
function, maintaining the trend. The larger the «, the greater the change in the level of the

function.

L+
14+~

8For o = 1, agents’ preferences are U(C,L) =InC —
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Figure 1.8: Marginal social welfare functions with income effects
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1.6 Conclusion

This paper uses a dual approach to estimate the optimal income tax model for Brazil.
Inverting the logic of the standard approach as shown in [ 1
we estimate the marginal social welfare functions for two preferences: quasi-linear and
isoelastic.

Under a set of optimality conditions, first we estimate the productivities of the single
agents and their distribution. Then we calculate the amount of income tax paid by each
agent, following Brazil’s income tax schedule.

We estimate the average and the marginal social welfare functions using quasi-linear
preferences for the sample of singles, the revealed functions are not well behaved. The
marginal social welfare function is not always decreasing, so the inversion of the optimal
income tax model is doubtful.

We introduce income effects and recover the Pareto weights assuming that all agents
have identical iso-elastic preferences in consumption and in labor. Considering the in-
come effects in the model generates an average marginal social welfare function decreas-
ing and positive. On the other hand, the marginal social welfare function is increasing,
individuals on the left side of the distribution of productivities receive smaller social wel-
fare weights from the social planner than individuals on the right side. We estimated
the marginal welfare functions using income taxes only, we did not consider transfers and
social benefits. We made such hypothesis due to lack of data about the brazilian tax sched-
ule. So we can infer that the social welfare function revealed for Brazil with income effects

is concave and Paretian.
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Appendix

A Recovering the Distribution of Skills

The agent’s problem is
Cl —a Ll-&-fy

X p—
l—a 1479y

ma.

subject to
C <wL—-T(wL)

The first order condition for this problem is
w(l — T (wL))(wL — T(wL))™ = L7,

which, then, implies

L=uw(1-T'(2)7(z = T()) >

To recover w, we note that (17) is equivalent to

(17)

and that all the terms in the right hand side of the equation above are observed in the data.

B Recovering the Pareto Weights

We know that
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Differentiating v with respect to w.

ov —a Y%
20— Ow)"C(w) — (o) [ (w -

Z(w)}

w?

= C(w)C"(w) — (=(w) )2 (w) /o + ((w) fw) ) (18)

w?

Using the agent’s first order condition with respect to w,

|

)

z(w
w2

Clw)*C'(w) = (x(w) )" | () -
we obtain the following envelope condition,

ov z(w)  z(w)

50 = (z(w)/w)"

w2 o w2

Now, we can differentiate the agent’s first order condition and combine to show that
the agent’s first order condition is equivalent to z(w) increasing in w.

Were we trying to solve for the optimal tax system, then we would have to impose
monotonicity to guarantee that the space of allocations from which we are choosing is,
indeed, incentive compatible. What we are doing here is something different, though. In
the inverse optimal tax problem, we take an observed, hence trivially incentive compat-
ible, allocation and recover the social weights that rationalize it. Because the observed
allocation is incentive compatible it is monotonic and we need not worry about it.

The planner’s problem is

max / " N (w)o(w) f (w)duw
s.t., . B
[ et sw)w)fwide < [ sw)swide (19)
v(w) = u (C(v(w), 2(w), w)) — h (g) (20)
and, for all w,
b(w) = I (%) A (21)
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The Hamiltonian is:

Z(w)’erl

w2

H = [[I(w)v(w) + A[z(w) = Cw)][f (w) + p(w)

Note that

First order conditions are

_ /(=)
A {1 _ &

11—«

_ o) /(-a) L)\ Y T-a W
o[ 1522 (s (22 )| b -

The transversality conditions are

lim p(w) =0and p(w) =0

w—00

Integrating the first order condition with respect to v(w) we get

| _T(w o 2(w)\ " =
) [ e (v (227 25) o

0 [ ety - T oo

Dividing by A the first order condition with respect to z(w),

fi-ctwr (12) D+ 002 —o

w A wrt?2

Note that
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So the first order condition for z(w) becomes,

w

{1 - c(w)*(1 - T'(2))C(w)~} f(w) - / C@)e

w

R R e U
TG 04 [ T
T~ Capaffa , (OO~ ) 10

N /ww = f(w)di = /ww C (@) f (@) di — 1fl—ﬁ[’f‘;gz)wf(w)

Dividing by (1 — F(w)) we get the average marginal social utility of all agents with

I+~

productivity no smaller than w,

T'(z) wflw)  Clw)*
(1=T"(2)) (1 = F(w)) (1+7)

S(w) = m /w " @) f @) —

C A Concave Program

While the original planner’s program need not be concave, a simple transformation of
variables allows us to make it so. Indeed, define § = w7, h(0) = z(6)'T7/(1 + ),
u(9) = C(0)' /(1 — @), Z(h) = (1 +7)h) ™7, K(u) = (1 - a)u) ™, ®(0) = 1 - F(6 ™)
and ¢(0) its density.

Then, we can write the planner’s program as

subject to

and

/9 (N(h(8)) — K (v(8) + 61(6))} $(6)d6 > G.

for v(0) = u(f) — 6h(0) for all 6.
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Chapter 2

Individual vs. Joint filing with HSV taxes
1

2.1 Introduction

When income taxes are non-linear, whether spouses are taxed at the individual or the
household level matter for both choices and welfare. In particular, with income-splitting
and progressive taxes, the utility possibility set (UPS) generated under individual taxation
is a subset of the UPS generated under joint taxation.? A larger UPS implies "potentially’
more utility for both spouses. Nonetheless, assessing whether this potential Pareto im-
provement leads to actual gains for both spouses requires knowing how spouses decide
and, in particular, how they allocate resources between them under each policy.

The goal of this paper is to evaluate the welfare consequences of replacing the Brazilian
current joint tax system in which spouses” incomes are added to calculate taxable income
with one for which spouses’ incomes are averaged to determine taxable income. In Brazil,
spouses have the option to file individually or jointly. The problem is that the current
system discourages joint filing by adding spouses’ income since the system is progressive.
Under our proposed alternative, joint filing is encouraged under progressivity, especially
for households for which spouses have very different incomes. The biggest challenge of
our experiment is to assess how the potential gains are shared between spouses.

To do it, we assume that households solve a Pareto problem with fixed weights. Be-

cause we do not observe individual consumption we cannot directly identify these weights,

!Joint work with Carlos Eugenio Ellery Lustosa da Costa.
By income splitting we mean treating the household as if it were a single individual with income corre-
sponding to the average income of spouses.

24



which we now refer to as intra-household weights.®> Instead, we assume that these are
proportional to spouses’ productivity and that the tax system is well approximated by
the constant progressivity schedule proposed by [ ], henceforth, HSV
schedule. Under these assumptions, we show that it is possible to identify both spouses’
productivities, hence the intra-household weights as well, if we observe the individual
earnings, which we do. In the survey Pesquisa de Orcamentos Familiares (POF), conducted
by Instituto Brasileiro de Geografia e Estatistica, we observe individual labor earnings, indi-
vidual income tax deductions, individual gross income, private and collective consump-
tion ¢, and demographic characteristics.

The alternative schedule we propose preserves the progressivity of the current system,
but the level of taxes is adjusted so as to guarantee that tax revenues are unchanged.
Using the intra-household weights recovered from the current system we are able to write
the household optimization program under the income-averaging tax schedule. We can
determine winners and losers from such reform.

The next issue is how to compare the two allocations if there are winners and losers.
Toward this end, we rely on the information on single persons and assume that changing
the marital status does not change the social weights assigned to individuals. > We, then,
use the inverse optimum problem — see [ ] - to recover the
social weights that rationalize the current schedule that applies to singles and use these
weights to assess the impact of our proposed reform.

We find that a reform in the Brazilian current joint tax system is welfare-improving.
Changing to an income tax system in which spouses’ earnings are averaged to determine
taxable income increases the social welfare of the economy.

The rest of the paper is organized as follows. Section 2.2 consists of an overview of
the literature on optimal income taxation of couples. Section 2.3 describes the nonlinear
optimal income tax model of families using HSV taxes under individual and joint filing,
presents the inverse optimum problem for the group of singles, and discusses the Brazilian
data used for the microsimulation and the empirical implementation. Section 2.4 presents
the results for the estimations of spouses’ utilities under two scenarios of income tax filing

and the social weights for singles. Section 2.5 concludes the paper.

3Not to confuse with the social weights that we describe momentarily.

*We do not observe individual consumption, we observe household consumption composed by private
and collective consumption.

>We focus on singles because we want to avoid ambiguity in defining productivity and labor supply for
households with multiple earners like [ ] explained in their work.
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2.2 Related Literature of optimal income taxation of cou-

ples

The optimal taxation of couples starts with s ( ) analysis of the
optimal rate to apply to husbands and wives when they differ with respect to their labor
supply elasticities. rely on two crucial simplifications: linear taxes
and a household utility that does not identify how welfare is allocated across spouses.

[ ] pioneered the notion that welfare should be assessed at the in-
dividual level even if one is willing to assume that households behave as if they were
an individual. The potential misalignment between intra-household weights and social
weights, which they termed "dissonance’ takes center stage in the welfare assessment we
produce here. [ ] explore the consequence of dissonance for the optimal
income-splitting taxation of couples. They do not discuss individual filing, as we do here.

It is progressivity that makes the distinction between individual and joint filing mean-
ingful. Brazil’s social planner designed a progressive tax system, that type of tax schedule
offers insurance against labor market uncertainty and income redistribution as in

[ . The level of progressivity impacts the labor supply and skill invest-
ments, so the government has to choose wisely the marginal income tax rates. However,
with multi-person households, an important additional concern arises regarding intra-
household distribution. While it is commonly argued that progressivity hurts secondary
earners by discouraging their labor supply, this naive argument misses the point that
spouses may coordinate in their labor supply choice and split the surplus generated by
efficiently allocating their efforts. We capture this possibility by using a collective ap-
proach — see [ 1, [ ] — to household behavior.

As with most reforms, the one we propose here creates winners and losers. Comparing
wins and losses inevitably requires weighing individuals. Instead of arbitrarily defining
those weights, we use the inverse-optimal or revealed social preferences, a problem pi-
oneered by [ ] to recover the weights that rationalize the
schedules that apply to singles and use them under the assumption that welfare weights
are independent of marital status. In contrast with [ ] we
allow preferences to exhibit income effects and use linear weights. This renders the plan-
ner’s program concave. While in [ ] a monotonicity con-
dition is required to make the solution of the inverse-optimum interpretable, in our case,

the counterpart, i.e., negative weights, have the immediate association of sub-optimality.

26



2.3 The Model

2.3.1 Optimal income taxation of families with HSV taxes

We consider interpersonal inequality, household members did not split resources equally.
In this section, we will estimate two scenarios for the nonlinear optimal income tax model
of families using HSV taxes, the first one with individual filing and the second one with
joint filing as in [ 1.

The Brazilian income tax schedule has two possibilities for couples, individual and
joint taxation. Couples can choose which type they want according to their level of in-
come. The joint filing is almost never preferable because the household income will be
added up and the legal rate of taxation is according to the total income. One spouse will
be the dependent and the other one will fill the income tax with the joint income and joint
deductions. So couples tend to declare individually according to their own income.

In this first scenario, we estimated the spouses’ intra-household weights and their pro-
ductivities with individual filing.

The government finances public goods and services with a nonlinear income tax and
transfer system. Throughout this work we will estimate the nonlinear optimal income tax
model with HSV taxes from , they show that the functional form below for
net taxes has a good approximation of the actual tax system.

The net taxes are given by a function of income: 7'(z) = z — Az'™", where b is the
parameter of progressivity of the system. So the disposable income is given by y = Az'~?,
the parameter A determines net tax revenue. The first part of the model is to estimate the
log net income against log earnings for the group of couples without children and later

for singles.

Iny=a+(1—-56)Inz (2.1)

We use disposable income () against gross income ().
The objective is to estimate the degree of progressivity b of the tax system in Brazil and
the parameter A that determines the average level of taxation in the economy. Then we

can estimate the net taxes paid by each individual or each household.

Individual Filing
We have individual data for disposable income and gross income, but we do not ob-
serve individual consumption. So we have to assume some rule to split the resources

across the individuals in the household. We assume that the spouses’ intra-household
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weight a is proportional to the productivities, i.e., ;7 = #+. With this hypothesis and the
two first-order conditions, we are able to calculate the productivities w,, w, and the Pareto
coefficient o for every couple in our sample.

Each spouse has to be characterized by her own utility function and spouses have to
decide the amount of consumption ¢ and effort [ that each one will choose, with | = z/w.
Assume separable preferences of the form Uf(c, Z) = u(c) — h(Z) for all individuals such

that the utility is iso-elastic in consumption and in labor supply

U(c,f-)::lnc—--—l——(i)H7 2.2)

w w

where v > 0. A household’s problem is

OREION

st Al + 270 > C

1
min
(zar2) 1+ 7y

where w, is the wife’s productivity, w, is the husband’s productivity, « is the wife’s intra-
household weight, and C'is the family consumption.
The first-order conditions are

~

(2] ﬂ+7)z — AA(1 - b)zo (2.3)
(2] (1 — a) (14 7)— ﬂ S = M(L-b)z" (2.4)
b
Assuming v =1,
| (1-0) ,
PED V| P (2.5)
(1 by (1-10)

Dividing (2.5) by (2.6) we get

1+b 2
) )
2 o Wy
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With the proportionality condition {2; = {¢, we have

1+b
Za a Z1+0
2p -« 214t 4 2]

Under the assumptions of v = 1 and u(c) = In¢, the envelope theorem gives us A =

1

ol
So the system to be solved is
2C :
— 14b
Wy = 2, |:A(1 _ b)(Zéer + Z;+b):| 2.8)
20 : '
_ 1+b
= z;“)}

Joint Filing For this part of the model, assume that the income tax structure is joint filing.
One spouse will be the head of the household and the other one will be the dependent,
couples will fill jointly adding their incomes and deductions.

Note that with this new income tax structure, we only observe the total household
income and total consumption, the intra-household distribution of consumption is not
observable. So, we want to estimate the spouses’ contribution to total household income
and then estimate their individual utility.

Following [ ], they considered identical iso-elastic preferences for the
household members, under this assumption, they were able to estimate the optimal house-
hold tax model. They reduced the multidimensionality of the screening problem to a uni-
dimensional problem that preserves single-crossing with one screening variable and three
dimensions of characteristics.

Under iso-elastic preferences, these sets of characteristics, spouses” productivities and
spouses’ intra-household weights, are identified by one parameter ¢ = (w,, wp, @).

Consider a household’s most efficient way of producing z,

s fo(2) 0w (5] e

The spouses’ contribution to total household income can be expressed in terms of pro-

ductivities, w,, wy,, and the Pareto coefficient «v as

1oy 14y

2 1Wq ) 1w,
k,=—=(1—-a)> d k=—=a ) 2.10
z (1-a) w(t) an b= w(t) 210
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where
1ty 1+~

w(t) = a%wa +(1— 04)%wa7

Substituting z,, 2, in (2.9) gives us

L4y
H(z|e) = 6(¢) T (2.11)
where q1t g1t
o [[M=uw T (1= a) [[ow, ™) ”] !
e R o B

So the household decision problem regarding total consumption and effort is given by:

max V(c(e), 2(¢),t) = k(a) + In(c) — H(2|¢) (2.12)

L

where
k(o) =alna+ (1 —a)ln(l — «a),

Assuming HSV taxes as in Heathcote et al,, ¢ = Azt we have:

T4y

max V(c(e),2z(¢),t) = k(a) + In(A) + (1 —b)Inz — 6(¢) 12+ 5 (2.13)
st.c= Azl (2.14)

The first order condition is )

L 1—0b\1
IR0
The utility that spouse « attains is
A 1 kez\' 7
=InA+(1- - = .
Vg =InA+ (1—-b)lnaz 1+7<wa) , (2.15)
whereas the utility that spouse b attains is
A 1 kbz 1+y

=InA+(1-0b)In(1— —— | — . 2.16
v, = In ( YIn(1 — «)z 1+7(wb) (2.16)

We use the three parameters (w,, wy, @) estimated in the first part of this section, equa-
tion (2.8), to estimate the utility of each spouse for the scenario with joint taxation. The

objective is to investigate if moving to a system of joint taxation is welfare-improving.
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2.3.2 Optimal income taxation with HSV taxes

To compare the two allocations estimated in the previous section, we have to rely on the in-
formation on single persons and assume that changing the marital status does not change
the social weights assigned to individuals.

We, then, use the dual approach to the nonlinear optimal income tax model of Mirrlees
[1971] — see Bourguignon and Spadaro [2012]- to recover the social weights that rational-
izes the current tax schedule as Mattos [2008] and Brendon [2013]. With the social weights
that apply to singles, we assess the impact of our proposed reform on the sample of cou-
ples.

We will estimate the income tax paid by each agent using the functional form for net

taxes from Heathcote et al. [2017] and a separable utility function
U(e,n) = u(c) — h(n)

where n = z/w.
Using labor supply elasticities following Saez [2001]’s work, we have a general formula

Tw) (e 1-0w) (Tdw) [ x@) ] @)
STy e e . v {1 ( >} di.  (217)

where

e = , 5
v+ (S0
i 2
— Z/((TCL)) u”(c)
n= , 2
)+ () v
5C — E:.u -
We assume an isoelastic utility function
n1+7)
U(e,n) =1Inc— : (2.18)
1+~
so we have a ) W)
+ ¥ n
=1 =1 .
= Tamt T

éderivation in Heathcote and Tsujiyama [2017]
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The optimal income tax formula can be rewritten as

Tw) 1= ) /%(z(zb)) {1_7@7) (1 oW 4o (@219)

1-T'(z(w)) o(w)w c(z(w)) A c(z(w)) | 1 —P(w)
Note that
\_ _Jr@)e@)de 1 _ 1 1
| veemye@dv [ ooimne@di [ e(z(@)p(d)dn  C

where C is the aggregate consumption. We can isolate the expression for the optimum

weights

SR | T'(2(w))  wo(w)e(w) g
/wW(w)qb(w)dw—a{—l_T/(Z(w)) - +/w (=) (1) | -

Using the HSV approximation from Heathcote et al. [2017],
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w
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Given the isoelastic utility function and the HSV tax function we have ’
2(w) = (1 —b) 7w, and
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7derivation in Heathcote and Tsujiyama [2017].
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Differentiating to derive 7(w):

. V(w)
") == )
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Then the social planner’s problem is

max /w m(w)U(c(w), z(w), w)p(w)dw

w
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2.3.3 Data

We use microdata from Pesquisa de Or¢amentos Familiares (POF), it is a Brazilian household
survey conducted by Instituto Brasileiro de Geografia e Estatistica. Observations from 2017
and 2018 cover income, wealth, expenditures, consumption, employment, demographic
characteristics, marriage, education, and related topics. The survey measures economic,
social, and quality of life over the sample of households. We study the sample of singles
and couples without children from 18 to 65 years old.

The first sample is composed of 5817 childless couples with positive labor income and
positive consumption. The second sample is composed of 2947 individuals with positive
consumption and labor income. We winsorize the variable gross income of our two sam-
ples because the variable had outliers at both ends.

We have individual data for labor income, income tax deductions and consumption of
private goods and services. At the household level, we have data for collective consump-

tion 8, total gross income and total disposable income.

8Goods and services that are consumed simultaneously by a group of consumers.
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2.3.4 Empirical implementation

The estimation proceeds in four steps. In the first step, we estimate the parameters A and
b, the tax progressivity parameter, as in . In the second step, we derive
the spouses’ productivities and the spouses’ relative weight parameter for the sample of
couples. We assume that the Pareto weight is proportional to the spouses’ productivities:

@ _ Wa

TE- = e,

The ’shird step is to estimate the utilities of each spouse, assuming the same isoelastic
preference for all individuals and considering individual income taxation.

The final step is to estimate the social welfare of the society, we assume that the marginal
social welfare function for couples with individual income taxation is the same function
estimated for the sample of singles, i.e., we use the marginal social welfare weights for
singles to estimate the social welfare with the sample of couples.

Assuming joint income taxation, we estimate the four steps for couples using the
model as in [ ] and compare the value of the social welfare for the two
scenarios.

The marginal social welfare function was estimated for the sample of singles using the

inverse approach of [ |’ nonlinear optimal income tax model as in

[2017].

2.4 Results

2.4.1 Optimal income taxation of families with HSV taxes

First, we estimate equation 2.1 for the couple’s sample, using HSV functional form, we
estimate the progressivity of Brazil’s tax structure. Table 2.1 shows the parameter’s esti-
mations, b = 0.033 and A = 1.29.
In figure 2.1a the dots corresponding to the income distribution are a good approxima-
tion of the line predicted by the model estimated by HSV taxes, different from
[ ] results that suggested an underestimation of the marginal tax rates at low-
income levels by their tax scheme. We can observe in figure 2.2b the marginal and average

income tax estimations assuming the HSV schedule.

Individual Filing
Solving system 2.8 assuming the hypothesis of proportionality between productivities
and intra-household weights, we estimate the spouses’ parameters (w,, wy, «). We con-

sider individual income taxation, we have individual gross and disposable income data.
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Table 2.1: HSV schedule for couples

Iny=a+(1—->0)lnz

Variables (1)
Constant 0.254***
(0.0127)
In (gross income) 0.967***
(0.00135)
Observations 11,634
R-squared 0.994

Standard errors in parentheses
#**p< 0.01, ** p< 0.05, * p< 0.1

Notes: The figure displays the estimation of equation (2.1) for the sample of couples by
ordinary least-squares linear regression.

So we are able to estimate the individual utilities for our sample of couples. In Figure 2.2
we have the wife’s density of productivity, w,, and the husband’s density of productivity,
Wy

With the three parameters of the families (w,, wy, ), we are able to estimate the utility
of each individual in expression (2.2). In figure 2.3 we have the estimations for man and
woman, the utilities are almost the same. The values for the most productive ones are out
of trend because we winsorized the values for gross income to deal with outliers.

Finally, the estimation of the social welfare of couples when we have individual taxa-
tion needs the hypothesis that the marginal social welfare weights (Pareto weights) of the

population of married men and women are the same for single men and women °.

Wind—taz = /w m(w).U(c(w), z(w), w) f(w)dw

w

Joint Filing Using joint income taxation to estimate the model of nonlinear optimal in-
come taxation, we estimate the spouses’ contribution to total household income and the
utility of each individual in the household as in [ 1.

°As [ ] discussed, we use the sample of singles because we want to avoid
ambiguity in defining productivity and labor supply for households with multiple earners.
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Figure 2.1: Representation of Brazilian’s Tax System through HSV functional form
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Notes: The figure displays the comparison between the income distribution and the line pre-
dicted by the model estimated by HSV taxes.
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Notes: The figure displays the estimations of the marginal and average income tax functions
assuming the HSV schedule.
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Figure 2.2: Productivity density function using total consumption
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Notes: The figure displays the wife’s and husband’s productivity density functions using total consumption
of the household as variable C, the individual productivities were estimated through the system of equa-
tions (2.8).

Figure 2.3: Utility functions with individual filing
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Notes: The figure displays the wife’s and husband’s utility functions with individual filing estimated by
equation (2.2).
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To estimate the spouses’ contribution to total household income, we need the parame-
ters that identify the type of households, (w,, ws, o). Note that we have already estimated
those parameters for the case of individual filing solving system (2.8).

We have individual gross income in our data set, so we aggregate those individual
incomes into a household gross income and we estimate the utilities of each spouse ac-
cording to equation 2.15 and 2.16.

Figure 2.4 shows the utility functions for the scenario of joint filing, the two functions

are very similar, and we do not observe some divergence that needs to be analyzed.

Figure 2.4: Utility functions with joint filing
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Notes: The figure displays the wife’s and husband’s utility functions with joint filing estimated from equa-
tions (2.15) and (2.16).

Simply comparing the two utilities for couples’ income taxation in figure 2.5, we can-
not conclude that the agents are better or worse under joint taxation. We estimated the

average level of taxation in the economy under joint taxation where

A = w<1 — g)Y
fﬂ z(w) ~bdw

and

9= / T(2(w))duw,

the government’s consumption as a share of total output, A" = 1.3024, and it is higher

than the average level of taxation when the income tax is individual, A = 1.2893.
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Figure 2.5: Individual versus Joint Filing
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Of course, to make the two comparable we must adjust the joint tax schedule in such
a way as to keep tax revenues constant. Once again the combination of In preferences and
HSV taxes greatly simplifies the calculation. By changing only the level parameter, 4, in
the tax system, choices are unaffected, which means that we may hold z constant for all
households. A simple calculation allows us to note that the necessary adjustment leads to
a A percent change in consumption for all agents, where A is the variation in tax revenues
divided by the post reform consumption. Welfare changes by In(1 — A).

Indeed, assume that the tax revenues under joint taxes are

R= / {z— A"} ¢(2)dz

where ¢ is the distribution of income induced by the joint tax schedule whereas they were

R under individual taxes.
We first want to find the value of A, A’, that leads tax revenues to be R under joint

taxation. Le.,

R = / {z— A2"""} ¢(2)dz = R.
Comparing total tax revenues, yield,

/ {z— A"} p(2)dz — / {z— A"} ¢(z)dz =R -~ R=R-R,
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or

M—Am/fbdwh:R—R.

This can be further simplified by recalling that the average consumption is

/O@M@@:A/54mmm
and using

C A

From our estimates we have A = 1.01012, in other words, the consumption increased
1,012%.
Assuming that the marginal welfare weight (Pareto weight) of the population of mar-

H:{l_é}zl_A

ried men and married women is the same of single men and women, we are able to es-
timate the couple’s social welfare with the hypothesis of joint taxation. So in the next

section, we estimate the marginal social welfare function for the group of singles.

Wjomt_tax = /w m(w).v(c(w), z(w), w) f(w)dw

w

2.4.2 Optimal income taxation with HSV taxes for singles

The first step in our estimation of the marginal social welfare function for singles is the
estimation of the progressivity of Brazil’s tax schedule, using HSV formulation in equation
(2.1). We find the parameters of Brazil’s tax structure, in Table 2.2 we have the estimation

values of b and A, 0.028 and 1.14 respectively.

To estimate the social welfare function, we need some additional variables: the den-
sity and the cumulative functions associated with the distribution of gross income in the
population, ¢(z) and ®(z), and the marginal tax rate faced by an agent with gross income
2.

Figure 2.6 shows the kernel estimate of the income density function for the population
of singles, it shows two curves, one for single woman and the other for single man.

Finally, we estimate the average marginal social welfare function for the population of
singles. Figure 2.7 shows two curves for man and woman, the two functions are almost
the same. We can see some differences between the two groups in Figure 2.8, the two
curves are slightly different for the whole sample of individuals.

The average marginal curves in Figure 2.7 show that the redistribution authority is
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Table 2.2: Gross Income Equation for singles

Iny=a+(1—->0)lnz

Variables (1)
Constant 0.131**
(0.0651)
In (gross income) 0.972%**
(0.00625)
Observations 2983
R-squared 0.963

Standard errors in parentheses
**p< 0.01, ** p< 0.05, *p< 0.1

Notes: The figure displays the estimation of equation (2.1) for the sample of singles by
ordinary least-squares linear regression.

Figure 2.6: Productivity density function for singles
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Notes: The figure displays the productivity density function for singles estimated from equation w = z(1 —

-1
b)(m), see Heathcote and Tsujiyama [2017] for the derivation of the expression of the productivity.

not Paretian. The function is negative for almost the whole population in our sample of
singles.
We estimate the marginal social welfare function 7(w) for the sample of singles, figure

2.9 shows a linear function for the Brazilian data. According to our estimates, the redis-
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Figure 2.7: Average marginal social welfare function for singles
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Figure 2.8: Average marginal social welfare function’s cuts
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tribution authority is Utilitarian, the planner maximizes the average of all individuals’
utilities. The marginal weights, i.e., the value to the planner of giving an extra unit of
consumption to an agent with productivity w are shown in figure 2.10, they are increasing
with productivity.

The planner’s objective is to design a tax and transfer system that maximizes social
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Figure 2.9: Marginal social welfare function using disposable income
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Figure 2.10: Marginal social welfare weights using disposable income
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welfare. We estimate the utilities of each agent from our sample of couples for the two
scenarios, individual and joint filing, so we could calculate the social welfare of the econ-
omy. For individual taxation, the social welfare is Wind—taw = 2320.494 and for joint tax-
ation, V_Vjomt_m:c = 2541.375. After all those estimations, we can observe that changing
to an income tax schedule with joint filing is welfare-improving. Figure 2.11 shows the
utilities for the two types of filing with adjusted average level of taxation, the joint filing
is preferable for the couples.
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Individual versus Joint Filing

Figure 2.11:
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Notes: The figure displays the utilities for the sample of couples in two scenarios, the first one with individ-

ual filing, u(.), and the second one with joint filing, v(.).

44



2.5 Conclusion

In this paper, we propose a reform to the Brazilian current joint tax system in which
spouses’ incomes are added to calculate taxable income with one for which spouses” in-
comes are averaged to determine taxable income. In order to evaluate whether this poten-
tial Pareto improvement leads to actual gains for both spouses, we must determine how
spouses allocate resources between them under each policy.

To do so, we optimize a household’s problem which gave us the spouses’ produc-
tivities and the intra-household weight under the proportionality condition. With those
parameters, we have estimated the utilities of each spouse for the two income tax scenar-
i0s.

Finally, we have used the inverse optimal tax method under HSV taxes to reveal the
Brazilian social welfare function for the sample of singles and then estimate the social wel-
fare of families under two types of income tax filing. Using the social weights of singles,
we assess the impact of our proposed reform on the welfare of couples.

At last, we find that changing to an income tax system in which spouses’ earnings are
averaged to determine taxable income increases the social welfare of the families. Hence,

our proposed reform for the Brazilian tax schedule is welfare-improving.
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Chapter 3

Consumption Optimality with Return

Aggregation: a Synthetic Panel Approach
1

3.1 Introduction

Optimizing behavior in consumption for the U.S. has been extensively discussed and
tested over the past few decades, based on both aggregate and microdata. Most of the ev-
idence has been interpreted as a rejection of models of consumer intertemporal optimiza-
tion. Relevant examples are [ ] and [ ] using microeco-
nomic data, and [ ]and [ ] based on aggregate time

series.” Several attempts have been made in the literature to accommodate optimizing

behavior, such as changing preferences, e.g. [ ] and
[ , ], or introducing forms of non- optimizing behavior consumption, e.g.
[ , ]. However, other studies stood in favor of the theory,

in particular using panel data, as discussed below.

This paper relates to the strand of the literature that uses panel data to test the life cycle-
permanent income theory. A prominent example is [ ], that uses panel data on
individual households between 1973 and 1982 available from the Panel Study on Income
Dynamics (PSID) to test the hypothesis that individuals base their decisions about current

consumption on their expectations about their lifetime incomes, rather than their current

Hoint work with Gustavo Bulhdes Carvalho da Paz Freire and Joado Victor Issler.
*See also [1989], Hall [1978], [1982, 1983, 1984], and
[1985].
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incomes. The PSID is a full panel, but it has the relevant drawback of reporting only food
consumption. [ ] results strongly support the permanent income theory and
suggest that the frequent rejection of consumption optimality in aggregate data is due to
aggregation bias.

[ ], on the other hand, use a time series of cross sections avail-
able from the Consumer Expenditure (CEX) Survey covering the period 1980-1990 to in-
vestigate possible explanations for previous rejections of the theory.> The CEX is the only
U.S. microdata that reports complete information on household consumption, but it is
not a full panel. Their approach is to construct consistently aggregated cohort level data
in which households are grouped by year of birth of the household head. * This syn-
thetic panel makes available a relatively long time period to estimate the Euler equations.
Their main results are that aggregate data ° and food consumption as a proxy for total
nondurable consumption are unsuitable to test the theory and that neglecting the depen-
dence of consumption on demographic and labor supply variables may produce spurious
evidence of excess sensitivity to labor income growth.

A different strategy was undertaken by [ ] when dealing with
the CEX data. They take advantage of the large cross section dimension of the survey in
the estimation procedure. However, while avoiding possible aggregation issues involved
in the construction of the synthetic panel, their tests are weaker in addressing the in-
tertemporal aspects of the life cycle-permanent income hypothesis, due to the short time
dimension. Even so, their results support the theory and generally agree with those of

[1995].

In this paper, we use the CEX survey for a longer and more recent period: 1996-2014.
We follow [ ] approach of constructing a synthetic panel and em-
ploying a cohort analysis of the data, characterizing the life cycle and time series patterns
of total nondurable consumption. Our descriptive analysis in section 3.2 confirm what
is reported by [ ] for an earlier period. Furthermore, in section
3.3 we assume that utility is shifted by demographic variables, taking this into account
in the instantaneous utility function. Besides that, we assume that labor supply variables
are determinants of the marginal utility of consumption, avoiding the formal modeling of

labor supply. This theoretic framework gives us Euler equations to estimate that depend

3For a similar study for the UK. using the Family Expenditure Survey, see
[1995].

*The construction of the synthetic panel is the first aggregation in this paper.

>The wrong aggregation of the Euler equations creates aggregation bias, i.e., to take the log of the mean
causes the rejection of the over-identifying restrictions of the model, this is the second aggregation in this

paper.
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on demographics and labor supply variables. That was the approach taken by

[ ], but they consider only a single interest rate in the optimization problem
of the household. We think this is a rather restrictive assumption, with unknown implica-
tions for the empirical results.

In order to account for the fact that households transfer wealth across time through
a portfolio of several assets that we do not observe, we aggregate returns in the Euler
equations for the optimizing households, in a similar manner to [ I
Empirically, we use an aggregate return measure provided by
[ ], labeled the Marginal Product of Capital (MPK). We estimate the Euler equations
at the cohort-level using both the 3-month Treasury bill, as [ 1
and the MPK.® Our results show that accounting for demographic and labor supply vari-
ables eliminates the excess sensitivity to labor income growth and that the Elasticity of
Intertemporal Substitution (EIS) is significant for both return rates, in contrast with

[ ]. Moreover, the estimated parameter using the 3-month Treasury
bill is more than twice as large than using the MPK, suggesting that ignoring the portfolio
optimization of households may overestimate the EIS.

The paper is organized as follows. Section 3.2 describes the data and presents the life
cycle and time series patterns for consumption at the cohort-level. Section3.3 presents the
intertemporal optimization model and discusses return aggregation. Section 3.4 makes
econometric considerations regarding estimation and analyzes the empirical results. Sec-

tion 3.5 concludes the paper.

3.2 Consumption Behavior

3.2.1 Data

The data used in this section covers the 1996-2014 period of the CEX survey. Before 1996
the survey had important methodological differences and the data are no longer available
at the Bureau of Labor Statistics (BLS) website. After 2014 there are missing data on some
income variables, so we exclude these interviews as well. The CEX is a rotating panel
representative of the U.S. population, in which each household is interviewed every three
months over five calendar quarters, and every quarter 20% of the sample is replaced by
new households. About 7,000 households are interviewed by the CEX survey every quar-

®The third aggregation in this paper is the use of the aggregate return, MPK, for the estimation of the
Euler equations.
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ter, answering questions about household characteristics and expenditures over the past
three months.”

We need data from two subsequent years to calculate the calendar year estimates be-
cause individuals report expenditures for the three months prior to the interview. For
example, to produce a 2006 annual estimate we need the first quarter of 2006 through the
tirst quarter of 2007. Thus a household could report expenditures from the previous year
if they were interviewed in January, February or March. The variable interview quarter
refers to the calendar quarter in which the interview occurred. For example, any house-
hold interviewed in July, August or September would have their data stored in the quarter
3 datasets.®

Following [ ], we initially exclude from the sample nonurban
households, households residing in student housing and households with incomplete-
ness of income responses. In addition, we select only households headed by individuals
born after 1921 and before 1980 and that are at least 19 and at most 75 years old.” We
define as nondurable expenditure the expenditures on food, alcohol beverages, tobacco,
apparel, personal care, utilities, domestic services, gas and motor oil, maintenance and
repair, public transportation, fees and admissions, cash contributions and miscellaneous.
Moreover, we use two income variables: total after-tax family income and total before-tax
labor income. We select only those households with both positive income and nondurable
expenditure. These restrictions leave us with 399,162 interviews.

Each expenditure category is deflated using the Consumer Price Index (CPI) for urban
consumers, in which the dollar figures are adjusted to 1996 dollars. The nominal interest
rates chosen are the 3-month Treasury bill and the return to aggregate capital provided by

[ ]. However, the latter is only available until 2009. For this
reason, our estimations in section 4 use only the sample until 2009. Even so, in the next

section our descriptive analysis covers the 1996-2014 period.

"The CEX definition of a household is a consumer unit that consists of any of the following: (1) all mem-
bers of a particular household who are related by blood, marriage, adoption, or other legal arrangements;
(2) a person living alone or sharing a household with others or living as a roomer in a private home or
lodging house or in permanent living quarters in a hotel or motel, but who is financially independent; or (3)
two or more persons living together who use their incomes to make joint expenditure decisions.

8see https://www.bls.gov/cex/pumd.htm

9The CEX defines the head of the household as the first member mentioned by the respondent when
asked to “Start with the name of the person or one of the persons who owns or rents the home”.
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3.2.2 Cohort Analysis

Although each household is not observed over a long period of time in the CEX survey,
we can get around this issue by employing a synthetic cohort analysis. The identification
hypothesis is the homogeneity of the households in each cohort. Therefore, the continuity
of the survey allows one to follow the average consumption and other variables of interest
of these homogeneous groups over time as they age. Our criterion to construct the cohorts
is to group the households by year of birth of the household head, defining cohorts by a
5-year interval.'> We then assign households to year-cells and average the variables of
interest over all the households belonging to each cohort observed each year. The exact
definition of the cohorts considered is reported in Table 3.1, along with the ages of the
various cohorts in 1996 and 2014 and the average cell size of the year-cohort cells. In the
analysis below, we plot only the cohorts that are used in the estimation in section 3.4,

excluding the ones that are either too young or too old.

Table 3.1: Cohort Definition

Cohort  Year of Birth! Agein1996 Agein2014 Average Cell Size Used in Estimation 2

1 1976-80 16-20 34-38 no
2 1971-75 21-25 39-43 1854 yes
3 1966-70 26-30 44-48 2126 yes
4 1961-65 31-35 49-53 2360 yes
5 1956-60 36-40 54-58 2386 yes
6 1951-55 41-45 59-63 2200 yes
7 1946-50 46-50 64-68 1924 yes
8 1941-45 51-55 69-73 1506 yes
9 1936-40 56-60 74-78 1103 yes
10 1931-35 61-65 79-83 no
11 1926-30 66-70 84-88 no
12 1921-25 71-75 89-93 no

1 Cohorts are constructed grouping households by year of birth of the household head and defined by a 5-year interval.
2 We plot only the cohorts that are used in the estimation in section 4, excluding the ones that are either too young or too
old.

We now characterize the life cycle profile of nondurable consumption, income, family
composition and female labor supply, following [ ]. In fact, we
find the same patterns for the behavior of these variables. In Figures 3.1 and 3.2, we plot
the averages of log nondurable consumption and log income in each cohort against the

median of the household head age. Each connected segment is the path for a particular

10As [ ] argue, grouping by year of birth is more adequate than by age in study-
ing life cycle behavior.
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cohort over the 18 years of our sample. Each cohort overlaps with an adjacent cohort at
13 ages. As can be seen, the life cycle paths of both consumption and income are hump
shaped, peaking before retirement. This is interpreted by Carroll and Summers [1991] as
evidence against consumption smoothing. However, they do not consider family com-
position and labor supply effects. For instance, Figure 3.3 plots the average cohort log of
family size against age, which is also hump shaped. In figure 3.4, we plot the life cycle
paths for female average cohort annual hours of work, conditional on the presence of wife.
Both life cycle and business cycle variability can be detected, with strong cohort effects.

Moreover, fertility ages do not seem to affect female hours of work.

Figure 3.1: Consumption over the Life Cycle
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Notes: The figure displays the averages of log nondurable consumption in each cohort against the median of the household head age,
each connected segment is the path for a particular cohort over 18 years. The life cycle path of consumption is hump shaped.

Attanasio and Weber [1995] identify five groups of influence on consumption: lifetime-
income effects, cohort effects, life-cycle effects, cyclical effects and heterogeneity. Accord-
ing to Attanasio and Weber [1995], the presence of cohort, life cycle and business cycle
effects is partially detectable in the consumption behavior in Figure 3.1. In Figure 3.5 we
plot the average log consumption over time. Despite distinct magnitudes and trajectories
of log consumption across cohorts, the paths seem to go up and down in a synchronized
manner. One can try to remove life cycle and cohort effects in order to isolate time effects.
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Figure 3.2: Income over the Life Cycle
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Notes: The figure displays averages of log income in each cohort against the median of the household head age, each connected segment
is the path for a particular cohort over 18 years. The life cycle path of log income is hump shaped.

Figure 3.3: Family Size over the Life Cycle
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Notes: The figure displays averages of log family size against the median of the household head age, each connected segment is the
path for a particular cohort over 18 years. The life cycle path of log family size is hump shaped.
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Figure 3.4: Annual Female Hours over the Life Cycle
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Notes: The figure plots the life cycle paths for female average cohort annual hours of work conditional on the presence of wife. Each
connected segment is the path for a particular cohort over 18 years. Fertility ages do not seem to affect female hours of work.

We attempt to do this by regressing average log consumption for each cohort on the age
of the household head and the log of family size, interpreting the residuals as time effects.
Figure 3.6 plots the residuals against time. As can be seen, there is a fair amount of syn-
chronization across cohorts. In particular, one can identify the recessions of 2001 and 2008

by the following pattern of decreasing consumption associated with those years.
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Figure 3.5: Log Consumption over Time
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Notes: The figure displays the averages of log nondurable consumption in each cohort over time for 18 years.

Figure 3.6: Business Cycle Effects
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Notes: The figure plots the residuals from the regression of average log nondurable consumption for each cohort on the age of the
household head and the log of family size against time, interpreting the residuals as time effects.
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3.3 Theory

3.3.1 Basic Model

The typically used Euler equation in the consumption optimality literature is derived by
log-linearizing the first-order condition from an intertemporally separable optimization
problem with isoelastic preferences. If ¢" is individual consumption (deflated expenditure
on nondurable goods and services), R is the real interest rate, » = log(1 + R), o is the EIS
and ¢ is a residual uncorrelated with all information available at time ¢ — 1, the Euler

equation is:

Alog(c},,) = constant + o741 + €], (3.1)

[ ] modify the Euler equation by assuming that utility is
shifted by a number of demographic variables, making the model more realistic. The
instantaneous utility function for a generic household considered in the empirical appli-

cation is:

Ul =U(Cho(Z;'.9) (3.2)

where C! is total family expenditure and ¢(Z!", 0) is a function of demographic vari-
ables. ¢ can be seen as a time-varying discount factor. They assume that ¢(Z',0) =
exp(0'Z}) so that the term 0AZ]' enters the log-linearized Euler equation. Besides that,
while not explicitly modeling labor supply, they introduce labor supply variables as deter-
minants of the marginal utility of consumption, reflecting employment status and hours

of work. In summary, the final Euler equation [ ] estimate is:

Alog(c}'.,) = constant + o741 + 0 Azl + €4 (3.3)

where z includes demographic and labor supply variables.

3.3.2 Return Aggregation

Note that [ ] implicitly assume that the households use only one
asset to smooth consumption over time, represented in the Euler equation by the real
interest rate. In fact, in the empirical application they use only one interest rate, the return
on municipal bonds, and they have also experimented with the 3-month Treasury bill. We

think this is a rather restrictive assumption, and the implications on the estimated results
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are not known before hand. We work around this by aggregating returns.

[ ] proposed a novel approach to testing for consumption opti-
mality using return aggregation. At the aggregate level, their results support the optimal-
ity of consumption decisions. In this paper we take a similar approach. Suppose the same
environment of the previous subsection, but with the addition that households have N
assets indexed by i to transfer wealth across time, whose returns are R, ;. If 7, = log(R; ),

the Euler equation is:

Alog(cﬁﬂ) = constant + or; ;41 + Q'Azthﬂ + e?’tﬂ,i =1,.,N (3.4)

The number of traded assets N is potentially large relative to the number of time peri-
ods available for empirical work. Besides that, we do not observe which assets compose
the portfolios of the households. [ ] shows that an alternative where we do
not throw away information contained in the returns of the NV assets is aggregate returns
across 1 to isolate the common component of asset returns, eliminating idiosyncratic risk
that is irrelevant to intertemporal substitution.

Applying the strategy of [ ] to our specification, consider the
sequence of deterministic weights {w/'}, for each household £, such that ||w" | < oo for
all ¢ uniformly on N, with ¥, w! = 1 or limy_, XN w! = 1, depending on a finite or

infinite number of assets. Cross-sectional aggregation in returns of 3.4 gives us:

Alog(c}'.,) = constant + ar}’, | + 0’ Az, + €,y (3.5

where r'. | = Y whr; ;1. The Euler equation 3.5 can be viewed as that of the optimiz-
ing household which holds a portfolio with weights w!. However, we do not observe the
assets that the households hold or their portfolio weights, thus the simplifying assump-
tion we make is that all households hold the same portfolio encompassing all assets in the
economy. The return of this portfolio can be represented by an aggregate return measure
for the economy as a whole, labeled as return to aggregate capital by [ ]. Our
proxy for the return to aggregate capital is the Marginal Product of Capital computed by
[ ]. Therefore, the Euler equation we estimate in section 3.4

when using the MPK is:

Alog(c}'.,) = constant + o741 + 0 Az]' | + €4 (3.6)

where .41 = 2N wir; 141 is the log of the return to the geometric mean of aggregate

capital.
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3.4 Consumption Optimality

3.4.1 Econometric Considerations

The CEX survey is a rotating panel. Instead of working with the short panel dimension
available, we choose the approach of constructing a synthetic panel. The advantages in
the use of the synthetic panel are fully discussed by [ I. In sum-
mary: averaging over households belonging to the same group should eliminate additive
idiosyncratic measurement error; taking cohort averages over a long time period solves
the problem of inconsistent estimates in the presence of household-specific effects; attri-
tion is a less important problem when compared with a long panel; and, although we use
aggregate data when summing variables over households, we can control the aggregation
process directly. On the other hand, it does not help deal with nonadditive measurement
error and does not eliminate issues arising from nonrandom attrition.

In the next subsection, we estimate consistently aggregated versions of equations 3.3
and 3.6 for all cohorts simultaneously, using the appropriate instrumental variables tech-
niques in the context of a generalized method of moments (GMM) estimation. The Euler
equations 3.3 and 3.6 hold for each cohort so that we could apply GMM for each one sep-
arately. But these conditions also imply that the whole sample satisfies the orthogonality
condition. We can therefore use exogenous variables to instrument each set of endoge-
nous variables or impose the same reduced form, i.e., the instrument matrix can be block
diagonal composed by cohort instruments or a stacked matrix. If  is the number of instru-
ments and C' the number of cohorts, the block diagonal procedure produces rC moment
conditions, while the stacked instruments gives us r restrictions. Given the large number
of variables to be instrumented, we use stacked instruments. The number of observations
is given by the pooled sample C'T'. For more details on the GMM procedure see

[1995] and [1995].

[ ] stress out that averaging over small size cells induces mea-
surement error in the levels, which implies an MA(1) structure in the first differences. This
makes lagged one period instruments invalid. However, the small size of their cells is due
to the use of quarter-cells in the estimation. Therefore, since we use quarterly data in sub-
section 3.4.2, our specification includes only lagged two periods instruments or more. In
section 3.4.3, instead, we use annual averages in the construction of the synthetic panel.
This procedure yields 4 to 5 times larger cells, which should in turn eliminate the mea-

surement error. Therefore, instruments lagged one period are valid in this specification.
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3.4.2 Aggregation Bias

[ ] show that the rejection of the over-identifying restrictions in
empirical work using aggregate data can be explained by aggregation bias, in which a
major role is played by the non-linearity between consumption and the interest rate at
the individual level. As [ ] point out, using aggregate data on
consumption to test this relationship is equivalent to taking the log of the mean rather than
the mean of the log. Since working with micro data allows one to control the aggregation
process, any known non-linear function of the individual data can be aggregated and
improper aggregation exercises can be carried out. [ ] perform
such exercises, concluding that incorrect aggregation, where one take the log of the mean,
results in rejecting the over-identifying restrictions of the model.

Here we employ a similar analysis, using the 3-month T-bill and the MPK. Besides
verifying if the same results of [ ] apply to our sample, we can
investigate the effect of return aggregation on the Sargan test. Using quarterly data, we
estimate by GMM the correct and incorrect aggregated versions of the Euler equations,
reporting the results in the top and lower panels of Table 3.2, respectively. Columns (1) to
(3) correspond to the estimation using the T-bill and columns (4) to (6) to the estimation
using the MPK. The specification and instrument set are explained in the table note. For
the 3-month Treasury bill we confirm [ ] results: in the estimation
with incorrect aggregation, the over-identifying restrictions are rejected at the 10% level,
while aggregating properly eliminates this issue. For the MPK, the difference between the
p-values of the Sargan tests with correct and incorrect aggregation is smaller than for the
T-bill, indicating that return aggregation with aggregate data can attenuate the effect of
incorrect aggregation. However, both tests are significant at the 10% level.

3.4.3 Excess Sensitivity

[ ] performed excess sensitivity tests accounting for the possibil-
ity that the marginal utility of consumption is affected by demographic or labor supply
variables. They show that when estimating the Euler equation with log change in family
size as only demographic control and the rate of growth in labor income, excess sensi-
tivity is found, i.e., the parameter for the log change in income is significant. However,
when adding to the specification several variables that are meant to capture the effects
of changing family composition and labor supply, the excess sensitivity is eliminated. In
addition, all the over-identification tests do no reject the null hypothesis. Therefore, their

results support the life cycle-permanent income theory. However, in all specifications the
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Table 3.2: Estimates Based on Aggregate Data

1 1
I Z Alog(cl,,) = constant + o111 + Gﬁ Z A log(famsize?H) + v
h h

T-bill MPK
0 o Sargan Criterion 0 o Sargan Criterion
(p-value) (p-value)
@) ) ®) ) ®) (6)
0.266 0.141* 4.67 1.605 0.556 6.30
(1.629) (0.075) (0.197) (1.270) (0.544) (0.097)

1 ~ 1
A log(ﬁ Z cl' 1) = constant + 67441 + 6A log(ﬁ Z famsize?H) + Digq
h h

T-bill MPK
0 o Sargan Criterion 0 o Sargan Criterion
(p-value) (p-value)
@) ) ®) @) ®) (6)
1.653 0.092 711 2.268 0.691 7.07
(1.636) (0.094) (0.068) (1.349) (0.652) (0.069)

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. Robust standard errors in parenthesis. All specifications include a constant and seasonal
dummies that are not reported. The instrument set is the same across columns and includes the fourth lag of consumption growth
and A log(famsize); the second lag of inflation; the third and fourth lags of the nominal interest rate; seasonal dummies for the second
to fourth quarters. The number of observations for each estimation is 51. The Euler equations are estimated by GMM reporting the
results for the correct aggregated version in the top panel and the incorrect one in the lower panel.

coefficient on the interest rate, the EIS, is not statistically different from zero. Even so, they
estimate the EIS at 0.34 and 0.48 in the favorite specifications.

We follow the same approach and use the same variables to perform our tests of excess
sensitivity, but using two different return rates, associated respectively with the 3-month
Treasury bill and the MPK. Doing so we can compare the results and see what are the
implications of ignoring the existence of several assets in the portfolios of the households.
Besides that, we use annual data, while [ ] worked with quar-
terly data, and we choose different lags for the instruments, in accordance with the dis-
cussion in the previous subsection. In Table 3.3 we report the estimations, with columns
(1) to (3) using the T-bill and (4) to (6) using the MPK. Columns (1) and (4) report the re-
sults obtained estimating the respective Euler equations with log change in family size as
sole control for demographics and with the addition of the rate of growth in labor income.

The instruments are listed in detail in the table note. We find excess sensitivity in both
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cases, as the coefficient for A log(labor income) is strongly significant. The coefficient on
the interest rate is significant as well for both columns. The Sargan test of over-identifying
restrictions does not reject the null for both specifications.

For the other columns we add variables meant to capture the effects of change in fam-
ily composition and labor supply: number of children, a dummy for wife working full
time, log of annual wife hours of leisure and a dummy for single individuals. Despite sea-
sonal dummies that do not apply to our case, this is the same specification employed by

[ ]. Now that we control for more demographic and labor sup-
ply variables, the excess sensitivity is eliminated in columns (3) and (6). In all columns the
Sargan test fails to reject the overidentifying restrictions. Therefore, our results provide
further evidence in favor of the life cycle-permanent income hypothesis. Our results are
stronger than the ones found by [ ], since the EIS is significant
in all specifications. In the preferred specification reported in columns (2) and (4), with-
out the rate of growth in labor income, the major difference between them is that the EIS
is much larger using the 3-month T-bill than using the aggregate return measure: 1.062
against 0.462. This indicates that ignoring the several assets available for the portfolio op-

timization of the households may overestimate considerably the EIS.
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Table 3.3: Euler Equation for Total Consumption Expenditure

A log(ét+1) = constant + o7y + QIAZA:H_l + €441

T-bill T-bill T-bill MPK MPK MPK
1) ) 3) 4) @) (6)
Real interest rate 0.546** 1.097** 1.062** 0.325** 0.533** 0.462*
(0.249) (0.463) (0.434) (0.159) (0.258) (0.251)
Alog(famsize) 0.737*** 1.282** 1.216** 0.684*** 1.489*** 1.430%**
(0.176) (0.591) (0.554) (0.178) (0.533) (0.492)
Achildren -0.379* -0.304 -0.423** -0.364*
(0.213) (0.209) (0.198) (0.191)
Aww 0.080 0.263 -0.368 -0.252
(0.741) (0.671) (0.692) (0.575)
Alog(wl) -1.172** -0.758 -1.243** -0.870
(0.511) (0.577) (0.512) (0.535)
Asingle 0.026 0.321 -0.209 0.010
(0.596) (0.573) (0.571) (0.502)
Alog(labor income) 0.218*** 0.113 0.227*** 0.112
(0.067) (0.109) (0.068) (0.101)
Sargan Criterion 17.70 6.04 5.76 17.23 8.51 941
(p-value) (0.16) (0.81) (0.76) (0.18) (0.57) (0.39)

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. Robust standard errors in parenthesis. All specifications include a constant that is not
reported. The instrument set is the same across columns and includes the first and second lags of consumption growth and labor
income growth; the first lag of inflation and the nominal interest rate; the second lag of Alog(famsize), A children, A log(wl) and
number of earners; the first and second lags of Aww and A single; age of household head and age squared. ww is the dummy for the
spouse working full time and log(w!) is the log of the spouse’s annual hours of leisure. The number of observations for each estimation

is 88.
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3.5 Conclusion

The objective of this paper was to study consumption behavior and optimality in the con-
text of the life cycle-permanent income hypothesis for the U.S., using the comprehen-
sive data on expenditures, demographics and labor supply available from the Consumer
Expenditure Survey. More specifically, we employ a cohort synthetic panel analysis to
characterize the life cycle and time series patterns of consumption across cohorts and its
relations with other determinant variables for consumption. Perhaps more importantly,
we use the synthetic panel to perform excess sensitivity tests controlling for demograph-
ics and labor supply, using as the interest rate the 3-month Treasury bill and the Marginal
Product of Capital computed by [ ], in order to assess the po-
tential effect of ignoring the portfolio optimization of the households.
We find for the period 1996-2014 the same profile of consumption behavior found by
[ ] for 1980-1990. In particular, the plots of log consumption and
log income over the life cycle are hump shaped, as is the plot of log of family size. Besides
that, average cohort log consumption display clear business cycle effects over time. In
addition, we criticize the implicit assumption made by [ ] of
considering that only one asset is used in the intertemporal substitution of the households.
This potentially affects the consumption optimality tests. We get around this problem
by aggregating returns in the Euler equations and using in the empirical application an
aggregate measure of capital return provided by [ I
In Table 3.2 we estimate correct and incorrect aggregated versions of the Euler equa-
tions by GMM using both the 3-month T-bill and the MPK. For the 3-month T-bill, the
Sargan test of overidentifying restrictions reject the null in the specification with incorrect
aggregation, while aggregating properly, i.e, taking the mean of the log of consumption,
does not reject the null hypothesis. This result confirm what was found earlier by
[ ], that recurrent rejection in the literature of the overidentifying
restrictions using aggregate data on consumption can be explained by aggregation bias.
When using the MPK, the difference between the p-values of the Sargan tests with correct
and incorrect aggregation is smaller, indicating that return aggregation with aggregate
data can attenuate the effect of incorrect aggregation. However, both tests are significant
at the 10% level.
In Table 3.3 we estimate cohort-level aggregated Euler equations by GMM using again
both the 3-month T-bill and the MPK. The Sargan test of overidentifying restrictions does
not reject the null in any specification. Furthermore, in contrast with

[ | results, the EIS is statistically significant for all cases. Our results confirm that,
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when controlling for demographic and labor supply variables, the excess sensitivity of
consumption growth to labor income growth is eliminated. Moreover, the estimated EIS
using the 3-month T-bill is more than twice the value obtained with the MPK, suggesting
that ignoring the fact that households use several assets to smooth consumption through

time may overestimate the EIS parameter.
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