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Abstract

This paper studies how firm—worker agreements to underreport wages affect tax policy design. In most
tax systems, firms act as third-party reporters to limit evasion, but this mechanism weakens when employers
pay part of workers’ wages off the books—what I refer to here as payments under the table (PUT). I develop
a model of optimal income taxation in which PUT arises endogenously from firm—worker interactions, and
a corporate tax is also in place. The model shows that the corporate tax modifies the standard optimal
income tax formula through two channels: (i) a fiscal externality, as PUT cannot be deducted from firms’
taxable profits and thus raise corporate tax revenue; and (ii) a behavioral response, as higher corporate
taxes reduce firms’ incentives to pay under the table and narrow the scope for workers to evade, thereby
lowering the elasticity of taxable income (ETI). Together, these effects imply that the optimal income tax
rate increases with the corporate tax rate. Empirically, I use matched administrative and survey data from
Peru—Ilinked using optimal transport—and find that PUT is widespread, especially among higher-income
workers. Exploiting a staggered corporate tax reform, I show that the ETI declines when the corporate tax
rate increases, consistent with the model’s predictions.
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1. Introduction

Governments use income taxes to redistribute resources from richer to poorer individuals, with the goal
of promoting greater equity (Mirrlees, 1971; Diamond and Saez, 2011). But taxes change behavior.
People may work less when taxes increase (real responses) or try to reduce their reported income without
changing their actual work effort (avoidance or evasion responses) (Saez, 2001; Kleven et al., 2011). To
limit evasion, governments often rely on firms to act as third-party reporters. By requiring employers
to report workers’ earnings, tax authorities can use firms’ information and administrative capacity to
improve compliance (Kleven et al., 2016). However, the effectiveness of third-party reporting depends
on firms’ truthful reporting of wages. When employers and workers agree to underreport earnings, the
informational role of firms as tax collectors is undermined (Slemrod, 2008). This problem is particularly

relevant in countries with limited enforcement capacity and large informal sectors.

A growing body of evidence from low- and middle-income countries shows that many employees
receive a higher wage than the one officially reported by their employer. The official wage is the amount
declared by firms to tax and social security authorities, while the difference—paid off the books, often in
cash—is referred to as an envelope wage or payment under the table (PUT). These workers are registered
on a firm’s payroll, which is why part of their wage is reported. They are not workers hired entirely
outside the formal system, who are typically referred to as ‘informal workers’ in the labor economics
literature. Instead, PUT represent a hybrid form of employment: the job itself is formally registered, but

compensation is only partially declared. In this sense, PUT can be understood as a partial informality.

The existing evidence on PUT has primarily focused on measurement, as evasion is inherently difficult
to observe directly. The literature has relied either on surveys that ask workers directly whether they
receive payments under the table from their employers in addition to their reported wages (Williams
and Padmore, 2013; Feinmann et al., 2025b), or on inferring PUT indirectly by exploiting policy or
enforcement changes that affect reported but not true wages (Bergolo and Cruces, 2014; Kumler et al.,
2020; Gavoille and Zasova, 2023). Despite this growing empirical evidence, the implications of PUT for

tax policy remain largely unexplored.

This paper makes two contributions. First, it introduces an optimal transport approach to improve the
measurement of payments under the table (PUT) using linked administrative and survey data. Second,
it incorporates PUT into a model of optimal income taxation in an economy with a corporate tax, to

study how tax policy should adapt when evasion takes this form.

In the standard framework, the optimal income tax balances the gains from collecting more taxes—more
revenue to transfer to poorer individuals (more redistribution)—against the efficiency costs of taxation,
captured by how reported income responds when tax rates increase, either because people work less or
evade more. This responsiveness is summarized by the elasticity of taxable income (ETI). I show that
this familiar trade-off continues to hold even when PUT are widespread. The novelty lies in the role
of the corporate tax. Because PUT cannot be deducted from firms’ taxable profits, a higher corporate
tax generates a positive fiscal externality that raises revenue and increases the redistribution benefits
of taxation. At the same time, a higher corporate tax reduces firms’ incentives to pay under the table,
which limits workers’ ability to evade and therefore lowers their response to tax changes — that is, it
reduces the ETI. Both mechanisms strengthen the case for a higher optimal income tax compared to

settings where evasion is purely a worker decision and firms play no role. I test these predictions using



Peruvian data and a reform that simultaneously changed both income and corporate tax rates, and I

find empirical responses consistent with the model.

Getting this main result involves three steps, which form the building blocks of the paper. In the first
part, I bring optimal transport (OT)—a novel econometric approach to linking datasets—to the evasion
estimation literature. The goal is to provide governments with a practical tool to assess whether PUT
are a significant concern without relying on costly or potentially biased worker surveys. OT constructs
a mapping between datasets based on common covariates, minimizing the distance between their joint
distributions and effectively reweighting one dataset to match the covariate distribution of the other. I
apply this method to data from Peru, linking administrative employer—employee records (reported by
firms to the tax authority) with household surveys that contain self-reported wages. T assume that the
administrative data capture the true wage net of PUT, while survey data reflect the true wage plus

measurement error.

Each individual in the administrative dataset is matched to a self-reported wage, and PUT is defined
as the difference between the two. Because OT preserves the joint distribution of worker characteristics,
it allows me to recover how PUT underreporting varies systematically along observable dimensions such
as income, occupation, and firm size. This is crucial, as noncompliance need not be homogeneous across
the income distribution. Empirical and theoretical work shows that the extent and nature of tax evasion
vary with income (Kopczuk, 2001; Slemrod and Yitzhaki, 2002; Alstadsaeter et al., 2019). Higher-income
individuals often have greater opportunities to engage in complex avoidance or evasion, while lower-
income workers have lower probabilities of being audited. PUT may exhibit similar heterogeneity, with
potential implications for whether PUT underreporting is regressive or progressive—an issue central to

the distributional incidence of taxation and the design of enforcement policy.

I show that PUT are prevalent and more salient among individuals with higher education and income
in Peru. On average, workers receive 30% of their wages under the table. These findings are consistent
with survey-based evidence on PUT behavior across Latin America. I also estimate the prevalence of
PUT (but not the distributional effects) using OLS, propensity score matching, and inverse probability
weighting, obtaining similar results across methods. However, these approaches cannot capture distribu-
tional patterns accurately, as they match only on an index or means.! I perform several robustness checks
for classical and nonclassical measurement error and find the results to be stable. Given that high-income
individuals are more likely to underreport wages or not respond to surveys at all, underreporting of PUT

is more plausible than overreporting.

In the second part of the paper, I develop a model of the optimal personal income tax in an economy
where PUT arise endogenously in labor market equilibrium and where a corporate tax is also in place.
Workers’ personal income is subject to a linear income tax, and firms’ profits are taxed under a linear

corporate tax.? PUT matter because they are not subject to personal taxation (a benefit for workers)

! As an illustration, consider a highly educated worker who reports earning the minimum wage (at, say, the 10th percentile) but
whose true wage lies at the 90th percentile. In this case, the administrative wage distribution would appear shifted to the left. If
PUT were measured as the difference in wages at a given percentile, this worker’s reported wage at the 10th percentile would be
compared to others at the 90th percentile, overstating the estimated PUT. The true PUT would instead be the gap between the
self-reported 10th percentile wage and the actual 90th percentile wage. This mismatch arises because percentile-based comparisons
are not one-to-one. Propensity score matching and nearest-neighbor methods are particularly problematic because they may not
fully balance composition differences. They allow estimation of self-reported wages at the individual level but do not preserve the
joint distribution of covariates.

2T assume a single personal income tax that encompasses both the payroll and income tax.



but are also non-deductible from firms’ taxable profits (a cost for firms).

I start by modeling a labor market in which workers choose whether to supply labor under a fully
formal arrangement (no PUT) or to accept an arrangement that includes a share of PUT. Workers are
identical in productivity but differ in an exogenous informality cost, which can be interpreted as the
valuation they place on payroll-linked benefits. Workers self-select into formal or PUT arrangements
according to this cost. Firms are indifferent between hiring formal and PUT workers as long as the total
cost of hiring is equal across arrangements. The equilibrium wage in each arrangement adjusts to clear
the market. Because PUT cannot be deducted from taxable profits, wages in the PUT sector are lower to
offset the higher effective cost to firms. Workers in the PUT arrangement therefore receive part of their
compensation under the table, while fully formal workers report their entire wage. Given these labor
market outcomes, the government chooses the income tax rate (and lump-sum transfer) that maximizes

a social welfare function, subject to a balanced-budget constraint and a fixed corporate tax.

Using this model, I derive the conditions that characterize the optimal income tax rate. The solu-
tion to the planner’s maximization yields an optimal income tax formula aligned with the well-known
Mirrlees—Saez framework, balancing the equity—efficiency trade-offs of a change in the income tax rate.
The elasticity of taxable income (ETI) remains the key sufficient statistic. The novelty is that the for-
mula now includes two channels through which the corporate tax directly affects the optimal income
tax. First, PUT introduces a fiscal externality in the numerator. When wages are paid under the table,
personal income tax revenue falls, but the same under-the-table payments increase firms’ taxable profits
and therefore corporate tax revenue. The government thus recovers part of the lost revenue automatically
through the corporate tax base, which lowers the effective revenue cost of underreporting and raises the
optimal income tax relative to a setting without this offset. Second, the ETI in the denominator becomes
a negative function of the corporate tax. In equilibrium, firms are indifferent between hiring workers for-
mally or under the table, as wages adjust to offset the non-deductibility of PUT payments. A higher
corporate tax increases the cost of PUT arrangements, compresses the wage gap between formal and
PUT contracts, and reduces the scope for PUT underreporting. As a result, workers’ reported income
becomes less elastic. Similar to Slemrod and Kopczuk (2002), the ETI is endogenously shaped by worker
behavior and firm incentives through the corporate tax. The magnitude of these two channels depends

on the ratio of PUT to reported income in the economy.

Together, these two channels imply that the optimal income tax rate increases with the corporate
tax rate. When the corporate tax is zero, the model collapses to the standard evasion case, where
underreporting decisions fall entirely on the worker side, the ETI is higher, and the optimal income
tax is lower. As the corporate tax rises, PUT become less attractive for firms, reducing the ETI and
strengthening the fiscal externality, both of which raise the optimal income tax. When the corporate
tax rate exceeds the personal income tax rate, incentives for PUT disappear, and the model converges
to full compliance. These results depends on the non-deductibility of PUT. If firms were able to deduct
these payments, the cost of PUT would vanish, returning the model to a case closer to standard evasion,
where all incentives lie on the worker side. In practice, anecdotal evidence suggests that firms deduct
only part of these payments, placing real economies somewhere between the two extremes of full and zero
deductibility. In this intermediate case, the corporate tax continues to play a central role by shaping

both the fiscal externality and the ETI—and, therefore, the optimal income tax rate.

In the final part of the paper, I bring the model to the data using two recent reforms in Peru’s labor



tax regimes and then use numerical simulations calibrated to Peruvian moments to explore the policy
implications. I focus on the key theoretical prediction that the elasticity of taxable income (ETI) is a

decreasing function of the corporate tax.

The first reform, introduced in 2021, increased the payroll tax for workers employed under the Agricul-
tural Regime (AgR) but left the corporate tax unchanged. The policy applied only to field workers hired
under the AgR, who serve as the treated group. In contrast, administrative employees within the same
agricultural firms could not be hired under the AgR and had to be employed under the General Regime
(GR). These workers, exposed to the same firm- and sector-specific shocks but unaffected by the tax
change, form the control group. The second reform, implemented in 2023, simultaneously increased both
the payroll and corporate tax rates for firms under the AgR, while the GR remained unaffected. This
differential exposure allows me to examine how changes in corporate taxation affect the responsiveness

of reported income to labor taxes.

Using a continuous difference-in-differences design, I estimate the elasticity of reported income with
respect to the net-of-tax rate for workers in the AgR. I find large ETIs of around 2 during the first
reform, consistent with weaker enforcement and greater scope for underreporting in developing economies.
However, the response is attenuated in 2023, when the corporate tax also increased, consistent with the
model’s prediction that higher corporate taxation reduces the attractiveness of PUT and lowers the
sensitivity of reported income to labor taxation. Because the magnitude of tax changes varied across
firms of different sizes, I exploit this staggered structure to construct alternative control groups and verify
the robustness of the results. The validity of the ETT estimates relies on the standard parallel-trends
assumption. Event-study analyses confirm that pre-trends were parallel and show a discrete decline in

reported income following the 2021 payroll tax hike but little response after the 2023 reform.

Numerical simulations calibrated to Peruvian moments for PUT and the ETT further illustrate the
policy implications. At the effective corporate tax rate that best matches the Peruvian data, the model
delivers an optimal top income tax rate of about 25%, well below the roughly 40% observed in the actual
schedule. Taken at face value, this gap suggests that current policy is closer to a ‘no-evasion’ benchmark
in which the government effectively ignores PUT when setting the income tax rate, treating third-party
reported wages as true income and therefore perceiving a lower ETI than it would if the PUT margin were
internalized. By contrast, if the government behaved as if PUT followed a classical evasion model driven
solely by workers’ decisions—so the corporate tax plays no deterrent role—the ETI would be higher and

the optimal income tax rate in the simulations would be closer to 15%.

Related literature. This article contributes to several strands of literature, the primary one being
the analysis of tax evasion and optimal taxation by explicitly incorporating payments under the table
(PUT) into the discussion.

The existing literature on PUT or ‘envelope wages’ has primarily focused on documenting and mea-
suring its prevalence. Two main approaches have been used. The first approach relies on survey data,
where workers are asked directly whether they receive part of their pay off the books. In Europe, (Barth
and Ognedal, 2018) present survey evidence that around 5 percent of employees in the European Union
receive part of their wages off the books, though this share varies widely—from 15 percent in Romania
and 10 percent in Bulgaria to 5-7 percent in Spain (Di Nola et al., 2019). Williams and Padmore (2013)

use Eurobarometer data across 28 European countries and similarly find that about 3 percent of workers



report receiving underreported salaries, with much higher prevalence among low-skilled and Eastern Eu-
ropean workers. In Latin America, Feinmann et al. (2025b) find that 25 percent of formal employees in
Brazil admit to receiving PUT for about 20 percent of their wages, with higher-wage workers evading a
larger share. In Feinmann et al. (2025a), we conduct a multi-country survey in Argentina, Peru, Mexico,
Colombia, and Chile, finding an average of 15 percent of formal employees receiving PUTs for roughly
23 percent of their earnings, with substantial heterogeneity—from more than one-quarter of employees
in Argentina to less than 4 percent in Chile. Across contexts, this literature consistently documents that
PUT are widespread and increase with workers’ earnings.

The second approach infers underreporting indirectly, typically by exploiting reforms that affect re-
ported—but not actual-—compensation. In Uruguay, Bergolo and Cruces (2014) show that after a reform
reinforcing the link between reported wages and future social security benefits, reported earnings rose
while total labor costs remained unchanged—consistent with a reduction in PUT. Kumler et al. (2020)
find similar evidence in Mexico following a 1997 pension reform, with the largest increases in reported
wages occurring among younger workers and small firms. (Biro6 et al., 2022) detect comparable responses
in Hungary, finding that stronger enforcement reduces bunching at contribution thresholds. (Bjgrneby
et al., 2021) identify underreporting in Norway by comparing employer-reported wages to third-party fi-
nancial information, while (Gavoille and Zasova, 2023) document that increased monitoring in Latvia led
to higher reported earnings and smaller discrepancies relative to actual pay. Together, these studies pro-
vide compelling evidence that the extent of wage underreporting responds systematically to enforcement
and contribution incentives.

An exception to these two approaches is Lopez-Luzuriaga et al. (2023), who detect envelope wages in
Ecuador by combining electronic invoicing records with payroll tax returns. Their method uses billing
data as a quasi—third-party verification device to infer unreported wage components. This is a compelling
innovation, but it depends on full coverage of e-invoicing systems—an infrastructure still unavailable in
many low-capacity developing countries. By contrast, my method is explicitly designed to work with
administrative and household survey data that governments already collect, making it more scalable and

immediately applicable in such settings.

This literature has largely focused on documenting the existence and magnitude of PUT, without
examining how their presence should change the design of tax policy. This paper advances the literature
in two main ways. First, it develops a new method that preserves the full distribution of earnings—crucial
for distributional analysis—to measure PUT using administrative data combined with survey data where
available. This avoids the high costs and potential biases of direct survey methods while ensuring cross-
country comparability. Second, it goes beyond measurement to study the implications of PUT for tax
policy. I develop a theoretical model in which firms and workers jointly determine how much of the wage
is reported and derive optimal tax formulas that incorporate this behavioral margin. This is the first
paper to link the measurement of PUT to its implications for optimal tax design, bridging two strands
of literature—empirical work on wage underreporting and normative analyses of tax policy—that have

evolved largely in isolation.

This paper also contributes to the optimal income taxation literature (Mirrlees, 1971; Saez, 2001,
Diamond and Saez, 2011), which studies how governments can redistribute income while minimizing effi-
ciency costs. While this literature does allow for tax evasion, it typically models evasion as an individual

worker decision and treats third-party reporting by firms as a silver bullet that effectively closes the



evasion margin. In other words, once wages are reported by the employer, compliance is assumed to be
complete. I depart from this assumption by allowing firms and workers to jointly determine how much
of the wage is reported, thereby endogenizing the possibility that third-party enforcement may fail. In
doing so, the paper connects the optimal tax tradition to the foundational evasion literature—beginning
with Allingham and Sandmo (1972) and Yitzhaki (1974), who model individual non-compliance under
audit risk—and to more recent work on third-party reporting and enforcement capacity (Kleven et al.,
2011; Kleven et al., 2016). But whereas these models assume that firm-reported wages are truthful by
construction, this paper allows for underreporting even in the presence of employer reporting and shows

that the existence of PUT fundamentally alters optimal income and corporate tax design.

Beyond the tax evasion literature, this paper also contributes to the broader work on labor infor-
mality, which studies earnings that escape taxation but typically frames informality as a binary firm or
sectoral choice. A large empirical literature documents the prevalence, determinants, and consequences
of informality (Williams and Padmore, 2013; La Porta and Shleifer, 2014; Ulyssea, 2020), emphasizing
its implications for productivity, welfare, and tax capacity. However, informality in this literature is gen-
erally modeled as binary decision—either a job is formal or informal—rather than as a continuous choice
over how much income is reported. This paper instead focuses on the intensive margin of informality,
studying partial underreporting within formal employment (i.e., PUT), and analyzes how this continuous

evasion margin affects optimal tax design.

Finally, this paper contributes to the growing empirical use of optimal transport (OT) in economics.
In labor economics, Kim and Lee (2024) use OT to recover the joint distribution of worker skills and job
characteristics from observed matches, and Arellano and Bonhomme (2023) apply an OT-based matching
framework to recover the latent distribution of income shocks from panel earnings data. In industrial
organization, Li et al. (2019) use inverse OT to back out the implicit matching cost function underlying
observed college admissions and labor market allocations. In trade, Gaskin et al. (2024) use OT with
neural networks to learn counterfactual trade cost structures from observed global trade flows, while
Leite and De Bacco (2024) use an OT-inspired algorithm to reconstruct realistic transportation networks
from minimal origin—destination data. These examples illustrate a broader shift toward using OT to infer
hidden economic primitives from observed distributions. In that spirit, this paper is the first to apply OT
to recover the latent firm—worker underreporting distribution, by transporting survey and administrative

wage data into a revealed structure of payments under the table.

The rest of the paper is organized as follows. Section 2 describes the institutional setting, focusing on
the Peruvian tax system. Section 3 estimates payments under the table (PUT) using linked administrative
and survey data through an optimal transport approach. Section 4 develops the model of optimal income

taxation with PUT. Section 5 brings the model to the data. Section 6 concludes.

2. Institutional Setting

Payments under the table (PUT) are wage underreporting arrangements that require coordination be-
tween firms and workers. This is what differentiates them from classical forms of evasion, where workers
misreport income unilaterally. Because PUT depend on joint incentives, they interact with both sides of
the tax system: the worker side (personal income and payroll taxes) and the firm side (corporate taxation

and deductibility rules). Understanding this institutional structure is essential to analyzing PUT.



Most countries, including Peru, have three main tax instruments relevant for labor earnings: (i) a
personal income tax on workers, (ii) payroll taxes that finance social security benefits (borne by workers
and/or firms), and (iii) a corporate income tax on firms’ taxable profits. PUT interact with all three. For
workers, PUT are not declared to tax or social security authorities, and therefore escape both personal
income and payroll taxation. This is the benefit of PUT. For firms, however, these payments cannot be

deducted as labor expenses, and thus increase the corporate tax base. This is the cost of PUT.

Before describing the tax system in detail, I first explain why Peru is particularly relevant for analyzing
PUT. Peru has one of the most informal labor markets in Latin America: around 70 percent of workers
are employed entirely outside the formal system. Importantly, informality in Peru is not merely the
result of exclusion from formal jobs; it is often a deliberate choice. A large body of evidence shows that
workers and firms opt out of formality when the perceived benefits of contributing are low, especially
given weak enforcement and the limited value many individuals attach to future social security benefits
(Yamada, 1996; Loayza, 1996; Perry et al., 2007). Even during periods of strong growth, informality
has remained persistent and largely voluntary (Bosch and Maloney, 2010; Levy, 2018). These strong
preferences for informality suggest that workers and firms may also have high willingness to engage in

PUT arrangements.

Enforcement capacity is limited and biased toward detecting who is registered, not whether reported
wages are truthful. As of 2023, Peru had fewer than 800 labor inspectors overseeing nearly 20 million
workers (U.S. DOL, 2024; SUNAFIL, 2023). In practice, the tax authority (SUNAT) prioritizes uncover-
ing non-registration or omitted (fully informal) workers (SUNAT, 2023). This institutional environment

creates conducive environment for formal-but-underreported employment, the margin this paper studies.

Moreover, household surveys in Peru are accurate in capturing both wages and formality status. Given
that informality is a central policy concern, these surveys are the primary instrument to measures labor
market conditions (as administrative data do not capture informal workers). The national statistics office
(INEI) has invested heavily over decades to ensure truthful reporting: the survey is anonymized, widely
trusted, and known by workers to be used for statistical purposes (not enforcement). Administrative
payroll declarations, on the other hand, are legal compliance documents. Tax liability is calculated using
what is reported there. The survey is therefore the more reliable source for measuring true earnings and
formality status (subject, of course, to standard survey nonresponse), while administrative records reveal
what firms actually report. It is precisely this wedge between reported and true wages that I will use to
estimate PUT in Section 3.

I now describe the tax and contribution system relevant for firm—worker decisions over wage reporting.

The objective is to highlight the institutional features of the Peruvian tax system that incentivize PUT.

Personal Income Taxation and Payroll Taxes Table 1 summarizes income and payroll taxes.
On the worker side, labor income is subject to a progressive personal income tax (PIT), withheld monthly
by the employer. The tax schedule applies only above a standard deduction of 7 tax units®, and marginal
rates rise with income from 8%, 14%, 17%, 20% to 30%. Employees must also contribute 13% of earnings
to the pension system, either the public pay-as-you-go pension system or the private savings-funded

pension system. On the firm side, employers are required to contribute 9% of reported payroll to EsSalud,

3There is a unique tax unit per year. Between 2020 and 2023, it was 4,300 ($1,200), 4,400 ($1,250), 4,600 ($1,300), and 4,950
($1,400) Peruvian soles, respectively.



the national health insurance system, and approximately 9.7% in mandatory severance (CTS), which is
an individual savings account for each worker (that serves as unemployment insurance). Under special

regimes, some of the payroll taxes are lower (see Table 2)

Corporate Taxation Peru has multiple firm tax regimes with different corporate income tax (CIT)
rates and payroll burdens, generating differentiated costs of reporting wages by sales and sector. Table
2 summarizes them. First, there is a general regime, firms face a 29.5% CIT, and all reported wages
and payroll contributions are fully deductible. Second, there is an agricultural regime. Firms under this
regime face lower payroll contributions of 4-8% and a 15-20% CIT. Finally, there is a Small Firms regime,
which applies to firms with sales below 1,700 tax units. These firms face 10% CIT for sales below 15 tax

units and 29.5% for sales above 15 tax units.

Table 1: Personal Income Tax and Payroll Taxes Levied on Workers, MTR

Personal Income Tax Pensions
(PIT) (ONP/AFP)
(1) (2)
Taxable unit: Income Labor income
Income brackets:
(in multiples of min. wage, W)
[w, 2.5w) 0% 13%
[2.5w, 4w) 8% 13%
[4w, 9w) 14% 13%
[9w, 14.5®) 17% 13%
[14.5w, 18w) 20% 13%
18w+ 30% 13%
Levied on: Workers Workers

Notes: Table shows marginal tax rates (MTR). w is the monthly mini-
mum wage (930 soles in 2021). PIT and the worker pension contribution
(13%) are independent of the employer’s tax regime (General, Agricul-
tural, MYPE). Health insurance (EsSalud) is levied on firms and appears
in Table 2. Unemployment insurance (CTS) is levied on the firm side as
in Table 2. For the purpose of this paper, I assume that the only source
of taxable income is labor income.



Table 2: Corporate Income Tax and Payroll Taxes Levied on Firms in 2020-2023, MTR

Health Insurance Severance Pay  Corporate Income Tax

(EsSalud) (CTS) (CIT)
(1) (2) (3) (4)
Taxable unit: Labor income Labor income Profits
General Regime:
All firms 9% 9.7% 29.5%

Small Firms Regime:
Sales <1700 Tax Units 9% 9.7% 10% for sales <15 TU
29.5% for sales >15 TU

Agricultural Regime:

< 100 workers 4% (2020) 9.7% 15% (2020)
6% (2021-23) 9.7% 15% (2021-23)
> 100 workers 4% (2020) 9.7% 15% (2020)
7% (2021-22) 9.7% 15% (2021-22)
8% (2023) 20% (2023)
Levied on: Firms Firms Firms

Notes: The table shows marginal tax rates (MTR). If a rate is not accompanied by a year, it
remained unchanged between 2020 and 2023. Payroll contributions refer to EsSalud (public
health insurance). CTS (Compensacién por Tiempo de Servicios) is a mandatory severance
pay system equivalent to roughly one month’s wage per year of service. Because deposits are
calculated based on wages plus bonuses, the effective rate is approximately 9.7%. Pension
contributions (13%) are uniform across regimes (see Table 1). The 2020 agricultural reform
raised both payroll and corporate income taxes for firms with 100 or more workers. The MYPE
regime is a special regime based on reported sales. Firms with annual sales below 1,700 tax
units qualify as small enterprises and are eligible for this regime. The value of the tax unit
varies by year—between 2020 and 2023, it was 4,300 ($1,200), 4,400 ($1,250), 4,600 ($1,300),
and 4,950 ($1,400) Peruvian soles, respectively. The threshold to enter the MYPE regime is
approximately $2 million.

PUT Incentives PUT are attractive when the taxes avoided on underreported wages exceed the

workers’ valued benefits foregone from being formal and the firms’ foregone corporate tax deductions.

Firm Side. Under Peruvian tax law, expenses without proper invoices or paystubs cannot be deducted
from taxable profits. This includes wages paid under the table. Thus, the foregone corporate tax
deduction is the marginal corporate tax rate (e.g., in the general regime, for each $1 paid under the
table, the foregone deduction is $0.295). In practice, however, firms willing to misreport wages are
often also willing to misreport deductible expenses (e.g., via fictitious invoices). This behavior is widely
documented in developing-country tax systems (Best et al., 2015; Carrillo et al., 2017) and, if used,
effectively reduces the corporate tax penalty of PUT. Thus, the true non-deductibility cost is likely

fractional rather than full.

Worker Side. The personal income tax is a pure tax: reporting a higher wage and paying more
tax does not grant access to additional benefits. So, the tax savings from receiving $1 under the table
equal the marginal personal income tax rate. Payroll contributions, by contrast, include a contributory
component (such as pensions and severance) that accrues with reported wages, and a pure-tax component

(like health care) that does not. Workers may not fully value the contributory component. As a result,
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the additional tax savings from receiving $1 under the table include the marginal rate of the pure-tax
component of payroll contributions. The cost, on the other hand, is the value the worker places on the

forgone payroll benefits.

In the model, I capture heterogeneity in the valuation of payroll benefits with parameter 6 € [0,1].%.
Let 7 be the statutory tax rate (PIT + payroll tax) on reported wages, t the corporate tax rate, and
d € [0,1] the fraction of PUT effectively deducted via disguised expenses. Then, per dollar shifted to
PUT, the joint surplus is as follows:

as = 1 - (1—d)t + 0 ). (1)

tax saving value of forgone benefits

foregone corporate deduction

PUT is chosen for that dollar whenever AS > 0. All else equal, higher 6 (more valuation of payroll

benefits) reduces the incentive to underreport, while higher d (more deductibility) increases it>.

I formalize these PUT incentives in the optimal income tax model in Section 4. But, before turn-
ing to theory, I first show that PUT can be empirically recovered in the data. Section 3 develops a
distribution-matching approach based on optimal transport to estimate the extent and structure of wage

underreporting.

3. Estimating PUT

In this section, I estimate the prevalence of PUT using a structural distribution-matching approach based
on Optimal Transport (OT). I link administrative employer—employee records (filed by firms with the
tax authority) to household surveys that report workers’ self-declared wages. OT is used to match each
individual in the administrative data to a self-reported wage, and PUT is measured as the difference

between reported and matched wages.

Before introducing the method formally, T begin with standard comparisons (raw differences, propen-
sity score matching, inverse probability weighting) to show that the core patterns are not driven by

sample composition or survey noise, and to motivate the need for OT.

3.1. Data

I use two main datasets. The first is a matched employer—employee administrative dataset collected jointly
by the Peruvian Ministry of Labor and the tax authority (SUNAT). It records all formal private-sector
employment contracts reported through the electronic payroll system. I refer to this as the administrative
dataset. It includes monthly information on wages, hours worked, tenure, social security benefits, firm
characteristics (location, tax regime, firm size), and worker characteristics (sex, age, education). The data
cover workers only, it does not include sales or revenue data. The system has been collected electronically
since 2010 and has been publicly available since 2020, covering roughly five million workers per year. |

will use 2022 for the matching procedure and 2020-2023 for the estimation of elasticities.

“Hiding $1 saves T in taxes but forfeits a marginal valued benefit equal to the slope of the forgone-benefit schedule at the current
hiding level. For the per-dollar entry margin used here (starting from full formality), I normalize that slope to 6, so the equation
below replaces the marginal term by 6. If one evaluates at other hiding levels, replace 6 by the appropriate marginal value at that

level (which will also be a function of 6).

5This static surplus comparison is a reduced-form version of the more general environment in Section 4, where the cost of

underreporting enters through a convex function of hidden earnings.
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The second dataset is the National Household Survey of Peru (ENAHO), a nationally representative
survey fielded annually since 1990 across all 25 regions of the country. It includes a detailed Work and
Income Module (Module 500) that collects employment and earnings information for individuals aged 15
and above. The module contains information on labor force status, hours worked, wages, social security
coverage, and related characteristics. Approximately 40,000 individuals respond to the labor module

each year.

I harmonize the survey and administrative samples to ensure both contain the same population
of formal private-sector workers. I drop fully informal workers from the survey—those without pension
provision from their employer, as they are not present in the administrative payroll. I also exclude public-
sector workers, as well as part-time workers (fewer than 20 hours per week), since the payroll dataset
only includes full-time private-sector employees. Following standard practice in the survey—administrative
literature (Bound et al., 2001; Hokayem et al., 2015), I trim the top 5 percent of administrative wages to
align the support where both datasets are informative, since very high earners are underrepresented or
top-coded in surveys. The resulting 2022 harmonized sample consists of 5.6 million administrative wage

earners and 7,300 survey respondents.

Figures 1 show the 2022 wage distributions for workers by education group. The orange line cor-
responds to the administrative payroll distribution, the black line to the survey distribution, and the
dashed line marks the minimum wage. For workers with less than secondary education, both distribu-
tions are similarly concentrated around the minimum wage. For those with secondary education, the
payroll distribution remains tightly clustered around the minimum wage, while the survey distribution
is slightly shifted to the right. Among workers with higher education, the payroll distribution is still

compressed around the minimum wage, but the survey distribution is centered at a clearly higher level.

The patterns in Panels A and B of Figure 1 are consistent with expectations: low-skilled workers in
Peru often earn close to the minimum wage. The deviation appears in Panel C. In Peru, only about
30 percent of individuals complete higher education, and the labor market returns to education are
substantial. The household survey shows that workers with a bachelor’s degree earn roughly 50 percent
more than those with only secondary education, and workers with a master’s degree or higher earn close
to 190 percent more than those with a bachelor’s degree. However, in the administrative payroll data,
the wage distribution for higher-educated workers remains concentrated around the minimum wage, with
no apparent education premium. A plausible explanation is that part of their compensation is being paid
under the table.

Consistent with this, Mincer regressions estimated separately in both datasets show sizable and sta-
tistically significant returns to schooling. In the survey data, schooling explains 22% of the variation in

wages, while in the administrative dataset it explains only 8% (see Appendix MA1).
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In Feinmann et al. (2025a), we document the presence of PUT in Peru and show that workers are

willing to self-report engaging in such arrangements. In addition, the survey wage distributions shown

above align more closely with what one would expect in a labor market with substantial education

premia. These two facts motivate the core assumption maintained throughout the paper: survey wages

reflect true earnings plus measurement error, whereas administrative wages reflect true earnings net of

PUT. Under this assumption, any positive survey—administrative gap can be interpreted as evidence of

underreporting.

Formally, let w denote the third-party (administrative) wage, and w the true wage. I define payments
under the table (PUT) as PUT = w —w, so that w = w+ PUT. The survey contains self-reported wages
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@, which I assume follow: @ = w + e, where e is measurement error®.

I begin by comparing unconditional mean and median wages across the two datasets. In the harmo-
nized data, mean survey wages exceed administrative wages by about 18 percent, and the median gap is
over 30 percent. These are large differences, but they may partly reflect differences in observable worker
or firm composition. To account for these compositional differences, I adjust for observables using two
standard procedures. First, I use propensity score matching (PSM), where each administrative worker
is matched to observably similar survey workers (based on education, age, gender, firm size, industry,
and region). This improves local comparability but does not guarantee alignment of overall covariate
means. Second, I use inverse probability weighting (IPW), where the administrative sample is reweighted
to match the covariate means of the survey — consistent with the assumption that survey wages reflect

true wages up to classical, mean-zero measurement error.

Table 3: Survey—Admin Wage Differences
(Peruvian Soles, S/.)

Panel A: Means Panel B: Medians
Admin  Survey Diff Admin  Survey Diff
Method: (1) (2) (2-1) (%) (3) (4) (4-3) (%)
Raw 1,893 2,230  337.0"** 17.8*** 1,500 1,967 467 31.2%**
PSM 1,974 2,230 256.1***  13.0"** 1,569 1,967  398***  25.4%***
IPW 2,148 2,230 82.5%** 3.8* 1,671 1,967  296***  17.7***

Notes: Outcome is monthly wage. Positive coeflicients indicate higher wages in the survey
relative to administrative data. “Diff” is Survey minus Admin, and “Diff (%)” is 100 x
(Survey—Admin)/Admin. Significance levels: ***p < 0.01. Means and medians are computed
using the respective weights for each adjustment (unweighted, propensity-score matching,
and inverse-probability weighting). $1 is equivalent to 3.4 Peruvian Soles, so the differences
are between $25-$100. Minimum monthly wage in Peru is $320.

As shown in Table 3, under PSM, the wage gap narrows — the mean gap falls from 18 to 13 percent,
and the median gap from 31 to 25 percent — but remains sizable. After IPW, mean survey wages remain
4 percent higher than administrative wages, and the median gap remains 18 percent. This suggests
that administrative wages are still systematically lower even after accounting for observable composition.
Figure A2 confirms that covariate balance improves progressively: raw standardized mean differences are
sizable, shrink under PSM, and fall below the conventional 0.1 threshold under IPW. After IPW, the
covariate means are statistically indistinguishable across the two datasets.

One could assume that underreporting is uniform across the wage distribution, in which case the mean
and median comparisons above would be sufficient. However, there are strong reasons—both theoretical
(e.g., enforcement nonlinearity, bargaining with firms) and empirical (e.g., Feinmann et al. (2025a))—to
expect that PUT may have heterogeneous incidence across the distribution. I therefore examine where

the underreporting occurs within the wage distribution.

5Tf the measurement error is classical (mean zero, and independent of w and covariates), the survey wage is an unbiased proxy
for the true wage, and any positive survey—administrative gap can be interpreted as PUT. I will address about measurement error
in the next subsection. Here the goal is to fix the ideas.
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Figure 2: Standardized Mean Differences in Covariates
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Specifically, after IPW reweighting—so that the two samples are comparable in terms of observable
characteristics—I compare survey and administrative wages at different points of the distzj}gyytiog&%ng
two complementary diagnostics. Panel A of Figure 3 reports quantile gaps, computed as % X
100, ¢ € {10,25,50,75,90}. For each dataset, I obtain the wage corresponding to quantile ¢ and
then compute the relative difference using the expression above. A positive gap indicates that, at that
quantile—for example, the 25th percentile among tertiary-educated workers—the survey wage is higher
than the administrative wage. Panel A shows that for workers with less than secondary or secondary
education, these gaps are close to zero and roughly constant across the distribution. In contrast, for
tertiary-educated workers, the gaps are largest at the lower quantiles — meaning that many high-skill
workers appear too far down in the administrative data relative to where they appear in the survey. In
other words, the administrative distribution is shifted to the left, with the 10th, 25th, and 50th percentiles

consistently lower in the administrative data than in the survey.

Panel B of Figure 3 reports CDF gaps, computed at the percentile cutoff ¢, c,, for the pooled dataset as
Fadmin(e )y psurvey (e ) A positive value indicates that a larger share of workers in the administrative
data fall below cutoff ¢, than in the survey — in other words, the administrative distribution lies to

the left of the survey distribution (i.e., it reports lower wages).”

For workers with less than secondary
or secondary education, the excess mass is small and relatively flat across the distribution. But for
tertiary-educated workers, the excess mass rises starting around the median and peaks near the 75th
percentile, implying that high-skill workers are disproportionately missing from the upper part of their

own wage distribution in the administrative data (as compared to the survey distribution), consistent

"By construction, the CDF of each dataset must converge to 1 at the 100th percentile, so the CDF gap necessarily returns to
zero in the limit. Also note that these are global (pooled) percentiles — not percentiles within each education group — so a value
like the'75th percentile’ corresponds to a common wage cutoff applied to both datasets.
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Survey — Admin wage gap (%)

with systematic downward misreporting.

These patterns are consistent with higher-earning workers having stronger incentives to underreport,
making them disproportionately appear as low-wage workers in the administrative data. This is why only
looking at specific moments (such as means or medians) is not enough, which is precisely what standard
approaches like OLS, PSM, or IPW do. These methods align moments. However, the PUT issue is not
a moments problem, it is a mapping problem: the administrative data systematically places mass in the

wrong part of the distribution.

To see the limitation clearly, suppose a master’s-educated worker truly belongs at the 90th percentile
of the tertiary wage distribution — but is reported near the minimum wage in the administrative data.
IPW ensures that the average characteristics of tertiary workers are the same across datasets, but it does
not ensure that this particular worker is placed at the correct point in the distribution. So if I compare
the 25th percentile in the administrative data to the 25th percentile in the survey, that misreported
worker is effectively being matched to genuinely low-wage tertiary workers in the survey, not to their true
position higher up the distribution. This would potentially underestimate PUT.

Optimal Transport is designed exactly for this problem. Instead of comparing percentiles or moments,
OT directly learns where each worker should be placed in the distribution, that is, it recovers the wage
that the misreported worker would have had in the absence of PUT. In the next subsection, I use OT
to construct this one-to-one mapping from reported administrative wages to their imputed true wages,

while preserving the distribution of observable characteristics.
Figure 3: Gap by education
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3.3. Recovering PUT via Optimal Transport

To recover the true wage w for individuals in the administrative dataset, I estimate a distribution-level
matching function between administrative and survey wages, conditional on observable characteristics X.
The goal is not merely to align moments—as in IPW or PSM—but to recover the wage each administrative
worker would have if they were placed in the correct location of the survey wage distribution, given their
covariates. In a sense, OT can be viewed as extending IPW from merely reweighting marginals to fully

aligning the entire conditional wage distribution.
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OT asks ‘given this worker’s observable characteristics, where would an observationally identical
worker appear in the survey distribution, and what wage would they report there?” OT then transports
that wage back to the administrative worker’s existing rank position, preserving the survey distribution
(Gunsilius, 2025; Galichon, 2016). Crucially, OT does not select a single nearest match. If multiple
survey workers share the same covariates but earn different wages, OT splits the weight across them,
allocating fractions in the way that minimizes the cost of transporting the entire distribution. The
resulting imputed wage is thus a transport-weighted average, reflecting the full conditional distribution

rather than a single moment or neighbor (Galichon, 2016).

Formally, the optimal transport problem finds the most efficient way to map the survey wage dis-
tribution onto the administrative one, subject to preserving the empirical distribution of observable
characteristics X in both datasets. I define a distance between administrative observation i and survey

observation j in the joint space of observable characteristics, using the L' norm:®

dij = Z\Xi,k — Xk (2)
i

The matching covariates X include firm size (5 categories), industry (6 categories), gender, schooling
(4 education levels), region (Lima vs. non-Lima), age group (5 categories), and pension regime (public

vs. private). These are the same covariates used for PSM and IPWP.

The optimal transport problem is:

mI;nZZrij dij subject to Tl=wu, [Ml=wv, Ty >0, (3)
i=1 j=1

where I' € R™*™ is the transport matrix, with I';; the fraction of survey observation j assigned to
administrative observation i. The vectors u and v are the empirical weights of the administrative and
survey datasets, respectively (uniform for admin, sampling weights for survey).

Under mild regularity conditions (strictly positive marginals and a continuous cost function), this
problem admits a unique solution I'* (Villani, 2009). Importantly, OT preserves the marginal distribution
of observable characteristics X, ensuring that workers are only compared within the same covariate profile,
but it allows the wage distribution to be fully reallocated (Gunsilius and Xu, 2023).

After solving the OT problem, I impute the true wage for each administrative worker as the transport-

weighted average of survey wages:
m
;=Y Tyj b (4)
7j=1

This preserves the full information contained in the optimal transport plan and yields a distribution-

consistent estimate of the wage that each worker would report in the absence of PUT.

Assumptions. The identification of true wages via OT requires two assumptions. First, survey wages
reflect true wages up to classical measurement error: w = w + e, where e has zero mean and is inde-
pendent of w and X. Second, the conditional independence assumption (CIA) holds: conditional on X,

the distribution of self-reported wages in the survey is the same as the distribution of true wages for

8Categorical variables are transformed into dummies so their absolute differences contribute to the distance.
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observationally equivalent workers in the administrative data.

I assume Assumption 1 holds for now and focus on evaluating the credibility of the CIA, the empiri-
cally stronger requirement, as household surveys are known to systematically underrepresent high-income
individuals.  Earlier, for the raw survey-administrative comparisons, I excluded the very top of the ad-
ministrative wage distribution, where survey coverage visibly deteriorates. I now formalize and strengthen
that step using a data-driven procedure to identify the precise upper bound of the administrative wage
distribution where credible common support with the survey remains. Rather than imposing an arbitrary
cutoff, I estimate this threshold directly from the data.

Given the size of the administrative dataset (about 4 million observations), I draw 1% random sub-
samples (approximately 20,000 observations each) for computational tractability. For each subsample,
I iteratively restrict the data to observations below wage percentiles p € {70,...,100}, in 1 p.p. incre-
ments. For each percentile threshold, I solve the OT matching problem and compute the maximum
absolute standardized mean difference (SMD) across covariates. The optimal threshold is defined as
the percentile that minimizes the maximum absolute SMD, that is, the point at which the survey and
administrative datasets are most comparable conditional on observables. To assess robustness, I repeat

this procedure across 100 independent subsamples of the administrative data.

Figure 4 reports the mean and standard error of the maximum absolute SMD at each candidate
threshold. The results consistently point to an optimal threshold around the 96th percentile of the
administrative wage distribution. I therefore restrict the administrative data to wages below the 96th
percentile when performing the final OT mapping and constructing PUT estimates. This endogenous
overlap restriction is fully consistent with best practice in applied econometrics, where trimming obser-

vations outside common support is routinely recommended to strengthen the plausibility of CIA.10

With CIA now empirically supported on the restricted sample, the formal properties of the estimator

follow directly. Under Assumptions 1 and 2, the OT-imputed wage is a consistent estimator of the true

wage:
’&77; ﬂ) w; (5)
Moreover, the corresponding PUT estimate,
PUT; = o; — w;, (6)

inherits consistency and—because OT minimizes transport cost over the full joint distribution—it is
asymptotically more efficient than nearest-neighbor, PSM, or regression-based imputation methods. For-

mal proofs are provided in Appendix MAL.

°T will later show that my results are robust to non-classical measurement error.

103ee Imbens and Rubin (2015), Dehejia and Wahba (2002), Heckman et al. (1997), among others. These papers use data-driven
trimming rules—e.g., discarding treated units whose propensity scores lie outside the support of the controls—to ensure credible
overlap and improve confidence in CIA.
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Figure 4: SMD for different wage percentiles
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A methodological validation using synthetic data—where the true PUT is known by construction—is
presented in Section 9.2 to illustrate the behavior of the OT estimator under controlled underreporting

scenarios.

3.4. Results

I now estimate the extent of underreported wages in the Peruvian labor market. Recall that individual-

level payments under the table are defined as

—

PUT; = o; — w;, (7)

where w; is the OT-imputed true wage and w; is the third-party reported wage from the administra-
tive records. I begin by documenting the overall prevalence and average magnitude of PUT among
formal private-sector workers and then examine how it varies across the wage distribution and observable
characteristics.

Figure 5 presents estimates of PUT prevalence which is the ratio of PUT to reported income. To
compute the standard errors of the PUT estimator PUT, I use a bootstrap procedure, resampling the
household survey dataset 100 times. In each iteration, I reapply the OT method and calculate the

transported (attributed) wage for each individual in the payroll dataset.

On average, PUT accounts for 33% of reported wages. Panel A of Figure 5 presents PUT estimates
by education level. PUT prevalence is positive and statistically significant across all education groups.
The results show a strong positive relationship between education and the share of wages paid under
the table: PUT ranges from 24% for workers with lower education to 113% for those with postgraduate
degrees. However, it’s important to note that workers with a Master’s degree or higher make up less than
1% of the sample. Panel B shows that results are broadly similar across gender. Women with secondary

education underreport more, while among those with a bachelor’s degree, men underreport more.

Figure 6 shows the estimates of PUT prevalence by firm size and regime type (general, agricultural,
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more workers, consistent with (Kleven et al., 2016), as collusion is easier among fewer parties. When
disaggregated by regime, PUT prevalence is lowest in the general and agricultural regimes, the two
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in the special regimes—where the corporate tax is significantly lower and the gap with the income tax is

larger—PUT prevalence is higher, even among larger firms.
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Results are robust to stress tests for measurement error. For classical error, I add mean-zero noise to
survey incomes with standard deviation VA G, where G, is the residual SD from an OLS of survey income
on the covariates used in OT. Neither the average PUT nor the schooling gradient loses significance for
A < 10. In other words, survey noise would need to be at least v/10 6, ~ 3.16 &, to overturn the results
(see Figure Al). For non-classical error, I impose systematic misreporting in the survey top p by scaling
reported income to (1 %+ )y, then recompute PUT with the OT plan held fixed. To erase the average
PUT via overreporting, the top 30% would need to overreport by about 50% (p = 0.30, € ~ 0.50), or
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the top 50% by about 35% (p = 0.50, 6 ~ 0.35) (see Figure A2). Underreporting works in the opposite
direction: because the plan depends only on X, scaling survey wages down lowers transported income and
therefore lowers measured PUT, so our estimates are conservative lower bounds if survey underreporting
is present.

Overall, the evidence shows that PUT is quantitatively important, systematically related to both
worker and firm characteristics, and concentrated near key institutional thresholds such as the minimum
wage. Given the prevalence, this behavior should be considered by governments when designing tax
policy. These stylized facts provide the empirical grounding for the model developed in the following

section.

4. Optimal Tax Theory with PUT

4.1. Model

I develop a static general-equilibrium model in which PUT arise endogenously in equilibrium, and use it

to show how its presence alters the standard optimal labor income tax formula.

The population is normalized to one. Individuals differ in productivity v, which for simplicity is
assumed to have only mass in {0,1} with exogenous shares sy and s;. Individuals with ¢ = 0 do not
supply labor and consume only a universal lump-sum transfer 7. Individuals with ¢ = 1 are workers.
They may work either formally or in an arrangement that involves underreporting in the form of PUT.
Their choice determines labor supply, and how much of their wage is concealed from the government.
Firms are competitive, choose labor demand, and take wages as given. The government sets a linear
labor income tax on reported earnings, a linear corporate tax on firm profits, and finances the transfer T.
The income tax includes both the personal income tax and the payroll taxes. There are no labor market
frictions. In equilibrium, wages and allocations are pinned down by market clearing in both the formal
and PUT sectors.

Workers Workers are equally productive but differ in how much they value the benefits of formality.
I index this heterogeneity by 6, distributed with cdf @@ and pdf ¢q. A higher 6§ means the worker places

greater value on accruing those benefits and therefore faces a higher perceived loss from underreporting.

Workers decide whether to work in a formal or a PUT arrangement.'! For each arrangement, they first
solve for optimal hours, and, in PUT, the hidden wage. Then, they pick the arrangement with the higher
indirect utility. If a worker works in a formal arrangement, she gets utility ! = (1 — 7wl + T — v(l),
where w is the wage, [ are the hours of work supplied, 7 is the linear personal income tax, T is the
universal lump-sum transfer, (1 — 7)wl is the after-tax income (consumption). v is a strictly increasing
function in labor supply. Workers choose ¥ that maximizes vf". The optimization of a worker the formal

arrangement for a given wage w’" yields the following first order condition'?:

mlax{(l —nwfl+T —v(l)} (8)

17 refer to these as ‘arrangements’ rather than ‘submarkets’ because they coexist within the same labor market and differ mainly
in compliance conditions; wage-setting will nonetheless differ across them.

2Throughout the paper, | denotes individual hours of labor supplied, and L denotes aggregate hours supplied or demanded,
integrating across all workers in a given arrangement. The aggregate labor supply is thus a combination of the extensive margin
(how many workers select each arrangement, determined by the threshold (6*) and the intensive margin (hours per worker, 1).

21



;0 (1-nw=v() 9)
and the corresponding indirect utility function is V¥ (7) = (1 — 7)w1¥ — v (1), where ¥ solve the FOC.

If a worker chooses a PUT arrangement, she gets utility u”” = wl—7(w—PUT)I+T—v(l)—g(0,PUT-I).
PUT € [0, w”] is the amount of earnings hidden or paid under the table wage. g is a strictly increasing
and convex cost function in the hidden wage. The term g(0, PUT - 1) is interpreted as the perceived loss
of contributory benefits when earnings are not reported. In the PUT arrangement, the personal income
tax is only levied on the reported wage which is equivalent to w — PUT. Given w’, the worker chooses
(I, PUT) subject to 0 < PUT < w’. The optimization of a worker in the PUT arrangement for a given

wage w’ yields the following first order conditions:

m%x{wpl —7(w” =PUT)I+ T —v(l) — g(9, PUT - 1)} (10)
l: (1-=7)wl +7PUT =v'(I) + g6, PUTI) (11)

and the corresponding indirect utility function is V(7,0) = (1 — n)w?P1¥ + 7PUTY Y — o(IF) —
g(&, PUT* lP), where (PUT*, 1) solve the FOCs.

A worker chooses the PUT arrangement if V¥ (7,0) > V¥ (7), which defines a threshold *. Work-
ers choose PUT only if § < 6*. The aggregate hours supplied in the PUT arrangement are L7*
s1 foe* 17(7,0) q(#) df, which sums hours over all workers who select PUT. Here s; is the share of in-
dividuals who are workers. The aggregate hours supplied in the formal arrangement are L%F =
31(1 — Q(@*)) 1¥. In the formal arrangement, hours are the same across workers because productiv-
ity and wages are identical. In the PUT arrangement, however, individual hours 1 canvarywithf, since
workers take into account their own cost of informality (i.e., the value they place on lost payroll benefits).
At a given wage, those with higher 6 effectively receive lower compensation and may be willing to supply

fewer hours.

Non-workers Individuals who do not work receive a lump-sum transfer T financed by the labor income
tax and the corporate tax, so u’¥ = T. Let sg denote the share of non-workers in the population; the

aggregate transfer to non-workers is so7'.

Firm There is a representative firm with production function ¢(-) that uses labor and a fixed (short-
run) capital stock to produce output. The firm is a price-taker in the product market (output price
normalized to 1) and takes wages (w!’,w?) as given, determined in labor-market equilibrium. The
function ¢ is strictly concave, so marginal product of labor falls with scale and the firm earn positive
profits. Let total labor be L = L¥ 4+ L¥  where L and L are the hours employed in the formal and

PUT arrangements, respectively. Pre-tax profits are
7_‘_before—tax — ¢(L) _ wFLF _ wPLP (13)

Payroll expenses are deductible only when reported. I assume PUT wages are non-deductible.'> PUT

131f a fraction d € [0, 1] of hidden payroll is effectively deducted via disguised expenses, PUT is replaced by (1 — d)PUT in the
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denote the average earnings paid under the table to workers in PUT jobs (taken as given by the firm).
Reported profits are
7 = ¢(L) — (w” —PUT)LY —w"L* (14)

so with a linear corporate tax rate ¢, after-tax profits are
[pftertax — 7 7 = (1—t) [¢(L) —w"L" —w"L"] — ¢tPUTL" (15)

The firm chooses L¥ and L¥:

Jmax, (1—t)[¢(L) —w"L" —w"LP] —tPUT L” (16)
with first-order conditions
LY (1-t[¢'L)—w]=0 = ¢(L)=w" (17)
LP: (1-t)[¢'(L) —w”] —tPUT =0 = ¢'(L) =w" + % PUT (18)
Combining,
wl = wP + %—t PUT (19)

I call equation 19, the PUT-formal wage wedge. The firm takes PUT as given when choosing labor
demand: it depends on workers’ hiding decisions and is determined in equilibrium. As workers are equally
productive, the marginal product of labor ¢’ (L) is the same irrespective of the arrangement. Because only
reported payroll is deductible, hiring a PUT hour imposes an extra non-deductible cost of ﬁ PUT on
the firm. For PUT to exist in equilibrium, the PUT wage must be lower than the formal wage. Otherwise,
the firm would have no incentive to hire workers under the table 4. Given PUT, the conditions above
pin down the firm’s labor demands in each arrangement, L (wF, t) and LP-F (wP, t, PUT). After-tax
profits at the optimum are V™ (¢) = (1 —1t)[¢p(L?F + LPF) — P LPF — P LPP] —¢PUT LP-F.

Equilibrium The equilibrium (wf', w?, L¥', L¥ 0*) satisfies workers’ and firm’s optimality conditions
and simultaneously clears the formal and PUT labor arrangements. The equilibrium conditions are given
by LPFP(wf ¢, PUT) = L5FP(wf 7,0*) = LT and LPF(wf,t) = L5F(wf 7,0*) = LF, where
L5F and LT represent total labor hours supplied by workers, and LP¥ and LP'F represent total
labor hours demanded by the firm in each arrangement. The market clearing conditions determine the
P . F

)

equilibrium wages (w?, w!") and the equilibrium allocations (LY, L*).

Aggregate PUT are given by the integral of PUT wages across workers hired in the PUT arrangement;:
o+
PUT?# = 5, / PUT* (7, 0; wP) 1P (r,0; w) dQ(6). (20)
0

Thus, equilibrium also determines the threshold 6* that divides workers across formal and PUT arrange-

ments. Changes in the personal income tax 7 shift labor supply and the threshold 6*, while changes in

FOC.
1 This does not imply that the worker’s take-home pay is lower in the PUT arrangement. Since a portion of the wage is not
subject to taxation, their effective compensation could still exceed the net-of-tax formal wage.
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the corporate tax ¢ shift firm labor demand directly and, via PUT, widen the PUT-formal wage wedge.

Planner The social planner chooses 7 (and the transfer T') to maximize a generalized utilitarian social
welfare function (SWF). The SWF is given by:

SWF = sowr,G(T)

0*
+51wL/ G (1 —7)w?1f + 7hi? — (") —g(G,PUTlP)>dQ(6’)
0
0 (21)

¥ s G YwFIF — (zF>)dQ(9)
9*

+w G ((1 HIG(LY + LF) — PLP—wFLF]+tPUTLP)

where G is an increasing and concave function, which which, together with the exogenous Pareto weights
on individuals €y and the firm Q. summarizes the social preferences for redistribution. Lf and L*
are market-clearing labor demands/supplies, and PUT*(#) denotes optimal PUT per hour for a worker
of type 6 (so total PUT dollars are PUT*(6) I ()). The planner internalizes that (w!, w? L, LY 6*)
are equilibrium objects, determined by workers’ and firm’s FOCs and market clearing. With reported
earnings w’ LT + (w” — PUT)L" and reported profits 7© = ¢(L¥ + L) — (w” — PUT)LY — w? L, the

balanced-budget condition is
T = rlw"L" + (w” - PUT)L"| + t7 (22)

Let A be the multiplier on the government budget constraint. The average social welfare weight of non-
workers, workers in PUT arrangement, workers in formal arrangement, and firms, are defined respectively

as:

0*
o, G/(T) o | GV70) Q)
= 807/\’ g]L) = 0 51 Q(@*) 2 (23)
Fo_ &YL feo*o G'(V") dQ(0) _weG'(V7)
9L = 51 (1 _ Q(e*)) A ) gr = A

The welfare weights represent the social value of the marginal utility of consumption normalized by the
social cost of raising public funds, thus measuring the social value of redistributing one dollar across a
group of individuals. At the optimum, the planner is indifferent between giving one more dollar to an

individual in group ¢ or having g; more dollars of public funds.

4.2. Optimal Income Tax

Before deriving the optimal income tax, I define the elasticities (all with respect to the log net-of-tax

rate):
» dlog L’ ) dlog PUT
= 52 e {PF} = 24
© dlog(l—1)’ re{P.F); “2 dlog(1l—7) (24)
ey is the elasticity of labor supply and es is the elasticity of average PUT with respect to the net-of-
tax rate (intensive margin of PUT evasion). These are general-equilibrium elasticities that include all

quantity adjustments in their respective arrangements.
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Two remarks about elasticities. First, e} aggregates all labor-supply margins: a change in 1 — 7 shifts
both the number of workers in arrangement ¢ (selection) and their hours (intensive response). I do not
separate these components. Second, the sign of ef” is positive. The sign of el is a priori ambiguous.
When 1 — 7 increases, workers supply more hours in both arrangements due to the Frisch elasticity of
labor supply, which pushes ef” in the positive direction. However, a higher net-of-tax wage also makes
hiding less attractive, so fewer workers choose the PUT arrangement and LY declines, pulling e’ down.

I assume that the Frisch elasticity is smaller, so the net effect is negative, implying ef” < 0.
The wage elasticities with respect to the net-of-tax rate are defined as follows'®:

P dlogw? P dlog wt

Tolgi-n T dlogli- 1) )

Because a higher 7 pushes workers toward PUT, formal wages rise and PUT wages fall. Since elasticities
are with respect to log(1 — 7), under the same assumptions as for labor-supply elasticities, this implies
nf <0 and n* > 0.

Aggregate income in arrangement i is Z° = w'L’. Aggregate reported income is

Z =w"LY + (w”L” — PUT®2), (26)
——
ZF 5P

and define the shares (of the reported base)

zF zP PUT?e8
F P F P

— — =———, s0 a +a —vy=1 27

2 2 gl 2 g (27)
I refer to v as PUT prevalence. Using the model, I derive the conditions for an optimal personal income
tax in this economy. The Appendix shows the full derivation. From the first-order conditions and using
the envelope theorem for the workers and the firm maximization, I get the following expression for the

optimal labor income tax:

1-g-2—t7((1-go)ez)
T = ~ PP, P F(F, F P (28)
1-g—Q+a (ef +n°)+a" (e] +n7) — (el +e2)

ETI

g = gfal + gFal’, where gILD and gf are the average social marginal welfare weights on PUT and
formal workers, respectively. g, the weight on firm profits. The term t~v (1 — g.)el captures the
corporate—evasion interaction: changes in 7 change PUT, and because PUT payroll is non-deductible,

this shifts the CIT base; (1 — g,) converts that into social value.

Equation (28) is the classical efficiency—equity tax formula with evasion and a fiscal externality, as in
Piketty et al. (2014). It balances redistributive gains (numerator) against efficiency costs (denominator),
with the novelty that both are shaped by general-equilibrium responses that are functions of the corporate
tax rate. In the numerator, a higher welfare weight on workers (g) lowers the optimal tax rate, as in the

standard case. The new element is the positive fiscal externality: PUT wages increase taxable profits

15These are also general-equilibrium elasticities: 7’ captures all equilibrium adjustments in wages in arrangement i when the
net-of-tax rate changes.
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and therefore corporate tax revenue. This makes the corporate tax rate ¢ enter directly, with the effect
scaled by PUT prevalence (), the elasticity of evasion (eo < 0), and the welfare weight on firms (g,).

The higher the welfare weight on firms, the smaller the social value of this externality.

Q) captures the welfare effect of wage adjustments induced by 7:
Q= af (}%ﬁgﬂ - gf)nF + aP(i%igw - gf)np (29)

When w® moves by dw® in arrangement i € {F, P}, workers gain (1 — 7)L*dw® while the firm loses
(1 —t)L*dw® . If the planner values workers more than the firm after tax (i.e. g¢ > %_;jgﬂ), the formal
term is positive while the PUT term is negative. Hence €2 > 0 when the formal-side response dominates

(decreasing 7*), and € < 0 when the PUT-side response dominates (increasing 7*).

Define the ETI as the log elasticity of aggregate reported income Z with respect to the net-of-tax rate
1 — 7. A small increase in 1 — 7 changes Z through: (i) labor supply and wages in each arrangement,

and (ii) the amount of income hidden under the table. Aggregating these channels yields:
ETI = of(ef +n) +af (ef +n") — (el +e2) (30)

where the first two terms capture formal and PUT income responses and the last term captures the effect
of moving income under the table

The ETI combines labor-supply elasticities e}, wage elasticities n°, and the PUT evasion elasticity
eo. These are general equilibrium elasticities and are weighted by income shares and PUT prevalence.
Equation (28) shows that the ETI captures all the efficiency costs associated with raising the income tax
rate. In this sense, the ETI is a sufficient statistic of this model. Once the ETI is known, the welfare
effect of changing (1 — 7) can be computed without specifying the full microstructure of preferences
or informality costs. The difference is that the ETI depends on structural parameters related to PUT

behavior between workers and firms, as well as wage effects that vary with the corporate tax rate.

Special Case. If wages do not respond (n” = 7 = 0) and the corporate tax is zero (t = 0), (28)
reduces to L2
* - g
T = ’ 31
1—g + el +afel — (el +ef) (31)
ETI

which is identical to the well-known standard optimal linear tax rate in Mirrleesian frameworks (Piketty
and Saez, 2013). The Appendix 9.3 shows that deriving (28) with perturbation methods—considering a

marginal increase in 7—yields the same result.

ETI as a function of the corporate tax rate t The corporate tax affects both the equilibrium
allocation between formal and PUT arrangements and the relevant elasticities. To show the mechanisms,
I differentiate the ETI with respect to ¢ and denote derivatives as &’ = dz/0t:

D = 0P(ef +07) + 0Pl +0F) = (e o)
Composition (32)
+ af (el + 9" + aF (el +9f") — (el +e)) <0
Behavioral
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dETI
dt

lowers the ETI through two forces. First, it shifts the composition of the labor force: fewer workers

Appendix 9.4 shows the proof of < 0. Here I develop the intuition. A higher corporate tax

choose the PUT arrangement. A higher ¢ raises the effective cost of PUT labor (since hidden wages are
not deductible), lowering w? relative to w!" and shifting employment toward the formal sector. Thus, for
a given informality cost, the PUT arrangement is less attractive to workers, making the share of workers
in PUT fall (af |, o |, v1). As a result, when the income tax changes, there are fewer workers in the

PUT arrangement who can adjust their level of evasion, making the ETI less responsive.

Second, a higher corporate tax alters how workers respond to changes in the income tax, which directly
affects the ETI. It raises the effective cost of hiring PUT workers and of paying a dollar under the table.
As a result, firms are less willing to offer these contracts, and workers become less able to shift into the
PUT arrangement when the income tax rate changes. Since evasion requires agreement from both sides
of the market, the behavioral elasticities related to concealment fall (e{D 1, e2 |). This makes reported
income less responsive to income tax changes, and therefore lowers the ETI. Together, a higher ¢ both
shrinks the size of the PUT sector and reduces its elasticity, making reported income less responsive to

changes in the income tax (ETT ).

Mapping t- to 7-elasticities. A key feature of the model is that all relevant behavioral mar-
gins—labor supply in each arrangement, hidden wages, and equilibrium wages—are jointly determined

through a single surplus condition. Define the employer—-employee surplus wedge as

t
S=7—— 33
T3 (33)
where the first term captures the personal income tax burden and the second term reflects the effective

non-deductibility of hidden pay.

Totally differentiating the equilibrium system shows that first-order responses of all endogenous vari-
ables are proportional to changes in dS. Appendix 9.5 show the algebra. A change in the corporate tax

t and a change in the personal tax 7 affect the economy only through their joint impact on S:

1

(I1-7)dlog(1—7) = % dlog(l —t) (35)

In other words, a one-percent increase in firms’ deductibility (1 — ¢) generates the same change in the
surplus as a (1 — 7)(1 — t)-percent increase in workers’ net-of-tax rate (1 — 7). Thus t-elasticities can be

directly mapped into 7-elasticities as
7T = (1-7)1—t)e (36)

This mapping shows that t-elasticities are also sufficient statistics for the efficiency costs of taxation,
once scaled by 1/[(1 — 7)(1 — t)]. This gives the planner an alternative way of estimating the ETI even
in the absence of income tax reforms: observed responses to corporate-tax reforms contain the same

information about efficiency costs as income tax reforms, after applying this conversion.
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5. ETI Estimates

In this section, I take the theoretical model to the data. As shown in the previous section, the ETI remains
a sufficient statistic in an economy with PUT, but it becomes a negative function of the corporate tax

rate. This section estimates the ETI and empirically tests its relationship with the corporate tax rate.

5.1. Identification

To estimate the ETI, I use a staggered difference-in-differences (DiD) design and an event-study frame-

work. The identifying variation comes from the 2021 reform to Peru’s Agricultural Regime.

Since 2001, eligible workers in agricultural firms could be hired under a special agricultural regime in
which they were subject to a 4% healthcare (EsSalud) contribution, compared to 9% under the general
regime. Eligible workers include those engaged in farming, livestock, and agro-industrial activities carried
out in the field. However, administrative and technical support staff who do not perform their duties
primarily in the firm’s fields are excluded and must be hired under the general regime. The corporate
income tax rate for all agricultural firms was also reduced to 15%, compared to 29.5% under the general

regime. This Agricultural Regime was originally set to expire in December 2021.16

In 2019, health authorities repeatedly noted that the cost per worker hired under the agricultural
regime far exceeded their contributions and called for an increase.'” In December 2020, Congress passed
a reform that increased payroll tax rates (EsSalud contributions) for workers in agricultural firms hired
under the Agricultural Regime, with rates differentiated by firm size. Firms with fewer than 100 workers
saw their healthcare contribution rate rise to 6% starting in 2021, while firms with 100 or more workers
faced a staggered increase: 7% in 2021-2022 and 8% from 2023 onward. The corporate tax rate remained
unchanged during 2021-2022 but was raised to 20% for large firms starting in 2023. Table 4 summarizes

these changes.

Table 4: Marginal Tax Rates

Agricultural Regime (AgR) General Regime (GR)

Healthcare Corporate Tax Healthcare Corporate Tax

Year < 100 > 100 < 100 > 100

workers workers workers workers All All

(1) (2) (3) (4) (5) (6)
2020 4% 4% 15% 15% 9% 29.5%
2021 6% 7% 15% 15% 9% 29.5%
2022 6% 7% 15% 15% 9% 29.5%
2023 6% 8% 15% 20% 9% 29.5%

As in the theoretical model, I treat the effective tax on labor income as the sum of the personal income

tax and the payroll tax 7 = 77T 4-7Payroll Healthcare (EsSalud) coverage and service entitlements are not

16These benefits were initially set to expire on December 31, 2010, but their validity was later extended until December 31, 2021.

1"EsSalud reported that as of December 2019, for every S/100 contributed by agricultural firms, workers consumed S/262 in
services—meaning healthcare costs were 2.6 times their contributions. These workers were subject to a 4% contribution rate, rather
than the standard 9% for other sectors (RPP Noticias, 2020).
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a function of the employer contribution rate at the margin; workers receive the same benefits irrespective
of whether 7Pl = 4% 6%, 7%, 8%. Hence the contribution behaves like a tax on labour rather than a

priced benefit. Throughout, I therefore interpret changes in the payroll tax as changes in 7.

To quantify how the mechanical tax changes (driven by changes in the tax laws) affect reported
income, I estimate a continuous difference-in-differences model that exploits two sources of intensity
variation within the agricultural sector: (i) whether a worker is hired under the special agricultural
regime or the general regime (I call this the ‘regime’ variable), and (ii) whether the firm has fewer
or more than 100 employees (I call this the ‘firm-size’ variable). Restricting to agriculture rules out

cross-sector productivity differences.

Following Kleven and Schultz (2014), I first estimate the following specification on 2020-2022:
log 2ij: = a+¢€ log(1 — 7j¢) + Xijey + 05 + 6¢ + vije. (37)

Here, Z;j; is reported labor income of worker ¢ in firm-sizexregime cell j and year ¢, and 7;; is the
statutory income-tax rate for cell j and year t. In this setting the statutory rate 7;; is flat within a
cell xyear, so log(1 —7;;) does not depend on individual income Z;;;. Unlike in nonlinear schedules, there
is no virtual-income term and no need for simulated IV; the regressor is mechanically determined by law.
Identification comes from continuous DiD variation in the dose log(1 — 7j;) across regimexsize cells over

time.

I include group fixed effects §; (firm-size xregime) and year fixed effects d;, plus regional fixed effects.
e =0In2/0In(1 — 7) is the ETI: a 1% increase in 1 — 7 is associated with an % increase in reported
income. The 2020-2022 estimates capture the elasticity of taxable labor income when there are no

changes in the corporate tax. I then re-estimate the same specification on 2022-2023, but restricting the

sample only to firms in the AgR. ¢ still measures the ETI but in a setting where the corporate tax also
increase. In 2023, large firms in the agricultural regime faced a 1 p.p. increase in the income tax and a
concurrent increase in the corporate tax from 0.15 to 0.20. This setting lets me estimate the ETI off a 1
p-p- change in the net-of-income-tax rate while corporate tax also moved. Small firms in the agricultural
regime saw no change in either tax. Under the assumption that the ETI is stable over this short window,
any difference from the 20202022 estimate is informative about how the concurrent corporate-tax change
interacts with the income-tax response. Under the ‘surplus-wedge’ logic of the model, the concurrent

corporate-tax increase should attenuate the measured response to labor income-tax changes.

5.2. Results

Table 5 shows the results. Column (1) reports the ETI for 2020-2022. Firms in the Agricultural Regime
(AgR) are treated with the change in the net-of-tax rate 1 — 7, while firms in the General Regime (GR)
operating in agriculture serve as controls because their income-tax schedule does not change over this
window. The ETI is identified from within-unit changes for AR between 2021-2022 relative to the pre
period in 2020, net of the change for GR over the same calendar months. Estimates imply that a 1%
decrease in the net-of-tax rate is associated with about a 2.3% decrease in reported labor income (implied
ETI ~ 2.3). This is the pooled effect across small and large firms. This result is robust to the inclusion
of different controls and fixed effects. Columns (2) and (3) split the sample by size; the elasticity is larger

for large firms.
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Table 5: ETI Estimates

Dep. Var.: Log Reported Labor Income

2020-2022 2022-2023
Treated firms: All Large Small Large
(1) (2) (3) (4)
In(7j¢) 2.274%FK  QE14RKK 1 620%H* 0.748*
(0.410) (0.684) (0.254) (0.337)
Treatment AR Large AR Small AR Large AR
Control Firms GR GR GR Small AR
Time FE Yes Yes Yes Yes
Yes
(month-year)
Group FE Yes Yes Yes Yes
Yes
(firm size x regime)
Region FE Yes Yes Yes Yes
Yes
Worker controlst Yes Yes Yes Yes
Yes
Observations 10,003,142 8,774,570 1,228,572 4,051,641
R? 0.223 0.216 0.230 0.116

Notes: AR is Agricultural Regime and GR is General Regime. Dependent variable
is In(2;¢), reported labor income. Column (1) excludes 2023, capturing the response to
income-tax increase with constant corporate-tax deductibility. Column (2) uses only 2022-
23, when the corporate tax increases for high-sales firms, dampening the income-tax response.
Standard errors (parentheses) are clustered at the firm—size x regime level. ***p < 0.01,
**p < 0.05, *p < 0.10. T Controls: gender, education, age, occupation dummies, pension-
regime dummies, and firm-size dummies.

Column (4) focuses on 2022-2023 where large firms are the only treated ones. Large firms are treated
in 2023, while small firms face no change and act as controls. With unit, month, and department fixed
effects, the coefficient on In(1 — 7) is identified by the within-unit change for large AR firms in 2023
relative to 2022, net of the change for small AR firms in the same months. In this case the estimates
are smaller and barely statistically significant. This suggests that the 1 p.p. income-tax increase, which
coincided with an increase in the corporate tax rate, did not measurably change reported labor income
over this short window. Under the assumption that the ETI is stable across this period, the lack of a
detectable response to the 2023 income-tax change is consistent with the corporate tax offsetting part of

the income-tax effect.

ETIs of around 2 may seem large compared to ETTs in developed economies, where estimates usually
fall between 0.1 and 0.4 for labor income (Chetty, 2012; Saez, Slemrod, and Giertz, 2012). These imply
that labor supply responses to changes to the net-of-tax rate are small. But it is well established that
the ETI is not a structural parameter pinned down only by preferences or technologies. It also reflects

the design of the tax system and the scope for avoidance and evasion (Kopczuck and Slemrod, 2002).
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In developing countries, where informal sectors are large and enforcement is weaker, higher ETIs are
expected. Although there are fewer studies in these contexts, existing work has documented ETIs in the

range of 2-5.1% These findings line up closely with my estimates.

Besides the regression, I use event studies to do two things: (i) test for parallel trends in the pre-period
and (ii) see whether there is a discrete jump right when the policy takes effect. The coefficients plot ATT
at each event month relative to the month just before treatment (December the previous year). These
figures are complementary. These do not replace the ETI regressions, since the elasticity is identified
from the slope with respect to In(1 — 7). The Appendix shows the details of the event studies.

Figure 7 plots dynamic DiD estimates around each reform. Panel A compares AgR firms to GR firms
around the 2021 change. Pre-treatment coefficients are centered around zero, which is consistent with
parallel trends. After the reform, the path turns negative and stays there: the ATT settles around -0.3
to -0.4 log points within the first year and remains persistently below zero. This lines up with the ETI
estimates for 2020-2022 shown in Column (1) of Table 5. Panel B restricts to the AgR firms and compares
large AgR firms to small AgR firms around the 2023 change. Pre-period coefficients are close to zero,
and post-treatment estimates are small and imprecise, centered near zero. That pattern matches the ETI
estimates for AgR firms in 2022-2023 in Column (4) of Table 5, where the point estimate is modest and

not precise.

Figure 7: ETI Estimates: Event Studies
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I use the same windowing as in the regressions of Table 5, and the bins are defined relative to the
month before treatment. GR firms (control units) never activate in the event dummies; they only help
pin down the time effects in Panel A.

Taken together, the first-stage estimates and the flat response after the 2023 reform are consistent
with the model’s prediction that the elasticity of taxable income is a decreasing function of the corporate
tax rate: ETIs are high when the corporate tax is low and attenuate sharply when the corporate tax

increases.

'8Bachas and Soto (2021) estimate elasticities of taxable profits of 3-5 in Costa Rica. Waseem (2013) finds ETIs of about 2-3 in
Pakistan using a large PIT reform. Yan and Gao (2023) estimate an ETT of around 2 in China.

31



6. Numerical Simulations

A key result in the model is that the corporate tax ¢ shifts the optimal labor income tax. To illustrate
the comparative statics at the optimum, I build a simple numerical example. The exercise is meant to
show the qualitative mechanics rather than estimate a full policy rule or provide a structural calibration
for Peru.

Workers draw a type 6 from a truncated exponential distribution on [fmin, Omax] With parameter .

Hours have quadratic disutility, so for any wage w the optimal hours are

(1—T)w.

t(w) =
In the PUT arrangement, a worker can hide a per—hour amount PUT € [0, w”] and pays a convex cost
1
— 6 (PUT - 0)7,
n

with 7 = 2 in the baseline. The firm has Cobb-Douglas technology ¥ = AL? and labor demand
BALP—! = wF,

Reported income, PUT prevalence, and the elasticity of taxable income (ETI) at a given (7,t) are
defined as

dlogZ

PUT?88
7 dlog(1—17)°

Z = wF L + (PL? — PUT™E), 4 = . ETI(r,t) =

The unknown object is the distribution of the idiosyncratic cost of forgone payroll benefits, captured
by 6. I discipline this distribution by choosing parameters so that the model reproduces three qualitative
patterns that emerge from the data and the existing evidence: (i) PUT prevalence is higher when corpo-
rate taxes are lower (see Section 3), (ii) ETIs in low—enforcement environments lie in the 1-2 range, in
line with my own estimates and with the literature for developing countries, and (iii) ETIs decrease with
the corporate tax rate. In practice, feeding the statutory corporate tax rate directly into the model makes
it difficult to match simultaneously the observed levels of PUT and ETI without assuming implausibly
low valuations of tax deductions on the firm side. I therefore interpret ¢ in the simulations as an effective
corporate tax rate on PUT—a reduced—form wedge that can be lower than the statutory rate because
some envelope payments may be disguised as other deductible expenses or not enforced at the statutory
margin.

To keep the exercise simple, I work with three values for this effective corporate tax rate, t €
{0.10, 0.15, 0.20}. These are loosely inspired by the small-firm, agricultural, and general regimes (see
Section 3). For each t, I compute PUT prevalence ~y(t) and the ETI ETI(¢) at a fixed personal income

tax rate. As a convenient target profile that encodes the patterns above, I take
(’)/0_10, Y0.15, ’}/0420) ~ (040, 030, 020), and (ETIQ_lO, ETIO_15, ETIO_QO) ~ (20, 15, 10)

These values come from the PUT estimates and ETTIs that I view as most informative for Peru, but here
they should be interpreted as stylized calibration targets rather than exact empirical moments: the goal
is to produce realistic, decreasing ETIs and higher PUT prevalence at lower corporate rates, not to fully

discipline the model with the point estimates in Section 5.
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For the calibration, I fix the personal income tax at 7 = 0.40, which is close to the average marginal
tax rate in the data, and compute y(¢) and ETI(¢) at this reference rate for each ¢. To characterize social
preferences I set wy, = 1, w, = 0.25, and specify the social welfare function as G(z) = zl%p’l with p = 2.
I fix kK = 10 and A = 4, and sweep across 3 € [0.85,0.95].1°

The free parameters are p = (A, Omin), With Opax = 100 held fixed. For each p and each corporate
tax rate t € {0.10,0.15,0.20}, I solve for equilibrium wages (w?, w’"), arrangement allocations (L, LT,
and hours worked, and then record «(t) and ETI(¢). I explore values A € {0.10,0.15,0.25} and €, €
[0.10,0.50], and rank parameter vectors using a joint loss function that assigns twice the weight to
matching 7(t) relative to ETI(¢). The best—fit region includes A ~ 0.25 and Op,in € [0.10,0.15]. At these
values, the model reproduces the main qualitative facts: high PUT prevalence when ¢t = 0.10, a sizable

drop at t = 0.15, and low prevalence with a smaller ETI when ¢t = 0.20.
Using the calibrated parameters that match the target profiles for PUT prevalence and ETIs, I then

treat 7 as the policy instrument and simulate the optimal income tax at different corporate tax rates.
Figure 8 shows the results. Panel A plots the optimal income tax rate across values of the corporate
tax in an economy calibrated to Peruvian data, where PUT is prevalent given the current valuation of
payroll benefits. When the corporate tax rate is zero, the optimal income tax rate is about 12%. In this
case, the ETI is high because firms face no deterrent to underreporting wages, so worker responses are
strong and the optimal income tax is relatively low. As the corporate tax rate increases from zero to
t = 0.20, the optimal income tax rises monotonically. This is expected: a higher corporate tax generates

a positive fiscal externality and lowers the ETI, both of which push the optimal income tax upward.

However, once the corporate tax approaches the upper end of the range where PUT is no longer
profitable for firms, the optimal income tax starts to fall back toward the level observed when the
corporate tax is zero. This is the point at which PUT disappears (see Panel B). At that level, firms
no longer have incentives to pay under the table because the cost is too high, even for individuals who
place little value on the benefits of formality. At this point, the fiscal trade-off becomes one of collecting
revenue through the corporate tax or the income tax. If the corporate tax is high, the income tax no

longer needs to be.

Panels C and D of Figure 8 illustrate two contrasting “naive government” cases. In Panel C, the
orange line represents the optimal income tax when the government assumes that PUT behaves like
classical evasion: workers decide whether to underreport by comparing their own costs of forgone payroll
benefits to the income tax rate, and the firm plays no role in this decision. In this scenario, the optimal
income tax is lower than in the full PUT model because workers are more responsive to tax changes
(since evasion depends solely on them), so the ETT is higher. Panel D shows the opposite extreme, where
the government assumes that third-party reporting fully eliminates evasion and ignores the PUT margin
when computing the optimal tax. In the government’s perceived model, all reported income reflects true
income and workers cannot adjust reported income through PUT, so the only behavioral response in the
ETI comes from labor supply. As a result, the perceived ETI is smaller and the optimal income tax is
higher.?°

For the general regime, at the effective corporate tax rate that best matches the Peruvian data,

197 also explore values x € [8,11], A € [3.5,7], and 8 € [0.70,0.95].

20The gap widens further because the government takes observed (underreported) wages as true incomes. Average wages therefore
appear lower in the economy than they actually are, increasing the perceived need for redistribution and pushing the optimal tax
even higher.
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t ~ 0.20, the model delivers an optimal income tax of about 25%.

This is well below the average

marginal income tax rate observed in the data of around 40% (with the lowest bracket at 30%). Taken

at face value, this gap suggests that the actual tax schedule is closer to the ‘no—evasion’ benchmark

in Panel D than to the full PUT model.

In other words, current policy looks as if the government

effectively ignored PUT when choosing the income tax rate: it behaves more like a planner who believes

third—party reporting shuts down evasion and therefore perceives a low ETI, rather than like a planner

who internalizes the PUT margin and chooses a lower optimal rate.

Figure 8: Simulations of Optimal Income Tax Rates
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7. Concluding Remarks

This paper studies payments under the table (PUT), a form of wage underreporting in which firms and
workers collude to report only part of the wage to the tax and social security authorities and pay the rest
off the books. This type of wage underreporting has been documented in the literature, mostly using
surveys, and is especially prevalent in Latin America and Eastern Europe. Yet its implications for tax

policy design remain largely unexplored.

The paper makes two contributions to the study of PUT, one methodological and one in optimal tax
design. On the methodological side, I introduce optimal transport, a novel econometric technique to sta-
tistically match two wage distributions using common covariates, into the tax underreporting literature.
I combine datasets that governments already have: matched employer-employee administrative records
with firm-reported wages and household surveys with worker-reported wages. A government that wants
to assess the extent of PUT could directly implement this approach. I assume the survey wage equals
the true wage plus measurement error. Optimal transport finds, for each worker in the administrative
data, where a worker with the same characteristics would be ranked in the survey distribution and what
wage they would earn, and then maps that wage back into the administrative data. PUT is defined as
the difference between this ‘transported’ wage and the reported wage. I find that, on average, 30 percent

of wages in Peru are paid under the table, and that the share of PUT increases with income.

On the tax design side, I develop a general equilibrium model of optimal income taxation in an
economy where there is also a corporate tax. The key result is that because PUT cannot be deducted
from firms’ taxable profits, the response of workers to changes in the income tax (the ETI) depends
negatively on the corporate tax rate. The ETI is lower when the corporate tax is higher, which allows
governments to set a higher optimal income tax rate than they would in a setting with only worker-side
evasion. To test this mechanism in the data, I leverage a tax reform in Peru that affected the contracts
of some agricultural workers and unfolded in two stages: first, only the income tax increased; second,
both the income and corporate taxes increased. The reform applied only to agricultural workers in some
regions (treated workers), while others remained under a regime in which tax rates did not change (control
workers). Using the administrative dataset, I estimate the ETI for all agricultural workers and show that

it is higher in the first stage, when the corporate tax did not change.

Numerical simulations calibrated to Peruvian moments for PUT and the ETI further illustrate the
policy implications. At the effective corporate tax rate that best matches the Peruvian data, the model
delivers an optimal top income tax rate of about 25 percent, well below the roughly 40 percent observed
in the actual schedule. This gap suggests that current policy is closer to a ‘no—evasion’ benchmark in
which the government effectively ignores under-the-table payments when setting the income tax rate,

rather than to a planner who recognizes the PUT margin and chooses a lower optimal rate.
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8. Appendix: Figures and Tables

Table MA1: Mincer Equation in Administrative Dataset and Household Survey

Survey Administrative
Education:
Secondary 214.16%** 167.63***
(31.56) (3.14)
Bachelor 930.81*** 806.99***
(35.04) (3.20)
Masters+ 2029.49%** 1358.81***
(79.76) (6.10)
Constant 1484.75%** 1507.73***
(25.38) (3.08)
Observations 9,907 4,468,287
R-squared 0.218 0.082
Notes: Base category is less than secondary. Robust SEs in parentheses.
**K p<0.01.
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Table MA2: Covariate Balance Before and After IPW

Raw After IPW
Covariate Survey mean  Admin mean  Std. diff ~Admin mean (w) Diff (w) Std. diff (w)
Schooling
< Secondary 0.085 0.027 0.255 0.0856  —0.0003 —0.0011
Secondary 0.339 0.633 —0.614 0.3421  —0.0028 —0.0058
Tertiary 0.575 0.340 0.486 0.5723 0.0031 0.0062
Age groups
18-25 0.068 0.147 —0.256 0.0697 —0.0017 —0.0068
25-29 0.125 0.186 —0.167 0.1247 0.0005 0.0016
30-44 0.384 0.424 —0.082 0.3846  —0.0010 —0.0021
45-60 0.338 0.203 0.305 0.3367 0.0009 0.0019
61+ 0.086 0.040 0.188 0.0843 0.0013 0.0046
Industry groups
Agriculture 0.071 0.081 —0.036 0.0746  —0.0036 —0.0140
Mining 0.034 0.024 0.060 0.0360 —0.0018 —0.0098
Manufacture 0.096 0.132 —0.111 0.1012  —0.0049 —0.0166
Construction 0.040 0.085 —0.186 0.0421  —0.0020 —0.0102
Wholesale 0.091 0.162 —0.214 0.0957  —0.0047 —0.0160
Services 0.502 0.516 —0.026 0.526  —0.0233 —0.0466
Firm size
<10 0.108 0.202 —0.262 0.112  —0.0037 —0.0117
10-50 0.138 0.165 —0.077 0.143  —0.0052 —0.0149
50-100 0.059 0.078 —0.074 0.062 —0.0013 —0.0111
100-500 0.115 0.192 —0.216 0.121 —0.0061 —0.0190
500+ 0.580 0.363 0.447 0.563 0.0176 0.0356
Other
Male 0.580 0.651 —0.147 0.574 0.0057 0.0116
Lima 0.200 0.558 —0.794 0.205 —0.0050 —0.0125

Notes: Differences are Survey minus Admin. “Std. diff” is the standardized mean difference. Rule-of-thumb threshold:
|SMD| < 0.10. After IPW, all covariates satisfy the threshold except Other services (0.115).
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Table MA3: Survey—Admin Median Wage Gap by Education (Raw, IPW, PSM)

<Secondary  Secondary BA Master’s+

Medians (currency units)

Survey median 1,358.5 1,525.3 2,320.7 3,108.9
Admin median (Raw) 1,200.0 1,378.0 1,852.5 2,500.0
Admin median (IPW) 1,205.2 1,410.8  2,000.0  2,496.0
Admin median (PSM) 1,383.8 1,400.2 2,000.0 3,102.5
Gaps: Survey — Admin (levels)

Raw 158.5 147.3 468.3 608.9***
IPW 153.3 114.5 320.7 612.9%**
PSM —25.3 125.1 320.7 6.4
Gaps: Survey — Admin (% of Admin)

Raw (%) 13.2%%* 10.7%%% 2535 24 4%*
IPW (%) 12.7%%* 8.1%** 16.0%** 24.5%**
PSM (%) ~1.8 8.9 16.0%%* 0.2

Notes: Percent gaps are computed as (Survey — Admin)/Admin x 100. Stars (***) indicate statistically significant differences
(p < 0.01), based on magnitude and consistency with mean-based results.
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Table MA4: Survey—Admin Mean Wage Gap by Education Level

<Secondary Secondary BA Master’s—+
Mean wages (monthly, local currency)
Survey (mean) 1,522.4 1,783.5 2,458.0 3,430.5
Admin (raw) 1,507.7 1,675.4 2,314.7 2,866.5
Admin (IPW) 1,518.1 1,744.6 2,455.5 2,818.5
Admin (PSM) 1,553.2 1,687.5 2,402.7 3,221.0

Differences (Survey — Admin)

Raw difference  14.7 (L5%)  108.1°* (6.4%) 143.3*** (6.2%) 563.9* (19.7%)
After IPW 43 (0.3%)  38.9%* (22%) 2.6 (0.1%)  612.0°* (21.7%)
After PSM -30.9 (-2.0%)  96.0%* (5.7%)  55.4*** (2.3%)  209.5"* (6.5%)

Notes: Outcome is monthly wage. Gaps are computed as the difference between survey and administrative means within each
education level. Percentages in parentheses express the gap as a share of the corresponding administrative mean. Stars indicate
significance based on two-sample t-tests: *p < 0.10, **p < 0.05, ***p < 0.01.
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Table MA5: Survey—Admin Mean Wage Gap by Firm Size

1-5 workers 6-10 11-50 51-250 250+
Mean wages (monthly, local currency)
Survey (mean) 1,589.0 1,841.7 2,040.9 1,997.7 2,454.2
Admin (raw) 1,371.1 1,818.0 1,999.4 2,118.8 2,076.2
Admin (IPW) 1,349.5 1,850.8 2,119.6 2,297.6 2,388.3
Admin (PSM) 1,389.5 1,813.8 2,092.6 2,169.8 2.189.0
Differences (Survey — Admin)
Raw difference  218.0°* (15.9%) 23.7 (13%)  41.5 (2.1%)  —121.1%* (-5.7%)  378.1%** (18.2%)

After IPW 239.4%* (17.7%) 9.1 (-0.5%)
After PSM 199.5%* (14.4%)  27.9 (1.5%)

~78.8%** (-3.7%)
~51.8%** (-2.5%)

~209.9*** (~13.1%)
S172.2% (-7.9%)

65.9 (2.8%)
265.2°* (12.1%)

Notes: Outcome is monthly wage. Gaps are computed as the difference between survey and administrative means within each
firm-size category. Percentages in parentheses express the gap as a share of the corresponding administrative mean. Stars indicate
significance based on approximate two-sample t-tests using reported standard deviations: *p < 0.10, **p < 0.05, ***p < 0.01.
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Table MAG: Survey—Admin Median Wage Gap by Firm Size

1-5 workers 6-10 11-50 51-250 250+
Median wages (monthly, local currency)
Survey (median) 1,311.2 1,502.9 1,748.1 1,676.6 2,303.8
Admin (raw) 1,025.0 1,486.1 1,666.1 1,756.7 1,636.6
Admin (IPW) 1,025.0 1,500.0 1,793.0 1,906.7 1,904.1
Admin (PSM) 1,025.0 1,499.3 1,750.0 1,811.5 1,785.2

Differences (Survey — Admin)

Raw difference  286.2°°* (27.9%) 16.8 (1.1%)  82.0** (4.9%)  -80.1*** (-4.6%)  667.1"* (40.8%)
After IPW 986.2+** (27.9%) 2.9 (0.2%) —45.0°** (-2.5%) -230.1*** (-12.1%) 399.7° (21.0%)
After PSM 986.2** (27.9%) 3.6 (0.2%)  -2.0 (-0.1%)  —134.9%** (-7.4%) 518.6* (29.1%)

Notes: Outcome is monthly wage. Gaps are computed as the difference between survey and administrative medians within each
firm-size category. Percentages in parentheses express the gap as a share of the corresponding administrative median. Stars
indicate significance based on approximate two-sample t-tests using reported standard deviations: *p < 0.10, **p < 0.05,
* KK

p < 0.01.
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Figure Al: Robustness to classical measurement error
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9. Appendix: Methodological

9.1. OT: Asymptotic Properties of the PUT Estimator

PUT Estimator The PUT estimator uses the imputed wage w; = Z;nzl G;jw; and the third-party

reported wage w;:

—

~ _
PUT; =— W; — Wj;

m 38
= Z Gijﬁ]]‘ — w;. ( )
7j=1

Since w; = w;+e€;, and e; is classical measurement error (zero mean, independent of w; and X, and with
finite variance), puT; represents a consistent estimator of the true PUT, under the assumptions discussed

above.

Consistency Under the CIA and classical measurement error assumptions, the PUT estimator is
consistent:

— D
PUT; — PUT; aS N, — OQ.

The consistency argument follows standard econometric reasoning: Gunsilius and Xi (2023) show that
the OT solution G converges to a limit G*, and since w; = w; + e; with zero-mean error, large-sample
averaging ensures @; — w;. This mirrors the logic behind classical matching and imputation methods,
where large samples and unbiased noise ensure consistent estimates. Thus, the OT-based estimator is
well-grounded in standard econometric principles of convergence and identification.

The consistency of the PUT estimator relies on the assumption that measurement error is classical.
If this assumption is violated—such as in cases where self-reported wages systematically understate
or overstate true wages, or where measurement error is correlated with covariates—the transported
measurement error term Z;nzl Gjje; may introduce bias into the estimator. To address this concern, I
will perform robustness checks in Subsection 4.3, exploring scenarios with systematic biases and bounded-
error structures. These checks assess the sensitivity of the PUT estimates to deviations from the classical
measurement error assumption, ensuring that the results remain valid under plausible alternative error

structures.

Efficiency OT is designed to minimize the global cost of matching distributions, and under mild
conditions, it is asymptotically efficient relative to less structured matching procedures such as nearest-
neighbor matching, propensity score matching, or regression-based imputation methods. These more
traditional methods may not preserve the joint distributions as effectively, potentially leading to higher
asymptotic variances under the same conditions (Gunsilius and Xi, 2023). For the PUT estimator,
efficiency implies lower asymptotic variance when the CIA and classical measurement error assumptions
hold. Specifically:

m

Var(put;) = Var(w;) + o2 Z G?j,

j=1

where Var(w;) represents the inherent variability in the underlying population from which the individual 4

is drawn, and o2 is the variance of the measurement error. The term Z;”:l G?j measures how concentrated
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the weight distribution is. A more balanced G-distribution reduces the variance contribution of o2,
reflecting standard econometric intuition: spreading risk (or noise) across many observations attenuates

variance, just as more dispersed matching reduces the influence of a single noisy match.

9.2. OT: Methodological Validation with Synthetic Data

To validate the OT estimator in a controlled environment with known underreporting behavior, I con-

struct synthetic administrative and survey datasets where the true level of PUT is observable.

Synthetic Data Generation The synthetic data comprises two components: an administrative
dataset and multiple survey datasets, each designed to reflect different sampling strategies.

The administrative dataset consists of n,qmin = 2000 individuals and includes the following variables:

e True Income (w): True incomes are drawn from a truncated normal distribution with a mean of
2000, a standard deviation of 500, and a minimum wage of 1000. This distribution represents the

actual income distribution in the economy.

e Underreported Income (w): A subset of individuals (40%) underreport their incomes to the mini-

mum wage, simulating real-world wage underreporting behavior.

e Covariates (X): Covariates include gender (binary), schooling (primary, secondary, higher), and age
group (young, middle-aged, senior), generated to approximate realistic demographic distributions.

The administrative dataset provides both the true incomes (w) and underreported incomes (w),

enabling the calculation of the true PUT (pur; ™ = w; — w;) for validation purposes.
Survey datasets are sampled from the true income distribution (w) of the administrative dataset.
Each survey simulates a different sampling strategy by selecting individuals below specific percentiles of

the true income distribution. The surveys are defined as follows:

Survey 1: Individuals with incomes in po-p190 (full population).

Survey 2: Individuals with incomes in pg-pgg-

Survey 3: Individuals with incomes in pg-pss.

Survey 4: Individuals with incomes in pg-pgg.

Survey 5: Individuals with incomes in pg-pos.

Each survey includes 200 randomly sampled individuals from the respective percentile range, ensuring
representativeness across covariates. These survey datasets serve as inputs for both the OT and OLS

methods, enabling direct comparisons under varying sampling assumptions.

Conditional Independence and Threshold Selection The Conditional Independence Assump-
tion (CIA) requires that, conditional on the covariates (X), the distribution of survey incomes ()
reflects the distribution of true incomes (w) for individuals in the administrative dataset. To ensure that
CIA holds, I iteratively test multiple thresholds for restricting the administrative dataset based on the
underreported income distribution (w).

For each threshold p, I define a subset of the administrative dataset (A,) as:

T, = Quantile,(w), A, = {i:w; <Tp}.
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For each subset (A,), I calculate the standardized mean differences (SMDs) for the covariates (X)
to measure the similarity between the administrative subset and the survey dataset. The SMD for a

covariate k is calculated as:
_ MALE T HSE

SMD), = Fhet _ESE
/UAp,k+aS,k
2

where p1 and 02 are the mean and variance of covariate k in the administrative subset (A,) and the survey

dataset (S). The optimal threshold p* minimizes the maximum absolute SMD across all covariates:
p* = arg min max [SMDyg|.
P

The optimal threshold identifies the administrative subset (A,«) most comparable to the survey
dataset.

Statistical Matching with Optimal Transport Using the administrative subset defined by the
optimal threshold (Ap-), I perform statistical matching with the survey dataset using OT. The OT
method aligns the distributions of the two datasets while preserving their marginal distributions. For
each administrative record, OT imputes a self-reported wage (w*) from the survey dataset, and the PUT
is calculated as:

oT _ , * —.
PUTZ‘ - wZ — W;.

OLS Estimates To compare OT with OLS, I fit an OLS regression model for each survey dataset.

The model estimates the relationship between self-reported wages (w) and the covariates (X):

w; = Po + ZﬁkXi,k + €.
k

Using the estimated coefficients (8), I predict self-reported wages (wO™S) for all individuals in the

administrative dataset:
wP™ = B0+ B Xi k.
k

The OLS-based PUT estimate is then calculated as:

OLS _ &

PU w; i

OLS _
Ti -
This process is repeated for each survey dataset, yielding multiple sets of OLS-based PUT estimates.

Results and Comparison The following table summarizes the key statistics for OT and OLS across

all survey datasets:
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Optimal Transport OLS

True
Mean Mean PUT
PUT SE PUT N OLS SE OLS N
Surveyl 400.33 17.37 1966 340.33 14.06 2000 414.52
Survey?2 506.04 15.48 1606 319.12 14.07 2000 507.44
Survey3 406.55 16.63 1926 352.11 14.11 2000 423.13
Survey4 413.38 16.54 1920 338.32 14.04 2000 424.46
Surveyb 394.99 17.47 1966 362.04 14.10 2000 414.52

Table MA7: Summary Statistics of PUT Estimates from OT and OLS

The following figure compares the mean PUT estimates from OT, OLS, and the true PUT across all
survey datasets. Error bars indicate the standard errors for OT and OLS estimates:

Comparison of Mean PUT Methods for Each Survey

PUT Type
1 [l Mean PUT (OT)
@ Mean OLS PUT
Mean True PUT (OT)

500 A

450 1

Mean PUT
e —il
——
=
o

350 A L o
300 A
o
Surveyl Survey?2 Survey3 Survey4 Survey5
Survey

Figure A3: Comparison of Mean PUT Methods for Each Survey

Taken together, the table and figure confirm that the OT estimator reliably reconstructs true PUT
across survey sampling scenarios where OLS systematically fails. This exercise demonstrates that OT
recovers the correct wage distribution even when the survey is truncated at the top—precisely the setting
relevant for real data. The synthetic validation thus provides direct support for the identification strategy

pursued in the empirical analysis.
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9.3. Optimal Income Tax: Perturbation Method

An alternative derivation of equation (28) in aggregate terms is to consider a marginal increase in the
income tax rate (dr > 0) and analyze its effects on welfare. At the optimum, the total effect must
be zero. First, there is a mechanical effect (ME): the government collects more revenue from workers
in proportion to their reported wages and redistributes it to all workers. This increases welfare when

redistribution preferences are non-zero:
ME = (1 — g)Zdr (39)

where g is the average welfare weight on workers (across arrangements), 1 is the normalized welfare
weight of all individual (non-workers and workers). That is, the government values $1 to an individual

the same as g dollars to a worker. Z is total reported labor income.

Second, there is a fiscal externality (FE): the increase in the income tax rate generates behavioral
responses that affect government revenue. First, it reduces reported labor income in two ways: workers
reduce their labor supply (captured by the aggregate elasticity e;), and they shift more of their earnings
into PUT (captured by the aggregate elasticity es). Both channels reduce the income tax base, lowering
revenue. At the same time, however, greater underreporting increases the firm’s taxable profits. This is
PUT are not deductible from corporate taxes. So, when a worker receives more of their wage informally,
the firm reports lower labor costs and thus higher profits, on which it must pay the corporate tax rate
t. From the planner’s perspective, only a fraction of this additional profit tax revenue counts toward

welfare, depending on how much the planner values firm profits (through the welfare weight g, ).

The net effect on revenue is:

A dI1 PUT PUT .
FE= 72 4 t(1—g ) = | — - tl—g,) ——es| Z 4
Td7'+( g)dr T|er Z62 +1( 9)Z62 (40)
N—— N——
Y Y

where Z is total reported labor income and II=F (L) — Z are reported profits, and PUT is total

PUT . _ _OlogL _ _P(. P _
o Is PUT prevalence, defined as before. e; = 575"~ Tog(l—7) — €1 (a

underreported wage income. v =
7) + ef'af’ > 0 is the labor supply elasticity of all workers in both arrangements weighted by their
reported income as share of total income in the economy. It aggregates intensive and extensive margin
responses in labor supply. e = %

the PUT arrangement. Note that e; — ves is the ETI defined as before.

< 0 is the intensive margin PUT elasticity only for workers in

At the optimum, the marginal welfare gain from redistribution equals the marginal revenue loss (or
gain) from behavioral responses:
ME+FE =0 (41)

Solving this condition yields the optimal income tax rate:

oo 1= g—t(l—gn)exy
1—g+e —exy

(42)

This expression is exactly the same as derived before and shows the trade-off introduced by PUT: PUT

reduces income tax revenue (denominator) but raises corporate tax revenue (numerator).
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9.4. Optimal Income Tax: Comparative statics of ETI with respect to the corporate
tax

The elasticity of taxable income is
ETI = (of —7y)el + afel — ves + of'nP + ofnf, (43)
where of = Z%/ Z are income shares, v = PUT/ 7 is PUT prevalence, e} are labor-supply elasticities, es

is the PUT (hiding) elasticity, and n° are wage elasticities (all with respect to log(1 — 7)).

Differentiating with respect to the corporate tax ¢t and writing ' = dx/0t,

dETI
— =ae +07) + ol +0") — A(el +ea) (44)

Composition
+al(ef” +0") + o (ef" +0") — (e]” +e))

Behavioral

Recall the assumptions so far: (i) PUT is non-deductible; (ii) convex PUT costs.; (iii) concave pro-
duction, and (iv) small Frisch elasticities (hours response is locally small), so adjustments in aggregate

labor supply come primarily from worker reallocation across arrangements)

There are two mechanisms through which ¢ affects the ETI. First, there is a composition mechanism.

A higher ¢ raises the non-deductibility wedge, making PUT relatively more expensive. Firms substitute

toward formal contracts, so the share of workers in the PUT arrangement decreases and the share

in the formal arrangement increases. This also reduces aggregate PUT dollars in the economy (i.e.,

o’ <0, of” >0, v/ < 0). Using of” = —a?” ++/ (since af’ + (o’ —7) = 1), the composition term can
be written as

a[(ef + 1) = (ef +07)] + A'[(ef +0") = (ef +ea)]. (45)

Under small Frisch elasticities and smooth wage pass-through (from concave production and the firm
wedge), the first bracket is second-order. These effects are small in magnitude and are also propor-
tional—one sector expands while the other contracts—so they partially offset, making the first bracket
even smaller. The second bracket is positive because it contains the PUT elasticity e < 0 and nf" < 0;

with 4" < 0 this makes (i) negative. In short: the reallocation away from PUT reduces ETI. 2!

The second mechanism is the behavioral one. This is the more intuitive channel, as this captures how

the elasticities themselves move with ¢:

o (el +0™) + (el +0™) — ler’ +eb) (46)
—_——
PUT attenuation
With convex PUT costs, a higher t strengthens the non-deductibility wedge and makes the PUT

margin less responsive to 1 — 7: the PUT labor-supply elasticity moves toward zero (el” > 0) and the

hiding elasticity moves toward zero (e, > 0). Hence the term —y(el” + €}) is strictly negative. This

UFormally, with LY = sL, LT = (1—s)L and a = 1 — 7, small intensive-hours responses imply el =~ %g—z and ef ~ — T g—fl,

so el 4+ ef’ is modest. Smooth, wedge-linked pass-through keeps n” and n% of comparable order with opposite signs. Hence
(ef +07)—(ef +7")=a log(#};is)) ~ 0. In the second bracket, (ef" +n%) — (el + e2) = (ef — el) + (0¥ — e2) is typically

> 0 because ei — ef > 0 (reallocation) and —es > 0 dominates the smooth ™ < 0 under the baseline.
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is the PUT attenuation term. The remaining pieces are second-order. Under concave production and
the firm wedge w!” = w? + ﬁ PUT, wage pass-through adjusts smoothly: as the PUT margin shrinks,
pass-through into w? is dampened (nf’ < 0). Using

P _t_PUT

F w p 1—t
= — —_— , 47
U w¥ o w¥ = (47)

and noting that both ¥ and e, shrink in magnitude as t rises, we obtain that n%” is small/ambiguous.
These wage terms enter as af’nf” + of'nf’ and do not overturn the negative PUT-attenuation term.
Moreover, the e’ pieces combine to (af — v)el” (since —yel” sits opposite +afef’”), which is positive
but typically small. In short: higher ¢ makes the key PUT margins less elastic, so the behavioral

component lowers ETI.

9.5. Optimal Income Tax: Surplus Derivation

This appendix shows that every equilibrium object is a function of a single surplus wedge in (7, t)-space.

At any interior equilibrium the five key conditions are

Firm FOC (indifference): w’ = w? + % PUT, (A)
MPL-wage (formal): ¢'(L) = w", L=L"+1LF, (B)

Worker FOC for PUT: 7 = 6PUT ¢/(§PUT), (C)

PUT labor market-clearing: LPF (w? t,PUT) = L%F (v, 7, PUT), (Dp)
Formal labor market-clearing: L?F(w® ¢t,PUT) = L>F (w!, 7, PUT). (Dr)

I linearise these conditions around a given interior equilibrium
(7,t, PUT,w” , w? LY LF),

and study small policy changes (d7,dt). The argument proceeds in three steps: (i) linearise the five
equilibrium conditions, (ii) derive the first-order responses of wages to (dr,dt), and (iii) show that all

equilibrium responses load on a single wedge S(7,t).

9.5.1. Linearization of the five equilibrium conditions

Firm FOC (A). Total differentiation of (A) gives

dw! — dw” = gt <1it> PUT dt + % dPUT (48)
PUT t _
= ft)g dt + ;— dPUT. (A-diff)

MPL-wage (B). Differentiating ¢'(L) = w’ and using L = LY + LF,

¢"(L)(dL" +dL*) = dw". (B-diff)
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Worker FOC for PUT (C). Differentiating (C) with respect to 7 and PUT gives

dr — [¢/(-) +0PUT4"(-)] dPUT — GPUT’9"()dl =o. (49)
e e’
G>0 Frisch elasticity term

We assume the intensive Frisch elasticity of hours is small, so in first-order terms we hold hours fixed,
dl ~ 0. This implies that most of the change in labor supply comes from switching between arrangements,

not from adjusting hours. Then:

_ or
dr —GdPUT =0, G=-—"_>0 50
7 ’ oPUT ~ (50)
SO d
dPUT = 57 (C-diff)

The explicit formula for G is not needed; it is only important that it is positive and evaluated at the
initial equilibrium.
PUT labor market clearing (Dp ). Define

H? (w”,t,7,PUT) = LP"* (w" t,PUT) — L% (w”,7,PUT) = 0 (51)

at equilibrium. Total differentiation gives

HY dw® + H dt + HF dr + Hl 5. dPUT = 0. (52)

Define the net slopes (demand minus supply) at the equilibrium as

Ly =nl, Lf=H LY=HF Li;.=HE. (53)

Then the linearized PUT market-clearing condition is

LY dw® + LY dt + LY dr + LE 5, dPUT = 0. (D p-diff)

Formal labor market clearing (Dg). Similarly, define
HF (wF,t,7,PUT) = LPF (v, t,PUT) — L5F (w?,7,PUT) = 0. (54)
Total differentiation gives

LY qw”™ + Lf dt + LY dr + LE 5, dPUT = 0, (D p-diff)

By definition, LY and LE are net (demand minus supply) slopes with respect to wages, and L, L, LYoy

capture the demand /supply shifts induced by ¢, 7, and PUT.

So far there are five linearized equilibrium conditions:
(A-diff), (B-diff), (C-diff), (Dp-diff), (Dp-diff),

which jointly pin down the responses (de,dwF,dPUT,dLP,dLF) to (dr,dt).
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9.5.2. Wages as functions of the policy shocks

The worker FOC gives

— 1
dPUT =  dr. (55)
Substitute this into the firm FOC (A-diff):

F P P [_] | t 1
— — —_

dr. (56)

Now use the market-clearing conditions to express how wages respond to the policy shocks. Start from
(Dp—dlﬂ)
LY dw? + LY dt + LY dr + LE; dPUT = 0.

Solve this for dw?:

Lt Lt LY _
P _ t T PUT
dw® = 7 dt — r dr — I dPUT. (57)

Define the reduced-form slope coefficients

LP LP LE
Blziﬁv 525*7337 5357 EET’
so that
dw” = By dr + B dt + B3 dPUT. (58)

Similarly, from (Dg-diff):

LE dw? + L at + LY dr + LE,..dPUT =0,

PUT
one obtains
dw! = 41 dr + vo dt + 43 dPUT, (59)
where . »
"= IF’ T2 = E’ V3= IF

Next, eliminate dPUT using equation (55). Plugging (55) into (58)—(59) gives:

duwP — (51 N %)dT 4 By, = A dr+ A, dt, (60)
dwF — (71 i %)dT T vy dt, = B, dr + B, dt. (61)

Thus the four coefficients (A, A, By, B) are determined functions of the underlying slopes LY, L¥ and
the PUT FOC parameter G.

Now impose the firm arbitrage condition from equation (56). Substituting (60)—(61) into (56) gives:

PUT t
B — A)dr+ (Br— A)dt = dt ar.
Br - A dr+ (B - A)di = g dt+ a5 7

coeff. on dr coeff. on dt
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Equating coefficients on dr and dt,

t PUT

BT—ATZW, Bt_At:(l—t)Q

(62)

At this point, A,, A;, B,, By are expressed in terms of the slopes (LY L), the PUT FOC parameter G,
and the equilibrium PUT and t.

9.5.3. A single surplus wedge in (7,t)

The MPL condition (B-diff) links wages and employment:
¢"(L)(dL” 4 dL") = dw”

Since LT and L* are themselves equilibrium objects, they must also have linear first-order responses to
(dr,dt). By the market-clearing conditions (Dp)—(Dp), their levels are determined by the same demand
and supply primitives that generated the slopes LY and L¥. Hence, for small perturbations (d,dt)

around the initial equilibrium there exist reduced-form responses
dLY =cldr+cldt, dL* =CFdr+CF dt, (63)

for some coefficients CX', CF, C¥' CF that are functions of the same underlying slopes LY, L¥ and of
the PUT FOC parameter (i. Substituting these expressions into (B-diff) and using dw’ = B, dr + B, dt

gives:
¢"(L)[(CF +CFydr + (C] + CF)dt] = B, dr + B, dt (64)

Then, matching coefficients gives

o"(L)CT +Cf) =B, ¢"(L)(C] +C) =B (65)
and from equation (65) it follows that:
B, cf+cf
2t e +0¢ (66)
B, CP+cCF

The coefficients CF', CF,CE, CF are obtained by applying the implicit-function theorem to the same
five-equation system (A)—(Dp) that determines the wage coefficients A. and B.. Hence they are functions
of the same underlying primitives: the net slopes LT, LT, the PUT FOC parameter G, and the tax
parameters (7,t, PUT).

Substituting the reduced-form expressions for CX' CF CE, CF (together with (62)) into the ratio
above generates that all terms involving labor-demand and labor-supply slopes LY, L¥ cancel. The

remaining dependence on the primitives is

By 1
B, - - ©7)
so the formal wage response can be written as
dt
F_
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An analogous computation shows that every other endogenous variable X € {w® w , PUT, L¥ L} has

the same policy direction, i.e.

dt
dX = [d _ 7} 69
KRx |atT (1 — t)2 ( )
for some scalar kx evaluated at the equilibrium.
Since the vector (1, —1/(1 — t)?) is a gradient, there exists a scalar function S(7,t¢) such that
1

0.-S(1,t) =1, 0pS(1,t) = — TEE (70)

Integrating with respect to 7 and ¢ gives

t

S(T,t):T—m—f—CO, (71)

and dropping the irrelevant constant Cy,

dt

S(rt)y=17— —— dS =dr — —. 72
(7—7 ) T 1_t7 T (1_t)2 ( )

Thus, all equilibrium objects are functions of this surplus wedge S(7,t) rather than of 7 and ¢ sepa-
rately:
dX = kx dS (73)

9.6. ETI Estimation: Event Studies

I use event studies to complement my ETI estimates. These allow me to do two things: (i) test for
parallel trends in the pre-period and (ii) see whether there is a discrete jump right when the policy takes
effect.

I label the 20202021 change as Event A and the 2022-2023 change as Event B. Event A raises payroll
(healthcare) tax rates for Agricultural Regime (AgR) firms; General Regime (GR) firms are unaffected.
Event B applies only to large AgR firms in 2023; small AgR firms are unaffected. I estimate dynamic

effects with monthly event time, using the month before the start of the event as the reference month.
To estimate the effects of Event A, I run the following regression for the period 2020-2022:
yio =i+ A+ Y Bt —gf = s} Ai+eq, € [2020,2022], (74)
s#—1

where A; = 1{AR} takes the value of one for firms affected by Event A (the treatment, the Agricultural
Regime firms). Controls are GR firms (4; = 0). g7 is the first treated month (January 2021 for all
A; = 1). oy are regimexsize fixed effects (and I also include department FE in some specifications), and

A¢ are month fixed effects. The coefficients 35 are dynamic DiD effects at event time s relative to s = —1:

Bs = [yit(s) — yie(—1) | Ai=1] — [yt (s) — yar(—1) | A;=0].

To estimate the effects of Event B, I run the following regression only among firms in the Agricultural
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Regime:
yir =i+ A+ > 0.1{t—gP =s} Bituy,  t€[2022,2023], (75)
s#—1
where the sample is restricted to AR firms. B; = 1{large AR} takes the value of one for firms affected by
Event B (large AR firms), small AR firms serve as controls (B; = 0). gP is the first month after Event
B starts (January 2023 for B; = 1). Here 6 are dynamic effects of moving from the first to the second

schedule, relative to s = —1, netting out contemporaneous changes for small AR firms.
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