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Abstract
We use information from the electronic billing system to estimate the underreport-
ing of income of private sector employees. We follow an expenditure-based method-
ology using the consumption of public and private sector employees for similar lev-
els of reported income. We find that private sector employees underreport between 7 
and 9% of their income in Ecuador. The size of the underreporting gap is negatively 
correlated with the number of employees at the firm, consistent with different risks 
and administrative costs of ‘envelope wages’ in small versus large firms.
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1  Introduction

Informality is a key feature of emerging markets and developing economies (Ohn-
sorge & Yu, 2021). It constitutes an extraordinary challenge for their development 
as the shadow economy eschews taxation and social security contributions while 
hindering the state’s ability to deliver benefits and enforce regulations. An under-
studied form of quasi-informality is the payment of envelope wages. Envelope 
wages refers to the practice of firms paying formal workers part of their remunera-
tion off the books. Taxpayers thus avoid payroll and income tax but also lose out on 
entitlements.

A great deal of hope for curbing evasion and increasing formality is put into 
technology. First, the withholding of income and payroll taxes by the employer is 
believed to make the underreporting of wages nearly impossible under the right 
circumstances (Kleven et  al., 2011; Jensen, 2022; Slemrod, 2019), leaving self-
employment as the main source of unreported labor income. Second, by increasing 
traceability and reducing transaction costs, digital payments could make tax evasion 
and informality a memory of the past. However, withholding may not work equally 
well in all countries; hence, it may not be correct that for employees, “tax authority 
income records can be regarded as the ‘gold standard”’ (Cabral et al., 2021). Moreo-
ver, the extent of envelope wage payments is not known in all countries, and to esti-
mate their size, researchers have resorted to survey data, which have been shown to 
yield biased results (Cabral et al., 2021; Paulus, 2015).

This paper seeks to answer the question, “To what extent do employees under-
report income?” using a novel approach that matches electronic billing data (a third-
party reported measure of consumption) with income tax records. Our study sheds 
light on how well firms comply with the withholding of income and payroll taxes. In 
addition, we provide empirical results on the theoretical prediction that collusive tax 
evasion is easier and more likely in small firms.

We use an expenditure-based methodology to estimate the gap in reported income 
between public and private sector employees in Ecuador. Briefly, we estimate the con-
sumption and income relationship, controlling for individuals’ demographic character-
istics for public and private sector employees. We assume that the relationship between 
consumption and real income is independent of the employment sector, and any differ-
ences observed are due to a difference between real and reported income. Ecuador has 
a comprehensive electronic billing system. We match this detailed data on consumption 
to employees’ income tax records. Our study focuses on wage earners, so we exclude 
all individuals that have self-employed income. There are two reasons for making this 
empirical choice. First, the main focus of this study is to understand the extent to which 
envelope wages exist in a context where a third-party reporting system comprehen-
sively covers the relationship between employers and employees. The second reason is 
practical; including these individuals would add noise to the estimation, given the char-
acteristics of the tax system in Ecuador. In the Ecuadorian tax system, self-employed 
individuals only have to report their gross income and expenses. The expenses are 
deductible from their taxable income. As a result, self-employed individuals have an 
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extra margin to evade that, in the Ecuadorian case, is easily used to decrease taxable 
income when gross income is third-party reported as shown by Carrillo et al. (2017).

At the core of our estimation is the assumption that individuals with similar 
demographic characteristics and real income will have similar consumption pat-
terns, particularly of food, independently of the source of their income. If we find 
differences in the relationship between consumption and reported income, those 
differences are consistent with income misreporting. Crucially, public employers 
have no incentive or opportunity to misreport their employees’ wages, so we can use 
employees in the public sector as the benchmark. Using survey data, we find evi-
dence that if there is a systematic difference in public and private sector employees, 
the public sector employees report higher consumption; therefore, any bias would 
be against our estimation, and the difference in reported income between otherwise 
similar employees in the public and private sectors is a lower bound estimate for 
underreporting of employee income in the private sector.

Overall, we find that for a given consumption level, the reported income from pri-
vate sector employees is smaller than that reported by public sector employees. Spe-
cifically, estimates center at around 8% of underreporting. However, once we look at 
heterogeneity by firm size, the underreported income is between 25% for small firms 
and 12% for middle-size firms using food consumption and between 40% and 13% 
using total consumption, and the gap is statistically significant in all cases. We cal-
culate the size of the underreported amount using our estimate for the whole sample 
to be conservative and find that the amount of wages not reported amounts to 3% of 
Ecuador’s GDP. The income tax loss is relatively small due to the tax’s progressive 
nature, around 1% of total tax revenue. However, the unpaid social security contri-
butions are sizable and equivalent to 9% of the total contributions.

The heterogeneity by firm size is striking: the reporting gap is largest–up to 40% 
of income–for small firms with 3 employees. It decreases with firm size until it van-
ishes for larger firms with more than 50 employees. This finding confirms theoretical 
predictions that collusive tax evasion is less likely in large firms under more scrutiny 
from tax authorities and where many employees may be exposed to the practice.

Our empirical results are consistent with the theoretical prediction that collu-
sive evasion is more likely in smaller firms (Kleven et al., 2016; Barth & Ognedal, 
2018). From a practical viewpoint, our methodology may allow tax authorities to 
target their taxpayer education and enforcement measures.

The rest of the paper is organized as follows. Section 2 presents a literature review. 
Section 3 presents an overview of the background. Section 4 lays out our sources of 
information and empirical strategy. Section 4.1 discusses our main assumption and 
possible biases if it fails, and 5 presents the results. Section 6 concludes.

2 � Literature review

Measuring evasion is a complex problem due to the nature of evasion itself, 
similar to measuring other illegal activities. There are two main ways of evading 
taxes: staying in the informal sector and not registering with the tax authority 
(extensive margin) or underreporting transactions to the tax authority (intensive 
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margin). We focus on the latter problem and make several contributions to the 
literature.

First, we focus on employees, whose tax compliance is most of the time taken 
for granted in the expenditure-based literature studying income underreporting 
and tax evasion. We do not assume that employees’ income is reported perfectly 
due to third-party reporting but instead challenge this assumption as our starting 
point. We analyze the intensive margin of underreporting wages (i.e., envelope 
wages). We follow a ‘traces-of-income’ or consumption-based methodology in 
the spirit of the one pioneered by Pissarides and Weber. They assumed that the 
source of income does not have systematically different effects on the consump-
tion of food by the self-employed and employees; therefore, any systematic differ-
ence between those two groups is due to the difference in underreporting opportu-
nity (Pissarides & Weber, 1989). This literature has grown using different groups, 
types of consumption, and contexts from this seminal work. The mainstay of this 
literature has focused on the underreporting of self-employed people, benchmark-
ing the consumption-income patterns of the self-employed against employees, 
who are assumed to report income reliably. Instead of comparing the consump-
tion-income relation of self-employed versus employed taxpayers, we compare 
two groups of employees with different opportunities to evade–private and public 
sector employees.

Second, this paper is the first to use consumption data from electronic billing 
(matched to income tax records), avoiding biases inherent in survey data. In con-
trast, most of the existing literature relies on self-reported income or consumption 
data or survey data for both income and consumption, which has been shown to be 
unreliable for this purpose (Cabral et al., 2021; Paulus, 2015). Cabral et al. (2015), 
using survey data on food consumption and income, compare self-employed with 
employees in Great Britain and find that the self-employed report around 81% of 
their income. Engström and Holmlund (2009), using survey data on consumption, 
find that in Sweden, the self-employed report around 70% of their income. Dunbar 
and Fu (2015) use the Survey of Financial Security and the Survey of Household 
Spending in order to estimate that between 35 and 50% of Canadian Households 
underreport income. The estimated underreported income is equivalent to between 
14 and 19 percent of the GDP. Artavanis et al. (2016) detect systematic differences 
in reported income between employees and self-employed individuals by compar-
ing their access to credit in Greece, one exception that uses third-party informa-
tion for the consumption proxy. In this context, self-employed individuals report 
around 55% of their actual income. Other authors have used consumption reported 
on the same tax form. Feldman and Slemrod (2007) estimate the underreporting 
of income in the USA using donations as a proxy for income. Their identifying 
assumption is that the donation-income relationship is the same for both employ-
ees and the self-employed. They find that self-employed individuals report 65% of 
their income. Torregrosa-Hetland (2020) measures the same gap for Spain, using 
donations, and finds that the self-employed report between 50% and 70% of their 
true income (the lower estimation corresponds to the top 10% of earners); and 
Domínguez-Barrero et  al. (2017) show that compliance changes with the eco-
nomic cycle.
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Third, we contribute to the literature on underreporting employee income 
and envelope wages. There is some evidence that there is a possibility of under-
reported wages when part of the income received by the employee is kept out-
side the books and is not reported either to social security or the tax author-
ity (i.e., envelope wages). The presence of these envelope wages varies widely 
with context. For instance, in Denmark, the evasion of third-party reported 
income is close to zero (Kleven et  al., 2011). From survey data, there is evi-
dence that low evasion on reported wages is not the norm in all European coun-
tries. Barth and Ognedal (2018) present survey evidence that, in the European 
Union countries, around 5% of employees received part of their wages on the 
side, and this extra income is not reported to the tax authority. Still, there is 
significant heterogeneity across countries, in Romania, the share is 15%, Bul-
garia 10%, and Spain between 5% and 7% (Di Nola et al., 2019). Williams and 
Horodnic (2017) use information from the Eurobarometer and find that 3% of 
workers over the 28 European countries covered by the survey received under-
reported salaries, and the percentage is more significant for unskilled workers, 
although there is a considerable variation between Eastern and Western Euro-
pean countries. A few studies rely on variation in incentives created by a social 
security reform. Bergolo and Cruces (2014) show that when a social insurance 
reform that tied the benefits to the reported wages was introduced in Uruguay, 
employees of small firms increased their reported income by about 25%. Kum-
ler et  al. (2020) measure the underreporting of wages to evade income and 
payroll taxes in Mexico. They compare two sources of information: individual 
wages reported by their employers to social security and a household-labor sur-
vey. They cannot measure underreporting at the individual level but rather at 
cells defined by the metropolitan area, sector, firm size, and employees’ age 
group. They take advantage of the change in the incentive structure to truth-
fully report one’s wages generated by a 1997 social security reform. After the 
reform, there was an increase in reported wages, especially among smaller 
firms and younger workers. Using the Pissarides and Weber type method, Ekici 
and Besim (2016) estimate that private employees in North Cyprus report 86% 
of their true income. Gorodnichenko et  al. (2009), also find that the workers 
of smaller firms in Russia are more likely to underreport income than those of 
larger firms using a similar methodology. They provide as possible mechanisms 
the different levels of monitoring according to firm size.

We contribute to this literature by estimating the underreporting of employees 
and documenting a gradient with firm size using third-party reported electronic bill-
ing data on consumption in combination with income tax records in Ecuador.

3 � Institutional background and data

Ecuador is a middle-income country with a sizable part of the economy in the infor-
mal sector. The National Institute of Statistics and Censuses (INEC) defines the peo-
ple involved in informal activities as economic units that are not legally incorporated 
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in a company.1 Following this definition, employees in the formal sector work in 
registered firms, public or private, and by a constitutional mandate, there are no 
part-time workers; all formal employees have a 40-hour workweek. Hence, individu-
als cannot adjust their hours or take a (formal) second job in order to change their 
income.

In 2017, people employed in the urban area were approximately 50.4% in the for-
mal sector.2 The informal sector consists of all the economic activity made by agents 
who do not report to the government, pay taxes, or contribute to social security.

In this context, Ecuador has a progressive income tax with nine tax brackets and 
marginal tax rates from 0% to 35%. The taxable income for employees is their pay 
less the payroll tax (a flat rate of around 9% paid by the employee and around 12% 
paid by the employer3) and less deductions. For the fiscal year 2017, everyone with 
a taxable income less than $11,2904 was in the first tax bracket and paid zero tax. 
All taxpayers are entitled to a deduction for personal expenses in education, cloth-
ing, health care, housing, and food. The deduction is capped at $14,677. All taxpay-
ers who made a deduction for personal expenses larger than $ 5,645 had to fill out 
an extra tax form itemizing their consumption and had access to the information 
about their purchases from firms that were part of the electronic billing system. Sen-
iors and disabled people are entitled to an extra deduction. Self-employed individu-
als fill out the same tax form and pay on the same tax schedule as wage earners.5 
Self-employed individuals only have to report their gross income and expenses. The 
expenses are deductible from their taxable income.

Employers have to withhold taxes monthly. The tax year coincides with the calen-
dar year. Employers have to fill out an income tax return on behalf of their employ-
ees in February of the following year; if adjustments need to be made to this report, 
they can report an income tax return until the end of March. We identify the employ-
ee’s sector using her employer’s tax registry information on the withholding forms 
and the social security contributions.

A taxpayer is a public sector employee if her employer is a public sector entity 
according to its tax ID. An employee is defined as a private sector employee if her 
employer is a private sector business according to its tax ID. An employee can have 
more than one job in a fiscal year; in those cases, her employers can be in different 
sectors.

Ecuador started implementing an electronic billing system in 2012. By 2017, 
the system included all incorporated and non-incorporated firms required to keep 
accounting books and taxpayers who can print sales receipts through computerized 
systems (instead of pre-printed bills). The electronic billing system stores each trans-
action, including the information of consumers and sellers, its tax ID, the location of 
the store where the transaction was registered, the total amount of the purchase, and 

2  Instituto Ecuatoriano de Estadísticas y Censos 2017.
3  The percentage is slightly different depending on the type of contract.
4  Ecuador has used the United States dollar as currency since 2000.
5  Unless their gross income is larger than $300,000.

1  International Labour Office 2013
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the date. Due to the existence of deductions for personal expenses and the design 
of the electronic billing system, the default in Ecuador is to get a tax receipt that 
includes the consumer’s tax ID.

We use two primary sources of information: income tax returns and informa-
tion from the electronic billing system. A consumption proxy for each individual 
is generated using the information from the electronic billing system. We analyze 
the information from 2017 to take advantage of the fact that, as of this year, the 
electronic billing system covers a large portion of businesses in Ecuador; in practi-
cal terms, only the small unincorporated businesses that use pre-printed paper bills 
are not included. In fact, close to 75% of the sales reported in the value-added tax 
form–that covers all the formal transactions–in the country pass through the elec-
tronic billing system. Therefore, it is unclear whether consumers would be perfectly 
informed which stores would report the transaction to the tax authority using the 
electronic billing system.

Using the seller’s economic activity code, we can identify a proxy for each indi-
vidual’s food consumption, and we calculate the proxy for total consumption using 
all the sellers. For instance, if Person A buys from Store B and B is registered as 
a grocery store, we categorize the consumption as food consumption. The transac-
tion is part of the total consumption if registered as a clothes store. We do not have 
access to the line items of the transactions; therefore, there is some measurement 
error in the categorization of consumption. For instance, if a person buys a mattress 
in a department store, that consumption is included even though traditionally, a mat-
tress is a durable good and would be excluded from this kind of calculation. Simi-
larly, if a person buys cleaning products at the grocery store, that purchase would be 
added to food consumption. However, there is no reason to believe that this meas-
urement error differs for public and private sector employees, so it should not bias 
our estimation. However, our point estimate of the portion of income consumed will 
be large. This should not be problematic for calculating the evasion gap because it is 
a relative measure of the reporting of income of the private sector employees against 
the public sector employees.

From the income tax returns, we have access to the reported wage, paid tax, and 
employer-employee relationships that we use to identify public and private sector 
employees. We use the income tax returns for all the employees of the country that 
were reported as such by their employers or report their income tax return them-
selves. We exclude from our sample all individuals who have self-employed income 
for two reasons. First, the main focus of this study is to understand the extent to 
which envelope wages exist in a context where a third-party reporting system com-
prehensively covers the relationship between employer and employee. Second, 
including individuals with self-employed income would add noise to the estimation 
because self-employed can use all their declared expenses as a deduction with poor 
monitoring (Carrillo et al., 2017) and minimize their taxable income.

In addition, we use the tax registry to recover demographic characteristics, tenure 
in the job in months, and the employer’s characteristics (e.g., public or private and 
firm size). Unfortunately, tax returns in Ecuador (as in many developing countries) 
do not include an address for the taxpayer. As a result, we do not have informa-
tion about the canton where each individual lives, which may affect the employment 
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opportunities available to that person. However, since we know the location of each 
seller she purchases from, we assume each person lives in the canton where she pur-
chased the most by dollar amount during the year.

Fig. 1   Histogram of public and private sector employees wages

Table 1   Demographic characteristics of the estimation samples of employees

Means are reported along with standard deviations, which are shown in parentheses. The categories Fin-
ished high school and Finished college do not overlap. Finished high school means that the employee’s 
highest level of education is a high school diploma, whereas Finished college indicates that the employee 
holds at least a bachelor’s degree. It should be noted that individuals who have graduated from college 
are not included in the ‘Finished high school’ category. We were unable to obtain the demographic char-
acteristics of 1,260 individuals. In 2017, there were 2,762,860 public and private sector employees who 
reported wages and non-self-employed income and filed an income tax form. We were able to construct 
the variable of total consumption for 2,707,161 of these individuals, and the variable of food consump-
tion for 1,798,517 of them

(1) (2) (3)
All mean/S.D. With food consumption 

information mean/S.D.
With total consumption 
information mean/S.D.

Women 0.37 0.42 0.37
(0.48) (0.49) (0.48)

Married 0.40 0.43 0.40
(0.49) (0.49) (0.49)

Age in 2017 36.76 37.14 36.83
(11.54) (10.99) (11.48)

Finished high school 0.40 0.40 0.40
(0.49) (0.49) (0.49)

Finished college 0.36 0.46 0.37
(0.48) (0.50) (0.48)

Observations 2,761,600 1,798,204 2,706,427
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Our sample consists of all public and private sector employees with an income 
tax form for 2017 who were reported in the electronic billing system as buyers. 
Public sector employees are around 25% of the sample, and their annual wage is 
on average $13,195. Private sector employees have a lower annual average wage of 
$8,185 but a higher variance, as can be observed in the histogram of wages for each 
group of employees (Fig. 1). In 2017, there were 2,762,860 such employees. We can 
construct the variable of total consumption for 2,707,161 of them and the variable 
of food consumption for 1,798,517 of them (See Table 1 for descriptive statistics for 
each sample). The proportion of public sector employees that are women, married, 
and have finished college is larger than the proportion of private sector employees. 
The average age of public sector employees is also higher (See Table 2). We control 
for all of those demographic characteristics in our estimations.

4 � Empirical strategy

To guide our empirical estimation, we consider a standard tax evasion model, where 
the taxpayer is an employee that decides to report their income. The probability of 
detection is affected by the presence of a third-party reporting mechanism like in 
Kleven et al. (2011). Still, the third-party reporting mechanism does not work per-
fectly and depends on the firm’s size. We assume that the larger a firm, the more 
likely it is to report its withholdings to the tax authority correctly, and the less 
likely the rise of informal contracts where the employee is paid “envelope wages.” 
Several rationales can support this assumption. Assume an individual is willing to 

Table 2   Demographic characteristics of public and private sector employees

Means are reported along with standard deviations in parentheses. The Finished high school and Fin-
ished college categories do not overlap. Finished high school means that the highest degree the employee 
has is a high school diploma. Finished college means the employee holds at least a bachelor’s degree. 
The college-graduated individuals are not included in the Finished high school category. We were not 
able to get the demographic characteristics of 1260 individuals

(1) (2) (3)
Public sector employees 
mean/S.D.

Private sector employees 
mean/S.D.

Both sector 
employees 
mean/S.D.

Women 0.46 0.33 0.42
(0.50) (0.47) (0.49)

Married 0.46 0.36 0.56
(0.50) (0.48) (0.50)

Age in 2017 39.21 35.36 41.95
(11.26) (11.36) (11.12)

Finished high school 0.31 0.45 0.21
(0.46) (0.50) (0.41)

Finished college 0.62 0.24 0.74
(0.48) (0.42) (0.44)

Observations 596,816 1,924,024 240,760
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underreport income; there is no reason for him to choose to be an employee over 
being self-employed unless the former can provide a higher pay-off. Small firms 
might not pay as much as larger firms, but the employee might be able to underre-
port her income to keep a larger after-tax income (Barth and Ognedal, 2018). Alter-
natively, suppose part of the contract is an “envelope wage” that goes unreported. In 
that case, there is always the chance that some employee will be a whistle-blower, 
and that probability increases as the number of employees increases (Kleven et al., 
2016; Barth and Ognedal, 2018). Under these assumptions, it is straightforward to 
realize that the marginal cost of evasion increases with firm size, but the marginal 
benefit is constant. Hence, employees of larger firms will evade to a lesser degree. A 
full model is in Section in the “Appendix.”

We estimate the income reporting gap between public and private sector employ-
ees using a methodology in the spirit of Pissarides and Weber. In a nutshell, the 
estimation consists of estimating a consumption expenditure equation based on the 
reported income and the individuals’ demographic characteristics. At the core of our 
estimation is the assumption that individuals with similar demographic character-
istics and similar levels of real income have similar consumption patterns, particu-
larly of food, independently of the source of their income (in this case, the wages 
reported by the public and private sectors). If we find differences in the relationship 
between consumption and income, those differences would be due to a misreport-
ing of income. Public employers have no incentive to misreport their employees’ 
wages. All the taxpayers with self-employed income are excluded from our esti-
mation because we want to explore the possibility of envelope wages in a context 
where a withholding system creates a third-party report for all wage earners. In 
addition, self-employed individuals have two extra margins to decrease their tax-
able income–underreport their self-employed gross income or over-report their self-
employed expenses. In Ecuador, self-employed individuals do not pay income tax 
in a different schedule or have to fill out an extra tax form,6 they only have to report 
their gross income and expenses. The expenses are deductible from their taxable 
income in full. As shown by Carrillo et al. (2017), in the case of Ecuador, expenses 
are very costly to monitor, so self-employed individuals have a less risky evasion 
margin to use. In addition, there is no straightforward way to disentangle the busi-
ness expenses of a self-employed person from their personal consumption. As a 
result, including self-employed individuals does not contribute to answering the 
main question of this study and can bias our estimation, so we exclude individuals 
with self-employed income.

We choose to use the electronic billing information to calculate the consumption 
proxies because there is no reason to think that public and private sector employees 
had incentives to select the store they consume from based on the availability of the 
electronic billing system. Also, 2017 was the first year all incorporated firms and a 
large portion of the non-incorporated firms were included in the electronic system. 
Therefore, it is unclear whether consumers would be perfectly informed which stores 
would report the transaction to the tax authority using the electronic billing system. 

6  Unless their gross income is larger than $300,000.
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Although individuals could be maximizing their personal expenses deduction, the 
deduction is the same for all taxpayers; if anything, this behavior might introduce 
measurement error and the corresponding attenuation bias to our estimation.

The measurement error in consumption does not bias our estimation if it is uncor-
related with the categories of employees we are comparing—public and private sec-
tor employees. To address concerns that our consumption proxy could be correlated 
with employment type, we calculate the probability of being reported in the elec-
tronic billing system when buying food, based on the employment sector, demo-
graphic characteristics, and personal expenses deduction status. First, we note that 
individuals who reached the maximum deduction for food in the previous month 
are more likely to have been reported in the electronic billing system in the current 
month. In other words, those who consume larger amounts are more likely to appear 
in the electronic system. Being a private employee does not significantly affect the 
probability of being reported in the electronic billing system. This suggests that indi-
viduals do not systematically attempt to hide their consumption from tax authorities 
and may not even be aware that the system creates a third-party reported channel for 
consumption (see Table 3).

Another potential concern is if the type of store a particular group of workers 
frequents differs and is correlated with electronic billing system reporting. Specifi-
cally, if one group of workers is more likely to spend at chain stores, which report in 
the electronic billing system, this could bias our estimation. To address this concern, 
we calculate the probability of buying from a chain store and the amount purchased 
from chain stores for each individual using electronic billing data.

We define a chain store as a large taxpayer unit in the retail sector with more than 
the 90th percentile of the number of stores in that category (22 stores). We find that 
private sector employees are 2% less likely to buy from a chain store, but the total 
purchase amount is not statistically different (see Table 4). As a result, we do not 
believe that using purchases reported in the electronic billing system to calculate the 
consumption proxy introduces systematic bias into our estimation. We explore the 
validity of our assumption and possible biases in the following sections.

We follow the estimation proposed by Feldman and Slemrod (2007), in which 
they compared a metric of true income across individuals with different opportu-
nities for evasion. In their case the metric of true income was charitable contribu-
tions, whereas in this work the metric is consumption. In their work, the opportunity 
for evasion had to do with whether the individual was required to file certain tax 
forms related to self-employment, whereas in our case we look at whether an indi-
vidual is employed in the private or public sector. For our metric of true income, 
we constructed two variables of consumption–food consumption and total consump-
tion–with information from the electronic billing system. For considering the oppor-
tunity of evasion, the estimation consists of a log-log estimation using a nonlinear 
procedure that allows us to include in the sample individuals who, during the same 
year, work for both private and public sector employers. We estimate the relationship 
between the log of consumption and the individual’s real income. Real income has 
two components: visible and non-visible. The visible income is the one that cannot 
be underreported. We assume the wage of public sector employees is always visible 
income, and we allow for the wage of private sector employees to be non-visible. If 



	 A. Lopez‑Luzuriaga et al.

1 3

Ta
bl

e 
3  

C
or

re
la

tio
n 

be
tw

ee
n 

be
in

g 
re

po
rte

d 
on

 th
e 

e-
bi

lli
ng

 sy
ste

m
 a

nd
 re

ac
hi

ng
 th

e 
m

ax
im

um
 fo

od
 d

ed
uc

tio
n 

fo
r p

riv
at

e 
an

d 
pu

bl
ic

 e
m

pl
oy

ee
s—

LP
M

Th
e 

de
pe

nd
en

t v
ar

ia
bl

e 
is

 a
 b

in
ar

y 
va

ria
bl

e 
eq

ua
l t

o 
on

e 
if 

th
e 

ta
xp

ay
er

 h
ad

 fo
od

 p
ur

ch
as

es
 re

po
rte

d 
on

 th
e 

e-
bi

lli
ng

 s
ys

te
m

. T
he

 m
ax

im
um

 fo
od

 c
on

su
m

pt
io

n 
is

 a
 b

in
ar

y 
va

ria
bl

e 
eq

ua
l t

o 
on

e 
if 

th
e 

ta
xp

ay
er

 re
ac

he
d 

th
e 

m
ax

im
um

 fo
od

 d
ed

uc
tio

n 
fro

m
 in

co
m

e 
ta

x,
 e

qu
iv

al
en

t t
o 

$ 
36

70
 fo

r 2
01

7,
 b

y 
th

e 
pr

ev
io

us
 m

on
th

. T
ax

pa
ye

rs
 h

av
e 

be
en

 
di

vi
de

d 
in

to
 tw

o 
di

sj
oi

nt
 g

ro
up

s:
 p

ub
lic

 e
m

pl
oy

ee
s 

an
d 

pr
iv

at
e 

em
pl

oy
ee

s. 
Ta

xp
ay

er
s 

w
ho

 c
an

 fi
t i

n 
m

or
e 

th
an

 o
ne

 c
at

eg
or

y 
ha

ve
 b

ee
n 

ex
cl

ud
ed

 b
ec

au
se

 th
ey

 h
av

e 
m

or
e 

ev
as

io
n 

op
po

rtu
ni

tie
s 

si
nc

e 
th

ey
 h

av
e 

di
ffe

re
nt

 re
po

rti
ng

 m
ar

gi
ns

. D
em

og
ra

ph
ic

 c
on

tro
ls

 s
uc

h 
as

 e
du

ca
tio

n,
 a

ge
, m

ar
ita

l s
ta

tu
s 

an
d 

ge
nd

er
 a

re
 in

cl
ud

ed
. E

ac
h 

co
lu

m
n 

re
p-

re
se

nt
s a

 m
od

el
 fo

r a
 d

iff
er

en
t m

on
th

; t
he

 m
on

th
 is

 in
di

ca
te

d 
on

 th
e 

co
lu

m
n 

la
be

l. 
C

an
to

n 
of

 re
si

de
nc

y 
is

 d
es

cr
ib

ed
 a

s t
he

 c
an

to
n 

w
he

re
 th

e 
ta

xp
ay

er
 h

ad
 th

e 
la

rg
es

t p
or

tio
n 

of
 h

er
 to

ta
l r

ep
or

te
d 

co
ns

um
pt

io
n.

 S
ta

nd
ar

d 
er

ro
rs

 a
re

 in
 p

ar
en

th
es

es
 a

nd
 c

lu
ste

re
d 

at
 th

e 
ca

nt
on

 le
ve

l
∗
p
<
0
.1
0
 , ∗

∗
p
<
0
.0
5
 , ∗

∗
∗
p
<
0
.0
1

Fe
b

M
ar

A
pr

M
ay

Ju
ne

Ju
ly

A
ug

Se
pt

O
ct

N
ov

D
ec

M
ax

. f
oo

d 
de

d
0.

32
**

*
0.

33
**

*
0.

31
**

*
0.

33
**

*
0.

33
**

*
0.

31
**

*
0.

31
**

*
0.

29
**

*
0.

30
**

*
0.

30
**

*
0.

23
**

*
(0

.0
3)

(0
.0

4)
(0

.0
2)

(0
.0

2)
(0

.0
2)

(0
.0

2)
(0

.0
2)

(0
.0

2)
(0

.0
2)

(0
.0

2)
(0

.0
1)

Pr
iv

at
e 

em
pl

oy
ee

0.
01

0.
01

0.
01

**
0.

00
0.

01
**

0.
00

0.
00

0.
01

0.
00

0.
00

−
0.

01
**

(0
.0

1)
(0

.0
1)

(0
.0

1)
(0

.0
0)

(0
.0

0)
(0

.0
0)

(0
.0

0)
(0

.0
0)

(0
.0

0)
(0

.0
0)

(0
.0

0)
M

ax
. d

ed
. 

×
 P

riv
at

e 
em

p

−
0.

01
−

0.
01

−
0.

02
−

0.
03

**
−

0.
00

−
0.

01
−

0.
00

0.
01

**
0.

01
**

*
0.

00
0.

02
**

*
(0

.0
6)

(0
.0

3)
(0

.0
2)

(0
.0

1)
(0

.0
1)

(0
.0

1)
(0

.0
1)

(0
.0

1)
(0

.0
0)

(0
.0

0)
(0

.0
0)

C
an

to
n 

of
 

re
si

de
nc

y 
F.

E

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

C
on

tro
ls

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

C
lu

ste
r U

ni
t

C
an

to
n

C
an

to
n

C
an

to
n

C
an

to
n

C
an

to
n

C
an

to
n

C
an

to
n

C
an

to
n

C
an

to
n

C
an

to
n

C
an

to
n

O
bs

er
va

-
tio

ns
2,

10
2,

37
1

2,
10

2,
37

1
2,

10
2,

37
1

2,
10

2,
37

1
2,

10
2,

37
1

2,
10

2,
37

1
2,

10
2,

37
1

2,
10

2,
37

1
2,

10
2,

37
1

2,
10

2,
37

1
2,

10
2,

37
1



1 3

Detecting envelope wages with e‑billing information﻿	

Table 4   Purchases made at chain stores as reported in the E-billing system

The dependent variable in the first two columns is a dichotomous variable, equal to one if the individual 
purchased from a chain store. The dependent variable in the next two columns is the dollar amount pur-
chased from a chain store. A chain store is defined as a large taxpayer unit in the retail sector with more 
than the 90th percentile of the number of stores in that category (22 stores). The consumption variable 
is calculated using third-party reported purchases made by the taxpayer to a company that reports to 
the e-billing system. Wages in the public and private sectors are third-party reported by the employer, 
whether a government or private entity. All monetary values are in dollars. Canton of residence is 
defined as the canton where the taxpayer reported the largest portion of their total consumption. Standard 
errors are provided in parentheses and are clustered at the canton level
∗p < 0.10 , ∗∗p < 0.05 , ∗∗∗p < 0.01

Extensive margin Intensive margin

(1) (2) (3) (4)

1 if private sector employee −0.07*** −0.02** 24.98 62.84
(0.01) (0.01) (33.35) (40.74)

Wage 0.00*** 0.00*** 0.03*** 0.02***
(0.00) (0.00) (0.01) (0.01)

Woman 0.06*** 68.51***
(0.00) (17.38)

Married 0.02*** 67.72***
(0.00) (19.67)

Age 0.00** 1.78
(0.00) (1.36)

Finished high school 0.19*** 110.70***
(0.01) (31.48)

Finished college 0.26*** 219.36***
(0.01) (68.26)

Constant 0.67*** 0.04 131.54*** −337.70**
(0.02) (0.02) (32.22) (152.30)

Canton of residency F.E No Yes No Yes
Controls No Yes No No
Observations 2,707,525 2,706,783 2,707,525 2,706,783
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income is not underreported, the real income will coincide with the reported income 
for both groups. In particular, we estimate the following using a nonlinear weighted 
least squares estimation:

where Ci is total consumption or food consumption depending on the specification; 
Vi is the visible income, in this case, the wage of the public sector employees; Wi is 
the private sector wage; Si is a dichotomous variable equal to one if the individual 
has a private sector wage; Xi is a vector of demographic characteristics such as age, 
level of education, marital status, gender, and canton of residency; and �i is the error 
term.

The null hypothesis is that k is equal to one. If k is similar to one, there would be 
no evidence of consumption differences between public and private sector employ-
ees, and there would not be underreporting of income (the wages of both public and 
private sector employees would be visible). If k were larger than one, the private 
sector employees would be underreporting their income compared with the public 
sector employees. There are some individuals that within the same fiscal year switch 
from a job in the public to the private sector (or vice versa), in which case the com-
parison is not across individuals but across sources of income like in the case of 
Feldman and Slemrod (2007)

If there were differences in the reporting of income between both groups of 
employees, then for each dollar that a public sector employee reported, the private 
sector would have reported 1

k
 dollars. A positive coefficient for Si indicates that being 

a private sector employee has a positive income of �i.
We run all estimations twice, once with food consumption and once with total 

consumption, where food consumption is our preferred estimation. We analyze sub-
groups to detect differences by firm size; our conceptual framework (See “Concep-
tual framework” Section in the “Appendix”) guides this later specification.

4.1 � Limitation of the identifying assumption

The primary assumption of our estimation is that individuals with similar demo-
graphic characteristics and similar levels of real income exhibit comparable con-
sumption patterns, particularly in relation to food, regardless of their income 
source. In this context, wages are reported by both public and private sectors. If this 
assumption holds, observed differences in the relationship between consumption and 
income would be attributable to a misreporting of income. In this section, we dis-
cuss the validity of this assumption using survey data and consider potential biases 
that might arise if the assumption does not hold.

We utilize the Encuesta de Condiciones de Vida (ECV) conducted by the Instituto 
Ecuatoriano de Estadísticas y Censos.7 The ECV of 2014 is the most recent survey 
providing information about employment and consumption. The ECV is representa-
tive at both national and provincial levels. The employment question is “What was 

(1)ln(Ci) = �o + �1 ln
(

Vi + kWi + �iSi
)

+ �Xi + �i

7  The equivalent of the Census Bureau in the USA.
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your work last week?” with answer choices including public and private worker, 
self-employment, and non-paid laborer. Two additional questions ascertain formal-
ity: “Do you have a formal contract?” and “Are you affiliated with social security?”. 
The survey solicits information about main and secondary jobs, but the formality 
questions pertain only to the main occupation. Most of the consumption questions 
are household-based. The questionnaires gather information about the consumption 
of food of 111 items, how frequently they buy each items, the quantities they pur-
chase each time adjusted for units of measure, and their total expenditure for each 
item. Using this information, we create a variable of monthly consumption of food. 
There is extra information about the non-food consumption on non-durable good 
that includes goods such as: newspapers, magazines, books, products for home and 
personal care, home services, entertainment, clothing and footwear. This variable is 
calculated by the Instituto Ecuatoriano de Estadísticas y Censos

Comparing the survey data with the administrative data is not straightforward. 
First, the administrative data lacks information about households; consequently, 
income and consumption information is available only at the individual level. Sec-
ond, the tax returns data exclusively include information about formal occupations; 
thus, it is conceivable that some employees in the administrative data possess an 
additional informal source of income that cannot be observed but is partially dis-
cernible in the survey data (the formality questions pertain only to main occupa-
tion). We construct consumption variables at the household level and occupation 
variables for the household head. We conduct two exercises: we compare house-
holds with heads employed in the public and private sectors, and where possible we 
make comparisons at the individual level. We also attempt to reproduce our main 
result using the survey data.

We utilize the survey information to compare households with similar demo-
graphic characteristics as featured in our primary estimations. We conduct the fol-
lowing regression using a sample of individuals who hold a single formal job in 
either the public or private sector:

where Y can represent household consumption, composition or individual consump-
tion depending on the sample, Public is a dichotomous variable equal to one if the 
individual is employed in the public sector, ln(wage) is the natural logarithm of the 
nominal wage, and X encompasses demographic characteristics.

Looking at household information for public and private sector employees, we 
first find that household composition is similar for both; there is no significant dif-
ference in number of members or number of breadwinners. Second, non-food con-
sumption is not statistically different between the two groups. Food consumption 
is 6% higher for public sector employees, which could indicate that public sector 
employees consume more than those in the private sector, suggesting that our esti-
mation is a lower bound of the evasion gap. The results are presented in Table 5. In 
Fig. 2 is presented the average monthly food and non-food consumption by monthly 
wage percentile, visually there are no large differences in the consumption for this 
two groups at any level of income.

(2)Y = �0 + �1Publici + �2ln(wage)i + �Xi + �i
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The same survey provides some information about personal expenses and time 
usage at the individual level. We calculate the expected value for each individual 
outcome using the same characteristics as before and repeat the calculations. The 
results are presented in Table 6.

Public sector employees spend more on food outside the household and on trans-
portation. This also suggests a potential bias against our estimation. One might con-
jecture that the underreported income originates from a different source that is not 
reported. This additional income source would have to correlate with the sector of 
the main job to bias our estimation. The available survey data do not enable us to 
test for differences in additional sources of income. However, information on time 
usage can be used to examine potential differences in additional income sources. 
If an individual has a second job, this should detract from time available for other 

Table 5   Differences in survey responses between households with heads working in the public and pri-
vate sectors

The information is sourced from the ‘Encuesta de Condiciones de Vida’ (Consumption Survey) of 2014, 
conducted by the Instituto Ecuatoriano de Estadísticas y Censos. All monetary values are reported 
monthly and in USD. The dependent variable is listed in the column. ‘ln(Non-food consumption)’ and 
‘ln(Food consumption)’, presented in the first two columns, are the natural logarithm of the consumption 
in USD. Meanwhile, the third and fourth columns, representing ‘Household size’ and ‘Number of bread-
winners’, are reported in terms of individual counts. Standard errors are provided in parentheses
∗
p < 0.10 , ∗∗p < 0.05 , ∗∗∗p < 0.01

(1) (2) (3) (4)
Household size Number of 

breadwinners
ln(Non-food 
consumption)

ln(Food 
consump-
tion)

1 if public sector employee 0.01 −0.03 0.06 0.06**
(0.06) (0.04) (0.04) (0.03)

ln(wage) 0.04 −0.09*** 0.77*** 0.15***
(0.05) (0.03) (0.03) (0.03)

Woman 0.65*** 0.26*** 0.16** 0.52***
(0.09) (0.07) (0.08) (0.06)

Married 1.90*** 0.66*** 0.33*** 0.87***
(0.08) (0.06) (0.05) (0.05)

Age 0.01*** 0.02*** 0.00* 0.01***
(0.00) (0.00) (0.00) (0.00)

Finished high school −0.16** −0.17*** 0.20*** 0.09***
(0.06) (0.04) (0.04) (0.03)

Finished college −0.31*** −0.10** 0.48*** 0.06
(0.07) (0.05) (0.05) (0.04)

Constant 1.70*** 1.27*** −0.42** 2.99***
(0.31) (0.21) (0.21) (0.17)

Province of residence FE Yes Yes Yes Yes
Population observations 611,073 611,073 1,081,604 1,072,273
Observations 3566 3566 6069 6021
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activities, which does not seem to be the case. Time usage information suggests 
that public sector employees spend more time on household chores and less time 
sleeping. These differences are minimal and do not suggest a systematic distinction 
between public and private employees’ engagement in an additional occupation.

To reproduce our main results with the survey data, we restrict our sample to 
individuals who live alone (those with a household size of one). We do this to 
construct a dataset with income and consumption information at the individual 
level, as in the administrative data. We estimate Eq. (1), the only difference being 

Fig. 2   Consumption by wage percentile between households with heads working in the public and pri-
vate sectors
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the inclusion of the province of residence instead of the canton due to the infor-
mation provided in the survey. The results are presented in Table 7. The first two 
columns pertain to food consumption, and the third and fourth to total consump-
tion of non-durable goods as reported in the survey. The k is not statistically dif-
ferent from one in any case.

By using survey data, we do not observe substantial and systematic differences 
in consumption between public and private sector employees. The differences we 
note suggest that, at the same income level, public sector employees consume 
more than private sector employees. This implies that if the identifying assump-
tion does not hold, the bias is against our estimation, indicating that we are meas-
uring a lower bound of the evasion gap.

Table 6   Differences in survey responses between individuals working in the public and private sectors

The information is sourced from the ‘Encuesta de Condiciones de Vida’ (Consumption Survey) 
of 2014, conducted by the Instituto Ecuatoriano de Estadísticas y Censos. All monetary values 
are reported monthly and in USD. The dependent variable is listed in the column. The ‘ln(Food)’, 
‘ln(Transportation)’, and ‘ln(Entertainment)’ displayed in the first three columns represent the natu-
ral logarithm of food consumption outside the household, transportation, and entertainment expenses, 
respectively, expressed in USD. Meanwhile, the final two columns indicate the number of hours spent on 
household chores and sleeping per week. Standard errors are provided in parentheses
∗
p < 0.10 , ∗∗p < 0.05 , ∗∗∗p < 0.01

(1) (2) (3) (4) (5)
ln(Food) ln(Transportation) ln(Entretainmment) Chores Sleeping

1 if public sector 
employee

0.16*** 0.06* 0.10 1.42*** −0.80***
(0.04) (0.03) (0.11) (0.21) (0.26)

ln(wage) 0.41*** 0.30*** 0.33*** −1.31*** −1.04***
(0.04) (0.03) (0.08) (0.15) (0.19)

Woman −0.21*** −0.01 0.03 9.61*** −0.79***
(0.03) (0.03) (0.10) (0.25) (0.20)

Married −0.19*** 0.02 0.03 1.56*** −1.03***
(0.03) (0.03) (0.10) (0.18) (0.22)

Age −0.00 −0.00** −0.01 0.07*** −0.02**
(0.00) (0.00) (0.01) (0.01) (0.01)

Finished high school 0.16*** 0.03 0.39** 0.82*** −0.61**
(0.04) (0.03) (0.15) (0.20) (0.25)

Finished college 0.34*** 0.16*** 0.50*** 0.52** −0.77**
(0.05) (0.04) (0.16) (0.25) (0.33)

Constant 1.15*** 1.13*** 1.58*** 8.77*** 63.10***
(0.27) (0.19) (0.44) (0.92) (1.28)

Province of residence 
FE

Yes Yes Yes Yes Yes

Population observa-
tions

1,720,630 1,358,049 170,854 2,127,275 2,127,275

Observations 9156 7149 692 11,540 11,540
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5 � Results

This section presents and discusses our results for the whole sample. Guided by our 
conceptual framework, we present the analysis by firm size, comparing all public 
sector employees with private sector employees that work in firms of different sizes. 
Finally, we offer some robustness checks that verify whether marital status changes 
the estimation and if job stability plays a role in the different consumption patterns.

5.1 � Main results

We estimate Eq. (1) using food consumption and total consumption (Tables 8 and 
9 show the results, respectively). In general, our estimation shows that there is little 

Table 7   Reported income compliance of private sector employees based on expenditures using survey 
information

The dependent variable in the first two columns is the natural logarithm of food expenditure, and in the 
last two columns, it is the total consumption. The data are sourced from the 2014 Encuesta de Con-
diciones de Vida (Living Conditions Survey) conducted by the Instituto Ecuatoriano de Estadísticas y 
Censos. The ECV collects employment information at the individual level and consumption data at the 
household level. This sample includes data from households with a size of one to ensure comparability 
with the administrative data. Standard errors are provided in parentheses. Both survey frequency weights 
and sample units were used in the analysis
∗
p < 0.10 , ∗∗p < 0.05 , ∗∗∗p < 0.01

(1) (2) (3) (4)
ln(Food C.) ln(Food C.) ln(Total C.) ln(Total C.)

�
1
 : wage in the public sector (visible income) 1.06 1.89 −3.21* −2.19*

(1.46) (1.16) (1.31) (1.30)
k
1
 : wage in the private sector 0.40 0.78*** 0.47 0.98***

(0.32) (0.22) (0.51) (0.35)
�
1
 : private sector employee 270.60 165.70 2.64 220.65

(323.44) (145.42) (88.51) (226.83)
Age 0.01** −0.01

(0.01) (0.01)
Woman 0.50*** 0.31**

(0.15) (0.15)
Finished high school 0.28 0.27

(0.24) (0.21)
Finished college 0.16 0.73***

(0.27) (0.22)
Sample Everybody Everybody Everybody Everybody
Wald test H

0
∶ k = 1

p-value 0.16 0.39 0.38 0.96
Province of residency F.E No No Yes Yes
Controls No No Yes Yes
Sample obs. 290 290 290 290
Population obs. 46,368 46,368 46,368 46,368
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to no evasion on reported wages on average when we consider all the sample of 
employees independently of the firm’s size. Using food consumption, we cannot 
reject the null hypothesis that k is equal to 1 (See Fig. 3). Using total consumption, 
we find a small gap: on average, for each dollar a public employee reports, a private 
employee reports 91 cents.

Table 8   Reported income compliance of private sector employees based on expenditures on food 
Dependent variable: ln(food consumption)

The dependent variable is the natural logarithm of the expenditure on food reported to the e-billing sys-
tem. The consumption variable is calculated using the third-party reported purchases made by the tax-
payer to a company that reports to the e-billing system. The sample includes only individuals who pur-
chased from a company with an e-billing system and worked in the formal sector as an employee. Public 
sector and private sector wages are third-party reported by the employer (government, or private entity). 
Columns (1) and (3) include all individuals. Columns (2) and (4) include only individuals who worked 
solely in the private or public sector (i.e., excluding individuals who worked in both). All monetary val-
ues are in dollars. Canton of residency is defined as the canton where the taxpayer had the largest portion 
of their total reported consumption. Standard errors are in parentheses and are clustered at the canton 
level. The number of employees that worked in the formal sector and did not report self-employment 
income was 2,762,860. We had information of food consumption for 1,798,517 of those individuals
∗
p < 0.10 , ∗∗p < 0.05 , ∗∗∗p < 0.01

(1) (2) (3) (4)

�
1
 : wage in the public sector 
(visible income)

0.96*** 0.97*** 0.87*** 0.89***
(0.04) (0.04) (0.02) (0.02)

k
1
 : wage in the private sector 1.02*** 1.04*** 1.08*** 1.10***

(0.05) (0.06) (0.05) (0.05)
�
1
 : private sector employee 1,875.29*** 1,967.86*** 2,169.14*** 2,276.30***

(142.14) (158.40) (166.14) (183.56)
Age 0.01*** 0.01***

(0.00) (0.00)
Woman 0.19*** 0.20***

(0.02) (0.02)
Married 0.17*** 0.17***

(0.01) (0.01)
Finished high school 0.34*** 0.34***

(0.05) (0.05)
Finished college 0.62*** 0.61***

(0.08) (0.08)
Ratio of private sector compli-

ance
0.93 0.91

Wald test H
0
∶ k = 1

p-value 0.69 0.51 0.11 0.05
Sample Everybody Single sector Everybody Single sector
Canton of residency F.E No No Yes Yes
Controls No No Yes Yes
Observations 1,798,517 1,742,676 1,798,204 1,742,537
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Table 9   Reported income compliance of private sector employees based on expenditures in all categories 
dependent variable: ln(total consumption)

The dependent variable is the natural logarithm of the expenditure reported to the e-billing system. The 
consumption variable is calculated using the third-party reported purchases made by the taxpayer to a 
company that reports to the e-billing system. The sample includes only individuals who purchased from 
a company with an e-billing system and worked in the formal sector as an employee. Public sector and 
private sector wages are third-party reported by the employer (government, or private entity). Columns 
(1) and (3) include all individuals. Columns (2) and (4) include only individuals who worked solely in 
the private or public sector (i.e., excluding individuals who worked in both). All monetary values are in 
dollars. Canton of residency is defined as the canton where the taxpayer had the largest portion of their 
total reported consumption. Standard errors are in parentheses and are clustered at the canton level. The 
number of employees that worked in the formal sector and did not report self-employment income was 
2,762,860. We had information of total consumption for 2,707,161 of those individuals
∗
p < 0.10 , ∗∗p < 0.05 , ∗∗∗p < 0.01

(1) (2) (3) (4)

�
1
 : wage in the public sector (Visible 
income)

1.28*** 1.30*** 0.99*** 1.01***
(0.03) (0.03) (0.02) (0.02)

k
1
 : wage in the private sector 0.85*** 0.86*** 1.10*** 1.11***

(0.01) (0.01) (0.02) (0.02)
�
1
 : private sector employee 1,138.76*** 1,216.72*** 1,192.51*** 1,270.84***

(101.67) (112.88) (154.43) (167.63)
Age 0.01*** 0.01***

(0.00) (0.00)
Woman 0.11** 0.11***

(0.04) (0.04)
Married 0.19*** 0.19***

(0.02) (0.02)
Finished high school 0.71*** 0.71***

(0.04) (0.04)
Finished college 1.20*** 1.18***

(0.05) (0.05)
Ratio of private sector compliance 0.91 0.90
Wald test H

0
∶ k = 1

p-value 0.00 0.00 0.00 0.00
Sample Everybody Single sector Everybody Single sector
Canton of residency F.E No No Yes Yes
Controls No No Yes Yes
Observations 2,707,161 2,640,457 2,706,427 2,639,933

To understand the importance of this gap, we follow Ekici and Besim (2016) 
to calculate the size of the shadow economy due to this intensive margin under-
reporting. We calculate how much larger the country’s gross domestic product 
(GDP) would be if all the wages were reported truthfully. In general, the shadow 
economy has three components: the economic activity of individuals who do not 
report any information to the government and are fully in the informal sector, the 
economic activity of self-employed individuals who are registered but hide some 
income from the government, and the wages that are paid to formal employees 
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Table 10   Implications for national accounts, tax and social security contribution gap

The calculation follows Ekici and Besim (2016). Comments to specific rows follows:
R1: Average annual salary reported to the tax authority for each group
R2: Estimates of k on Table 7 and 8, row 2 column 3
R5: There were 2,762,860 employees in the formal sector in 2017. We use 2.235.000 as a proxy of the 
registered contributors for this calculation because survey data suggests that this is approximately the 
number employed at any given time
R7: According to the national accounts by sector published by the Ecuadorian Central Bankhttps://​www.​
bce.​fin.​ec/​index.​php/​infor​macio​necon​omica/​sector-​real household gross disposable income is 69% of 
GDP. It is not possible to tell which part of that income corresponds to households with self-employed 
income, private employees’ wages, or public employees’ wages. However, if we assume the proportion of 
households corresponds to the proportion of registered taxpayers, private sector employees’ gross dispos-
able income is 49% of GDP. This is because employees are roughly 92% of the registered taxpayers of 
income tax, the other 8% have only self-employed income. Private employees are around 71% of regis-
tered payers of income tax
R8: The GDP of Ecuador in 2017 was 104,295,862 thousands of dollars
R9: We calculated the tax for each individual in our sample with their reported and calculated income. 
The tax losses are the aggregate of those differences
R10: Total tax collection Excluding import and export duties. in 2017 was 12,925,955 thousand dol-
larshttps://​www.​sri.​gob.​ec/​estad​istic​as-​gener​ales-​de-​recau​dacion-​sri
R11: Social security contribution (similar to a payroll tax in the USA) is a flat rate of 20.6% over the salary. 
Employees pay 9.45% end employers 11.15%https://​www.​iess.​gob.​ec/​docum​ents/​10162/​33703/C.​D.+​501
R12: The total social security contribution in 2017 was 4,088,719 thousand dollars https://​www.​iess.​gob.​
ec/​docum​ents/​10162/​33703/C.​D.+​545

Row Source/calc Private sector employees

Food consumption Total consumption

1 Reported income ($) Section 5.1 8,185.53 8,185.53
2 Degree of under-reporting (%) 1-1/k 0.07 0.09
3 True income ($) R1/(1-R2%) 8,840.37 9,004.08
4 Unreported income ($) R3-R1 654.84 818.55
5 Registered contributors 2,235,000 2,235,000
6 Unreported income ($) R4*R5 1,463,572,764 1,829,465,955
7 Shadow economy—intensive 

margin employees ($)
R6*(1/�) 2,975,005,723 3,718,757,153

8 Shadow economy—intensive 
margin employees % of GDP

R7/GDP 2.85% 3.57%

9 Tax losses 92,313,343 122,744,788
10 Tax losses % of total tax 

revenue
0.71% 0.95%

11 Unpaid social security contribu-
tions

301,495,989 376,869,987

12 Unpaid social security contribu-
tions % Total social security 
contributions

7.37% 9.22%

that are not fully reported to the government (envelope wages). The last two com-
ponents constitute quasi-formality. We calculate that the portion of the shadow 
economy generated by envelope wages is between 2% and 4% of GDP. To make 

https://www.bce.fin.ec/index.php/informacioneconomica/sector-real
https://www.bce.fin.ec/index.php/informacioneconomica/sector-real
https://www.sri.gob.ec/estadisticas-generales-de-recaudacion-sri
https://www.iess.gob.ec/documents/10162/33703/C.D.+501
https://www.iess.gob.ec/documents/10162/33703/C.D.+545
https://www.iess.gob.ec/documents/10162/33703/C.D.+545
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this calculation, we assume that every private employee would increase their 
income based on their underreported income gap (between a 7% - 9% increase). 
Using the national accounts, we estimate that the private sector employees’ gross 
disposable income is 49% of GDP; keeping that proportion constant, we estimate 
how much larger the reported GDP would be if all the wages were reported.

Income tax in Ecuador is progressive, so instead of multiplying the underreported 
income by the average marginal tax rate as did Ekici and Besim (2016), we calculate 
the tax loss for each individual. In particular, we calculate the income tax with the 
reported income and with the calculated income considering the evasion gap. The 
tax loss is the difference between those calculations aggregated across all individu-
als. The income tax loss is between 0.7 and 1% of the total tax revenue. The social 
security contribution is a payroll tax with a flat tax rate. We calculate the unpaid 
contributions by multiplying the underreported income by the payroll tax rate. The 
unpaid contributions are fairly sizable and equivalent to over 7–9% of the total con-
tributions. (All the calculations are presented and explained in Table 10)

In general terms, considering all the employees, the withholding system creates 
incentives to report income truthfully. However, interesting patterns arise in sub-
group analysis by firm size.

5.2 � Heterogeneous effects by firm size

There are several rationales to predict different levels of compliance for different firm 
sizes. Smaller firms might be less likely to have a dedicated accountant and navigate 

Fig. 3   Ratio of private sector compliance. The ratio of private sector compliance is 1
k
 from Eq.  (1). A 

ratio of one means that there is no gap between the income reported by public and private sector 
employees. A ratio of 0.85 means that for every dollar a public sector employee reports, a private sector 
employee reports 85 cents
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the tax system correctly. Also, contracts that include envelope wages might be more 
difficult to keep confidential as the number of employees increases and the number 
of people who need to be coordinated is higher. These rationales apply in the private 
sector but not the public sector. Hence, we construct groups that include all public 
sector employees and only the employees of small firms. We create seven groups, 
including private sector employees in firms with up to 3 (i.e., 1 to 3employees), up 
to 5, up to 10, up to 15, up to 25, up to 50 employees, and those with more than 50 
employees (SeeTable 17). For each group, we estimate Eq. (1) using food consump-
tion and total consumption (Tables 11 and 12, respectively, show the results). Using 
food consumption, we find a reporting gap ranging from 0.75 to 0.88. We find that the 
smaller the firm, the larger the gap is. For instance, for each dollar that public sector 
employees report, employees of firms with three or fewer employees report 75 cents. 
If we increase the sample to firms with 25 employees or less, the difference is 87 cents 
on the dollar. We do not find significant differences if we compare only employees 
of large firms (more than 50 employees). We find similar patterns with the total con-
sumption estimation.

Notice that we find a gradient between the number of employees and the size 
of the evasion gap (See Fig.  4). So even if our identifying assumption does not 
hold (and the pattern of consumption of public and private sector employees are 
truly different), as long as those differences in consumption are not also correlated 
to the firm size, we can be confident that evasion is more likely at smaller firms 
(Fig. 5).

Fig. 4   k Coefficient for the estimation of the evasion gap between public and private sector employees 
using consumption of food. The k coefficient from Eq. (1) can be understood as the constant that the pri-
vate wage will be multiplied by so the reported wage should be consistent with the food consumption and 
the pattern of consumption of the public sector employee. The null hypothesis is that k is equal to one. If 
k were equal to one, there would be no evidence of differences of consumption between public and pri-
vate sector employees. When k is larger than one, the private sector employees of the corresponding firm 
size is underreporting their income as compared with the public sector employees. For each dollar that a 
public sector employee reports, the private sector reports 1

k
 dollars
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5.3 � Robustness checks

In this subsection, we explore the shortcomings of our estimation. There is no 
joint filing in Ecuador, so it might be the case that the household’s primary bread-
winner is different from the person who makes the household purchases. This 
could bias our estimation if there are systematic differences in the household com-
position of public and private sector employees. Also, there might be systematic 
differences in consumption for the same income level between public and private 
sector employees if their savings patterns are different depending on the relative 
stability in their sector.

5.3.1 � Breadwinner versus primary spender

The Ecuadorian tax code does not allow joint filing, so each household income earner 
files their taxes independently. Imagine there is a household with two members, Chris 
and Pat. Chris earns the largest salary, but Pat makes all the household purchases. If 
that is the case, it would appear that Pat is overspending and Chris is saving. In prin-
ciple, our estimation is unbiased as long as there is no correlation between this house-
hold consumption structure and being a public or private employee. Unfortunately, we 
do not have information on the household composition, nor can we identify the mem-
bers of each household to construct income and consumption at a household level. 

Fig. 5   k Coefficient for the estimation of the evasion gap between public and private sector employees 
using total consumption. The k coefficient from Eq. (1) can be understood as the constant that the private 
wage will be multiplied by so the reported wage should be consistent with the food consumption and the 
pattern of consumption of the public sector employee. The null hypothesis is that k is equal to one. If k 
were equal to one, there would be no evidence of differences of consumption between public and private 
sector employees. When k is larger than one, the private sector employees of the corresponding firm size 
is underreporting their income as compared with the public sector employees. For each dollar that a pub-
lic sector employee reports, the private sector reports 1

k
 dollars
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However, we can observe marital status,8 so to address this concern, we repeat the 
main estimation using only single individuals, and we do not observe differences from 
our main estimation. This result indicates that the household composition affects pri-
vate and public sector employees similarly, so our estimation is not biased.

5.3.2 � Job tenure

There is a possibility of systematic differences in consumption between public and 
private sector employees. The concern is that public sector jobs might be more stable; 
therefore, bureaucrats might have less precautionary savings than private sector employ-
ees because they are less worried about losing their jobs. In general, there is an expec-
tation that public sector jobs might pay less but are more stable; if that were the case, 
our estimation would be biased downward because the consumption of public sector 
employees would be higher for all levels of income. We do not have a good way to con-
struct a permanent income for each individual because we have access to consumption 
and tax return information for only one year; however, we can test the extent to which 
the job each individual has is stable, and compare private and public sector employees 
with the same tenure with the same employer.9 We are able to calculate the number of 
months each individual has been working for their current employer.10 The oldest reli-
able records we have access to go back to January 2005, so our maximum sample num-
ber ofmonths is 156 (See Table 18). As the tenure increases, we observe that k becomes 
lower than one, indicating that public sector employees systematically consume a larger 
share than private sector employees. This is consistent with the idea that career bureau-
crats will have very stable jobs. This means that the share of food consumption and total 
consumption for private sector employees should be larger than the proportion for public 
sector employees, not smaller; therefore, our estimation is conservative, and we estimate 
a lower bound of the underreporting of wages in the private sector.

6 � Discussion and conclusion

This study analyzed the underreporting of income by private sector employees using 
a novel data source, electronic billing data on consumption matched to income tax 
records. The estimated underreporting of income is between 7 and 9 cents for each 
dollar of reported income of private sector employees. This result suggests that not 
only the self-employed exhibit underreported labor income and questions the prevalent 
practice of regarding tax authority income records of employees as the ‘gold standard.’ 
The estimated underreporting of private sector employee income translates to an esti-
mated 3% of unregistered GDP from this source. For social security, underreporting 
has significant implications, reducing contributions by about 10 percent. Beyond the 
overall picture of underreporting, we detect substantial heterogeneities, notably a clear 
gradient of underreporting with respect to firm size. For example, in small firms of up 

8  We get the marital status information for the National Registry. All civil marriages are performed and 
recorded by the National Registry.
9  We cannot tell if someone has held the same position, only if they have worked for the same employer.
10  If someone has more than one job, we take the tenure of the job with the largest wage.
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to three employees, underreporting reaches 40 cents per dollar reported. A firm size 
gradient is in line with different risks and administrative costs of envelope wages in 
small versus large firms. Our results come from a middle-income country context with 
institutional weaknesses, but innovative uses of technology for tax administration and 
accounting that made this research possible.

The key assumption is that similar public and private sector employees have 
similar consumption patterns, particularly of food, independently of their source of 
income. Our robustness analyses suggest potential confounders, such as different 
household consumption structures or differential propensity to appear in the elec-
tronic billing system between public and private sector employees, are not biasing 
the results. If public sector employees have more stable jobs and consequently less 
precautionary savings than private sector employees, our underreporting estimates 
are biased downwards. The fact that the estimated reporting gap decreases with ten-
ure is consistent with this notion.

The main limitation of our study is that we could not measure long-term income, 
because we used only one year of electronic billing information and tax return for 
data availability. However, our findings and methodology raise interesting policy 
questions and trade-offs. First, our data matching and methodology might enable 
tax and social security authorities to increase compliance and revenues. Second, 
given the underreporting gradient, it may seem as if tax authorities might want to 
audit more small businesses. However, the fixed costs of audits and small expected 
additional revenues from small firms put a limit on that implication. In fact, because 
small firms tend to be more economically vulnerable, non-enforcement of liabilities 
may be a cost-efficient way of flexibly supporting small businesses. Third, there are 
additional reasons for curbing envelope wages: full formalization has positive exter-
nalities and might also bring benefits to an individual small firm; enforcement might 
shift economic activity to more productive sectors and level the playing field among 
non-compliant and compliant firms, and envelope wages affect not only income tax, 
but also business tax and, importantly, social security and employee benefits.

Hence, neither the status quo of leaving envelope wages and quasi-informality 
unaddressed nor massive enforcement based on informative data likely constitute 
an optimal policy. An information campaign for small firms and their employees 
might be a more cost-effective strategy as smaller firms are unlikely to be fully 
aware of all tax regulations and how they can be compliant at limited administrative 
costs. In addition, disrupting incentives for paying envelope wages is key. The dif-
ference between the estimated income tax loss and the social security contribution 
loss, and experiences in other Latin American countries, suggests that changes in 
social security might be a better tool to decrease envelope wages. For example, in 
Mexico and Uruguay, underreporting of wages responded to changes in social secu-
rity contributions and benefits (Bergolo and Cruces, 2014; Kumler et al., 2020).

In Ecuador, because retirement benefits are roughly calculated based on the five 
years with the highest contribution, employees do not have incentives to permanently 
receive their full wages on the books, especially at the beginning of their careers. A 
social security reform that links pensions more continuously to contributions could 
strengthen incentives to report wages truthfully. The positive effects of an incentive 
reform could be enhanced with a complementary information campaign.
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Future research may investigate the effects of incentive reforms and informa-
tion campaigns on envelope wages and related underreporting and evasion prac-
tices. Moreover, in light of advances in data availability and technology, the ben-
efits and limitations of the methodology for measuring the shadow economy and 
tax and social security administration policy are interesting research areas.

Appendix

See Tables 13, 14, 15, 16, 17, and 18.

Table 13   Robustness check: reported income compliance of private sector employees—only single indi-
viduals based on expenditures on food Dependent variable: ln(food consumption)

The dependent variable is the natural logarithm of the expenditure on food reported to the e-billing sys-
tem. The consumption variable is calculated using the third-party reported purchases made by the taxpayer 
to a company that reports to the e-billing system. The sample includes only individuals who purchased 
from a company with an e-billing system and worked in the formal sector as an employee. Public sector 
and private sector wages are third-party reported by the employer (government, or private entity). Col-
umns (1) and (3) include all individuals. Columns (2) and (4) include only individuals who worked solely 
in the private or public sector (i.e., excluding individuals who worked in both). All monetary values are 
in dollars. Canton of residency is defined as the canton where the taxpayer had the largest portion of their 
total reported consumption. Standard errors are in parentheses and are clustered at the canton level
∗
p < 0.10 , ∗∗p < 0.05 , ∗∗∗p < 0.01

(1) (2) (3) (4)

�
1
 : wage in the public sector (vis-
ible income)

0.93*** 0.94*** 0.86*** 0.87***
(0.05) (0.05) (0.03) (0.03)

k
1
 : wage in the private sector 0.98*** 1.00*** 1.07*** 1.10***

(0.04) (0.04) (0.05) (0.05)
�
1
 : private sector employee 1,645.20*** 1,725.91*** 1,909.20*** 2,008.69***

(127.14) (139.45) (145.36) (159.04)
Age 0.01*** 0.01***

(0.00) (0.00)
Woman 0.30*** 0.30***

(0.02) (0.02)
Finished high school 0.32*** 0.32***

(0.06) (0.06)
Finished college 0.57*** 0.56***

(0.09) (0.10)
Ratio of private sector compliance 0.93 0.91
Wald test H

0
∶ k = 1

p-value 0.62 1 0.16 0.05
Sample Everybody Single sector Everybody Single sec-

tor
Canton of residency F.E No No Yes Yes
Controls No No Yes Yes
Observations 1,028,917 997,194 1,028,917 997,194
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Table 14   Robustness check: reported income compliance of private sector employees - only single indi-
viduals based on expenditures in all categories Dependent variable: ln(total consumption)

The dependent variable is the natural logarithm of the expenditure reported to the e-billing system. The 
consumption variable is calculated using the third-party reported purchases made by the taxpayer to a 
company that reports to the e-billing system. The sample includes only individuals who purchased from a 
company with an e-billing system and worked in the formal sector as an employee. Public sector and pri-
vate sector wages are third-party reported by the employer (government, or private entity). Columns (1) 
and (3) include all individuals. Columns (2) and (4) include only individuals who worked solely in the 
private or public sector (i.e., excluding individuals who worked in both). All monetary values are in dol-
lars. Canton of residency is defined as the canton where the taxpayer had the largest portion of their total 
reported consumption. Standard errors are in parentheses and are clustered at the canton level
∗
p < 0.10 , ∗∗p < 0.05 , ∗∗∗p < 0.01

(1) (2) (3) (4)

�
1
 : Wage in the public sector (Visible 
income)

1.22*** 1.25*** 0.98*** 1.00***
(0.04) (0.04) (0.02) (0.02)

k
1
 : Wage in the private sector 0.78*** 0.80*** 1.06*** 1.07***

(0.01) (0.01) (0.02) (0.02)
�
1
 : Private sector employee 932.03*** 1,000.76*** 983.96*** 1,053.59***

(80.62) (91.62) (109.78) (120.52)
Age 0.01*** 0.01***

(0.00) (0.00)
Woman 0.23*** 0.24***

(0.03) (0.03)
Finished high school 0.68*** 0.68***

(0.05) (0.05)
Finished college 1.17*** 1.16***

(0.06) (0.06)
Ratio of private sector compliance 0.95 0.93
Wald test H

0
∶ k = 1

p-value 0.00 0.00 0.00 0.00
Sample Everybody Single sector Everybody Single sector
Canton of residency F.E No No Yes Yes
Controls No No Yes Yes
Observations 1,614,325 1,575,931 1,614,325 1,575,931
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Conceptual framework

We consider a standard tax evasion model similar to the version of the Alling-
ham and Sandmo model presented by Kleven et al. (2011) that includes third-party 
reporting in the structure of the probability of detection. We use the model to guide 
the intuition of our estimation. Assume that the taxpayer is risk neutral and she has 
a real income of ȳ and a reported income of y; the underreported income e is the 
difference between them (e ≡ ȳ − y) . The probability of detection increases based 
on evasion (e) and on firm size (�) ; p = p(e, �) , where 𝜕p(e,𝜅)

𝜕e
> 0 , 𝜕p(e,𝜅)

𝜕𝜅
> 0 and 

𝜕2p(e,𝜅)

𝜕e𝜕𝜅
> 0 . The larger a firm, the more likely it is to report its withholdings to the 

tax authority correctly, and the less likely the rise of informal contracts where the 
employee is paid “envelope wages.” Several rationales can support this assump-
tion. Assume an individual is willing to underreport income; there is no reason for 
him to choose to be an employee over being self-employed unless the former can 
provide a higher pay-off. When larger firms are more productive and provide a pro-
ductivity boost to their employees, there might be a trade-off between productivity 
and the opportunity for evasion. Some individuals may choose to work for a larger 
and more productive firm even when there are no opportunities to evade; others 
might choose to be in a less productive, smaller operation but compensate for part 
of their loss of productivity by underreporting their income (Barth and Ognedal, 
2018). Alternatively, if part of the contract is an “envelope wage” that goes unre-
ported, there is always the chance that some employee will be a whistle-blower. 

Table 17   Number of employees

The number of employees is the total number of employees reported in 2007. If a person had more than 
one job, she is counted by all of their employers. The first column shows the mean; the second to the fifth 
the 0.25, 0.50, 0.75, and 0.9 percentiles, respectively; and the last column the number of firms in that 
category

Mean P25 P50 P75 P90 Obs

Public firms 271.92 8 22 183 568 2,699
Private firms 9.90 1 2 5 12 326,457
All firms 12.04 1 2 5 12 329,156

Table 18   Job tenure in 2017 going back to 2005

Job tenure is the number of months worked in the job, reported by the employee in 2017 and going back 
to 2005. If a person had more than one job, the one with largest salary is considered. The first column 
shows the mean; the second to the fifth the 0.25, 0.50, 0.75 and 0.9 percentiles, respectively; and the last 
column the number of observations on that category

Mean P25 P50 P75 P90 Obs

Public employees 52.45 23 41 64 131 579,731
Private employees 50.48 13 38 77 120 2,198,629
All employees 50.89 15 40 75 121 2,778,360
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The probability of someone reporting the envelope wage will increase with the 
amount of underreported work (Kleven et  al., 2016; Barth and Ognedal, 2018). 
We assume a linear tax (t) levied on the reported income. The penalty for evading 
is proportional to the evaded tax and is given by 𝜃 > 1 . The risk-neutral taxpayer 
chooses the level of evasion e to maximize:

The corresponding first-order condition after some manipulation is:

The left-hand side of Eq. (4) represents the marginal cost for hiding an extra dollar, 
and the right-hand side is the marginal benefit. Since 𝜕p(e,𝜅)

𝜕𝜅
> 0 and 𝜕

2p(e,𝜅)

𝜕e𝜕𝜅
> 0 , it is 

easy to see that the marginal cost increases with firm size but the marginal benefit is 
constant; hence, employees of larger firms will evade to a lesser degree.
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