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Abstract

Governments recurrently come back to ask the best way to increase tax collection, based on
constant necessities to increase its spending. Generally, increasing tax collection is associated with
a tax raise, mainly motivated by the agent’s mechanical responses, i.e., assuming that taxpayers do
not adjust their taxable income. However, the behavioral response (the adjustment in the agent’s
taxable income, for instance) produces a variety of consequences in different markets. Indeed, a rise
in taxes changes the evasion’s gains altering the incentives to participate in occupations with higher
evasion facilities. This thesis is devoted to studying this issue throughout two chapters. Each of
these chapters inquires over the consequences of the tax policy in contexts where tax evasion and
occupational decision coexist.

The first chapter studies the causal effect of income tax evasion on self-employment decisions.
We develop a theoretical model to disentangle the mechanisms behind this effect when the marginal
tax rate changes. Then, we obtain a proxy of tax evasion using a consumption-based approach at
the household level using data for Chile. To identify the causal effect of income tax evasion, we
use two advantages from the Chilean setting. First, it establishes equal marginal tax rates across
self-employed and wage-earners isolating the evasion channel. Secondly, we exploit a marginal
tax reform that affects agents given their pre-reform taxable income. We obtain two behavioral
parameters using a difference-in-difference approach. Firstly, the elasticity of evasion to marginal
tax rate equals 1.4. Also, we find that an increase of 1 percentage point in the evasion rate raises
the probability of being self-employed by 6.1 percentage points, with a semi-elasticity of 0.16.
We also show that the evasion channel explains 99.73% of the effect of taxes on self-employment
decisions. Finally, we document that the deadweight loss associated with the tax reform is between

2.82 - 3.01% depending on the tax compliance policy. Moreover, we theoretically and empirically
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demonstrate that not considering evasion in this measure produces a biased estimation of the tax
effect on welfare.

The second chapter incorporates occupational decisions into the hierarchical model of Sanchez
and Sobel (1993) to investigate distortions in tax policies design: the audit function, a linear
marginal tax rate, and the IRS budget. In this economy, evasion is only possible in the self-
employment sector. The optimal audit is efficient below a cut-off level, and above this level, are
equal to zero. This result is held under two extensions: the audit cost is monotonically non-
decreasing in the self-employment wage, and the fine rate rises in self-employment wage but is
bounded from above. The marginal tax rate is smaller than one, indicating that not considering
occupational decisions produces an upward bias on taxes. The optimal IRS budget does not allow
auditing the entire self-employment sector, but it is larger than the result from a cost-benefit
analysis. Finally, differential taxation is optimal if the marginal tax rate in the self-employment
sector is higher than the dependent sector. This result produces that the distortions in the optimal

allocation of agents increase compared to an environment with one marginal tax rate.
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Chapter 1

Tax Evasion and Self-Employment

Decisions: Evidence From an Income

Tax Reform in Chile

with Romina Safojan

1.1 Introduction

Self-employment decisions have multiple motivations, significantly affecting the labor market
characteristics and public policies responses. Particularly, the decision to become self-employed
depends on the tax policy. Indeed, Bosch and de Boer (2019) show that labor supply, investment
and income declarations of self-employed are highly responsive to payroll and income taxes. These
behavioral responses may distort the agent’s optimal employment choice (Wen and Gordon, 2014).
Besides tax incentives, other facts can distort the occupational decision, evasion for instance. Slem-
rod (2007) and Kleven et al. (2011) find that tax evasion comes mainly from self-reported income,
evidencing that the self-employed are more prone to evasion than other occupation types. Thus,
higher tax evasion opportunities in the self-employment than in the wage-earner sector might incen-

tivize workers to choose the former.! However, still little is known about tax evasion motivations

'Evidence from a theoretical point of view is provided by Kesselman (1989) and Watson (1985) in a general
equilibrium model, and Castillo (2021) in a tax policy design model. Empirically, Bérdny (2019), Gentry and
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to become self-employed. This study tries to solve this gap aiming to disentangle how tax evasion
decisions affect workers’ choice of self-employment and how this may affect the social welfare that
results from income tax policies.

In contexts where the tax scheme levies differently self-employed and wage-earners, two channels
affect the occupational decision by evasion incentives. One channel is the pure evasion effect, named
the evasion channel. In contrast, the difference in taxes between occupations produced by the tax
scheme and the income report (with evasion) gives the differential taxation effect. Thus, the second
channel captures the impact of evasion on tax paid and its difference with another occupation.

The literature faces multiple empirical challenges to isolate the evasion channel in self-employment
occupational decisions. First, it is challenging to measure income tax evasion owing to self-employed
workers’ self-reporting their income, making it hard to obtain how much income each worker evades.
Second, in terms of identification, since workers may anticipate their evasion behavior, tax evasion
and occupational decisions are simultaneously determined, leading to an endogeneity issue for the
empirical estimation. Third, isolating the evasion channel from the differential taxation channel is
problematic because it depends on the tax scheme. This paper overcomes these issues from different
edges.

We focus on the Chilean economy, where the self-employment sector constitutes a significant
local labor market component. Studying Chile provides us three main advantages for isolating
the evasion effect on self-employment decisions: (i) the Chilean income tax scheme levies with
equal marginal taxes self-employment and wage-earner sectors dropping the differential taxation;
(ii) the availability of an expenditure and income survey at the individual and household levels
allows us to estimate tax evasion following a consumption-based approach (Pissarides and Weber,
1989; Hurst, Li and Pugsley, 2014, among others); and (iii) an income tax reform implemented
in 2013 that differently affected the financial incentive of self-employed to evade, gives us a quasi-
experimental variation in the tax rate to overcome any endogeneity issues concerning tax evasion
and self-employment decisions.

The first step is to build an occupational choice model with tax evasion, to identify the mech-
anisms behind taxes’ effect on self-employment decisions. This model assumes that the economy

has two occupations: self-employed and wage-earners, with both sectors facing the same tax sched-

Hubbard (2000), Bruce (2000), Schuetze (2000), Cullen and Gordon (2007), and Fossen and Steiner (2009) explore
the effects of income tax variations between occupations on self-employment.
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ule, characterized by two income brackets. Two channels explain the occupational decision. The
first channel is related to taxable income, showing the direct effect of tax rate changes on self-
employment taxable income net of evasion. The second channel is the effect of evasion on the
occupational decision, which captures the impact of evasion, isolating it from the differential taxa-
tion effect. We show that the effect of tax changes on self-employment decisions is a weighted sum
of the taxable income and evasion channel, where the weights are the corresponding elasticities.
Therefore, this model explains the mechanisms behind the tax effect on the occupational decision
and the behavioral parameters to assess the relevance of the evasion channel.

Then, to measure tax evasion, we use a pooled cross-section of the individual and household
survey data of Chile for the period 2007-2017, the Encuesta de Presupuestos Familiares (EPF),
administered by the Instituto Nacional de Estadisticas (INE). This survey jointly measures indi-
vidual and households’ income, expenditures, and employment in Chile. These facts provide a
remarkable opportunity to estimate the extent of household tax evasion and individual occupation.
We estimate tax evasion following the methodology proposed by Hurst, Li and Pugsley (2014)
that compares households’ Engel curves between self-employed and wage-earners.” Among other
assumptions, this methodology assumes that only self-employed households can evade, this is val-
idated in multiple studies (See, for instance, Cabral, Gemmell and Alinaghi, 2019; Kukk, Paulus
and Staehr, 2020; Nygard, Slemrod and Thoresen, 2019, among others.). Unlike Hurst, Li and
Pugsley (2014), we incorporate the possibility of having heterogeneity in income tax evasion among
self-employed households improving this methodology.> We find that the evasion rate in the self-
employment sector is 10.89 percent of the taxable income, on average, for 2007-2017, being the
intensive (the average evasion rate for evaders) and extensive (the percentage of self-employed that
evade taxes) margins of 12.87 and 84.71 percent, respectively. Also, we show that not considering
differences in tax evasion across self-employed households would introduce measurement errors to
this estimation, underestimating misreporting in Chile.

To identify how the tax evasion behavior determines the decision of being self-employed, we

2We define a household as self-employed if its principal is self-employed. As a sensitivity analysis, we consider an
alternative definition that indicates whether the head or the couple (if married or cohabiting) is self-employed, or we
restrict the sample to male-headed households without a self-employed couple.

3The assumption over the same tax evasion rate across agents has the pitfall that it fails to capture workers’
heterogeneous behavior across the income distribution that significantly affects occupational choices (see Albarea
et al., 2019; Waseem, 2018; Engstrom and Hagen, 2017).
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exploit the exogenous variation in marginal income tax rates driven by a tax reform implemented
in Chile in 2013. This reform reduced the marginal tax rates in different proportions across all
income brackets except from the lowest one. Individuals in this bracket conform our control group,
because they are exempted from being taxed. Although the tax scheme equally levies self-employed
and wage-earner in Chile (the Second Category Tax), self-employment provides an alternative to
reduce tax burdens through sheltering income since agents in this sector self-report their income.
Being the tax scheme equal in both sectors, we eliminate the differential taxation effect of the income
tax changes on the occupational choices and isolate the reform’s effect through tax evasion.* This
tax scheme’s characteristic establishes the perfect quasi-experimental setting to identify the evasion
channel in occupational choices using the policy tax change as the instrument for tax evasion rate.

Thus, first, we estimate the impact of the income tax policy change on the evasion rate using
a Difference-in-Difference (DiD) approach. The tax reform produces a significant fall in the tax
evasion rate by -0.0206 percentage points. This effect means an elasticity of evasion to the marginal
tax rate of 1.4. This result evidence the relevance of income taxes for the evasion decisions since
agents’ evasion behavior overreacts to tax changes. Comparing the results obtained using the
alternative self-employed household definition shows that households with a self-employed couple
are less sensitive to tax changes.

Second, we estimate how tax evasion affects self-employment decisions using the policy change
as an instrument for evasion following an Instrumented Difference-in-Differences (IV-DiD) approach
(see, for instance, Hudson, Hull and Liebersohn, 2017; De Chaisemartin and d’Haultfoeuille, 2018).
We obtain that an increase in 1 percentage point in the evasion rate increases the probability
of being self-employed by 6.1 percentage points. This significant effect shows that evasion is a
critical determinant in self-employment decisions. Finally, to normalize this effect, we compute the
associate semi-elasticity, obtaining that an increase of 1 percent in the evasion rate increases the
self-employment rate by 0.16 percentage points.

The last step in this analysis is to obtain the effect of the tax change on self-employment decisions
to assess the relevance of the evasion channel on it. We use the reduced form of the IV-DiD to
obtain that the semi-elasticity of self-employment decision to the marginal tax changes reaches

0.223. Lastly, we use the elasticity of evasion and the self-employment decisions semi-elasticity to

4The only possible source of difference is for wage-earners that are also firm-owner taxpayers. However, we drop
those cases to avoid any inconsistencies.
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compute the evasion channel. We obtain that the evasion channel gives 99.73% of the tax effect on
self-employment decisions. This result reinforces the relevance of evasion in occupational decisions.

These important results push us to study the welfare effect of tax changes in this framework.
We take advantage of the income tax policy change to identify the effect of tax rate changes on
social welfare by estimating the deadweight loss. Following Chetty (2009a) and Gorodnichenko,
Martinez-Vazquez and Sabirianova Peter (2009), and based on our theoretical model, we develop a
model that captures the welfare effect due to tax changes. This model encompasses the mechanisms
and incentives behind the tax change effects showing the relevance of different elements that our
setting has: evasion, occupational decisions, and the tax compliance policy. We show that omitting
evasion produces a smaller welfare effect estimation because the metric does not incorporate the
effect of evasion on wage-earner welfare. Also, if occupational decisions are not included, the
evasion effect in self-employment decisions is not included in the welfare effect, producing bigger
estimations. We demonstrate that none of these problems are solved with an extension of Feldstein
(1999) that includes the extensive margin. Finally, we obtain the welfare effect due to tax reform,
identifying the behavioral parameters to measure the deadweight loss (DWL).

We compute a DWL between 2.82% and 3.01% of the average taxable income, depending on
whether the tax compliance policy is the strongest or null, respectively. Additionally, we demon-
strate the relevance of considering evasion in the DWL measure, showing that: (i) not including
evasion produces the tax compliance policy is irrelevant for the DWL; (ii) not considering evasion
produces an upward bias in the DWL estimation; and (iii) using the elasticity of taxable income
instead of a welfare effect measure produces an upward bias and a downward bias, depending on
whether consider or not the occupational decision, respectively.

This paper contributes to four strands of literature. First, this study contributes to the literature
exploring the motivations to be self-employed, providing empirical and theoretical evidence on tax
evasion’s impact on these decisions and the channels that explain this. Concerning self-employment
decisions, some studies have explored the effects of income tax variation between wage-earner and
self-employed on self-employment (Gentry and Hubbard, 2000; Bruce, 2002; Schuetze, 2000; Cullen
and Gordon, 2007; Fossen and Steiner, 2009; Bosch and de Boer, 2019; Wen and Gordon, 2014)
estimating a combination of direct and indirect effects. For instance, Bruce (2000) finds a negative

effect of tax rate differential on the decision to become self-employed. However, it is impossible
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to determine if the effect is explicitly associated with tax evasion. Also, Parker (2003) does not
find a significant impact of evasion on self-employment choice, which could be associated with the
strong assumption in his tax evasion model. Thus, they cannot isolate the evasion channel in
self-employment decisions, contrary to our study that takes advantage of the Chilean income tax
scheme’s particularity, where income taxes are equal across occupational sectors.

Closer to our study, in a cross-country analysis for developed economies, Bérany (2019) shows
that self-employment provides an opportunity for income tax evasion that partially drives the choice
to become self-employed. The model estimates that the difference in utility generated by the tax
rate differential between self-employed and wage-earners within industry-occupation increases the
magnitude of the misreporting rate. Unlike this paper, we estimate tax evasion at the household
level, allowing us to quantify the effects of income tax rates on tax evasion and self-employment
choice at the micro level. Additionally, this strand of literature does not explore the welfare effect
of tax changes using the micro level estimations of the tax effect on self-employment decisions, in
this study we also provide this. Therefore, we contribute to this literature by providing a reliable
estimation of the evasion’s relevance in self-employment decisions and an estimation of the tax
reform effect on social welfare based on the tax evasion effect on self-employment decisions.

A second contribution relies on the literature that tries to estimate the welfare effects of tax
reform. Starting from the seminal paper of Feldstein (1999), this literature focus on finding a behav-
ioral parameter that captures the welfare effect associated with tax changes. Recently, some studies
pointed out that the elasticity of taxable income is not enough to estimate the deadweight loss and
capture the effect of tax changes on welfare (Chetty, 2009a,b; Gorodnichenko, Martinez-Vazquez
and Sabirianova Peter, 2009; Kleven, 2018; Doerrenberg, Peichl and Siegloch, 2017). We are part
of these studies that explain the relevance of including evasion and shed light on the importance
of incorporating the occupational decisions and tax compliance policy. Our main contributions are
twofold. First, we estimate a more flexible model with two marginal tax rates (instead of one),
including occupational decisions and tax compliance policy. Second, we show the relevance of eva-
sion’s effect on the DWL, demonstrating that not considering occupational decisions significantly
bias this measure, and the DWL is sensitive to the tax compliance policy. In this sense, we give
more elements to analyze and capture better welfare implications due to tax reforms.

The third contribution of our paper is the measurement of tax evasion. The seminal paper of
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Pissarides and Weber (1989) proposes a consumption-based method that compares Engel curves
to identify a household’s income misreporting rate. Hurst, Li and Pugsley (2014), among others,
extend this approach and study the identification implications comparing different types of surveys
and using income metrics to capture the permanent consumption hypothesis. Furthermore, other
papers analyze the implications of different individual/household characteristics (Cabral, Gemmell
and Alinaghi, 2019; Kukk, Paulus and Staehr, 2020; Nygard, Slemrod and Thoresen, 2019, among
others). While this literature finds heterogeneity among self-employed households, none of them
allows for differential evasion rates for each household. We further extend the consumption-based
approach allowing heterogeneity in self-employed household evasion behavior, evidencing differences
in evasion across the income distribution.

Finally, we contribute to the literature that studies agents’ behavioral responses to tax changes
in developing countries using a quasi-experimental variation to isolate tax effects. This strand of
literature is still novel and mainly focuses on firms’ behavior (for a recent survey, see Pomeranz
and Vila-Belda, 2019). For agents’ responses, most papers focus on individual response to personal
income taxation, focusing on high-income taxpayers (Tortarolo, Cruces and Castillo, 2020; Jouste
et al., 2021; Bergolo, Burdin, De Rosa, Giaccobasso, Leites and Rueda, 2021), wealth (Londono-
Vélez and Avila—Mahecha, 2021) or the income distribution (Bergolo, Burdin, De Rosa, Giaccobasso
and Leites, 2021). Regarding evasion, the evidence focuses on the effect of audits on firms’ behavior
(Pomeranz, 2015; Carrillo, Pomeranz and Singha, 2017). Therefore, no evidence exist either on the
effect of evasion on self-employment decisions or the effect of taxes on agents’ evasion decisions. In
this sense, this paper provides new relevant evidence over the sensitivity of tax evasion to taxes and
the effect of evasion in self-employment decisions in a developing country. Developing economies
have large self-employment sectors and low tax administration capacity, so these estimations are
crucial for public policy.

The study continues as follows. Section 1.2 introduces a tax evasion and occupational choice
theoretical model that formalizes the channels of these decisions. Section 1.3 describes the Chilean
tax system’s main relevant characteristics and the income tax reform of 2013, as the exogenous
policy change in marginal tax rates exploited to identify the effect of interest. Section 1.4 de-
tails relevant definitions and the database characteristics. Section 1.5 explains the tax evasion

measurement procedure. Section 1.6 shows the effect of tax changes in evasion and evasion on
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self-employment decision. Section 1.7 measures the deadweight loss in this setting, and Section 1.8

concludes.

1.2 Theoretical Model

This section presents and fully characterizes a two-stage theoretical model to disentangle the
mechanisms behind the occupational and evasion decisions when income tax rates change. For this
reason, our exposure focuses on determining the channels involved in these decisions, to estimate
them empirically, rather than theoretically explaining each choice.

Additionally, we fully characterize the agents’ decisions at the extensive (occupational choice)
and intensive (evasion) margins, shed light on tax changes’ economic effect. Thus, we show that

two separated channels affect occupational decisions: taxable income and evasion.

1.2.1 Basic Framework

Consider an economy with a continuum of risk-neutral agents with only two alternative oc-
cupations, namely wage-earners and self-employed, indexed by w and s, respectively.” While
wage-earners pay their taxes through a third-party (i.e., their employers), self-employed work-
ers self-report their income, making them possible to misreport and evade taxes.® In this economy,
agents face the same tax schedule in both sectors. This assumption is consistent with the Chilean
tax scheme. Under these assumptions, workers choose an occupation based on their productivity
and the possibility of misreporting (if self-employed).

Agent’s taxable income equals z = 2!, where i indicates the employment sector such that

i = {s,w}. We assume that 2’ has a distribution F; with support [2!,Z‘].” Let us define the

5For simplicity, we assume risk-neutral agents. This assumption allows us to isolate the effect of uncertainty from
audit probability rather than evasion incentives. Other papers that make this assumption are Chetty (2009a), and
Gorodnichenko, Martinez-Vazquez and Sabirianova Peter (2009)

SKleven et al. (2011) and Slemrod (2007) show that evasion mainly comes from income self-declaration. Wage-
earners assumption omits the possibility that firms and workers collude to misreport the agent’s income. Kleven,
Kreiner and Saez (2016) formalize this assumption and demonstrate that third-party reports helps tax enforcement
policies. However, Best (2014); Bjgrneby, Alstadsseter and Telle (2021); Bergolo, Burdin, De Rosa, Giaccobasso and
Leites (2021) demonstrated that in some cases is possible that third-party report do not solve the evasion problem
entirely.

"Implicitly, we assume that agent’s productivity equals to n = {n°,n"}, being an independent draw from a
distribution function with support [n‘,7‘]. Also, we assume that only exist one consumption good, with normalized
price equal to one, produced in a competitive market with a linear technology that uses only labor. These assumptions
produce n’ = w’, that is, agent’s productivity equalizes the sector’s wage. Thus, we can map the distribution of n’
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reported income z° in sector i = {s,w}. Wage-earners cannot evade, then 2% = 2.8 On the other
hand, in the self-employment sector, reported income can differ from the taxable income, such that
z® = z° — e, where e is the evaded income. To make the model tractable, workers are “naive” or
“myopic” since they do not anticipate its behavioral response of 2z’ to taxes. When we obtain the
behavioral parameters to estimate tax effect on agents’ decisions, we drop down this assumption
and allow those behavioral responses exist.

In each occupation, workers pay a tax liability T'(z%). Without loss of generality, we assume
that the tax scheme comprises two income brackets with the corresponding marginal tax rates t;
and t9, where t5 > t;. The threshold that separates tax brackets is exogenously determined and
equal to A. In order to obtain a close form solution, we assume that A = Z/2, so z¥ = z*. Thus,
if 2 < A, agents’ tax liability is equal to T(2%) = t12°, otherwise T(z%) = t1 4 + ta(x? — A) for

i={s,w}.

1.2.2 Agents Decisions: Evasion and Occupational Choice

Agents make two decisions to maximize their utility. First, they decide the sector at which to
work i € {s,w} (extensive margin of labor supply).” If agents choose sector w, their utility equals
consumption. Assuming no savings, agents’ indirect utility takes the form UY(z") = 2% — T'(2").
If agents choose sector s, their utility equals consumption, which is determined by their expected
after-tax income. In this sector, agents must decide z*®, the second decision to maximize their utility.
Self-employed agents face an audit probability p(z°) determined by their income declaration z°.
Thus, workers expected after-tax income equals z* — T'(z*) — p(x®)7 [T'(2°) — T'(z*)], where 7 is the
fine rate. If audited, the government detects if they evaded with probability one and charges a fine
m > 1 on the evaded income taxes. For a closed form solution, we assume a specific form of the
audit function, p(z® —e) =1 — (2° —€)/z, so p) = —1/Z < 0. Therefore, their indirect utility is

given by

U*(2°) = max  {z° =T (2%) = p(2*)m [T(2°) = T(2")]}

to 2 = w'l(n'), with [ being agent’s labor supply.

8This model does not include tax deductions, producing that taxable income is equal to reported income in the
wage-earner sector.

9Conditional on working, the decision is between sectors, without considering the inactivity option.



CHAPTER 1. TAX EVASION AND SELF-EMPLOYMENT DECISIONS: EVIDENCE
FROM AN INCOME TAX REFORM IN CHILE

We solve this model by backward induction. First, we characterize the optimal evasion for self-
employed agents. Afterward, we characterize a threshold function to determine the taxable income
level for which agents decide to work as self-employed.'® The following Lemma characterizes the

optimal evasion decision.

Lemma 1. The optimal evasion decision €* is characterized as follows

s 1
S-4(1-= ifz°<2" <A
2 T
s 1 S—A) (ta—t
Zoq(ro )i EEA ) g
e*(zs7p7777t17t2) = 2 ™ 2 t1 (11)
2¥— A if21§ZS<Z2
25 1 ) o
> Al if Zy <28 <7°
2 T
t1(2 — z°
where leA[l—i— i W)} andZQZ’i,
Tto i

Proof.

See Appendix 1.9.1. =

For simplicity, we will refer to each section as e; with i = {1,2,3,4}, so e; corresponds to e*
for z° < z® < A and so forth. Note that evasion depends on the marginal tax rates only when
the taxpayer declares an income lower than A and its taxable income is higher than this threshold
(section eg). Hence, changes in the marginal tax rate only affect evasion when agents evade through
jumping into a lower tax bracket. Moreover, the optimal tax evasion in e is decreasing in to, because
the expected penalty increases.!! For e3, agents bunch at the threshold level A as evidenced by
Saez (2010) and Kleven (2016).

Figure 1.1a shows the difference between the true (blue line) and observed (brown line) reports.
Evasion, the grey zone in 1.1a, is increasing in self-employment income with a smaller slope in es,
indicating that a high enough ¢, can discourage evasion via increasing expected penalties.'? This is
evidenced in Lemma 3 (in the Appendix) that shows that the larger the marginal taxes difference,
the lower the evasion. Also, the bunching observed in es increases evasion in e4, displaying the

regressivity produced by tax evasion in this framework.

Since we assume that p’ < 0, the self-employed’s utility is concave and there exists an interior solution (Yitzhaki,
1974)

"See Lemma 3 in Appendix 1.9.1.

2Notice that, e* is decreasing in z° this section if t; < %2

10



CHAPTER 1. TAX EVASION AND SELF-EMPLOYMENT DECISIONS: EVIDENCE
FROM AN INCOME TAX REFORM IN CHILE

Figure 1.1: Evasion Across Self-employment Income and the Threshold Function
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(a) True vs. Observed Income declaration (b) Threshold Function

Note: The figures assume the following parameters values: z° =10, z° =0, A =7%°/2, t; = 0.15, t, = 0.25, 7 = 1.5
and p(z° —e) =1 — (= —e)/zs. The dashed green line represents threshold A and the dashed red lines Z1 and Zz. In

Panel (a), the grey area represents the evasion amount.

Given the optimal evasion amount e* and the taxable income 2°, we define a threshold function
H(z*,¢e*) in the extensive margin which gives the taxable income level that equalizes the indirect
utilities in both sectors (i.e., U%(H (2%, ¢e*)) = U*(2%,€*)). Hence, for each potential self-employed’s
taxable income z°, we can find a threshold level H(-) that determines the minimum taxable income
in the wage-earner sector to work as a wage-earner, such that z% > H(z* e*).!* The following

Lemma formalizes the optimal threshold function.

Lemma 2. Given the optimal evasion e*, the minimum income in the wage-earner sector to work

as a wage-earner is defined by

ti(1 - p(2° —e1)m)

22 +e s if 2" <Aandz* <A
. zS‘(l - pl(z:t; e2)mta)  (2° —ea)ts + A(t21_j15‘)>(1 “PE )T v A and A< < 7 12
’ 25(1 - !)1(2: ; e3)mta) (2% —es)t + A(tzf—tltz)(l — p(z* — e3)m) if 2 > A and Z, < 2° < Zo
25— (t1A+ta(2® —eq — A)) — p(2° — eq)taey _ Atg —t > A and Zy < 25 <3

11—ty 1—+t9

Proof.
See Appendix 1.9.1 m

13Notice that the indirect utility in the wage-earner sector is increasing in self-employment income and equals the
indirect utility in the self-employed sector if e* = 0. Also, evasion increases the self-employed’s indirect utility. Hence,
at least for some agents, the indirect utility is higher in the self-employment than in the wage-earner sector, producing
the existence of the threshold level. For formal proof in a context of a unique marginal tax rate, see Castillo (2021).

11
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For simplicity, we define corresponding sections as H;(z*,e;), such that Hy(2% e1) for 2% < A
and 2z° < A and so forth. This function characterizes one threshold level for each section of the
optimal evasion function e*. Only H; (2%, e1) does not depend on both marginal tax rates. However,
from the optimal evasion characterization, marginal tax changes only affect evasion in section es,
or in Ha(z*,e2). In the other sections, the effect of evasion comes from mechanical responses to
taxes or income changes.

Figure 1.1b shows the threshold function using the same parameters as for the optimal evasion.
All agents situated above the dark brown line decide to work in w, otherwise in s. This function
evidences a jump at Zs, that can be explained from the change in the tax bracket: for 2% > Z5 the
marginal tax rate faced is to, otherwise is t1. In this section, the gains from evasion rise as shown

in Figure 1.1a, increasing the wage-earner sector’s wage requirement for choosing this sector.

1.2.3 Tax Change Effect on Occupational Decision

We derive the threshold function’s partial derivative to explicitly show the mechanisms behind
changes in the marginal tax rates into occupational decisions, and to display the behavioral param-
eters relevant to the empirical analysis. Considering that the Chilean tax scheme splits taxpayers
into those levied with zero marginal tax and those with a positive one, we focus on the effect of
to on the threshold function.' Since the threshold function comprises four sections, we show only
a general characterization of a lower-bound estimation for the partial derivative. Therefore, the
effects behind the movements in each sector are gathered in the following expression

OH(z%,e*)  0z° 0H(z%,e*) 0Oe* OH(z°,€*)

Oto - Oto 0z Ota Oe
_ 02ty 8H(zs,e*)z 1 +@t72 0H(z%,e*) 1

s

= - e
Otg 25 0z to Oty e Oe to
LN — L N——

€25 tg NH,zS Ee,ty MH,e

where €5 1, is the elasticity of the taxable income in the self-employed sector, €. ¢, is the elasticity
of evasion, and 7y .s and ny . are the semi-elasticities of the threshold function concerning the
taxable income and to evasion, respectively. The following Proposition formalizes the lower-bound

effect of tax changes on the threshold function.

14 Although in the Chilean tax scheme some taxpayers face a zero marginal tax rate, we do not impose t; = 0 to
avoid problems in variables definitions.
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Proposition 1. Given the optimal evasion e* and the threshold function H(z°,€*), the effect of

changes on ty in the threshold function can be summarized as

OH (2%, ¢e*)
TtQ = NHty = €z5t:MH,2s T EetaNH e

Proof.

See Appendix 1.9.1 m

Note that we express the partial derivative as a semi-elasticity, 1 ,, that captures the effect
on the probability of being a self-employed worker given by a one percent change in t5. The semi-
elasticity to income captures the income differential effect, evidencing how attractive is the option
of being self-employed because of income differential. On the other hand, the semi-elasticity to
evasion captures the evasion incentives in the self-employment sector, reflecting the gains from
hiding income to the tax authority. Thus, this equation shows that the effect of tax changes
is captured by a weighted sum of the effects of taxable income and evasion over the threshold
function.

We conclude that when the marginal income tax changes, the movements in the threshold

function are associated with two channels:

1. Taxable Income Channel: It relies on the taxable income differences across sectors, net of
evasion, due to tax changes. When taxes fall, taxable income rises.'®> The increase in self-
employment income makes this sector more attractive, increasing the optimal threshold wage.

Thus, we expect a negative effect since .54, < 0 and np s > 0.

2. Fvasion Channel: Represents the direct evasion effect due to tax changes. If taxes fall, the
gains for evading also fall, decreasing the evasion rate and making less attractive for agents
to participate in the sector where evasion is possible. Thus, the threshold function decreases.

Therefore, we expect a positive effect since ec¢, > 0 and ng e > 0.

Proposition 1 shows that the differential tax channel disappears in a framework where wage-

15We assume that the income effect does not exist or is smaller than the substitution effect, producing that
substitution effect prevails.

13
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earners and self-employed face the same tax scheme as in the Chilean context.'® This fact allows
us to isolate the evasion channel when marginal tax rates change empirically. Also, because of the
Chilean setting, any tax change should affect self-employment decision through evasion because
wage-earners and self-employed face the same tax scheme. We argue and demonstrate in Section
1.6 that the evasion channel is a critical determinant of the occupational decisions in this framework,

driving the effect of taxes on self-employment decisions.

1.3 Income Tax Reform in Chile

This section describes the Chilean income tax system’s characteristics, explains the income tax
reform exploited for the analysis, and describes the workforce evolution for the period studied.
Our identification strategy relies on the capacity to isolate the evasion channel from the differential
taxation effect, taking advantage of the Chilean tax schedule’s specific structure and a quasi-

exogenous variation in the tax structure across taxable income tax brackets.

1.3.1 Chilean Income Tax System

The Chilean workers’ income is levied under a global tax, named Complementary Global Tax
(CGT) which encompasses capital gains/earnings from the firm’s ownership and labor income. This
is a progressive marginal tax with a rate from 0 to 40% collected once a year in May. This tax
is implicitly declared every month or with every income realization, but in April, taxpayers must
submit an income declaration to the Chilean IRS (Servicios de Impuestos Internos in Spanish).
The IRS compares the tax declaration with the monthly information and classifies each taxpayer
into the corresponding income bracket. Since this tax category includes labor and capital earnings,
it comprises two different categories: the First Category Tax (FCT) and the Second Category
Tax (SCT). The FCT levies capital and/or firm’s gains and produce a tax credit over the CGT,
producing that high-income taxpayer have incentives to retain some gains and re-invest others.!”

Since we want to focus on workers instead of firms’ owners, we only consider changes in the SCT,

eliminating self-declared entrepreneurs from our data. This restriction eliminates potential prob-

16The differential tax channel means the effect in self-employment decisions motivated by a different tax scheme
between occupations.
17See Flores et al. (2020) and Fairfield and Jorratt De Luis (2016) for a detailed explanation.
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lems surging from changes in incentives due to tax differential between FCT and SCT.'® Moreover,
entrepreneurs may have different motivations and skills to the wage-earner or self-employment sec-
tor, implying low probabilities of a transition between these two groups of occupational choices (see
Perry et al., 2007). Thus, we focus only on the transition between wage-earner and self-employment.

Before explaining the SCT, clarify the distinction of taxpayers’ status. Wage-earners are workers
who face a third-party income report, having or not a long-term contract, but having an income
and payroll tax declaration through their employers. Opposite to this, self-employed workers fill an
invoice for their employers. This document is like a tax declaration, is filled at the IRS services (web
page mainly) and brings information about its gross labor income. The taxpayer should declare
whom, she or her employer, withheld a percentage of the gross income to pay income and payroll
taxes.'” Thus, self-employed paid taxes on their own. Also, a worker could have income from
wage-earner and self-employment occupations and have two types of declarations. This means the
transit cost from one occupation to another is zero, and the definition of each one depends on the
primary source of income or the self-declaration.

The SCT scheme is progressive, composed by eight income brackets given by a stable monetary
unit, the UTM (Monthly Taxable Unit).?° Under this tax scheme, self-employed and wage-earners
are levied with the same marginal tax rates producing that do not exist differential tax incentives
between both occupations. The marginal tax rate (MTR) goes from 0 to 40 percent. In Table
1.1 we show these rates for each income bracket in 2013 (there are the same now), also in Figure
1.6 we show the same visually and compares MTR for each income bracket before and after-tax
changes (explained below). The taxable income comprises the gross income minus the amount
paid in health insurance and pensions, thus, taxable income equals 83 percent of the gross income.
For self-employed workers, taxable income is equal to the income filled in its declaration. Some

deductions exist for workers but are related to tax incentives for voluntary retirement savings.

8Differences in marginal tax rates between FCT and SCT create incentives to change the labor status of a worker
and declare some income as capital gains from a small business or firm.

19Before 2020, a taxpayer could decide if the IRS retains its payroll taxes or not. If she prefers to pay its payroll
tax on her own, the IRS retains 10 percent of the gross income. After 2020, this decision does not exist, and the
retention raises 0.75 percentage points by year to reach 17 percent, 10 percent for labor taxes, and 7 percent for
payroll taxes. In Chile, health insurance has a mandatory payroll tax of 7 percent and pensions 10 percent of the
gross income, or taxable income if applied, for wage-earners.

20The UTM (Unidad Tributaria Mensual in Spanish) is updated using the CPI. This produces stable thresholds
for each income bracket across years.
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1.3.2 2013 Income Tax Reform

The Educational Reform introduced in 2013 aimed at increasing the resource available for the
educational system.?! As a part of this reform, the SCT was reduced, affecting the marginal tax
rates of six over eight of the income brackets. In Table 1.1, we show the marginal tax rate before
and after the policy and the changes in the marginal tax rates by income bracket, and in Figure

1.6, we represent it graphically.

Table 1.1: Income Tax Rates and UTM bounds for 2012 and 2013

Bracket UTM 2012/3  Tax Rate 2012 Tax Rate 2013 A%

1 0 to 13.5 0% 0% 0%
2 13.51 to 30 5% 4% - 20%
3 30.01 to 50 10% 8% - 20%
4 50.01 to 70 15% 13.50% - 10%
5 70.01 to 90 25% 23% - 8%
6 90.01 to 120 32% 30.40% - 5%
7 120.01 to 150 37% 35.50% - 4.05%
8 150.01 or more 40% 40% 0%

Note: UTM, Monthly Tributary Unit. Source: Own elaboration based on the IRS.

Table 1.1 shows that the policy reform did not affect the first income bracket, which maintained
their marginal tax rate equal to zero. The reform only affected agents who faced a positive marginal
tax rate, and the magnitude of the tax changes differs by income bracket, introducing heterogeneity
for different taxable income levels from the second bracket up to the eighth. This implies that tax
incentives for evading did not change for the income bracket one but it was for other brackets.
Also, the tax reform did not produce a tax differential between self-employed and wage-earners,

both occupations still are levied under the same tax scheme.

2!The reform increased the financing for the educational system in Chile. It consisted of three main pillars: 1) an
increase in the provision of preschool education to reach 60 percent of the most economically vulnerable households;
2) an increase in the government subsidies to primary and secondary education in 21 percent, and 3) an increase in
the aid and scholarships to students to attend tertiary education.
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Although falling in the marginal tax rate is small in percentage point, normalizing it allows
appreciates the significant effect that the policy has in some brackets. The tax falls go from 20
percent for income brackets two and third to 5 percent for top brackets. This means a progressive
policy since lower-income workers had a higher fall in the marginal tax rate. These facts produce two
potential effects on agents’ decisions. First, it would imply a falling in evasion due to diminishing
the marginal gains from evading. Second, since evasion is less attractive, incentives to participate in
the wage-earner sector increases. Considering that most Chilean workers belong to the first income
bracket, these changes only affected less than half of the workforce.??

This policy aims to increase tax collection to finance education, but the marginal tax rates in
the SCT were reduced between the second to seventh income brackets, and the average tax was
reduced in the eighth bracket. Two elements explain this fact. First, since tax collection from the
SCT is half of FCT, a reduction in the marginal tax rates in the SCT does not produce a more
prominent distortion in tax collection.?® Second, the policy includes raises in the FCT from 20
percent to 25 percent in 4 years and a fall in tax evasion in 0.5 GDP points. These policies were the
only tax incentives that affected wage-earners and self-employed during the period studied (2006/7
—2016/7).

The policy attracted high interest from different policymakers and policy parties, however, it
did not produce that taxpayers anticipated it. This can be seen in Google search, where any topic
related to this policy was not among the ten most searching topics, the same happens for 2014.%4

This evidences that the majority of taxpayers did not anticipate this reform.

1.3.3 Workforce Evolution across the Period

The Chilean workforce is composed mainly of wage-earners, who represent three-quarters of
the whole workers. The other relevant groups are employers, self-employed and non-remunerated
family members. The self-employment sector is the second biggest group, representing 22% of the

workforce in 2016/7. The evolution of both groups is relatively stable across years (See Table 1.13),

228ee Figure 1.2 to a graphical exposure of this fact in the sample.

23Tax collection from the SCT represents 20.3 percent of the income tax collection or 7.9 percent of the whole tax
collection in 2020. The principal source of tax collection is the VAT (49.32 percent) and for the income tax collection
is the FCT (56.25 percent). This result shows that SCT produces a small revenue but is the third revenue source
behind VAT and FCT.

24Figure 1.7 shows the searching interest across 2013 and 2014 for items Educational Reform and Tax Reform
compared with the tenth most searching item in the corresponding year.
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but the conformation across deciles or income brackets do not follow a clear pattern.

Focusing on the household head employment type, Table 1.13 displays the distribution of self-
employed and wage-earners workers across the income brackets. Two important facts emerge from
this table. First, the self-employed and wage-earners distribution is homogeneous across the period.
Independently of the occupation type, most workers are excluded from paying taxes given their
taxable income (i.e., they belong to the first income bracket). However, as Figure 1.2 shows,
a higher share of self-employed workers falls in income bracket one compared to wage-earners.
Second, the percentage of self-employed increased from 2006/7 to 2012/3 but decreased in the last
year, being the income tax policy change of 2013 a potential explanation for the trend change.
Also, the self-employment rate in the second bracket increases across years, this is the first bracket
with a positive marginal tax rate. The 2013 reform might partially explain this fact. Additionally,
Figure 1.2 shows that only a small group of workers face a tax rate bigger than 10 percent (from

the third bracket onward).

Figure 1.2: Occupation Densities and SCT
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Note: Left y-azis shows the percentage of agents in the pre-reform period, and the right y-axis shows the marginal tax
rate. The estimation is made without sample weights. Source: Own elaboration based on the EPF and Chilean IRS

data.

Concerning the evolution across income deciles, Table 1.14 displays the percentage of self-

employed by this income desegregation. The general conclusion is that a general pattern does not
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exist, like desegregation by income brackets. In this sense, we do not see a monotonic behavior
across deciles and years. For instance, the sixth decile shows an inverted U-shape, but the second
decile is the opposite. Additionally, in any survey release, we cannot see a monotonic decrease
in self-employed participation across deciles. For example, in 2006/7, decile sixth shows a more
significant rate than fifth and seventh; and in release 2016/7, the same happens for deciles eight,

seventh and ninth.

1.4 Relevant Definitions and Database

The data source for this study is the survey Encuesta de Presupuestos Familiares (EPF) micro-
data from Chile, collected by the Instituto Nacional de Estadisticas (INE). This cross-sectional
data is a socio-economic survey applied to households that includes data about its members’ main
job employment characteristics and expenses and incomes for a given period. For consistency
in expenditures and income measures, we use the last three releases of the survey (i.e., 2006/7,
2011/2, and 2016/7).%° The survey covers Gran Santiago and the regional capital cities, with some
metropolitan areas (60 communes).

The survey’s frequency and collection periods allow us to estimate the relationship between
tax evasion and employment choice for two main reasons. First, the Educational Reform imple-
mentation was between the collection of the EPFs 2011/2 and 2016/7. Second, although short,
the spanned period allows us to control trends in workers’ employment decisions. Considering
these characteristics, we can assess the effect of policy changes in marginal tax rates given by this
exogenous variation.

We use the Encuesta de Presupuestos Familiares because it provides the two relevant outcomes
in this study: agent’s occupation and evasion. This survey captures the household income and
expenses, asking about the agent’s occupation and income and its expenditures in specific periods.
Since our primary method to capture evasion is comparing food expenditure and income through
an Engel curve, we need an accurate measure of both variables to capture the evasion measure
(explained in Section 1.5).

The critical variables that we use across this study are expenditures, incomes, and agent’s

2%While the first release of this survey is 1956/7, there are some differences between the oldest releases about
geographical coverage, the methodology for measuring expenditures and income, and other relevant characteristics.
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occupations. From the agent’s self-declaration, we determine the occupation type of each one:
self-employed, wage-earner, entrepreneur, domestic worker, and non-remunerated family member.
Thus, a self-employed or wage-earner worker is an agent whom self-declared participating in this
occupation. In our empirical analysis, we consider only these occupations (self-employed and wage-
earners). All variables are self-declared by agents, however, expenditures variables need to present
evidence, for example, a bill, to make a consistent record about household spending.

Regarding expenditure variables, the survey measures acquired consumption as the final con-
sumption expenditure.?® The data collection time frame consists of 15 days in which all household
members aged 15 years and older register their expenditures, including recurrent expenditures (wa-
ter, electricity, contributions, rental, and others) based on the last paid consumption. We consider
two measures of expenditures in the analysis: total family expenditures and food expenditures.
The first refers to total household outlays, including spending on non-durables, durables, educa-
tion, health, transportation, recreation activities, and other expenses. Food expenditures are only
expenses on food and non-alcoholic beverages. We use food expenditures as the primary expendi-
ture variable since patterns of expenditures could be different for self-employed and wage-earners,
and restricting it to food expenditures would mitigate this concern.

The primary income measure used is after-tax total family income, including income as wage-
earner and self-employed, property income, and transfers (pension and financial income). To test
the robustness of our estimations to this measure, we use the household’s total taxable income from
wage-earner and self-employment work.

Concerning the tax measures, we construct a measure of tax liability based on agent’s taxable
income. We construct a measure of taxable income by reverse tax engineering from the after-tax
income declaration (for the year 2007) or using the declared labor income (for the remaining years),
obtaining a before-tax income measure.?” We recover before-tax income using the after-tax income
by imputing tax liability obtained using the yearly corresponding tax scheme. Then, based on the
taxable income measure, we assign each taxpayer to the corresponding income bracket in each year
and compute tax variables for each of them.

We restrict the sample to households with a head between the ages of 20 to 59 years (inclusive)

26Final consumption expenditure corresponds to goods and services consumption acquired and used by the house-
hold. We adjusted the variables by CPI (Base=2017).
2"Only in EPF VI, year 2007, declared labor income is net of taxes.
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who report being self-employed or wage-earners in the main occupation. Domestic workers are
excluded as mainly being employed informally and, also, entrepreneurs are excluded since their
might face capital taxation. Also, we drop households with no reported income or expenditures or
with null head’s income. Hence, our sample is based on agents who declare an occupation (self-
employed or wage-earners) and a positive income. In this sense, we focus on agents that belong to
the labor force and make an occupational decision, taking away the informality issue.?®

Table 1.2 shows descriptive statistics of the sample population. Most of the workers aged 20 to 59
years are male. The percentage of the sample population that never attended school/has preschool
education is very low. Most of the workers have (complete or incomplete) high school or higher
education, increasing the average educational level across the period. The working population
comprises mainly wage-earners (more than 75 percent) with a significant share of self-employed
workers (21 percent on average). Regarding households’ characteristics, they have four members,
on average, and the percentage of single-parent families has been increasing across the period from
26 percent in 2006/7 to 31 percent in 2016/7. A high share of total household reported income

is destined for food consumption, representing approximately 18.4 percent, on average, of total

expenditures.

28We refer to informality as an agent who declares positive income but does not declare an occupation. We assume
that agents who avoid either labor or payroll taxes but declare an occupation and positive income are formals that
evade taxes.
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Table 1.2: Summary Statistics about Sample Population of occupied workers in age-group 20-59 years

VARIABLES 2006/7 2011/2 2016/7
Male 0.60 0.56 0.56
(0.49) (0.50) (0.50)
Age-Group
20-29 years 0.25 0.25 0.25
(0.43) (0.43) (0.43)
30-39 years 0.28 0.25 0.27
(0.45) (0.44) (0.44)
40-49 years 0.28 0.27 0.25
(0.45) (0.44) (0.43)
50-59 years 0.19 0.23 0.24
(0.39) (0.42) (0.42)
Education Level
Never Attended/ Preschool 0.00 0.00 0.00
(0.06) (0.07) (0.05)
Primary School 0.14 0.14 0.10
(0.35) (0.35) (0.31)
High School 0.50 0.47 0.43
(0.50) (0.50) (0.50)
Higher Education 0.35 0.38 0.46
(0.48) (0.49) (0.50)
Occupation Type
Employer 0.02 0.02 0.02
(0.15) (0.15) (0.14)
Self-employed 0.21 0.20 0.22
(0.41) (0.40) (0.41)
Wage-earner 0.76 0.77 0.76
(0.43) (0.42) (0.43)
Non-remunerated family member 0.01 0.00 0.00
(0.08) (0.06) (0.05)
Household Size 3.92 3.88 3.62
(1.69) (1.68) (1.63)
Single-parent family 0.26 0.28 0.31
(0.44) (0.45) (0.46)
Total Household Income 990,479 1,173,078 1,323,117
(1,120,389)  (1,440,891)  (1,460,529)
Total Household expenditure 992,721 1,061,964 1,226,869
(1,076,354)  (1,082,477) (1,124,849)
Household Food Expenditure 183,131 193,532 226,910

(124,384)  (144,336)  (164,214)

Note: Ezxpenditure variables measure the effective expenditures in consumption of goods and services acquired and used
by the households. Income and expenditure variables are measured in Current Chilean Pesos. Standard Deviations in

parentheses. Source: Own elaboration based on the EPF data (2006-2017).
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1.5 Measuring Tax Evasion

1.5.1 Empirical Strategy

Measuring tax evasion is not straightforward.?? Following Pissarides and Weber (1989), most
of the empirical literature on tax evasion measurement focuses on comparing self-employed and
wage-earner to measure tax evasion. We follow this methodology by comparing Engel curves for
self-employed and wage-earners in Chile. Specifically, we follow the paper of Hurst, Li and Pugsley
(2014), where the authors quantify the extent to which the self-employed under-report their income
in the U.S. using household surveys through Engel curves. We extend this paper by incorporating
heterogeneity in the evasion measure.

Engel curves describe the relationship between workers’ income and expenditure. By comparing
differences in the Engel curves of wage-earners and self-employed, we infer the actual income of the
last group and, thus, the self-employed reporting gap based on their reported expenditures. The

measurement relies on four main assumptions:

1. All income groups report expenditure on food correctly,
2. Employees report income correctly,
3. Self-employed workers under-report their income,

4. Conditioning on observable characteristics, wage-earners and self-employed workers have the

same preferences on food consumption.

Although this methodology is not out of critiques (see, for instance, Engstrom and Hagen, 2017;
Kukk and Staehr, 2017), this is a widely used method which assumptions seem to be verified for
Chile’s workforce.

First, total food expenditures density functions are similar between wage-earners and self-
employed (see Figure 1.8 in Appendix), ratifying assumption one. Regarding assumptions two
and three, compared to self-employed workers, wage-earners cannot evade taxes since a third party

reports their salary.>® The reported income comparison reflects that household and household

2See Schneider and Enste (2002); Alm (2012); and Slemrod and Weber (2012) for detailed discussion about the
many approaches for measuring tax evasion.

30This assumption is confirmed in the literature. See Slemrod (2019) for a general discussion, Kleven, Kreiner and
Saez (2016) for a theoretical explanation about the collusion difficulties between agents and firms, and Kleven et al.
(2011) for an empirical demonstration that evasion is low in the wage-earner sector.
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head personal income reports differ by occupation, reflecting misreporting, giving support to this
assumption.

We consider only two kinds of household: self-employed and wage-earners and salary (here-
after referred to as wage-earners, indistinctly). Self-employed households are households where the
head reports being self-employed in primary employment. As robustness, we use two alternative
definitions. The first definition is according to which a household is self-employed if the head or
the couple is self-employed; we denominate this as mix definition. This definition accounts for the
possibility that the joint household income could finance expenditures within the household, and
tax evasion decisions could take place even when only one member of the couple is self-employed
(Hashimzade, Myles and Yousefi, 2020). The second definition is as in Hurst, Li and Pugsley
(2014), restricting the sample to households with a male head and without a self-employed couple;
we denominate this as HLP definition.

As a first approximation of the Engel curves, Figure 1.3 shows the non-parametric estimates
of the total food expenditure Engel curves, estimated separately for the wage-earners (green line)
and self-employed (dashed blue line) households and each data wave.>! While both curves have a
positive slope, wage-earners register a linear relationship between total household income and food
expenditure. This pattern is more variable across the income distribution of self-employed, being
the differences more evident in the tails. Moreover, the curves display higher food expenditures for

a given income level, on average, for self-employed relative to wage-earner households.

Figure 1.3: Non-parametric Estimates of Total Food Expenditure Engel Curves
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Note: Non-parametric estimates of the natural logarithm of total food expenditure and household income were obtained

after controlling for a set of covariates. Source: Own elaboration based on the EPF data.

31Figure 1.9 in the Appendix shows the Engel Curves for each survey releases with mix household definition.
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1.5.2 Regression Model

Hurst, Li and Pugsley (2014) assume that all self-employed households have the same mis-
reporting rate of their current income. However, the misreporting rate may depend on different

household characteristics and, thus, be different across household types.??

We extend their ap-
proach by including in the regression model interaction terms between the self-employed household
indicator and a set of household head characteristics (education level, age, and gender), introducing
heterogeneity in the measure of tax evasion at the household level.

Hence, combining a first-order approximation of the Engel curves for wage-earners and self-

employed households, we estimate the following regression model in the pooled cross-section con-

sidering the years ¢t = {2006/7,2011/2,2016/7}:

Incig = a+ BInyit + v0iDit + V1, Dit X Zit + T’ Xige + 61 + €ine (1.3)

where k is the type of occupation of the household i, whether it is wage-earner (k = W) or
self-employed (k = S). Incjk is the natural logarithm of the final food consumption expenditures
of household i of type k in year t. In g, is the natural logarithm of the current household income,
being B the income elasticity that is common across occupations by assumption. Dj; is a dummy
variable that indicates whether the household i is self-employed (wage-earner, otherwise) in year
t. This variable is also interacted by indicator variables of household head characteristics Z;,
such that 4, is a vector of coefficients (one for each interaction term) that captures the difference
in income between self-employed households 7 with specific characteristics and the average wage-
earner household with equal consumption, ceteris paribus. Vector Z;; includes age-group indicators
(7 groups), education level indicators (secondary and superior), and male indicator.

The vector X;i; includes a set of demographic controls, allowing a higher precision in the
identification of the transitory income. This vector includes an indicator of whether the household
head is male; whether the household head has a couple; a series of indicators of the household
head’s couple employment status; household head education-group dummies; a series of household
size dummies; an indicator of whether there is at least one dependent child (i.e., under 15 years

old) in the household, and dwelling tenancy status indicator as a proxy of household’s wealth. e

32The empirical evidence explains the heterogeneity in evasion behavior (Alstadseeter, Johannesen and Zucman,
2018, among others).
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represents the transitory income’s unpredictable components that are unobserved determinants of
household consumption, and d; is a year fixed effect.

Under the assumption that households can borrow and lend in asset markets, a more precise
specification of the Engel curve would require using the permanent income instead of a combined
measure with a transitory component as the determinant of household consumption. However, this
would require counting with panel data to disaggregate the income in its permanent and transitory
components. Provided this data limitation, the Engel curve assumes that current income is a good
proxy of permanent income, as derived in Hurst, Li and Pugsley (2014). According to the authors,
it is reasonable to assume that all households accurately report current income, 1;x;, which is a
measure of permanent income plus a transitory component. Unlike Hurst, Li and Pugsley (2014),
we assume in equation (1.3) that self-employed households can misreport their income differently.
Therefore, the linear combination of ~; coefficients will be equal to —f(Iny;s¢ — Iny;w¢), where
the difference in permanent incomes between occupations gives a measure of the self-employed
household reported income, In x;g5. The critical assumption to estimate « is that the Engel curve
parameters across wage-earner and self-employed households are equal.

This method allows the possibility of having negative misreporting rates for some households,
ie., 1 — kg < 0.33 We interpret these values as self-employed households honestly reporting their
income and consuming less than a wage-earner worker with the same characteristics. Therefore, we
replace negative misreporting rates with a zero value, evidencing that these workers do not evade,
and identifying the extensive (i.e., the decision of evading taxes) and intensive (i.e., the amount of
taxes evaded) margins in tax evasion behavior.

A potential endogeneity concern arises from estimating the Engel curve in equation (1.3) since
wealthier households might have higher expenditure and, at the same time, more spending may
require a higher income. Another source of endogeneity may be associated with a taste for con-
sumption that may lead to working extended hours or self-selecting into jobs with higher marginal
returns. Moreover, household income self-reports may be subject to Classical Measurement Error.
To mitigate these issues for the identification of tax evasion, we follow Hurst, Li and Pugsley (2014)
using an instrumental variable approach to estimate the Engel curves using the household head’s

industry sector indicators as instruments for total household income. In this approach, the exclu-

33Negative misreporting rate ranges from 14 to 16 percent of the sample in the pool specification.
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sion restriction means that evader agents have a higher income than the reported allowing them
to consume more than wage-earners with the same reported income. To capture the actual agent’s

income well, it is necessary to instrument income to clean the bias that evasion produces.

1.5.3 Estimated Tax Evasion Rates

In Table 1.3 we present the estimation of the tax evasion rate (i.e., the percentage of non-declared
income) and extensive margin of evasion (i.e., the percentage of self-employed who evade taxes)
among self-employed households.?* Since the percentages are conditional on being a self-employed
household, we interpret these results as an estimation of evasion behavior. These estimations as-
sume that households with negative predicted misreported income are, in fact, not evaders and
misreported income for these households is null.?® In Table 1.11 in Appendix 1.9.1 we report
the second stage coefficient estimates for the income variable and the mean self-employed linear
combination of the interaction terms and the misreporting measure using the Engel curve in equa-
tion (1.3) following an IV approach. These results show the robustness of our estimation to the

alternative definitions of self-employed households.

31In Table 1.15, we also provide the the intensive margin (i.e., the average evasion rate among evaders).
35Since there are no significant differences between predicted residuals for evader self-employed households and the
whole sample, we do not expect any bias from taking this assumption.
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Table 1.3: Estimation of Tax Evasion: Evasion Rate and Percentage of Evaders

EPF Survey
2007 2013 2017  Average

Panel A: Main Specification

Evasion Rate 11.44%  9.98% 11.26%  10.89%
% of Evaders 83.16% 84.84% 86.13% 84.71%

Panel B: Household Head Mix

Evasion Rate  6.89%  6.36%  7.43% 6.89%
% of Evaders 45.09% 46.06% 49.88%  47.01%

Panel C: Household Head Occupation following HLP

Evasion Rate 11.90% 9.93% 13.31% 11.71%
% of Evaders 77.43% 76.33% 81.56%  78.44%

Note: Evasion Rate refers to the mean misreporting rates over self-employed households. % of Evaders indicates the
percentage of self-employed households with a positive misreporting rate. The means of the estimated coefficients were

calculated after replacing negative misreporting rates with zero. Source: Own elaboration based on the EPF data.

The main results of our estimation are in Panel A. We find that the average evasion in the
self-employment sector is 10.89 percent, 12.87 percent and 84.71 percent the average evasion for
evaders and % of Evaders, respectively.?® The U-shape at the evasion rate in Panel A, with a
substantial raise after the tax reduction in 2013, would indicate a changing behavior of evaders
at the margin to formalize their work because they evade less at the margin. We explore these
explanations formally using the empirical model in Section 1.6.37

Comparing Panel A with Panel B, a stricter self-employed household definition in Panel A
produces higher misreporting rates at two margins of adjustment: Evasion Rate and % of Evaders.

In all Panels, the evasion rate displays a U-shape. The difference of our primary specification with

Panel B would reflect the differential behavior of households in which the couple is self-employed

36The average evasion for evader is displayed in Table 1.15 in the Appendix.
37In Table 1.12 in the Appendix we show the results in the cross-section estimation.
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and the household head a wage-earner. The comparison between panels A and C reflects the effect
of focusing only on male heads without a self-employed couple. We find similar results.

In addition, we compare the evasion rate for evaders, presented in Table 1.15, with misreporting
rate obtained from using HLP’s method. The results show a downward bias in the estimate of the
misreporting rate using the HLP’s method in column (3) of Table 1.11, which could be explained
by the increased explanatory power given by allowing heterogeneity in the misreporting.

The Evasion Rate is the measure that we use in the empirical estimation since it represents the
self-employment sector and not only evaders. This measure allows us to compare better the effect of
evasion on self-employment decisions by incorporating the non-evasion decisions that might affect
them. Hence, to avoid some bias and to provide a complete meaning of the evasion incentives, we

incorporate the zero-evasion decision and use the Evasion Rate measure.

1.6 Tax Evasion Effect on Self-employment Decisions

Our theoretical model presented in Section 1.2 evidence that tax evasion effect on self-employment
decisions comes from two channels: taxable income and evasion. While the first channel relates
to taxable income in the self-employment sector, the second channel encompasses the direct effect
of evasion on occupational decisions. This section estimates the second channel taking advan-
tage of the Chilean tax system that eliminates the differential tax effect on the taxable income:
wage-earner and self-employed are levied with the same tax scheme. Furthermore, we exploit a
quasi-experimental tax rate variation due to the 2013 Chilean tax reform to address endogeneity

concerns in the causal relation between self-employment and income tax evasion.

1.6.1 Identification Strategy
Difference-in-Difference (DID) Approach

As we show in Section 1.2, self-employment and evasion decisions are simultaneous. This
is because agents anticipate how much income to hide to the tax authority in self-employment,
producing that evasion behavior alters the comparison between occupations.>® We use the Chilean

setting and the 2013 tax reform to deal with this problem because of two main benefits. First,

38 As more extensive evasion is, the larger the incentive to participate in occupations where it exists.
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the reform affected both sectors equally, dropping out the differential taxation problem. Second,
the reform changed the marginal tax rates differently across income brackets (See Table 1.1).
Specifically, the first income bracket, which faces a marginal tax rate equal to zero, did not suffer
a tax change, while the marginal tax rate fell for the rest of the income brackets.?* This produced
that agents in the first income bracket maintained their incentives to evade, while evasion incentives
fell for self-employed that paid taxes because of the decrease in the marginal tax they faced. Thus,
the quasi-experimental tax rate variation affected the agents’ evasion incentives differently without
directly changing their self-employment decisions. We use the different intensities in the treatment
to identify the causal effect of evasion on self-employment decisions.

Given the explanation above, the policy reform setting easily translates to a difference-in-
differences (DiD) research design. We follow this approach exploiting the differential treatment
intensity in the tax reform. Our strategy follows the literature that begins with the seminal paper
of Feldstein (1995) that exploits a cross-sectional variation generated by the 1986 tax reform in the
US. In our case, we use the cross-sectional variation produced by the 2013 tax reform in a pooled

cross-section.

Assigning Treatment Status

The policy reform created two groups, depending on income brackets, separating the sample
between agents affected by tax falling (treated) and those who maintained the same marginal tax
rate (controls). Hence, our comparison relies on the differential tax effect between agents who
faced a positive marginal tax rate and those who did not, before and after the policy. This DiD
comparison enables us to isolate the evasion channel and control for factors that simultaneously
affect both groups, like economic or sectorial fluctuation or demand-side effects.

The treatment status depends on two facts in our setting: the agent’s income and the income
brackets. These elements might have some empirical issues. Related to agents’ income, mean
reversion and tax effects on taxable income might produce problems in the treatment stratus.
Since we use a pooled cross-section sample, mean reversion is not a problem, and the tax effect on
taxable income will be treated later because it can invalidate our empirical strategy. Also, being

treated relies on the income bracket that an agent belongs to, producing that using income brackets

39 As shown in Table 1.1, agents who faced a positive tax liability suffered an average fell of 5.8% in their marginal
tax rates, going between 4% to 20% depending on the income bracket.
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across the period to assign treatment status appears reasonable. However, either the number or the
bracket’s threshold might change. This is not a problem in the Chilean context since the brackets
threshold depends on the UTM (a stable monetary unit), allowing us to follow each bracket across
the period studied.

Therefore, a treated agent is an agent who belongs to an income bracket bigger than the first.
In other words, an agent is treated if it belongs to the second income bracket up to the eighth in
each cross-section. Using the bracket threshold in UTM, we assign the treatment status in each

cross-section, obtaining a characterization of treated and controls across the period studied.

Estimating Equations

In a first step, we exploit the treatment intensity to identify the evasion behavior. To do that,

we estimate the tax reform’s effect on the evasion decisions using the following DiD specification.

FEvasiony; =aq + 614 + ¢1Policy/ Ty, + o111}y, + o1 Policy; + Xy + Vine (1.4)

FEuvasiony, is the share of tax evasion on total reported income of household head h in year
t, being t = {2006/7,2011/2,2016/7}. T} is a dummy indicating whether the household head h
belongs to the treatment group; Policy; is a dummy indicating if the year corresponds with the new
taxation regime (i.e., 2016/7). « is a constant, d; is a year fixed effect, Xp; is a vector of household
and individual socio-economic characteristics that includes a male indicator, age-group dummies,
education-group dummies, marital status, couple’s occupation type, household size dummies, owner
dwelling indicator, single-parent family indicator, a child under 15 years in the family indicator,
1-digit industry-codes dummies, and agent’s gross income. We correct for inconsistent answers
that can potentially bias our estimates by restricting the sample dropping the 10 percent lower-
and upper-tails of the food expenditure distribution, since some households report low (high) food
expenditures but high (low) head income.*’ To address some heteroscedasticity problems, we use
robust standard errors.

Equation (1.4) measures the effect of tax policy on the tax evasion rate, given by the coefficient

¢1. This coefficient provides a measure of the evasion changes that are necessary to obtain the elas-

49These inconsistencies might be associated with evasion behaviors that cannot be captured with our data.
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ticity of evasion to the marginal tax rate ., one component of the evasion channel in Proposition
1. The relevance of identifying evasion channel is to assess the importance of evasion behaviors in
tax changes’ effect on self-employment decisions.

In a second step, we focus on obtaining the critical relation of interest: evasion incentives
effects on self-employment decisions. The way to capture that relation is by estimating the evasion
rate’s effect on self-employment decisions using the DiD set up to solve the empirical problems.

Particularly, we estimate the following regression

SEn: =ag + d9p + ﬁlEvasionht + o127, + aggPolicyt + Xht’}/g + Uoht (15)

where SE}; is a dummy variable that indicates if household head h in year ¢ is self-employed
(or wage-earner, otherwise).

As we mentioned and explained in Section 1.2, agents anticipate their evasion decisions pro-
ducing that self-employment and evasion decisions are simultaneous. Thus, by using the variation
in the evasion rate given by the tax reform, we solve the endogeneity problem in the causal rela-
tion of evasion on self-employment decisions. Specifically, we instrument Evasiony; with the DiD
interaction Policy; Ty to estimate (1 that identifies the effect of tax evasion on self-employment
decisions. By using this coefficient, we compute occupational decisions semi-elasticity to evasion,
NH,e in Proposition 1, and joining this parameter with e.; we can estimate the evasion channel
Ee,tNH e-

The Instrumented Difference-in-Differences (IV-DID) approach (see Hudson, Hull and Lieber-
sohn, 2017; De Chaisemartin and d’Haultfoeuille, 2018) solves the endogeneity problem under the
assumption that the individual unobserved effects do not correlate with the assignment into the
marginal tax rate policy change.*! We trust the validity of this assumption since workers were
assigned into income brackets based on their taxable income, predetermining their treatment as-
signment. Under this assumption, the policy change becomes a valid instrument of tax evasion.

Note that, intuitively, 81 in the IV-DiD model relates the tax policy effects on evasion with
the evasion effect on the self-employment decisions. We can interpret that coefficient as a Wald

estimator, i.e., the ratio between the reduced form and the first stage (equation (1.4)), where the

“1Other papers that follow a similar empirical approach are Duflo (2001) and Sigurdsson (2019).
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reduced form is

SEht =3 + 53t + wlPolicytTh + o131 + 0’23POlicyt + Xht'}/3 + U3ht (1.6)

Notice that ; captures the change in the probability of being self-employed due to tax re-
form. Hence, we can construct the occupational decisions semi-elasticity to tax changes 7, the
behavioral parameter that captures the whole effect of taxes on self-employment decisions defined

in Proposition 1. Using that, we are able to assess the relevance of evasion channel in the whole

€e,tTH, e

effect of taxes on self-employment decision by -

Validity of Identification Assumptions

For the valid identification of the effect of tax evasion on self-employment choice, the policy
change instrument needs to satisfy Instrumental Variable (IV) and DiD assumptions.

Concerning DiD, parallel trend assumption is basic to ensure that treated and controls are well
defined. We look for a similar behavior between groups in the pre-policy period, which indicates
any change in groups’ behavior is attributable to the policy, producing that controls are a useful
counterfactual measure to capture the policy effects by comparing them with treated.*> For the
evasion rate, Figure 1.12 shows the evolution of controls (blue line) and treated (red line) in a
non-parametric (Panel (a)) and parametric (Panel (b)) estimations. In both Panels, both groups
moved similarly before the reform, evidencing a decrease in the evasion rate. Thus, the figure shows
compelling evidence of non-differential pre-trends in the evasion rate. On the other hand, Figure
1.13 shows the evolution in self-employment rate across years between controls (blue line) and
treated (red line) in a non-parametric (Panel (a)) and parametric (Panel (b)) estimations. Similar
to the evasion rate case, the self-employment rate follows the same trend in both groups before tax
reform. This indicates a non-differential pre-trend in the self-employed rate.

Another important assumption is that the treatment has no compositional effects, i.e., control
and treatment groups’ differences should be unaffected by the policy. To verify the compositional
effect, we use a DiD approach similar to equation (1.4), using each control variable (those in

vector X) as a dependent variable and controlling only for year fix effects. The relevant coefficient

42Gince we use three surveys, we only have three points to verify the parallel trends assumption. Specifically, we
only have two years, or releases, before the policy.
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is Policy x Treatment because it captures any difference between controls and treated in the
dependent variable due to tax reform. Figure 1.14 shows these coefficients. Almost all control
variables did not change because of the tax reform, and only three over seventeen variables are
statistically different from zero. However, the difference is small enough to argue that the effects
are not economically significant. Thus, the reform did not modify the groups’ composition.

Concerning the IV identification requirements, the instrument’s relevance is tested by equation
(1.4). This is verified in Table 1.4 that shows an F-statistic larger than 10 in each specification and
the relevant coefficient is always significant at 1%.

While the tax reform generated quasi-exogenous variation on the occupational decisions, it could
have affected the taxpayers’ reported income that determines the exposure to treatment for agents.
Hence, the exclusion restrictions deserve more attention in our setting. In our regression model,
the exclusion restriction relies on the potential self-selection of workers into treatment or control
groups based on their tax misreporting behavior or adjustments in the intensive labor margin. To
address this potential issue, we follow the traditional procedure in the elasticity of taxable income
literature (see, for instance Gruber and Saez, 2002; Kleven and Schultz, 2014; Saez, Slemrod and
Giertz, 2012; Weber, 2014) using the pre-treatment data to obtain a predicted income variable

without the behavioral responses. Concretely, we estimate the following regression model

The = g4 + N + Xpepr + Industrypipo + vpg

where xj; is the reported income for the household head h in year t and Industryy,; is a vector
that contains a set of the household head’s industry-sector of activity dummies. We regress this
equation for years t = {2006/7,2011/2} and obtain a declared income prediction for 2017. We use
this prediction to assign agents in 2017 to the corresponding income bracket, getting a predicted
treatment variable.

Finally, we provide a sensitivity analysis to our IV-DiD estimation, following an IV approach
in which we use the net-of-marginal-tax rate as an instrument for the tax evasion rate. With this
approach, we can obtain a semi-elasticity that indicates the sensitivity of evasion to changes in the
net-of-marginal-tax rate. This analysis aims to provide a sensitivity analysis of the evasion effect on

self-employment decisions because we exploit the net-of-marginal-tax rate instead of the tax reform.
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Also, as a consequence, we can complement our analysis over the relevance of the marginal tax rate
in evasion behavior, providing the semi-elasticity to the net-of-marginal-tax rate. Specifically, the

empirical model is the following

Evasionps =as + 041 + ¢ In(1 — MTR) + Xpiya + Vape (1.7)

SEp =ag + d5¢ + BaEvasionn, + Xpeys + uspe (1.8)

Similarly to our main specification, we use the predicted income to obtain a predicted net-of-

marginal-tax rate to avoid self-selection problems.

1.6.2 Estimation Results
Tax Evasion Response to Policy Tax Change

This section presents the effect of the marginal tax rate (MTR) change due to tax reform
on the evasion behavior represented by the evasion rate. Our primary unit is the head of each
household, producing that our sample is composed of heads of households that are wage-earners
and self-employed.

Table 1.4 reports the baseline model (equation (1.4)) and the sensitivity analysis (equation
(1.7)). The pooled OLS estimation results of equation (1.4) are in columns (1) and (2), considering
the treatment variable (POLS treatment) and its prediction (POLS PT), respectively. Column (3)
shows the net-of-marginal-tax rate estimated effect (POLS MTR). Then, in column (4), we show
the estimation using the predicted net-of-marginal-tax rate (POLS PMTR). Results in column (2)
correspond to our preferred specification. In the final row, we provide the computation of the
corresponding elasticity. To obtain this parameter, we interpret the DiD estimation as the evasion
rate change, so we divide this coefficient by the average evasion rate in the pre-reform period to
obtain the percentage change in evasion. We obtain the same variation for taxes obtaining the
difference before and after the reform for the MTR between treated and controls, and dividing
it by the MTR in the pre-reform period. Finally, we obtain the elasticity of evasion to MTR by
dividing the percentage change in evasion by the percentage change in the MTR. This behavioral
parameter is part of the evasion channel described in Proposition 1, so it is necessary to measure

the relevance of evasion in the whole effect of taxes on self-employment decisions.
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Table 1.4: Effect of Tax Reform on Tax evasion

1 2 ®3) (4)
Dep. Vble: Evasion Rate POLS treatment POLS PT POLS MTR POLS PMTR

Policy 0.0073** 0.0082**

(0.003) (0.004)
Treatment 0.0344*** 0.0276***

(0.003) (0.003)
Policy x Treatment® -0.0104%*** -0.0206%***

(0.004) (0.004)
Ln Mg Net-of-Tax Rate -0.2620%** -0.2163***

(0.021) (0.021)

Observations 15,063 15,063 15,063 15,063
R-squared 0.212 0.208 0.215 0.208
F-statistic 33.71 33.86 35.03 33.98
Covariates v v v v
Year FE v v v v
Delta Tax® -0.016 -0.016
Mean Evasion® 0.026 0.026
Mean Tax? 0.028 0.028
Elasticity (¢/c/b/a) 0.701 1.395

Notes: Columns (1) and (2) report POLS estimates of the taz policy change and taz policy change based on predicted
treatment, and columns (8) and (4) of the effects of the met-of-marginal-tax rate and its prediction, respectively,
using the household sampling weights. Covariates include: male indicator, age-group dummies, education-group
dummies, marital status, couple’s occupation type, household size dummies, owner dwelling indicator, single-parent
family indicator, a child under 15 years in the family indicator, 1-digit industry-codes dummies, and agent’s gross
income (in Ln). Mean Evasion and Mean Tax are average weights for the whole sample. Robust standard errors in

parentheses. Significance level: *** p<0.01, ** p<0.05, * p<0.1.

The effects of the tax policy on the evasion rate are shown in columns (1) and (2). The tax
reform reduced the tax evasion rate by —0.0104 percentage points. Addressing potential endogeneity
concerns using the predicted treatment, the magnitude of the effect becomes considerably larger,
obtaining a —0.0206 percentage points reduction in the evasion rate. These results indicate that
behavioral components might downward bias the policy effect. As we mentioned, this coefficient

represents a change in the evasion rate, and we use this to obtain the elasticity of evasion to MTR
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equal to 1.39 (last row in column (2)). Evasion overreacts to changes in MTR since an increase of 1
percent in the MTR increases the evasion rate by 1.4 percent. Therefore, this behavioral parameter
highlights the relevance of the MTR as an economic incentive to tax evasion. Finally, this result is
robust to instrumenting gross income with its prediction or using the predicted income (see Table
1.16 and 1.17).

The impact of MTR on evasion is significant, and as we mentioned, it is evidence of the relevance
of tax incentives in evasion behavior. Kleven et al. (2011) also find a positive elasticity, but with
a smaller magnitude, 0.16 before audits and 0.085 after audits. This paper obtains the evasion
elasticity using a bunching approach instead of an exact measure of evasion like us. This difference
produces that our approximation captures the tax effect in the middle of income brackets, giving
a complete result of the evasion behavior. However, the difference also might be explained by the
lower tax administration capacity in our environment.

Results in column (3) show that an increase in the net-of-marginal-tax rate of one percent point
significantly decreases the tax evasion rate by —0.2620 percentage points. Using the predicted net-
of-marginal-tax rate in column (4), the coefficient falls to —0.2163. The magnitude of these results
reinforces the relevance of taxes in evasion behaviors. These results are robust to instrumenting
gross income with its prediction or using the predicted income (see Table 1.16 and 1.17).

The analysis over the elasticity of evasion to the MTR is robust to alternatives measures based
on household head’s and the couple’s occupation type (mix household definition), or a more ho-
mogeneous sample following HLP (see tables 1.18 and 1.19 in Appendix). However, the elasticities
magnitude sheds light on differences depending on the self-employed definition. Specifically, com-
paring the estimation results in the main specification with the mix and HLP definitions evidence
that households with a self-employed couple and with woman heads have an evasion less sensitive to

tax changes. This result reinforces the idea that tax evasion is also a household strategic decision.

Tax Evasion effect on Self-employment Decisions

This section shows the causal effect of tax evasion on the decision to be self-employed. Like
before, our primary unit is the head of each household, producing that our sample is composed of
heads of households that are wage-earners and self-employed.

Table 1.5 reports results of equation (1.5) and the sensitivity analysis of equation (1.8). Column
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(1) displays the pooled OLS estimate (POLS). The IV-DiD estimates of tax evasion as a determinant
of self-employment are exposed in column (2), where we use the tax policy change as an instrument
for workers’ tax evasion (IV-DiD), and in column (3), where we use the predicted treatment to
exploit the tax policy change (IV-DiD PT). The remaining columns show the IV estimates related to
the sensitivity analysis, so in columns (4) we use the net-of-marginal-tax rate as an instrument (IV-
DID MTR) and column (5) the predicted net-of-marginal-tax rate (IV-DiD PMTR). Our preferred
results are displayed in column (3). All the estimations are robust to instrumenting gross income

with its prediction or using the predicted income (see Table 1.20 and 1.21).

Table 1.5: Effect of Tax Evasion on Self-employment

1) 2 ®3) 4) )
Dep. Vble: Self-employment ~ POLS ~ IV-DiD  IV-DiD PT IV-DiD MTR IV-DiD PMTR

Evasion Rate® 2.9797*F%  6.5101%**F  6.1695%** 7.0437FF* 7.0003***
(0.059) (2.045) (1.108) (0.532) (0.630)
Policy 0.0034 0.0031
(0.012) (0.013)
Treatment 0.0030 0.0157

(0.064) (0.027)

Observations 15,063 15,063 15,063 15,063 15,063
R-squared 0.493 0.114 0.183 -0.010 0.001
F-statistic 248.4 67.97 71.84 64.50 64.73
F-stat. Weak Ident. 7.65 23.63 162.46 101.49
Covariates v v v v v
Year FE v v v v v
Mean Evasion® 0.026 0.026 0.026

Semi-elasticity (a x b) 0.077 0.169 0.160

Notes: Column (1) reports POLS estimates, in columns (2) and (3) evasion is instrumented using the tax policy
change and its prediction, and in columns (4) and (5) the net-of-marginal-tax rate, using the household sampling
weights. Covariates include: male indicator, age-group dummies, education-group dummies, marital status, couple’s
occupation type, household size dummies, owner dwelling indicator, single-parent family indicator, a child under 15
years in the family indicator, 1-digit industry-codes dummies, and agent’s gross income (in In). Mean FEvasion is
the average weights in the whole sample. Robust standard errors in parentheses. Significance level: *** p<0.01, **

p<0.05, * p<0.1.
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The effect of the evasion rate on self-employment decision using the tax policy change as an
instrument is shown in columns (2) and (3). When we use the predicted treatment to exploit the
tax policy change as an instrument for tax evasion, the estimated marginal effect is not significantly
different (see columns (2) and (3)). The preferred estimation (column (3)) indicates that an increase
in 1 percentage point in the evasion rate increases the probability of being self-employed by 6.17
percentage points. Comparing this result with column (1), we observe a negative bias in the
estimated coefficient by OLS. This bias could be explained, for instance, by workers’ unobserved
ability, according to which high ability workers tend to evade less and be wage-earners.

The estimation result in column (5) indicates that an increase of 1 percent in tax evasion
produces a raise in the self-employment rate, on average, of 7 percentage points. The comparison
of columns (4) and (5) evidence that the evasion effect is robust to using the predicted measure
of net-of-marginal-tax rate. Also, the comparison between column (3) and column (5) shows the
robustness of our main results.

The magnitude of the evasion effect is significant, indicating that agents tend to overreact to
changes in tax evasion incentives. Since the change in the evasion rate reflects both the intensive
(how much income shelters each household) and extensive (whether a household evades or not)
margins, the estimated coefficient will capture both effects. Recall that the institutional background
allows us to isolate the pure evasion channel from the differential taxation, producing that the
significant impact represents only the incentives through evasion. Although it is difficult to compare
the magnitude of this effect with previous findings in the literature such as Wen and Gordon (2014);
Bosch and de Boer (2019) and Béarany (2019) since these studies do not isolate evasion channel,
these results are consistent with our findings.

To understand more the magnitude of the effect of tax evasion on self-employment decision,
we compute the semi-elasticity of the occupational decision to evasion, 1y . in Proposition 1. This
estimation shows that an increase of 1 percent in evasion rate increases the probability of being
self-employed by 0.16 (last row in column (3)) percentage points. Hence, although the coefficient
is significant, the semi-elasticity shows a moderate effect of tax evasion.

The relevance of evasion incentive in self-employment decision is robust to the alternative eva-
sion measure and sample composition restrictions (see Tables 1.22 and 1.23 in Appendix). However,

using the self-employed household mix definition, all coefficients are significantly higher than the
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main specification. This fact might arise from a different evasion behavior in self-employed house-
holds driven by households with self-employed couples. On the other hand, the estimated elasticity
is slightly higher in the HLP definition, showing that households with woman heads respond fewer
than others to evasion incentives. This result is interesting considering those households’ (potential)
vulnerability, giving evidence of a (possible) heterogeneity response depending on it.

Then, as the tax policy change corresponds to a fall in marginal tax rates, this policy generated
a significant fall in tax evasion combined with a reduction in self-employment. Results in Table 1.4

and 1.5 highlight the relevance of evasion incentives as a determinant for self-employment decisions.

Quantifying the Magnitude of Evasion Channel

The final step to measure the relevance of evasion for self-employment decisions is to determine
the size of the evasion channel in the whole effect of taxes on self-employment decisions. As we
showed in Proposition 1, the effect of taxes on self-employment decisions in an environment where

taxpayers face the same tax scheme is summarized with the following equation

NH ty = €25 t1H 2 +  EetNHpe
———— ——
Taxable Income Channel — Evasion Channel

The evasion channel is composed by two terms, e.; and 7y .. The first behavioral parameter
is obtained from the effect of the marginal tax policy change on the evasion rate in Section 1.6.2.
The second parameter is obtained in the last section by the effect of evasion on the probability of
being self-employed. Therefore, using the reduced form of the IV-DiD (equation (1.6)) we recover
occupational decisions semi-elasticity to tax, nms, and we assess the importance of the evasion
channel on it. Table 1.6 present the result of the reduced form. Columns (1) and (2) consider
the treatment variable (POL treatment) and its prediction (POLS PT), respectively. Results in
column (2) correspond to our main specification. In the final row, we provide the computation of

the corresponding semi-elasticity for the DiD estimations.

40



CHAPTER 1. TAX EVASION AND SELF-EMPLOYMENT DECISIONS: EVIDENCE
FROM AN INCOME TAX REFORM IN CHILE

Table 1.6: Effect of Tax Reform on Self-employment

(1 2
Dep. Vble: Self-employment POLS treatment POLS PT

Policy 0.0439%** 0.0539%**
(0.014) (0.014)
Treatment 0.2271%%* 0.1857***
(0.014) (0.014)
Policy x Treatment® -0.0691%*** -0.1271%%*
(0.017) (0.018)
Observations 15,063 15,063
R-squared 0.243 0.236
F-statistic 108.6 106.2
Covariates v v
Year FE v v
Delta Tax” -0.016 -0.016
Mean Tax® 0.028 0.028
Semi-elasticity ((a/b) x ¢) 0.121 0.223

Notes: Columns (1) and (2) report POLS estimates of the taz policy change and taz policy change based on predicted
treatment, using the household sampling weights. Covariates include: male indicator, age-group dummies, education-
group dummies, marital status, couple’s occupation type, household size dummies, owner dwelling indicator, single-
parent family indicator, a child under 15 years in the family indicator, 1-digit industry-codes dummies, and agent’s
gross income (in Ln). Mean Taz is the weighted average for the whole sample and Delta Taz is the weighted MTR
difference in the whole sample. Robust standard errors in parentheses. Significance level: *** p<0.01, ** p<0.05, *

p<0.1.

This table shows that the policy reform decreases the self-employment rate in —0.127 percentage
points (column (2)). This result aligns with our theory: the falling in the MTRs, because of the tax
policy changes produces a decrease in the probability of being self-employed, implying a positive
relation between the MTR and self-employment decision.

Using the DiD coefficient in column (2), we obtain that the occupational decision semi-elasticity
to MTR, nm ¢, reaches 0.223. This means increasing one percent in the marginal tax rate increases
the probability of being self-employed by 0.223 percentage points. With this behavioral parameter,

we can compute how relevant evasion channel is. From Table 1.4 we obtain e.; = 1.39 and from
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Table 1.5, nge = 0.16. By using both parameters, the evasion channel reaches 0.222. Therefore,
the 99.73% of the effect of taxes on self-employment decisions is explained by the evasion channel.

We demonstrate that the whole effect of taxes on the occupational decision is due to the evasion
channel. In an environment where different occupations face the same marginal tax rate, as in the
Chilean case, any tax change affects self-employment decisions through evasion incentives. Evasion
is relevant in occupational decisions and is the mechanism that agents use to adjust their behavior
in front of tax changes. Hence, any tax reform should consider the effects of evasion on occupational

choice since it is the primary adjustment mechanism.

1.7 Welfare Effects

The relevance of tax changes on evasion and evasion on self-employment decisions motivates
us to study the welfare effect of tax reforms. Feldstein (1999) demonstrates that the elasticity of
taxable income (ETI) is sufficient to capture deadweight loss (DWL), connecting income tax with
commodity taxation. However, in subsequent papers, some authors demonstrate that this is not al-
ways true in the presence of evasion (Chetty, 2009a,b; Kleven, 2018). Particularly, Gorodnichenko,
Martinez-Vazquez and Sabirianova Peter (2009) show that a DWL measure that incorporates eva-
sion into welfare effects is smaller than using the ETI. Thus, a DWL measure based only on the
use of the ETI gives a misperception over the magnitude of tax policy effects on welfare.

Although other papers elaborate novel models incorporating evasion, no model combines tax
evasion, self-employment decisions, and tax compliance policy. This is important since an agent’s
evasion and occupational decisions depend on taxes and tax compliance policy. Thus, tax reform
affects welfare through its effect on taxable income, but also through evasion (intensive margin)
and occupational decisions (extensive margin). Besides that, tax compliance policy changes agents’
expected penalties, modifying their responses. For these reasons, it is relevant to incorporate
evasion in the DWL measure and introduce self-employment decisions and tax compliance policy
into the model to estimate welfare effects correctly.

We follow a sufficient statistic approach (see Chetty, 2009a,b; Kleven, 2018, for a detailed
description), where we first theoretically develop a measure of welfare effects that connects agents’

behavioral parameters with the effect of taxes on welfare. Later, we connect this metric with DWL
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based on the ETI, firstly proposed by Feldstein (1999). We show how we compute each relevant

parameter, and present the results of our estimations.

1.7.1 Theoretical Derivation

The sufficient statistic approach assumes that social welfare corresponds to the sum of the
worker’s utilities at the optimum plus the tax revenues in the wage-earner and self-employment
sectors. In this sense, tax revenue is given back to taxpayers as a lump-sum transfer. To simplify
the notation, we define U? and R’ as the agent’s indirect utility function and tax revenue in sector
i = {s,w}, the characterization of each ones is the same as in Section 1.2. Thus, the social welfare

function (SWF) can be written as

A A A Hjp(2%,e1) Z z¥v
W= / / U™ (C)dF (2" )dF (=) + / / U (C)dF(=*)dF(=*) + / / U™ (C)dF (2" )dF (=*)
2% Hi(z%,e1) EA zW A Hy(2%,e2)
Z1 Ha(z°,e3) Zo zW Zo H3(z°,e3)
+ / / U* (C)dF(=")dF () + / / U (C)dF (2°)dF (=) + / / U* (C)dF (=) dF (+°)
A A 71 H3(25,e3) Zy A
z° zv 2% H4(z%,eq) A A
+ / / U™ (C)dF (2" )dF (=) + / / US(C)aF(=")dF (%) b + / / RY(+%)dF (") dF(+*)
Zy Ha(25,e4) Zo A 25 Hy(2%,e1)
A Hy(z%e1) Zy zvw Z1 Ha(2%,e2)
+ / / R (2°, e1)dF (2*)dF (") + / / RY (%) dF(2*)dF (") + / / R (2°, e2)dF (2 )dF ()
z8 zW A Hy(2%,e3) A A
Zo zW Zo H3(z°,e3) zs ZzWw
+ / / RY(2")dF(2")dF(2%) + / / R°(2°,e3)dF (2)dF(2°) + / / RY(2")dF(z*)dF(2*%)
Z1 H3(z%,e3) Z A Zo Hy(z%,eq4)

2% Hy(z%,e4)
+/ / R’ (2%, e4)dF (2")dF(2°)
Zs A
Given that we have a quasi-linear utility function, the worker will always allocate the lump-
sum rebate to consumption and, thus, we define R* (") = T'(2"), R%(2%,e) = T(2* —e) + p(z° —
e)m [T(2%) — T(2° —e)] and U(C) = z' — R(2") with i = {s,w}. The term into curly brackets
43

represents agents’ utility at the optimum.

As in Section 1.2.3, we compute the effect of the marginal tax (¢2) on the social welfare function.

43Recall that H is the threshold function that represents the minimum wage-earner income induces a worker to go
to that sector.
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Tax changes produce two different effects: behavioral and mechanical. The behavioral effect relies
on the agent’s decision respond to tax movements, which in this case are taxable income (%) and
evasion (88762). Hereafter we assume that taxable income changes with taxes because, as we pointed
out previously, behind that parameter are the labor supply and, also, to follow the traditional
literature in DWL estimation (Feldstein, 1999). Since agents’ utilities are at the optimum, behav-
ioral responses are zero. The mechanical effect is the marginal tax effect on tax paid to assume
income reporting does not change (or its declaration does not change) by tax changes. Mechanical
responses in agents’ utility and lump-sum transfer are the same, thus cancel out. Hence, the effect

of taxes on welfare consists only of behavioral responses in the lump-sum transfer part of the SWF.

The effect of taxes on the SWF is summarized in the following equation

8;;/ = w2 4+ E48°p(2° — )T + Ecp(2° — e)m — ﬁHth

where we replace to for ¢ to simplify the exposition, and all terms represent weighted average
variables.?® This equation shows that tax effect on welfare is given by the following elements: (i)
the effect in the wage-earner sector through the elasticity of taxable income (€,w ;) times the taxable
income (£%); (ii) the effect in the self-employment sector that is compassed by the tax compliance
policy (pm) multiplied by the sum of the elasticity of reported income (£,;) times reported income
(2*) and the elasticity of evasion (& +) times evasion (€); (iii) the effect in the extensive margin that is
given by the occupational decision’s semi-elasticity (7g,¢) times the difference between the threshold
function (ﬁ ) and self-employment taxable income (2°) divided by the tax rate ¢. Interestingly, the
extensive margin effect has a negative sign indicating two facts: agents can increase their utility by
choosing a sector where they will pay fewer taxes, and by doing this, reducing tax revenue.

Following Gorodnichenko, Martinez- Vazquez and Sabirianova Peter (2009) we obtain the income

1 0W

measure of welfare change (ew = 3%; ), where 2 is the weighted average taxable income in the

population.

W 3 é H(z,e*) — 28

ew = ézw,t7 + éx,t?,ﬁ(zs —e)m+ ée7t§ﬁ(28 —e)m — Ny (1.9)

Equation 1.9 shows the impact of tax changes in welfare in a money metric. The welfare effect

“4The procedure to obtain this equation is in Appendix 1.9.2
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is composed of a weighted sum of behavioral parameters, where the weights depend on the margin
(intensive or extensive) and the sector. Also, this equation highlights the relevance of evasion, self-
employment decisions, and the tax compliance policy for this measure. Concerning evasion, the
third term shows its relevance. Since é.; > 0, not considering evasion introduce a downward bias in
the estimation. This effect is explained because agents can change their evasion decisions because
of tax reform. Essentially, evasion is tax revenue losses, and, although self-employed agents’ utility
increases by an increase in consumption, this raising is canceling out because of evasion effect on
the lump-sum transfer. This action implies that revenue falls, and the area that welfare considers
(the tax revenue part) goes down.*® Notice that, the same happen if the tax compliance policy
is null, i.e., p(z® —e)m = 0. In the same line, the last term shows the relevance of the extensive
margin. Since 9y > 0 and H> 2%, it clear that not considering the extensive margin produce an
upward bias in the welfare effect estimation. This is because the measure does not consider a way
to adjust for tax changes, moving to another occupation to increase the agent’s utility.

The next step is to obtain ey as a function of the elasticity of taxable income €, ; for the whole
sample. We express the ETI as a function of the welfare effects due to tax changes. We compute
the ETT including the extensive and intensive evasion margin, showing that it is the weighted sum
of taxable income elasticity in both sectors minus the effect over the extensive margin.

AW A Yy s * A
Ext = ézw,t% + 5z,t§ - ﬁH,tW (1.10)

For simplicity we replace to by t.#6 Note that equation (1.10) is an extension of the ETT used
in Feldstein (1999) which incorporates the extensive margin. However, it differs from Feldstein,
where the ETI can approximate the DWL. In this case, we theoretically compute the behavioral
parameters and the weights that must be used to link ETI to DWL. Still, this equation allows us
to compare the effect of including evasion into the DWL measure when the extensive margin is

considered.

To obtain the formula that captures the welfare effect in our setting, we replace equation (1.9)

45 Another way to see this is assuming that the welfare effect is given by the behavioral effect of taxes on the
lump-sum transfer. Evasion falling lump-sum transfer, implying that the subsidy goes down. If we assume that not
all agents evade, particularly wage-earners, not considering evasion means that not considering the decrease in the
transfer for this group by income tax evasion.

46Tn Appendix 1.9.2 we show the derivation of equation (1.10).
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into equation (1.10) obtaining

) . - .
m ° : } b el (1.11)

ez =ew + (1 —p(z° — 6)71')51,,52 —p(z° = e)wée,tg + Nt [.ﬁl(zs, e) —& =

where, from Proposition 1

NHt = €zs tNH,2zs T EetNH e

We use equation (1.11) in the DWL formula (explained in the next section) and refer this to
our measure. It is clearly that we need estimating four behavioral parameters: e,w s, €44, €c¢ and
NHt-

Equation (1.11) highlights the relevance of considering evasion in the DWL measure. Note
that, if we incorporate self-employment decisions in Feldstein’s model, we should obtain ey = €.,
where €, ; comes from equation (1.10). This equality produces a bias in the DWL measure since it
does not consider relevant elements, particularly the last two terms in equation (1.11), which rely
on the evasion gains effect in the extensive margin. This means that equation (1.10) incorporates
occupational decisions but not the gains from evaded taxes that modify self-employment incentives.
Regarding evasion, not considering it produce an upward bias in the measure because €. ; = 0. Not
considering evasion is the same as a non-existent tax compliance policy, producing that the measure
does not consider the deterring effect of audits and penalties in the evasion behavior. Finally, and in
contrast to past studies (Chetty, 2009a; Gorodnichenko, Martinez-Vazquez and Sabirianova Peter,
2009), equation (1.11) also shows the sensitivity of the DWL measure to the tax compliance policy.

In summary, extending Feldstein’s model, including self-employment decisions, does not solve
the bias in the use of the ETI since it does not capture the whole effect of tax changes in the DWL
measure. Particularly the tax evasion effect in the self-employment decisions. More relevant for
our work, not including evasion produce a systematic downward bias in equations (1.9) and (1.11),
ending up in a smaller welfare effect than what taxes produce. The source of this biased comes from
omitting the effect of evasion in the lump-sum transfer and its effect on wage-earners consumption.
4T Therefore, as Chetty (2009a) said, the ETI is not enough to capture the DWL, in our case, due
to the decrease in wage-earners consumption because of evasion. Hence evasion is relevant, but it

also is necessary to include the extensive margin and the tax compliance policy.

4"For self-employed, this effect cancels out with the increase in after-tax income due to evasion.
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1.7.2 DWL Formula

To calculate the DWL, we use the formula proposed in Feldstein (1999). This study connects
labor with commodity taxes, assuming that labor taxes are equal to taxes on an aggregate con-
sumption good. By doing that, it is possible to approximate the DWL by Hargerber’s triangle in

commodity taxation. The DWL measure in this context corresponds to

2

DWL = -0.5x 1t

; X €zt

where t is the average tax rate in the pre-reform period.*®

As we mentioned, we replace ¢ ; by equation (1.11) and compare DWL using our derivation with
the ETI obtained from data. Also, since our measure crucially depends on the tax enforcement
policy, p(z® — e)w, we evaluate the extreme scenarios. The worst-case scenario means that the
enforcement policy does not exist and agents can freely evade, this is p(z° —e)m — 0. The opposite
case, the best-case scenario, means that the enforcement policy eliminates all evasion incentives, so

p(z° —e)m — 1.

1.7.3 Parameters Estimation

Computing the DWL formula presented before requires the estimation of some behavioral pa-
rameters: € w, €, et and N Additionally, we estimate the ETI for the whole sample to
compare the DWL using our measure versus using it directly. We can separate these parameters
into two groups: elasticities and semi-elasticities. Given that both groups represent different things,

we discuss the methodology to estimate them separately.

Elasticities Estimation

The elasticities that we need to estimate belong to two different groups: income and evasion.
As we mentioned, €., is a result of the first stage in the IV-DiD model explained in Section 1.6.

Table 1.4 presents the estimation for e.; that reaches 1.395. The second group of elasticities are

48In Appendix 1.9.2 we provide an extended discussion about estimating the DWL using a triangle or a trapezoid
based on the same ideas as in Feldstein (1999). We are working on the implication of using a triangle or a trapezoid
to calculate the DWL, motivated by the Chilean setting where the initial period presents a positive average MTR
and moved to another with a small one.
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ETIs in different samples: wage-earners (e, ¢), self-employed (e ) and the whole sample (e,+).

The ETI’s estimation has been widely discussed and studied in the literature.* We can group
the different approaches into three groups: Share Analysis, DiD approach, and IV-DiD method.
The difference between the DiD and the IV-DiD approaches relies on whether explicitly using an
MTR variable (traditionally the net-of-tax rate) instrumenting it with tax reform in a certain group
or directly exploiting the tax reform. In both cases, we obtain a Wald estimator that compares the
percentage changes in taxable income versus the percentage change in the MTR. Also, the specific
empirical model depends on data and the exogenous variation (if it exists).

The main challenge in the ETI estimation relies on the capacity to isolate the effect of tax
changes in the taxable income. Since agents respond to different incentives adjusting their income,
the relation between the MTR and taxable income is endogenous. For instance, we have the mean
reversion problem and heterogenous shocks across the income distribution with micro panel data,
and with a cross-section, the issues of controlling for base year income or income trends and the
compositional effect appears. In both cases, it is necessary to have an exogenous variation to control
for different trends in variables, groups, or income. However, Weber (2014) shows that micro panel
data issues are solved with income trends controls, but the result is susceptible to the base year, and
with a pooled cross-section, it is not always possible to account for some trends or matching data
to control for a base period. All these issues produce that obtaining an unbiased ETI estimation is
complicated.

Instead of these methods, we provide a more transparent and straightforward way to estimate
the ETIs, the share analysis. Following Saez, Slemrod and Giertz (2012) and Saez (2017) we take
advantage of the tax reform to calculate the change in income participation for agents who face a
tax change. This method is a Wald estimation that divides the log difference between income share

and MTR for treated. The following equation shows this method

S In(po) — In(p1)
Y2 In(MTRy)~In(MTR;)

where p is the share of income accruing for the treated group and MT R the marginal tax rate
for this group, weighted by income weights. The subscripts indicate the period before and after the

tax reform. The identification assumption of this methodology relies on, without the reform, the

498ee Sacez, Slemrod and Giertz (2012) for a survey of it.
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treated income participation remains constant between t = 0 and ¢ = 1. This assumption means
that tax reform is the only source of variation for the income share of treated agents, and, in this
sense, €, ; is an unbiased estimation of the percentage change in taxable income as a response to a
percentage change in the MTR. Finally, in our setting, treated agents, represent a small group in
the sample (see Table 1.13 and Figure 1.2), thus the shape analysis appears as good to estimate
the ETI (Saez, Slemrod and Giertz, 2012).

Table 1.7 shows the income shares and the MTR. for the years 2007 and 2017, the period that we
use to obtain the ETIs. We compare 2007 with 2017 to avoid some problems with the proximity of
the 2013 tax reform. In this sense, we estimate long-run ETTs. Also, to compare similar taxpayers,
we only use the first three brackets producing that controls are agents who belong to the first
income bracket (not face tax changes) and treated agents are those in income brackets two and
three. With this approach, we keep with the 94.72% of the sample, 97.31% of self-employed and
93.92% of wage-earners, dropping a small part of the sample representing high-income taxpayers.
Finally, each column represents different taxable income and samples, being z% the taxable income
in the wage-earner sector, z° the reported income in the self-employed sector, and z the reported

income in the whole sample.?”

Table 1.7: Elasticity of Taxable Income

Sample

S

Variable y==z y=2x

Share of Taxable Income 2007 60.31% 46.25% 57.74%
Share of Taxable Income 2017 68.45% 47.98% 65.15%

MTR. 2007 581% 5.80%  5.81%
MTR 2017 4.66%  4.53%  4.64%
€yt 057 -0.15  -0.54

Note: All estimation are made restricting the sample to the first three income brackets. Share income is the share of

taxable income accruing by income bracket two and three. MTR is calculate using income weights.

50Recall that, since self-employed worker can evade, their income report differs from their taxable income, so
z° =2° —e, but % = 2%. Also, z = z° if sector s and z = 2" if sector w
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In the last row of Table 1.7, we present the ETI estimations. The first column indicates that a
one percent increase in the MTR for wage-earners decreases their taxable income by -0.57 percent.
For the self-employed, column two indicates that an increase of one percent in the MTR for the
self-employment sector decreases the reported income by -0.15 percent. Finally, column three shows
that an increase of one percent in the MTR decreases the reported income by -0.54 in the whole
sample.

Results in Table 1.7 get the expected sign, indicating that an increase in the MTR produces
agents reporting less income. However, contrary to earlier contributions (Kleven and Schultz, 2014;
Bosch and de Boer, 2019), this Table also shows that self-employed respond fewer to tax changes
than wage-earners. This fact might be explained due to an adjustment through evasion in this
sector.”! However, the magnitude of obtained elasticities is similar as Saez (2017) for 1-0.1% of the
income distribution, and Saez, Slemrod and Giertz (2012) for the top 1 % comparing 1981 vs. 1984
and 1992 vs. 1993, both using the share analysis.

Semi-elasticity Estimation

The semi-elasticity that we need is 7y, which captures the effect of tax changes in the self-
employment decisions. Specifically, it shows how the probability of being self-employed changes due
to a one percent change in the marginal tax rate. In Proposition 1 we characterize 7y ; as the sum
of two channels: taxable income and evasion. However, to provide a clear and simple estimation,
instead of estimating each channel separately, we use the estimation from the reduced form of the

IV-DiD provided in Section 1.6. Table 1.6 shows that 7y ; = 0.223.

1.7.4 Welfare Estimations

Estimating the DWL requires other parameters than those shown in the two preceding sections.
Additionally to those parameters, equation (1.11) depends on terms that are the mean of some

variables. Table 1.8 presents those results that are the average value before the policy.

5INote that #* = 2z° — e, producing that tax change effect on evasion downward the effect on self-employment
taxable income.
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Table 1.8: DWL Parameters

Variables

Mean Reported Taxable Income (2) $ 714,376
Mean WE Income (2*) $ 791,045
Mean Self-employment Income (2%) $ 539,688
Mean Self-employment Report (2%)  $ 473,177

Threshold proxy (H(z*,¢€*)) $ 863,492
Evasion rate 10.750%
Evasion (é) $ 58,015
Tax 2012 (simple average) 23.43%

Note: All monetary units are in 2017 Chilean pesos. Source: Own elaboration based on EPF and Chilean IRS data.

In Table 1.9 we present the primary DWL estimations. Panel A and B show the DWL using ey
from equation (1.9) and ¢, from equation (1.11), comparing different tax compliance policy (p)
scenarios. While in Panel A we assume a non-existent tax compliance policy, in Panel B, we assume
the strongest policy. Panel C uses the ¢, ; from data, which result is shown in the third column of
Table 1.7. This panel provides the comparison with the methodology proposed in Feldstein (1999).
Finally, Panel D provides the result if we extend Feldstein methodology incorporating the extensive
margin, thus e,; comes from equation (1.10). We show our preferred estimation, using the simple

average MTR for 2012.
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Table 1.9: DWL Estimation

Behavioral Parameters

eyt 1.40
Eqwt -0.57
Exsit -0.15
NH 0.22
Estimations

Panel A: Worst-case Scenario

pxm—=0

w -1.06
€zt -0.84
DWL 3.01%

Panel B: Best-case Scenario

pxm—1

ew -1.05
Eat -0.79
DWL 2.82%

Panel C: Using ETI (Feldstein approach)
Ert -0.54
DWL 1.92%

Panel D: Feldstein with Extensive Margin
€t -0.85
DWL 3.06%

The estimated DWL is between 2.81% and 3.01% of the average taxable income, depending on
the tax compliance policy. This range evidence that tax compliance policy is not trivial to capture
welfare effects of tax reforms. Moreover, as weaker the tax compliance policy is, as more significant

the DWL.5? This means that with a more vigorous policy, it is more difficult for agents to avoid

52Recall that a non-existent tax compliance policy is comparable to not considering evasion in the DWL measure.
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its tax liability, and tax policies produce less distortion since agents react only through taxable
income, not evading taxes. Therefore, evasion increases the DWL due to increased tax revenue
losses.

Panel C and D provide two relevant comparisons, the Feldstein approach and the Feldstein
approach with extensive margin, respectively. Comparing both estimations shows that including
the extensive margin produces more significant measures. This result is reinforced by comparing
Panel C with Panel A or B, where always our estimation is bigger than following the traditional
Feldstein approach. This result goes in the opposite direction that the bias found by Gorodnichenko,
Martinez-Vazquez and Sabirianova Peter (2009). This is partially explained by the inclusion of
evasion and occupational decision simultaneously but highlights the relevance of using a metric
that incorporates the welfare effect instead of the ETI from data.

To explain better the different direction bias in comparison with Gorodnichenko, Martinez-
Vazquez and Sabirianova Peter (2009), we compare Panel D with Panel A or B. Panel A is similar
to not considering evasion, as we discuss in the theoretical derivation of the DWL measure, thus the
identical result is expected. However, as tax compliance policy increases, the relevance of evasion
appears, and the DWL estimation diverges. In this sense, we recover the result obtained in Gorod-
nichenko, Martinez-Vazquez and Sabirianova Peter (2009), where their upper-bound estimation is
similar to the Feldstein approach, but the lowe-bound is smaller. However, we get a similar result
with a different model that exploits the tax compliance policy instead of transfer cost in evasion.
As we showed, tax compliance policy is relevant in agents’ decisions, an example of that is Kleven
et al. (2011) where different elasticities of evasion are obtained before and after audits. Hence,
including tax compliance policy appears reasonable and provides valuable results that highlight the
relevance of evasion in the DWL measure, in concordance with the literature.

Finally, it is relevant to point out that Panel D is also a structural estimation since we theoreti-
cally obtain the form of the ETI. Unlike the Feldstein spirit, we construct a measure incorporating
the extensive margin recovering the result obtained in past studies. But, if we believe that the ETI
is a well proxy of welfare effect, the bias goes in the opposite direction than in Gorodnichenko,
Martinez-Vazquez and Sabirianova Peter (2009), opening an exciting question to inquire about.

To study better the consequences of including evasion and occupational decision into the DWL

measure, we provide a comparative statics and two comparisons with Panel C and D in Table 1.10.
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In order to provide a more precise comparison with Table 1.9, we follow the numeration of Panels
from this. Thus, In Panel E, we show the estimation assuming that evasion is not considered. This
means that we assume that e.; does not exist. In the same line, Panel F assumes that the extensive
margin is not considered, thus the economy only has one sector, the self-employment, and €,» and
N, not exist. In both Panels, we also provide ratios that compare the estimations of each Panel

with Feldstein’s approaches.

Table 1.10: Comparative Statics of the DWL Estimations

Comparative Statics

Panel E: without Evasion

DWL 2.74%
DWL/DW L¢ 142.66%
DWL/DW Lp 89.60%

Panel F: without Extensive Margin

DWL 0.35%
DWL/DW L¢ 18.47%
DWL/DW Lp 11.60%

Note: DW L¢ represent the estimation in Panel C and DW Lp represent the estimation in Panel D.

In Panel E, we show the DWL estimation if evasion is not considered. The first result is that
both tax compliance policy scenarios collapse to the same outcome, leading that without evasion,
tax enforcement policy is not relevant for the DWL. This estimation is smaller than our tax policy
scenarios, evidencing that the evasion effect in the welfare effect (ey7) dominates the effect in the
DWL. In other words, the effect of not considering the effect of evasion in the lump-sum transfer
to wage-earners is more significant than the tax compliance policy effect. On the other hand, the
comparison with the Feldstein approaches shows that the estimation is larger than if we use the ETI

but smaller than if we incorporate the extensive margin. The first result shows that not considering
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the occupational decision produces a smaller DWL measure because it does not consider what is
happening in the wage-earner sector. The second result goes in line with Gorodnichenko, Martinez-
Vazquez and Sabirianova Peter (2009) evidencing that the Feldstein approach produces an upward
bias when we compare similar measures, however in this case, this is motivated by the effect of not
considering tax evasion gains as we discuss for equation (1.11).

Panel F excludes the extensive margin from the analysis. Again, both tax scenarios collapse
to the exact estimation, and the point estimate is smaller than our estimation in Panel A and B
in Table 1.9. However, in this case, the measure is smaller than each Feldstein approach, either
including or not the extensive margin. This fact implies that compared with the closer estimation,
Panel C in Table 1.9, including evasion produces a smaller DWL estimation. This result reinforces
one explanation given before, not including into the analysis what is happening in the wage-earner
sector produces a downward bias. The wage-earner sector is the biggest one in our setting (see
Table 1.13) and is an adjustment channel to tax change: if taxes fall, one response for self-employed
workers is moving to the wage-earner sector. Thus, not incorporating them into the analyzes
produce a partial measure of the whole effect.

Therefore, we show that comparing our measure with the corresponding Feldstein approach pro-
duces smaller estimations, indicating that does not use the evasion in the DWL measure induces
an upward bias. We show that not considering evasion in our setting produces a smaller estimation
to reinforce this conclusion. This means that not considering evasion always makes biased esti-
mation because it does not consider the effect of evasion in wage-earners lump-sum transfer and
the tax evasion gains effect in self-employment decisions. Moreover, not considering the extensive
margin, or the self-employment decisions, also gives smaller estimations. Hence, including evasion

continuously improves the DWL measure, capturing agents’ mechanism to respond to tax changes.

1.8 Conclusion

This study investigates the relationship between income tax evasion and the decision to be
self-employed. First, we develop a theoretical occupational choice model that demonstrates the
channels involved in this relationship. Solving this model by backward induction, we obtain the

optimal evasion and the threshold function. The optimal evasion captures two empirical facts:
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it depends on the tax schedule and is optimum for some agents bunching at an income bracket
threshold. The threshold function is the minimum wage-earner income to being a wage-earner
worker and represents our model’s occupational decision. We find that tax change’s effect on the
self-employment decisions can be separated into two channels: taxable income and evasion. The
taxable income channel relies on the mechanical effect produced by tax changes on income net-
of-evasion, and the evasion channel is the effect that the marginal tax change has on the evasion
rate.

Using a Chilean survey, the Encuesta de Presupuestos Familiares, we obtain the evasion rate at
a household level. This measure represents the amount of income that each household misreported
to the Chilean IRS. To obtain that measure, we follow a consumption-based approach (Pissarides
and Weber, 1989; Hurst, Li and Pugsley, 2014) that compares Engel curves between self-employed
and wage-earner households. Instead of following the traditional literature, an improvement in the
methodology is proposed, capturing the heterogeneity in evasion behavior across agent distribution.
We document that, the evasion rate in Chile between 2007-2017 in the self-employment sector is
10.89% on average, being the intensive margin (the average evasion for evaders) of 12.87% and the
extensive margin (the percentage of self-employed who evade) of 84.71%. Besides that, we show
that not considering heterogeneity in agents evasion would underestimate misreporting in Chile.

Taking advantage of the Chilean tax schedule, we isolate the evasion channel since wage-earners
and self-employed workers face the same tax schedule. Also, we exploit a marginal tax policy change
as an exogenous variation to tax evasion that enables us identifying the causal effects of the policy
change in marginal tax on evasion and self-employment, and lastly, the causal impact that evasion
has on the occupational decision.

To capture the effect of evasion incentives in self-employment decisions, we follow an IV-DiD
approach. This methodology exploits the comparison between controls (agents who do not face
a tax change) and treated (agents who face a tax change) due to tax policy changes to solve the
endogeneity between evasion and self-employment decisions. For this reason, we observe a DiD
approach in the first stage and reduced form, and the IV in the second stage. Also, we provide a
sensitivity analysis that uses the net-of-marginal-tax rate as an instrument for the evasion rate.

From the first stage, we estimate the effect of the marginal tax rate (MTR) on the evasion rate

through the elasticity of evasion, obtaining a positive and significant effect. First, we document
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that the tax reform produces a fall in the evasion rate by -0.020 percentage points. Interpreting
this estimation as the change in the evasion rate, we compute the associated elasticity to the MTR,
showing that an increase in one percent in the MTR increases the evasion rate by 1.4 percent. This
result highlights the relevance of taxes in evasion behavior since evasion overreacts to changes in
the MTR.

Using an IV-DiD estimation method, we obtain the causal effect of evasion on the occupational
decision, finding a positive impact. The estimation results indicate that an increase in evasion
incentives ends up increasing the self-employment rate significantly. An increase in one percentage
point in the evasion rate increases the probability of being self-employed by 6.1 percentage points.
This estimation is large, evidencing that evasion incentives are crucial in self-employment decisions.
Using the IV-DiD coeflicient, we estimate a semi-elasticity of the occupational decision to evasion
equal to 0.16. This means that an increase in one percent in the evasion rate increases the probability
of being self-employed by 0.16 percentage points. Considering that taxes fall by 5.8% and the falling
in self-employment rate for treated is 0.92 percentage points, the whole effect in self-employment
rate can be explained by the evasion effect. This fact reinforces the result that evasion incentives
are crucial in self-employment decisions.

With the first stage and IV-DiD, we quantify the magnitude of the evasion channel in the effect
of the tax change on the occupational decision. To do that, we use the result of the reduced form of
the IV-DiD estimating that the tax reform reduces the probability of being self-employed by -0.1271
percentage points. Since this estimation is the change in the probability of being self-employed, we
compute that the semi-elasticity of self-employment decisions to the MTR reaches 0.223. Moreover,
using the elasticity of evasion to the MTR and the semi-elasticity of self-employment decisions
to evasion, we obtain that the evasion channel explains the 99.73% of the MTR effect on self-
employment decisions. This result shows that, in a context where wage-earners and self-employed
face the same tax scheme, the channel to adjust occupational decisions when a tax reform exists is
evasion.

Given the relevance of evasion incentives in self-employment decisions, we ask about the welfare
implication of tax changes in a framework with both elements. We follow a sufficient statistic
approach to study that, including the model’s extensive and intensive evasion margins and obtaining

the deadweight loss (DWL). We get that the tax reform produces a DWL between 2.82% (with a
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non-existent tax compliance policy) and 3.01% (with the strongest tax compliance policy) of the
average taxable income. Also, we assess the relevance of including evasion in the DWL measure
showing three main results. First, the tax compliance policy is relevant only if evasion is considered,
so any model that includes it must consider at least the effect of audits and fines. Secondly, if evasion
is not considered, the DWL measure presents an upward bias over-estimating the impact of tax
changes on welfare. Finally, if the elasticity of taxable income is used instead of the welfare effect
measure, always exists a bias: positive if we consider the extensive margin and negative if not.

To conclude, throughout this study, we demonstrate, characterize and identify the effect of
evasion on self-employed decisions. We can isolate the evasion channel from other determinants
showing that tax evasion is a meaningful driver of the self-employment decision. This result allows
us to infer that reducing tax evasion possibilities in self-employment occupations could reduce tax
evasion. Moreover, the evidence indicates that a reduction in marginal tax rates could be relevant
as a tax compliance policy. This fact is crucial for policy analysis, even more considering the
welfare implications that evasion and self-employment decisions have. Finally, the relevance of
evasion incentives on self-employment decisions and their effects on welfare highlights the relevance
to consider the whole picture in the labor market when tax changes are planned and using taxes

as a labor market policy.
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1.9 Appendix

1.9.1 Tax Evasion Measure

Table 1.11 reports the second stage coefficient estimates for the income variable and the mean
self-employed linear combination of the interaction terms and the misreporting measure using the
Engel curve in equation (1.3) following an IV approach. In this table, we compare the estimations
using Hurst-Li-Pugsley (HLP) method (Hurst, Li and Pugsley, 2014) in the first row of each panel
with our estimation at the mean. Our primary definition of household head type considers that
a household is self-employed if the head is self-employed (Panel A).>® The other two panels show
the robustness of the estimation results. In Panel B, we replace the definition of self-employed
household with the alternative definition depending on household head and its couple occupations.
In Panel C, we employ the definition of self-employed household given by the household head’s
occupation but restricting the sample as (Hurst, Li and Pugsley, 2014) to male-headed households

removing households for which the couple (if married or cohabited) is self-employed.

53Estimation in column (3) is a raw prediction without replacing negative misreporting as zero value.
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Table 1.11: Estimation of Tax Evasion

Income  Self-employed Misreport

(1 2 ®3)

Panel A: Main Specification

HLP 0.347 0.047 12.57%
(0.026) (0.017)

2007 0.348 0.012 3.27%
(0.025) (0.038)

2012 0.348 0.009 2.65%
(0.025) (0.033)

2017 0.348 0.010 2.94%

(0.025) (0.036)

Panel B: Household Head Mix

HLP 0.343 0.019 5.26%
(0.025) (0.017)

2007 0.344 0.005 1.45%
(0.025) (0.032)

2012 0.344 0.004 1.27%
(0.025) (0.031)

2017 0.344 0.006 1.72%

(0.025) (0.033)

Panel C: Household Head Occupation following HLP

HLP 0.371 0.055 13.77%
(0.038) (0.025)

2007 0.371 0.014 3.66%
(0.037) (0.045)

2012 0.371 0.010 2.76%
(0.037) (0.036)

2017 0.371 0.015 3.95%

(0.037) (0.046)

Note: The first row in each panel reports the coefficient estimates using the Hurst-Li- Pugsley method. Columns (1)-(3)
report the mean of the estimated coefficients obtained using the IV method for estimating equation (1.8), estimations
using household sampling weights. Standard errors are in parenthesis. Panel A and C definition considers only the
self-employment occupation of the household head. Unlike Panel A, Panel C restricts to male-headed households and
excludes households with self-employed couples. Panel B uses the self-employed household definition that indicates if
either the household head or the couple are self-employed. Source: Own elaboration based on the EPF data.
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Comparing estimations in column (1) show that the income elasticity is similar between years
and methods. This result is robust to the household head occupation type alternative definition
and restricted sample (Panels B and C, respectively). However, comparing the other columns in
Panel A across methods indicates a potential bias in misreporting estimation generated by ignoring
the heterogeneous behavior across self-employed workers.

Unlike the HLP method, the estimation results are more robust when we consider the primary
definition of self-employed household (Panel A) or restrict the sample to a more homogeneous
sub-population (Panel C). In Table 1.12, we show the result in each cross-section estimation that
allows us made this comparison. Considering only the household head occupation for determining
household’s type increases the misreport estimation. This is consistent with the fact that using the
definition based only on household head type, a significant share of the households that could have
evaded because the couple is an evader is considered a not evader household. This also explains
the similarity in misreport measures between Panels A and C, which is independent of the sample.
Also, this comparison shows that mix evader households have a smaller income misreport than

households with a self-employed head.
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Table 1.12: Cross-Section Estimation of Tax Evasion

HLP method Own calculations
Income Self-employed Misreport Income Self-employed Misreport
) 2) 3) (4) () (6)

Panel A: Main Specification

2007 0.321 0.057 16.21% 0.316 0.015 4.64%
(0.040) (0.022) (0.054) (0.039) (0.044)

2012 0.405 0.045 10.53% 0.413 0.009 2.23%
(0.046) (0.032) (0.074) (0.045) (0.056)

2017 0.323 0.029 8.62% 0.326 0.006 1.83%
(0.045) (0.034) (0.094) (0.044) (0.050)

Panel B: Household Head Mix

2007 0.315 0.014 4.34% 0.312 0.006 1.84%
(0.039) (0.022) (0.065) (0.039) (0.037)

2012 0.402 0.017 4.09% 0.405 0.003 0.66%
(0.045) (0.033) (0.066) (0.046) (0.054)

2017 0.321 0.016 5.00% 0.324 0.006 1.70%
(0.045) (0.034) (0.101) (0.044) (0.056)

Panel C: Household Head Occupation following HLP

2007 0.356 0.060 15.57% 0.354 0.016 4.51%
(0.051) (0.028) (0.061) (0.051) (0.042)

2012 0.400 0.027 6.42% 0.407 0.005 1.21%
(0.064) (0.043) (0.097) (0.064) (0.059)

2017 0.362 0.048 12.48% 0.371 0.012 3.24%
(0.077) (0.057) (0.137) (0.073) (0.083)

Finally, Figure 1.4 shows the predicted estimation of income misreport from estimating equation
(1.3) using the IV approach to account for potential endogeneity of income. The figure displays the
percentage of misreporting (i.e., tax evasion) by household’s income level and the corresponding

confidence interval.
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The evasion pattern is similar across years, displaying a positive convexity in 2006/7 and 2016/7,
more pronounced at the beginning of the period, and a negative convexity in 2011/2.5* After the
tax reform implemented in 2013, the evasion curve is inverted. The dispersion is more prominent
in the tails of the income distribution. The heterogeneity in average evasion rate across the income
distribution might reflect a different tax evasion behavior of households depending on their income

level in response to tax changes, as we hypothesize.”

Figure 1.4: Predicted Evasion from the IV Regression Model
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(b) 2011/2 (c) 2016/7

Note: Non-parametric estimation results of the relationship between the evasion rate and the logarithm of the house-
hold. Predicted tax evasion is obtained from the IV estimation of equation (1.3). Source: Own elaboration based on

the EPF data.

54The U-shape pattern is similar to the one obtained by Alstadsseter, Johannesen and Zucman (2018).
55Considering the alternative definition of self-employed household these curves change mainly at the tails (see
Figure 1.10 and 1.11, respectively).
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Agents Decisions

We made several specific assumption regarding some parameters in this model in order to obtain
a reduced form results.’® First, we assume that z¢ € [0,Z]. Second, we impose that A = /2.
Third, we impose that p’ < 0, in specific we model the audit function as p(2° —e) = 1 —(2° —e) /7,

so p' = —1/z" < 0. All of these assumptions are made to characterize the optimal evasion function.

Optimal Evasion: Proof of Lemma 1

Since agents face a tax scheme with two tax brackets, we have four possible scenarios depending
on the position of the agent’s income and the income declaration across the income distribution.
To simplify the result exposition, we name each solution with the corresponding number to each
scenario. The first case to analyze is when z® < A and, consequently, z° — e < A. In this case,

self-employed agent maximize the following
max U*(C) = 2° —t1(2° —e) — p(z° —e)m [t12° — t1(2° — )]
e

The first order condition (FOC) produce an optimal evasion equals to

o (A—p(z* —e)m)
pl(z8 —e)m

By replacing with the parameter characterization yields

s 1
e*—el——ZQ—A<1—W>

The second case is when z° > A but z° — e < A. In this case, self-employed agents solve the

following problem

max U*(C) = 2° —t1(2° —e) — p(2° —e)m [t1 A + t2(2° — A) — t1(2° — e)]

e

56These assumptions do not distort the principal results and are taken only to simplify the economic exposure of
mechanism and relevant results.
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The optimal evasion is

(I =p(z"—e)m) A +t(x° —A)
pl(z5 —e)m t

e*:ZS

S

In this case, the existence condition for the solution is 2° — e* < A. By replacing the audit

function with its characterization into the evasion we obtain

25 (1_1) (2 A) (1)

*: :——A
€cTeTy - 2 .

Therefore, we will look for the conditions to the existence of this solution, i.e., the conditions

to the above inequality hold.

s o« 2 1 (z° = A) (ta — t1) - Z
z 6—2+A<1 7T>+ 5 0 <A—§
z8<A[1+t1(2_”)]zzl

Tto

Therefore, ey is the solution for z° € (A4, Z1).
The third case is when z° > A and z° —e > A. In this case, we made a Lagrangian and explore

the condition using the Lagrange multiplier. Thus, the problem that agents solve is the following

max U*(C) = 2° — [t1A+t2(2° — A)] — p(z° —e)m [t1A + ta(2° — A) — 11 A — t2(2° — e — A)]

For a straightforward exposition, we first suppose that A = 0, so z° —e > A, finding the optimal
evasion and characterizing the section where its solution holds. The optimal evasion from the FOC
is

(= pz o)
pl(z5 —e)m

In this case, we also ask over the condition for the existence of this solution. By replacing the
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audit function with its characterization we obtain

s 1
e*—e4—22—A(1—7T>

The critical requirement is z° — e* > A, this implies

Therefore, ey is the solution for z° € (Z,, Z]. Notice that, if 7 < 2 we have Zy > A. Thus, we
impose 7 € (1,2). With this assumption, it is sufficient to impose that 7 <

2t27t1(27ﬂ')
that Zo > Z1. We made this assumption.

% to guarantee
Now, we proceed to demonstrate that, if we assume A # 0, the result from the FOC is A > 0.

This result implies that, in section A < z° < Z5 the optimal evasion is given by e* = e3 =2, — A
From the FOC we have

A=ta(1—p(z° — e)m) + p'(z° — e)7tae

By replacing the audit function with its characterization and e = e3 = z° — A we obtain

7 — 25w 28
|57 e -2

Since Zs > 2%, A > 0 yielding that the solution for A < z° < Z, is e3. e3 is the solution in

2% € [Z1,Z3) because for A < z° < Z; the solution ey brings a larger utility.

Finally, we provide a characterization of the effect of tax changes on evasion, separating the

effect of t1, to, and At = t5 — t1, in the following lemma.

Lemma 3. The effect of tax changes, defining by movements in t1, to and Nt = to —t1, on evasion
are

1. When ty raise, €* also raise. This evidence a positive relation between evasion and ty.

2. When ty raise, €* fall. This evidence a negative relation between evasion andty. Moreover, the
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Neg,tq

effect of ta is a normalization of the semi-elasticity of evasion regarding t1 equals to — 2

This means how many times one percent change in t1 moves evasion in terms of ts.

3. When At raise, e* falls. This means that as bigger the difference between to and t1 as smaller

the evasion incentives.

In Lemma 3, we show that an increase either in to or At = to — t; falling evasion, but an
increase in 1 raise evasion. This fact is explained due to the marginal tax rate that agents really
face. At e agents face t1, and an increase in this rate increases evasion; however, if t5 or /At raise,

the expected penalties raise discouraging evasion.

Threshold Function: Proof of Lemma 2

Since we are comparing two indirect utilities (U™ (H (2%, €*)) = U%(z*,e*)) in different possibles
scenarios, we have more than four cases to inspect for (specifically, we should analyze eight cases).
We denominate each solution with a number associate to the evasion section that is optimum in
each case.

The first case is 2%, 2% < A, so z° —e1 < A.

H(z)1—t1) =2 —t1(2° —e1) — p(z2° —e)mw [t12° — t1(2° — €e1)]

2% —t1(2° —e1) — p(z° —e1)7 [t1e1)]

H(z*) =
(2%) T

= H1(237 61)

The second case is z* > A and z° > A. In this section, we have three possibles options. The

fist option is 2% < Z3.

H(z2°) —t1A—to(H(2°) — A) = 2° —t1(2° — e2) — p(2° —ea)w [L1 A+ ta(2° — A) — t1(2° — e3)]

H(z%) = 2°(1 - pl(Z_S ; ea)miy)  (2° —ea)ts + A(tzl—_’fg)(l —p(z° —ea)m) _ Ho (25, e2)

The second option is Z7 < z° < Zs.

H(2%) —t1A—ta(H(2°) — A) = 2° — t1(2° —e3) — p(2° —e3)m [t1A + ta(2° — A) — t1(2° — e3)]

H(z%) = G Pl(z_s t_2 e3)mty) (2" —e3)ts + A(t21_—t2)(1 —p(z* —e3)m) _ Hy (2%, e3)
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The last option is Z; < 2% < Z°.

H(2°) —t1A—to(H(2°) — A) = 2° —t1 A — t2(2° —eq) — p(2° —eq)w [t1 A+ t2(2° — A) — 114 — t2(2° — e4)]

25 — tlA — ﬁg(Zs — 64) — p(ZS — 64)7Tt264 A(tg — tl)

= Hy(2*
1— 1, 1— 1, 4z, e)

H(z%) =

Tax Effects on the Threshold Function: Proof of Proposition 1

To simplify the exposure of each effect, we show the partial derivative in each section separately
OH{(z%, e
and try to standardize the parameters in each one. From Lemma 2 it is clear that 12751) =0,
2

thus we focus in the others sections. The effect of t5 change on Hs(z*,e3) is

OHy(2% ea) Ho(2%,e2) — A 02" 0Hy(2%,e2) | Oex OHz(2%,e2)  p(2° —eg)m(z® — A)
Oto N 1—1ts Oto 075 Oto Oes 1—1t

The structural parameters that define the effect of to on the threshold function are: %%

and g—g%i’e"’). This allow us to capture a lower-bound of tax effects. Now, we obtain the effect

of ta on Hs(2*, e3).

OHj3(2% e3) Hs(2%,e3) — A 02" OHz(2%,e3)  Oez OH3(z% e3) p(2° —eg)m(z® — A)
Oto N 1—1ts Oto 075 Oto Oes 11—t

Similar as before, the structural parameters that capture the effect of ¢35 on the threshold

s s s . .
function are %% and g—fg’%;’er’). Finally, we obtain the effect of to on Hy(2%, eq).

OHy(2% eq) Ha(z% eq) —A— (2° —ea— A) — p(z°" —eq)mes | 02° OHy(2% e4) | Oeqg OHy(2", e4)
Oto - 1—19 Oto 0z% Otoy Oey

Similar as before, we can summarize the effect of o on the threshold function with two structural

. 02° OHa(z%e4) Oeq OHa(z% €4)
parameters: Oty 055 and ot der

From the above analysis is clear that the whole effect of o on the threshold function can be
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. OH z%e*
summarized by g‘i gT) nd 8e %

To obtain a clearer intuition, we made some changes

OH(z%,e*) 025 0H (2%, e")

Oe* OH (2%, ¢€*)

8t2 6t2 0z 8t2 Oe
02° ty OH(2%,€*) , 1  0Oe*ty OH(2%e*) 1
= - 2" — 4+ - — e —
Oty 2% 0z5 Oty e Oe to
~—— —_—
Ezs,tz NH,zs €e,to TH,e

1.9.2 DWL Derivation

Theoretical Formula

The effect of tax changes on welfare is given by

zw Ha(Zy,e2) o
_ 071 w w 071 w 07y w w
Ity {<8t2) / ZHAFE1(22) + (872) / AAEEDI ) <3t2 ) /}13(21753)z WEDIZY
H2(Z1,e2) A
() H3(71,63>Z AF (") f(21) § - 7(8H2(2>) RO () f(H2)dF (%) + 7 / 2 ED 2 aryar )
Oto a o 1 4 Oto 2 ? i 0zv Ot ? -

A Ha(z%,e2)

Zy Ha (2% ,e2)
OHy (2%, e2) s s s OR3(z%,e2) 0z°  OR*(2%,e2) Oea s
" Z (P2 o ey ar ) + [P O P ) 2 (e ar ()
8H3(Zs,63) w aRw u) OzW
- () s | ]|

P atQ]dF( “)dF (2 H/(M) R®(2°, e3) f(H3)dF(z°)
Z1 Hs (2% ,e3)

Zy H3 (2" e3

Z2
6R;(f 12 8’; ] dF(z )dF(zS)+/ (%};“)) R (2, e4) f(Ha)dF (2*)

+

[OR®(2%,e3) 802z°  OR®(z%,e3) Des s i OH4(2%,e4)\ Lu s
+Z/ A/ T % + 9es 8t2} dF (z")dF(2°) — / (7&2 )R (Ha)f(H4)dF (2°)

Z3 Hy(2%,e4) Z3
5 Hy(z%,e4)

[ORS(2%,e4) 02°  OR®(2%,e4) (964:|
dF dF(2°
! L 0z Oto Oey Oto ( ) (Z )

Za
Since we use a specific parametrization in this model, we assumed that all terms in {-} cancel

between them. This assumption means that movement around Z; cancels out because people who
move are equal and have the same income at the margin

Notice that, because of the threshold function definition
R (2, e) — R¥(:") = — (H(2",¢) — 2°)
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Before simplifying further the expression of %TVZ’ we obtain the derivatives over R'. First, R*(z%) =

T(z"Y), so % = T'(2") which, in this case, is equal to to since this is the only rate that we

change.

Looking at the marginal effects over R*(2*, es).

OR® s, B s s s s
é;@) =t14 0/ (2° —ea)m [1A + 12(2° — A) — t1(2° — e2)] — p(2° — ea) 7ty +p(2° — ea)ty
U (2%, e2) _
662 B
8RS s) S
2) o0 — ety (12
aRS S
(5;2’62) =—t1+p'(2° —ea)(—1)m [t1 A + ta(2° — A) — t1(2° — e2)] + p(2° — ez)wt1 =0 (1.13)

8U5(z5,62)_0
- 862 h

Now, looking at the marginal effects over R*(z%, e3).

OR’ (2%, e3)

550 =t + p/(2° —e3)m [t1 A + ta(2° — A) — t1(2° — e3)] — p(2° — e3)7ty

but, p(2® —e3) = 1/2, so p'(2° — e3) = 0 yielding

OR?*(2%, e3)

e =t1(1 — p(2° —e3)m) + p(z° — e3z)7ta (1.14)

Recall that ez does not depend on ty, then % =

Last, the marginal effect over R*(2%,e4) is given by

aRS S
;;&4) =ty + p/(Zs — 64)7Tt264
From the FOC of e4 we find that ty + p'(2° — eq)wtaes = p(2° — eq)7to, then

OR*(2%, e4)

ppe =p(z° — eq)mty (1.15)
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Similarly, e4 does not depend on t5 producing that the effect over revenue is irrelevant.

oW
Replacing the expressions in equations (1.12) - (1.15) into T doing algebra and replacing
2

0z° 0x° Oegy 0z°  0xf
= + —= for 2° < Z7 and = for z° > 77, yields
Oto Oto Oto ! Oto Oto = 4L Y
ow _ OH (2%, e2) [H2(2°, e2) — 2°] / / 12 0271 W w s
8t2 o /( 8t2 ) tg f FA 8t2 dF(Z )dF(Z)
Ae—— A Hy (3% e) e
NHgy, to €2ty
Zy Ha(2°,e2) P Zy Ha(z%,e2) 5,0
+/ / p(z" = ea)ma® | 29T ap(z*)dp (") +/ / p(z* — ex)men | 295 | ap(2*)dF (=)
xs 8t2 €2 8t2
A a —_—— A a
Ex,ty €eg,tg
F(0Hy (" e), \ [Ha(,e5) — ] o
Hs 23,63 Hs Zs,€3 to 0z w w s
— f(H F —_ F F
[ (2B, e ) / / [w e |rarerar )
7 e et Z1 H3(2%,e3)
MHg,ty E2W 1oy
Zy H3(2%,e3) 5 Zy H3(2%,e3) o
S y w S S S t s w S
+/ / [t1(1 — p(z° — e3)m)] - z")dF(z )—l—/ / p(z° —e3)mz® | = z dF(z")dF(z°)
Oto xS Oto
Z1 A Z1 A ——_——
Ex,ty
[ (OH(* ), \ [Ha(=*,ea) = 2°] / / 102 s
/ ( ooy, ‘ FCHL)AF (2 b O | map ()R ()
29 e ! Zy Hy(25,e4) "
NHy to e2w ty
% Hy(2°,eq) P
+ p(2°, ea)ma® {Ei} dF (2")dF(2*)
x5 Oto
Zo A N———

Ex,ty

S
By Collapsing all terms and not considering (1 — p(2® — e3)m)t; 8:5 for simplicity, we obtain
2

ow s o . H(z%,e*)— 58
o = Eqw 1 2Y + E442°p(2° — e)m + Ecép(2° —e)m — nH’t(t)

Taxable Income Elasticity Derivation

To obtain ¢, , we need to define the average taxable income in this context. Since we model

the occupational choice, this elasticity is not a weighted sum between taxable incomes elasticities
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because we need to capture the effect in the extensive margin. The average taxable income is

A A A Hy(z%,e1) Z1 zv
3 :/ / 2PdF (2")dF(2°) + / / 2*dF(zV)dF(z°) + / / 2"dF (2")dF(2%)
z° Hy(z%,e1) 2z zw A Hj(z%,e2)
Z1 Ha(z%,e2) Zo zv Zy H3(2%,e3)
+ / / 2’ dF(zV)dF(z°) + / / 2PdF (2")dF(2%) + / / 2*dF(zV)dF(z°)
A A Z1 Hy(2%,e3) A
z 7 z° Ha(2%,e3)
+ / / 2PdF(z")dF(2°) + / / x*dF (zV)dF(2°)
Zo Hy(2°,e4) Zy A

By deriving the above expression with respect to to, making all the assumptions made, and

multiplying by 2, we obtain an expression that depends on elasticities and semi-elasticities.

Zy A i

a/\ 8H S: s s s 8 vt w w s
£t2 :_/ (%@ [Ho(2°, e2) — @ (Z1)] f(H2)dF (2 )+/ / (éﬁ) ZUdF(2")dF(2°)
A N——o A Ho(25,€9) N~ ——r
NHy, ty exw,t2
Zy Ha(2%,e2) 5 Zo OH
St s w s k Sa E s s s
+/ / T2 sap(s )dF(z‘)—/ OH3(2%€3), \ 11y (2°, e3) — 2°(24)] f(Ha)dF (=)
Oto T° Otz
A A N’ 7 e e
Ca,ty NHg, ty
Zy  ZV 5 Zo H3(2%,e3) 5
2" to w w s igti s w s
+/ / (szfw)z dF(z )dF(z)+/ / (8152 x5>x dF(2")dF(z°)
Z1 H3(2%,63) “mmm—ert Z A —
g w,ty Ex,to
aH S7 S S S . ] a v t w w S
7/($t2> [Hu (2%, e4) — 2°(Z1)] f(Ha)dF (2 )+/ / (%Z—i)z dF(z")dF (%)
2 2
Zy N—————— Zo Hy(2%,e4) e ——r
NH, 12 ezw,t2

Z° Hq(z2°,eq)

8585 t2 s w s
Z3 A —
€x,to

By collapsing all terms, using the same notation for weighted average variables and dividing by

Z we get

9% to .2 &% H(z%e")—2f
T =t =Cwyp—— tExt— —NHt =
Oty 2 Z Z z

Derivation of DWL Formulas

Feldstein (1999) show two relevant things in this line: (i) the elasticity of taxable income
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€.+ (equation (1.10)) is enough to capture the DWL, and (ii) the DWL can be rough using the
Harberger’s triangle, or a variation of this. We follow this line but connecting the elasticity of
taxable income with our measure of the welfare effect using equation (1.11). The Figure 1.5 shows

the basic concepts behind Feldstein’s derivation.

Figure 1.5: Deadweight Loss

Demand

a2 @ q Quantity

dq

The most popular formula is the Feldstein’s triangle. In the figure, the DWL is capture by the
triangle ABC. Applying this measure to our model yields

2

X €zt

DWL = —-0.5x 1

We denominate this formula as DW L.

The policy that we use implies a change from a situation with a positive tax rate to another
positive rate. This means that the initial situation had taxes. This scenario is quite different from
the context where Harberger’s triangle is used because (potentially) we are moving from a situation
far from the social equilibrium. For this reason, we examine this effect using a trapezoid instead

of a triangle. The second measure of the DWL that we use comes from Feldstein (1999) where the
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author evaluates an increase in the top-bracket marginal tax rate with the following formula

2 1
DWL——QSX“H?t@)Xsm
— U

where subscript ¢ 4+ 1 refers to the final situation and ¢ the initial situation. We denominate
this formula as DW L.

The final formula comes from our development of the trapezoid that captures the DWL. This
approximation comes from the difference between our context and the evaluation made in Feldstein
(1999), where we use tax changes across tax bracket and Feldstein evaluate a change in the top
bracket. We estimate the trapezoid ABDF in Figure 1.5. Although in Figure 1.5 the tax changes
imply an increase and the policy was a decrease, as we show, the trapezoid captures the tax
difference allowing us to incorporate the direction of it. Our derivation is

The effect of tax changes is capture by the trapezoid ABDF instead of the triangle ABC in

figure 1.5. We estimate the trapezoid’s area as the sum of a triangle and a square area; this is

DWL = —dq x r + 2= T(Zd0)

2
(271+72—T1)
= (—dg) L2 1
(—dqg) 5
T+ T2
= (—d
(—dg)—

where 7 is the commodity tax rate that is applied to a consumption good. Replacing dq = dC

yields

DWL =-0.5xdC x (7‘1 — 7'2)
=dr=(12—71)
——
ic (1+7) 047

=S ET S T Ty

C x (11 + T2)

=—-0.5 X e, X (r3 — 1)

(1+7)

t
From Feldstein (1999) we know ec,C = —¢,1+TI, (1+7)"'=1—tand 7 = T—3 By using

74



CHAPTER 1. TAX EVASION AND SELF-EMPLOYMENT DECISIONS: EVIDENCE
FROM AN INCOME TAX REFORM IN CHILE

these result yields

ta )2 b\
DWL =0.5xe,1-+TI x (1—1) [(1 2t > B <1 1t ) ]
— 1 -1

t3 t
=0.5 x _IT x —
Ea1-t [1 — 19 1—t1]

where 7 is the average marginal tax rate in the initial situation and ¢5 when taxes change. Using
the above equation, applied to our derivation, the third DWL formula, DW L3, that we estimate is

the following

12 12
DWL = —0.5x Lt ey,
I—t1 11—t ’

where t; is the average marginal tax rate in the initial situation and ¢;;; when taxes change.
We denominate this formula as DW Lg.

The two trapezoid formulae capture the direction of tax changes, either falling or increasing.
This is showing in the term in bracket. This difference from the triangle potentially improves the
measure since considers not only the direction of tax change, but also the magnitude of the effect.

In this sense, the trapezoid incorporates a weight of the policy.

1.9.3 Tables and Figures

Figure 1.6: Second Category Tax Scheme
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Source: Own elaboration based on the Chilean IRS data.
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Figure 1.7: Google Trends Comparison: Educational and Tax reform

120

100
80
60

10

16 26 3.6 16 56 66 76 86 96

= Avenida Brasil ~=——Educational Reform Tax Reform

(a) 2013 (b) 2014

Note: The numbers in the y-axis represent the search interest relative to the maximum value in the specified region and
period list. The value 100 indicates the top popularity of the term, 50 implies half popularity, and 0 means there was

not enough data for this term. Numbers in the z-azxis show the week for the respective year. Source: Own elaboration

based on the Google Trends data.

Table 1.13: Percentage of workers by income bracket and occupation type

Bracket 2006/7 2011/2 2016/7
Self-employed Wage-earner Self-employed Wage-earner Self-employed Wage-earner

1 82.10% 66.24% 771.77% 62.18% 72.13% 57.24%
2 11.06% 20.71% 14.64% 22.75% 17.33% 25.54%
3 3.89% 7.28% 4.00% 8.86% 5.84% 11.18%
4 1.14% 2.93% 1.97% 3.03% 1.71% 2.98
5 0.71% 1.09% 0.62% 1.44% 1.35% 1.57%
6 0.53% 0.67% 0.46% 1.11% 0.96% 1.01%
7 0.42% 0.44% 0.12% 0.49% 0.47% 0.20%
8 0.14% 0.64% 0.42% 0.14% 0.21% 0.27%
Total sample 24.86% 75.14% 21.88% 78.12% 22.78% 77.22%

Note: FEstimations for household heads, calculated using the household sampling weights. Source: Own elaboration

based on the EPF data.
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Table 1.14: Percentage of Self-employed workers by Household Income Decile

Self-employed (%)

Income decile  2006/07 2011/12 2016/17
1 42.86 35.99 39.66
2 27.66 20.18 26.94
3 26.16 22.65 24.45
4 22.84 21.26 17.85
5 20.41 19.09 19.14
6 21.69 22.48 19.62
7 20.84 21.44 17.60
8 18.46 17.90 19.78
9 16.25 13.61 15.07
10 16.17 14.65 15.29
Total 24.86 21.88 22.78

Note: Self-employment rates computed based on the employment type of the household heads considering only remu-

nerative jobs. Source: Own elaboration based on the EPF data (2006-2017).
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Figure 1.8:
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hold sampling weight. Source: Own elaboration based on the EPF data.
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Figure 1.9: Non-parametric Estimates of Total Food Expenditure Engel Curves using Mix Self-employed
Household Definition
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Note: Non-parametric estimation results of the natural logarithm of total food expenditure and household income were

obtained after controlling for a set of covariates. Source: Own elaboration based on the EPF data.
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Table 1.15: Estimation of Tax Evasion: Tax Evasion Rate vs Intensive

EPF Survey
2007 2013 2017  Average

Panel A: Main Specification

Evasion Rate 11.44% 9.98% 11.26% 10.89%
Evasion Rate for Evaders 13.76% 11.76% 13.08% 12.87%

Panel B: Household Head Mix

Evasion Rate 6.89%  6.36%  7.43% 6.89%
Evasion Rate for Evaders 15.28% 13.82% 14.89% 14.66%

Panel C: Household Head Occupation following HLP

Evasion Rate 11.90% 9.93% 13.31% 11.71%
Evasion Rate for Evaders 16.75% 14.39% 17.37% 16.17%

Note: Evasion Rate refers to the mean misreporting rates over self-employed households. Evasion Rate for Evaders is
the percentage of misreporting among self-employed evader households. The means of the estimated coefficients were

calculated after replacing negative misreporting rates with zero. Source: Own elaboration based on the EPF data.
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Figure 1.10: Predicted Evasion from the IV Model using Mix Household Definition
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Note: Non-parametric estimation results of the relationship between the evasion rate and the logarithm of the house-
hold. Predicted tax evasion is obtained from IV estimation of equation (1.3) changing the definition of self-employed
by the occupation declared by the head of the household. Source: Own elaboration based on the EPF data.
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Figure 1.11: Predicted Evasion from the IV Model using the same Household Definition as HLP
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Note: Non-parametric estimation results of the relationship between the evasion rate and the logarithm of the house-
hold. Predicted tax evasion is obtained from IV estimation of equation (1.3) changing the definition of self-employed
by the occupation declared by the head of the household. Source: Own elaboration based on the EPF data.
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Note:

Figure 1.12: Parallel Trend Assumption on Tax Evasion Outcome
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Non-parametric estimation plots a linear fit of evasion rate estimation by the I'V method. Parametric estimation

is the predicted value from a regression. Source: Own elaboration based on the EPF data.

Note:

Figure 1.13: Parallel Trend Assumption on Self-employment Outcome
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Non-parametric estimation plots a linear fit of evasion rate estimation by the IV method. Parametric estimation

is the predicted value from a regression. Source: Own elaboration based on the EPF data.
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Figure 1.14: Compositional Effect
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Table 1.16: Effect of Tax Reform on Tax evasion instrumenting Income

1 2 ®3) (4)
Dep. Vble: Evasion Rate POLS treatment POLS PT POLS MTR POLS PMTR

Policy 0.0075** 0.0130%**

(0.003) (0.003)
Treatment 0.0402*%** 0.0351%**

(0.004) (0.004)
Policy x Treatment® -0.0104%*** -0.0266***

(0.004) (0.004)
Ln Mg Net-of-Tax Rate -0.2919%** -0.2815%**

(0.025) (0.025)

Observations 14,987 14,987 14,987 14,987
R-squared 0.208 0.202 0.212 0.202
F-statistic 33.70 33.20 35.03 34.37
Covariates v v v v
Year FE v v v v
Delta Tax® -0.016 -0.016
Mean Evasion® 0.026 0.026
Mean Tax? 0.028 0.028
Elasticity (¢/c/b/a) 0.707 1.800

Notes: Columns (1) and (2) report POLS estimates of the taz policy change and taz policy change based on predicted
treatment, and columns (8) and (4) of the effects of the met-of-marginal-tax rate and its prediction, respectively,
using the household sampling weights. Covariates include: male indicator, age-group dummies, education-group
dummies, marital status, couple’s occupation type, household size dummies, owner dwelling indicator, single-parent
family indicator, a child under 15 years in the family indicator, 1-digit industry-codes dummies, and agent’s gross
income (in Ln). Mean Evasion and Mean Tax are average weights for the whole sample. Robust standard errors in

parentheses. Significance level: *** p<0.01, ** p<0.05, * p<0.1.
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Table 1.17: Effect of Tax Reform on Tax evasion using Predicted Income

Y @) 3) (4)
Dep. Vble.:Evasion Rate POLS treatment POLS PT POLS MTR POLS PMTR

Policy 0.0138%** 0.0105%**

(0.003) (0.003)
Treatment 0.0228*** 0.0277***

(0.003) (0.004)
Policy x Treatment® -0.0256%** -0.0170%**

(0.004) (0.004)
Ln Mg Net-of-Tax Rate -0.1116%** -0.2233%**

(0.017) (0.024)

Observations 15,061 15,061 15,061 15,061
R-squared 0.193 0.193 0.190 0.194
F-statistic 31.65 33.01 32.29 32.94
Covariates v v v v
Year FE v v v v
Delta Tax" -0.016 -0.016
Mean Evasion® 0.026 0.026
Mean Tax? 0.028 0.028
Elasticity (¢/c/b/d) 1.730 1.151

Notes: Columns (1) and (2) report POLS estimates of the taz policy change and taz policy change based on predicted
treatment, and columns (8) and (4) of the effects of the met-of-marginal-tax rate and its prediction, respectively,
using the household sampling weights. Covariates include: male indicator, age-group dummies, education-group
dummies, marital status, couple’s occupation type, household size dummies, owner dwelling indicator, single-parent
family indicator, a child under 15 years in the family indicator, 1-digit industry-codes dummies, and agent’s gross
income (in Ln). Mean Evasion and Mean Tax are average weights for the whole sample. Robust standard errors in

parentheses. Significance level: *** p<0.01, ** p<0.05, * p<0.1.
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Table 1.18: Effect of Tax Reform on Tax evasion using HH Mix Definition

1 () 3) (4)
Dep. Vble.: Evasion Rate POLS treatment POLS PT POLS MTR POLS PMTR

Policy 0.0042%* 0.0050%*

(0.002) (0.002)
Treatment 0.0202%** 0.0165%**

(0.003) (0.002)
Policy x Treatment® -0.0049* -0.0103%**

(0.003) (0.003)
Ln Mg Net-of-Tax Rate -0.1708%*** -0.1280%**

(0.015) (0.016)

Observations 15,063 15,063 15,063 15,063
R-squared 0.301 0.299 0.304 0.299
F-statistic 59.29 60.45 61.58 60.59
Covariates v v v v
Year FE v v v v
Delta Tax? -0.016 -0.016
Mean Evasion® 0.022 0.022
Mean Tax? 0.028 0.028
Elasticity (a/c/b/d) 0.392 0.823

Notes: Columns (1) and (2) report POLS estimates of the taz policy change and taz policy change based on predicted
treatment, and columns (8) and (4) of the effects of the met-of-marginal-tax rate and its prediction, respectively,
using the household sampling weights. Covariates include: male indicator, age-group dummies, education-group
dummies, marital status, couple’s occupation type, household size dummies, owner dwelling indicator, single-parent
family indicator, a child under 15 years in the family indicator, 1-digit industry-codes dummies, and agent’s gross
income (in Ln). Mean Evasion and Mean Tax are average weights for the whole sample. Robust standard errors in

parentheses. Significance level: *** p<0.01, ** p<0.05, * p<0.1.
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Table 1.19: Effect of Tax Reform on Tax evasion using HH HLP Definition

1 () 3) (4)
Dep. Vble.: Evasion Rate POLS treatment POLS PT POLS MTR POLS PMTR

Policy 0.0146** 0.0200%**

(0.006) (0.006)
Treatment 0.0293*** 0.0212%**

(0.006) (0.005)
Policy x Treatment® -0.0131* -0.0284%**

(0.008) (0.008)
Ln Mg Net-of-Tax Rate -0.2390%** -0.1802%**

(0.036) (0.037)

Observations 7,200 7,200 7,200 7,200
R-squared 0.217 0.216 0.220 0.215
F-statistic 26.34 27.07 27.28 26.75
Covariates v v v v
Year FE v v v v
Delta Tax? -0.016 -0.016
Mean Evasion® 0.030 0.030
Mean Tax? 0.028 0.028
Elasticity (a/c/b/d) 0.766 1.660

Notes: Columns (1) and (2) report POLS estimates of the taz policy change and taz policy change based on predicted
treatment, and columns (8) and (4) of the effects of the met-of-marginal-tax rate and its prediction, respectively,
using the household sampling weights. Covariates include: male indicator, age-group dummies, education-group
dummies, marital status, couple’s occupation type, household size dummies, owner dwelling indicator, single-parent
family indicator, a child under 15 years in the family indicator, 1-digit industry-codes dummies, and agent’s gross
income (in Ln). Mean Evasion and Mean Tax are average weights for the whole sample. Robust standard errors in

parentheses. Significance level: *** p<0.01, ** p<0.05, * p<0.1.
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Table 1.20: Effect of Tax Evasion on Self-employment instrumenting Income

M 2 ®3) (4) ()
Dep. Vble.: Self-employment ~ POLS ~ IV-DiD  IV-DiD PT IV-DiD MTR IV-DiD PMTR

Evasion Rate® 2.947TFEE - 6.7902%FF  6.4431%F* 7.3514%** 7.3296%**
(0.064) (2.072) (0.838) (0.606) (0.608)
Policy 0.0061 0.0063
(0.012) (0.012)
Treatment 0.0081 0.0285

(0.081) (0.028)

Observations 14,987 14,987 14,987 14,987 14,987
R-squared 0.490 0.055 0.131 -0.083 -0.077
F-statistic 240 64.57 68.39 60.45 60.85
F-stat. Weak Ident. 4.02 21.62 64.29 59.92
Covariates v v v v v
Year FE v v v v v
Mean Evasion® 0.026 0.026 0.026

Semi-elasticity (a x b) 0.076 0.176 0.167

Notes: Column (1) reports POLS estimates, in columns (2) and (3) evasion is instrumented using the taz policy
change and its prediction, and in columns (4) and (5) the net-of-marginal-tax rate, using the household sampling
weights. Covariates include: male indicator, age-group dummies, education-group dummies, marital status, couple’s
occupation type, household size dummies, owner dwelling indicator, single-parent family indicator, a child under 15
years in the family indicator, 1-digit industry-codes dummies, and agent’s gross income (in In). Mean FEvasion is
the average weights in the whole sample. Robust standard errors in parentheses. Significance level: *** p<0.01, **

p<0.05, * p<0.1.
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Table 1.21: Effect of Tax Evasion on Self-employment using Predicted Income

M 2 ®3) (4) ()
Dep. Vble.: Self-employment ~ POLS ~ IV-DiD  IV-DiD PT IV-DiD MTR IV-DiD PMTR

Evasion Rate® 3.0580%**  7.3612%**F  5.7736%** 6.5663*** 7.1789%**
(0.057) (0.943) (1.143) (0.946) (0.665)
Policy 0.0057 0.0095
(0.013) (0.011)
Treatment -0.0209 0.0361

(0.021) (0.031)

Observations 15,061 15,061 15,061 15,061 15,061
R-squared 0.483 -0.083 0.258 0.107 -0.036
F-statistic 251.1 58.71 75.65 68.47 62.44
F-stat. Weak Ident. 39.67 17.54 41.29 82.42
Covariates v v v v v
Year FE v v v v v
Mean Evasion® 0.026 0.026 0.026

Semi-elasticity (a x b) 0.079 0.191 0.150

Notes: Column (1) reports POLS estimates, in columns (2) and (3) evasion is instrumented using the taz policy
change and its prediction, and in columns (4) and (5) the net-of-marginal-tax rate, using the household sampling
weights. Covariates include: male indicator, age-group dummies, education-group dummies, marital status, couple’s
occupation type, household size dummies, owner dwelling indicator, single-parent family indicator, a child under 15
years in the family indicator, 1-digit industry-codes dummies, and agent’s gross income (in In). Mean FEvasion is
the average weights in the whole sample. Robust standard errors in parentheses. Significance level: *** p<0.01, **

p<0.05, * p<0.1.
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Table 1.22: Effect of Tax Evasion on Self-employment using HH Mix

M 2 ®3) (4) (5)
Dep. Vble.: Self-employment ~ POLS ~ IV-DiD IV-DiD PT IV-DiD MTR IV-DiD PMTR

Evasion Rate® 2.3342%*¥*  13.6500*%  12.3003%*** 10.8059*** 11.8331%**
(0.070) (6.983) (3.377) (1.000) (1.390)
Policy -0.0107 -0.0072
(0.021) (0.018)
Treatment -0.0496 -0.0169

(0.132) (0.053)

Observations 15,063 15,063 15,063 15,063 15,063
R-squared 0.333 -2.269 -1.686 -1.126 -1.501
F-statistic 1754 18.71 22.13 28.22 24.28
F-stat. Weak Ident. 3.42 11.76 122.27 67.06
Covariates v v v v v
Year FE v v v v v
Mean Evasion® 0.022 0.022 0.022

Semi-elasticity (a x b) 0.051 0.301 0.271

Notes: Column (1) reports POLS estimates, in columns (2) and (3) evasion is instrumented using the taz policy
change and its prediction, and in columns (4) and (5) the net-of-marginal-tax rate, using the household sampling
weights. Covariates include: male indicator, age-group dummies, education-group dummies, marital status, couple’s
occupation type, household size dummies, owner dwelling indicator, single-parent family indicator, a child under 15
years in the family indicator, 1-digit industry-codes dummies, and agent’s gross income (in In). Mean FEvasion is
the average weights in the whole sample. Robust standard errors in parentheses. Significance level: *** p<0.01, **

p<0.05, * p<0.1.
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Table 1.23: Effect of Tax Evasion on Self-employment using HH HLP

1) (2) (3) (4) (5)
Dep. Vble.: Self-employment POLS IV-DiD IV-DiD PT 1IV-DiD MTR IV-DiD PMTR
Evasion Rate® 3.0536***  6.0708%*  5.3846*** 8.3492%** 8.0558%**
(0.107) (2.783) (1.358) (1.140) (1.427)
Policy -0.0230 -0.0175
(0.021) (0.016)
Treatment 0.0578 0.0739%**
(0.067) (0.023)
Observations 7,200 7,200 7,200 7,200 7,200
R-squared 0.516 0.196 0.327 -0.475 -0.368
F-statistic 138.5 46.06 51.87 31.06 32.20
F-stat. Weak Ident. 3.20 11.43 43.68 23.83
Covariates v v v v v
Year FE v v v v v
Mean Evasion® 0.030 0.030 0.030
Semi-elasticity (a x b) 0.092 0.182 0.162

Notes: Column (1) reports POLS estimates, in columns (2) and (3) evasion is instrumented using the taz policy
change and its prediction, and in columns (4) and (5) the net-of-marginal-tax rate, using the household sampling
weights. Covariates include: male indicator, age-group dummies, education-group dummies, marital status, couple’s
occupation type, household size dummies, owner dwelling indicator, single-parent family indicator, a child under 15
years in the family indicator, 1-digit industry-codes dummies, and agent’s gross income (in In). Mean FEvasion is

the average weights in the whole sample. Robust standard errors in parentheses. Significance level: *** p<0.01, **

p<0.05, * p<0.1.
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Chapter 2

Tax Policies Design in a Hierarchical
Two-Side Model with Occupational

Decision

2.1 Introduction

Increased tax revenue has continuously been an important issue for governments because of
increasing social expenditures and paying debts or saving for future spending. Omne option to
raise tax collection is fighting against tax evasion since it increases revenue through effectiveness
instead of changing the tax policy, which bureaucratically takes more time. For example, after
the economic crisis of 2008, developed countries have focused on the fight against tax evasion
and in understanding its mechanisms aiming to increase tax revenues (Slemrod, 2019). Therefore,
enhancing the effectiveness of enforcement policies appears to be an excellent option to expand
expenditure and maintain the institutional background at the same time.

Despite the importance of the increase tax collection, less attention has been paid to distortions
made by those policies in more complex and realistic environments. As a matter of fact, some
policies in the spirit of increasing tax revenue and improving income inequality end up in distortions
over occupational decisions. For instance, in an environment with two possible occupations, a

progressive tax schedule may induce an increase in evasion for risk-averse agents (Watson, 1985),
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and having high taxes changes resources to industries where evasion exists (Kesselman, 1989).
Those facts come from the incentives to move into an occupation where evasion is more accessible
than others and reflects the analysis’s complexity.

Occupational decisions appear as a critical issue in distortions made by tax policies. Empiri-
cally speaking, some studies reinforce this fact. Firstly, Kleven et al. (2011) and Slemrod (2007)
evidence that evasion in the third-party income reports is low, and this problem arises mainly in
the income self-report occupations. Additionally, Bérdny (2019) shows that high tax rates in the
dependent employment sector produce high rates of self-employment. From a theoretical point
of view, Kuchumova (2017) demonstrates that the tax collection agency should audit occupations
with a minor level of information income reports, as this is an occupation with a self-declaration of
their incomes. Bearing in mind these results, taking into account occupational decisions into tax
policy models appears to be reasonable.

The current study incorporates the occupational decision into a hierarchical model formerly
developed by Sanchez and Sobel (1993) to investigate possible distortions in the tax policies design:
audits, the marginal tax rate and the budget for the IRS. As reported by Melumad and Mookherjee
(1989), hierarchical models are useful to make normative analysis. Therefore, this paper focuses
on the normative implications of incorporating occupational decisions into a tax policy model.
Simultaneously, it intends to investigate further into other relevant issues, namely the forces behind
the optimal policies given tax evasion and occupational choice, the possible distortion in the optimal
allocation of agents driven by tax evasion or the institutional background, and what the mechanisms
behind the possible distortions are.

Throughout the current study, a three-stage game is built in which the government, the tax
authority (henceforth the IRS) and a continuum of risk-neutral agents interact. This is, each
agent chooses between two possible occupations, being an employee or working as a self-employed.
Additionally, each agent has one productivity in each occupation, which comes from independent
distribution functions. In the dependent sector, agents cannot collude with their employer to declare
less income, avoid taxes and share the gains. On the other hand, in the self-employment sector
agents self-report their income, being able to misreport income and evade taxes. In the first stage,
the government maximizes a social welfare function and commits to a linear marginal tax rate, a

level of public goods, and the IRS budget. In the second stage, the IRS determines an audit function

94



CHAPTER 2. TAX POLICIES DESIGN IN A HIERARCHICAL TWO-SIDE MODEL
WITH OCCUPATIONAL DECISION

that seeks to maximize the expected tax collection subject to its budget constraint. Finally, in the
third stage, agents maximize their utility choosing an occupation. In the case of deciding to work as
a self-employed, it also chooses its income declaration. The agents make both decisions observing
their productivity (which is private information), the audit function, the marginal tax rate, and
the public goods provision.

Since productivity is private information, the revelation principle is used to solve the IRS’s prob-
lem. Therefore, this study focuses on finding a direct incentive-compatible mechanism composed
of a direct audit function and effective taxes, which are the tax liability that incentivizes agents to
reveal their real income. The audit function takes a cut-off form, as in Sanchez and Sobel (1993),
however, in this case the threshold level relies on the dependent productivity distribution as well.
This solution suggests that, if the IRS has an insufficient budget to audit the entire self-employment
sector, the audit level is efficient until the threshold wage, and after this, they do not face an audit.
Thus, this result produces that effective tax is the same for all agents who do not face an audit.
This fact generates a distortion in the occupational decision because agents with self-employment
incomes higher than the threshold wage have the incentive to work as self-employed when they
are more productive in the dependent sector. Finally, it is demonstrated that this kind of result
holds for two extensions: a) if the audit cost can depend on the self-employment wage, it must be
monotonically non-decreasing on self-employment income and b) if the fine rate is increasing in the
self-employment wage, it must be bounded from above.

The optimal public good provision is equal as in the first-best solution as agents are risk-neutral.
As is well explained in Boadway and Keen (1993), if agents have linear utility for consumption (or
are risk-neutral on it), any change through tax evasion, and the consequent increase in the after-
tax income, does not produce an impact on the optimal public good provision. These results come
from the non-alteration of the marginal rate of substitution between the public good and private
consumption. However, for the current study, this result reinforces the idea that tax evasion
produces a distortion in the distribution due to the fact that some agents, those who face an audit
and those who are dependent workers, increase the burden to finance public good in comparison to
a situation without tax evasion.

The optimal marginal tax rate is smaller than one and can be characterized by two effects:

welfare and revenue. This result suggests two critical highlights. First, if the government does not
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consider the occupational decision, taxes have an upward bias. This conclusion comes from the
comparison with Sanchez and Sobel (1993), who obtain a marginal tax rate equal to one. Second,
the optimal tax must consider, at the same time, the impact on tax revenue and social welfare. It
is also demonstrated during this study that differential taxation, i.e., one marginal tax rate in each
occupation, is possible but it implies a bigger marginal tax rate in the self-employed sector. This
result produces an even more significant distortion in the allocation of agents than the scenario
with only one marginal tax rate.

The optimal IRS’s budget is insufficient to audit the entire self-employed sector and three effects
can characterize this: behavioral, mechanical, and welfare. Even though the budget cannot allow
audit all self-employed workers, this level is higher than the result from a cost-benefit analysis.
This fact comes from the necessity to take into account the agents tax burden (Slemrod and
Yitzhaki, 1987). Finally, this result shows that, in determining the size of the tax collection agency,
the government must consider the effect of welfare and revenue (the mechanical effect) and the
implication on the occupational decision made by agents (the behavioral effect).

This study draws upon the classic literature on evasion, beginning with the contribution of
Allingham and Sandmo (1972) and Yitzhaki (1974). The literature is faced with the question
on the relation between optimal taxation, optimal audit scheme and occupational choices before
this work. In this line, the seminal paper is Sandmo (1981), which focuses on the impact of tax
evasion in the labor market in an economy with two fixed sectors. Pestieau and Possen (1991)
concentrate on the differences in risk-aversion among taxpayers who choose between a riskless
work and a risky entrepreneurial activity in which evasion is possible. These authors find that
the tax rate decreases with audit costs and increases with the concern for equality, and the audit
scheme takes only extreme values. Similarly, Boadway, Marchand and Pestieau (1991) investigate
the consequences of occupational choice in a linear income tax, where the occupational choice is
between entrepreneurship and wage-earning. They claim that optimal tax rates depend on three
effects: efficiency, equity and insurance, and heterogeneity in attitude toward risk. Furthermore,
Parker (1999) empirically studies linear taxation in the presence of occupational choice adding the
possibility of unemployment. He calibrates the model using UK’s economy, finding that the optimal
tax solution implies higher marginal rates and redistribution, and the self-employment sector faces

large marginal tax rates but fewer effective tax rates than third-party employees do.
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Although some studies incorporate occupational decisions there has not been any studies that
focus on the implications of not considering them. FErgo, this paper’s main contribution is to
contrast the effect of not considering occupational decision into a model of optimal policy design.
What is more, this study seeks to shed light into the consequences for the tax policy design taking
into account, at the same time, occupational decision and income tax evasion. The interaction
between occupational decision and income tax evasion allows a better understanding of the possible
distortions behind the non-optimal policies. To explain further, tax evasion may come from the
permission of institutional background instead of purely willingness from agents (Kleven et al.,
2011). This fact could be partially explained by not considering both issues tax evasion and
occupational choice simultaneously in the tax policy design.

Also, this paper contributes to the literatures of optimal tax policies design. In this line, the
hierarchical model developed by Sanchez and Sobel (1993) is used as a benchmark. They make a
hierarchical tax policy model where the tax collection agency maximizes tax revenue and interacts
with a government in an economy with only one sector and a continuum of risk-neutral agents.
These authors’ paper shows that the audit scheme takes only extreme values. The IRS audits with
the intensity to deter the evasion below some threshold, and above this threshold, audit equals
zero. In addition, they show that the budget is insufficient to audit all taxpayers. This fact is given
by the agents tax burden’s effect, as is well explained in Slemrod and Yitzhaki (1987). Finally,
they find that the optimal marginal rate is equal to one, and all the redistribution is through the
public goods provision and a subsidy equal for all agents. Some of these results change by including
occupational decisions, evidencing the relevance of incorporating this element in the design of tax
policies.

The rest of the current paper is organized as follows. Section 2.2 presents the model, the require-
ment for equilibrium, and provides the first-best solution and the decentralization of it. Section 2.3
solves the IRS’s problem, ensuring a second-stage equilibrium, and providing the characterization
of the optimal audit policy. Section 2.4 solves the government’s problem, obtaining the optimal tax
schedule, the IRS budget, and the optimal provision of public goods. Section 2.5 briefly discusses
some issues and provides a comparative static over the tax rate and the budget for the IRS. Finally,

section 2.6 provides the conclusions of this study.
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2.2 Model, Benchmark and Equilibrium Concepts

2.2.1 Model

The economy has three agents: the government, the IRS, and a continuum of risk-neutral agents
of mass one, which interact in a hierarchical tax administration model. Also, the economy has two
sectors, dependent and self-employment, indexed by i = {d, s}. Since the IRS perfectly knows in
what sector each agent works, it is impossible to evade taxes in the dependent sector. However,
in the self-employment sector tax evasion is possible, and the income verification is costly. Let us
assume a homogeneous consumption good, which production is linear, uses only labor as an input,
and this price is normalized to one. Those facts produce that each sector’s wage rate is equal to
one, and the effective wage is the same as the agent’s productivity. In addition, it is implicitly
assumed that the government has no resources (the technology, knowledge, expertise among other)
to perform the audit process efficiently. What has been previously mentioned produces the necessity
of the existence of a specialized agency to look after the tax compliance. Yet, as it is well explained
in Melumad, Mookherjee and Reichelstein (1995), it is possible to attain the same second best
performance level as one without an IRS in this setting.

One interesting way to analyze income tax evasion in an occupational choice model is through
differential taxation. Gomes, Lozachmeur and Pavan (2017) find the optimal differential taxation
into an occupational decision model quite similar to the model developed in this paper. Given that,
a natural question is about the possibility of analyzing distortions in tax policy directly through
differential taxation. Appendix 2.7.1 faces this question and demonstrates that it is not trivial to
follow this way.

The timing of the game is the following: in the first stage, the government chooses a linear
marginal tax rate, 7, a budget for the IRS, B, and a level of public goods provision, R. The

1" This assumption is not restrictive,

government cannot impose a marginal tax higher than one.
afterwards, it will be shown that its holds at the optimum. The IRS selects an audit function in
the second stage, ¢. Finally, in the third stage, the agents decide the sector to work endogenously,
after seeing the tax policy decisions chosen by the government and the IRS. If they decide to work

as self-employed, choose the IRS’s income report. A graphic exposition of the above explanation is

"Mirrlees (1971) obtains this as a result of an optimal non-linear tax schedule.

98



CHAPTER 2. TAX POLICIES DESIGN IN A HIERARCHICAL TWO-SIDE MODEL
WITH OCCUPATIONAL DECISION

illustrated in Figure 2.1.
Figure 2.1: Timing of the Game

Individuals pay

Individuals Y 1+ p(n®)
report x -
: ‘ ‘ ‘ Self-employed Individuals
Nature draws Government 1RS commits Individualwendem .
4 Individuals pay

(n%,n®) from F(-), announces ¢ choose sector
pay Tw?

Constitution  de- 7, Band R to work

fines m > 1

Agents

Let us assume a continuum of risk-neutral agents of mass one. Nature randomly chooses a
pair of productivities n = (nd, n®), each term represents the agent’s productivity in the dependent
and self-employment sector respectively, and is drawn independently from a distribution function.
Formally, n' comes from a cumulative distribution function F*, twice continuously differentiable,
with support [n?, 7] for i = {d,s}. This function is common knowledge in the model.

The agents decide their occupation considering the government’s tax schedule and the audit
function committed by the IRS. When it comes to choosing an occupation, the agents compare
their utility in each sector and choose which one gives them the highest utility. In each sector,
the agents offer an inelastic labor supply equal to one.? The agents’ utility function is separable
between consumption, C, and public goods, R. Since agents are risk-neutral, their utility can be
written as a quasi-linear function in consumption. In particular, let ¢ be the benefit for a certain
level of public goods, which are increasing and concave (i.e., ¢’ > 0 and ¢” < 0). The utility for

each agent, independently of its occupation, is

w(C, R) = C + ¢(R)

In the dependent sector, firms declare to the IRS the agent’s income.? This fact produces that

2Implicitly, it has been taken into consideration the fact that effective wage is equal to productivity and write w
or n indifferently.
3Collusion between firms and workers to underreport wages and divide the evaded amount is impossible. This
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consumption in the dependent sector is equal to the after-tax income, i.e., C(wd) = w? — Tw.

Consequently, the utility in the dependent sector is
Ul(w?) = w'(1—7) + 6(R)

In the self-employment sector, an agent makes an income declaration equals to x. Formally
x : [n®,7°] — R. The IRS does not reward over-reporting implying that any declaration above
real productivity is a dominated strategy. Hence, the income declaration will not exceed the real
income, x < w®. Agents will be audit with probability (. If the IRS audits a taxpayer, it will be
immediately discovered whether they evaded taxes and must pay the penalty p, which is a fine rate
m > 1 over the evaded taxes. The penalty takes the following form
m(tw® —71z) ifr<w’
p(w®) =
0 if ¢ > ws
It can be defined U®(w®) as the utility with the optimal income declaration. Formally, this
utility level is given by the following

U?(w®) = max w® — 7z — p(z) max {r (Tw® — 72),0} + ¢(R)

r<ws

Let us denote by x(w?®) the solution to this problem. Notice that, in this case, the expected con-
sumption is equal to the expected after-tax income, C(w?®) = w® — 72— @(x) max {7 (tw® — 72),0}.
Anticipating the optimal declaration in the self-employment sector, each agent chooses the sector
in which it works. Now, N can be defined as the set of agents that decide to work in the sector 4.

Formally N(w®) = {(w?,w*) | U(w’) > U7 (w?)} with j # i, and 4,5 = d, 5.

IRS

The IRS chooses the audit function to maximize the expected tax collection, taking as given
the marginal tax rate and its budget, which are determined by the government, and the fine rate.

Formally, define the audit function as ¢ : [w®, w*] — [0, 1], and the cost of auditing an agent ¢, that

fact implies that firms always declare each agent’s real productivity and tax evasion does not exist.
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is linear and constant. The IRS has a budget B to finance the cost of its enforcement policy.* If
the IRS does not use its entire budget, the excess must be returned to the government as a transfer

along with the tax collection. The problem of the IRS is as follows

/ dedFd(wd)dFs(ws) + / [Tz(w®) + p(z(w®))p(w®)] dFd(wd)dFs(ws)
N (wd) Ns(w?)

max
¢:[w? w*]—[0,1]

s.t.
B> / ¢ p(z(w*))dFY(wh)dF* (w®)
N3 (w?)

z(w®) € arg p?a)s{Us(ws)}

Government

The government chooses the marginal tax rate, 7 € [0,1], a public goods provision, R, and
the IRS budget, B, to maximize a social welfare function (SWF). It anticipates the optimal audit
scheme obtained by the IRS, the decision made by agents, and uses the known information, i.e., the
distribution of productivities and the form of utility in each sector. Let us define G as the social
welfare function, and assume that G’ > 0 and G” < 0.

The government has a budget constraint that states the expected tax collection and transfers

must go to finance a provision of public goods and the IRS budget. The cost of one unit of a public

4Tt is assumed that the IRS bears no other costs, like the operation cost.
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good is one. The problem of the government is as follows

max / G<Ud(wd)>dFd(wd)dF5(ws)+ / G (U*(w®)) dF(w?)dF® (w®)

,R,B
N (w) N#(w?)
s.t.
/ rwldFY(w?)dF® (w®) + / [rz(w®) + o(z(w®))p(w®)] dF(w?)dF? (w®)
N (wd) N#(w?)

+lB- / ¢ o(a(w))dFwHdF () | > B+ R
N (w*)

z(w®) € arg max{U*(w*)}

Z(ws)

@ solves the problem of the IRS

In this case, we assume that G depends on the agent’s utility instead of their sum. This assump-
tion is made to capture the government concern for each possible income realization, obtaining a

generalized social weight (Saez and Stantcheva, 2016).

2.2.2 Third Stage Equilibrium

Any equilibrium in the third stage requires a definition of the optimal income declaration and a
characterization over the optimal occupational choices. Using the definition of z(w?®) as the optimal
income declaration implies that, at the equilibrium, any agent in the self-employment sector declares
z(w®) and has a utility equals to U®(w?®). Hereafter, wages instead of productivity to clarify the

notation and the results are used.

Definition 1 (Occupational Choice Rule). Define Wi(w') as the occupation set, which is the result

of occupation decisions made by agents, in the following form

s
B
I

{hw*) € who?) x w', @] | US(w) > Ul(w))}

wihw?) ={ ) € o) x ', w7 | U(w) < U }
This rule establishes, implicitly, a threshold function that defines a critical productivity/wage
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limit in the self-employment sector. This is up to what wage level some agents prefer to work as a

self-employed.

Lemma 1 (Threshold Function). There ezists a threshold function, k : [w®, w°] — Ry, such that
(wh, w®) € W (w®) & w? < k(w®)

Proof. See Appendix 2.7.4 =

Considering the above analysis, a requirement for a third-stage equilibrium must contain two
elements: 1) an optimal agents’ income declaration, and 2) its occupational decision should reflect
the sector in which they obtain the largest utility from. The formal third stage equilibrium is as

follows.
Definition 2. A third stage equilibrium is given by:
1. Each agent in the self-employment sector chooses x(w®) € argmax U*®(w?®).

2. The occupational decisions made for the agents is optimal and satisfy conditions in Definition

1.

3. The threshold function exists and holds with Lemma 1.

2.2.3 Second Stage Equilibrium

In the second stage, the IRS maximizes the expected tax collection choosing an audit function
anticipating the optimal decision made by the agents. Agents in the self-employment sector can
hide information from the IRS and optimally choosing z(w?®) < w®. Therefore, it is necessary to use
a method that makes agents declare their real wage; this method is a mechanism design approach.
Considering the revelation principle (Myerson, 1979, 1981), finding a direct incentive-compatible
(IC) mechanism M : {a, T} is without loss of generality.” Being a the probability to audit an

agent and T the effective tax paid by an agent, namely 7 (w®) = 7z(w?®), the direct IC mechanism

°In the dependent sector, agents cannot misreport their income; implying that it is not necessary to define an IC
mechanism there.
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is as follows

A direct IC mechanism in this setting produces that the optimal income declaration of every
self-employed agent is equal to the real income earned (x(w®) = w?®). Thus, in equilibrium, evasion
does not exist.

The mechanism needs to be composed of an audit function and a tax liability, the effective taxes,
which together produce that agents reveal their real income. Unless the mechanism follows the
implementable requirements (declared below) some self-employed workers may have the incentive
to cheat the IRS and hide part of their, or their whole, income. This approximation produces
a simplification of the problem and allowing seeing the tax policy implication to incorporate the
occupational choice.

Let us define V*(w®, M) as the indirect utility in the self-employment sector given a mechanism

M. Any implementable IC mechanism has the following characteristics.

Lemma 2. The IC mechanism M is implementable if and only if
1. a(w?®) is non-increasing in w*

I a—atr)d

w*(1 — Ta(w®)r) Ve (w?)

1 — ma(w?) 1 — ra(w?) 11— ma(w?)

2. T(w®) =

Proof. See Appendix 2.7.5 =
In the case that the audit function takes the value of 1/x, the agent always reveals its real pro-
ductivity.® This result was first formally established by Scotchmer (1987), and it allows redefining

the support for audit function in the mechanism as a(w®) € [0,1/x].7

5To see this, note that when p(w®) = 1/ the utility in the self-employed sector is U*(w®) = w® — 7w*®, implying
that z(w?®) = w*®.

" Additionally, condition 1 in Lemma, 2 gives a restriction on marginal taxes which is the same as the assumption
made early:

1—a(w)rr > 0
L > T
a(w)m  —

The upper limit of the audit function is !/ and the marginal tax is limited from above with a decreasing function
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Lemma 2 establishes the requirements for any mechanism to be implementable. Keeping in
mind these requirements, it is possible to redefine the occupational choice rule for the second stage

equilibrium and the threshold function that results from this.

Definition 3 (Occupational Choice Rule in an IC Mechanism). For a direct IC mechanism, it can

be defined Wi (M) as the occupational set which is the result of agents occupational decisions by

WS(M):{(wd,wS) e [wh @ x [wh, @] | VE(w', M) ZUd(wd)}

WAM) ={ (w, w?) € [, @] x [w*, 5] | V(' M) < U}

Lemma 3 (IC Threshold Function). For any direct IC mechanism M, there exists a threshold

function k : [w®, w*] — Ry, that establishes the maximum wage to work as a self-employed
w? < k(w®)

Moreover, in equilibrium the threshold function is characterized by

I{/(MS) — V’js (w87 M)
U o (5(w®))

where X; denotes to the derivative of variable X with respect to i.

Proof. See Appendix 2.7.6 =
The second stage equilibrium establishes the conditions over the IRS’s choice and the allocation
of agents in equilibrium. Furthermore, by definition, any equilibrium that fulfills the following

conditions also holds with Definition 2 and, consequently, is a third stage equilibrium.
Definition 4. The second stage equilibrium is given by:

1. The IRS mazimizes the expected tax collection in the set of implementable direct IC mecha-

nisms, which follow the conditions in Lemma 2.

2. The occupational decisions made by agents is optimal and satisfies the conditions in Definition

3.

in the audit. This fact implies that the most restrictive limit is when the audits take it upper limit, in this case it is
1 > 7. The preceding implies that the marginal tax never exceeds one.
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3. The threshold function exists, and holds with Lemma 3.

2.2.4 Full-Information Solution

A central element to compare distortions made by evasion and occupational choices is obtain
the fist best solution. This solution is the result of a centralized problem where the government has
complete information about agents and the economy. This solution gives the benchmark in this
work.

The government decides the sector in which each agent will work as well as their consumption
level. In this setting, the productivity of each agent is used instead of their wages. Recall that, the
utility of each agent, independently of the sector in which they work, is u(C;(n?), R) = C;(n")+¢(R).
Therefore, the government must choose a consumption function, C : [n%, 7%

nd] x [n*, 7] — {d, s}. The

% 0,7 = Ry, a
public good provision R, and an occupational choice function, Z : [n n
occupational choice function determines the sector where each agent will optimally work. The

problem that the government solves is as follows

d s d s s d, d s s
S L T / [G (u(cd(n n ),R))} dF* (n®YdF*( +/ ),R))] dF* (n*)dF* (n*)
Zq4 Z
s.t.
/nddFd(nd)dFs(ns)+/nSdFd( YAF*®(n /Cd n®,n®)dF*(n")dF* (n®) + /cs(nd,nS)dFd(nd)dFS(nS) +R
Z4 Zs 24 Zs

where Z; is the set of agents on the work side ¢ and C; is the consumption function for agents in
sector i, with ¢ = {d, s}. The government has a resource constraint, which states that production
in both sectors must be equal to the consumption and spending on public goods. The following

proposition formalizes the government’s solution to the centralized problem.

Proposition 1. The solution to this problem is {Z}, Z7, R*,C¥(n',n)}, with i # j and i,j =
{d, s}, and takes the following form
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zr=A{d|VY(n%n®) € Z; = n® <ni}
Zr={s|V¥(n%,n®) € 2: = n®>n?}

1= / MRS(R*,C)dF(n?)dF*(n®) + / MRS(R*,CH)dF%(n?)dF?*(n®)

z 23
R = [ (nt = Citntn®)) aPUut)ape (o) + [ (n = C300%)) Aty dE o)
z =
dG (u(Ca(n,n®), R)) _ dG (u(Cs(n?,n®), R))
du(Cq(n4,n®), R) du(Cs(n?,n%), R)

where M RS is the marginal rate of substitution and

d“/dR

d“/dcq, R O
i

MRS(R*CY) =

Proof. See Appendix 2.7.2 =

The result in Proposition 1 shows the first best solution for this setting. The first and second
equation reflect the occupational choice rule and show that each agent works in their most produc-
tive occupation. After that, equation three reflects the optimal provision of public goods, which
tells us that the marginal cost of providing the public good is equal to the sum among agents of the
marginal rate of substitution between the public goods and the consumption good. This result is
known as the Bowen-Lindahl-Samuelson (henceforth BLS) rule (Samuelson, 1954, 1955). The last

two equations show the characterization for the optimal consumption bundle.

2.2.5 Decentralized Solution

The first best can be decentralized showing that the central issue in this context is evading
taxes. One can assume that the government knows each agent’s real income in each sector and,
therefore, evasion is impossible. In this framework, the government maximizes the social welfare
function subject to a resource constraint, but now it considers wages instead of productivities. The

government does not choose a consumption function, it chooses a lump-sum taxes that induces the
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agent to decide the sector to work in and a level of consumption. Formally, the government solves

the following problem

max / G(Ud(wd,R)) dF (w?)dF® (w®) + / G (U*(w®, R)) dF4(w?)dF* (w®)
Ty(w) Ta(w?). R
Nafw) N{we)
s.t
/ Ty(wh)dFH(w?)dF* (w®) + / Ty(w®*)dFY(wh)dF*(w®) > R
Nafw) N{w?)

Ul(w'’,R) = w® — Tj(w') + ¢(R), fori =d,s

where N is the set of taxpayers who choose work in sector i = {d, s}. The first constraint is the
resource constraint that shows that the tax revenue must be at least the same as the expenditure

in public goods provision. The second constraint is the definition of utility in each sector.

Proposition 2. The solution to this problem is {T;(w®), Ni*, R*}, with i = {d, s}, and takes the

following form
N = {w® |V(wh,w®) e N = w® < w}
NI = {w® | V(wh,w®) e NI = w® > w}

1= / MRS (R*,C3)dFY(wh)dF* (w®) + / MRS(R*,C*)dFY(wh)dF* (w®)

N N
R = / T () dF (W) dF* () + / T () dF (w) dF* ()
NG Nz

Cf=w' —TF(w"), fori=s,d
dG (U4(Cyq(w?), R))  dG (U*(Cs(w®), R))

dU4(Cy(wd), R) dU(Cy(w?), R)

where MRS is the marginal rate of substitution between the public good and the private con-
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sumption, and

du/dR

MRES(R'CD = i
i R*, :

Proof. See Appendix 2.7.3 =

Proposition 2 shows that it is possible to attains the first best in an environment with lump-sum
taxes. This result comes from the second welfare theorem and identifies that the crucial issue in this
framework is tax evasion in the presence of occupational choices. Therefore, not only can evasion

distort taxes but also the optimal and efficient allocation of workers.

2.3 1IRS Problem

The IRS’s problem involves finding a direct IC mechanism to incentive agents in the self-
employment sector to reveal their real wage. The IRS finds a direct audit function that maximizes
the expected collection and meets conditions in Lemma 2. Formally, the problem of the IRS is as

follows
max / rwldFU ) dF (') + / ra(w®) + a(w)r (rw® — ra(w®))] dF4(wh) dF* (uw?)

a(ws)
WE(M) Ws(M)

s.t.
B> / ¢ aw)dF (W) dF* (u*)
We M)

a(w?®) non-increasing in w®

h 1—a(y)rr)d
T (w®) w*(1 = Ta(w®)m) _J={v9 ( I Vi?) Tz (w®)
1 — ma(ws) 1 — ma(ws) 1 — ma(ws)

The first restriction is the budget constraints, which asserts that the IRS audits until equalizing
the expected audit cost with its budget. The second and third conditions are the implementabil-

ity requirements for the mechanism M. Finally, the fourth condition is the threshold function’s
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definition, which defines the occupational choice rule.

Some procedures to simplify the problem are made before solving it. The threshold function
is weakly-increasing in the self-employment income because &’(w®) > 0. In addition, since at the
equilibrium by the direct IC mechanism agents do not misreport their wages, the expected penalty

is zero. Using both facts, the objective function and the budget constrain are rewritten as

max/ / rwtdF(w?)dF* (w®) + 7%(/103)7( YAF Y (wh)dF* (w®)
B> 7 ”</“’ )c - a(w®)dF (w?)dF® (w®)

The second term in the objective function does not rely on productivity in the dependent sector,
and the same occurs in the budget constraint. This evidence implies that it is possible to simplify
both expressions taking into consideration only the mass of agents with productivity until x(w?).

To solve this problem, firstly one has to replace the audit function using the IC condition,
ave(w, M) Jaws = Vi (w®, M) = 1 — ma(w®)r. Secondly, it can be used the fact that T (w®) =
w® — V& (w*, M). With those changes it is possible to formulate the problem of the IRS using the
indirect utility in the self-employment sector, V*(w?®, M), as the state variable, and its derivation
to productivity, V5. (w®, M), as the control variable. This specification suggests that the condition
over the audit scheme is replaced for a condition over the marginal indirect utility. More specifically,
the marginal indirect utility must be non-decreasing and its support is [1 — 7,1]. The Lagrangian

of this problem is
LV (w®, M); Vs wS,M))—/ / rwtdF(w?)dF* (w®)

/w — VS (M| Fs(w") £ () du® + p(w®)VEs (', M)

—p / 1‘VS Ca M)} Uis(w)) f* (w")duw® — B
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where p(w?®) is the adjoint function associated with the state variable, and p the Lagrange
multiplier associated with the budget constraint. The necessary conditions to solve this problem

are the following

9 dp(w?®) _ _dﬁ*(VS(ws,M); s (W, M) _ ? Fd(/{(ws))fs(ws)dws

dws dVs(ws, M)
3. V#(w?®) is free, implying that p(w®) = 0.

1 - Iﬁs(ws,M)

T

4. >0, p (1}5 c- [ ] Fo(k(w?)) f* (w®)dw® — B) =0

The first necessary condition does not depend on the control variable, showing that the solution
is linear on it. this implies that the control variable takes only its support’s extreme values at the
optimum. The second condition is positive, which indicates that the adjoint function is increasing,
and the third condition suggests that it comes from the negatives to zero. Those three conditions
reflect that the budget constraint is crucial for identifying the solution. In the case that u = 0, or
the budget is enough to audit the entire self-employment sector, the solution should be auditing all
self-employed workers. Finally, the solution shows that the IRS always uses its entire budget.

When the solution does not imply full auditing, the candidate for a solution is the wage that
equalizes the budget constraint. The solution to this problem is defined as w*, this level separates

the audit function between its extreme values. Below the wage w*, the IRS audits efficiently, or

a(w?) = 1/z. This level is efficient in the sense that deters evasion for every indirect mechanism.®
The following equation characterizes the wage level that solves this problem.
w* B
/ Fk(w®)) £ (w®)dw® = — (2.1)
c
ws

The first necessary condition guarantees the existence of a solution since the adjoint function
exists, and the second term is always non-negative. Also, since the budget constraint is strictly

increasing, the solution must be unique.

8 An indirect mechanism refers to a mechanism that does not produce an income declaration with the same support
as the agent’s income.
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The audit function indicates that, below w*, the IRS audits efficiently and, after the threshold
wage, audits are equal to zero. The audit function takes the same form as in Sanchez and Sobel
(1993) and fulfills the condition over audits in Lemma 2. Furthermore, for agents with productivity
below the cut-off wage, the effective tax is equal to the tax liability designed by the government.
In this sense, for those agents the effective tax takes the form as a poll tax. However, for the rest
of taxpayers the effective tax is different, agents with productivity bigger than w* pay taxes equal
as the agent with the cut-off wage because they do not face an audit. The following proposition

formalizes these results as the direct IC mechanism for this problem.

Proposition 3. The direct IC mechanism M which solves this problem is

Ur df w® <w’<w

0 if w*<w®<w

Tw®  if w® <w® < w*
T(w®) = (2.3)
Tw* if w" <w® <w’
where the threshold w* is defined by
Bn

[ Pt o = 2
Corollary 1. If the IRS has not audit cost (i.e., ¢ = 0) the direct IC mechanism M is

a(w®) =1/x

T (w®) =rw®

Proof. See Appendix 2.7.7 =
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Figure 2.2: IRS Problem’s Results

(a) Audit (b) Effective Taxes (¢) Occupational Decisions
e T n
e
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Figure 2.2 shows the results from Proposition 3. Panel (a) shows that all agents with an income
higher than the threshold level face no audit. This fact produces that, to encourage truth-telling,
those agents face a zero effective marginal tax rate, or pay the same taxes, as seen in Panel (b).
Finally, the results on audit and effective taxes produce a distortion in the occupational choice
for self-employed workers with wage higher than the cut-off. Distortions increase the incentive
for being self-employed because their after-tax income increases, this arise mainly from the audit
schedule. Therefore, if the solution implies audit the entire self-employed sector, the distortion will
vanish.

The IRS use audit for twofold: to enforce tax compliance and as a threat to avoid income
misreport. In a normative sense, and in line with Kuchumova (2017), an audit should be stronger
in those income levels where it is likely to find evaders. As it is shown in Almunia and Lopez-
Rodriguez (2018) for firms, agents make an strategical income declaration to avoid more forceful
audits and take advantage of this. Hence, not only audits must be used as a tool for tax compliance
but also as a threat to strategic behavior, which results in tax evasion. In this case, the agent’s
incentive is to under-report income to pay fewer taxes. For this reason, the audit must be higher
at the low and middle-wage levels if the IRS cannot audit the entire self-employed sector.”

A characterization of the threshold function is necessary to give a complete result of the second
stage equilibrium, and to understand the distortion shown in Figure 2.2 Panel (c) better. The

following equation partially characterizes the threshold function, but for a complete result, it is

9This result can change with an upward incentive scheme, in other words, if the agent has the incentive to declare
larger productivity. If low-productivity agents have the motivation to report larger productivity, or income, Bigio
and Zilberman (2011) and Zilberman (2016) show that the audit schedule is increasing in the agent’s productivity,
producing the opposite result to the one shown in the equation 2.2.
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necessary to solve the government problem.

1 if w® <w® <w*

K (w?) =
1

1—171

if w* <w® <w*

The possibility of evading taxes makes that the best course of action for the IRS is to audit
efficiently until some level, defined as w*. This level depends on three exogenous variables for the
IRS: the audit cost, the fine rate, and its budget. If those variables’ conjugation implies that it is
not optimal to audit all self-employment sector, distortions in occupational decisions appear and
play only for agents with wages higher than the cut-off solution. These distortions produce that
more agents decide to become self-employed as larger is the marginal tax rate. The explanation for
this fact is simple: since the IRS must incentive taxpayers to tell their real wages, the effective tax
for agents who do not face audits is a poll tax. This produce an increase in the utility for work as

a self-employed, provoking distortions in occupational decisions.

2.4 Government Problem

Before dealing with the government’s problem, some relevant aspects of the productivities distri-
bution in this step are clarified. Bearing in mind the assumption of independence in the distribution
function, there exist four feasible scenarios related to the possible non-common support in the pro-
ductivities distribution. The cases are: either one of the lower bound is smaller than the other
(n? < n® or vice versa) or one upper bound is larger than the other (7* > n¢ or vice versa). This
paper focuses on the latter case, as is shown in Figure 2.3 Panel (b). The first case, shown in
Figure 2.3 Panel (a), only produces that the threshold function takes the value of the lower bound
self-employed productivity, which does not depend on taxes or the budget for the IRS. Whereas,
the second case produce the existence of a limit level since the threshold function derivative is zero,

and potentially, impact on the optimal results.
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Figure 2.3: Productivity Distribution Cases
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Let us define the threshold which solve the IRS’s problem as w* and the point where the
threshold function takes the upper bound of the dependent distribution as @.!° Given this, the

threshold function takes the following form

w? if w® < w*
w® — Tw* .
k(w®) = . if w* <w’ <w (2.4)
w? if w <w®

This function only depends on taxes in the zone where the IRS does not audit. Thus, any
change in the IRS’s budget affects the threshold function through the cut-off wage w* in this zone.
Both instruments, taxes and IRS’s budget, modify not only the shape of the threshold function
but also the level where it takes the maximum (i.e., w). Any change in these intruments produces
two effects: 1) distortions in the incentives to be in some occupation, and 2) changes in the mass
of agents that, regardless of their dependent productivity, always prefer being self-employed. More
specifically, Figure 2.3 Panel (b) shows that all agents with productivity larger than w always prefer
being self-employed, even if they have the most significant productivity in the dependent sector.

With those specifications and incorporating the results of the IRS’s problem to ensure a direct

IC mechanism, the government’s problem is as follows

1011 order to clarify the another case, Appendix 2.7.13 shows the solution for m¢ > 7°.
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w? W wd

(Ud(wd)> dFd(wd)dFs(wS)+/ / G(Ud(wd)) dFd(wd)dFS(wS)+7 N/w G (V* (w®, M) dF(w?)dF* (w®)

3
=5
[Svlal
M\E*
&~
Q

w? K (w*) w* rw(w)
w r(w?) ws m(w?)
/ G(VS(wS,M))dFd(wd)dFS(ws)+/ / G (V¥ (w®, M)) dF(wd)dF* (w®)
W W d
s.t
w* wd @ wd
/ / wldF?(w? )dFé(ws)—i—T/ / wldF(w?)dF* (w -I—T/w Fe (k(w?®)) dF*(w®) 4+ Tw* /Fd w?®)) dF® (w?)
W o (ws) w* k(w®) w*

+ Tw* /Fd (w®))dF*(w®) > B+ R

'LU
Bm
wsolves/ (w®)) f¥(w®)dw® = —
c
wS
w® <w’ < w*
w* < w® < w’
w’ < ws < w*
T (w®) - =
w* < wt < W
>0, V¥(w®, M) >0

The government faces five restrictions. First, the budget constraint consists of a balanced
budget rule, which means that the expected tax collection must be at least equal to the expenses
in the public goods provision and the IRS’s budget. In the government budget constraint, the
first two terms reflect the dependent sector, the third term represents the self-employed, who are
audited efficiently, and the other terms reflect those agents who do not face audits. There exist
three restrictions that come from the IRS’s problem: 1) the definition of the threshold w*, 2) the
definition of audit function and 3) effective taxes. Finally, the fifth restriction is the limited liability,
which states that any agent has a non-negative utility.

The government chooses the marginal tax rate, the IRS’s budget and the provision of public
goods, to maximize the social welfare function subject to its budget constraint. The procedure is
to use the budget constraint and incorporate the rest of restrictions into the problem. Let § be the

Lagrange multiplier for the government budget constraint, the Lagrangian for this problem is
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W W w* K(w?)

L= 7 7 G d))dFd( )dFS(wS)+/ / G(Ud( )) dF? (w?)dF* (w®) / / (VS (w®, M) dF () dF* (1°)
w? k(ws) O k()
+7) N(/“LU )G(VS(wS,M))dFd(wd)dFs(ws) 75 li/w *) (Vs(w M))dFd( )dFS( s) _6{B+R_T7* 7(1 wddFd(wd)dFs(ws)
w* ﬂd w d pa R(ws)
_T/ﬂ 7 widF e w)dF () ‘T7 P ]H F ((w")) dF* (") — 70" 7§Fd(m(w5))dF5(ws)}
w* g (wS) ws O J

2.4.1 Optimal Public Goods Provision

To describe the optimal BLS rule is followed Section 2.2.4, using the notation M RS(RC) for
the marginal rate of substitution (MRS) between the public good and the private consumption

good. The following proposition formalizes the optimal BLS rule in this model.

Proposition 4. The Bowen-Lindahl-Samuelson rule is

g

s x(

we w* K( D r(w?)

/ MRS (RC)dF*(w®)dF* (w®) / / MRS(RC)dF*(w")dF* (w®) + / MRS (RC)dF*(w")dF* (w®)
ws k(w?)
+ / / MRS (RC)dF*(wh)dF* (w®) =1 (2.5)

w*  pd

Proof. See Appendix 2.7.8 =

It is important to highlight that the BLS rule is the same as the first best, and this result
comes from the agent’s utility. In particular, as is well established in Boadway and Keen (1993),
since consumption is linear in the agent’s utility, evasion does not distort the optimal provision of
public goods. This is due to the fact that all agents have the same MRS, implying that variations
in consumption due to evasion does not generate distortion on it.

This result implies two relevant conclusions for this study. Firstly, the government only has
two instruments to improve social welfare: taxes and the IRS budget. Secondly, giving the audit
solution, some agents pay fewer taxes than in the case without evasion but enjoy the same amount of
public good. This difference produces a worsened and unequal distribution, because some taxpayers

raise their utilities, and others bear, percentage-wise, more burden to finance the public goods.
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2.4.2 Optimal Linear Tax Rate

In order to give a better interpretation of the marginal tax rate, g(w) can be defined as the
social value of consumption for an agent with productivity w expressed in terms of the public funds
(Saez, 2001; Saez and Stantcheva, 2016). Formally, g(w) = (¢' xU¢&)/s. By definition, the sum of g
among agents is equal to one. This expression indicates the importance of an increase in agent’s

consumption concerning public funds.
Proposition 5. The optimal marginal tax rate is characterized by

) wd ]

T [ e ) 1 () () 7 [ 0= gtwhwtartwhir w) + /w

w? k(ws) w* k(ws)

(1 — g(w))wldF (w!)dF* (w*)

—~——c¢

w* k(w?) @ k(w?)

+/ / 1—g(ws))wded(wd)dFS(ws)—i-/ / (1 — g(w®))w*dFH(w)dF* (w®)
ws r:(ws) -

+ [ [ a-gw e ariwhirw) (2.6)

Proof. See Appendix 2.7.9. =

The marginal tax formula can be decomposed into two effects: welfare and revenue. The welfare
effect shows the impact of changes in the agent’s utility through the effect of taxes on consumption.
When taxes rise, all agents face a more significant tax liability than before, therefore, consume
less. However, the reduction in their consumption depends on each consumer’s wage. This effect
must be measured in public funds terms, and the term g(w)w captures it. The revenue effect has
two components. First, when taxes rise, increase the marginal tax liability, which is equal to the
taxpayer’s wage. Second, an increase in taxes produces that some agents change their occupation
and pay a different tax level. When taxes rise, a taxpayer with a former wage x(w?®) bigger than w*,
moves from the dependent to the self-employment sector and pays 7w*. The term which captures
this effect is 7(k(w®) — w*) ki, (w*) f4(k(w?)). In equilibrium, the sum of those effects must be zero.

Figure 2.4 shows the forces behind the marginal tax formula.
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Figure 2.4: Effect of Raising Tax Rate
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Figure 2.4 Panel (a) shows the consequences of an increase in the marginal tax in the threshold
function and occupation distribution. The red line indicates the initial situation, whereas the dashed
green line illustrates a raise in the marginal tax. All agents with a productivity tuple situated behind
the red (green) line (dashed line) are self-employed. An increase in taxes produces that agents with
productivity between w* and @' change their occupational decision, this is depicted as the blue
zone. However, w* does not change because the IRS’s budget does not change.!! Those facts
provide an increase in the mass of self-employed agents. Additionally, an increase in the marginal

2. This change produces the

tax rate produces that the productivity level w falls, from @' to
mass of agents that always prefer to be self-employed increase. These effects capture two pieces of

evidence. Firstly, a collective of agents changes their occupation, changing the proportion of agents

1To portray this fact much more efficiently, let us differentiate the definition of the threshold level with respect to
7 and w* and equalize to zero:

y ok * Ok d s s s d * s * * s __
/<8w*dw +Ed7’)f (k(w®))dF*(w®) + F*(w") f*(w")dw dw® = 0

By dividing both side by d7 obtaining:

*
w

Ok dw” Ok d s s s d *\ pS * dw” s _
/<8w* w +8T>f (5(w))AF* () + (") £ (w) S dw® = 0
. dw* .. dk . . . s s
The only way to obtain e 0 is if = 0. This hold from the IRS’s solution, which says that x(w®) = w® for

w® < w* and K(w*) = w”*.
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in each occupation. Secondly, those agents who change their occupation face new taxes, producing
an impact on tax revenue and an impact on the agents’ utility.

Figure 2.4 Panel (b) shows the consequences of an increase in marginal tax in the taxes paid
by agents and in tax revenue. Let us keep in mind that the red line represents the initial situation,
and the green line refers to the tax rise. Moreover, it is also shown those taxes paid by the two
occupations. The solid line is for the taxes paid in the self-employment sector and the dashed line
in the dependent one. When taxes rise, all agents pay higher taxes than before, this is represented
by the difference between the red and green lines, increasing tax revenue. However, some agents
change their occupation and face different taxes. The agents who change their occupation are those

who do not face audits, hence, bear taxes equal to Tw* instead of Tw?

. This change produces a
revenue loss for the government, depicted by the blue zone. Moreover, the more significant the
increase in taxes, the bigger the revenue loss is. Those forces, the increase in revenue versus welfare
and revenue losses, produce the equilibrium in the tax rate.

The inclusion of occupational choices produce taxes smaller than one due to losses in welfare
and tax revenue. This result is opposed to Sanchez and Sobel (1993), who obtain a tax rate that
is equal to one, showing that not considering occupational decisions induces an upward bias in the
tax rate, and induces agents to work as self-employed. Furthermore, this finding evidences the
forces behind the Laffer curve. If total revenue gains are more significant than welfare and revenue
losses by occupational changes, the marginal tax will increase. In the opposite case, the marginal
tax will decrease. For this reason, it is relevant to consider different occupations, and also different
possibilities to evade.

The relationship between the marginal tax rate and the threshold function may explain the
empirical relation between tax rates and income tax evasion. If the marginal tax falls, the threshold
function will take smaller values, producing a reduction in the incentive to evade taxes. Empirically,
Barany (2019), and Berger et al. (2016) show a positive relationship between tax rates and evasion
rates. This relationship indicates that to deter evasion, the government must reduce incentives
to evade through falling taxes. This mechanism is similar to previous findings in the general
equilibrium literature (Watson, 1985; Kesselman, 1989), and reinforces the importance of taxes as

a tool in discouraging tax evasion.
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2.4.3 Optimal IRS Budget

Changes in the IRS’s budget produce changes in the agency’s ability to audit more (less) agents,
changing the threshold wage and the threshold function’s upper level. Moreover, those changes
produce a modification in the self-employed tax paid. For this reason, a modification in the IRS’s
budget induce changes in occupation decisions, but also in tax revenue. Those facts are into the

forces behind the optimal budget for the IRS.

Proposition 6. The optimal budget for the IRS is characterized by

@ W w(w?®) w* k(w?)
* s dw* ! pd s S (2,8 dw* d(,,d S (1,8 / dw* d(,,.d S(),8
T/(w k(w®)) dBHBf (k(w®))dF (w)+T/ / dBdF (w)dF?*(w®) + 1 dBdF (w")dF?®(w®)
w* w* yd W Md
0 () e e wlw’) .
=1+ / / g(w*)r d% dF(wh)dF* (w®) + / g(w)r dl; AF(w?)dF* (w®) (2.7)
w*  qd W wd

Proof. See Appendix 2.7.10. m

It is possible to decompose this equation into three effects: behavioral, mechanical and welfare.
To start with, the behavioral effect relates to the capacity to audit more (less) taxpayers, producing
that a mass of agents changes their occupational decisions. As for the mechanical effect, this one
reflects the impact on agents’ taxes and the cost of changing the budget, which is equal to one. Since
the threshold level changes, the taxpayer who does not face audit pays more taxes than before, and
this effect is purely mechanical. This change produces that their consumption falls in the amount
that budget affects taxes, producing a welfare loss, which must be measure in public fund terms.
In equilibrium, the sum of the three effects must be zero, and this provides the characterization in
Proposition 6.

This equation shows three relevant results. First, similar to Sanchez and Sobel (1993), the IRS
always has a budget smaller than that which allows auditing the entire self-employment sector.
This is because the marginal cost of increasing the budget is always one and the marginal gain is
zero when the IRS audit the entire self-employment sector. Second, in determining the optimal
budget, it is necessary to consider the effect on welfare. This result produces a distance from the

cost-benefit analysis. Finally, as established in Slemrod and Yitzhaki (1987), the government must
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consider the tax burden when deciding the IRS’s budget. The increase in the budget increases

distortions in the tax burden by the effect of taxes on it.

2.5 Discussion

Although the equilibrium in this model is already shown, some questions are still open. Those
questions are related to differential taxation, different assumptions over elements in the IRS’s prob-
lem, and comparative statics. Firstly, this section looks into the optimality to impose two different
linear tax rates, one for each occupation. This extension allows contemplating the possibility of
recovering efficiency in the allocation of workers. Regarding the audit result, the problem of achiev-
ing the same result with non-linear audit costs and imposing an increasing fine rate is resolved.

Finally, the effect on changing the audit costs on the tax rate and the IRS’s budget is shown.

2.5.1 Differential Taxation

Differential taxation allows to seek efficiency in the allocation of agents, even if the audit
schedule produces incentives to be self-employed. However, because of the linear marginal tax
rate, it is difficult to recover the first best as every action taken to get rid of the incentive in the
high-income agents through tax rate ends up affecting the rest of them. Also, it is critical for the
design of both marginal tax rates that each of one of them meet with the IC requirement, in specific
both marginal tax rates cannot be higher than one. By using differential taxation, the threshold

function takes the following form

w3 (1l —t¢
M if w® < w*
sl_td *
w® — tsw
’i(ws) = ﬁ if w* Sws < w
— ld
w if w < w*

In the above formulation, t; and ¢4 are the tax rate in the self-employment and the dependent

sector, respectively. In addition, the budget constraint change, now takes the following form
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w* wd W wd w* ")
ta / wdF(wh)dF* (w*) + tq / / wdF* (wh)dF* (w®) + ts / w* F? (k(w®)) dF* (w®) + tsw” / F (k(w®)) dF* (w®)
ws m(ws) w* K<ws) ws w*

s

+t5w*/Fd (k(w*)) dF*(w®) > B+ R

Although this specification changes the threshold function, it does not alter the form of the
optimal audit. This result comes from the necessary conditions for a solution to the IRS’s problem,
because differential taxation only changes the applicable tax rate for the determination of the
threshold. This is to say, either audit the entire self-employment sector or until the level determined
by the budget.'? For this reason, the same optimal audit pattern is valid for this specification.

The government solves a Lagrangian similarly as in Section 2.4, choosing both tax rates and
the budget for the IRS. As it has been previously explained, the public goods provision is the same
as in the first best. This result is maintained in this framework because choosing two different
tax rates does not alter the reason that support it, risk-neutrality. Also, since the focus is only in

differential taxation, the optimal budget for the IRS is not obtained.

Proposition 7. In a hierarchical model with occupational choices where the IRS mazximizes expected
tax collection and the government maximizes the social welfare, differential taxzation implies a higher

marginal tax rate in the sector where evasion is possible.

Proof. See Appendix 2.7.11. m

Figure 2.5 shows the basic idea behind Proposition 7. The red line represents the threshold
function and the black dotted line represents the same wage in both sectors. Zone A represent
the losses from agents who decide to be a dependent worker, but paid higher taxes and declared
higher income as a self-employed worker. In contrast, zone B shows the increase in tax collection
from agents who paid higher taxes in the dependent sector because they paid a constant tax in
the self-employment sector. Differential taxation is possible only if zone A is smaller than zone B.
Thus, differential taxation happens if the increase in tax collection from agents above w* is bigger

than the losses from agents below it. When the difference in the marginal taxes rise, the threshold

12To see this, note that in the Lagrangian of the IRS’s problem the marginal indirect utility is used as a control
variable, thus conditions 2 and 3 do not change. Only condition 1 changes, using ¢s instead of 7, and this does not
change the form of the solution.
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function fall, increasing A and decreasing B; thus, the government do not have the incentive to
separate both marginal taxes a lot. Consequently, differential taxation aims to solve tax collection
losses due to zero audits rather than improve the allocation of agents, ending up distorting the

entire workers’ occupational decision.

Figure 2.5: Differential Taxation
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A higher tax in the self-employment sector goes in the opposite direction as the traditional
literature in optimal taxation, which recommends smaller taxes for self-employed workers (Mirrlees,
1971, 1976). Although the differences in policy recommendations, the meaning of both arguments
is the same: using tax incentives to vanish the motivation to evade. When occupational decisions
are incorporated into the optimal taxation model, a rise in self-employment tax rate simultaneously
vanishes the incentive to evade and increase welfare due to an increase in after-tax income for agents
that move to the dependent sector. For this reason, both arguments go in the same way but with
different recommendations.

The possibility of differential taxation produces a distortion in the allocation of agents, resulting
in a larger distance from the first best than the former analysis. Ergo, this solution produces a larger
distortion in the workers’ allocation, as one with only one marginal tax rate for both occupations.

For this reason, in this model, differential taxation is useful for increasing revenue rather than
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increasing the efficiency in allocating workers. Moreover, if the government decides to impose

differential taxation, distortion will be higher than if it has only one marginal tax rate.

Corollary 2. It is not possible in a hierarchical model with occupational choices and linear tax

schemes to recover the efficiency of workers’ allocation.

This result is essential for policymakers to design tax and audit policies. The possible solution
for the audit scheme’s inefficiencies through differential taxation allows the government to improve
economic efficiency and raise revenue. However, Corollary 2 reflects that it is impossible to reconcile
incentives for taxpayers to tell the truth with the incentive to choose their occupations efficiently.
Hence, the government needs to find other policies to improve efficiency and raise revenue at the

same time.

2.5.2 Audit Results
Audit Costs

It is assumed that the audit cost depends on the agent’s productivity in the self-employment
sector and it is known for the IRS when the agent reveals its type. The audit cost is defined as
c(w®). From Section 2.3, the condition that determines the form of the solution is the first necessary
condition from the Lagrangian of the IRS’s problem. In this condition, only the audit cost changes
because neither the control variable changes nor does the state variable. The new first necessary

condition is

dcxlfi IR (] | [Si”)} F*(k(w*)) f* (w") duw*

A condition similar to a single-crossing is found, in the sense that the above function should
crosses one time the zero line. To obtain this condition, let us derive the equation above with
regard to productivity in the self-employment sector and use two facts. First, by the linear income
tax, the second derivative of tax is equal to zero. Second, the derivative of the adjunct function

is positive. The following equation establishes the condition over the threshold function assuming
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that the solution of the IRS is not obtained.

Cw) _ wr | FUw)E ) | (w)
cw) ~ pe(w) | Flk@w) | fo(w)

where w is the level that equalizes the derivative d£/av;:. to zero. The threshold condition is
fulfilled with a positive marginal cost, or a strictly increasing cost because the right side is positive
by definition.'®> Hence, if the audit cost is monotone non-decreasing in the self-employment income,
the threshold solution is maintained.

An exciting example is if the IRS has countervailing incentives as ones developed in Lewis
and Sappington (1989). One case is assuming that the IRS has fixed costs that decrease with an
increasing marginal cost. This form is the same as in Lewis-Sappington’s model. In this case,
the IRS audits only agents in the middle of the productivity distribution because at the extreme
levels the cost is higher than in the middle. Zilberman (2016) reaches a similar conclusion, but
he uses a participation constraint that depends on the productivity of agents, simiar as Jullien
(2000). This fact produces the countervailing incentives for the agent’s declaration, and the IRS
must choose a non-increasing audit scheme. Both examples indicate the possibility of obtaining a

different solution than the traditional threshold one.

Fine Rate

Another interesting result is obtained when the fine rate is not linear. This issue regards the
intensity of the penalty or the intention to deter high tax evasion levels. Two options are analyzed:
1) a fine rate increasing in the evaded amount, and 2) a fine rate rising in the reported income.
These specifications may allow the IRS to audit more taxpayers at less cost. This effect comes from
the efficient audit form because a higher fine rate replaces the audit’s deter spirit, allowing fewer
levels and, consequently, fewer costs. For this reason, it is reasonable to take this kind of fines into
consideration.

Given the direct mechanism, evasion does not exist in equilibrium and any instrument that
depends on an evaded level vanishes. Thus, a fine rate that depends on the amount of evaded taxes

collapses to a linear fine rate in equilibrium. This situation is the same as the one proposed in the

13T et us assume distribution functions with a positive second derivative.
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model and resulting in an equal optimal audit as one presented earlier.
As for a fine rate that depends on the reported wage, the result is different. In this case, a
similar analysis that one realized with audit cost is necessary. Now, the fine rate depends on the

self-employment wage, and the first necessary condition became in

v (j [ C ] F (") f* (") dw’

m(ws)T

Deriving this condition with respect to the self-employment wage allows us to obtain the con-

dition to maintain the single-crossing.

r(w)r  fUR)E W) | (w)
Tw) © pe | Flk(w) | fo(w)

As it is stated before, w is the wage level that equalizes the d£/av:, to zero. This expression
shows that the growth in the fine rate must not be higher than the right side. In other words,
to obtain the threshold form in the audit function, the marginal fine rate must be bounded from
above. This result allows the imposition of an increasing fine rate but restricts the form that it
raises. Therefore, it is possible to impose an increasing fine rate to put more penalties in higher

incomes; and consequently, audit more agents and improve the IRS’s effectiveness.

2.5.3 Comparative Statics

The effects are decomposed into direct and indirect. The former is the effect on taxes and the
latter is the effect on the threshold level. Also, it is possible to separate the effect on the impact
on the tax collection and the impact on social welfare. The derivation of the effect on taxes is in
Appendix 2.7.12 and the effect in the budget is in Appendix 2.7.12.

The overall effect of changes in audit cost on the tax rate depends on the size and impact on
agents who face no audits. When the audit costs decrease, the threshold level raises, producing
that all agents who do not face an audit pay higher taxes than the others. However, if marginal
tax raises, the group of agents with productivity below w will have the incentive to work as self-
employed, pay fewer taxes than the dependent workers, and increase their welfare. Both effects

make the overall impact depend crucially on what happens with those agents. Furthermore, the
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result relies on which force is more prominent. If the increase in revenue is more significant than
the effect on welfare, the overall impact of audit cost on taxes is positive. This result is very
intuitive, this is to say, if the government faces an increase in audit cost, taxes only increase when
the revenue increases more significantly than the welfare loss. This conclusion is similar to the
Laffer curve analysis.

When it comes to the budget for the IRS, the situation is similar. When the budget rises, it is
feasible to audit more agents, increasing the threshold level. As the mass of agents who face zero
audit decreases, it is possible to impose higher tax rates because fewer agents have the incentive to
change their occupation. Nevertheless, this impacts on welfare through a smaller after-tax income
and a decrease in agents consumption. The welfare for some taxpayers in the self-employment
sector decreases, and as taxes rise, the entire welfare falls. Those effects produce that the entire

effect in the budget is not apparent and depends on which force is more prominent.

2.6 Conclusion

By and large, this paper investigates the distortions produced by the introduction of occupa-
tional choices in a hierarchical model similar to Sanchez and Sobel (1993). In this sense, these
authors’ model is extended, incorporating the possibility for agents to choose between two occu-
pations: dependent and self-employed. Income tax evasion is possible only in the self-employment
sector because agents self-report their income. The focus is on distortion in the audit function,
decided by the IRS, and in a linear marginal tax rate, the budget for the IRS, and public good
provision, decided by the government.

The IRS maximizes expected tax collection subject to a budget constraint, with a constant audit
cost, and considers that it must find a direct incentive-compatible mechanism. Such mechanism
is composed of a direct audit and an effective tax, which is the tax paid by a self-employed agent
who optimally declares its real income. It is of great importance to recall that the direct incentive-
compatible mechanism has the intention to encourage the self-employment sector to reveal its real
income. The optimal audits follow a threshold form. Before a cut-off wage, the audit level is
efficient, due to the fact that it deters evasion in every indirect mechanism, and above this level,

audits are equal to zero. This form states that the IRS must keep all efforts, using the audit to
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eliminate the incentive to under-declare income, which is the agent’s incentive modeled in this
paper. This audit pattern provokes that effective tax is equals for agents with a wage higher than
the cut-off wage level. Afterward, it is shown that this result holds in two realistic extensions.
First, if the audit cost depends on the self-self-employment reported income, the critical condition
must be monotonously non-decreasing in the self-employed reported income. Second, the fine rate
could be increased in the self-employment reported income, but its growth must be bounded from
above.

The government maximizes social welfare subject to a resource constraint anticipating the
incentive-compatible requirements and the IRS’s solution. Because of risk-neutral agents, the op-
timal public good provision is the same as in the first best, producing that the government only
has two instruments to attain its objectives: taxes and the IRS budget. The marginal tax rate is
smaller than one and is composed of two effects: welfare and revenue. In regard to the optimal
IRS’s budget, it is lower than the level that allows auditing all self-employed but is higher than the
result from a cost-benefit analysis. The optimal IRS’s budget can be characterized through three
effects: behavioral, mechanical, and welfare. If the audit cost raises, both instruments, i.e. the
marginal tax rate and the IRS’s budget, will face undefined changes. The crucial fact is if revenue
increases (decreases) are bigger/smaller than welfare losses (gains). In this setting, differential
taxation is optimal only if the marginal tax in the self-employment sector is higher than in the
dependent sector. This result goes in the opposite direction than the traditional optimal taxation
literature.

The under-budgeted situation gives the result of the audit. On the one hand, if the IRS has
sufficient budget to audit the entire self-employment sector, it will do so. However, on the other
hand, audits introduce distortion in the occupational decision, this means that agents do not work
in the sector where they are more productive purely because of the institutional policy. Hence,
agents work in an occupation that increases its utility because the institutional policy allows so.
Moreover, although differential taxation is optimal, this instrument does not solve the distortion
in agents’ allocation. Differential taxation increases this problem because it makes marginal tax in
the self-employment sector be higher than in the dependent sector.

The comparison with the results over the tax rate seen in Sanchez and Sobel (1993) conveys

that occupational decision produces a fall in the marginal tax rate, for the forces introduced by
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occupational decisions. Hence, this study shows that not considering occupational decisions induce
an upward bias in taxes. The upward bias in taxes may increase the distortion in workers’ allocation
from the audit result because they introduce more incentives to work as a self-employed in those
agents who face smaller audits.

The two previously mentioned results - this is to say a marginal tax rate smaller than one and
the distortion in the allocation of agents - show the relevance of taking into account occupational
decisions made by agents in any audit or taxation model. Since the problems rely on the optimal
policies, it is necessary to inquire over new instruments, mechanisms and strategies to increase
enforcement policies’ effectiveness. Even when the government chooses its tax administration policy
optimally, this paper demonstrates that distortions exist, and it is necessary to incorporate other

course of actions to solve them.
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2.7 Appendix

2.7.1 Occupational Choice Model vs. Evasion Model

The following section demonstrates that although it is possible to nest a model of occupational choice
akin to the one developed in Gomes, Lozachmeur and Pavan (2017) with a hierarchical model similar to one
built by Sanchez and Sobel (1993), the solution diverges in some cases. In order to do this, the same model
as in Gomes, Lozachmeur and Pavan (2017) is used along with the solution in the audit scheme obtained in
Sanchez and Sobel (1993), and finally, it is also shown how the solution diverges.

There exist two sectors in economy, self-employed and dependent. Each agent has an ability tuple
(ng,ns), which represents the productivity in the dependent and the self-employed sector, respectively.
Agents choose the labor supply h; with i = {d, s}, implying an effective labor in sector i equals to h;n;.
Income for work in sector i is y; = w;h;n;, which w; is the wage rate in sector ¢ = {d, s}. The government
can impose two different tax schemes, one for each sector. Let T; be the income tax schedule in sector 1.

Agent’s utility is

where v is the convex cost of labor. To nest this frame with a hierarchical model with tax evasion,
make the following assumption. In the dependent sector, labor supply is inelastic and equals to one, this is
hg = hq = 1. The first-order conditions with respect to the labor supply in the self-employed sector and the

derivatives with respect to productivity in each sector respectively are

(hs)  wsngs[1 = THwshsng)] = "(hs)
<’ﬂs> wghg [1 - T;(wshsne)] = ule(HS)
(na)  wall = Ty(wana)] = uy(na)

The derivatives regarding productivity in each sector are obtained by simplifying the threshold function
explained below. The threshold function reflects the ability level until any agent decides to work in the
self-employed sector. Let ¢ : [n,,Ts| = [ng, 4] be the threshold function. By definition, this function holds

with us(ns) = ug(c(ns)) implying the following condition

U{;(ne) _ wsh [1 - Ts/(wehs”S)]
uy(e(ns))  wall = T(wac(ns))]

d(ng) = (2.8)

This function is the same threshold function obtained in Gomes, Lozachmeur and Pavan (2017). There-

fore, this as a result of a model with differential taxation and no evasion.
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For the model with tax evasion, one can assume that in the self-employed and dependent sectors, the
labor supply is inelastic and equal to one. Let x; be the income report in the self-employed sector. This
assumption produces migration to a model with evasion. In this case, the government also decides the audit
strategy and imposes only one income tax schedule for all agents, T. Let p be the monitory strategy that
depends on the declared income in the self-employed sector. If the government discovers an evader agent,
they must pay a linear fine on the evaded amount with a penalty rate 7 > 1. The agent’s utility in each

sector is

ud(nd) =  wWqnhg — T(wdnd) - ¢(Ed)

us(ns) = wsng —T(zs) — p(xs)m [T(wsns) — T(ws)] — w(ES)

In the case with evasion, the government chooses the audit probability and the tax schedule, and in
the model without evasion, it decides two tax schedules, one for each occupation. In each formulation, the
government chooses two instruments; hence, in this sense, the problem is similar.

In the model with evasion, only the derivatives with respect to each sector’s ability are obtained. These

derivatives are as follow

(ng) ws [1 - P(ﬂfs)ﬂTé(wsns)] = u;(né)

(na) wq [1 — Tj(wanag)] = ug(na)

The threshold function in this case is

ug(ns) _ Ws [1 = p(xs)TT(wsns)]
ug(c(ns)) wq [1 = Tj(wac(ns))]

d(ng) = (2.9)

For a clear comparison, the same wage rate is assumed in each model. The critical fact is to compare
equation 2.8 with equation 2.9. The dependent sector has the same condition in each model; however, since
self-employed agents face a fine and an audit probability, the self-employed sector’s situation is different.
Suppose that the taxes in the model without evasion are optimal for a particular distribution of ability. Now,
let us proceed to find the conditions under which both threshold functions will be the same.

First, the dependent sector is the same in both models, so one can define the same tax schedule for each
one, implying T' = T;,. Also, it is assumed that ¢ is equal in both models. With those, the numerator in

equation 2.8 and equation 2.9 must be the same. This equality happens only if the following condition hold.

1= he[1 = T{(wshsns)]
o 7T} (wsns)

P(QSS)

where h; is the labor supply in the model without evasion. In the case that the above condition are met,

both problems produce the same results and are correctly nested. However, if the audit strategy takes other
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forms, both solutions are not the same. Suppose the following audit scheme.

Vr if ng <n*
p(zs) =

0 ifn* <ng
where n* is the threshold for the audit scheme. This strategy, which is optimal under the hierarchical
model by Sanchez and Sobel (1993), shows that not always the same solution between a model with an
occupational decision and one with tax evasion is obtained. Hence, it is not trivial to assume it is possible
to nest both models and achieve similar results. In addition, the entire problem is different, principally for
two facts. First, the government faces a cost for audit, which produces more expenditure and, consequently,
a more significant revenue than in the absence of evasion. Second, the existence of evasion evidences how
imperative is for the government to consider more incentive-compatible conditions to incentivize agents to

declare their real type.

2.7.2 Proof of Proposition 1

The first two expressions in Proposition 1 are the occupational choice rules and states that each agent
works in their more productive sector. To prove them, suppose that a mass of agents greater than zero is
assigned to work in their less productive sector. This mass of agents has w® > w?, but works in the sector
d. From the resource constraint, redirecting all these agents to the sector s produces and increases economic
resources, which can be assigned to increase the consumption of some agents or increase the provision of
public goods, resulting in a social welfare increase. This means that the initial solution cannot be optimal
because there exists a reallocation of agents that provide higher social welfare. Therefore, each agent works
in the sector with bigger productivity.

The fifth expression comes from the maximization of the government problem with respect to the con-

sumption in each sector. The first-order condition (henceforth FOC) over consumption is

dG(u(Ci(n'), R))

du(C;(n), }%) AN (n®) =y f4nh) fo(n®) =0,  fori=d,s

where 7 is the Lagrange multiplier for the resource constraint. Assuming an interior solution and by
using v to equalize both conditions and the fifth expression is obtained.
The third expression comes from the maximization of the social welfare function with respect to public

goods. The first-order condition with respect to the public good is

dG  dA(R) | g dvser s dG  do(R) | ay sy s

Z; Z;
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Both sides can be divided by 7 and replaced by the FOC from consumption in each sector.

 do(R) do(R)

/ 76% AR apd(n?)dF*(n*) + / 76% AR qpi(nt)dF(n) =1
. — X — . —

Zi qu dC, 2 ac,

It can be defined M RS(R*C}) with i = {d, s}, as the marginal rate of substitution between public good
and private consumption, evaluated at the optimum. It is critical to note that, the MRS is equal for all
agents, because of du/ic; = 1 and du/dr = ¢'(R). This condition gives us the following, which is the third

expression.

#'(R /MRS (R*C3)dFY(nY)dF*(n /MRS (R*C*)dFY(nY)dF*(n®) = 1

d

Finally, the fourth expression shows the resources needed to finance the optimal provision of public goods

R* and comes from the resource constraint.

2.7.3 Proof of Proposition 2

Before a more structured proof, it is possible to demonstrate the decentralization of the first-best invoking
the second welfare theorem. In this demonstration, it is sufficient to note that the lump-sum taxes are the
transfer vector in a quasi-equilibrium with transfers.

The structured proof begins deriving the social welfare function concerning public goods. Let n be the

Lagrange multiplier for resource constraint. The first-order condition, assuming an interior solution, is

/dU’ de(R)dFd( )dFS(wS)—i-/dUl dq;(R)dFd( NdF* (w*) =1
Nd -/\/S

and the first-order condition (FOC) for the consumption is

dG (U(C} (w'), RY))
dU#(C} (w'), R*)

FHw) 2 (w®) = nf(w?) f2(w®) = 0
With what it is expressed above, it is possible to obtain the third expression.

/MRS (R*,C3)dFY(wh)dF* (w®) /MRS (R*,CHdF(wh)dF?®(w®) = 1

“For a complete explanation of this see Mas-Colell et al. (1995) Chapter 16.
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Now, by using the FOC of consumption yields

dG (UY(Cy(w?),R))  dG (U*(Cs(w*), R))
dU4(Cq(wd),R) ~  dU*(Cs(w?), R)

The definition of consumption in each sector is C; = w* — T;*(w"), and the resource constraint require

that

R* = [ T (w)dF (wh)dF*(w®) + [ TF(w®)dF*(w?)dF*(w®)
! /

s

Hence, the optimal lump-sum transfer must finance the public good and equalize the marginal social
welfare in both sectors for all wages. Finally, from the optimal lump-sum transfer, and the fact that G > 0

and G” < 0, agents prefer to work in the more productive sector.

2.7.4 Proof of Lemma 1

Suppose there exist two agents, A and B. Agent A has a bigger productivity in the dependent sector
but the same in the self-employed one in comparison with agent B. This is w4 > w$ and w$ = w%. This
produces that both agents have the same utility in the self-employed sector. However, agent A has a more
considerable utility in the dependent sector than agent B. What has been mentioned before comes from the
assumption that marginal tax cannot be higher than one, which produces that dU?/qw® =1 — 7 > 0, or the
utility in the dependent sector is increasing in the dependent productivity. Let us assume that the difference
in agent B’s utilities is that such agent decided to work as a dependent worker. Hence, since agent A has
more utility in the dependent sector than agent B, agent A also works in the dependent sector. Therefore,
every agent with more significant productivity in the dependent sector, and the same productivity in the
self-employed sector, than agent B, makes the same occupational decision.

Now, let us assume that there is also an agent C, who is less productive in the dependent sector and
has the same productivity in the self-employed sector than agent B. This is w% > wd and w§ = wg,. Agent
C has productivities such that the utility in both sectors is equal, i.e., UY(wd) = U*(wg,). By Definition
1, agent C works as a self-employed; therefore, every agent with less productivity in the dependent sector
and the same in the self-employed one than agent C, makes the same occupational decision than such agent.
This is, as all those agents have a strictly bigger utility in the self-employed sector than in the dependent
one. Because utility in the dependent sector is increasing in the dependent productivity, and agent C has
equal utility in both sectors, every agent with less productivity in the dependent sector has a strictly bigger
productivity in the self-employed sector.

The last two arguments show that for the same productivity in the self-employed sector there is a level
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of productivity in the dependent sector, which equalizes utility in both sectors and determines a switch in

the occupational decision. Formally, this switching level can be named as k, or in the example k(w?®) = wdc.

Hence, every agent with w? < k(w®), works in the self-employed sector. This result is also accurate for every
possible self-employed productivity. Therefore, the threshold function exists and is valid for every potential

productivity in the self-employed sector.

2.7.5 Proof of Lemma 2

To obtain an incentive-compatible mechanism is necessary to analyze two restrictions on a self-employed
agent, participation and incentive compatibility. In this case, the participation constraint is the limited

liability condition, which refers to the non-negative utility in each sector.

U (w®) =w® = T (w®) — a(w®)r [rw® — T (w®)] >0

Ud(w?) =w? — 7w >0
The incentive-compatible restriction can be replaced by the following
V(w®, M) = max {w® = T(z) — a(z)r (tw® — T (z))}
By using the envelop theorem, one can derive with respect to w® the above expression.

oV (w*, M) dx
T =1 a(flf)ﬂ"r dw®

[T"(2) + o/ ()7 (Tw* = T (2)) — a(x)7 T’ ()]

The term in brackets is zero from optimal income declaration.

oV (w*, M)

o =T'(@) + o' (@)7 (rw* = T(x)) — aw)nT'(x) = 0

As truth-telling is seeking, let us impose this condition, i.e., x = w?, in the derivative and obtain

oV (w*, M)
ow*

=1-a(w’)rr

Now, by using the fundamental theorem of calculus, rewrite the indirect utility for self-employed agents

and use their definition to obtain the following equality.

ém

(1 —a(@rr) + V(w’) = V:(w’) =w* = T(w®) — a(w®)r (Tw® - T(w®))

<
I
5
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By doing algebra the effective tax formula is obtained

s T aegma
Tw) _w (1 —7a(w’)r)  j=w Ve (w®)

1 — ma(w?) 1 — ma(w*) 1 — wa(w?)

Now, in order to demonstrate the first statement, Guesnerie and Laffont (1984) are followed. First,

obtain the first-order condition for the optimal income declaration from the utility in the self-employed

agent.

W =—T'(z) - o (@)r(rw* = T(2)) + a(z)7nT (x) = 0

Second, it can be obtained the second-order condition (SOC), which must be zero or negative from the

quasi-concavity of the utility.

788‘/5;1;’ M) _ ~T"(z) — " (zx)m(Tw® — T (x)) + 2/ (x)7T' () + ax)7T"(z) <0

Third, the FOC can be derived with respect to w® and assumed truth-telling.

69‘2:(]:2;;/\/1) — _a/(w8>ﬂ_7_ + [_T//(ws) _ a//(ws)ﬂ_(TwS _ T(ws)) + 2a/(w9)ﬂ_7’/(w$) + a(ws)ﬂ_T//(wS)] — O

The term in brackets is negative or zero from the SOC. This fact implies that the first term must be
positive or zero. The marginal tax is positive by assumption; hence, marginal audit must be negative or

zero. Therefore, the audit must be non-increasing in the self-employed wage.

2.7.6 Proof of Lemma 3

The first part of this Lemma is the same as Lemma 1 because the form of the utility and the central
assumption does not change. Hence, the existence of the threshold also holds in this case.

The second part comes from deriving the equality V*(w*, M) = U¢(k(w*)) with respect to w®.
Vige (w®, M) =U o (1(w*) )1 (w)

Vi (w®, M)

W) = nw)

where the expression X; refers to the derivative of X with respect to i.
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2.7.7 Proof of Corollary 1

If the audit cost is zero (¢ = 0), the first necessary condition for an optimum depends only on the adjoint
function, and it does not rely on the audit cost. From the second necessary condition, the adjoint function
is increasing, and from the third necessary condition, it comes from the negative numbers to zero. Those
facts imply that the first necessary condition is equal to zero only when the productivity in the self-employed
sector takes the upper bound value, i.e., w* = w®. This result shows that the IRS audit all the taxpayers in
the self-employed sector, and consequently, all agents in this industry have effective taxes equal to the taxes

designed by the government.

Derivation of the Optimal Government Policies

2.7.8 Optimal BLS Rule

The optimal BLS rule is obtained from the government’s problem deriving the Lagrangian with respect
to the public goods. The Lagrange of the government’s problem is

w* wd W wd * rw(w?)

c:/ / & () dFd(wd)dFS(wS)Jr/ / a (U'w?) dFd(wd)dFs(wS)Jr/ / G (VS (w®, M) dF (wh)dF* (w
w? k(ws) w* k(w?) WS qpd
@ k(w?) r(w?) w* w?

+/ / G (V¥(w®, M)) dF¢(wh)dF® (w®) +

S>\gil

d

w? g(ws)

T]D 7 wddFA(wd)dFs (w®) — 7 7*wst (k(w®)) dF* (w®) — Tw* de (k(w®)) dF* (w®) — Tw* 75Fd (r(w®)) dF* (w®)
w* w(w?) wS w* o

The first-order condition with respect to R is

w* w? W wd

/ G (U (w™) ¢ (R)dF (w*)dF* (w®) + / / el (Ud(wd)) ¢ (R)dF® (w")dF* (w®)

w? k(ws) w* k(w?)
w* K(w?) @ K(w®)

w6 @t M) ¢ (mrwtr w) + / / G (V* (', M) & (R)IF* (w)dF* ()
wS w(w®) N

+/ /d G (V*(w®, M)) ¢ (R)dF*(w™)dF*(w®) — § = 0
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By doing algebra yields
weowt d/ d o wl (0l
//7G(U (w ))QS'(R)dFd(wd)dFs(ws)—i—/ / ¢ W) (U5( ))¢>’(R)dFd(wd)dF5(w5)

w? k(ws) w* k(w?)

r(w?) w K(w®)
[ Dy martutirs @ + [ [ SR g im0t )

ws d w*  qpd

. ! S S
+/ GV M) b RyaF (0 dF* () = 1
The derivative of the Lagrangian with respect to each agent’s consumption in each sector are

G' (U (wh) f(w) f*(w?) = 6 (w?) f*(w®) = 0
G (V*(w®, M) fH(w?) f*(w®) = 6f(w?) f*(w*) = 0

where the definition of consumption, C'(w) = w — Tw, is used to replaces taxes for consumption. By

using the previous equations to replace the Lagrange multiplier in the FOC of the public good yields

*

7 7 R)dF*(w +/w 7 ¢'(R dFd(wd)dFS(w3)+7 /w R)AF (0P (1)
g Doy P
/ /S)cb R)dF*(w)dF*(w®) 7 7 ¢'(R)dFH(w?)dF* (w®) = 1

Finally, and in order to obtain the same expression as the first-best, use the fact that the marginal utility
of consumption is equal to one. Hence, the marginal rate of substitution is only expressed as ¢'(R). The

final expression is

s pd

w w* ~(w® @ K(w®)
¢ (R) / / MRS(RC)dF*(w / / MRS(RC)dF*(w")dF*( +/ / MRS(RC)dF®*(w)dF* (w*)
w? r(w?) w yd w*
w® K(w?)
+ / / MRS(RC)dF*(w")dF* (w®) = 1
w*  d
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2.7.9 Optimal Marginal Tax Rate

The optimal marginal tax rate solves the Lagrangian in the government’s problem. The Lagrangian of

the government’s problem is
w* k(w®)
(Vo (w®, M) dF* (w)dF* (w®)

ws d
d

[ & (vt wh) dFd(wd)dFs(ws)—i-/

d d, d s s
cw//c )) dF(w )dF(w)+[(s)
w'i(w) ws k(w?®) w* W
/ G (V¥ (w®, M)) dF(wh)dF* (w®) + / / G (V¥ (w®, M)) dF(wd)dF* (w )—5{B+R—T wldF(wd)dF® (w®)
w* gpd W wd w? k(ws)
/ / wld P (wh)dps ( 9)—7/wsF’i( (")) dF* () — 0" /Fd(n(w )) dF* (w°) — Tw* /Fd(n(w ) dF* (w )}
w* g (ws) w?
The first-order condition with respect to 7 is
ddCddFd( YAF () + . / G (U ) dF* () £ (1)

Ud UC I—
()

%\S‘
©

]

r(

dF*(w?)dF* (w®) + / -G (Vo (w®, M) f4(k(w®))dF® (w®)

+ [ ()6 (U tw)) £t / / Gl
w* w* k(ws) ws
w* k(w?) c (W) W
+/ / G- (whdF* (') +, [ G(V* (i, M) dFY )fs(w)+/n’TG(Vs(ws,M))fd( (w*))dF* ()
7w :(w ) 4 - k(W) w?
+/ G V& S AR AP () + (—a) [ G (v (0, M) dF( >f5<w>+/azo< (w*, M)) f((w*))dF* (")
ws /:(ws) dc w* wd w*
v [ cvvetiarwhart @ 68 - [ [ wldrtdrtwn) < o [ st ) dE )
o wd w? k(w?) w?®
- [ wtarttar ) - ray [ wtartts ) - [ e s dE @) — [t B ielw) dF ()
w* k(ws) k(W) w* ws
—r / W'k (r(w)) dF (w) — / W' (5(w)) dF* (") =m0 F (s(w*)) dF° (0°) — 7 [ w* il f* () dF° (w°)
/ w* FY (n(w)) dF* (") — m(—0)w" F* (s(w")) dF* (") — 7 / w* s, 4 <m<w3>>dF$<wS>} ~0
To simplify the previous expression, use several results and assumptions. First, g = (Gy: x V&) /s is defined
) = Vi(w®, M),

as the social valuation of agent’s consumption. Second, it is necessary to recall that U?(x(w
implying that some terms are canceling among them. Third, by assumption # (1) = w?, hence, some integrals
5 5 *
y v s

collapse to zero. Fourth, as a result of the linearity in tax and the audit schedule, k! = 0 for w® < w* and
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for w® > w, resulting in some term to be zero. Finally, the derivatives of consumption respect to marginal

tax in each sector are.

W_w’ dr

dCy d dCy —w?® if w® < w*
—w if w* < w?

By using those facts and doing algebra yields

r(w?) w* g (w*)

9 I
w*Fe (k(w®)) dF* (w®) — 7 / w*k! f4 (k(w®)) dF* (w®) — /w*Fd (k(w®)) dF*®(w®)

S __ *

Let us note that, xk(w®) — w* =

optimal marginal tax formula is
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2.7.10 Optimal Budget for the IRS

The Lagrangian of the government’s problem is

* g(w®)

L= 7 7 G d) dFd( )dFS('u)S) + 7) 7 G (Ud(wd)> dFd(wd)dFs(ws) + 7 / G (Vs(ws,,/\/l)) dFd('LUd)dFS(’UJS)
w? r(w?) w* g (ws) w® d
+]J "(/w >G(V5(w57/\/1))dFd(wd)dFS(ws) 7 (/ )G(Vs(w M) dF? (w)dFS (w®) —(5{B+R_T7* 7d .
wrowd D wd ws k(ws)
7-7 7 wddFd(wd)dFS(wS) —r 7*wSFd (5(w®)) dF* (w®) — Tw* ]DFd (5(w®)) dF* (w°) — 70" -7st ) dFS(wS)}
w* k5 (w®) w$ w* W

The first-order condition with respect to B is

wd w* @@

wi [ 6 (U dP @)+ [5G (U k() £ W) + (ui) [ 6 (0% Bt ()
K(w*) w? w(w*)

r(w™)

g / G(Ud(w‘i)) dFd(wd)dFs(wS)—k/(—m'B)G (Ud(fi(ws))> F(w®))dF* (w®) + wl / G (V*(w*, M) dF*(w) f* (w")

+ [ KaG (v M) Pt ) [ [ GV G ar ) / G (V* (0, M)) dF* () ()
wSs Eb:‘:( b’) dO Ed
+/K%G(Vs(ws,/\/i))fd(fi(ws))dFs(ws)+/ Gy V& B (w )dFS(wS)—(S{l—Tw}} / wdF*(w®) f5 (w*)
w W wd K (w)
—7'/(—fijg)n(ws)fd(fi(ws))dFs(ws)—T(—w*B) / wdF(w®) f* (w*) — T’ / wrdF* (w®) f* ()
ws r(w*) w (D)
=1 [t £ e N ) = iz P s(w) £ () = 7 [ w0tk (s(w) dF @) = r(-uiu P () £ ()
— ripw* F? (k()) £° () — rrpw” f* (k(w®)) dF*(w®) — 7 %*Fd (r(w®)) dF* (w®) = 7(—ip)w" F* (k(d)) f° ()
1 [k () dF () — 7 [ 9 o 5>>dFS<wS>}

Use some results and assumptions to simplify the above expression. First, the social valuation of the

agent’s consumption can be defined as g = (G% xVe)/s. Second, by definition U (k(w®)) = V*(w®, M),
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makes some terms cancel among them. Third, from the result in the IRS’s problem, x5 = 0 where w® < w*
and w® > 1, result in some terms to be equal to zero. Fourth, by definition (1) = w? collapsing some
terms to zero. Finally, the derivative of consumption in the self-employed sector with respect to the budget

is

if w’ < w*

0

-7 15 if w* < w?®

Let us recall that, in the dependent sector, an increase in the budget for the IRS does not affect taxes.

By using those facts and doing algebra yields

(

) @ K(w)

7 . dw* s dw* dw*
7/(w — k(w*))——= 5 kg [ (k(w®))dF*® (w® +T/ 75 dFd(wd)dFs(wS)—i—T/ / (w)dF* (w*)
w* w* W wd
w k(w?® K(w?)

(wh)dF*(w®) + (wh)dF* (w®)

S\El
QQ

e

2.7.11 Differential Taxation

ﬂd

Let us define ¢4 and t4 as the tax rate in the self-employed and the dependent sector, respectively. As
it has been explained before, the solution of the optimal audit maintains because differential taxation does

not alter the problem. Now, the Lagrangian of the government’s problem is

w* w? W wd w* w(w®)
c w/ / & (Ut dF )dF's(wS)—i-w[ (/S)G(Ud(wd)>dFd(wd)dFs(ws)—i—w[ { G (V* (w*, M)) dF4(wh)dF* (w*)

W k(w?) w* k(w?) w* wd

+/ / G (V2 (w*, M)) dF ¥ (w?)dF* (w +/ / G (V?(w?, M))dFd(wd)dFS(wS)—6{B+R—td/ / wldF(w?)dF® (w

w*  gd w w® k(ws)

ftd/ / wddFd(wd)dFs(ws)fts/ w* B ((w)) dFS (w®) — tyw* /Fd (k(w)) dF* (w®) — tow* /Fd (k(w®)) dF* (w S)}

w* k(w?) ws [0}

For simplicity, the same notation in the Lagrange multiplier for the budget constraint is maintained. At

this point, it is of great importance to recall that, the threshold function changes, and takes the following
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form
s —
w1 — ts) if w’ < w*
Sl —la *
K(w®) = W bW if w* <w® <w
1—-1t,4
w? if w <w?®

As it has been explained before, the public good provision is the same as in the first-best, because
the differential taxation does not alter the marginal rate of substitution between the public goods and
consumption. For this reason, the government only chooses both tax rates and the budget for the IRS. First,

the optimal tax rate in the dependent sector is obtained. The first-order condition regarding ¢4 is
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w;! / G (U () dF* () £( / ~k1,)G (U4 (w)) ) S (s(w))dF* () + / / deUé%dFd(wd)dFs(ws)
r(w*) ws W k(w)
+ (—ui) 7 G (Uw") dF* (') £ (w*) + @ 7G(Ud<wd>) dF (w) £ () + /w (=#;,)G (U (x(w*))) £ (ew))dF (w°)
r(w*) k() w*
@ w? w(w™) w*
+/ ngvg%dﬂ(wd)dmwsww; / G(Vs(w*,M))dFd(wd)fs(w*)+/m;dG(Vs(ws,M))fd(m(ws))dFs(ws)
w* k(w?) wd w?®
w* k(w?) 0% r(w™) r(D)
+/ / G Ve (wh)dF*(w®) + (—wy}) / G (V*(w", M) dF (w?) f*(w") + i}, /G(VS(@,M))dFd(wd)fS(m)
711) - D n(;S> :(m
+ [, Gt @t M) st NaE @) + [ [ GVt whar ) + (-af,) / G (V" (i, M) dF* () * ()
i w K(w®)
[ w0, G V(w0 M) £l D @) + [ / Gy Ve I ap(utyar ) — o / / WP ) aF ()
W w* W D r(w?)
— tqwy, wldF (w?) f*(w*) — ta [ (—kt,)6(w®) f*(k(w®))dF* (w®) wdF* (w)dF*® (w®)
n(!*) w[ Zwl)
— ta(~wi;) / w'dF* (w) f* (") — ta(—},) / w!dF*(w ) —ta / —Ki)E (R(w")dF" (w")
r(w*) () w*
~ i P () £ @) ~ b [ w0 () dF () - b / FU () dF* (%) — tow” (i) F (s(w)) ()

- tsw*u);dFd (k(0)) dF*(w®) — tsw” /ﬁgdfd (k(w®)) dF*(w®) — ts(wi)) Fd(m(ws))dFs(ws) - tsw*(—uﬁzd)Fd (k(0)) dF* (w®)

w*

E)\E\

To simplify the above expression, use some assumptions and results. First, the social value of the agent’s
consumption is defined as g = (¢’ x U&)/s. Second, by definition U¢(k(w®)) = V*(w®, M) makes some terms

cancel among them. Third, by definition x(w) = w?, collapsing some terms to zero. Fourth, from the result

*/

: ’ I k(w®) ) _ s * 0 tswtd r(w®) /(1 _ * s ~
in the IRS’s problem, x}, = [ —tg) for w® < w*, Ky = T + /(1 = tg) for w* < w® < b, and
—tq
d *
Ky, = 0 for w® > w. Fifth, 4Ca/ar, = —w?. Sixth, /i, = 0 for w® < w*, and 4C:/ar, = —%ts for
d

w* < w® < w. By using those facts and doing algebra yields
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(] [ a-gwhwtiriwhirw) + [ f <1g(wd»wddFd(wd)dFS(wS))(1td>

? k(w?) w* k(w*)

tqg = <
[ st st nar w) + / ) = towi] ) wlw®) f () dE* (w)
B
D
w ~(w?) ws k(w?)
wi! ( / / (1 - gw*))dFI (w?)dF* () + / / (1 - glw*))dF (w?)dF* (w* >) (1 ta)
+ 'LU u)
[ w2 p et ar @) + [ () = tawil) mw ) elw)dF )
B
C

(r wir(w®) £ (r(w®))dF® (w +/ —tswtd) fd(n(ws))dFs(wS))

/ )2 s w*) )P (") + / W) — o) ) () () dE* ()

w*

B

To simplify the exposure of the result, some parts with letters can be denoted. The optimal tax rate is

A+tsD N C
A+B+t,D °*A+B+t,D

ty =

In order to fulfill the limited liability constraint the marginal tax rate in the dependent sector cannot be
higher than one, thus, it is necessary that t, < B/C. In in other words, to obtain a marginal tax rate in the
dependent sector not bigger than one, the marginal tax rate in the self-employed sector cannot be higher
than the ratio B/C.

Now, the tax rate in the self-employed sector will be obtained. The first-order condition with respect to
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ts is
wil | e (Utw?) dF’j(wd)fS(w*)+/(fn;S)G (U sw)) ) £ (ol ) dF* (w°) + (~wi!) / G (U () dF* (w*) £ (w")
k() ws ()
w? @ (W)
var, [ 6 (U dr @)+ [ (-r)6 (U ) P NdE @) + il [ GV W M) dF w5 )
k(W) w* wd
w* w* r(w?) JC r(w™)
4 [, G M) Pt aE )+ [ [ G S R ) iF ) + (—ul) / G (v (u, M) dF* () £ ()
B w(W) D @ K(w?)
val, [ GV @M)W @) + [ GV @ M) Fe(w 0 / ) (')
- K (W) w ;"ﬁ(w) dc.
#it) [ GO M ar s @)+ [[,G 0 M) )i + / Gy V& S AP () dF* (')
— 84 —taw! / wdF* f*(w’) — ta / =t () [ k() AP () = ta(—wi)) / wdF 7 (w")
r(w*) w? K(w*)

— taiy, / wddFd(wd)fs(@)—td/Hfssff(ws)fd(ff(ws))dFS(ws)—/wSFd (r(w")) dF* (w®) = tewy w" F(r(w”)) f* (w")

w?

— e [tk s dF ) / P (s(w)) dF" (w7) = towi! [ F(s(w)dF* (") = tow (=) (s(w")) f* (")

gl &

— towtil, PO () dF® () — tow” /Htsfd (k(w")) dF* (w° )—w*/Fd (o(w*)) dF* () — tow}’ [ FA(s(w®))dF* (w®)

w*

S—g

—tsw* (=, ) F* (k(0)) dF* (w®) — tsw” /m%s 4 (k(w®)) dFS(wS)} =0

To simplify the expression, use some assumptions and results. First, one can be defined the social value
of the agent’s consumption asg = (G’ x V&)/s. Second, by definition U%(k(w?®)) = V*(w*, M) makes some
terms cancel among them. Third, by definition () = w?, collapsing some terms to zero. Fourth, from the
result in the IRS’s problem, s} = (=w*)/(1 - ty) for w® < w*, k; = (w" —tswi)/(1 —ty) for w® € (w*, W), and
Ky, = 0 for w® > . Fifth, 4Cs/at, = —w® for w* < w* and 4Cs/at, = —w* — t,w;’ for w® > w*. By using

those facts and doing algebra yields
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E

w* k(w®) w K(w®) ws K (w®)
{/ [ a-gwyutartwhar @+ [ [ a =g+ wiart whar @ + [ [ 0= g + e Jar whaF )| (- ta)
d * 0,

ws w*  yd B d

ts = -
w

[ @2 s )Pt @) + [ w4 w7 s ()

ws

F
Cc

ta (/ R’ 1 r(w )R (W) + [ ~<w5><w*+tswz‘;)fd(~(w5>>dF5<wS>)
n w S w*

[ o @+ i) £ s ) AF ()

w

[ @2 s )art ) +

F

Again, some parts with letters can be denoted to simplify the exposure of the result. Note that the term

C is equal to one in the derivation of t;. Rearranging terms

L _E_ (E-0)
STFUTTF

In this case, ts < 1 is needed to fulfill the requirement for a direct incentive-compatible mechanism.

Applying this condition to the above equation yields

E—-F
<ty <1=F>C
E—-C "= -
Let us analyze if each possible combination of the marginal tax rates hold the condition for an optimum
marginal tax rate obtained above. First, if t; < tg, k(w®) > w® for w® < W, hence C > F producing a
contradiction with the condition to obtain a solution, therefore, it is not a solution. Second, if t; = tg4,
k(w®) = w® for w® < w* and k(w®) > w?* for w* < w® <, resulting in C > F. Therefore, t; = t4 cannot

be a solution for differential taxation either. Third, if t, > t4, k(w®) < w® for w* < w* and k(w*) = w*

>
for w* < w® < b, producing that for some cases F' > C. Hence, the only possible solution for differential

taxation is ts > tg4.
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2.7.12 Comparative Statics

Taxes

For simplicity, the tax rate formula can be rewritten as t = 4/(4 + x), where A takes the value of

WP

w* g w  w?
- / / (1 = g(wh)wldF (whdF* (w*) + / / () wld P (w®)dF (1)
w? k(w?) w* g (w*)
*) W K(w®)
+ (1 — g(w®*))widF(w?)dF* (w®) +/ Yw*dF(w?)dF* (w®)

(1-— Yw*dF(wh)dF* (w®)

\ | ‘%\g
\“ ‘SR\E

and X the value of
X = [ = w (w0 s (w)

With this notation, the partial derivative of the tax rate with respect to the audit cost, ¢, which is

This formula simplifies how the overall effect is obtained. First, one can obtain the characterization of
the partial derivative of the term A with respect to ¢

wd wd

A
22 v / (1 = gl wrdF (wh) f°(w*) + /( Rwl) (1= g(r(w®)))r(w®) £ (m(w®))dF® (w® )+/ / (—g'UHwdF (wh)dF® (w®)

de
n(w*) w5 k(wS)
wd wd
dw™ :
+ (=) / (1 — g(w)wrdF? (w?) F* (w*) + W, / (1 — gw)wrdrt (w) £ () + /( K1 = g(s(w*)))(w®) 4 (5 (w*))dF* (w®)
r(w*) r (W)

w(w*) v *

/ (1 = g(w*)w* dF? (wh) f* (w* >+/n (1 — g(w®)w® £ (r(w"))dF* (w®)

/ (—gLUSHwrdrd (w?
w* k(ws)
w* k(wS) o k(w*) (D)
'V 55 dF (0N dFS (a® w NYap* dFD (108 £5 (ap®) 1 ai’ N dF (0D £5 (40
+ [ ] eVt artwhart ) + (-5 [ - gttt drt Wt w?) + ol 4 (1 - g(@)w”dF ) f* (@)

wd w
k(D)

[ a-g@)wrart s @)
1l)d

w
+f

w*

w k(w?®)
’ s * s s, s - s dw” s, s N
w1 = 9w )" Fhew R @t + [ f [,g VEw' 4 (1= gw') S ]dFd@vd)dF (w*) + (—b),)
J o C

ws wS k(wd)

+ [ st = g ar @ + [ f [ VI (1 — g(w') D }dF (wh)dF® (w®)

W D gd
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It is possible to simplify the above expression using the following facts. First, by definition () = w?
this produces that some terms are equal to zero. Second, by definition x/, = 0 for w® > 0, and for w® < w*

producing that some terms are equal to zero. Finally, some terms are canceled among them because they

are the same but have the opposite sign. The simplified expression is

w* w?

dA i

L] [ covhutart! )+ /

w® k(ws)

w* R(w®)
YwdF (w? Fs(ws)—|—/ / (=g VHw* dF* (w)dF*(w*)
w® pd

wS k(w?)
dw*

wf [—g'vsmwu—g(wmg}dFd<wd)dF5< 9 / v+ (- g | arttar )

E\g\

w r(w?)

d

w
w w

[ RO = glstwNn(w) s nlw DaF @) + [ K= gl ))u” F st )dF ()

w* w*

Let us use the following results to simplify the solution. First, from the threshold function

()~ D1~ 12))
e (10

for w® € (w*,w). Second, from the agent’s utility, U¢ = —w(dr/dc), and V* = —w*(dr/dc) for w® < w*

and V2 = —w*(dr/dc) — 7(dr/dc) for w* < w?*. By using those facts, grouping terms by dr/dc and dw* /de,
and joining together the integrals with w, which reflect the same effect. Those fact yields

w* (w®

dA dT
de

w* w(w?)

N2 gl dF (w)dF* (w®) / vadF(w )dFS(wS)—i-/ / (w*) gy dF* (wh)dF* (w®)
w*  d

%\S‘

w

w* k(w?)

// (1 —g°(w®)) + tw* gy )dF* (w®)dF*® (w®)

(ws_w*) w* — k(w® — ¢ (w® dwd s
+/ T = sw)(1 = ") () }

w*

- [ 1w - - gs(ws))fd(wd)dFs(ws)}

For simplicity, the above equation can be denoted as d4/ic = (47/dc)a; + (4" Jdc)as. Let us recall that,

gy <0, hence a; <0 and as § 0. Now, obtain the derivative of the term X with respect to ¢

% =(—w*) (" = w*)w (w*) f(R(w)) 2 (w*) + (0 — w)w (@) £ (s () f* (D)

* / | £ l)) (0 = D (0 (0 a0

150



CHAPTER 2. TAX POLICIES DESIGN IN A HIERARCHICAL TWO-SIDE MODEL
WITH OCCUPATIONAL DECISION

Use the following result to simplify the expression. First

dw* 1 L dr 2
Rre = — - K
de 1=7)2  del—71"
] * A ~ +5d * A1 dr —=d * dw* : :
for w® € (w*,w). Second, W = wW*(1 — 7) + Tw*, hence &/, = —d—(w —w*) + 7. By using this fact,
c c

rearranging and grouping by d7/dc and dw*/de. Those fact yields

e { [ (008 =0 ) (= w2 () ) (0) = (@ = ) - w*)n;m)fd(n(w))ﬁ(w)}

w*

dw* i d s (w57w*) d s S T dr s S(,,8 D — wk" (D dl{’uA) S
- {/(w (%) + S P 0)) (=07 T 00 ) P 00°) 700 = ) ) ) £ )}

w*

For simplicity, the above equation is denoted as 4X /de = (47 /dc)xy — (4" /dc)xo, where 21 = 0 and x5 > 0.
By using the characterization of 44/dc anddX /dc, is possible to obtain the overall effect on the audit cost
in the tax rate. Replace the first formula using the simplified version of each characterization and resolve

for the effect of the audit cost in the tax rate, obtaining

dr  dw* as X + oA

de  de (A+X)2— (a1 X — 2, A)

Note that, the denominator of the previous equation is positive; thus, the effect on audit cost in tax rate
depends on the sign of the numerator, which is the effect for changes in audit cost on revenue and social

welfare for productivities w® € (w*, ).
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Budget for the IRS

Let us derive both sides of equation 2.7 with regard to the marginal audit cost and simplify it to obtain
an expression for this effect. First, the derivative with respect to the audit cost is

%/(w*fn(w ))%KBJC (k(w*))dF*(w®) + 7 (*dL)(w — k(w* )) 1B de( (w *))fs(w*)+7'u”)'c(w*fn(w))%n%fd(n(w))fs(w)

o[ O ) Ty ) w0 = ) T S (0%) + (0" — () S R %)

" w r(w?) r(w™)

' = ) G| @) + [ [ S artwtar )+ 150y [ S artwh o w)
(W) D “ W K(w?) -

+ i, / artwh @)+ [ S i w) + L [ D St w)

w* r(w?® ) w?

()
/ / e Arwhdr (w) + (-l [ S ar et o)+ [ R ) )

w* k(w®) rw(w™)

dw* dB d¢, d S, S\ _ 7dw* * TM d¢, dyrs * A7 ~ T@ d( dN LS (o
v f / AR wh)dF (w*) = (- ) / g(w)r a7 (w") + (i, /dg<w> L ar (W ()
7 e w* dr d dw* dB " dw*
T dw* w w
+ [ aterrrsunarswy+ [ [ |averS v o) TG 4 oG S artw) + (i) [ gty G ariws o)
w* w*  gpd gd
" e dw dw* dw* dB
+ [ gyt nar @)+ [ [ v aw) G et G2 | ars )

W D wd

To simplify this expression use some assumptions and results. First, x(w*) = w*. Second, k., = 0 for
dw dr dw* dr dr w® —w*

> Third, w? *). Fourth, V* = — *. Fifth, kK, = ——— —
W > . . dc dc (@ —w). Four ¢ dc dc ! e T e (1—-7)2

T dw*

1 I Finally, the terms can be grouped by the effect on taxes and threshold level. By using those
—7 dc

facts, the total impact on audit cost in the budget for the IRS is
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el T

T8 m(w®)
//T
W gd

d) 1F° (w®) /(
@t — w*)(w* = k(w®)) — k(w®))dF® (w®) +

*

w

w* * sy dw o, g s * s awt o, g s
_77_)2( —w' + k(w ))Eme (s(w™)) = (w” — w(w ))Eﬁsf (k(w?))
d ) ~<w3) wS w(wS)
w — w* dw™* _ w o (w _ ) _ ’ook s d d S(ws
(177)2 5 (1 — g(w®)) f(r(u ))] dF* (w®) /* /d NdF (w?)dF® (w®) / | s N dF? (wh)dF® (w®)
dw™ mlw )1 . dw™ a0 P (0 2 Cdwt o, s @ T T du
+— /d (1 = g(w)r S ar? (war () = 2 w* - w(0) Sk £ s(@) £ () + [ W £ ()
-2

w* @ m(w?)
T n ) Sl g <n(w5))] ar* ) - [ /d

w*

w3 k(w?®)
gT dF(w)dF(w) / / gT BdF(w)dF(w}

To give a better interpretation, the above expression is conveyed, with those respective signs, as follows

+ + - + - -
dB~~ dr7 |~~~ ~~ ~/~ ~~ dw* ;\ ,-/+\ ,-j_\ A~ =
— b =— t1 + to — t3 — 4 +—— 1 W1 — Wy + w3 — wg — Ws
dc dc dc

+/- +/-
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2.7.13 Alternative Derivation of the Optimal Government Policies

In this appendix, the solution for the case where 7 > 7* is shown. In each case, it is demonstrated that
it is possible to extrapolate the conclusion given in the main section. For this explanation, let us define the
level of productivity in the dependent sector that is equal to the threshold function evaluated in the upper

bound of the self-employed productivity as w = k(w?).

Optimal BLS Rule

The optimal BLS rule is obtained from the government’s problem deriving the Lagrangian with respect

to the public goods. The Lagrange of the government problem is

d =8 -

c=7 /w G )) dF* (w)dF* (w S>+77G(Ud<wd>)dFd<wd>dFS<wS>+7 /w G (U () ar (whdr* (w’)
2w S e o)
+757G )) dF(w")dF* (') / m(/wS)G ))dF%wd)dFS(wSHf 75)6:<v5<wS,M>>dFd<wd>dFS<wS>
SRR iy S */ PP & ST
2 (ot > o wio®
o / / WA () () / S /F ) 4 ()

The first-order condition (FOC) with respect to R is

/ / G’ (Ud(w )¢ (RYAF (wh)dF® (w®) + / / U (w?) ¢ "(RYdF*(w®)dF® (w®) + / / G’ (Ud(wd)) ¢ (R)AF% (w)dF® (w®)

W k() ws b W R(w?)
@S we w* w(w?) w5 r(w?)

+ / /G’ (U w®) qs’(R)dFd(wd)dFS(wS)Jr/ / T (VE (wf, M)) ¢ (R)AF (w?)dF® (w® >+/ / (VS (w®, M) ¢/ (R)dF (wh)dF® (w®) — 6 = 0
w* W s d e

w H

By doing algebra yields

d

T M¢(R)dF ¢ (wh)dF® (w® )+7 /

8

Ud( d)) w W (Ud(wd>)

¢ (R)dF% (w?)dF® (w®) + 5 ¢ (R)dF%(w?)dF® (w®)

WS R (wS) ws W w* k(w)
@S wd o (d(yd w* r(w®) - @S w(w?) -
G (U (w e G (VS (w®, M s G (VE(w®, M ,
+ il CAC)| - )¢’(R>dFd(wd)dF"(wb)+/ / G Vi, M) (;” ))¢’(R)dFd(wd)de(wb)+/ / G (Vi(w?, M) (:J D 4 (RyaFd (wh)dF® (w®) = 1
w* b WS d W pd
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The derivative of the Lagrangian regarding consumption in each sector are

G' (U (wh) f(w) f*(w?) = 6 (w!) f*(w®) = 0
G (V2 (w*, M) f(w?) f*(w®) = 5% (w?) f*(w") = 0

where the definition of consumption, C(w) = w — T'(w), is used to replaces taxes for consumption. By

using the above equation to replace the Lagrange multiplier in the FOC of the public good yields

=8

/ / R)AF (w / / R)AF (w")dF* () + / / & (R)AF* (w")dF* (w*)
w? k(ws w® W w* k(ws)
w° wh w* k(w?)

//¢ R)AF(w?)dF*( 7*””/‘” R)dF*(w )dFS(wS)Jr/ / & (RYAF (wh)dF* (") = 1

*

w* b w wd

Finally, one can use the fact that the marginal utility of consumption is equal to one. Hence, the marginal

rate of substitution only ¢’(R). The final expression is

s

/ / MRS(RC)dF®*(wh)dF*® (w*) + / / MRS(RC)dF*(w")dF* (w®) + / / MRS(RC)dF*(w")dF* (w®)
w? b w* m(w?)
- wd w* K(w® @ K(w?®)
+ / / MRS(RC)dF® (w® / / MRS(RC)dF*(w™)dF* (w®) + / / MRS(RC)dF*(w™)dF*(w®) = 1
w* W ws pd w*  pd

This equation is the same as in the paper, only the limits in the integrals change, but it represents the

same result; the solution of the optimal public good provision is the same as in the first-best.
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Optimal Marginal Tax Rate
The optimal marginal tax rate solves the Lagrangian in the government’s problem. The Lagrangian of

7 7 G (U (™)) dF* (w*)dF* (w’)

the government problem is

E_HZH(Z) G(Ud(wd)) AF (W dF* (w )+“ZW7G(Ud( d)) dF* (W dF* (w )+M ¥
I w (W T (w?)
+ /G (0w aF(w)ar (w') / / (w®, M) dF* (w)dF* (w*) + G (V* (w*, M) dF (w®)dF* (w®)
| (w®) — 77 ]U wdF* (w)dF* (w®)

B+R77/ / wdF*(w)dF* (w®) // wdF*(w
ws W w* k(ws)
F (k(w?)) dFS(wS)}

w® k(ws)
w*F? (k(w S))dFS(wS)—Tw*/

-9

-7 wdF* (whdF* (w®) —

\El —
. >
\E‘g_
[

*
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The first-order condition with respect to 7 is

7*(#7)6’ (5(w")) £ (r(w"))dF* (w®) + 7*13;@ (U(@)) £ (@)dF* () + 7 /w GlraUe CfTC:dF%wd)dFS(wS)
s 2 Lol
+ Z}—w;)G (U ") F@)ar w') + Z*7daawéfjdﬂ<w5>dﬁ<w$> - /f(—nna (U ((w)) £ wlw*))dF (w)
7@46‘ (U(@)) 1 (@)dF* () + i GraUe dd—?dF%wd)dFs (w*) + /S<—w;>G (U@)) 1 (@)dF* ()
o P J
+ 77 Cya U S22 AR () dF* () + 7}470 (V* (w0, M)) J (")) dF* () + w (/w Gy V& = aF ()P ()
+ mﬁm;c (V7 (w", M)) £ ((w"))dF" (w) + 7 N(/UJS)G'VSVCS A0 ap(w)are ) - 5 {— 7 /w w!dF (w*)dF* (w)
P P Lol
—r Z*w;)n(wS)fd(n(wS))dFS (w') =7 Z*wﬁwfd(u?)dFs(ws) - f?dwddFd(wd)dFS(wS) —r Z}w;)wfd(w)dﬁ (w?)
- 7 /w w!dF (w')dF* (w') — 7 7S<—m;>n<w5>fd<n<w5>>dﬁ<w5> —r 7Sw;wfd<w>dF5 (w') - 7s7dwddFd<wd>dF5<w5>
FA 2 J P
-7 Zz—w;mfd(w)dmw% - 7wF (k(w")) dF* (") = 7 Z*wsnifd (k(w")) dF* (w®) - 7wF (5(w")) dF*(w")
—r st*NLfd (5(w) dFS(wS)}

To simplify the previous expression, one can use several results and assumptions from the model. First
g = (Gyi x V&) /s can be defined as the social valuation of agent’s consumption. Second, it needs to be recalled
that U (k(w®)) = V*(w*, M), implying that some terms are canceling among them. Third, from the IRS’s

solution, .. = 0 for w® < w*. Finally, the derivative of consumption in regard to marginal tax in each sector

are

= w 5
dr dr —w*  if w* <w?®

@ d dC’S_{—wS if wf < w*
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By using those facts and doing algebra yields

_ /w g(wywtdF (w / / Yl dF(w )dFS(wS)—7 g(wyw dF* (w*)dF* (w*)
ws W w* K(w?)

w )

/

g(w*)w* dF*(w)dF* (w®)

3

T Sm\_,8>

g(wHwdF (wh)dF* (w®) —/ g(w*)w* dF*(w™)dF* (w®) —

d

[

w* W w* w ws W ws
:—/ wddF‘i(wd)ng(wg)—//wddF (w)dF*( )_/ / wddF‘i(wd)dFS(wS)+T/m;n(wS)fd(n(wS))dFS(wS)
w? k(ws) w? b w* k(ws) w*
w° wh w* ws ws
—//wddFd(wd)dFs(ws)—/wst (fi(ws))dFs(wS)—/w*Fd (k(w*)) dF* (w*) —T/w*ﬁ;fd (k(w®)) dF* (w*)
Note that, k(w®) — w* = wl —v By using this fact and doing algebra, the optimal marginal tax
—T
formula is
[ - w e @) aer ) = [ [ gutetdrt e w) + / / (1~ g(wh)uwtdF (whdF* (w)
w* w? k(ws) w® b
T w° w
w [ a-gwhwtariuharsw) + [ [ 0= gwhyetartwhir w)
w* k(w?) w* W
w* k(w?) w* r(w®)
+ (1 — g(w*))w*dF(w?)dF* (w®) + (1 — g(w®))w*dF(w)dF* (w®)
/i I

This formula is essentially the same as in the main section, only the limits of some integrals change.

Moreover, both results represent the same effects and have the same mechanism behind.
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Optimal Budget for the IRS

The optimal IRS’s budget comes from the maximization of the Lagrangian of the government’s problem

w

/G dFd( HYdF® (w®) + / dFd( YdF* (w®)

)

+77G dFd( HYdF* (w®) +

l\
e
m\ g*

G(Ud(wd)) AF* (wh)dF* (w®) +

r(w

E>\ E‘Q_

w* k(

°)
G (V*(w®, M) dF*(w)dF* (w®)

*

g g
m\g* J,\E*
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0
S
*\SL

/ M) dF*(wh)dF® (w®)
w d wd

[

_6{B+R—7-7*/ﬂjwddFd( )AF* (w®) —T// wdF*(wh)dF* (w®) — //w wdF*(wh)dF* (w®)

ws g (ws) ws w* k(ws)

w*

77// wdF (wh)dF* (w*) / ) dF* (w®) — Tw”

The first-order condition with respect to B is

E* \ gL

F* (f’»(ws))dFS(ws)}

N w*
w

wp [ 6 (Utwdh) driwh ) + / 056 (U40)) @ )+ [ (~r)G (U () £ 0w dF* )
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wi [ 6 (Ulw?)) dFi ) )
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n\s*

g| i

w® s
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G (U (w?) dF(w?) £* (w*)

WS K(w®) w*
+ [(a)6 (V@) F@r ) +wpy [ 6wt M) AF @) + [ K6 @ M) () ()
r(w™) 7@'“ w k(w?) i
(up) [ GO M) Pt ) + / Ko G (Vo (0 M) FOsw) P @) + [ [ GV art it w?)

—d

6{1TwB / wddF3 (w?) £ (w*) f‘r/waf W)dF* (w?®) / —k'g)r(w®) flr(w®))dFS (w®) — Twl / wrdF (w?) f2 (w*)
K(w*) w

/ -’ wf (W)dF?® (w®) — T(—wp) / wddFd('w ) (w™) f‘r/waf (0)dF*®(w S)77'//iBf-e(ws)fd(,'-e(u)s))dlfﬂ(ws)
ws? K(w*) w*

s
w

wB)/wddFd(w V£ (w* )—T/(—wg)wfd(w)dFS(wS) — rwhw* F4 (k(w*)) f5(w*) —T/wsﬁjgfd (e(w®)) dF*(w®)

w*
w*

—r(—wi)w* Fe (/i(w*))fs(w*)—'r/w ki f¢ (k(w®)) dFS (w®) / )) dF® (w S)}

To simplify the above expression, use some results and assumptions. First, the social valuation of the
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agent’s consumption is defined as g = Gv x Ve /s. Second, by definition U?(k(w*)) = V*(w*, M), make some
terms cancel among them. Finally, the derivative of consumption in the self-employed sector respect to the

budget is

dC, if w® < w*

dB

0
= dw*

—T IB if w* < w*

At this point, it is important to recall that, in the dependent sector, an increase in the budget for the

IRS does not affect taxes. By using those facts and doing algebra yields

* @ w(w) w w(w)
; / (w0 — r(w*))Kp fA(s(w))dF () + 7 / / wihdFA () dF* (w) = 1 + / / g yrwhd P (wh) dF* (w®)

This equation represents the same as the one shown in the main section.
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