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Abstract

Limited tax capacity creates evasion opportunities that weakens the production
efficiency argument. Motivated by the SIMPLES tax reform in Brazil that led to het-
erogeneous responses on revenues and production costs of upstream versus downstream
informal firms, we characterize the optimal taxation of firms in a limited tax capac-
ity economy to compare with the optimal value-added and turnover taxes. We show
that the elasticities of misreported sales and purchase gaps to policy instruments are
behavioral statistics that complement the traditional Diamond and Mirrlees (1971a)’s
mechanical effect of taxation. Numerical results suggest turnover taxes can be welfare
enhancing vis-à-vis a value-added system.
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1 Introduction

In this paper, we study the optimal taxation of firms in a limited tax capacity econ-

omy. We focus on the main differences between business-to-business (B2B) and business-

to-consumers (B2C) transactions to characterize the optimal linear taxes on firms. The

government’s limited tax capacity creates opportunities for upstream and downstream firms

to misreport their sales and purchases for tax purposes. The complexity of a country’s tax

system and its high administrative costs, in particular, in poor and developing countries,

limit the tax authorities ability to collect taxes and make it harder to fight tax evasion. To

motivate our analysis we explore tax reforms in the Brazilian states that followed the federal

tax simplification program SIMPLES (a multi-stage turn-over tax to replace a value-added

and retail sales tax) that meant a massive tax reduction for micro-enterprises and small

firms. We consider a survey of upstream and downstream informal firms and analyze the tax

reform effects on their revenues and production cost. To understand the main mechanisms,

we develop a simple framework that highlights the main tradeoffs faced by a government

when optimally designing tax instruments in a economy with limited tax capacity. Misre-

porting taxes is costly and directly associated with the government limited tax capacity. We

characterize a tax system where the government has three tax instruments: ad valorem taxes

on upstream sales of the intermediate good (to downstream firms) and on downstream sales

of the final good (to consumers), and a tax refund rate which allows downstream firms to

deduct from their costs a fraction of the amount of taxes remitted by the upstream firm. In

line with the SIMPLES tax reform, we also characterize the optimal value-added tax (VAT)

and turnover tax (TOT) systems.

We motivate our analysis by considering the Brazilian states’ tax reform and a survey of

informal firms in Brazil, a developing country with a large informal sector with government’s

limited capacity to collect taxes and enforce the tax code. Under the new system, often called

Federal-SIMPLES, firms were allowed to remit a single (lower) tax on their total annual

revenue. In addition to changes in the federal tax system, individual states were allowed to

opt in the SIMPLES by imposing an additional tax rate to collect the correspondent VAT

on eligible firms. By the end of 2003, not only individual states had started to participate in

the SIMPLES tax program - either Federal-SIMPLES or State-SIMPLES - but also informal

firms were surveyed in October of that year. These two facts create an interesting opportunity

to investigate how the SIMPLES tax reform implemented in a few states in 2003 might have

affected the expenses and revenues of upstream and downstream firms located in those states

- a tax reform in a limited tax capacity environment. Our data source for informal firms is

the ECINF (Pesquisa de Economia Informal Urbana), a national survey conducted by the
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Brazilian Statistics Bureau (IBGE) in October of 2003.

Our identification strategy combines those implemented by de Paula and Scheinkman

(2010), Monteiro and Assuncao (2012) and Piza (2018) to explore the state-level variation of

the tax reform, separating firms between eligible and not eligible to join the SIMPLES and

controlling for firms’ age, measured in months from its starting date. For informal upstream

and downstream firms, the SIMPLES tax reform of 2003 represented a change from VAT sys-

tem, in which both production stages were taxed at the same tax rate and downstream firms

could claim the full amount of taxes remitted by upstream firms as part of their production

costs, to a TOT system - upstream and downstream firms can be taxed at different tax rates

depending on their sizes and sector eligibility. We observe that informal firms identified by

ECINF are mainly concentrated in the downstream production stage, their owners have less

schooling and seem to manage less labor-intensive business in terms of the share of expenses.

More relevant to our theoretical approach, these are small, mostly price-takers firms, with

very few of them reporting to the tax authority. These features reinforce the need to control

for observable characteristics at the firms level. The results of our empirical analysis reveals

that the SIMPLES tax reform had a substantial and heterogeneous effect on informal firms

in different stages of production. Within the same sector, eligible upstream firms in states

that implemented the SIMPLES tax reform in 2003 seem to have responded more strongly to

the tax reform than their downstream counterparts, with noticeable reductions in revenues

and production costs vis-à-vis non-eligible firms. To capture such contrasting response in

our numerical exercises, we allow for heterogeneous misreporting costs across upstream and

downstream firms and evasion margins. The quantitative analysis also addresses the fact

that upstream firms are more responsive to tax changes than downstream firms, i.e., moving

from a VAT to a TOT system leads upstream firms to increase misreporting proportionally

more than downstream firms.

Next, we develop a stylized model to study firm’s production decisions in a limited

tax capacity environment. There are four main players in our model economy: consumers,

downstream firms, upstream firms and the government. Production occurs in two stages, up-

stream and downstream, and firms operate constant returns to scale technologies (Diamond

and Mirrlees, 1971a,b). An upstream firm produces an intermediate good using only labor

as input and sells it to downstream firms (B2B transactions), which are subject to taxation.

Combining the intermediate good and labor, downstream firms produce a final good that

is sold to consumers (B2C transactions). As their production costs, along with labor and

intermediate goods costs, downstream firms can also claim a fraction of the taxes remitted

by the upstream firm. Hence, the tax authority has three policy instruments, namely, ad

valorem taxes on the upstream (intermediate) good and the downstream (final) good, and a
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refund tax rate (the proportion of the tax paid by upstream firms that downstream firms are

allowed to deduct from their production costs). However, tax administration is constrained

by its limited tax capacity, which creates opportunities for firms to misreport their purchases

and revenues. In line with our empirical findings, downstream and upstream firms decide

how much of their sales and purchases they report to the tax authority with heterogeneous

misreporting cost both at the revenue and purchase margins. Consumers work in both pro-

duction stages and they consume the final good but not the intermediate good. We focus

on homogeneous firms within an industry and homogeneous consumers.

In our model, misreported gaps (the difference between true revenues and expenses and

the amount firms choose to report to the tax authority) are interpreted as tax evasion margins

due to the government’s limited tax capacity. Using a parsimonious model, we discuss the

normative conditions under which the tax authority may optimally implement a general tax

system with the three above-mentioned tax instruments. We show that the optimal policies

are determined by two - a behavioral and a mechanical - effects in both B2B and B2C

transactions, a reinterpretation of the traditional optimal tax literature result (Diamond

and Mirrlees, 1971a,b). If the misreporting elasticity is small relative to the mechanical

effect in the production chain, then it is optimal for the government to increase tax rates on

the upstream and downstream sales. Conversely, if the evasion elasticity is large relative to

the real output elasticity, the revenue efficiency concern will be relatively stronger, making

it optimal to reduce taxation of both stages of production. This, in turn, reduces evasion

(measured by the sales and purchases misreported gaps) and tax distortions in the economy.

We also show the conditions for an interior (neither zero nor one) optimal refund tax rate.

That is, it optimal for the government to allow downstream firms to deduct a fraction of the

taxes remitted by upstream firms as part of their production costs. Finally, we characterize

the optimal tax instruments with limited tax capacity for the two tax systems considered

in the SIMPLES tax reform (VAT, TOT). We show that the optimal taxation of upstream

firms must take into account the behavior and mechanical responses of their own production

as well as the effects on other firms along the production chain (i.e., downstream firms),

even in a TOT system. Thus, we show that optimal taxes on intermediate and final goods

can be potentially different, in part due their asymmetric effects on firms’ misreporting (tax

evasion) margins.

The Diamond and Mirrlees (1971a,b) model has guided the intuition about the optimal

taxation of goods and services: optimal taxes are zero on all intermediate goods. While the

Diamond-Mirrlees results have been amply investigated, exceptions to their benchmark have

been noted, in particular, in the presence of unlimited tax capacity and costly monitoring;

a branch of the literature that our paper belongs. In modern tax systems, firms remit
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are required to file tax information reports and remit taxes to the tax authorities. As

Kopczuk and Slemrod (2006) emphasize, governments could take advantage of arm’s length

transactions (upstream, downstream) as well as firms’ economies of scale when setting up the

tax code and tax enforcement policies, features that must be included in the study of optimal

taxation of intermediate and final goods. The authors explore the key role of a corporation

as tax remitter in a theoretical framework that proposes a comparative evaluation of a

uniform retail sales tax (RST) versus a VAT, both consumption taxes, as well as wage and

firms’ profit taxation. Administrative and enforcement issues are critical and may distort the

theoretical foundation introduced in Diamond and Mirrlees (1971a,b), because firms give rise

to easy-to-monitor transactions as well as to income-shifting tax responses across different

bases.

The main contribution of our model is to highlight the role of each misreporting margin of

firms along the production chain, summarized by behavioral and mechanical effects, on the

optimal choice of tax instruments. Tax evasion brings an additional challenge to the optimal

design of taxation along the production chain. If upstream and downstream can evade taxes

on their sales and/or in the purchase of inputs, the government must account for the direct

and indirect effects of its choice of optimal tax instruments, as well as tax policy changes,

on the real and reported tax liabilities. Informality creates a fiscal as well as an efficiency

problem. While some studies argue that the optimal tax system must aim to reduce tax

evasion (e.g., Emran and Stiglitz (2005); Gordon and Li (2009)), others suggest that it may

be optimal to leave hard-to-tax firms untaxed, e.g., Keen and Mintz (2004); Keen (2008);

Dharmapala et al. (2011). Alternatively, Best et al. (2015) explore the government’s trade-

off between production efficiency versus (tax) revenue efficiency. In particular, the authors

suggest that in a limited tax capacity economy and depending on the firm’s tax liability, it

might be optimal to either tax the firm’s profits or to implement a TOT system.

The empirical implications of the government’s limited tax capacity have also been inves-

tigated in the literature. Pomeranz (2015) and Carrillo et al. (2017), for instance, investigate

how alternative auditing policies affect firms’ tax base reporting behavior.1 And, there are

several papers that study the Brazilian economy with particular emphasis on the informal

sector. de Paula and Scheinkman (2010) test implications of a simple equilibrium model

of informality using data from the ECINF and show that an increase in enforcement in a

production stage increases downstream and upstream formalization. They note that when

the VAT is applied in a single stage of production at a rate estimated by the authorities,

1See Besley and Coate (1991), Cuff et al. (2017) for a normative model on tax-auditing with limited
evasion. Gadenne et al. (2018) study the effect of audit policies on the production chain in India. Besley
and Persson (2013) review the literature and evidence on the economic and political forces that shape the
way that fiscal capacity is created and sustained.
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these chain effects are reduced. Fajnzylber et al. (2011) and Monteiro and Assuncao (2012)

examine whether the Federal-Simples act to diminish informality of small firms in Brazil

and they find inconsistent results. While Fajnzylber et al. (2011) suggests a reduction in the

informality decision, Monteiro and Assuncao (2012) findings suggest that Federal-Simples

only affects firms decision to become formal in the retail sector. Finally, Piza (2018) demon-

strates that this policy is, in fact, not effective to induce the firm’s formalization decision

(extensive margin). Our paper focus on the firms intensive margin response to changes in

tax rates at the state level, a consumption tax. We interpret that these tax changes are

nothing but a change from a VAT to a TOT system, and we estimate that only upstream

firms are sensitive to such tax changes. More importantly, our results reveal that upstream

firms non-labor expenses present an extremely elastic response to tax rate reductions.

The paper is divided as follows. Section 2 presents tax reform institutional details and

a description our data set. In this section, we also discuss our empirical strategy and main

empirical results. Section 3 introduces a stylized model to study firm’s production decisions

in a limited tax capacity environment. We characterize the optimal taxation of firms when

misreporting taxes is costly at different margins. In Section 4, we evaluate numerically the

optimal tax policies and tax systems and conduct several quantitative exercises. Section 5

concludes.

2 Institutional Details, Data and Empirical Strategy

In this section, we present evidence on how upstream and downstream small firms in a

large developing country respond differently both in terms of revenues and expenses when

exposed to similar tax rate changes. Our analysis focuses on a 2003 tax reform at the federal

and state level in Brazil, a significant tax reduction for micro-enterprises and small firms, and

it is based on a survey data of Brazilian informal and small firms, conducted by the Brazilian

government in the year 2003. The study of this particular database of small and informal

firms in a developing country and in the context of a tax reform has two main motivations.

First, it is expected that small firms are the most affected by tax rate reductions as it is

the case of this tax reform. Second, data on informal firms allow us to highlight empirically

our limited tax capacity assumption, which is at the core of our optimal taxation analysis.

Our empirical analysis guides our modeling strategy presented in Section 3. We also address

some of our numerical results (Section 4) in light of our empirical findings, in particular,

those related to the elasticity of (upstream, downstream) misreported gaps.
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2.1 The Value-Added Tax Reform
In December of 1996, the Brazilian federal government launched a new tax program

intended to reduce and simplify the taxation of micro-enterprises and small firms, as well

as to facilitate formalization by reducing registration costs. The SIMPLES System (Sistema

Integrado de Pagamento de Impostos e Contribuições das Microempresas e Empresas de

Pequeno Porte) was meant to work as a Minimum Alternative Tax Scheme and combines six

different types of federal taxes and social contributions: (i) corporate income tax (IRPJ ), (ii)

contributions to employee’s savings program (PIS/PASEP), (iii) social security contributions

(COFINS ), (iv) tax on industrialized products (IPI ), (iv) contributions to the net profit

(CSLL) and (vi) employer’s social security contributions. Under this new system, often

called Federal-SIMPLES, micro-enterprises and small firms in eligible sectors remit a single

tax, which varies from 3 to 5% and 5.4 - 8.6% of their total annual revenue, respectively.2

Eligible firms that opted in the SIMPLES would experience a reduction in the overall tax

burden of up to 8% of their annual revenue (Monteiro and Assuncao, 2012). Table A.1 lists

the economic activities eligible to the SIMPLES (Appendix A.1).

In additional to the changes in the federal tax system, individual states were allowed to

opt in the SIMPLES by imposing an additional VAT on eligible firms. Note that in Brazil,

VAT are set by individual states - downstream firms can claim the amount of taxes remitted

by upstream firms from whom they purchase inputs from. If a particular state decided to

join in the Federal-SIMPLES, small (micro) firms would have to remit a marginal tax rate

of up to 2.5 (1.1) percentage points, in addition to the federal tax rate. By the end of

2003, a year of particular relevance for us as discussed below, a total of twenty states had

either joined the Federal-SIMPLES or had created their own alternative tax schemes, i.e.,

the state-SIMPLES (see Table A.2, Appendix A.1, for specific dates).

2.2 Brazilian Informal Firms and the VAT Reform
Our data source for informal firms is a national survey conducted by the Brazilian Statis-

tics Bureau (IBGE ) in October of 2003. The ECINF (Pesquisa de Economia Informal Ur-

bana) surveyed 48,701 urban entrepreneurs in all Brazilian states, focusing on units with less

than five employees (Appendix A.2 present more details about the survey design and sample

selection). We use firms’ responses regarding their clientele - predominantly large or small

firms, individuals or the government - to classify them as either upstream or downstream

firms. If a firm sells goods and services directly to individuals or to the government, we

2Firms must still pay and remit municipal and state taxes. The tax reform we investigate focuses
on states adhesion to the federal SIMPLES and, hence, consumption taxes are included in the firms’ tax
remittances. Micro-enterprises are defined as firms with annual revenue less than R$120,000; USD40.000)
and small firms are those with annual revenue less than R$1.200.000; USD400.000).
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define it as a downstream firm. Otherwise, it is classified as an upstream firm. Table A.3

(Appendix A.2) summarizes the main variables and descriptive statistics for all firms in our

sample.

The year of 2003 is relevant to our study not only because individual states had started

to participate in the SIMPLES tax program - either the Federal-SIMPLES or the state-

SIMPLES - but also because informal firms were surveyed in October of that year, creating

an interesting opportunity to investigate how the SIMPLES tax reform affected informal

firms (real and reported) expenses and revenues - i.e., how a tax reform affected the firms’

intensive margin decisions. However, we face some challenges. Given that each individual

state adopted a different tax code with extensive case-specific rules as well as contingencies,

it is not possible to obtain precise data on individual firm’s eligibility and tax rates. To

circumvent this issue, we consider the federal eligibility rule to participate in the SIMPLES

program as well as the VAT rates proposed by the Federal-SIMPLES. For example, an

eligible firm in the state of Pará (state-SIMPLES - January of 2003), with annual revenue

of R$90,000 and total expenses of R$50,000 would have to pay R$7,200 in VAT if it decided

not to join the SIMPLES. On the other hand, if this same firm opted in, it would have to

pay a quarter of this amount (R$1,800); a tax burden of 4.5%, significantly lower than 18%

under the old scheme.

Hence, we focus on eligible and non-eligible informal firms created in 2003 in the states

that joined the SIMPLES tax reform in 2003. Our data (Table A.4, Appendix A.2) shows

that more than 85% of informal firms did not even try to register their business when they

first started operating. About half of informal firms reports that their decision to remain

informal is either because they do not want to pay a fee to become formal, they lack the

resources to hire an accountant or simply do not want to remit taxes to the government.

Among those firms that register their business, 97% enroll it from the very beginning -

bureaucracy and paperwork are pointed out by 70% as the main barrier to become formal.

Informal upstream and downstream firms concentrate their activities mainly on services

and informal upstream firms revenues and costs are (twice) larger than the downstream

firms’. While upstream entrepreneurs have more schooling (on average) than downstream

entrepreneurs, there is no significant difference regarding their average age. Upstream firms

use more inputs in their production and employ more workers than downstream firms. More

upstream firm entrepreneurs report that they belong to a cooperative-type organization (or

union), have an accountant to help them with financial and taxes services and have registered

in the national tax system (Cadastro Nacional de Pessoas Juŕıdicas; CNPJ ). On the other

hand, there are more eligible informal downstream firms that reported to have opted in the

state-SIMPLES than upstream firms.
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2.3 Empirical Strategy
The first step of our empirical strategy is to establish a relationship between firms revenue,

expenses and the firm’s age. Separating firms between those eligible and those that are not

eligible to join the SIMPLES, we observe how a firm’s revenue and expenses are related to

their age, measured in months from its starting date. For both eligible and non-eligible firms,

there seems to be a positive relationship between revenue and expenses and the firm’s age .

No apparent relationship between age and revenue or expenses is detected beyond for firms

older than six years (Figure A.1, Appendix A.3).

Our identification strategy combines the strategies implemented by de Paula and Scheinkman

(2010), Monteiro and Assuncao (2012) and Piza (2018) to explore the state-level variation

of the tax reform, while controlling for the firm’s age. de Paula and Scheinkman (2010)

identify upstream and downstream firms to analyze the response in formalization of down-

stream (upstream) firms after an increase in the proportion of formal firms in the upstream

(downstream) production chain. Rather, we consider the extensive margin responses, i.e., the

changes in revenues and production costs after the SIMPLES tax reform. Ideally, we would

like to compare the unreported revenues and production costs of eligible firms (controlling

for tax registration) after the SIMPLES has been introduced with their otherwise revenues

and costs in the absence of the tax reform. However, when informal firms are created they

are only observed operating either under the SIMPLES tax system or not. Hence, an impor-

tant aspect in our identification strategy relies on the choice of the control group. For each

Brazilian state that had joined the Federal-SIMPLES, we compare eligible and non-eligible

firms created before and after the date at which the state implemented the tax reform (Table

A.2, Appendix A.1).

Our empirical approach is based on a difference-in-differences (DID) strategy. First, we

separate firms into eligible (treatment group) and non-eligible (control group) to the new

tax regime. Then, within each of these two groups, we separate them into firms created

before and after the tax reform. Our DID strategy is to compare the difference between

eligible treated firms (i.e., eligible firms created after the SIMPLES reform) and eligible not

treated firms (i.e., firms created before the SIMPLES reform) with the difference between

not eligible firms created after and before the tax reform, a short-run comparison.

It is important to compare firms that are created not too far away from the reform.

We control for the firm’s age by comparing firms that are equally away from the reform’s

date. For example, the state of Pará opts in the SIMPLES reform in January of 2003. Our

identification strategy is to compare informal firms that are created, for instance, up to twelve

months apart from January of 2003, i.e., firms created between January-December/2002 and

from January to December/2003, respectively. This way, as in Monteiro and Assuncao
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(2012), any difference between firms in the treatment and control groups that is constant

with respect to the firm’s age is controlled in our strategy.

More formally, we estimate the following regression:

ln
(
Yi − Yi

)
= αtSIMPLESi + αrEligiblei + αr,tEligible ∗ SIMPLESi + β′Xi + εi,

where for a firm i,
(
Yi − Yi

)
represents the gap between (Yi) reported and (Yi) the actual

revenues (or production costs), respectively.3 The variable SIMPLESi is a dummy variable

- SIMPLESi= 1 (SIMPLESi= 0) if a firm i was created up to x = 12 months after (before)

the state implemented the SIMPLES reform, the variable Eligiblei is equal to one if firm

i is classified in an economic activity eligible to participate in the SIMPLES tax program,

and zero otherwise, and t, r represent time and treated, respectively. We control for state

and ECINF sector fixed effects, firm’s individual characteristics such as number of workers,

production inputs, location (whether outside the household), and owner’s age and education

(variable Xi).

Table I presents our estimates for the revenue and production cost responses of down-

stream and upstream firms created up to twelve months before and after a state joined the

SIMPLES tax reform in 2003.4 The states of Pará, Rio Grande do Norte, Paraná imple-

mented the SIMPLES tax reform in January of 2003, while Ceará and Paráı have joined the

reform in April of 2003. Our results suggest a positive and statistically significant response

of downstream and upstream firms with respect to their (all) revenues and production costs,

whether they belong to an economic sector eligible to the tax reform or if they do business

in a state that had joined the SIMPLES tax reform in 2003. And, the magnitude of the

responses is much higher for upstream than for downstream firms (variables Eligible and

SIMPLES, Table I). Interestingly, we find that upstream eligible firms in states that im-

plemented the SIMPLES tax reform in 2003 actually responded by reducing their revenues

and their production costs by twice as much than their non-eligible counterparts, −4.498

and −4.159, calculated as 1 − exp(αr,t) in columns (1) and (5), Table I, respectively. On

the other hand, the (revenue and costs) responses of downstream firms are not statistically

different than zero (Eligible*SIMPLES coefficients: −0.071 and −0.091, Table I).

Among the revenue categories - own products, resale and services - our results show that

3As firms in our sample are in the informal sector, the reported level of revenues (costs) is zero and
therefore we can concentrate on responses of actual levels.

4Note that we consider eligible firms those that operate in the eligible sector instead of using their
response to the survey’s question regarding participating or not in the SIMPLES - an intention-to-treat
strategy. The results are qualitatively similar for 3, 6, 24 and 36 months. However, for shorter periods (3, 6
months) we lose statistical power, while for longer periods (24, 36 months) too much noise is added to the
empirical strategy. We use this approach because only less than 15% of the entrepreneurs have responded to
that question. The results for the whole sample, taking into account all states, are available upon request.
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Table I: Downstream and Upstream Firms Revenue and Production Costs Responses(1)

Downstream Firms

Revenues Production Costs

All Own All

Revenues Products Resales Services Costs Nonlabor Labor

(1) (2) (3) (4) (5) (6) (7)

Eligible 0.443*** 1.788*** 0.715*** 0.436** 1.088*** 1.454** 0.273

(0.095) (0.222) (0.138) (0.190) (0.211) (0.677) (0.705)

SIMPLES 0.302*** 0.511 0.556 0.285*** 0.438* 0.596 0.520

(0.089) (0.565) (0.338) (0.098) (0.260) (0.720) (0.475)

Eligible*SIMPLES -0.071 -0.606 -0.198 -0.251 -0.091 0.051 -0.076

(0.080) (0.466) (0.396) (0.176) (0.279) (0.945) (0.536)

Adjusted R2 0.241 0.309 0.228 0.248 0.179 0.167 0.114

# observations 909 169 400 394 909 909 909

Upstream Firms

Revenues Production Costs

All Own All

Revenues Products Resales Services Costs Capital Labor

(1) (2) (3) (4) (5) (6) (7)

Eligible 3.585*** 0.648 - 4.925*** 2.547** 4.803 1.327

(1.306) - - (1.323) (1.247) (3.656) (2.412)

SIMPLES 4.365*** 3.592 4.550*** 6.007*** 3.055*** 8.122*** 2.090

(1.385) - (0.472) (1.804) (0.898) (1.896) (1.919)

Eligible*SIMPLES -4.498*** -4.365 -4.238*** -6.871*** -4.159*** -9.300*** -0.813

(1.108) - (0.592) (1.577) (0.963) (2.082) (1.988)

Adjusted R2 0.163 - 0.887 0.208 0.223 0.068 -0.011

# observations 112 19 29 69 112 112 112

Note: *: p < 0.10, **: p < 0.05, ***: p < 0.01. Robust standard errors in parentheses. (1) Results for firms created up to

twelve months before and after a state joined the SIMPLES tax reform in 2003. Five states implemented the tax reform in

2003: Pará, Rio Grande do Norte, Paraná, Ceará and Paráıba. See Table A.2 for details. All controls included.

the reduction in the upstream revenue is mainly driven by the reduction in the services rev-

enue (column (4), Table I) when we consider firms in eligible (versus non-eligible) economic

activities, created after (vis-à-vis before) a state joined the SIMPLES. Our results also re-

veal that these firms substantially reduce their capital expenses by a magnitude closer to

one-hundred percent (column (6), Table I) compared to the control group.5

5An important underlying assumption in our identification approach is that a firm’s misreporting rev-
enue and costs decisions occur when the firm is created. This is particularly relevant as it relates to the
entrepreneur’s extensive and intensive decisions regarding formalization of the business and the firm’s size.
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We also investigate whether the SIMPLES tax reform lead to a higher formalization rate

of informal firms. We find that neither informal upstream or downstream are statistically

more likely to become formal due to the tax reform whether in an economic sector eligible

to the tax reform or not, a result in line with Piza (2018)’s findings. We also find that

firms are less likely to pay for accounting services, in particular, the upstream firms. While

downstream firms in eligible sectors tend to reduce their participation in cooperative-type

organizations, the opposite is observed for informal upstream firms (Table A.5, Appendix

A.3).

In summary, we present evidence that informal firms surveyed in the ECINF are mainly

concentrated downstream, upstream firms managers have more schooling and seem to man-

age less labor-intensive business. For upstream and downstream firms, the SIMPLES tax

reform of 2003 represented, to a large extent, a change from a VAT system, in which both

production stages were taxed at the same tax rate and downstream firms could claim the

full amount of taxes remitted by upstream firms as part of their production costs, to a TOT

system - upstream and downstream firms can be taxed at different tax rates depending on

their sizes and eligibility sector, and taxes remitted can not be claimed as costs. The results

of our empirical analysis have revealed substantial heterogeneity of informal firms in different

stages of production to the SIMPLES tax reform. Eligible upstream firms in states that had

implemented the SIMPLES in 2003 seem to have responded more strongly to the tax reform

than their downstream counterparts, with noticeable reductions in the their revenues and

production costs vis-á-vis non-eligible firms in those states.

3 Theoretical Model: Limited Tax Capacity

In this section we develop a stylized model to study firm’s production decisions in a limited

tax capacity environment. There are four main players in our model economy: consumers,

downstream firms, upstream firms and the government. Production occurs in two stages.

An upstream firm produces an intermediate good using only labor as input and sells it to

downstream firms - B2B transactions. Combining the intermediate good and labor, down-

stream firms produce a final good that is sold to consumers (B2C transactions). We assume

that upstream and downstream firms operate under constant returns to scale technologies

(Diamond and Mirrlees, 1971a,b). Consumers supply labor input to both downstream and

upstream firms and they consume the final good but not the intermediate good. We focus

Since we consider a sample of informal firms, we are implicitly assuming that when entrepreneurs open their
business they decided to be informal (rather than formal) and, concomitantly, to misreport their revenues
and production costs. Last, it is important to emphasize that our findings have only a local interpretation
given that our sample size is not large, specially for upstream firms.
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on homogeneous firms within an industry and homogeneous households.6

In principle, the government could impose taxes on all transactions of goods and services,

i.e., tax labor income and sales of the intermediate and final goods. In our analysis, we

abstract from labor taxation and the government has three tax instruments at its disposal.

Let τu and τ d be ad valorem taxes on upstream sales of the intermediate good (to downstream

firms) and on downstream sales of the final good (to consumers), respectively. Also, the

government allows downstream firms to deduct from their costs a fraction δ ∈ [0, 1] of the

amount of taxes remitted by the upstream firm, along with the pretax cost of inputs. Hence,

the set of tax instruments is denoted as T =
(
τu, τ d, δ

)
and we call this a general tax system

(GTS). In this system, upstream and downstream firms decide how much to produce and

to report for tax purposes. Misreporting taxes is costly and directly associated with the

government’s limited tax capacity.

While our theoretical model presented below highlights some key features of informal

firms revealed by our empirical analysis (Section 2) - such as, heterogeneous concealment cost

of upstream versus downstream firms captured by differences in their number and sizes, the

composition of labor and capital inputs and the tax responses of upstream versus downstream

firms within a sector - our modeling approach is flexible enough to allow us to analyze the

effects of different tax instruments on firms’ revenues and production costs as well as the

responses of firms in different stages of production to alternative tax systems. In line with

the SIMPLES tax reform, we also analyze the VAT and TOT systems, as summarized in the

Table II.

Table II: VAT, TOT and GTS Systems: T =
(
τu, τ d, δ

)
Tax System Description

Taxation of intermediate and
Value-Added Tax final goods sales at the same TVAT = (τV AT , τV AT , 1)
(VAT) tax rate. Full refund.

Taxation of intermediate and TT OT =
(
τuTOT , τ

d
TOT , 0

)
Turnover Tax final goods sales at different
(TOT) tax rates. No refund.

Taxation of intermediate and T =
(
τu, τ d, δ

)
General Tax System final goods sales at different
(GTS) tax rates. Zero to full refund.

In a VAT system, both intermediate and final goods sales are taxed at the same rate

(τu = τ d = τV AT ) and downstream firms can claim the full amount of taxes remitted by

6Our modeling approach can be easily extended to accommodated heterogeneity across economic sectors
and consumers and, for instance, address redistributive concerns. Results available upon request.
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upstream firms as part of their production costs (δ = 1), i.e., TVAT = (τV AT , τV AT , 1). On

the other hand, a turnover tax system - TT OT =
(
τuTOT , τ

d
TOT , 0

)
- is such that upstream and

downstream firms are taxed at different tax rates but taxes remitted by upstream firms can

not be claimed as cost by downstream firms (δ = 0). While a retail sales tax (RST) is not

a policy in Brazil, we can easily study this tax system, TRST =
(
0, τ dRST , 0

)
, or a wholesale

tax (WST) system, i.e., TWST = (τuWST , 0, 0), in our framework. In our results section, we

briefly comment on the conditions under which a RST is equivalent to a VAT, and when one

might be preferable to the other.

3.1 Consumers, Downstream and Upstream Firms
The economy is populated by a large number of identical consumers. Agents are endowed

with one unit of time, which can be spend on upstream labor (lu), downstream labor (ld) or

leisure z = 1 − lu − ld. Workers are paid a wage rate w in the upstream and downstream

firms. A representative consumer values consumption and leisure, with period utility function

u (c, 1− lu − ld), where c represents the consumption of the final good yd. We assume that

U(·) is a strictly concave, twice continuously differential function, separable in consumption

and leisure, that satisfies the Inada conditions.

The consumer solves the following maximization problem

max
c,lu,ld

U (c, 1− lu − ld)

subject to pdc = w (lu + ld) ,

which implies the equilibrium condition

w =
Uz (c, 1− lu − ld)
Uc (c, 1− lu − ld)

pd, (1)

and UC = ∂U/∂C, Uz = ∂U/∂z. As in Keen (2008), labor is our numeraire. We normalize

the wage rate in both sectors to 1, i.e., w = 1, and the labor income is not taxed.

Our empirical exercise has revealed that upstream and downstream firms are distinct

in important aspects, for instance, the number of firms within a sector, the size of firms,

input use, revenues and costs. Such differences are expressed in our modeling approach in

two key dimensions: (i) the upstream and downstream firms’ technology and (ii) the firm’s

evasion margins - revenues and costs. First, consider the production stage represented by

downstream (final goods) firms. In order to produce a final good yd, downstream firms

(subscript d) purchase intermediate goods yu at a price pu from the upstream firm and

combine them with labor ld using a production function F (yu, ld), which is increasing in both
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arguments and strictly concave. We assume that there are an infinite number of downstream

firms with this production function, i.e., yd = F (yu, ld), which exhibits constant returns to

scale and firms operate in a perfect competitive market (Diamond and Mirrlees, 1971a).

These are critical assumptions for the efficient analysis, we present here and allow us to

focus exclusively on role of limited tax capacity on the optimal design of tax instruments

and tax systems.

Taxation affects downstream firms profit maximization at two margins. Downstream

firms have to remit an ad valorem tax τ d on the amount of final goods sold to consumers,

but they can deduct from their production cost a fraction (δ) of the ad valorem tax τu that

the upstream firm had to paid on sales of the intermediate good to them. However, the

government’s limited tax capacity allows a profit-maximizing downstream firm to misreport

in two margins, i.e., in the amount of inputs purchased and in the amount of goods sold.

Misreporting is costly and margin-specific. This means that when deciding to misreport

taxes, downstream firms have to consider the costs associated to misreporting goods sales

as well as the costs associated with misreporting input purchases. We assume that the

government limited tax capacity might affect these two margins differently (due to, for

instance, auditing procedures) and, hence, the misreport cost functions are not necessarily

the same.

Let yd and ŷu be the final goods sales and intermediate good purchases a downstream

firm reports to the tax authorities, respectively. Notice that, in the presence of limited tax

capacity, the amounts reported may not be the equal to the their true amounts, i.e., yd 6= yd

and ŷu 6= yu. A downstream firm might have different behaviors regarding misreporting

at these two margins. For instance, regarding the amount of inputs (intermediate goods)

purchased from upstream firms, the downstream firm has an incentive to report an amount

higher than the actual amount purchased (over-report inputs purchases, i.e., ŷu > yu). In

doing so, it would be entitled to a larger refund of taxes claimed to be paid by the upstream

firm. On the other hand, the downstream firm can, at a cost, under-report its sales of the

final good (yd < yd) in order to remit less taxes.

Let the cost of reporting purchases of inputs in the amount ŷu, when the true amount is

yu, be denoted by the function J (ŷu − yu). Similarly, misreporting final goods sales entails a

cost of H (yd − yd). We assume that J (0) = 0, H (0) = 0 and the misreporting cost functions

J (·) and H (·) are strictly increasing, convex and differentiable (Best et al., 2015; Slemrod,

2001). Moreover, the costs of evasion J (·) and H (·) are assumed to depend on the difference

between reported and true input purchases and output sales, respectively, rather than tax

liability.7

7We are assuming that the misreporting resource cost depends only on output evaded rather than the
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A downstream firm chooses the amount of labor (ld) to hire and intermediate goods (yu)

to purchase and how much of the final goods sales (yd) and intermediate goods purchases

(ŷu) to report in order to maximize after-tax profits

Πd (ld, yd, ŷu) = pdF (yu, ld)− τ dpdyd − [ld + pdH (F (yu, ld)− yd)] (2)

− [puyu + puJ (ŷu − yu)− δ (τupuŷu)] .

Let ∆yd = yd− yd and ∆ŷu = yu− ŷu denote the misreported downstream (final good) sales

gap and the downstream (intermediate good) purchase gap, respectively. The first-order

conditions of equation (2) with respect to ld, yu, yd, ŷu are, respectively:

pdFld(·)− 1− pdH∆yd(·)Fld(·) = 0, (3)

pdFyu(·)− pu + puJ∆ŷu(·)− pdH∆yd(·)Fyu(·) = 0, (4)

−τ dpd + pdH∆yd(·) = 0, (5)

δτupu − puJ∆ŷu(·) = 0, (6)

where H∆yd(·) = ∂H (∆yd) /∂∆yd, J∆ŷu(·) = ∂J (∆ŷu) /∂∆ŷu, Fyu(·) = ∂F (yu, ld) /∂yu, and

Fld(·) = ∂F (yu, ld) /∂ld. Equation (3) equalizes the marginal cost and benefit of using labor

to produce the intermediate good, while equation (4) reflects the marginal cost and benefit

of using the intermediate good to increase the final good production. The trade-off regarding

misreporting the final goods sales and the intermediate good purchases are represented in

equations (5) and (6), respectively.

A perfectly competitive upstream firm produces an intermediate good yu using labor

lu. It has a linear technology that converts labor into output, yu = lu. In an economy

with limited tax capacity, upstream firms can misreport their output, or equivalently, the

amount of goods they sell to the downstream firms. Let yu be the amount reported by an

upstream firm to the tax authority. Notice that the amount of goods produced (yu) and the

amount reported (yu) are not necessarily the same. We abstract from cross-validation and,

hence, these amounts can still be different than the amount claimed to be purchased by the

downstream firms (ŷu).
8 To consider later the potential role of misreport cost sharing between

amount of taxes evaded (Yitzhaki, 1974). Our analysis goes through if one assumes that the misreporting cost
takes a nonlinear (but positive) relation with tax rates. Also, we are focusing on firms with CRS technology
and our analysis could easily be extended to many firms with an aggregated unreported misreport cost
function defined above.

8If cross-validation is possible, downstream and upstream firms can either tell the truth (yu) or collude
(both reporting in the range [ŷu, yu]) and splitting the net gains from evasion. In this last case, one of
these firms would necessarily remit larger taxes than it really should. Our framework can accommodate this
situation.
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upstream and downstream firms regarding buying and selling intermediate goods, we assume

that an upstream firm misreporting cost function is the same as the downstream firm, i.e.,

J (yu − yu). Notice, however, that while downstream firms have an incentive to over-report

intermediate good purchases, upstream firms would under-report their intermediate goods

sales.

Hence, a upstream firm chooses lu, yu in order to maximize after-tax profits

Πu (lu, yu) = pulu − τupuyu − lu − puJ (lu − yu) . (7)

At the firm’s optimum, the following equilibrium conditions

pu − 1− puJ∆yu(·) = 0, (8)

−τupu + puJ∆yu(·) = 0, (9)

where ∆yu = yu − yu is the upstream (intermediate good) sales gap, imply that the price of

the intermediate good is simply determined by 1 = pu (1− τu).
It is important to emphasize that the government’s ability to collect taxes and enforce a

tax system has important implications for firms’ decision to whether evade taxes by misre-

porting the amount of sales and purchases. Here, similarly to other papers in the literature

(e.g., Chetty, 2009’s sheltering with a resource cost model), we have modeled the government

limited tax capacity via the upstream and downstream firms’ misreporting costs. Accord-

ingly, a limited tax capacity implies that any increase in the difference between reported and

actual revenues/costs from non-evasion situation would bring a benefit (less taxes remitted

- at the margin) larger or equal to the cost of misreporting. Similarly, we would be in an

unlimited tax capacity environment if, from the firm’s point of view, the cost of misreporting

one additional unit of revenue (cost) is larger than the amount of taxes saved9

Definition 1. The government tax capacity is defined as either unlimited or limited accord-

ing to the following conditions

9Notice that we are only considering the jointly cases of either perfect or imperfect tax enforcement of
both upstream and downstream taxation. Of course, it is possible to envision situation in which only one of
these production stages are subject to tax enforcement. For instance, the government could perfectly enforce
taxes levy on upstream firms while only imperfectly taxing downstream firms; and vice-versa. This can be
captured in our model by restricting the margins of evasion in either upstream or downstream firms.
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Tax Capacity
Unlimited Limited

Upstream puJyu(0) > τupu puJyu(0) ≤ τupu

Downstream pdHyd(0) > τ dpd pdHyd(0) ≤ τ dpd
puJŷu(0) > δτupu puJŷu(0) ≤ δτupu

In a limited tax capacity economy, upstream firms report sales yu and downstream firms

report final good sales yd and intermediate (upstream) goods purchases ŷu such that, respec-

tively

Jyu (yu − yu) = τupu (10)

Hyd (yd − yd) = τ dpd (11)

J∆ŷu (ŷu − yu) = δτupu (12)

Regarding revenue (evasion) efficiency, for given production levels yu, yd, a decrease

in either the refund rate (↓ δ) or the upstream taxation (↓ τu) discourages evasion by

downstream firms on the inputs purchased margin, equation (12). That is, with a lower

refund rate or a lower tax on upstream firms, downstream firms have less incentive to over

report their purchases of intermediate goods from upstream firms (i.e., they over report less,

↓ ŷu). From equations (10) and (11) a reduction in the upstream (↓ τu) and downstream

(↓ τ d) tax rates encourage them to under report less (i.e., ↑ yu and yd to report amounts

closer to the actual sales yu and yd, respectively). In summary, a reduction in any of these

policies discourage evasion.

With the equilibrium conditions of upstream and downstream firms we can analyze how

the government tax instruments may distort the scale of production in both stages as well

the optimal combination of inputs in the downstream stage. From equations (3) - (6), a

downstream firm’s input decisions satisfy the following conditions:

1 = Fld(·)
(
1− τ d

)
pd, (13)

(1− δτu)
(1− τu)

= Fyu(·)
(
1− τ d

)
pd. (14)

The latter condition equalizes the marginal cost and benefit of using the intermediate good

to increase final good production at price the pu = (1− τu)−1, taking into account that

the upstream firm costly misreports sales and the downstream firm misreports the amount

purchased of the intermediate good. Positive downstream and upstream tax rates not only

distort the scale of production but also distort the input mix in the final goods (down-
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stream) sector. For a given refund rate δ, taxation of the intermediate good sector distorts

downstream firm’s choice of inputs away from the intermediate good.

In order to understand the effect of different tax systems and tax instruments on produc-

tion and evasion, we first analyze their partial equilibrium effects. Recall that a downstream

firm’s input decisions must satisfy equations (13) and (14). The marginal rate of technical

substitution between labor (ld) and (yu)

MRTSld,yu =
Fld(·)
Fyu(·)

=
(1− τu)
(1− δτu)

(15)

can clearly illustrate distortions that intermediate goods taxation and the refund rate may

cause on the downstream firms input decisions.

Notice that distortions depend on the economy’s tax system (Table II). For instance,

in a VAT system, TVAT = (τV AT , τV AT , 1), taxation does not distort the downstream firm’s

choice between labor and intermediate good inputs, i.e., Fld(·) = Fyu(·). The marginal rate of

technical substitution under this system is, hence, equal to one; MRTSV AT
ld,yu

= 1. By design,

the VAT system corrects for any distortions the taxation of upstream goods might cause in

the downstream optimal choice of production inputs by allowing the downstream firms to

claim the amount of taxes remitted by the upstream (intermediate goods) firm as part of

their production costs. On the other hand, under a TOT system, TT OT =
(
τuTOT , τ

d
TOT , 0

)
,

downstream firms can not deduct upstream tax payments in their profit maximization. As

a result, the marginal rate of technical substitution MRTSTOT
ld,yu

= Fld(·)/Fyu(·) = (1− τuTOT )

is distorted and Fld(·) < Fyu(·). The main consequence of a zero refund rate, i.e., δ = 0,

is that the use of intermediate goods as inputs of final goods production is taxed twice -

first directly at the upstream stage of production and again, albeit indirectly, at the final

production (downstream) stage by not allowing refund of taxes already collected in the

production chain. This cascading effect of intermediate good taxation illustrate a source of

production inefficiency from a TOT that arises in general equilibrium - taxation cascades

through the production chain. Such production distortions can be avoided in, for instance,

in a VAT (or RST) system.

3.2 The Government’s Problem
In an economy with limited tax capacity, the government finances an exogenous revenue

requirement R with tax revenue T (yd, yu, ŷu) that depends on the amount of sales reported

by upstream and downstream firms and the amount of intermediate goods downstream

firms report they bought from upstream firms. The government budget constraint is thus
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R = T (yd, yu, ŷu), where the government tax revenue is given by

T (yd, yu, ŷu) = τ dpdyd + τupuyu − δτupuŷu. (16)

First notice that, given the government’s limited tax capacity, upstream and downstream

firms might decide to misreport their sales and purchases, which in turn affect the amount of

resources the government collects via taxation of firms and, consequently, the optimal choice

of its policy instruments. The government tax revenue, equation (16), can be decomposed

into the revenue based on the true tax base and the forgone revenue due to misreporting the

base as follows:

T (yd, yu, yd, yu, ŷu) =

Upstream︷ ︸︸ ︷
τupuyu︸ ︷︷ ︸
True Base

− τupu∆yu︸ ︷︷ ︸
Unreported Base

+ τ dpdyd − δτupuyu︸ ︷︷ ︸
True Base

− τ dpd∆yd − δτupu∆ŷu︸ ︷︷ ︸
Unreported Base︸ ︷︷ ︸

Downstream

. (17)

The government can raise revenue by increasing tax rates either on upstream (↑ τu) or

downstream (↑ τ d) output sales, or both (↑ τu, τ d), or reducing the refund rate (↓ δ). Changes

in these policies have several effects on the firms along the production chain. First, changes

in the upstream ad valorem tax τu affect the upstream firms output level only. Increases in

τu might either decrease the firm real output level (higher taxation discourage production) or

increase the level of misreporting (firms report a lower level of output produced and sold to

downstream firms). Second, decrease in the downstream tax rate and increase in the refund

rate create a lower effective tax burden for downstream firms and thus increase the firms’

real output level. On the other hand, the evasion effects are not symmetric. While a lower

ad valorem tax rate τ d reduces the level of misreporting at the downstream output sales

margin, a higher refund rate δ increases the level of misreporting of (upstream) intermediate

goods purchases.

The government’s goal is to maximize the economy’s welfare by choosing tax rates and

refund rate, i.e., T =
(
τu, τ d, δ

)
, subject to an exogenous revenue requirement R as follows:

W = U (c, 1− lu − ld) + λ [T (yd, yu, yd, yu, ŷu)−R] (18)

where λ is the multiplier on the government revenue requirement constraint, i.e., the (endoge-

nous) marginal cost of public funds, equation (16), and the government takes into account

the equilibrium reactions of consumers and firms to a distortionary tax system, equations
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(3) - (6), (13), and (14).

In this stylized framework, the government’s problem amounts to maximizing the con-

sumer’s indirect utility function v (pd (T )) subject to the revenue requirement. From the

consumer’s and downstream and upstream firms’ optimality conditions, equations 3) - (5),

(8) - (9) and pu = (1− τu)−1, respectively, we write the misreported amount of final goods a

downstream sells to consumers, the misreported upstream firm intermediate goods sales to

downstream firms and the amount downstream firms misreport of the input (intermediate

good) they purchased from the upstream firm as functions of the government policies, i.e.,

yd (pd (T ) , pu (τu) , T ), yu (pd (T ) , pu(τ
u), τu) and ŷu (pd (T ) , pu (τu) , τu, δ), respectively.

Hence, the government’s welfare objective function can be written as

W = v (pd (T )) (19)

+ λ
{
τ dpd (T ) yd (pd (T ) , pu (τu) , T )

+ τupu (τu) yu (pd (T ) , pu (τu) , τu)

− δτupu (τu) ŷu (pd (T ) , pu (τu) , τu, δ)−R} .

To emphasize the effects of optimal policies not only on the misreported purchases and sales

of intermediate and final goods, but also on the gaps between the true downstream and

upstream outputs (yd, yu) and their respective misreported amounts (yd, yu, ŷu), we rewrite

the welfare function, equation (19), as follows

W (T ) = v (pd (T )) (20)

+ λ
{
τ dpd (T ) [yd −∆yd (pd (T ) , pu (τu) , T )]

+ τupu(τ
u) [yu −∆yu (pd (T ) , pu (τu) , τu)]

− δτupu(τ
u) [yu −∆ŷu (pd (T ) , pu (τu) , τu, δ)]−R}

where ∆yd (pd (T ) , pu (τu) , T ) = yd−yd (pd (T ) , pu (τu) , T ), ∆yu (pd (T ) , pu (τu) , τu) = yu−
yu (pd (T ) , pu (τu) , τu) and ∆ŷu (pd (T ) , pu (τu) , τu, δ) = yu − ŷu (pd (T ) , pu (τu) , τu, δ).

3.3 Optimal tax system in an unlimited tax capacity economy
To gain intuition, consider an unlimited tax capacity economy, i.e., the government is able

to prevent evasion and firms report sales and purchases truthfully. The government faces

a trade-off when deciding the optimal tax rates τu, τ d and the optimal refund rate δ, and

in order to satisfy the revenue requirement R, the government has to take into account the

effect of changing the tax on the upstream production, which is an input for the downstream

firms, vis-à-vis changes in the downstream taxation. This is done by equating the changes in

21



the policy instruments such that (i) the price of the final goods pd, and hence the consumer’s

welfare, remains constant and (ii) the government’s tax revenue, net of input responses, also

remains constant. In other words, the optimal trade-off is such that the marginal rate of

substitution between τu and τ d keeping prices constant, i.e.,
(
(∂pd/∂τ

u) /
(
∂pd/∂τ

d
))
pdyd,

is equal to (1 − δ) [τuyu (∂pu/∂τ
u) + puyu + τupu ((∂yu/∂τ

u) + (∂yu/∂pu) (∂pu/∂τ
u))], the

marginal rate of substitution between τu and τ d keeping the government revenue constant.

While these terms capture the trade-off the government faces when choosing the optimal

policy at different production stages, the government must also consider the trade-off within

the downstream stage of production. The trade-off here is between the taxation (τ d) of the

final product yd, which reduces firm’s revenue, and the refund (δ) of taxes remitted in the

upstream stage, which reduces the firm’s cost of production. That is, the government must

compare the terms
((
∂pd/∂τ

d
)
/ (∂pd/∂δ)

)
pdyd and −τupuyu + (1− δ)τupu (∂yu/∂δ).

It is also possible to derive a sufficient condition such that it is optimal to set the refund

rate δ equal to one. A reduction of δ, starting from one, would only imply that the net gain

in the revenue collected by the government (τupuyu and τ d (∂pd/∂δ) yd) is smaller than the net

welfare gain experienced by consumers in the economy, i.e.,
(
− (α/λ) yd + τ dpd (∂yd/∂pd)

)
(∂pd/∂δ),

where α comes from the Roy identity ∂W/∂pd = −αyd. In this case, the only reason to re-

duce the refund rate from a full refund situation would be to collect more revenue but at the

expense of reducing agents welfare. In other words, if the price-elasticity of the downstream

demand (1 + εydpd) is greater than
(
1/τ d

)
[(α/λ) + (τupuyu) / (pdyd)], which is expected to be

the case, then it is optimal to set δ = 1 and offer full refund of taxes remitted by the upstream

firm to downstream firms in an unlimited tax capacity economy. In fact, if this condition is

satisfied with δ = 1, the optimal tax system requires a tax on final goods (retail sales tax),

as in Diamond and Mirrlees (1971a). Otherwise, the solution of the planner’s problem calls

for a distortion of the intermediate (upstream) goods sales, leading to a cascading effect of

the taxation on upstream firms, as shown in Equation (15).

3.4 Limited tax capacity: Optimal general tax system
Moving on to a limited tax capacity economy, we discuss the effects of the government’s

policy instruments choice T =
(
τu, τ d, δ

)
when it maximizes the consumer’s welfare subject

to an exogenous revenue requirement R. Upstream and downstream firms and consumers

choose output and labor (yd, yu, ŷu, ld, lu) optimally.

Before solving for the government welfare maximization problem, we define the mechan-
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ical effect of policy instruments increases as follows:

Mτu = −(α/λ)ydpd,τu + τ dpd,τuyd + (pu + τupu,τu) (yu − δŷu) (21)

Mτd = −(α/λ)ydpd,τd +
(
pd + τ dpd,τd

)
yd (22)

Mδ = −(α/λ)ydpd,δ + τ dpd,δyd − τupuŷu (23)

Consider, for instance, the normalized mechanical effect of an increase in the upstream

taxation Mτu , equation (21). The first term −(α/λ)ydpd,τu is the known direct welfare of a

change in the policy instrument. This effect corresponds to the response of the consumer

price (pd,τu) to changes in policy τu, weighted by the demand of the final good demand (yd),

evaluated at the social marginal utility of income (α/λ).10 For a given level of downstream

taxation and misreported downstream sales, the second term τ dpd,τuyd captures how an

increase in τu affects, via downstream prices, the downstream reported sales revenue. The

last term represents the direct and indirect (via prices) effects of a change in the upstream

sales tax on the upstream misreported output and downstream misreported purchases, i.e.,

(direct effect) puyu and puδŷu, and (indirect effect) τupu,τuyu and τupu,τuδŷu, respectively.

The mechanical effects of τ d and δ - i.e., Mτd and Mδ, equations (22) and (23), respectively

- follow the same interpretation.

Applying the envelope theorem we can write the changes in welfare from change in(
τu, τ d, δ

)
as11

(
∂W (T )

∂τu
/
λ

)
τu = Mτuτ

u − τ dpd (T ) ∆ydε∆yd,τu

−τupu (τu) ∆yuε∆yu,τu + δτupu (τu) ∆ŷuε∆ŷu,τu (24)(
∂W (T )

∂τ d
/
λ

)
τ d = Mτdτ

d − τ dpd (T ) ∆ydε∆yd,τd

−τupu (τu) ∆yuε∆yu,τd + δτupu (τu) ∆ŷuε∆ŷu,τd (25)(
∂W (T )

∂δ

/
λ

)
δ = Mδδ − τ dpd (T ) ∆ydε∆yd,δ

−τupu (τu) ∆yuε∆yu,δ + δτupu (τu) ∆ŷuε∆ŷu,δ (26)

where ε∆y,t for ∆y ∈ {∆yd,∆yu,∆ŷu} and t ∈ T =
{
τu, τ d, δ

}
represents the elasticity of

downstream sales misreported gap (∆yd), downstream purchases misreported gap (∆yu) and

upstream sales misreported gap (∆ŷu) with respect to the tax policies T . For instance, the

10This term becomes (−(α/λ)yd) with the assumption of unit (specific) taxes and full incidence on con-
sumers, as it is standard in the literature.

11Complete derivations of the government’s welfare maximization problem, as well as the expressions for
the elasticities are presented in the Appendix A.4.
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semi-elasticity of downstream sales misreported gap (∆yd) with respect to the upstream tax

rate τu is defined as ε∆yd,τu = (∂∆yd/∂τ
u)
/

(τu/∆yd); and similarly for the other elasticity

measures. Expressing the solution of the government welfare maximization problem in terms

of the elasticity of the misreported gaps allows us to capture a feature revealed by our

empirical analysis (Section 2). In particular, larger and significant responses on the part of

upstream firms suggest differences in concealment costs, unobserved by the researcher, which

could be captured by our model.

First, we show that with limited tax capacity, the optimal refund rate is interior, that

is, δ ∈ (0, 1).12 The optimal tax system satisfies equation (26), where the elasticity of the

misreported downstream sales gap (∆yd), the misreported downstream purchases gap (∆ŷu)

and the misreported upstream sales misreported gap (∆yu) with respect to the tax refund,

ε∆yd,δ, ε∆ŷu,δ, and ε∆yu,δ, respectively, are defined as:

ε∆yd,δ =
(
∂∆yd
∂δ

) (
δ

∆yd

)
ε∆ŷu,δ =

(
∂∆ŷu
∂δ

)(
δ

∆ŷu

)
ε∆yu,δ =

(
∂∆yu
∂δ

) (
δ

∆yu

)
(27)

The elasticity of the downstream misreported sales gap (∆yd) with respect to the tax refund

(δ) is expected to be negative. For instance, a reduction in the tax refund leads to an

increase in the downstream production cost and an increase in the price of the final good.

Consumers then demand less of the final good and, by lowering its production, downstream

firms demand less input from the upstream firm. For the firm’s optimal condition, equation

(5), to be satisfied as the final good price increases, the marginal cost of misreporting also

has to increase, leading to an increase in the downstream sales reported gap ∆yd - hence,

ε∆yd,δ < 0. In a similar way, and considering the optimal condition, equation (6), a decrease

in δ implies that downstream firms increase the (intermediate good) purchase reported gap -

note from equation (6) that J∆ŷu (ŷu − yu) has to fall once δ falls, which occurs by reducing

J∆ŷu (ŷu − yu) = −∆ŷu, i.e., by increasing the (misreported) purchase gap. Thus, ε∆ŷu,δ > 0.

Finally, the elasticity of upstream reported sales gap (∆yu) with respect to the tax refund,

ε∆yu,δ, is zero. Consider the upstream firm equilibrium condition, equation (9), τu = J∆yu(·).
For a given reduction in δ, the left-hand side of this equation remains constant as τu is fixed

and pu does not depend on the tax refund rate. Hence, the right-hand-side has to remain

constant in the optimal equilibrium condition and, thus, the upstream reported sales gap

∆yu = yu − yu is not affected by changes in the rebate rate and ε∆yu,δ = 0.

Starting from a zero refund tax rate (δ = 0), an increase of δ has a first-order nega-

tive impact on how much downstream firms misreport their sales (i.e., evasion falls) and

a second-order positive effect on how much they misreport their purchases (i.e., evasion

12Our result is more general than Best et al. (2015)’s as we allow for downstream firms to misreport on
both revenue and production costs margins.
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increases). On the other hand, if Mδ, the (normalized) mechanical welfare effects of δ,

is sufficiently small and the elasticity of upstream sales misreported gap (∆yu) with re-

spect to the tax refund (ε∆ŷu,δ) is sufficiently large, departing from a δ = 1, a decrease

in the refund tax rate has the following first-order effects on the downstream firms misre-

ported sales - ((∂W/∂δ) /λ) δ = Mδ − τ dpd∆yd (ε∆yd,δ) > 0 - and misreported purchases -

((∂W/∂δ) /λ) δ = Mδ − τ dpd∆yd (ε∆yd,δ) + τupu (τu) (∆ŷu) (ε∆ŷu,δ) < 0. Hence, we can show

that the optimal tax refund rate is expected to be interior, i.e., δ ∈ (0, 1). See Appendix A.4

for more details.

Given an optimal interior refund tax rate, i.e., it is optimal for the government to allow

downstream firms to deduct as part of their production costs a fraction of the taxes remitted

by upstream firms, we can analyze the government problem of optimally choosing the three

policy instruments at its disposal. Assuming interior solution for the government policy

instruments, i.e, (∂W/∂t) /λ = 0 for each t ∈ T =
{
τu, τ d, δ

}
, equations (24) - (26) imply

the following system of equations:ε∆yd,τu ε∆yu,τu ε∆ŷu,τu

ε∆yd,τd ε∆yu,τd ε∆ŷu,τd

ε∆yd,δ ε∆yu,δ ε∆ŷu,δ


 −τ

dpd (T ) (∆yd)

−τupu (τu) (∆yu)

+δτupu (τu) (∆ŷu)

 =

 −Mτuτ
u

−Mτdτ
d

−Mδδ

 (28)

To easy notation, we denote the behavioral effects of policy changes as the elasticities

of the misreported sales and purchase gaps to the policy instruments t ∈ T =
{
τu, τ d, δ

}
,

adjusted for the value of their respective gap (pd (T ) ∆yd, pu (τu) ∆yu, pu (τu) ∆ŷu), as follows:

Byd,t = pd (T ) ∆ydε∆yd,t (29)

Bŷu,t = pu (τu) ∆ŷuε∆yu,t (30)

Byu,t = pu (τu) ∆yuε∆ŷu,t (31)

For instance, Byd,τu , equation (29) represents the elasticity of revenue misreporting weighted

by the value of the misreported tax base for downstream firms. This allows us to com-

pare the behavioral response of the firm’s revenue to the mechanical tax collection after a

marginal increase in taxes using the meaningful misreported values. The characterization of

the optimal policies in a limited tax capacity economy is presented in the Proposition 1.

Proposition 1. In an economy with limited tax capacity, the optimal set of government poli-

cies T =
{
τu∗, τ d∗, δ∗

}
is the solution of the system of equations, expression (28). The opti-

mal tax policies are functions of behavioral effects (Byd,t,Bŷu,tByu,t), defined as the elasticities

of the misreported sales and purchase gaps to the policy instruments t ∈ T =
{
τu∗, τ d∗, δ∗

}
,
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adjusted for the value of their respective gap (pd (T ∗) ∆yd, pu (τu∗) ∆ŷu, pu (τu∗) ∆yu), ac-

cording to equations (29) - (31), and Mτu∗ Mτd∗and Mδ∗, the (normalized) mechanical welfare

effects of τu∗, τ d∗ and δ∗, respectively.

Proof. See Appendix A.4.

Broadly speaking, the optimal policies are determined by two effects, a behavioral effect

and a mechanical effect. The proposition highlights the trade-off between mechanical effects

and revenue efficiency (captured by the misreporting elasticity) when setting the optimal

tax rates. If the misreporting elasticity is small relative to the mechanical effect so it will

be socially optimal to increase tax rates. Conversely, if the evasion elasticity is large relative

to the real output elasticity, the revenue efficiency concern will be relatively strong and this

makes it optimal to move towards a lower τ , thereby simultaneously decreasing the evasion

rate (∆y) and the distortion in the real economy.

Proposition 2. If the evasion elasticity is large relative to the real output elasticity, the

revenue efficiency concern will be relatively strong and this makes it optimal to move towards

a lower τ , thereby simultaneously decreasing the evasion rate (∆y) and distortion in the real

economy. Upstream firms respond to taxes suggesting a potential to increase tax collection

among them with a very small tax rates.

Summarized in the behavioral and mechanical effects, our theoretical model highlights

the role of each misreporting margin of firms along the production chain on the optimal tax

instruments. Our empirical results reveal that upstream firms present a large response to

tax changes with a pronounced effect in their production costs responses. This suggests that

downstream firms could be taxed a bigger tax rate than upstream firms, given the seemly

lack of behavioral effects of the former ones. The mechanical effects of taxes on firms in the

production chain are harder to pin down as we study a sample of informal or tax exempt

business.

3.5 Limited tax capacity: Optimal VAT and TOT
To further intuition, we can characterize the optimal tax instruments with limited tax

capacity for the two tax systems considered in the SIMPLES tax reform. A VAT system

implies that goods produced and sold by upstream firms and downstream firms are subjected

to the same level of taxation, while downstream firms can deduct from their production costs

the amount of taxes remitted by upstream firms. Hence, rewriting the equation (28) for the

26



optimal VAT system T ∗VAT = (τ ∗V AT , τ
∗
V AT , 1), we have:

[
ε∆yd,τV AT

ε∆yu,τV AT
ε∆ŷu,τV AT

] pd (TVAT ) (∆yd)

pu (τV AT ) (∆yu)

−pu (τV AT ) (∆ŷu)

 τV AT = MτV AT
τV AT (32)

which, after some manipulation, we obtain that the optimal value-added tax rate, τ ∗V AT ,

satisfies the following condition:(
B̃yd,τ∗V AT

+ B̃ŷu,τ∗V AT
− B̃yu,τ∗V AT

)
τ ∗V AT = Mτ∗V AT

(33)

where B̃y,τ∗V AT
=
(
By,τ∗V AT

/
τ ∗V AT

)
, for y ∈ {yd, yu, ŷu}. In order to implement the optimal

VAT, the government must take into consideration the (normalized) mechanical welfare ef-

fects of τ ∗V AT as well three additional behavioral responses, B̃yd,τ∗V AT
, B̃ŷu,τ∗V AT

, and B̃yu,τ∗V AT
,

namely, the effects of τ ∗V AT on the downstream misreported sales and purchases and the effect

on the upstream misreported sales, respectively. These behavioral effects are weighted by the

scaled values of the misreported tax bases, i.e.,
(
pd (T ∗VAT )

/
τ ∗V AT

)
and

(
pu (τ ∗V AT )

/
τ ∗V AT

)
.

While there is a positive relationship between the mechanical welfare effects an the opti-

mal VAT, the higher the elasticities of misreported sales and τ ∗V AT , B̃yd,τ∗V AT
, B̃yu,τ∗V AT

, the

smaller is the tax rate; but at a greater inefficiency. On the other hand, a high elasticity

of misreported downstream purchases, i.e., B̃ŷu,τ∗V AT
implies a higher τ ∗V AT and reduces tax

inefficiency.

In the case of a TOT system - T ∗T OT =
(
τu∗TOT , τ

d∗
TOT , 0

)
, the refund tax rate is constrained

to be zero (δ∗TOT = 0) and the sales of intermediate (upstream) and final (downstream) goods

are taxed at different tax rates and they are determined by the solution of the following

system of equations:[
ε∆yd,τ

u
TOT

ε∆yu,τuTOT

ε∆yd,τ
d
TOT

ε∆yu,τdTOT

][
τ dTOTpd (TT OT ) (∆yd)

τuTOTpu (τuTOT ) (∆yu)

]
=

[
MτuTOT

τuTOT
MτdTOT

τ dTOT

]
(34)

In particular, if we assume that there are no cross-effects, i.e., ε∆yu,τdTOT
= ε∆yd,τ

u
TOT

= 0,

we can show that the optimal TOT must take into account the revenue gains due to the

mechanical effects of τu∗TOT and τu∗TOT , weighted by the changes in the misreported sales due

to tax changes (behavioral effect). This is a revenue efficiency effect in our model, similar to

the one presented in Best et al. (2015), equation (5), pp. 1318.

Under the no cross-effects assumption, the optimal TOT system imposes an effective

distortion on the economy and, at the social optimum, this wedge must be equal to the ratio
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between the mechanical and the behavioral responses, as follows:

[
τ d∗TOT
τu∗TOT

]
=

[
B̃yu,τu∗TOT

−B̃yd,τu∗TOT

−B̃yu,τd∗TOT
B̃yd,τd∗TOT

]
(
B̃yd,τd∗TOT

B̃yu,τu∗TOT

)
−
(
B̃yu,τd∗TOT

B̃yd,τu∗TOT

) [ Mτd∗TOT

Mτu∗TOT

]
(35)

Equation (35) reveals that the optimal upstream and downstream tax rates in a TOT

system, τu∗TOT and τ d∗TOT , respectively, are to be set such that the behavioral responses of

both upstream and downstream firms must be taken into account along with the corre-

spondent mechanical effects of both taxes. For instance, the optimal taxes on downstream

firms (B2C taxes) must weight two mechanical effects, i.e., we must consider the mechan-

ical effect of the downstream taxation Mτd∗TOT
weighted by B̃yu,τu∗TOT

/(
B̃yd,τd∗TOT

B̃yu,τu∗
)
−(

B̃yu,τd∗TOT
B̃yd,τu∗TOT

)
and the mechanical effect of the upstream taxation Mτu∗TOT

weighted by

−B̃yd,τu∗TOT

/(
B̃yd,τd∗TOT

B̃yu,τu∗TOT

)
−
(
B̃yu,τd∗TOT

B̃yd,τu∗TOT

)
. We expect that the direct effect of taxes

on the misreported margins to be larger than the cross-effects, i.e.,
(
B̃yd,τd∗TOT

B̃yu,τu∗TOT

)
>(

B̃yu,τd∗B̃yd,τu∗TOT

)
; and, therefore B̃yu,τu∗TOT

Mτd∗TOT
> −B̃yd,τu∗TOT

Mτu∗TOT
, which gives more (pos-

itive) weight to the own mechanical effect as the determination of the optimal tax rate.

Finally, notice that the behavioral effect of a given tax rate (either τu∗TOT and τ d∗TOT ) acts to

decrease the optimal tax rates, which could be amplified by the behavioral cross-effects. The

following proposition summarizes our findings.

Proposition 3. The optimal tax instruments under a value-added tax system (VAT) and a

turnover tax system (TOT) are given by equations (33), and (34) - (35), respectively.

Proposition 1 and Proposition 3 characterize the optimal tax rates τu, τ d and the optimal

refund rate δ under different assumptions (unlimited versus limited tax capacity, in a general

tax system, VAT and TOT systems).13 In order to further our understanding regarding the

optimal tax design under limited tax capacity and to evaluate numerically the optimal tax

policies and tax system, we conduct several quantitative exercises. The numerical exercises

we conduct in the next section are not meant to represent a particular economy but rather

to illustrate our main points, to explore the effects of misreporting costs on the optimal tax

rates and tax systems, draw possible connections with our empirical findings.

13It is possible (i) to show that the VAT
(
τu∗V AT , τ

d∗
V AT , 1

)
and the RST

(
0, τd∗RST , 0

)
systems are equivalent

in terms of the economy’s welfare in an unlimited tax capacity economy and (ii) to characterize the optimal
RST instrument with limited tax capacity. The government’s inability to collect taxes and enforce a tax
system breaks the VAT-RST equivalence result. In the absence of audit instruments, not only downstream
firms can misreport their input purchases but upstream firms can misreport their output sales. To restore the
equivalence between these two systems, the government would have, for instance, to subsidize downstream
purchases and increase the tax on upstream sales. Results are available upon request.
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4 Numerical Exercise

For our numerical exercises, we choose the functional forms and the parameter values

in line with the standard literature and our empirical findings. We assume the following

functional forms for the consumer’s utility function, the production functions of down-

stream and upstream firms, respectively: u (C, z) = γ log(C) + (1− γ) log (1− lu − ld),
yd = F (yu, ld) = yαu l

1−α
d and yu = F (lu) = lu, where the agent’s is endowed with one

unity of time and leisure z = 1− lu− ld, γ is the relative weight on the utility of consumption

and α is the upstream input share of the downstream production function; (1− α) is the

downstream labor share. The relative weight on the utility derived from consumption, γ, is

set such that the equilibrium condition from the consumer utility maximization problem is

satisfied, i.e., lu+ ld = γ, and the consumer (optimally) spends one third of her time working.

We set α = 0.30 such that the labor share in the downstream firm is about two-thirds and

the upstream input share is one-third of the downstream output.

Misreporting cost functions are convex functions of misreported gaps and we assume

the following functional forms are as follows: H (yd − yd) =
(
yαu l

1−α
d − yd

)θH , J (ŷu − yu) =

(ŷu − yu)θJ and J (yu − yu) = (lu − yu)θJ . We set θD = θÛ = θU = 1.50 as our benchmark

case. We conduct exercises where we allow for different misreporting costs to capture hetero-

geneous responses not only with respect to downstream versus upstream firms, but also across

downstream firms misreporting margins, i.e., sales versus purchases misreporting costs. In

our numerical exercises, we ignore the case that upstream and downstream firms cooperate

to misreport sales and purchases of the upstream good, splitting the costs to misreport their

transactions to the government. We assume they have the same misreport functional forms.

Finally, the exogenous revenue requirement R is set to 0.10, such that it is about 20 − 25

percent of the downstream output in an economy with unlimited tax capacity.14Our first

exercise establish a benchmark where the government’s tax capacity is unlimited. That is,

an economy without tax evasion in any of the margins, namely downstream purchases and

sales and upstream sales (Table III). In this context, the optimal tax system is such only

downstream sales of final goods are taxed at 23 percent, Intermediate goods are not taxed

and the tax refund rate is zero, i.e.,
(
τu∗, τ d∗, δ∗

)
= (0.00, 0.23, 0.00).15 On the other hand,

if tax capacity is limited, it is optimal that the government uses all policy instruments at its

disposal. In this case, the optimal tax system
(
τu∗, τ d∗, δ∗

)
= (0.12, 0.24, 0.19) includes taxes

on intermediate and final goods at rates of 12 and 24 percent, respectively, and downstream

14Our main results are robust to reasonable variations around this benchmark set of parameters.
15In an unlimited tax capacity economy a VAT system that tax both upstream and downstream firms

sales at 23% but allow downstream firms to fully deduct the amount of taxes paid by upstream firms, i.e.,(
τu∗, τd∗, δ∗

)
= (0.23, 0.23, 1.00), is equivalent to a RST where only downstream firms pay a 23% tax.
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firms can claim about one-fifth of the taxes remitted by upstream firms as their production

cost. Compared to an economy where the government tax capacity is unlimited and hence

evasion is not observed, i.e., yd
∗ = ŷu

∗ = yu
∗ = 0, the intermediate goods production falls

and the prices of both intermediate and final goods increase (in particular, p∗u goes up by 13

percent). Facing the optimal tax scheme, downstream and upstream firms report less than

the true amount produced - noticeable, downstream firm reported output corresponds to 86

percent of what is actually produced and sold to consumers. Consumers are worse off in a

limited tax capacity economy - they consume slightly less but experience reduction in their

leisure time, mainly due to more (downstream) hours worked.

Table III: General Tax System: Optimal Policies, Output, Prices and Welfare
Policies Output Prices Welfare

(I) (II) (III) (IV) (V)

Produced Reported(
τu∗, τd∗, δ∗

)
y∗d y∗u yd

∗ ŷu
∗

yu
∗ p∗d p∗u U∗

Unlimited

(0.00, 0.23, 0.00) 0.179 0.099 − − − 2.402 1.000 −0.9231

Limited

(0.12, 0.24, 0.19) 0.1789 0.0910 0.1541 0.0912 0.090 2.486 1.135 −0.9297

Benchmark: R = 0.10, γ = 0.33, α = 0.30; θD = θÛ = θU = 1.50.

Next, we conduct a series of exercises to investigate how the optimal tax system, under

limited tax capacity, changes for different sets of parameters. Table IV, presents the re-

sults for different values of γ (utility weight), α (input share) and R (revenue requirement).

Unfortunately, our database does not inform us about consumers in this economy. Hence,

we present results for reasonable variations of γ around its baseline value. If agents value

the utility from consumption more, i.e., a higher relative weight on the utility derived from

consumption, γ, upstream and downstream production increases and prices fall. Going from

the benchmark value γ = 0.33 to, for instance, γ = 0.70,we observe that tax rates and refund

rate are smaller, the optimal tax system changing from
(
τu∗, τ d∗, δ∗

)
= (0.12, 0.24, 0.19) to

(0.06, 0.13, 0.03). Despite, in this case, more output is produced and consumed, at lower

prices, the agent’s welfare goes down. Because agents value consumption more, in order to

consume more they have to produce more and, hence, work more. The increase in utility

due to the increase in consumption is, however, more than compensated by the drop in their

utility due to less leisure they experience.
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Table IV: General Tax System, Relative Consumption Utility (γ), Upstream Input Share
(α) and Revenue Requirement (R): Optimal Policies, Output, Prices and Welfare

α∗ = 0.30, R∗ = 0.10 γ∗ = 0.33, R∗ = 0.10 γ∗ = 0.33, α∗ = 0.30

Benchmark γ = 0.50 γ = 0.70 α = 0.50 α = 0.70 R = 0.05 R = 0.07

(I) (II) (III) (IV) (V) (VI) (VII)

Policies τu∗ 0.122 0.077 0.061 0.025 0.134 0.046 0.079

τd∗ 0.236 0.153 0.130 0.276 0.167 0.125 0.167

δ∗ 0.189 0.050 0.032 1.000 0.025 0.066 0.098

Output y∗d 0.1790 0.2713 0.3256 0.1650 0.1788 0.1791 0.1791

y∗u 0.0920 0.1420 0.1720 0.1650 0.2210 0.0960 0.0939

yd
∗ 0.1542 0.2609 0.3181 0.1311 0.1664 0.1722 0.1667

Reported ŷu
∗

0.0922 0.1420 0.1720 0.1653 0.2210 0.0960 0.0940

yu
∗ 0.0910 0.1420 0.0365 0.1647 0.2207 0.0959 0.0937

Prices p∗d 2.4869 2.2248 2.1563 2.7613 2.4369 2.1330 2.2609

p∗u 1.1352 1.0829 1.0647 1.0256 1.1526 1.0481 1.0849

Welfare U∗ −0.9296 −1.0918 −1.1890 −0.9611 −0.9258 −0.8833 −0.9017

Benchmark: R = 0.10, γ = 0.33, α = 0.30; θD = θ
Û

= θU = 1.50.

Motivated by our empirical results, it is worth investigate how an equal share of inputs

in the downstream production technology would affect our results. Recall that the upstream

production technology is linear and we set α = 0.50 - that is, the upstream good and the

labor shares in the downstream production are the same. The optimal tax system is such

that upstream (downstream) firms are taxed at a lower (higher) rate but downstream firms

can claim the full amount of taxes remitted by upstream firms as part of their production

costs. That is,
(
τu∗, τ d∗, δ∗

)
= (0.025, 0.276, 1.00). Upstream firms under-report about

eighty percent of their production, while downstream misreport three percent of their final

goods sales (compared to two and fourteen percent in the benchmark case, respectively). As

expected, a lower exogenous revenue requirement R leads to lower taxes on both stages of

production as well as a lower refund rate to downstream firms. Production increases, prices

fall and the consumer experience higher welfare.

In a limited tax capacity economy where it is more costly to misreport sales and purchases,

for instance, from the benchmark values θD = θÛ = θU = 1.50 to θD = θÛ = θU =

1.30 all other parameters constant, upstream and downstream firms produce and sell more

goods, at lower prices, and misreport less (Table V). Taxation also falls
(
τu∗, τ d∗, δ∗

)
=

(0.06, 0.22, 0.03), from (0.12, 0.24, 0.19)16. As the economy produces more of the intermediate

and final goods, agents consume more and work relatively less, which improves consumer’s

16Since the worker’s labor supply is bounded, i.e., (lu + ld) ∈ [0, 1], it implies that upstream and down-
stream firms’ output is also bounded in the same range.

31



welfare. We conduct three additional exercises where we vary only one parameter θ, while

keeping the other two at the benchmark level. Taxation of intermediate sales (and refund

rate) falls dramatically to about one third of the benchmark case. The misreport gap falls

- (y∗d − yd∗) = 0.0029, compared to 0.0248 when it is more costly for downstream firms

to misreport their sales of final goods, i.e., θD = 1.30 (keeping θÛ = θU = 1.50). If, on

the other hand, misreporting sales is more costly for upstream firms θU = 1.30 (keeping

θÛ = θD = 1.50), we observe a drop in the intermediate output production along with an

increase in its taxation to τu∗ = 0.19.

Table V: General Tax System and Misreporting Cost Parameters (θD, θÛ , θU): Optimal Poli-
cies, Output, Prices and Welfare

θÛ , θU = 1.50 θD, θU = 1.50 θD, θÛ = 1.50

Benchmark θD, θÛ , θU = 1.30 θD = 1.30 θÛ = 1.30 θU = 1.30

(I) (II) (III) (IV) (V)

Policies τu∗ 0.122 0.058 0.045 0.135 0.191

τd∗ 0.236 0.222 0.225 0.231 0.207

δ∗ 0.189 0.029 0.041 0.161 0.080

Output y∗d 0.1790 0.1791 0.1791 0.1789 0.1785

y∗u 0.0920 0.0950 0.0960 0.0910 0.0860

yd
∗ 0.1542 0.1763 0.1762 0.1552 0.1594

Reported ŷu
∗

0.0922 0.0950 0.0960 0.0910 0.0861

yu
∗ 0.0910 0.0950 0.0960 0.0510 0.0860

Prices p∗d 2.4869 2.4090 2.4085 2.4821 2.4632

p∗u 1.1352 1.0612 1.0470 1.1507 1.2348

Welfare U∗ −0.9296 −0.9240 −0.9241 −0.9385 −0.9286

Benchmark: R = 0.10, γ = 0.33, α = 0.30; θD = θ
Û

= θU = 1.50.

Although downstream production of the final good falls and agents consume less, they

are better off as they work less hours in the upstream intermediate goods production. Over-

all, increasing the marginal cost of firms, either upstream or downstream, to misreport their

sales, either to downstream firms or consumers, respectively, leads to welfare gains for con-

sumers. This is mainly increases in the leisure that more than compensate a (small) drop

in consumption. Interestingly, consumers are worse off in a economy where it is more costly

for downstream firms to misreport their purchases of intermediate goods, that is, θÛ = 1.30

(keeping θD = θU = 1.50). In this case, downstream firms profit maximization lead them to

misreport their sales less (y∗d − yd∗) = 0.0237, compared to 0.0248 in the benchmark, and to

not misreport the amount of intermediate goods purchased, i.e., (y∗u − ŷu
∗) = 0. Upstream

firms react by increasing the misreport gap from (y∗u − yu∗) = 0.001 in the benchmark case

to 0.04 with higher downstream purchase misreporting cost (θÛ). This result is associated
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with higher taxation of intermediate goods along with higher upstream prices.

Table VI presents our next exercise. It looks at the two tax systems considered in the

SIMPLES tax reform.17 Recall that in a VAT system, both intermediate and final goods

sales are taxed at the same rate (τu = τ d = τV AT ) and downstream firms can claim the full

amount of taxes remitted by upstream firms as part of their production costs (δV AT = 1),

i.e., TVAT = (τV AT , τV AT , 1). On the other hand, a TOT system - TT OT =
(
τuTOT , τ

d
TOT , 0

)
- is such that upstream and downstream firms are taxed at different tax rates but taxes

remitted by upstream firms can not be claimed as cost by downstream firms (δTOT = 0). In

an unlimited tax capacity economy, the tax rates τ ∗V AT and τu∗TOT , τ d∗TOT are the same as in

the general tax system (Table III), the difference being the refund rate.

The government limited tax capacity leads to higher taxes on both upstream and down-

stream firms under a VAT system. In this case, the optimal set of optimal policies is(
τu∗V AT , τ

d∗
V AT , δ

∗
V AT

)
= (0.27, 0.27, 1.00), compared to (0.23, 0.23, 1.00) in an unlimited tax

capacity environment. Prices of intermediate and final goods are higher and firms misreport

more in all margins - upstream sales, downstream purchases and downstream sales. Because

δ∗V AT = 1, the VAT system corrects for any distortions the taxation of upstream goods might

cause in the downstream optimal choice of production inputs by allowing downstream firms

to claim the amount of taxes remitted by upstream (intermediate goods) firms as part of

their production costs. The marginal rate of technical substitution imply that Fld(·) = Fyu(·)
and consumers are worse off vis-à-vis the general case as they experience a reduction in their

leisure time due to more hours worked in the upstream firm.

Under the optimal TOT system
(
τu∗TOT , τ

d∗
TOT , δ

∗
TOT

)
= (0.136, 0.228, 0.00), upstream (down-

stream) firms are taxed at higher (lower) rates (Tables VI vs. III), but downstream firms

can not deduct upstream tax payments in their profit maximization. The marginal rate of

technical substitution MRTSTOT
ld,yu

= Fld(·)/Fyu(·) = (1− τuTOT ) is (more) distorted and the

use of intermediate goods as inputs of final goods production is taxed twice - first directly

(at higher rate) at the upstream stage of production and again, albeit indirectly, at the final

production stage by not allowing refund of taxes already collected in the production chain.

Our empirical findings for the informal firms in Brazil (Section 2) suggest that upstream

firms are more responsive to tax changes than downstream firms, which can be associated

to lower misreporting costs. Interestingly, our numerical exercise shows that going from

an unlimited to a limited tax capacity economy, it is optimal to tax upstream firms at a

lower tax rate than downstream firms even when upstream and downstream firms face the

same misreporting costs. In our theoretical model, the behavioral effects of policy changes

capture this efficiency motive through the elasticities of the misreported sales gaps to the

17Additional results for RST and WST are presented in the Appendix A.5.
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Table VI: VAT and TOT: Optimal Policies, Output, Prices and Welfare
Policies Output Prices Welfare

(I) (II) (III) (IV) (V)

Produced Reported(
τu∗, τd∗, δ∗

)
y∗d y∗u yd

∗ ŷu
∗ yu

∗ p∗d p∗u U∗

Value-Added Tax System (VAT)
Unlimited

(0.23, 0.23, 1.00) 0.179 0.099 − − − 2.400 1.303 −0.923

Limited

(0.27, 0.27, 1.00) 0.179 0.102 0.147 0.133 0.069 3.105 1.315 −0.934

Turnover Tax System (TOT)
Unlimited

(0.00, 0.23, 0.00) 0.179 0.099 − − − 2.400 1.000 −0.923

Limited

(0.136, 0.228, 0.00) 0.178 0.089 0.156 − 0.081 2.458 1.152 −0.931

Benchmark: R = 0.10, γ = 0.33, α = 0.30; θD = θ
Û

= θU = 1.50.

policy instruments, i.e., the ad valorem taxes on upstream and downstream reported sales.

This result can be viewed as a reinterpretation of Diamond and Mirrlees (1971a) when they

“conclude that we want efficiency for these private production possibilities taken together.”

This can be highlighted in our limited tax capacity environment. Going from an unlimited

to a limited tax capacity economy, the tax rate on the downstream reported sales remains

the same (τ d∗TOT = 0.23), while upstream firms are taxed at a substantially lower tax rate -

it drops from from τu∗TOT = 0.23 in the unlimited case to τu∗TOT = 0.136 in the limited tax

capacity economy.

Comparing across tax systems in a limited tax capacity environment, we observe the

optimality of TOT compared to VAT tax structure. This is the case for two reasons. First,

in a TOT system there is not a rebate to downstream purchases which reduces the incentive

for over-report sales for those firms with low misreporting costs. Second and more impor-

tant, we have differential tax rates to upstream versus downstream firms that accommodate

heterogeneous characteristics in the production chain. In this particular case with similar

misreport costs in the production chain, a smaller tax on upstream firms is called for to

reduce the inefficiency associated with the cascading effect.18

18Firms are taxed at higher rates if we restrict the optimal TOT system to tax upstream and downstream
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Finally, if we assume it is less costly for upstream firms than downstream firms to mis-

report their sales, as suggested by our empirical results, for instance, if θD = 1.20 and

θU = 1.50 (instead of the benchmark values θD = θU = 1.50), the optimal TOT system is

now
(
τu∗TOT , τ

d∗
TOT , δ

∗
TOT

)
= (0.02, 0.227, 0.00). This means that it is optimal to further reduce

the taxation of upstream firms, while keeping the tax rate on downstream sales constant.

In fact, the total reduction in the upstream tax rate from an unlimited tax capacity envi-

ronment can be decomposed into (i) a revenue efficiency argument associated with chain

effects of upstream firm’s taxation with optimal choice of inputs by downstream firms as

shown in equation (15), from τu∗TOT = 0.23 to τu∗TOT = 0.136, and (ii) a relative higher cost for

upstream firms to misreport sales, equation (9) vis-à-vis equation (5), from τu∗TOT = 0.136 to

τu∗TOT = 0.02.

5 Conclusions

This paper characterizes the optimal linear taxes on firms focusing on the main differences

in business-to-business (B2B) and business-to-consumers (B2C) transactions. We motivate

our analysis by studying a tax reform and a survey of informal firms in Brazil, a developing

country with a large informal sector with government’s limited capacity to collect taxes

and enforce the tax code. The government’s limited tax capacity creates opportunities for

upstream and downstream firms to misreport their sales and purchases for tax purposes. The

federal tax simplification program (SIMPLES), a massive tax reduction for micro-enterprises

and small firms, was followed by states’ participation in the program that changed sales tax

rates for small firms. We consider a survey of upstream and downstream informal firms and

analyze the States’ tax reform effects on firms’ revenues and production cost.

We develop a theoretical model with upstream and downstream firms, consumers and

a limited tax capacity government. The government’s goal is to maximize the economy’s

welfare by choosing ad valorem taxes on upstream and downstream sales and refund rate,

subject to an exogenous revenue requirement. We characterize the optimal tax instruments

under alternative tax systems. In particular, and in line with the SIMPLES tax reform, we

characterize the optimal value-added tax and turnover tax system. The main contribution of

our model is to highlight the role of each misreporting margin of firms along the production

chain - upstream (intermediate goods) sales, downstream (intermediate goods; inputs) pur-

chases and downstream (final goods) sales, on the optimal choice of tax instruments. These

effects are expressed in the form of elasticity of the misreported sales and purchase gaps to

the policy instruments and they are summarized by behavioral and mechanical effects. These

firms at the same rate and the refund rate to be equal to zero, i.e. (τ∗TOT , τ
∗
TOT , δ

∗
TOT ) = (0.29, 0.29, 0.00).

That would entail a smaller aggregated welfare compared to VAT.
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effects are expressed in the form of elasticity of the misreported sales and purchase gaps to

the policy instruments and they are summarized by behavioral and mechanical effects, a

reinterpretation of Diamond and Mirrlees (1971a) findings.

When designing the optimal ad valorem taxes and a tax refund rate, the government

must take into account the firms’ elasticity of the misreported revenues, weighted by the

value of the relevant misreported tax base. We show that the elasticity of upstream and

downstream misreported revenue (purchase) gaps with respect to ad valorem taxes and

the tax refund rate are the relevant statistics to be used when investigating an optimal

linear tax system in an industry constrained by the government’s limited tax capacity. For

instance, if the elasticity of the downstream misreported sales gap is too large, it is optimal

to set the tax on downstream sales equal to zero (leaving room to design and implement

alternative tax systems). We also present several quantitative exercises in order to further our

understanding regarding the optimal tax design under limited tax capacity. Our numerical

evaluation reinforces lower taxes in upstream firms with an additional reduction due to lower

misreporting costs suggested by our empirical estimates.
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A.1 Appendix

A.1 VAT Reform: Eligible Economics Activities and Opt-in states

Table A.1: Eligible Sectors
Economic Activities

Retail and Trade Vegetable products, Beverage, Meat and food, Garment and
accessories, Decoration articles. Books and magazines,
Construction material, home appliance, machines and electric
supplies, transport equipment, pharmaceutics and chemistry,
oil goods, supermarkets, leisure articles.

Construction Industry and work related

Manufacturing ware, construction material and ceramics, metallic instruments,
wood objects bamboo, wicker and agave manufacturing , furniture,
paper goods, rubber goods manufacturing , leather goods
manufacturing, plastic goods manufacturing , textile goods
manufacturing, garment manufacturing, shoes manufacturing,
food manufacturing, printing and editing, medical material and
hygiene products manufacturing.

Transportation cargo and people transportation, charter freight, maritime freight,
air transportation.

Other Services loading, food, furniture restoration, plumber and electrics, sewing,
clothes rental, lm laboratory, laundering, pressing and dying,
gardening, entertainment TV installation, articles renting, tourism.

Source: Monteiro and Assuncao (2012)
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Table A.2: VAT Reform: Opt-in Brazilian states and Dates
States Data States Data
Maranhão 03/24/1997 Santa Catarina 05/08/2000
Esṕırito Santo 04/24/1997 Acre 07/19/2000
Pernambuco 12/29/1997 Alagoas 10/03/2001
Goiás 06/04/1998
Amapá 06/17/1998 Pará 01/07/2003
Mato Grosso do Sul 07/08/1998 Rio Grande do Norte 01/28/2003
Bahia 11/04/1998 Paraná 01/29/2003
São Paulo 11/19/1998 Ceará 04/02/2003
Sergipe 12/22/1999 Paráıba 04/28/2003
Rio de Janeiro 12/29/1999
Distrito Federal 12/29/1999
Rondônia 12/30/1999
Source: de Paula and Scheinkman (2010).

A.2 Brazilian Informal Firms (2003-ECINF) and the VAT Reform
Our data source is a national survey of informal firms conducted by the Brazilian Statis-

tics Bureau (IBGE) in October of 2003. The ECINF (Pesquisa de Economia Informal Ur-

bana) surveyed 48,701 urban entrepreneurs in all Brazilian states, focusing on units with less

than five employees and it uses the demographic census as a benchmark. The survey was

conducted as follows. First, preliminary interviews screened households for the presence of

at least one entrepreneur employing five or less workers. Then, the sampling was prepared

in two stages: in each state (of a total of 27), the primary sampling units (census tracts)

were stratified geographically in three strata (state capital, capital’s metropolitan area and

remaining census tracts).

In a second step, the primary sampling units were stratified according to levels of income

within the geographical stratum. Census tracts were randomly selected with a probability

proportional to the number of households in the tract. For each selected census tract, 16

households were randomly chosen for interviews. Interviewees were told that the information

collected for the survey was confidential and would only be use for statistical purposes.

According to RAIS (2004), a survey on the universe of formal firms in Brazil, more than

90% of the firms have less than 5 workers and employ about 35% of the universe of formal

workers in that year. In the ECINF, the vast majority of entrepreneurs had declared that

their firm was informal. For our purposes, we eliminated firms with missing information on:

(i) their revenues. costs and wealth; (ii) their owner’s characteristics such as education and

gender and (iii) on who were their clients; dropping to around 37,700 observations.

The ECINF covered nine economic sectors: transformation and mineral industry, con-
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struction, retail and repair service, lodging and food services, transportation and commu-

nications, real state and services, education, health and social services and other activities.

We use these economic sectors as controls in our regressions. We also constructed a set of

dummy variables to be used as additional controls. They capture if the firm (i) is price

taker with respect to the its own sales, (ii) belongs to a cooperative production system, (iii)

if the owner/firm belongs to any union, (iv) has filled out income tax in 2003, (v) has an

accountant to help with financial services, (vi) has filled out an exemption form for income

taxes, (vii) has filled out presumed profit income tax. The last three variables inform if the

firm is tax registered, our variable that denotes the extensive margin of evasion, informal-

ity, if the firm participates in the SIMPLES (Adhesion) and if the firm participates in the

tax substitution regime. The tax registry corresponds to the Cadastro Nacional de Pessoas

Juridicas (CNPJ). As in de Paula and Scheinkman (2010) we argue that this information is

the most representative indicator of formalization. To complement our analysis, we use two

other measures: legally constituted firms and the presence of official licensing. While the use

of first measure does not affect our results (it is less precise given that the number of missing

observations is large), the second one brings some inconsistent results. Official licensing is a

requirement for firms to be able to print an invoice for tax purposes and we address that by

considering the possibility of firm to fill out income tax form.

The variable Adhesion has too many missing data and it is shown in one of our regression

as a predictor for SIMPLES participation. The variable taxsub assumes one if firms operate

in sectors that qualify for tax substitution. Under this tax collection system VAT is due

at some stage in the production chain at a rate estimated by the tax authorities. This is

nothing but a transfer of the tax liability across stages in the production chain. In Brazil it

tends to be adopted for activities with a reduced set of initial producers and many smaller

units at the subsequent stages of production. The typical example is the pharmaceutical

industry, where all taxes are applied at the industry level, based on an estimated sale price

to final consumers. Downstream sellers of drugs and medication are not subject to VAT.

Table A.3 clearly reveals that although much less firms operate in the upstream stage of

a production chain. They present larger revenues, expenses, number of worker and inputs.

That might reflect their more intense use of an accountant, cooperative partners as well as

tax registration.
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Table A.3: States’ Participation in VAT reform
Downstream Upstream

Obs Mean Std. Dev. Obs Mean Std. Dev.

Main Dependent Variables
Total Revenue 33783 1857.00 5402.98 4247 4213.18 11050.74
Own Sales 5131 1292.81 3297.96 578 4149.58 12537.49
Resales 11267 2779.86 7927.98 848 6897.31 19486.82
Services 20382 1360.68 3399.68 3101 3383.44 6963.94
Total Expenses 33783 6124.02 389536.30 4247 23555.35 102924
Nonlabor Expenses 33783 4163.65 250853.20 4247 15895.28 650939.40
Labor Expenses 33783 1335.04 133268.40 4247 5179.469 306896.60

Owner characteristics
Age 33783 41.33 11.99 4247 40.97 11.19
No instruction 33783 0.06 0.24 4247 0.03 0.17
reading 33783 0.04 0.21 4247 0.02 0.15
Inc. Middles School 33783 0.38 0.48 4247 0.25 0.43
Comp Middle School 33783 0.14 0.34 4247 0.12 0.33
Inc High 33783 0.10 0.30 4247 0.08 0.28
Comp. High School 33783 0.22 0.41 4247 0.31 0.46
Inc. College 33783 0.03 0.18 4247 0.08 0.28
Comp. College 33783 0.10 0.30 4247 0.08 0.28

Firms characteristics
Number of workers 33783 1.42 0.94 4247 1.70 1.36
Outside House 33783 0.62 0.46 4247 0.69 0.44
Predicted tax rates 33783 0.11 0.06 4247 0.13 0.06

Other Dependent Variables
Price Taker 30776 0.61 0.48 3834 0.56 0.49
Cooperative 29880 0.07 0.26 3334 0.11 0.32
Union 33166 0.10 0.30 4099 0.20 0.40
Accountant 33783 0.10 0.30 4247 0.22 0.40
Income tax Exempted 3193 0.40 0.49 956 0.32 0.46
Presumed Income tax 1886 0.71 0.44 642 0.75 0.42
Tax registry 33224 0.11 0.31 4095 0.25 0.43
SIMPLES Adhesion 1028 0.73 0.44 227 0.70 0.45
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Table A.4: States’ Participation in VAT reform for firms only in States’ reform in 2003
Downstream Upstream

Obs Mean Std. Dev. Obs Mean Std. Dev.

Main Dependent Variables
Total Revenue 6160 1831.54 5.517.24 595 4346.48 11220.82
Own Sales 1011 1128.26 2.234.93 84 3172.31 44398.09
Resales 2270 2691.52 8.316.24 130 7561.42 19403.31
Services 3483 1347.02 2.953.48 421 3399.94 6.186.71
Total Expenses 6160 11845.09 587301.30 595 103505.80 245967
Nonlabor Expenses 6160 6804.38 318527.50 595 52498.48 12298.14
Labor Expenses 6160 3387.26 254822.20 595 34098.87 819915.09

Owner characteristics
Age 6160 41.51 120.07 595 40.99 113.97
No instruction 6160 0.07 0.25 595 0.02 0.13
reading 6160 0.03 0.18 595 0.02 0.15
Inc. Middles School 6160 0.35 0.46 595 0.26 0.42
Comp Middle School 6160 0.11 0.31 595 0.11 0.30
Inc High 6160 0.08 0.27 595 0.05 0.22
Comp. High School 6160 0.21 0.39 595 0.29 0.43
Inc. College 6160 0.03 0.17 595 0.06 0.23
Comp. College 6160 0.07 0.22 595 0.15 0.18

Firms characteristics
Number of workers 6160 1.46 0.97 595 1.69 1.24
Outside House 6160 0.58 0.47 595 .66 0.45
Predicted tax rates 6160 0.09 0.06 595 .12 0.06

Other Dependent Variables
Price Taker 5849 0.58 0.49 556 0.51 0.50
Cooperative 5501 0.08 0.27 470 0.14 0.34
Union 6029 0.09 0.29 571 0.20 0.40
Accountant 6160 0.10 0.30 595 0.19 0.39
Income Tax Exempted 584 0.44 0.49 134 0.39 0.49
Presumed Income tax 323 0.72 0.44 81 0.71 0.45
Tax registry 6057 0.11 0.31 581 0.25 0.43
SIMPLES Adhesion 214 0.76 0.42 26 0.57 0.50

A.3 Firms Revenue, Production Costs and Age
As we are interested in comparing upstream with downstream firms, we must visually

check upstream and downstream firms patterns of revenues and expenses with respect to

their age. Figure A.1 consider firms in states that implemented a VAT reform in 2003, same
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year of the survey. We observe that firms created at most 12 months apart from each State’s

VAT reform present similar revenues (superior panel) and expenses for both eligible versus

non-eligible firms and, therefore they are comparable and can be used in our identification

strategy.
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Figure A.1: Firms Revenue, Production
Costs and Age.
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Figure A.2: Number of Firms X State Tax
Reform.

We also have checked if there is a different number of firms in eligible versus non-eligible

sectors for both upstream and downstream after (compared to before) tax reform. Our

Figure A.2 reinforces that there seems to be no effect on the number of firms. Last, the

results for the mechanisms through which upstream firms are more responsive to taxes than

downstream counterparts are presented below.
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Table A.5: Informal Downstream and Upstream Firms: Tax Registry, Accounting Services,
Price Takers and Cooperative-type Organizations(1)

Tax Registry Accounting Services

All Upstream Downstream All Upstream Downstream

(1) (2) (3) (4) (5) (6)

Eligible 0.314* -0.168 0.489* 0.326 6.859*** 0.256

(0.181) (0.355) (0.255) (0.219) (2.432) (0.181)

SIMPLES 0.259 1.020 0.082 0.596** 8.290*** 0.559***

(0.276) (0.748) (0.330) (0.258) (2.457) (0.216)

Eligible*SIMPLES -0.071 -0.785 0.094 -0.376* -7.705*** -0.394***

(0.251) (0.812) (0.288) (0.204) (2.409) (0.150)

Adjusted R2 0.222 0.232 0.246 0.218 0.233 0.243

# observations 945 97 837 1.023 76 909

Price Takers Belong to Cooperative

All Upstream Downstream All Upstream Downstream

(7) (8) (9) (10) (11) (12)

Eligible 0.143 0.138 0.172 0.158 -1.029 0.163

(0.120) (0.218) (0.128) (0.168) (0.744) (0.264)

SIMPLES 0.004 0.409 -0.065 0.144 -0.901 0.512*

(0.206) (0.271) (0.278) (0.146) (1.005) (0.277)

Eligible*SIMPLES -0.087 -0.418 0.011 -0.168 1.234 -0.585**

(0.186) (0.669) (0.258) (0.112) (1.061) (0.270)

Adjusted R2 0.060 0.197 0.069 0.047 0.231 0.053

# observations 935 99 829 947 83 848

Note: *: p < 0.10, **: p < 0.05, ***: p < 0.01. Robust standard errors in parentheses. (1) Results for firms created

up to twelve months before and after a State joined the SIMPLES tax reform in 2003. Five States implemented the

tax reform in 2003: Pará, Rio Grande do Norte, Paraná, Ceará and Paráıba. See Table A.2 for

details. All controls included.
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A.4 Auxiliary Theoretical Results

Government Welfare Maximization Problem

For convenience, we repeat here the welfare objective of the government, equation (20):

W (T ) = v (pd (T ))

+ λ
{
τ dpd (T ) [yd −∆yd (pd (T ) , pu (τu) , T )]

+ τupu(τ
u) [yu −∆yu (pd (T ) , pu (τu) , τu)]

− δτupu(τ
u) [yu −∆ŷu (pd (T ) , pu (τu) , τu, δ)]−R}

where ∆yd (pd (T ) , pu (τu) , T ) = yd−yd (pd (T ) , pu (τu) , T ), ∆yu (pd (T ) , pu (τu) , τu) = yu−
yu (pd (T ) , pu (τu) , τu) and ∆ŷu (pd (T ) , pu (τu) , τu, δ) = yu − ŷu (pd (T ) , pu (τu) , τu, δ).

The total welfare effects of changing τu, τ d and δ can be written as, respectively(
∂W/∂δ

λ

)
τu = Mτu − τ dpd (T ) ∆yd (ε∆yd,τu)

− τupu (τu) (∆yu) (ε∆yu,τu) + δτupu (τu) (∆ŷu) (ε∆ŷu,τu)

(
∂W/∂δ

λ

)
τ d = Mτd − τ dpd (T ) ∆yd

(
ε∆yd,τd

)
− τupu (τu) (∆yu)

(
ε∆yu,τd

)
+ δτupu (τu) (∆ŷu)

(
ε∆ŷu,τd

)
(
∂W/∂δ

λ

)
δ = Mδ − τ dpd (T ) ∆yd (ε∆yd,δ)

− τupu (τu) (∆yu) (ε∆yu,δ) + δτupu (τu) (∆ŷu) (ε∆ŷu,δ) (36)

where, for instance, the elasticity of downstream sales reported gap (∆yd), downstream

purchases reported gap (∆ŷu) and upstream sales reported gap (∆yu) with respect to the

tax policies τu, τ d and δ can be written as, respectively:

ε∆yd,τu =
(
∂∆yd
∂τu

) (
τu

∆yd

)
ε∆ŷu,τu =

(
∂∆ŷu
∂τu

)(
τu

∆ŷu

)
ε∆yu,τu =

(
∂∆yu
∂τu

) (
τu

∆yu

)
ε∆yd,τd =

(
∂∆yd
∂τd

) (
τd

∆yd

)
ε∆ŷu,τd =

(
∂∆ŷu
∂τd

)(
τd

∆ŷu

)
ε∆yu,τd =

(
∂∆yu
∂τd

) (
τd

∆yu

)
ε∆yd,δ =

(
∂∆yd
∂δ

) (
δ

∆yd

)
ε∆ŷu,δ =

(
∂∆ŷu
∂δ

)(
δ

∆ŷu

)
ε∆yu,δ =

(
∂∆yu
∂δ

) (
δ

∆yu

)
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The optimal policies can be expressed as follows:

τu∗ =

Mδ

[
Byd,τuBŷu,τd − Byd,τd (Bŷu,τu −Mτd)

+ (Bŷu,τu −Mτd)Mτu ]

Byd,τu
(
−Bŷu,τdByu,δ + Bŷu,δByu,τd

)
+Byd,τd (Byu,δ (Bŷu,τu −Mτd)− Bŷu,δByu,τu)

+Byd,δ
(
Byu,τd (Mτd − Bŷu,τu) + Bŷu,τdByu,τu

)
+ (Bŷu,δByu,τu + Byu,δ (Mτd − Bŷu,τu))Mτu

τ d∗ =

Mδ

[
Byd,δBŷu,τd + Bŷu,δ

(
Mτu − Byd,τd

)]
×
[
Byd,τuBŷu,τd − Byd,τd (Bŷu,τu −Mτd)

+Mτu (Bŷu,τu −Mτd)][
Byd,τuBŷu,τu − Byd,δ

(
Bŷu,τd −Mτd

)]
×
[
Byd,τu

(
−Bŷu,τdByu,δ + Bŷu,δByu,τd

)
+Byd,τd

(
Byu,δ

(
Bŷu,τd −Mτd

)
− Bŷu,δByu,τu

)
+Byd,δ

(
Bŷu,τdByu,τu − Byu,τd (Bŷu,τu −Mτd)

)
−
(
Byu,δ

(
Bŷu,τd −Mτd

)
+ Bŷu,δByu,τu

)
Mτu

]
and

δ∗ =
Byd,τuBŷu,τd − Byd,τdBŷu,τu + Byd,τdMτd + Bŷu,τuMτu −MτuMτd

Byd,τuBŷu,δ − Byd,δBŷu,τu + Byd,δMτd

where we denote the behavioral effects of policy changes as the elasticities of the misreported

sales and purchase gaps to the policy instruments t ∈ T =
{
τu, τ d, δ

}
, adjusted for the value

of their respective gap (pd (T ) ∆yd, pu (τu) ∆yu, pu (τu) ∆ŷu), as in equations (29) - (31).

Optimal Tax Refund is Interior

Proposition. In a limited tax capacity economy, the optimal tax system T ∗ =
{
τu∗, τ d∗, δ∗

}
is expected to satisfy equation (36). Setting

(
(∂W/∂δ)

/
λ
)
δ∗ = 0, the optimal tax refund is

interior, i.e., δ∗ ∈ (0, 1).

The elasticities of the downstream reported sales gap (∆Y d) with respect to the tax

refund (δ) is negative. For instance, a reduction in the tax refund leads to an increase in the

downstream production cost and an increase in the price of the final good. Consumers then

demand less of the final good and by lowering its production, downstream firms demand less

input from the upstream firm. For the firm’s optimal condition, equation (5), to be satisfied

as the final good price increases, the marginal cost of misreporting also has to increase,
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leading to an increase in the the downstream sales reported gap; and hence ε
∆Y d,δ

< 0. In a

similar way, and considering the optimal condition, equation (6), a decrease in δ imply the

downstream firms will increase the downstream purchase reported gap - notice that from

equation (6), H ′(Ỹ u−Y u) has to fall once δ falls, which will occur by reducing (Ỹ u−Y u) =

−∆Ỹ u, i.e., by increasing the (misreported) purchase gap. Thus, ε∆Ỹ u,δ > 0. Finally, the

elasticity of upstream reported sales gap (∆Ŷ u) with respect to the tax refund, ε∆Ŷ u,δ, is

zero. Consider the upstream firm equilibrium condition, equation (9); τuP u = g′(Y u − Ŷ u).

For a given reduction in δ, the left-hand side of this equation remains constant as τu is fixed

and P u does not depend on the tax refund rate. Hence the right-hand side has to remain

constant in the equilibrium optimal condition and, thus, the upstream reported sales gap

∆Ŷ u = Y u − Ŷ u is not affected by changes in the rebate rate and ε∆Ŷ u,δ = 0.

For δ = 0, an increase in the tax refund has a second-order positive effect on downstream

purchase misreport (evasion) increase and a first-order negative impact on downstream sales

misreport. On the other hand, for δ = 1, a decrease in the tax refund has two first-order

effects on the downstream (i) misreported sales and (ii) misreported purchases. That is,

respectively: (
∂W/∂δ

λ

)
δ = Mδ − τ dP d∆Y d

(
ε

∆Y d,δ

)
> 0 (37)(

∂W/∂δ

λ

)
δ = Mδ − τ dP d∆Y d

(
ε

∆Y d,δ

)
+ τuP u (τu)

(
∆Ỹ u

)(
ε∆Ỹ u,δ

)
< 0 (38)

if Mδ is sufficiently small.

Production Efficiency with Unlimited Tax Capacity

Proposition. With perfect tax enforcement (Definition 1), the optimal tax system is such

that downstream firms are allowed to fully deduct the amount of taxes remitted by upstream

firms (i.e., δ = 1, for any given τu > 0).

Conditions for Full Refund in an Unlimited Tax Capacity

Proposition. In an unlimited tax capacity economy, it is optimal to allow downstream firms

to fully deduct the amount of taxes remitted by the upstream firms, i.e., a one-hundred per-

cent refund rate is optimal (δ = 1), if a reduction in the refund rate δ leads to an inef-

ficiency in the downstream production (measured by consumer’s welfare and behavioral re-

sponses) that is larger than the revenue gain for the government (incidence effect). That is,

if
(
− (α/λ) yd + τ dpd (∂yd/∂pd)

)
(∂pd/∂δ) > τupuyu − τ d (∂pd/∂δ) yd, then δ = 1.
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A.5 Retail Sales Tax and Wholesale Tax Systems: Optimal Poli-

cies and Welfare

Retail Sales Tax
Unlimited Limited(

0, τ d∗, 0
)

(0.00, 0.23, 0.00) (0.00, 0.11, 0.00)
Welfare −0.9231 −0.9352

Whole Sales Tax
Unlimited Limited

(τu∗, 0, 0) (0.14, 0.00, 0.00) (0.07, 0.00, 0.00)
Welfare −0.9496 −0.9422

Benchmark: R = 0.10, γ = 0.33, α = 0.30, θD = θU = 2.0.

Retail Sales Tax
θD = 2.00 θD = 1.70 θD = 1.50(

0, τ d∗, 0
)

(0.00, 0.11, 0.00) (0.00, 0.15, 0.00) (0.00, 0.18, 0.00)
Welfare −0.9352 −0.9311 −0.9305

Whole Sales Tax
θU = 2.00 θU = 1.70 θu = 1.50

(τu∗, 0, 0) (0.07, 0.00, 0.00) (0.11, 0.00, 0.00) (0.16, 0.00, 0.00)
Welfare −0.9422 −0.9407 −0.9391

Benchmark: R = 0.10, γ = 0.33, α = 0.30.
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