
©2023 by Hirofumi Takikawa.
All rights reserved. Short sections of text, not to exceed two paragraphs, may be quoted without

explicit permission provided that full credit, including ©notice, is given to the source.

TCER Working Paper Series

Optimal Income Taxation and Formalization of the Informal Economy

Hirofumi Takikawa

December 2023

Working Paper E-189
https://www.tcer.or.jp/wp/pdf/e189.pdf

TOKYO CENTER FOR ECONOMIC RESEARCH
1-7-10-703 Iidabashi, Chiyoda-ku, Tokyo 102-0072, Japan



Abstract

Tax revenues, particularly in developing countries, play a crucial role in driving
economic development, and formalizing the informal economy offers significant
potential for raising revenues, given the large size of the informal economy and the
limited role of personal income taxes in tax collection. However, effective
formalization also requires sufficient redistributive incentives for a smooth
transition to the formal economy. By addressing both formalization and
redistribution simultaneously, this study examines the impact of formalizing the
informal economy on an optimal tax schedule using an extended Mirrlees model, and
identifies an optimal tax formula that incorporates formalization of the informal
economy. Quantitative analysis shows that formalization increases tax revenue and
income transfers when the tax schedule is optimized together with formalization.
Conversely, these benefits diminish when the tax schedule remains unchanged and is
not fine-tuned for formalization. This study improves our understanding of the
informal economy and provides valuable insights into the implications for designing
optimal tax policies with formalization.

Hirofumi Takikawa
Goethe University Frankfurt
Graduate School of Economics, Finance and
Management
House of Finance, Campus Westend Theodor-W.-
Adorno-Platz 3 60629 Frankfurt am Main,
Germany
takikawa@wiwi.uni-frankfurt.de



©2023 by [Invited] Hirofumi Takikawa.
All rights reserved. Short sections of text, not to exceed two paragraphs, may be quoted without

explicit permission provided that full credit, including ©notice, is given to the source.

TCER Working Paper Series

Optimal Income Taxation and Formalization of the Informal Economy

Hirofumi Takikawa

December 2023

Working Paper E-0316
https://www.tcer.or.jp/wp/pdf/e0316.pdf

TOKYO CENTER FOR ECONOMIC RESEARCH
1-7-10-703 Iidabashi, Chiyoda-ku, Tokyo 102-0072, Japan



Abstract

Tax revenues, particularly in developing countries, play a crucial role in driving
economic development, and formalizing the informal economy offers significant
potential for raising revenues, given the large size of the informal economy and the
limited role of personal income taxes in tax collection. However, effective
formalization also requires sufficient redistributive incentives for a smooth
transition to the formal economy. By addressing both formalization and
redistribution simultaneously, this study examines the impact of formalizing the
informal economy on an optimal tax schedule using an extended Mirrlees model, and
identifies an optimal tax formula that incorporates formalization of the informal
economy. Quantitative analysis shows that formalization increases tax revenue and
income transfers when the tax schedule is optimized together with formalization.
Conversely, these benefits diminish when the tax schedule remains unchanged and is
not fine-tuned for formalization. This study improves our understanding of the
informal economy and provides valuable insights into the implications for designing
optimal tax policies with formalization.

[Invited] Hirofumi Takikawa
Goethe University Frankfurt
Graduate School of Economics, Finance and
Management
House of Finance, Campus Westend Theodor-W.-
Adorno-Platz 3 60629 Frankfurt am Main,
Germany
takikawa@wiwi.uni-frankfurt.de



Optimal Income Taxation and Formalization of the

Informal Economy

Hirofumi Takikawa∗

Goethe University Frankfurt

December 17, 2023

Abstract

Tax revenues, particularly in developing countries, play a crucial role in driving

economic development, and formalizing the informal economy offers significant poten-

tial for raising revenues, given the large size of the informal economy and the limited

role of personal income taxes in tax collection. However, effective formalization also re-

quires sufficient redistributive incentives for a smooth transition to the formal economy.

By addressing both formalization and redistribution simultaneously, this study exam-

ines the impact of formalizing the informal economy on an optimal tax schedule using

an extended Mirrlees model, and identifies an optimal tax formula that incorporates

formalization of the informal economy. Quantitative analysis shows that formalization

increases tax revenue and income transfers when the tax schedule is optimized together

with formalization. Conversely, these benefits diminish when the tax schedule remains

unchanged and is not fine-tuned for formalization. This study improves our under-

standing of the informal economy and provides valuable insights into the implications

for designing optimal tax policies with formalization.
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1. Introduction

Tax revenues, particularly in developing countries, play a crucial role in driving economic

development, but the contribution of personal income taxes to total tax revenues in these

countries is only 12%, compared with 25% in advanced economies (Benedek et al., 2022).

Given the minimal contribution of personal income taxes in these countries, there is consid-

erable room for increasing government revenues by formalizing the informal economy1. This

is particularly noteworthy because the informal economy is often outside the tax system, and

its substantial size in developing countries, where informal employment rates often exceed

80% (Gaspar et al., 2019)2, underscores the opportunity for revenue enhancement. As the

United Nations refers to formalization of the informal economy in the “2030 Agenda for

Sustainable Development” adopted in 2015, the informal economy has the potential to cover

all or part of increased government spending on future growth3. However, based on the data,

a reduction in the informal employment rate does not necessarily increase the share of per-

sonal income taxes4. Since formalization offers governments the opportunity to broaden the

tax base and intuitively increase tax revenues through personal income taxes, there are still

hidden effects of formalization that are not explained by the current theoretical framework.

To show whether formalization increases tax revenue as expected, this paper examines

formalization of the informal economy within the optimal income tax framework. There are

two issues that need to be considered when the government formalizes the informal econ-

omy. First, the existing literature does not present a unanimous perspective on the impact

of formalization on tax revenue, and some studies highlight limitations due to lower wage

and income levels in the informal economy5. Thus, there is a possibility that formalization

1The terminology of “informality” was first introduced in the 1970s by Hart (1973) and ILO (1972), and
“Recommendation No. 204” by ILO (2015) defines the informal economy as “all economic activities by
workers and economic units that are – in law or in practice – not covered or insufficiently covered by formal
arrangements; and does not cover illicit activities”. The problems of informality vary widely across countries
and are difficult to treat uniformly, so this paper assumes lower middle income countries (LMICs) and upper
middle income countries (UMICs). Low income countries (LICs) are not considered.

2From an economic size perspective, Medina and Schneider (2019) estimates that the size of the informal
economy is, on average, about 20% of off official GDP in developed countries, but about 40% in developing
countries, and in some cases it can reach more than 60%.

3According to the Gaspar et al. (2019), developing countries face additional spending of 4% of their current
GDP by 2030. Since the median tax-to-GDP ratio in developing countries was 18% in 2016, increasing tax
revenue by 4% of GDP means increasing total tax revenue by roughly more than 20%.

4For example, in the data, Uruguay experienced an improvement in the share of personal income taxes in
total tax revenue when its informal employment rate declined substantially. However, the personal income
tax shares of Peru and Turkey remained unchanged in the same case.

5Schneider and Klinglmair (2004) and Schneider et al. (2010) anticipate that the informal economy could
generate significant tax revenues, in contrast to the views of Keen (2012) and OECD/ILO (2019), which
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contributes little to the increase in tax revenue, and this paper shows what assumption is

necessary to guarantee the positive impact of formalization on tax revenue. Second, since

untaxed income from the informal economy serves as a safety net for low income people,

appropriate redistribution during formalization is also needed to avoid concentrating the

burden of formalization on such people in the informal economy. ILO (2019) emphasizes

the need for sufficient redistributive incentives to facilitate a smooth transition to the for-

mal economy, and redistribution for low income people must be considered simultaneously

with formalization. For this purpose, I employ the framework pioneered by Mirrlees (1971)

because it considers optimal income taxation and redistribution under minimal constraints,

i.e., incentive compatibility constraints of workers and the budget constraint of the gov-

ernment, without assuming any functional form of income taxation. Therefore, this paper

characterizes how formalization affects an optimal tax schedule and, based on the theoretical

framework, simulation studies quantitatively show the effectiveness of formalization on tax

revenue and income transfers as redistributive incentives.

More specifically, this paper extends the Mirrlees model to incorporate the informal econ-

omy by considering both untaxed informal income and taxed formal income, as in Doligalski

and Rojas (2023). However, since Doligalski and Rojas (2023) does not consider any gov-

ernment intervention against the informal economy and leaves the informal economy as an

untaxed source of income, my paper allows the government to impose a joint tax on formal

and informal income when the informal economy is formalized. Thus, in my paper, agents

choose different sizes of formal and informal incomes based on the respective optimality

conditions when the informal economy is formalized and when it is not, and the govern-

ment treats both cases as equivalent and imposes a common income tax schedule on agents’

incomes.

My main theoretical result is an optimal tax formula with formalization of the informal

economy, and it is expressed as a modified version of the well-known ABC formula. In the

model, agents adhere to different optimality conditions of their income choices, depending on

whether their informal income is taxed or untaxed. If the informal economy is not formalized,

they can earn from both economies and their informal income is not taxed. On the other

hand, if their informal work is subject to formalization and informal income is taxed, they

will choose either the formal economy or the informal economy, where they will earn a higher

wage. I then consider optimal tax formulas based on a mechanism design approach, assuming

an allocation perturbation of arbitrary agents and determining the marginal tax rate to offset

perceive its impact as limited.
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the effects of the perturbation. Since the perturbation changes agents’ income choices and

labor supply, the optimal tax formula with formalization of the informal economy includes

agents’ behavior such as labor supply adjustment within the same economy as intensive

margin responses, labor supply shift to the other economy as extensive margin responses, and

direct effects of marginal tax changes as mechanical and welfare effects. The overall impact

of formalization appears through changes in these responses and effects, and is expressed as

the modified ABC formula.

My quantitative analysis uses the parameters of Doligalski and Rojas (2023), based on

Colombian household data, and compares the optimal tax schedules when the informal econ-

omy is not formalized and when 30% of it is formalized. Although the optimal tax schedules

become U-shaped regardless of formalization, 30% formalization requires about 15% higher

marginal tax rate for the lowest income level because more than 1.5 times the amount of

income transfer is provided to low income people in the equilibrium with formalization. The

progressivity of the tax schedule is similar, and slightly higher tax rates are imposed at all

but the lowest income levels when the informal economy is partially formalized. Moreover,

if the government formalizes the informal economy and adjusts its tax schedule to be more

U-shaped, formalization increases total tax revenue by 1.19%. On the other hand, if the

government fixes the marginal and average tax rates at the level of no formalization, formal-

ization increases total tax revenue by 0.90% but worsens social welfare by 1.22%. Even if

the government adjusts the actual tax burden without changing the marginal tax rates, for-

malization reduces total tax revenue by 0.88%, the opposite of what is expected. Thus, the

government needs to optimize a tax schedule along with formalization in order to improve

tax revenue without worsening social welfare or other factors. Since many countries use

similar tax schedules and try to formalize the informal economy in terms of tax collection, it

is an intuitive fact that formalization may lead to lower social welfare or lower tax revenue

under some conditions, and that more redistribution is required with formalization in the

equilibrium.

Related literature. With respect to the model of optimal income taxation with the

informal economy, this paper could be considered as an extension of optimal income taxation

with multidimensional private heterogeneity, in particular with multiple sectors or multiple

sources of income. For example, Rothschild and Scheuer (2013) applies the Roy model in

labor economics to optimal income taxation and considers sectoral choices in the Mirrlees

framework. The subsequent work of Rothschild and Scheuer (2015) generalizes the model to

a finite number of sectors, rather than just two, and allows simultaneous work across sectors.
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Both papers endogenize the wage rates by the total amount of labor input in each sector

but my paper assumes exogenously given wage functions for simplicity. Doligalski and Rojas

(2023) could also be considered as an extension along the literature and treats one sector as

the untaxed informal economy.

For multiple sources of income, Saez and Piketty (2013) assumes linear taxes on two

different tax bases and consider income shifting between the two, and Selin and Simula (2020)

extends Saez and Piketty (2013) for nonlinear taxes. Both works could treat the second

tax base as the informal economy by imposing a zero tax on it, but they do not consider

simultaneous work across sectors. Rothschild and Scheuer (2016) also considers rent-seeking

as an additional source of income, but this assumes top earners, not low income groups that

correspond to those in the informal economy. In addition, Beaudry et al. (2009) considers

the informal economy in the Mirrlees framework and relaxes some of the assumptions to

treat informal income as additional private information in the model. They assume that

both formal hours worked and formal income are observable to the government and that

informal income is added to the model as unobservable and untaxed income. This is more

related to the discussion of work requirements and optimal income transfers.

From a different perspective, Allingham and Sandmo (1972) and subsequent work such

as Chander and Wilde (1998) and Slemrod and Yitzhaki (2002) examine government in-

terventions aimed at improving tax enforcement. They study the optimal combination of

audit probability and penalty size, given a fixed tax rate. In these papers, taxpayers may

not report the true value of their income, but they are penalized if the government detects

such evasion with some probability. They focus more on an optimal policy structure against

tax evasion and simplify a labor market structure and labor supply decisions. Although my

paper does not consider a penalty for participating in the informal economy, it could be a

policy instrument to discourage agents from working informally.

Structure of the paper. In the following section, I introduce the model setting and

the optimal income choices of agents for a given income tax. In Section 3, I derive the

optimal tax formula and show that the formalization of the informal economy affects the

optimal tax rates. Section 4 is devoted to the quantitative analysis of my theoretical results.

In the last section, I conclude the arguments. Proofs, detailed derivations, and additional

figures appear in the appendix.
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2. Model

As in the typical Mirrlees model, there is asymmetric information between the government

and agents. This means that in the model the government observes only income from the

formal economy, but productivity and hours worked in the formal economy, as well as ev-

erything in the informal economy, are unobservable to the government. To study the impact

of formalizing the informal economy, this paper assumes that the government formalizes a

certain fraction π ∈ [0, 1] of the informal economy, e.g., formalizes 30% of the informal econ-

omy and reduces it to 70% of its current level, and the income from both the formal and

the informal economy is taxed by the government. In other words, π means a fraction of

agents affected by formalization, and the rest of agents are irrelevant to formalization and

only formal income is still taxed.

In this paper, the level of formalization π is set exogenously, and agents optimize their

behavior based on the given level of formalization. In practice, when the government for-

malizes the informal economy, it is very difficult to formalize certain agents in the informal

economy6. Even if the government develops a regulatory framework or improves legal com-

pliance to formalize the informal economy, it is not clear which agents will be subject to

formalization when the government proposes such a formalization policy. Moreover, there

is a lag between the beginning of the preparation or announcement of the policy and its

implementation, which gives agents sufficient time to adjust to the policy change. According

to Leung (2020), which examines the Formalization Strategy and Plan (FSP) in 8 countries7,

the majority of the plans take 4 to 6 years, with a minimum of 3 years and a maximum of

more than 10 years. This suggests that agents have private knowledge about whether their

informal income will be taxed as a result of formalization prior to policy implementation,

but the government only sets a target level of formalization via π without any information

about which agents will face formalization.

In addition, this paper assumes that the informal economy is formalized at no cost, since

the ILO and other institutions provide financial support for formalization. In other words,

formalization is difficult to be implemented if there is no external financial source. According

to ILO (2019), nearly 90% of their projects have budgets of over 1 million USD, specifically

62% between 1 million and 5 million USD and 27% over 5 million USD8. However, the report

6This is also consistent with the assumption of unobservable productivity in the formal economy and in
the informal economy.

7Cameroon, Colombia, Costa Rica, Macedonia, Paraguay, Peru, South Africa, and Turkey.
8ILO (2019) collects as many reports as possible, including independent evaluation reports and internal

reports. It then covers a total of 38 reports, some of which reflect multiple projects in one report. Small
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mentions that additional funding is needed to continue the project for further formalization,

which supports costless formalization in the model.

2.1 Environment

This paper follows and extends the setup of Doligalski and Rojas (2023), which allows agents

to work in the informal economy for untaxed income, and proposes an optimal income tax

schedule in the Mirrlees framework. To account for the impact of formalizing the informal

economy on an optimal income tax schedule, I consider the behavior of agents separately

when the informal economy is not formalized and when it is. I then present an optimal tax

formula with the partially formalized informal economy.

There is a continuum of agents with heterogeneity in productivity θ ∈ Θ = [θ, θ], which is

privately observed by an agent and follows the twice continuously differentiable distribution

function F (θ) with density f(θ). Given productivity type θ, the wage rate in the formal

economy is determined by the function wf (θ) : Θ → R
+ and that in the informal economy

is determined by ws(θ) : Θ → R
+. The wage rates in both economies are nonnegative,

strictly increasing and continuously differentiable in θ, and satisfy the single crossing con-

dition, i.e.,
wf (θ)

ws(θ)
is strictly increasing in θ. That is, the wage gap between the formal and

informal economies increases as productivity increases. The wage functions are independent

of formalization, and ws(θ) does not change even if the informal economy is formalized and

treated as formal.

To explore the formalization of the informal economy, I examine how agents interact in the

formal and informal economies. The model assumes that agents, each at their productivity

level θ, receive fixed wages in both the formal and informal economies, wf (θ) and ws(θ),

respectively. The type of job and the wage depend on a worker’s productivity, and this does

not change whether the informal economy is formalized or not9.

Assuming asymmetric information, agents know what they earn in both economies and

decide how much to work based on these wages, taxes, and whether the informal job is

formalized. For example, as shown in Figure 1, an agent with productivity θa earns wf (θa)

from a formal job like working in a factory and ws(θa) from an informal job like farming.

If some fraction π of the informal economy is formalized and the informal job is subject to

budget projects may not be included in the 38 reports because sometimes no reports are generated.
9In this paper, an informal worker is not allowed to seek another informal job with a lower wage to

remain in the informal economy if her original informal job is formalized and taxed. For simplicity, I focus
on optimal income taxation and do not assume any job search in the labor markets of both economies.
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Figure 1: Image of formal and informal wages for agents with different productivity levels

Note: An agent with productivity θa is assigned wf (θa) in the formal economy and ws(θa) in the
informal economy, and an agent with θb ̸= θa follows in the same way. The gray shaded area means
that a fraction π of the informal economy is formalized and treated as formal.

formalization, the agent with θa adjusts her labor supply based on her formal wage and her

formalized and taxed informal wage. In other words, if an informal job is excluded from

formalization and still treated as informal, like the agent with productivity θb in Figure 1,

an agent determines her labor supply based on her formal wage anduntaxed informal wage.

The choice of labor supply is different when the informal economy is formalized than when

it remains informal.

In addition to the productivity, agents are also heterogeneous in their privately observed

participation cost in the informal economy, κ. I assume that an agent incurs idiosyncratic

fixed cost κ ∈ R+ following Gθ(κ) with density gθ(κ). The cost of participation causes

the disutility of working in the informal economy when she works in the informal economy.

Since κ can be interpreted as technological constraints on tax avoidance or the disutility of

feeling guilty about informality10, there is no cost to the agent if her formal job is subject

to formalization and she chooses either her formal job or her (formalized) informal job. The

distributions Gθ(κ) is conditional on θ, and twice continuously differentiable.

Agents have identical preferences over consumption c and total labor supply n by the

strictly concave utility function U(c, n) with Uc > 0, Un < 0. Total labor supply is decom-

posed into formal labor supply nf and informal labor supply ns. The formal and informal

10This paper does not consider a fixed cost of formal employment because the literature suggests that
entry costs into the formal economy do not encourage informality. Informality in different situations, such
as the studies by Pratap and Quintin (2006) for Argentina, Rocha et al. (2018) for Brazil, and De Mel et
al. (2013) for Sri Lanka, have shown that the decision to work informally is not primarily motivated by the
costs associated with joining the formal economy.
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incomes of an agent with productivity θ are then given by yf = wf (θ)nf and ys = ws(θ)ns,

respectively. More specifically, I assume the following separable utility function.

U(c, n) = c− v(n) (1)

where v(n) is increasing and convex in n.

The government imposes a single income tax T (y) on a taxable income level y, and

T (·) is nonlinear and continuously differentiable. T (·) > 0 means a positive income tax,

but T (·) < 0 denotes an income transfer. In particular, T (0) is the income transfer to the

unemployed. However, I do not assume any functional form for the income tax T (·).

2.2 Income choices without formalization

I first consider the case where the informal economy is not formalized and informal income is

not taxed by the government. In this case, consumption c1 is defined as c1 = yf1 +ys1−T (yf1 ),

and total labor supply n1 can be expressed as n1 = nf
1 + ns

1 =
yf1

wf (θ)
+

ys1
ws(θ)

. As long

as yf1 = 0, the agent is considered unemployed and entitled to receive the full amount of

the income transfer T (0)11 In other words, informal income ys1 can be treated as additional

income excluded from the tax base.

Moreover, working in the informal economy causes the disutility κ. To distinguish agents

in terms of their participation costs, I define high-cost workers as those with the costs above

or equal to a threshold κ̃(θ) and low-cost workers as those with the costs below the threshold.

When the informal economy is not formalized, high-cost workers always work in the formal

economy because they face greater disutility from working in the informal economy. Low-

cost workers can benefit from working in the informal economy, and they can choose to

work in the formal economy, in the informal economy, or in both economies. Because of

the costs of participating in the informal economy, some agents may choose to work in the

formal economy, while others may choose to work in the informal economy, even if their

productivity remains the same.

Given an income tax T (·), an agent with (θ, κ) chooses her formal and informal income

11This is in line with OECD/ILO (2019), which shows that public transfers constitute part of the total
income of informal households and can be an important element of income sources. In the literature,
informality is defined as the absence of contributions to the social security system, not social assistance
financed by taxes.
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that maximizes her utility.

V1(θ, κ) = max
yf
1
≥0, ys

1
≥0

c1(θ, κ)− v

(

yf1 (θ, κ)

wf (θ)
+

ys1(θ, κ)

ws(θ)

)

− κ✶ys
1
>0 (2)

where V1(θ, κ) is the indirect utility if the informal economy is not formalized. The partici-

pation cost threshold κ̃(θ) is defined as κ̃(θ) = V1(θ, κ | κ = 0)− V1(θ, κ | κ = ∞).

I introduce the following assumptions in order to have a clear characterization of income

choices.

Assumption 1. If an agent with (θ, κ) is indifferent between the formal economy and the

informal economy, she will choose to work in the formal economy. Furthermore, if she is

indifferent between more than one level of income, she will choose the highest level.

To simplify the notation, yf1(θ) denotes the formal income of an agent with (θ, κ) if she

participates only in the formal economy regardless of her cost type, and yf
1
(θ) denotes the

formal income of an agent with (θ, κ) if she is a low-cost worker and participates in both

economies simultaneously. The notation for informal income follows the same rule, so ys1(θ)

is the informal income if an agent with (θ, κ) works only in the informal economy, and ys
1
(θ) if

she works in both economies. This allows us to consider that income choices are independent

of participation costs κ, depending only on productivity θ.

Agents’ income choices follow the first-order condition of the maximization problem (2).

If an agent with (θ, κ) is a high-cost worker and works only in the formal economy, i.e.

yf1 (θ, κ) = yf1(θ) > 0 and ys1(θ, κ) = 0, then the optimality condition for yf1(θ) is defined as

follows.
[

1− T ′
(

yf1(θ)
)]

wf (θ) = v′

(

yf1(θ)

wf (θ)

)

(3)

In the optimality condition (3), the marginal return to formal labor on the left hand side

is equal to the marginal disutility of labor supply on the right hand side. Thus, given the

marginal tax rate T ′(·), the formal income is determined by the formal wage and the marginal

disutility of labor supply. When an agent with productivity θ is a low-cost worker and works

only in the formal economy, the agent has the same formal wage rate wf (θ) as the high-cost

worker and her formal income follows the same condition (3).

Similarly, if an agent with (θ, κ) is a low-cost worker and works only in the informal

economy, i.e. yf1 (θ, κ) = 0 and ys1(θ, κ) = ys1(θ) > 0, the optimal ys1(θ) is determined by the
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following equation.

ws(θ) = v′
(

ys1(θ)

ws(θ)

)

(4)

Since the marginal disutility of labor supply is fixed by the informal wage, the level of

informal income is independent of other variables.

Finally, if a low-cost worker with (θ, κ) works simultaneously in the formal and informal

economies, i.e. yf1 (θ, κ) = yf
1
(θ) > 0 and ys1(θ, κ) = ys

1
(θ) > 0, the first-order condition shows

the following equation.

[

1− T ′
(

yf
1
(θ)
)]

wf (θ) = v′

(

yf
1
(θ)

wf (θ)
+

ys
1
(θ)

ws(θ)

)

= ws(θ) (5)

The total labor supply is fixed by the informal wage, as in the fully informal case. Thus,

an income tax only affects the labor market choice between the formal and the informal

economy. Moreover, the optimality condition (5) implies T ′

(

yf
1
(θ)
)

= 1−
ws(θ)

wf (θ)
, where the

right-hand side is strictly increasing in θ by the single crossing condition. Thus, a low-cost

worker participates in both economies only if a tax function is progressive12. That is, a

marginal increase in the income tax reduces the incentive for a low-cost worker to remain in

the formal economy and encourages her to increase her labor supply to the informal economy.

Following the optimality conditions (3) to (5), the income choice of an agent with (θ, κ)

can be summarized as follows:

(

yf2 (θ, κ), y
s
2(θ, κ)

)

=







(

yf2(θ), 0
)

if κ ≥ κ̃(θ)
(

yf2 (θ), y
s
2(θ)

)

otherwise
(6)

where
(

yf2 (θ), y
s
2(θ)

)

=



















(

yf2(θ), 0
)

if ys2(θ) = 0

(0, ys2(θ)) if yf2 (θ) = 0
(

yf
2
(θ), ys

2
(θ)
)

otherwise

Technically, an agent with (θ, κ) chooses her utility maximizing income choice, or combi-

nation of formal and informal income, based on a given income tax schedule and her formal

and informal wage rates. In the following section, the government assumes the behavior of

such agents and determines an optimal tax schedule that maximizes social welfare.

12For more details on the discontinuity of the formal income schedule, see Doligalski and Rojas (2023).
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2.3 Income choices with formalization

I follow the same steps as in the previous section. When an agent’s informal job is formalized,

informal income is taxed and consumption c2 is defined as c2 = yf2 + ys2 − T (yf2 + ys2). Since

the informal economy can be considered as the second sector of the labor market in this

case, there is no cost to participate in the formalized informal economy. Given an income

tax T (·), an agent with (θ, κ) chooses her formal and informal income that maximizes her

utility.

V2(θ, κ) = max
yf
2
≥0, ys

2
≥0

c2(θ, κ)− v

(

yf2 (θ, κ)

wf (θ
+

ys2(θ, κ)

ws(θ

)

(7)

where V2(θ, κ) is the indirect utility function. Following the same notation rule as in the

previous section, the formal income of an agent with (θ, κ) is denoted by yf2(θ) if she works

only in the formal economy, and by yf
2
(θ) if she works in both the formal and informal

economies. Informal income ys2(θ, κ) is denoted by ys2(θ) if the agent works only in the

formalized informal economy, and ys
2
(θ) if she works in both economies.

An agent’s optimal income choices follow the first-order condition of the maximization

problem (7) when her informal job is formalized. If an agent with (θ, κ) is a high-cost worker

and works only in the formal economy, i.e. yf2 (θ, κ) = yf2(θ) > 0 and ys2(θ, κ) = 0, the optimal

yf1 (θ) is pinned down by the following equation.

[

1− T ′
(

yf2(θ)
)]

wf (θ) = v′

(

yf2(θ, κ)

wf (θ

)

(8)

When an agent with productivity θ is a low-cost worker and works only in the formal econ-

omy, the agent has the same formal wage rate wf (θ) as the high-cost worker and her formal

income follows the same condition (8). As long as agents work only in the formal economy,

the first-order condition has the same form as condition (3).

However, if a low-cost worker chooses to work in the informal economy, the optimality

condition becomes differentr from condition (4) because informal income is also taxed. If

an agent with (θ, κ) works only in the informal economy, i.e., yf2 (θ, κ) = 0 and ys2(θ, κ) =

ys2(θ) > 0, the optimal ys2(θ) is determined by the following equation.

[

1− T ′ (ys2(θ))
]

ws(θ) = v′
(

ys2(θ, κ)

wfsθ

)

(9)

The optimality condition (9) is similar to equation (8) because the formal and informal

11



incomes are taxed and follow the same tax function.

For the case that an agent with (θ, κ) works in both economies simultaneously, i.e.

yf2 (θ, κ) = yf
2
(θ) > 0 and ys2(θ, κ) = ys

2
(θ) > 0, the first-order condition shows the following

relationship.

[

1− T ′
(

yf
2
(θ) + ys

2
(θ)
)]

wf (θ) = v′

(

yf
2
(θ)

wf (θ)
+

ys
2
(θ)

ws(θ)

)

=
[

1− T ′
(

yf
2
(θ) + ys

2
(θ)
)]

ws(θ)

(10)

Since the agent faces the same marginal tax rate, equation (10) can be simplified to wf (θ) =

ws(θ). In other words, the agent will work in both economies only if the wage rates in both

economies are equivalent. For simplicity, I assume that agents always work in the formal

economy when they face the same wages in both economies. Then, if the informal economy

is formalized and both formal and informal incomes are taxable, agents will always work in

one of the two economies and the case for equation (10) can be ignorable.

Assumption 2. When the informal economy is formalized and an agent with (θ, κ) faces the

same wages in the formal and informal economy, she always chooses to work in the formal

economy.

Following the optimality conditions (8) to (10) and Assumption 2, the income choices of

low-cost workers can also be simplified as in Lemma 1.

Lemma 1. If the informal economy is formalized, an agent will work either in the formal

economy or in the informal economy, where she will earn the higher wage. Moreover, if

an agent faces the same wage rate in both economies, she will always work in the formal

economy.

According to Lemma 1, an agent with productivity θ chooses to work in the formal

economy when wf (θ) ≥ ws(θ) and in the informal economy when ws(θ) > wf (θ). Since

both economies are treated as formal and there is no difference between them in terms of

income taxes, the income choice in this case can be considered as a simple sectoral choice

between the two sectors, as in Rothschild and Scheuer (2013). Thus, there is a threshold θ̃

defined by θ̃ = min
θ
{θ | wf (θ) ≥ ws(θ)} and the income choice of an agent with (θ, κ) can be

summarized as follows.

(

yf2 (θ, κ), y
s
2(θ, κ)

)

=







(

yf2(θ), 0
)

if θ ≥ θ̃

(0, ys2(θ)) otherwise
(11)
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Furthermore, since agents face the uniform income tax schedule and have the identical

utility function, high-cost workers follow the same formal income schedule when the informal

economy is formalized and when it is not. Lemma 2 describes that there is no effect of

formalizing the informal economy on high-cost workers. Thus, a certain amount of agents

with sufficiently high participation costs follow the same optimality condition regardless of

the formalization status.

Lemma 2. If an agent is a high-cost worker with productivity θ ≥ θ̃, the formal incomes are

identical regardless of formalization of the informal economy, i.e. yf1(θ) = yf2(θ) = yf (θ).

3. Optimal tax schedule

In this paper, the government formalizes a fraction π ∈ [0, 1] of the informal economy, but

does not know which agent is affected by the formalization. Thus, for the government, the

social welfare function becomes a weighted sum of V1(θ, κ) and V2(θ, κ) defined in equations

(2) and (7), respectively. On the other hand, since an agent with productivity θ earns

the fixed wages wf (θ) and ws(θ) in each economy and knows whether she is subject to

formalization, she chooses different sizes of labor supply to the formal and informal economies

if her informal job is formalized and if it is not. Therefore, the government wants to propose

an income tax schedule based on observable incomes and tries to find an optimal level of

income tax or transfer for each agent with productivity θ.

3.1 Mechanism design approach

I consider a social planner problem with the following general social welfare function and

the government budget constraint.

∫ θ

θ

∫ ∞

0

λ(θ, κ)W (θ, κ)dGθ(κ)dF (θ) (12)

where W (θ, κ) = (1− π)V1(θ, κ) + πV2(θ, κ).

∫ θ

θ

∫ ∞

0

[

(1− π)T
(

yf1 (θ, κ) + ys1(θ, κ)
)

+ πT
(

yf2 (θ, κ)
)

]

dGθ(κ)dF (θ) ≥ E (13)

The social welfare function (12) consists of two different indirect utilities, V1(θ, κ) and

V2(θ, κ), and λ(θ, κ) is a Pareto weight. The expectation of λ(θ, κ), or ❊[λ(θ, κ)], is nor-
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malized to 1, and this implies that the Pareto weights coincide with the marginal social

welfare weights13. The government budget constraint is expressed by condition (13) and E

stands for exogenous government expenditure. The tax schedule is optimal if it maximizes

the social welfare (12), satisfying the income optimality conditions (3) to (5) and (8) to (10),

and the government budget constraint (13).

Using the mechanism design approach, I derive an optimal tax formula that perturbs

an allocation, i.e., taxable income, directly subject to incentive compatibility constraints14.

In this approach, as in Figure 2(a), I assume a reference group of agents with productivity

x ∈ [θ, θ + δ], and consider a small increase in the taxable income of the reference group by

dy. If the pre-perturbation taxable income is y and the post-perturbation taxable income

is y + dy, the corresponding marginal tax rate changes from T ′(y) to T ′(y + dy). If the

marginal tax rate increases, as in Figure 2(b), an agent with taxable income y faces a higher

marginal tax rate, i.e., she has less incentive to supply the same amount of labor and reduces

her labor supply at her current job. This is an intensive marginal response to the allocation

perturbation. In addition, she may have the option of shifting some of her labor supply to

the other economy as an extensive margin response15. Then, the allocation perturbation

simply changes the social welfare through changes in the net income and tax revenues. This

is the mechanical and welfare effects. To balance these positive and negative effects of the

perturbation, the optimal tax formula is determined to equalize the total impacts of the

perturbation to 0.

According to Corollary 1 from Milgrom and Segal (2002), the indirect utility functions,

V1(θ, κ) and V2(θ, κ), are differentiable by θ almost everywhere. Hence, the slope of the

weighted sum of the indirect utility functions W (θ, κ) is

dW (θ, κ)

dθ
= (1− π)V1,θ(θ, κ) + πV2,θ(θ, κ)

= −(1− π)

(

ρf (θ)
yf1 (θ, κ)

wf (θ)
+ ρs(θ)

ys1(θ, κ)

ws(θ)

)

v′(n1(θ, κ))

− π

(

ρf (θ)
yf2 (θ, κ)

wf (θ)
+ ρs(θ)

ys2(θ, κ)

ws(θ)

)

v′(n2(θ, κ)) ≡ Wθ(θ, κ) (14)

13For more details, see Doligalski and Rojas (2023).
14This is called the allocation perturbation approach by Jacquet and Lehmann (2023).
15This paper does not assume a guaranteed minimum income and does not consider an extensive margin

response in terms of labor market participation. I focus on how the formalization of the informal economy
changes labor supply choices in the formal and informal economies.
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Figure 2: Image of a mechanism design approach

(a) Perturbation of the taxable income (b) Corresponding change in the marginal tax rate

Note: (a) The straight curve is the taxable income before a perturbation, and the dashed part
is the taxable income after the perturbation. If the taxable income y of agents with productivity
x ∈ [θ, θ+δ] is perturbed by dy, they face corresponding changes in the marginal tax rate from T ′(y)
to T ′(Y + dy) as in (b). However, I assume that δ is sufficiently small and that the perturbation
occurs for the small number of agents.

where ρi(θ) =
wi

θ(θ)

wi(θ)
, the growth rate of productivity in economy i = {f, s}. Then, W (θ, κ)

can be expressed as it follows.

W (θ, κ) = W (0, κ) +

∫ θ

0

Wθ(θ
′, κ)dθ′ (15)

Equation (15) implies that an allocation perturbation of dy shifts utility levels along the

weighted sum of the slopes of the indirect utility functions, (1 − π)V1,θ(θ, κ) + πV2,θ(θ, κ).

Thus, an optimal tax formula determines an optimal tax schedule and offsets positive and

negative effects on the slopes of the indirect utility functions by equalizing the impacts to 0.

3.2 Intensive margin responses

Agents with productivity above the threshold. My starting point for thinking about

the intensive margin responses is when high-cost workers with productivity θ ≥ θ̃ are sub-

ject to the allocation perturbation. In this case, they work only in the formal economy,

regardless of their formalization status, and their formal income is yf (θ). If the allocation

perturbation of dyf slightly changes the corresponding income tax, the total fiscal impact of

15



the perturbation is defined as follows.

T ′
(

yf (θ)
)

(1−Gθ (κ̃(θ))) f(θ)dy
f (16)

where (1−Gθ (κ̃(θ))) f(θ) expresses the total number of high-cost workers affected by the

perturbation. Thus, the fiscal impact (16) means the total marginal change in tax payment

due to the perturbation when an agent’s income choice is irrelevant to formalization.

Then, since the slopes of V1(θ, κ) and V2(θ, κ) have the same derivative, the impact of

the perturbation on the slope of W (θ, κ) is summarized as

dWθ(θ, κ)

dyf
= −(1− π)

dV1,θ(θ, κ)

dyf
− π

dV2,θ(θ, κ)

dyf

=
(

1− T ′
(

yf (θ)
))

ρf (θ) (1 + 1/ε) (17)

where ε =
v′(n)

nv′′(n)
, the elasticity of labor supply. (1 + 1/ε) is the responsiveness of labor

supply to a change in net wage, e.g., a 1% increase in the wage rate increases labor supply

by 1 + 1/ε%.

Combining equations (16) and (17), the intensive margin responses of high-cost workers

with productivity θ ≥ θ̃ are defined as the total fiscal impact of the perturbation, normalized

by a marginal change in welfare, and have the following impact on the tax revenue.

IMh =
T ′
(

yf (θ)
)

1− T ′
(

yf (θ)
)

(1−Gθ (κ̃(θ))) f(θ)

ρf (θ) (1 + 1/ε)
dWθ(θ, κ) for θ ≥ θ̃ (18)

For high-cost workers with productivity θ ≥ θ̃, there is no impact of formalization on their

intensive margin responses.

Low-cost workers respond to the perturbation in the same way. If their informal jobs

are formalized and treated as taxable, they work in the formal economy regardless of for-

malization status, and there are no changes in the intensive margin responses from when

they were high-cost workers. However, if the informal economy is not formalized, low-cost

workers have the option of working in the informal economy and earning untaxed income

from it. In other words, the intensive margin responses in this case reflect the distortion of

formal income due to the perturbation.

Suppose that the mapping s(θ) = min
{

θ′ ∈ [θ, θ] s.t. yf
1
(θ′) ≥ yf (θ)

}

indicates whether

low-cost workers with productivity θ are distorted by the perturbation when their informal
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jobs are not formalized, i.e., agents are distorted if s(θ) ̸= θ but not distorted if s(θ) = θ.

Thus, the perturbation of dyf for the reference group of high-cost workers with productivity θ

means the perturbation of dyf for the corresponding group of low-cost workers with s(θ) when

the informal income is not taxable. Since the perturbation affects the low-cost workers, who

face the same marginal tax rate due to the definition of s(θ), i.e, T ′
(

yf (θ)
)

= T ′

(

yf
1
(s(θ))

)

,

the overall fiscal impact of the perturbation is defined as follows.

T ′
(

yf (θ)
)

[

(1− π)Gs(θ) (κ̃(s(θ))) f(s(θ)) + πGθ (κ̃(θ)) f(θ)
]

dyf (19)

where (1 − π)Gs(θ) (κ̃(s(θ))) f(s(θ)) + πGθ (κ̃(θ)) f(θ) expresses the total number of agents

in the corresponding reference groups of the perturbation.

If the informal jobs are not subject to formalization, low-cost workers may adjust their

informal incomes as well as their formal incomes to the perturbation. Thus, there is an

indirect effect of the perturbation on informal incomes. If the the perturbation affects low-

cost workers with productivity s(θ) and the informal economy is still untaxable, the impact

of the perturbation on the slope of W (θ, κ) can be expressed as follows.

dWθ(θ, κ)

dyf
= (1− π)

[

dV2,θ(s(θ), κ)

dyf
+

dV2,θ(s(θ), κ)

dys
dys

dyf

]

+ π
dV1,θ(θ, κ)

dyf

=
(

1− T ′
(

yf (θ)
)) [

(1− π)∆ρ(s(θ)) + πρf (θ) (1 + 1/ε)
]

(20)

where ∆ρ(s(θ)) = ρf (s(θ))−ρs(s(θ)) is the difference of the wage growth rates in the formal

economy and the informal economy. When the informal jobs are not subject to formalization

and agents are allowed to change where they work, the slope of W (θ, κ) depends only on the

difference in wage growth, not the responsiveness of labor supply.

Combining equations (19) and (20), the intensive margin responses of low-cost workers

are defined as the total fiscal impact of the perturbation, normalized by a marginal change

in welfare.

IM ℓ =
T ′
(

yf (θ)
)

1− T ′
(

yf (θ)
)

(1− π)Gs(θ) (κ̃(s(θ))) f(s(θ)) + πGθ (κ̃(θ)) f(θ)

(1− π)∆ρ(s(θ)) + πρf (θ) (1 + 1/ε)
dWθ(θ, κ) for θ ≥ θ̃

(21)

Equation (21) is similar to equation (18). However, comparing ∆ρ(s(θ)) and ρf (θ) (1 + 1/ε),

the intensive margin responses tend to be smaller when the informal economy is partially

formalized16 in the equation (21) unless there is a large difference in the number of agents

16This analysis is based on the parameter values used in the quantitative part: ρf (θ) = 4.29, ρs(θ) = 2.68,
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affected by the perturbation.

Agents with productivity below the threshold. If the informal economy is not

formalized, agents with productivity θ < θ̃ have the option of working in the informal

economy. Their behavior depends on their cost type, not their productivity, and the intensive

margin responses remain the same as before.

However, when the informal economy is formalized, the behavior of agents depends on

productivity, and those with productivity θ < θ̃ work in the formalized informal economy

regardless of their cost type. Since I assume that the allocation perturbation occurs to the

high-cost workers with productivity θ as the reference, the perturbation can be considered to

affect agents with productivity r(θ) satisfying r(θ) = min
{

θ′ ∈ [θ, θ̃] s.t. ys2(θ
′) = yf (θ)

}

17

when their informal jobs are subject to formalization. Therefore, the agents with income

ys2(r(θ)) are affected by the perturbation because of the definition of r(θ), and the agents

face the same marginal tax rate, i.e. T ′
(

yf (θ)
)

= T ′ (ys2(r(θ))). Thus, the intensive margin

responses can be summarized as follows.

IM =
T ′
(

yf (θ)
)

1− T ′
(

yf (θ)
)

[

(1− π) [1−Gθ (κ̃(θ))] f(θ) + π
[

1−Gt(θ) (κ̃(t(θ)))
]

f(t(θ))

[(1− π)ρf (θ) + πϱ(t(θ))] (1 + 1/ε)

+
(1− π)Gs(θ) (κ̃(s(θ))) f(s(θ)) + πGt(θ) (κ̃(t(θ))) f(t(θ))

(1− π)∆ρ(s(θ)) + πϱ(t(θ)) (1 + 1/ε)

]

dWθ(θ, κ) (22)

where

t(θ) =







θ if θ ≥ θ̃

r(θ) otherwise
and ϱ(t(θ)) =







ρf (θ) if θ ≥ θ̃

ρs(r(θ)) otherwise

3.3 Mechanical and welfare effects and extensive margin responses

The allocation perturbation and the corresponding change in the marginal tax rate have

mechanical effects on tax revenue and net income, because if the perturbation marginally

increases the income tax, an increase in tax revenue has a positive effect on social welfare,

but a decrease in net income hurts it. In the case of a marginal decrease in income tax, there

∆ρ(θ) = 1.61, and ε = 0.33. However, the result is not limited, this combination of parameters and a wide
range of parameter values are applicable.

17ws(θ) > wf (θ) for θ < θ̃ because of strictly increasing wage rates in θ and the single crossing condition.
Hence, r(θ) is always smaller than a given θ corresponding to yf (θ). This assumption holds in the data for
Colombia, which is used for the parameters in my quantitative analyses.
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are opposite effects on social welfare and net income. Thus, when the informal economy

is formalized, the mechanical and welfare effects simply consider the total change in social

welfare due to the perturbation.

When the informal economy is not formalized, the mechanical and welfare effects of the

perturbation are more complicated than when the informal economy is formalized, because

there are extensive margin responses by agents who shift their labor supply to the other

economy. In other words, if a low-cost worker only has income from the formal economy, she

may have an incentive to start working in the informal economy for untaxed income. The

perturbation changes the threshold κ(θ) in the range [θ, s(θ)], where a high-cost worker with

productivity θ′ ∈ [θ, s(θ)] is affected by the perturbation, but a low-cost worker with the

same productivity is not. Let ∆T (θ) = T
(

yf (θ)
)

− T
(

yf
2
(θ)
)

be the tax loss to an agent

with productivity θ who shifts some of her labor supply to the informal economy.

Hence, the total mechanical and welfare effects, including the extensive margin responses

of low-cost workers under no formalization, are

ME =

{

∫ θ

s(θ)

∫ ∞

0

µ(θ′, κ)dGθ′(κ)dF (θ′) + π

∫ s(θ)

θ

∫ ∞

0

µ(θ′, κ)dGθ′(κ)dF (θ′)

+ (1− π)

∫ s(θ)

θ

[
∫ ∞

κ̃(θ′)

µ(θ′, κ)dGθ′(κ)− gθ′(κ̃(θ
′))∆T (θ′)

]

dF (θ′)

}

dWθ(θ, κ). (23)

where µ(θ′, κ) = 1− λ(θ′, κ). The first term shows the mechanical and welfare effects of the

perturbation on agents regardless of the formalization status. The second term multiplied

by π expresses the effects of the perturbation when the informal economy is formalized and

there is no deduction due to the extensive margin responses of low-cost workers. Thus,

the higher the level of formalization, the greater the positive impact of the perturbation on

social welfare. The second line of equation (23) includes a negative welfare impact due to

the extensive margin responses of low-cost workers. The level of formalization itself has no

direct effect on agents’ behavior, but it changes the welfare effects of the perturbation and

indirectly affects income choices through changes in marginal tax rates defined by the optimal

tax formula. When a smaller fraction π of the informal economy is formalized, a larger 1−π is

multiplied by the extensive margin responses, which leads to smaller mechanical and welfare

effects. This effect is limited because extensive margin responses are only considered for

those at the participation cost threshold and at a productivity level where high-cost workers

are affected by the perturbation but low-cost workers are not.
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3.4 Optimal tax formula

Equating the intensive margin responses with the mechanical and welfare effects including

the extensive margin responses, i.e. IM = ME, means that a small allocation perturbation

has no fiscal impact along the slope of W (θ, κ), i.e. no fiscal impact along the weighted sum

of the indirect utilities V1(θ, κ) and V2(θ, κ). Theorem 1 expresses this condition based on

the well-known ABC formula.

Theorem 1. The optimal tax rate at income y corresponding to yf (θ) satisfies

T ′(y)

1− T ′(y)
=
[

Ah(θ)Bh(θ) + Aℓ(θ)Bℓ(θ)
]

C(θ) (24)

where

Ah(θ) =
[

(1− π)ρf (θ) + πϱ(t(θ))
]

(

1 +
1

ε

)

(25)

Aℓ(θ) = (1− π)∆ρ(s(θ)) + πϱ(t(θ))

(

1 +
1

ε

)

(26)

Bh(θ) =
1− F (θ)

(1− π) [1−Gθ (κ̃(θ))] f(θ) + π
[

1−Gt(θ) (κ̃(t(θ)))
]

f(t(θ))
(27)

Bℓ(θ) =
1− F (θ)

(1− π)Gs(θ) (κ̃(s(θ))) f(s(θ)) + πGt(θ) (κ̃(t(θ))) f(t(θ))
(28)

C(θ) =
ME

1− F (θ)
(29)

(30)

The first two terms, Ah(θ) and Aℓ(θ), capture the standard elasticity and efficiency

arguments for high-cost and low-cost types, respectively. Compared to the typical ABC

formula in the literature, these terms are modified by the wage growth rates due to the

choice between the formal and informal economy. The second two termms, Bh(θ) and Bℓ(θ),

measure the thickness of the right tail of the distribution for each cost type. A thicker tail is

associated with higher tax rates. The last term, C(θ), measures the desire for redistribution,

including extensive margin responses.

More specifically, for productivity θ < θ̃, higher π leads to lower Ah(θ) but has little

effect on Aℓ(θ). Thus, when the informal economy is partially formalized, high-cost workers

with productivity θ < θ̃ have a downward pressure on the marginal tax rate through Ah(θ).

However, the effects of the formalization on Bh(θ) and Bℓ(θ) depend on the distribution
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and are unclear, and C(θ) always increases in π. Thus, the downward pressure of Ah(θ) and

the upward pressure of C(θ) are offset. Thus, if the formalization changes the marginal tax

rates, the thickness of the right tail of the distribution is a key driver in this case.

Similarly, for productivity θ ≥ θ̃, the formalization has little effect on Ah(θ) but increases

Aℓ(θ). Since C(θ) also increases in π, formalization is likely to put upward pressure on the

marginal tax rate. The changes in Bh(θ) and Bℓ(θ) due to formalization are unclear, but

formalization may increase marginal tax rates if Bh(θ) and Bℓ(θ) do not decrease much.

4. Quantitative analysis

To examine the impact of formalization on the tax schedule and tax revenue, this paper

uses the parameters of Doligalski and Rojas (2023), which uses the data from the Colombian

Household Survey in 2013 by the National Administration of Statistics of Colombia (DANE).

The data is restricted to those aged 24 to 50 without children, and the total number of

observations is 34,000. In the quantitative analysis, formal workers are defined as those

who report that they are affiliated to all three components of the social security system:

the pension system, the health insurance system, and the occupational accident insurance

system18. A summary of the parameters can be found in the Appendix.

Based on the observed hourly wages in the data, the wage functions for the formal and

informal economies are defined as the following equations, and the parameters are estimated

by maximum likelihood.

log
(

wf (θ)
)

= log
(

wf (0)
)

+ ρfθ + u (31)

log (ws(θ)) = log (ws(0)) + ρsθ + u. (32)

where θ = Xβ+ ε with ε ∼ N(0, σ2
ε) and u ∼ N(0, σ2

u). X consists of individual characteris-

tics, job characteristics, and worker-firm relationship. Then the distribution of productivity

θ is obtained by kernel density estimation as shown in Figure D.1(a). In the simulation of

optimal tax schedules in the following part, the distribution of θ is complemented with a

Pareto tail for the top 1% of wages and the support of θ is normalized to [0,1].

Furthermore, κ follows a generalized Pareto distribution Gθ(κ) = 1−
(

1 +
κ

σ̃

)−1

, where

σ̃ = σκ

(

wf (θ)− wκ

)ακ
is the productivity-dependent scale parameter. Since wf (θ) increases

with θ, Gθ(κ) decreases and shifts to the right as θ increases. This means that an agent

18For more details on the data and estimation methods, see Doligalski and Rojas (2023).
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with a higher productivity θ tends is more likely to have a higher participation cost κ in

the informal economy and to be a high-cost worker. In addition to that, the disutility of

labor supply v(n) is defined as v(n) = Γ
n1+1/ε

1 + 1/ε
, where ε = 0.33 is the Frisch elasticity of

labor supply from Chetty (2012) and Γ = 0.032 is a weight on labor supply in the utility.

As in Rothschild and Scheuer (2013), the Pareto weights follow λ(θ) = r(1− F (θ))r−1. The

parameter r ≥ 1 reflects the strength of preferences for redistribution and is equal to the

Pareto weight given to the lowest productivity level. In the following part, I consider r = 1.4

as relatively strong preferences for redistribution, with a downward slope from the 0th to the

100th percentile. Figure D.1(b) in the appendix shows how the Pareto weights are allocated

across productivity.

In this section, I use π = 0.3 as the level of formalization. That is, I characterize an

optimal tax schedule when 30% of the informal economy is formalized, and then compare the

effects of formalizing the informal economy on optimal tax schedules, tax revenues, income

transfers, and social welfare. In particular, I compare the results when the informal economy

is partially formalized and: (1) the tax schedule is also optimized along with formalization,

(2) both marginal and average tax rates are fixed, and (3) only marginal tax rates are fixed,

i.e., average tax rates can be modified by changing the actual amount of tax paid. According

to the ILO data, successful countries have reduced their informal employment rates by about

20-50% in 5-10 years. For example, Peru’s informal employment rate fell from 91.1% in 2004

to 68.6% in 2014. In Uruguay, the rate fell from 44% in 2007 to 23.6% in 2014. Turkey also

experienced a decline from 49% in 2005 to 34.8% in 2015. Thus, 30% is a possible policy

target, and the most successful case shows a reduction of almost 50% through a combination

of measures.

4.1 Optimal tax schedule

Figure 3(a) simply compares the optimal marginal tax rates when the informal economy is

not formalized, π = 0, and when 30% of it is formalized, π = 0.3. If the government does

not formalize the informal economy at all, the optimal marginal tax rates start at about 15%

and fall sharply to less than 10% at the very low income level for phasing-out. The marginal

tax rates then rise progressively to 60% and remain stable at the high income level. If 30%

of the informal economy is formalized, the marginal tax rate at the lowest income level is

about 30% and falls below 10% as in the case of no formalization. Then the marginal tax

rates increase similarly and stable around 60% at the high income level.
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Figure 3: Equilibrium tax rates with formalization

(a) Marginal tax rates (b) Average tax rates

Note: The straight blue line shows the optimal tax schedule without formalization, π = 0, and the
dashed orange line shows that when 30% of the informal economy is formalized, π = 0.3. Income
levels in Colombian pesos are adjusted to 2013 USD PPP.

By converting the marginal tax rates to the average tax rates for each income level,

Figure 3(b) shows the tax burden more intuitively. Since the two lines start with negative

tax rates at income level 0 and intersect with the horizontal line at some positive points,

the tax schedules in the equilibrium require the government to provide income transfers to

the lowest income group. Moreover, when 30% of the informal economy is formalized, lower

average tax rates are imposed on the lowest income level, but higher tax rates are imposed on

all income levels above about USD 20,000. Thus, 30% formalization increases the amount of

income transfer for the lowest income level, T (0), by 62%, and such a larger transfer requires

larger tax burden by taxpayers. However, if the government keeps the tax schedule with

the blue line in Figure 3(a), but formalizes 30% of the informal economy without adjusting

the tax schedule, the maximum income transfer T (0) increases by only about 17% and the

average tax rates become slightly lower for almost all income levels as shown in Figure D.2.

Therefore, implementing a formalization policy without considering the adjustment of tax

schedules leads to a lower amount of income transfers to low income people and a slightly

smaller tax burden for taxpayers.

4.2 Tax revenues, income transfers and social welfare

Formalizing the informal economy is expected to broaden the tax base and increase the

size of the government budget, but does not necessarily increase the total amount of tax
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Table 1: Percentage change due to 30% formalization

(a) Formalization with the tax schedule adjustment

Tax revenue Income transfer Social welfare
1.19% 23.4% 0.02%

(b) Formalization without any adjustment in income tax

Tax revenue Income transfer Social welfare
0.90% -29.7% -1.22%

(c) Formalization with the fixed marginal tax rates, but average tax rates adjusted

Tax revenue Income transfer Social welfare
-0.88% -17.3% -0.03%

Note: Each ratio shows the percentage change when 30% of the informal economy is formalized. The first
table (a) shows the results when the tax schedule is optimized along with formalization π = 0.3 and how
much tax revenue and other variables increase with formalization. The second table (b) shows the results
when the marginal and average tax rates are fixed at π = 0 and how much tax revenue and other variables
change with formalization. The bottom table (c) shows the results when marginal tax rates are fixed but
average tax rates are allowed to adjust to 30% formalization.

revenue and income transfers. If the government formalizes 30% of the informal economy

and optimizes the tax schedule along with formalization, total tax revenue increases by

1.19%. Since Gaspar et al. (2019) estimates that developing countries will need additional

government spending equal to about 4% of current GDP in 2030, i.e., increasing tax revenue

by more than 20%, the 1.19% increase in tax revenue is a large contribution to tax revenue.

Moreover, as the amount of income transfers in the model is defined as the difference between

total tax revenue and the fixed amount of government spending for general purposes, the

additional part of tax revenue fully contributes to the increase in income transfers, and 30%

formalization raises the total amount of income transfers by 23.4%. As shown in Figure 3(b)

and the discussion in the previous part, 30% formalization increases the income transfer for

the lowest income level, T (0), by 62%, and the government imposes higher average tax rates

on middle and high income people to make such an increase in income transfers. Thus,

formalization with optimal tax schedule adjustment allows the government to improve tax

revenues and income transfers without worsening social welfare.

On the other hand, if the government formalizes the informal economy but fixes the
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marginal and average tax rates at the π = 0 level, 30% formalization increases total tax rev-

enue by 0.90%, which is smaller than the increase when the tax schedule is optimized along

with formalization. In addition, the total amount of income transfer is reduced by 29.7%,

reflecting the fact that 30% of the informal economy is formalized and the corresponding

number of agents are forced to earn taxable income instead of untaxed income from the

informal economy. Formalizing the informal economy increases tax revenue as expected, but

it worsens social welfare by 1.22%, which is not observed when the tax schedule is also opti-

mized. In this case, the government formalizes the informal economy, but does not provide

additional compensation to those who previously worked in the informal economy. Thus,

this shows that when the government implements a formalization policy, it must provide

sufficient redistributive incentives to agents who are forced to switch from the informal to

the formal economy.

Furthermore, if the government fixes the marginal tax rates but adjusts the amount of tax

paid, 30% formalization reduces total tax revenue by 0.88%. Since formalization is expected

to be one of the effective measures to increase tax revenue and improve the low contribution

of personal income tax to tax revenue, it is important to note that formalization can reduce

tax revenue in a certain situation. Moreover, the reduction in tax revenue directly leads to a

reduction in the total amount of income transfers by 17.3%. While the government maintains

the same marginal tax rates and agents follow the same optimality conditions for income

choices, this does not necessarily mean that the actual tax burden remains unchanged for all

agents. To keep social welfare at the same level, the government reduces the actual amount

of income tax paid instead of formalizing part of the informal economy, which prevents a

sharp decline in social welfare. As shown in Figure D.2 and the discussion in the previous

part, 30% formalization slightly increases the income transfer for the lowest income level,

T (0), and lowers the average tax rates at almost all income levels. Thus, a small increase

in the income transfer may not be sufficient to mitigate the effects of formalization, and

formalizing the informal economy requires a comprehensive adjustment of the tax schedule,

including changes in marginal tax rates.

5. Conclusion

This paper studies optimal income taxation when agents can choose between the formal

and the informal economy as their place of work, and the informal economy is formalized.

The main technical contribution is to allow agents to behave differently when the informal
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economy is formalized and when it is not, and to impose a common income tax on their

income in both cases. Moreover, the optimal tax formula is expressed as the well-known

ABC formula with a slight modification for labor market choices. Based on the quantitative

results, the impact of formalizing the informal economy depends on whether the tax schedule

is optimized along with formalization. When the tax schedule is also optimized, formalizing

the informal economy has positive effects on tax revenues, income transfers, and social

welfare. On the other hand, when the tax schedule is fixed, formalization worsens social

welfare instead of increasing tax revenues, or reduces the target variables, contrary to what

is expected. Thus, formalization requires a corresponding change in the tax schedule for

more efficient redistribution.

The theoretical tools developed in this paper could be used in other settings. In my

framework, an income tax depends only on formal income when the informal economy is not

formalized, but is a joint tax of formal and informal income when the informal economy is

formalized. Since the model considers different income compositions in a joint tax formula,

it could be applied to any government intervention problem that changes the composition

of taxable income, such as probabilistic tax audits, taxes for couples, changes in tax rules,

and so on. Furthermore, this model assumes that agents know their states and behave quite

differently when the informal economy is formalized than when it is not. However, if it is

assumed that agents do not know their states and respond partially to formalization, this

could be another extension in a different direction.
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Appendix

A. Proof of Lemma 1

Proof. Suppose wf (θ) > ws(θ). If the informal economy is formalized and an agent with

productivity (θ, κ) chooses her formalized informal job, this means that the utility of working

in the formalized informal economy is greater than or equal to that of working in the formal

economy. If the agent chooses an optimal informal income according to the condition (9),

her utility is maximal and denoted by U

(

c1(θ, κ),
ys
1
(θ)

ws(θ)

)

. If the agent keeps the same

income level y = ys
1
(θ) and switches to the formal economy, she keeps the same utility from

consumption but has a lower disutility from labor supply due to wf (θ) > ws(θ). Thus, the

agent improves her utility in this case, U

(

c1(θ, κ),
y

wf (θ)
,

)

> U

(

c1(θ, κ),
ys
1
(θ)

ws(θ)

)

. This is

a contradiction. Therefore, if wf (θ) > ws(θ), it is optimal for the low-cost worker to choose

the formal economy. The case wf (θ) < ws(θ) is also proved in the same way.

Suppose an agent with productivity θ follows the optimality conditions for her formal

and informal incomes (8) and (9), and earns yf
1
(θ) and ys

1
(θ) when working in either the

formal or formalized informal economy. Then, if she starts participating in both economies

and maintains the same total income level by reducing her formal income by ∆ instead

of increasing her informal income by ∆, her formal and informal incomes are defined as

ŷf1 (θ) = yf
1
(θ)−∆ and ŷs1(θ) = ∆. Compare the utilities,

U

(

c1(θ, κ),
yf
1
(θ)

wf (θ)

)

> U

(

c1(θ, κ),
ŷf1 (θ)

wf (θ)
+

ŷs1
ws(θ)

)

(33)

= U

(

c1(θ, κ),
yf
1
(θ)−∆

wf (θ)
+

∆

ws(θ)

)

(34)

Given that wf (θ) > ws(θ) and Un < 0, the marginal disutility increases as the agent begins

to participate in both economies. Since the agent has the same consumption as long as

the total income level remains unchanged, it is optimal for her to work in one of the two

economies where she earns the higher wage when the informal economy is formalized.
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B. Proof of Lemma 2

Proof. As long as an agent with productivity θ has sufficiently high participation costs

κ ≥ κ̃(θ), she works only in the formal economy, and by definition there is no incentive to

work in the informal economy. By equations (3) and (8), the optimal formal income depends

only on the marginal tax rate and the marginal disutility of labor supply, which are identical

for both states. Thus, the agent with productivity θ chooses the same formal income level

given the marginal tax rate.

C. Detailed derivations of intensive margin responses

The fiscal effects of an income perturbation can be obtained directly from the intuitions.

However, the effects of the perturbation on the slope of W (θ, κ) in equation (17) require
dV1,θ(θ, κ)

dyf
and

dV2,θ(θ, κ)

dyf
to be considered separately. Since the high-cost workers with

productivity θ ≥ θ̃ have no informal income regardless of formalization status, I assume

yf1 (θ) = yf (θ). By equation (14) and yf (θ) = wf (θ)nf (θ, κ),

dV1,θ(θ, κ)

dyf
=

d

dyf

[

ρf (θ)
yf (θ)

wf (θ)
v′(nf (θ, κ))

]

=
ρf (θ)

wf (θ)
v′(nf (θ, κ)) + ρf (θ)

yf (θ)

wf (θ)

v′′(nf (θ, κ))

wf (θ)

=
ρf (θ)

wf (θ)
v′(nf (θ, κ))

(

1 +
nf (θ, κ)v′′(nf (θ, κ))

v′(nf (θ, κ))

)

(35)

Substituting ε =
v′(n)

nv′′(n)
and

(

1− T ′
(

yf (θ)
))

=
v′(nf (θ, κ))

wf (θ)
into the last equation above,

dV1,θ(θ, κ)

dyf
=

ρf (θ)

wf (θ)
v′(nf (θ, κ)) (1 + 1/ε)

= −ρf (θ)
(

1− T ′
(

yf (θ)
))

(1 + 1/ε) . (36)

Then, following the same steps allow me to obtain

dV2,θ(θ, κ)

dyf
= −ρf (θ)

(

1− T ′
(

yf (θ)
))

(1 + 1/ε) . (37)
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Therefore, the slopes of V1(θ, κ) and V2(θ, κ) have the same derivative with respect to yf ,

and the total effect of the perturbation on W (θ, κ) follows equation (17).

For the intensive margin responses of low-cost workers with productivity θ > θ̃, the

first term of equation (20) is obtained by the same steps as for those of high-cost workers.

However, the second term includes the interaction between formal and informal income

and follows the different optimality condition for income choices. An indirect effect of the

perturbation on informal income is
dys1(θ)

dyf
= −

ws(θ)

wf (θ)
because the total labor supply of a

low-cost worker is fixed by ws(θ) if the informal economy is not formalized according to

equation (5) and ys2(θ) can be expressed as a decreasing function of formal income.

ys1(θ) = ws(θ)ns
1(θ, κ)

= ws(θ)(n1(θ, κ)− nf
1(θ, κ))

= ws(θ)

(

n1(θ, κ)−
yf
1
(θ)

wf (θ)

)

(38)

Then, the impact of the perturbation on the slope of the indirect utility function becomes

as it follows.

dV1,θ(θ, κ)

dyf
=

d

dyf

[(

ρf (θ)
yf
1
(θ)

wf (θ)
+ ρs(θ)

ys1(θ)

ws(θ)

)

v′(n(θ, κ))

]

=

(

ρf (θ)

wf (θ)
+

ρs(θ)

ws(θ)

dys1(θ)

dyf

)

v′(n(θ, κ))

+

(

ρf (θ)
yf
2
(θ)

wf (θ)
+ ρs(θ)

ys1(θ)

ws(θ)

)

v′′(n(θ, κ))

(

1

wf (θ)
+

1

ws(θ)

dys1(θ)

dyf

)

= (ρf (θ)− ρs(θ))
v′(n(θ, κ))

wf (θ)

= (ρf (θ)− ρs(θ))
(

1− T ′
(

yf
1
(θ)
))

(39)

In the last part, the optimality condition of income choices (5) is substituted to drop the

marginal disutility from labor supply. Combining these results shows equation (20).
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D. Additional figures and tables

Figure D.1: Distribution of productivity level and Pareto weights

(a) Distribution of productivity level
(b) Pareto weights with weakly and strongly redis-

tributive preferences

Note: (a): The distribution of productivity level θ is obtained by kernel density estimation. (b):
Pareto weights follow λ(θ) = r(1− F (θ))r−1 with r = 1.4.

Figure D.2: Average tax rates with 30% formalization when the marginal tax rates are fixed, the
actual amount of tax paid is adjusted

Note: The straight blue line shows the average tax without formalization, π = 0, and the dashed
orange line shows that when 30% of the informal economy is formalized without adjusting the tax
schedule along with formalization, π = 0.3. Income levels in Colombian pesos are adjusted to 2013
USD PPP.
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Table D.1: Summary of parameters (from Doligalski and Rojas (2023))

Preference
ε Γ

0.33 0.032
(-) (8e-4)
Productivity

log(wf (0)) log(ws(0)) ρf ρs αw

0.0038 0.0068 4.29 2.68 2.25
(1e-4) (1e-4) (0.06) (0.06) (0.03)

Distribution of θ and κ
σε σu σκ ακ wκ

0.09 0.53 1.38 0.88 0.018
(2e-3) (3e-3) (0.03) (0.01) (2e-4)

Note: Standard errors are reported in brackets. Standard errors are obtained by Case Resampling
Bootstrap using 150 draws. For the estimate of β, see Doligalski and Rojas (2023).
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