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Abstract 

 
I present an expenditure-based estimate of income underreporting by self-employed workers in Colombia 
using data from household surveys. Following the methodology developed by Pissarides and Weber (1989), 
I first estimate Engel Curves for households. Then, under certain assumptions, I invert the predicted Engel 
Curves to estimate ‘true’ income from households headed by self-employed workers. After applying this 
methodology, I find that true total income from households headed by self-employed workers is on average 
1.66 times their reported income. I also find different underreporting measures by occupation, economic 
activities and types of jobs carried out by the self-employed. To the extent of my knowledge, this thesis is 
the first known research that applies the methodology developed by Pissarides and Weber to Latin 
American data, which is valuable for doing more diverse cross-country research about income 
underreporting behavior. Findings from this thesis can also alert empirical researchers about systematic 
income reporting errors found in household surveys. Finally, findings of income underreporting by different 
observable characteristics can help Colombian tax authorities be more focused and effective on their tax 
enforcement actions. 
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1. Introduction 

Income underreporting is, by definition, a difficult behavior to measure. This behavior is part of a 

broader phenomenon, which is that of a shadow economy, which includes those economic 

activities and the income derived from them that circumvent government regulation, taxation or 

observation (Feige, 1989; Schneider et al., 2000; Dell’Anno, 2003). According to Slemrod et al. 

(2011, 25), income underreporting is an invisible phenomenon in the social sciences that, unlike 

invisible phenomena in natural sciences, is hard to measure because of the decisions made by 

individuals. This poses a challenge for researchers in terms of measuring the ‘invisible.’  

In order to address this challenge, researchers have designed and implemented different 

methodologies. Some of those methodologies use macro-level data for constructing true national 

accounts. Other methodologies use micro-level data for approximating to measures of true income 

derived by individuals, and identifying economic activities and groups of the population for which 

income underreporting is more common.  

The results from these methodologies in terms of the magnitude of income underreporting, and the 

groups of the population that are more prone to underreport their income, are crucial for making 

more effective and efficient decisions in the policy arena. With more and better information about 

income underreporting, policymakers can act over this behavior and address possible risks 

associated with such behavior. One of the main risks of income underreporting is the inefficiency 

of resource allocation among economic sectors. Many times resource allocation decisions are 

based on variables that policymakers observe, such as reported income. Thus, having a better 

picture of true income can help policymakers make better resource allocation decisions. With 

information about groups who underreport their income, policymakers can also design strategies 

for recovering uncollected income-based contributions that are used for providing greater quantity 

and quality of public goods and services, and thus promoting better economic performance 

(Schneider et al., 2004).  

In Colombia, self-employed workers are a group of the population worth studying in order to 

understand their income-underreporting behavior. They are a very important group in Colombia’s 

labor force. In 2012, the self-employed represented 48% of total occupied population (9.8 million 
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people approximately), while salary workers represented 41%2 (8.5 million people approximately) 

(DANE, 2012a; DANE, 2012b). This participation of the self-employed in the total occupied 

population has almost doubled since the late nineteen-seventies (López, 1990), and is the highest 

in Latin America. In 2006, the participation of the self-employed in total occupied population 

among Latin American countries was on average 27.1%, while in Colombia was 42% (ILO-BPS, 

2009). 

In second place, self-employed workers are more prone to underreport their income under different 

contexts. They usually underreport their income to tax authorities (Clotfelter, 1983; Slemrod; 

1985; Andreoni et al., 1998; Feldman et al., 2007; OECD, 2009). They also conceal their income 

in household surveys (Neri et al., 2010; DANE, 2012c). This behavior might be explained by the 

lack of third party information that allows checking income reports by the self-employed  (OECD, 

2009). This situation is different from the one faced by salary workers, whose income reports’ can 

be compared with information provided by their employers. This lack of third party information 

useful to revise income from self-employment generates a lower probability of them being 

detected if they conceal their income, which encourages higher levels of underreporting (Martinez-

López, 2013). However, this does not mean that salary workers do not underreport their income at 

all. 

Hence, the main goal of this paper is to estimate income underreporting by self-employed workers 

in Colombia applying an expenditure-based methodology to data from household surveys. A 

secondary goal is to show how the estimates of income underreporting among the self-employed 

relates to different characteristics that policymakers can observe. 

Pissarides and Weber (1989) developed the expenditure-based methodology that I apply in this 

paper. I explain the intuition of this methodology with Figure 1, which shows log-linear Engel 

Curves for self-employed and salary workers. The axes of this figure are the logarithm of 

expenditures (Ln C) and the logarithm of income (Ln Y). By assumption, both occupational groups 

report expenditures correctly, and they both underreport their income, only that salary workers 

                                                             
2	  I classify self-employed people as those who claim exploit their own economic activity or who carry out their 
profession by themselves, without the help of salary workers (cuenta propia in spanish); or people who run their own 
business and hire wage or salary workers (patronos o empleaores in spanish). I classify salary workers as those who 
work for a private/government organization and receive a salary or a wage in exchange for their work (DANE, 2006, 
71-72).  
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unreport it in a less extent than the self-employed.3 Assuming that expenditure preferences are the 

same across occupational groups, self-employed workers underreport their income if they report 

less income than salary workers, given a same level of expenditures (Ln CSE = Ln CSW). In such 

case, the extent of income underreporting by the self-employed would be the difference between 

Ln YWS and Ln YSE. 

I proceed in two general steps in order to estimate this difference using data from the Income and 

Expenditure National Survey (IENS), which is carried out by the National Statistics Department 

(DANE). First, I estimate Engel Curves for households headed by self-employed workers and by 

salary workers,4 controlling for observed household characteristics. Then, I invert the predicted 

Engel Curves in order to estimate ‘true’ income for households headed by self-employed workers. 

Figure 1. Graphical Explanation of the Methodology used for 
Estimating Income Underreporting by Households with Self-employed Workers 

 
Notes: I used Engström et al. (2009) as a reference for this figure. Ln C = logarithm of expenditures; Ln Y = 
logarithm of income. By assumption, both occupational groups report expenditures correctly, whereas only salary 
workers report income correctly. Self-employed workers underreport their income if, assuming that expenditure 
preferences are the same across occupational groups, they report less income than salary workers, given a same 
level of expenditures (Ln CSE = Ln CSW). In such case, the extent of income underreporting would be LnYSW - LnYSE. 

                                                             
3 Pissarides and Weber (1989) assume that salary worker do not underreport at al. I follow the model developed by 
Martinez-Lopez, who relaxes this assumption. 
4  I present estimates at a household level since expenditures from the survey are generally attributed to households 
and not to individuals. This is the case of food and utilities expenditures.  I add up income from all household 
members and compare it to household expenditures. In the section in which I do some robustness tests, I do some 
estimates at the individual level.	  
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After applying the empirical methodology, I find that ‘true’ income from households headed by 

self-employed workers is on average 1.67 times their reported total income, and 1.66 times their 

reported labor income. In terms of money, this number means that, for the years the survey was 

carried out (2006-2007), households headed by self-employed workers concealed on average 

COP$15.4 billion (millions of millions) from their total income (COP$14.4 billion from their total 

labor income), which represents around 3.54% (3.34%) of GDP in 2007. I also find different 

underreporting behaviors depending on the occupation, economic activity, and type of job carried 

out by the self-employed.  

These findings are useful in at least three ways. First, these findings enrich cross-country analysis 

about the shadow economy. We can compare this paper’s results with those carried out for 

Canada, Finland, Spain, Sweden, United Kingdom and the United States (Schuetze, 2002; 

Johansson, 2005; Martinez-López, 2013; Engström et al., 2009; Pissarides and Weber, 1989; Hurst 

et al., 2012), countries for which Pissarides and Weber’s methodology has also been used. To the 

extent of my knowledge, this is the first known document that analyzes self-employment 

underreporting behavior in a Latin American country with the methodology developed by 

Pissarides and Weber (1989). 

Second, these findings are useful for those who carry out empirical analyses based on data from 

household surveys. Empirical papers that use household surveys usually assume that “data are 

immune to systematic errors” (Hurst et al., 2012, 1). But, as I find in this research, household 

surveys are subject to errors. Hence, conclusions made by empirical papers, which are used in 

policymaking, can be corrected by the results obtained here. This is the case, for example, of 

research from household surveys used by Government to give conditional cash transfers (e.g., 

subsidies handed out by programs such as Familias en Acción). Family income is one of the 

factors that the Government considers before handing out transfers (Camacho et al., 2010). 

Findings on systematic income underreporting by self-employed workers could also help 

researchers adjust estimates on earning gaps between salary workers and self-employed workers 

(Mondragon-Velez et al., 2008). These earning gaps would reduce after adjusting them with the 

findings from this paper.  

Third, the findings from this document could be useful to Colombian tax authorities. Some 

individuals prefer to be consistent with the information they provide to all official authorities. 
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Individuals who underreport their income to tax authorities could also have incentives to 

underreport their income to an anonymous official survey. This does not necessarily mean that all 

individuals behave like this, but there may be a fraction of people who do. A possible explanation 

for this behavior is that, “despite the assurances of confidentiality, people may have no incentive 

to reveal the true extent of their activities to the data collector for fear of not being, after all, 

protected by the law” (Pissarides and Weber, 1989, 17). Therefore, the estimates of income 

underreporting for different characteristics that I present below (e.g., occupation, economic 

activities and type of self-employed job) can help tax authorities be more focused and effective on 

their enforcement actions. Tax authorities can observe those characteristics on income tax returns, 

monthly payroll tax forms, or other sources of information they can access. Surely, there are more 

specific and useful studies that can be done with income and expenditure data, but this document 

could be understood as a first approach that tax authorities could use for this type of analyses. 

This paper is divided in seven sections, including this introduction. Section 2 summarizes previous 

research about income underreporting by self-employed workers, from a theoretical, 

methodological and empirical perspective. Section 3 presents the model about income 

underreporting that supports my empirical analysis. Section 4 presents the empirical strategy I use 

in order to estimate income underreporting. Section 5 describes the data. Section 6 shows the main 

results. Section 7 presents some conclusions.  

2. Income Underreporting, Shadow Economy, Tax Evasion and          Self-
Employment  

In this section I review research about income underreporting. The review is carried out from a 

theoretical, methodological and empirical perspective.  

2.1. Theoretical Perspective 

Tax compliance researchers5 have made important contributions to the understanding of income 

underreporting from a theoretical perspective. These contributions started with the models 

developed by Allingham and Sandmo (1972) and Yitzhaki (1974), who use the foundations in 

economics of crime established by Becker (1968). They model income tax evasion (income 

underreporting), as a utility maximization problem. Individuals must decide between reporting 

correctly and underreporting income to the tax authority. Their expected utility depends positively 
                                                             
5 Andreoni et al. (1999) present a literature review on tax compliance. 
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on the amount of income underreported, and negatively on the probability of being detected in 

case they evade and the penalty rate. Therefore, the decision of underreporting depends on the 

comparison between the expected gains and losses. 

Low probability of detection, which is one of the variables of the tax evasion model, has been one 

of the explanations for high income underreporting by self-employed workers (OECD, 2009). It is 

more difficult for tax authorities to detect tax evasion incurred by self-employed workers since it is 

harder to obtain third party information that allows  authorities to check their income reports. In 

contrast, information reported by salary workers can be compared with information provided by 

their employers. This lack of third party information necessary for checking the income of the self-

employed creates a lower probability of being detected in case of concealing income, which 

encourages higher levels of underreporting (Martinez-López, 2013). 

Other possible explanations for income underreporting come from other perspectives, such as 

‘behavioral economics,’ which Alm (2013, 62) defines as an approach that uses methods and 

evidence from other social sciences (especially psychology) to inform the analysis of individual 

and group decision making. This perspective is useful for understanding why individuals usually 

comply more than the levels predicted by the ‘rational model’ developed by Allingham and 

Sandmo (1972) and Yitzhaki (1974). Behavioral economics researchers study other factors 

different from the probability of detection or penalty rates that positively influence individuals’ 

compliance decisions. One factor is the way in which individuals perceive probabilities. Evidence 

suggests that individuals ‘overweight’ probabilities of detection, and therefore tend to comply 

more than the predicted behavior. Other factors are related to ‘social interactions’ and include 

social norms, perceptions of justice and tax morale (Alm, 2013, 63-64).  

2.2. Methodological and Empirical Perspective 

Researchers have used different methods to test theoretical models about income underreporting. 

Some methods focus on estimating the extent of income underreporting and others focus on 

explaining income underreporting. For the purpose of this paper, I review methods used by 

researchers to estimate the extent of income underreporting, which I summarize in Figure 2. I take 

into account the comprehensive reviews made by Andreoni et al. (1999), Slemrod et al. (2011) and 

Alm (2013) from a tax compliance perspective; and Schneider et. al. (2000) from a shadow 

economy perspective. I also specify which of these methods have been applied to Colombian data.  
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Figure 2. Empirical Methods Used to Estimate the Extent of Income Underreporting 

 

 
Notes: I present this figure based on Schneider et al. (2000) and Slemrod et al. (2011), and the estimate results 
available for Colombia.  

The first major group of methods uses macro-level data. A first method from this group is called 

‘income gap methodology’. Steiner et al. (1999) and Avendaño (2005) apply this method to 

Colombian data. They compare information from the National Accounts (as a proxy for potential 

income base) with the income base of the revenues actually received by DIAN (Colombia’s 

National Tax Agency). Using this methodology, Steiner and Soto (1999) find that the income gap 

in 1988 for businesses and individuals was 41.2%, which fell in 1995 to 24.2%. Avendaño (2005), 

who focuses on individuals, estimates an income gap of around 70% for 1970, 21% for 1995, and 

25% for 1999. Avendaño (2005) also reviews other studies that apply this method to the 
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Colombian case, which I include in figure 2.  As we can see in this figure, this ‘income gap’ has 

been the most common method applied in Colombia, even though it has some disadvantages. The 

first one is that the ‘the potential income’ is the one included in National Accounts, and there are 

some activities that are not included in these accounts (Avendaño, 2005, 20).  Another 

disadvantage is that tax authorities cannot observe the gap by different observed variables (e.g. 

economic activity), mainly because the classification of some of those variables in the National 

Accounts is not the same as the one applied by tax authorities (Avendaño, 2005, 21).  

A second method within the group of methods that use macro-level data is the ‘currency demand 

approach’. The main assumption of this method is that shadow economy transactions take the 

form of cash transactions in order to avoid an observable trace. In such case, shadow economy will 

be reflected on an increase of the demand for currency. Tanzi (1980) proposes an econometric 

model for estimating this ‘excess’ of currency demand associated with the extent of the shadow 

economy. In this model the dependent variable is a measure of currency demand, and the 

independent variables are a series of factors that influence currency demand decisions (e.g. per 

capita GDP, interest rates, etc.) and other variables that are usually determinants of the shadow 

economy (e.g. tax burden, regulatory burden). Schneider et al. (2007) apply this model to 

Colombian data over a period of 1976-2002, and find that in the 70s the size of the shadow 

economy (i.e. the excess of currency demand) fluctuated around 20% of the official GDP and rose 

to 50% in the 90s. This last finding is quite high compared to estimates for other countries. For 

example, estimates of the shadow economy for OECD countries using this method were around 

12% of GDP in the 90s. The highest estimate is from Italy, which was around 22.8% of GDP 

(Schneider et al., 2000, 102). The most common objection to this method is that not all 

transactions in the shadow economy are paid in cash; so many transactions can be excluded from 

the estimate.  

A third method within the group of methods that use macro-level data is the ‘physical input 

(electricity) method’. The main assumption of this method is that electricity consumption is the 

best physical indicator of economic activity (Schneider et al., 200, 96). The difference between the 

growth of the official GDP and the growth of electricity consumption is attributed to the growth of 

the shadow economy. Using data from Loayza (1996), Schneider et al. (2000, 100), I find that the 

shadow economy for Colombia between 1989 – 1990 was 25%. This is the lowest percentage 

compared to the estimates for other Latin American countries. For example, for that same year (i.e. 
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1989-1990) the shadow economy for Guatemala, Mexico and Peru was 61%, 49% and 44%, 

respectively.  

A second major group of methods uses micro-level data. This group of methods is divided into 

two additional categories. A first category of methods estimates income underreporting directly 

from tax audits and surveys. Income underreporting estimates from tax audits have been 

commonly applied in the United States (Clotfelter, 1983), particularly by the Internal Revenue 

Service –IRS- (US Tax Agency). With this method, the IRS selects tax returns randomly and 

audits them in order to determine true obligations (income). The advantage of this method is its 

precision. Its disadvantages are related to its costs (the IRS relies on auditors who can be able to 

determine true obligations), and to the bias derived from the sample it covers (those who fill and 

submit tax returns) (Schneider et al., 2000). Direct methods using information from surveys 

consist on asking individuals directly about their income underreporting behavior, using different 

psychological and sociological techniques (Lemieux et al., 1994). However, the results yielded by 

this particular method are not reliable due to the nature of the question that is being asked 

(Slemrod et al., 2011, 32). So far, none of these methods have been applied to Colombia.   

The second category within the group of methods that use micro-level data consists of indirect 

methods using observable variables that can help infer true income, based on the economic 

relationships that exist between income and those observable variables. Some of them, such as the 

one developed by Feldman and Slemrod (2007), use observable variables from tax returns. Other 

methods such as the one developed by Pissarides and Weber (1989) use observable variables from 

surveys.  

The methodology developed by Pissarides and Weber (1989), applied in this document, uses the 

relationship between food expenditure and income in order to determine true income. Their 

method consists on estimating Engel Curves, controlling the condition of being a self-employed 

worker and other household characteristics. Pissarides and Weber then estimate the extent of 

income underreporting by the self-employed, by inverting the predicted Engel Curves, assuming 

that food expenditure preferences are the same between the self-employed and salary workers, and 

that salary workers do not underreport their income, Pissarides and Weber apply this methodology 

using data collected from household surveys  in the United Kingdom in 1982. They find that ‘true’ 

income from self-employed workers is around 1.55 times their reported income.  
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Several studies apply the methodology developed by Pissarides and Weber (1989). Schuetze 

(2002) uses Canadian data from different years between 1969 and 1992, and finds that ‘true’ 

income, for those households who obtain 30% or more income from self-employment, is between 

1.11 and 1.23 times their reported income. Johansson (2005) uses Finnish data ranging from 1994 

to 1996, and finds that ‘true’ income, for those households that are headed by a self-employed 

worker, is between 1.10 and 1.23 times their reported income. Engström et al. (2009) use Swedish 

data from 1999-2001 and 2003-2004, and find that ‘true’ income for those households with at least 

one	  self-employed member is on average 1.3 times their reported income. Hurst et al. (2012) use 

data from the United States and find that ‘true’ income from households headed by self-employed 

workers is on average 1.43 times their reported income. Martinez-López (2013) uses Spanish data 

over the period 2006-2009 and finds that the income of the self-employed has to be increased by 

25% to obtain a level of income equal to the level of underreporting by employees.  

3. The Income Underreporting Model 

In this section I present the framework for estimating income underreporting by self-employed 

workers. The main features of the model are taken from Pissarides and Weber (1989, 19-21), 

though I introduce new features from Martinez-Lopez (2013). These new features are related to 

the assumption about salary workers’ income reporting behavior.  

In this model the units of analysis are households. Each household, i, reports individual items (j) of 

consumption 𝐶!" , 6  gross current income 𝑌!!,  and a vector of household characteristics 𝑋! =

𝑥!!    𝑥!!  . . .   𝑥!" . The main assumptions are the following: i) all households report accurately 𝐶!" 

and 𝑋!; ii) households do not report correctly 𝑌!!, though households with self-employed workers 

tend to underreport their income more –on average- than households with salary workers 

(Martinez-Lopez, 2013, 355). Equation (1) represents these assumptions about 𝑌! ,!   

𝑌!,! = 𝑘!,!𝑌′!,! ,        𝑘!!!" > 𝑘!!!"   (1) 

In this equation, 𝑌!   is ‘true’ income and 𝑘! is a random variable showing the extent of income 

underreporting by household i. A bigger 𝑘! indicates higher underreporting. This first equation 

                                                             
6 j is any expenditure item. For example, j can be food, alcoholic beverages, utilities, personal care elements, durable 
goods, etc. 
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includes the possibility of income underreporting by salary workers, although the average 

proportion underreported by such workers is assumed to be smaller than the average proportion 

underreported by the self-employed (w=SE). This assumption is less restrictive than the 

assumption set by Pissarides and Weber (1989), who assume that salary workers do not 

underreport any of their income (i.e. 𝑘!,!!!"=1). This assumption also adjusts better to Colombian 

reality. According to the National Statistics Department, DANE, income from salary work and 

from self-employment reported on household surveys are underestimated and therefore must be 

adjusted with National Accounts information. The adjustment factor is higher for income derived 

from self-employment (an average of 1.88 between 2002-2011) than the adjustment factor for 

income derived from salary work (an average of 1.26 between 2002-2011) (DANE, 2012c, 1-12). 

Consumption decisions, 𝐶!", are modeled like log-linear Engel curves, as shown in equation (2),  

ln𝐶!,!  !    = 𝛽! ln𝑌!,!! +  𝑋!,!𝛼! + 𝜀!,!           ,              𝑤 = 𝑆𝑊, 𝑆𝐸  (2) 

Consumption decisions on item j, ln𝐶!", are determined by a measure of permanent income, 

ln𝑌!!  , by observed characteristics, 𝑋! = 𝑥!!     𝑥!!   . . .   𝑥!" ,  and unobserved characteristics, 𝜀!. ln𝑌!! 

reflects all those factors that influence a household’s capital value or wealth (Friedman, 1957, 21). 

However, the Engel Curve does not need to correspond exactly to the permanent income 

hypothesis (Pissarides and Weber, 1989, 20).     𝜀!  is orthogonal to ln𝑌!! and 𝑋!  (i.e., 

𝐸(𝜀!    ln𝑌!! ,𝑋)). 𝛽! and 𝛼! are parameters of the Engel Curve. The first one is income elasticity, 

and the second one is a vector of semi-elasticities from observed characteristics. Log-linear Engel 

Curves can be determined for each group of households (i.e., w=WS and w=SE), although their 

preferences for item j are the same. This last assumption means that parameters 𝛽! and 𝛼! are the 

same for both groups of households. 

We do not observe permanent income, but we can infer the relationship between this variable and 

true current income, as shown in equation (3),  

𝑌!,! = 𝑠!,!𝑌!,!!            ,              𝑤 = 𝑆𝑊, 𝑆𝐸  (3) 
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True current income, 𝑌!,! ,  is determined by 𝑌!,!! and a random variable 𝑠!,!  that represents 

transitory income. In a ‘good’ year, 𝑠!,! will have a mean bigger than 1 (Pissarides and Weber, 

1989, 20).  

If we differentiate permanent and transitory components of current income, we can take into 

account differences in income variability between self-employed workers and salary workers, 

given a level of permanent income. If we take into account such differences in income variability, 

we can avoid confusing such income variability differences with misreporting. An example of a 

possible confusion is the following. Suppose that for a given period, self-employed households 

have more negative transitory shocks on their income (which we could observe in dissaving or in 

access to credit for maintaining the same levels of consumption). In this case we will observe that 

they have lower levels of income relative to salary workers, with the same levels of consumption 

(because consumption decisions depend on permanent income, not on current income). If we don’t 

take into account differences in transitory shocks, this case could be perceived as income 

underreporting even though it is a consequence of negative transitory shocks.  

When we combine equations (1), (2) and (3) we obtain log-linear Engel Curves in terms of 𝑌!,!! , 

𝑘!, 𝑠!, and 𝜀! for households with salary workers (w=SW) and self-employed workers (w=SE), as 

shown in equations (4) and (5), 

ln𝐶!,!"  !    = 𝛽! ln𝑌!,!"! + 𝛽!𝑙𝑛𝑘!,!" −  𝛽! ln 𝑠!,!" +  𝑋!,!"𝛼! + 𝜀!,!" (4) 

ln𝐶!,!"  !    = 𝛽! ln𝑌!,!"! + 𝛽!𝑙𝑛𝑘!,!" −  𝛽! ln 𝑠!,!" +  𝑋!,!"𝛼! + 𝜀!,!" (5) 

Pissarides and Weber (1989) make assumptions about random variables 𝑘! and 𝑠! in order to arrive 

to conclusions about the differences between equations (4) and (5). A first assumption is about 

their distribution,  

ln 𝑠!,!     = 𝜇!,! + 𝑢!,!         ,              𝑤 = 𝑆𝑊, 𝑆𝐸  (6) 

ln 𝑘!,!     = 𝜇!,! + 𝑣!,!        ,              𝑤 = 𝑆𝑊, 𝑆𝐸  (7) 
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As we can observe in equations (6) and (7), 𝑘! and 𝑠! have log normal distributions, that deviate 

from their means, 𝜇!,! and 𝜇!,!, respectively. Besides the assumptions about the distributions of 

𝑘! and 𝑠!, the model assumes that,  

• Random variables 𝑢!,!  and 𝑣!,!  have zero means (i.e. 𝐸 𝑢!,! = 𝐸 𝑣!,! = 0) , and 

constant variances (i.e. 𝜎!,!,!! = 𝜎!,!!    and 𝜎!,!,!! = 𝜎!,!!   for all i). 

• The average aggregate effects of income are the same across occupational groups (i.e. 

𝑠!" = 𝑠!" ),7  but the variability of income from self-employment is higher than the 

variability of income from salary work (i.e. 𝜎!,!"
! < 𝜎!,!"! ). 

The inclusion of equations (6) and (7) into (4) and (5) lead to equations (8) and (9), which relate 

reported expenditures with reported income and reported observed characteristics,  

ln𝐶!,!"  !    = 𝛽! 𝜇!,!" − 𝜇!,!"     +  𝑋!,!"𝛼!   + 𝛽! ln𝑌!,!"! +  𝛽!(𝑣!,!" − 𝑢!,!") + 𝜀!,!" (8) 

ln𝐶!,!"  !    = 𝛽! 𝜇!,!" − 𝜇!,!"    +  𝑋!,!"𝛼! + 𝛽! ln𝑌!,!"! +  𝛽!(𝑣!,!" − 𝑢!,!") + 𝜀!,!" (9) 

Martinez-Lopez (2013) shows that these equations can be merged in a single equation that 

includes a dummy variable indicating household condition (i.e. HSE=1 if self-employed),  

ln𝐶!,!  !    = 𝑋!,!𝛼! + 𝛽! ln𝑌!,!! − 𝛽! 𝜇!,!" + 𝐻𝑆𝐸! 𝜇!,!" − 𝜇!,!" − (𝜇!,!" + 𝐻𝑆𝐸!(𝜇!,!" − 𝜇!,!"))   + 𝜂!,! (10) 

Using the assumptions about the distribution of 𝑘! and 𝑠! described before and the properties of 

log normal distributions,8 we can rewrite the Engel Curves in the following way. This is the central 

equation in this paper, as,  

ln𝐶!,!  !    = 𝑋!,!𝛼! + 𝛽! ln𝑌!! +   γ!SE!   + 𝜂!,!, (11) 

where γ! = 𝛽![𝜃 −
!
!
𝜎!,!"! − 𝜎!,!"! + !

!
(𝜎!,!"! − 𝜎!,!"! )]  and 𝜃 = ln 𝑘!" − ln 𝑘!" .  With this 

equation we can measure the extent of income underreporting, 𝜃 (as you can see, it is a ‘relative’ 

                                                             
7 In other terms, this assumption means that transitory aggregate effects affect all occupational groups equi-
proportionally (Pissarides & Weber, 1989, 20). 
8 One property that we need to use is that ln 𝑠!,! =   𝜇!,! +

!
!
𝜎!,!!  and ln 𝑘!,! =   𝜇!,! +

!
!
𝜎!,!! . 	  
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measure of underreporting by self-employed compared to salary workers), which depends on the 

values of the variances of u and v (Martinez-Lopez, 2013). Following Pissarides and Weber 

(1989), and the rest of the studies that apply their methodology, we can compute the variances 

from the following regression for income,  

𝑙𝑛𝑌!! = 𝑋!𝜃 + 𝑍!𝜌 + 𝜁!, (12) 

where 𝑍! is an instrument from a 2SLS regression that corrects the endogeneity problems that 

appear if we estimate equation (11) using OLS. Endogeneity problems appear because: i) the 

dependent variable of equation (11), which is ln𝐶!,!  !   originally depends on ln𝑌!,!!    (see equation 

(2)), which is not observed and, therefore, is included in the error term, 𝜂!,!, of equation (11), ii) 

by construction, observed reported income from equation (11), ln𝑌!!  , is related to ln𝑌!,!!   (see 

equations (1) and (3)), and hence to  𝜂!,!. If we estimate (11) with OLS we would be violating the 

independence condition assumption (i.e. 𝐸 𝑙𝑛𝑌!!, 𝜂!,! ), and, as a consequence, we would be 

estimating a biased income elasticity of consumption. We could expect a negative bias of this 

elasticity if use OLS (i.e. 𝛽 < 𝛽), because current decisions would be modeled in terms of a 

variable that does not explain totally variations on those spending decisions (Asimakopulos, 1965, 

231). We would be underestimating the income elasticity of consumption. This raises the necessity 

of estimating (11) through 2SLS, where the endogenous variable, ln𝑌!!  , is instrumented by 𝑍!, as 

shown in (12). 

After estimating equation (12) separately by each type of household, we can obtain 𝜎!,!"!  and 

𝜎!,!"! , and relate them to the variances of u and v with the following equation (Martinez-Lopez, 

2013, 358),  

𝜎!,!"!  - 𝜎!,!"!  = 𝜎!,!"! − 𝜎!,!"! + 𝜎!,!"! − 𝜎!,!"!  (13) 

After analyzing the value of the extent of income underreporting, 𝜃, under extreme values of 

𝜎!,!!     and 𝜎!,!! , Pissarides and Weber (1989) and Martinez-Lopez (2013) show that the average (𝜃), 

lower limit (𝜃!), and upper limit (𝜃!) estimates of underreporting by self-employed –relative to 

salary workers, are:  
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𝜃 = 𝑒
!
!
  
 

(14) 

𝜃! = 𝑒
!
!
!!! !!,!"

!   !  !!,!"
!

 
(15) 

𝜃! = 𝑒
!
!
!!! !!,!"

!   !  !!,!"
!

 
(16) 

Since the model allows income underreporting by salary workers, we should interpret 𝜃 as the 

average number by which income reported by the self-employed has to be multiplied in order to 

determine an income measure at least as accurate as the one reported by salary workers. In these 

estimates of underreporting we can see the importance of correcting for the endogeneity problems 

found in (11). In particular, correcting the underestimation of 𝛽  would prevent us from 

overestimating the extent of income underreporting by the self-employed. 

4. Data 

I use data from the Income and Expenditure National Survey (IENS). The National Statistics 

Department (DANE) applied the IENS to a nationally representative sample of households from 

the beginning of the fourth quarter of 2006 up till the end of the third quarter of 2007 (DANE, 

2009). The IENS provides cross-section data about labor force characteristics, personal and 

household income, demographics and household expenditures.  

I analyze household spending units, which I will call households for simplicity. A household 

spending unit is a group of individuals within a household who share spending responsibilities, 

such as food expenditures or utilities. People who rent a room and pay for household services, 

domestic servants, or workers within a household are less likely to share spending responsibilities 

within a household. Instead, they are a source of income and expenditures for the household 

spending unit (DANE, 2009). Thus, for each household I only take into account income, 
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expenditures and demographic characteristics from the members of the larger spending unit, which 

is generally conformed by the household’s head,9 the spouse, the children and other relatives. 

I use a sample of 11,387 households (27% of the 42,733 original households). This sample has the 

following characteristics:  

(a) It excludes households with an ‘incomplete survey’ status. The National Statistics Department 

(DANE) marks down these households in the dataset. These households do not provide 

sufficient information in order to estimate income underreporting by self-employed workers, 

nor do they provide sufficient information for DANE’s official information bulletins (DANE, 

2009, 12). 6,735 are households excluded after applying this criterion (15.8% of the original 

sample).  

(b) The sample only includes households living in urban areas, whose heads and spouses do not 

work in farm related activities. The registration method for frequently acquired items differs 

in urban households and rural households (e.g., food, alcoholic beverages, cigarettes, personal 

care, etc.). In urban areas, the members of the household register their expenditures on a daily 

basis for a week. In rural areas a single person (e.g., housewife) must answer retrospective 

questions regarding frequent household expenditures, including expenditures from other 

household members (DANE, 2006). We could observe differences in the results I intend to 

show in this thesis due to the differences identified in the registration methods rather than 

those that reflect real underreporting behavior. Therefore, the sample excludes households 

from rural areas, which represent 3,464 households (8.1% of original households).  

The sample also excludes those households living in urban areas with heads or spouses 

working on crop and animal production and hunting activities.10 For these households the 

relationship between income and food expenditures might be different because they can 

provide food for themselves. Pissarides and Weber (1989) and other authors also exclude 

households that have income derived from farming activities (Engtröm and Holmund, 2009, 

                                                             
9 DANE defines a head of a household as the person who is recognized as such by household members based on 
conditions such as age and/or being the main economic supporter of household members, among other reasons 
(DANE, 2006, 13). 
10 DANE classifies economic activities according to United Nations International Standard Industrial Classification of 
All Economic Activities (UN, rev.3.1.). The sample excludes activities such as 011 - growing of crops, market 
gardening horticulture; 012 – farming of animals; 013 – farming of crops combined with farming of animals; 015 – 
hunting and trapping; 05 – fishing, aquaculture and other activities.	  
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2422; Hurst et al., 2011, 6; Johansson, 2000, 103; Schuetze, 2002, 225). A total of 2,145 

households are excluded after applying this criterion (5.0% of the original sample).  

(c) The sample includes only households whose head is a male self-employed worker or male 

salary worker, between the ages of 20 and 60, who works 30 hours or more per week. With 

these restrictions we can focus on prime age11 working people who work full time (Hurst et 

al., 2002, 6) and who represent the prevailing gender of the heads of household. Self-

employed household heads are those who classify themselves as “self-employed” (cuenta 

propia in spanish) or “business owners” (patronos o empleadores in spanish). Salary workers 

are those who classify themselves as wage or salary workers of the private sector or 

government organizations.12  Pissarides and Weber (1989) and Schuetze (2002) classify 

households according to the participation of income from self-employment on total household 

income. If a household receives an amount larger than a specific proportion of total income, 

they classify it as self-employed. Their explanation for using this criterion is to capture 

households who may classify themselves as salary workers, even though they receive a 

sizeable part of their income from self-employment (Pissarides and Weber, 1989, 22). 

However, this measure could induce measurement error because self-employment income is, 

by assumption, reported incorrectly. Households that earn a large fraction of income from 

self-employment, but also underreport a large fraction of this income, could be misclassified 

as salary workers (Schuetze, 2002, 234). After applying this criterion, 17,673 households are 

excluded (i.e. 41.4% of the original sample).  

(d) The sample excludes households whose heads have different occupations (e.g., they are self-

employed as their main job and are salary workesr in their secondary job). Households in 

which the head is a wage or salary worker and the spouse is self-employed are also excluded. 

1,329 households are excluded after applying this criterion (3.1% of original households). 

From the resulting sample, I classify households into two groups according to the occupation 

position of household heads. The first group has households whose heads work as self-employed 

in their main job and, if they have a secondary job, do not work as salary workers. There are 5,028 
                                                             
11 The pension age for men in Colombia is 60 years, which is why I pick that age as an upper limit. 
12 DANE defines: (a) “self-employed” as people who exploit their own economic activity or that carry out by 
themselves their profession or job, without the help of salary workers; (b) “business owners” as people who run their 
own business and hire wage or salary workers; and (c) private sector/government “salary workers” as people who 
work for a private/government organization and receive a salary or a wage (DANE, 2006, 71-72). 
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households in this group. The second group has households whose heads work as salary workers 

in their main job and, if they have a secondary job, do not work as self-employed. There are 6,359 

households in this group.  

I use one measure of expenditure and two measures of income. The measure of expenditure is the 

total monthly food expenditure, which includes expenditures on food consumed at home and away 

from home. These expenditures are a monthly estimate of the information registered in a diary 

kept by the person responsible for the household food expenditure (e.g., housewife) and by each 

household member who receives any income.  These individuals are instructed by DANE to 

register all their expenditures every day during a week, from monday to sunday. In order to 

minimize errors, they receive advise from DANE’s staff during that week on how to register 

information (DANE, 2006, 126,154). 

I use food expenditures for several reasons. First, food expenditure preferences are more likely to 

be similar between self-employed workers and salary workers because they are a basic need 

(Engström and Holmlund, 2012; Pissarides and Weber, 1989; Schuetze, 2002). Second, food 

expenditures are more likely to comply with the assumption of no expenditure underreporting; or 

we can expect no systematic differences in food expenditures reporting between occupations.. This 

second reason is reinforced by the way in which food expenditures are registered in the survey. 

Individuals register detailed items of food that can be grouped in broader categories. As Schuetze 

(2002) points out, it is unlikely for people to underreport their expenditures on detailed food items 

in order to be consistent with their income report. This is not necessarily the case of other types of 

expenditures, for which people can be more cautious about the information they report (e.g., 

buying a car or motorcycles). The final reason for choosing food expenditures is the available 

information. The frequency of food expenditures is higher than the frequency of other 

expenditures.  

The two income measures I use are total monthly labor income and total monthly income. Total 

monthly labor income is the sum of income from salary work and self-employment of all 

household members. Total monthly income includes other types of household income besides 

labor income, such as asset income (income from financial and non-financial assets) and transfers.  

Table 1 contains some descriptive statistics. This table presents unconditional differences on 

expenditure and income measures, and also on other household characteristics, between self-
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employed households and salary households. Both measures of average log of income are higher 

for salary households, while the average log of food expenditure is higher for self-employed 

households. In terms of Colombian Pesos, the average monthly reported total income (labor 

income) of self-employed households is COP$717,800 (COP$689,800), while monthly reported 

total income (labor income) of salary households is COP$936,500 (COP$909,600). Reported food 

expenditures of the self-employed and salary workers are on average COP$210,700 and 

COP$192.000, respectively. We can see these statistics as evidence of income underreporting 

behavior by households headed by self-employed households. They report less income than 

households headed by salary workers, but at the same time spend more on food.  According to the 

income-underreporting model, we can also expect income variability to be higher for households 

headed by self-employed households. Both measures of income are more variable for self-

employed workers, especially labor income. Although the information in Table 1 only provides a 

first approximation to the data, it motivates the development of the empirical model. 

We can also observe other household observable characteristics in Table 1. Self-employed 

household heads and their spouses are, on average, two years older and have bigger families than 

salary heads and their spouses. Self-employed households also have more children. Regarding 

education, self-employed heads are on average less educated than salary workers. There is a higher 

proportion of self-employed heads with elementary and basic secondary education, and a higher 

proportion of salary workers with secondary and undergraduate education. Although self-

employed households report less income than salary households, their heads work, on average, 

more hours in their main job. Nevertheless, salary workers work, on average, more weekly hours 

in their second job. Regarding The labor characteristics of the heads’ spouses include a higher 

participation of self-employed spouses, though there are differences in their occupation positions. 

Regarding geographical location, we can observe that the main differences in proportions are in 

Barranquilla and Medellin. 
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Table 1. Descriptive Statistics of the Sample 

    

Salary workers   Self-Employed 
workers  

         Number of Households  5,028  6,359  
         Household Expenditures 

         
  Mean Std. 

Dv.   Mean Std. Dv. Diff p-value 

Log(Total Food Expenditures)  12.17 0.94  12.26 0.87 -0.09 0.00 
         Household Income 

         
  Mean Std. 

Dv.   Mean Std. Dv. Diff p-value 

Log(Total Labor Income)  13.72 0.76  13.44 0.89 0.28 0.00 
Log(Total Income)  13.75 0.77  13.48 0.90 0.27 0.00 
         Other Household Characteristics 

         
  Mean Std. 

Dv.   Mean Std. Dv. Diff p-value 

Head with Spouse (%)  0.871 0.336  0.869 0.338 0.00 0.75 
Age of head (years)  38.850 9.952  42.331 9.750 -3.48 0.00 
Age of Spouse (years)  35.557 9.966  38.158 9.904 -2.60 0.00 
Household Size (# people)  3.865 1.635  4.142 1.816 -0.28 0.00 
Household Size (# people)  3.805 1.596  4.073 1.779 -0.27 0.00 
Total Children (# people)  1.607 1.201  1.806 1.358 -0.20 0.00 
Total Children (0-2 years)  (# people)  0.227 0.460  0.170 0.410 0.06 0.00 
Total Children (2-5 years)  (# people)  0.221 0.457  0.207 0.453 0.01 0.11 
Total Children (5-18 years) (# people)  0.893 1.028  1.064 1.146 -0.17 0.00 
Head's education: 1st-5th grade (%)  0.190 0.393  0.325 0.468 -0.13 0.00 
Head's education: 6th-9th grade (%)  0.168 0.374  0.224 0.417 -0.06 0.00 
Head's education: 9th-12th grade (%)  0.319 0.466  0.252 0.434 0.07 0.00 
Head's education: Undergraduate (%)  0.212 0.409  0.109 0.312 0.10 0.00 
Head's education: Graduate (%)  0.066 0.248  0.020 0.140 0.05 0.00 
Weekly working hours of head, 1st job (# hours)  54.821 15.628  57.658 17.087 -2.84 0.00 
Head with  2nd job (%)  0.014 0.118  0.046 0.210 -0.03 0.00 
Weekly working hours of head, 2nd job (# hours)  16.486 12.997  16.195 11.592 0.29 0.85 
Head's 2nd job: self-employed worker (%)  0.000 0.000  0.043 0.203 -0.04 0.00 
Head's 2nd job: wage and salary worker (%)  0.013 0.115  0.000 0.000 0.01 0.00 
Spouse occupied, main job (%)  0.290 0.454  0.424 0.494 -0.13 0.00 
Spouse's main job: wage and salary worker (%)  0.255 0.436  0.136 0.343 0.12 0.00 
Spouse's main job: self-employed worker (%)  0.000 0.000  0.188 0.391 -0.19 0.00 
Spouse with secondary job (%)  0.011 0.102  0.029 0.167 -0.02 0.00 
Metropolitan Area: Barranquilla (%)  0.052 0.222  0.072 0.258 -0.02 0.00 
Metropolitan Area: Bogota (%)  0.039 0.193  0.019 0.136 0.02 0.00 
Metropolitan Area: Bucaramanga (%)  0.059 0.236  0.057 0.232 0.00 0.68 
Metropolitan Area: Cali (%)  0.049 0.215  0.032 0.177 0.02 0.00 
Metropolitan Area: Cartagena (%)  0.058 0.234  0.067 0.250 -0.01 0.06 
Metropolitan Area: Medellin (%)  0.102 0.303  0.055 0.227 0.05 0.00 
         Notes: Statistics of the sample selected according to the selection criteria described in section 4. 
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In Table 2 we can observe statistics that support some of the assumptions of the income-

underreporting model that I present in section 3. These statistics support that i) current monthly 

spending decisions do not depend only on current monthly income, ii) there are no systematic 

expenditure misreporting differences between the self-employed and salary workers. 

Panel 1 of Table 2: In section 3 I describe the endogeneity problem that exists if we estimate 

Engel Curves through OLS. This problem exists because, by assumption, households’ 

consumption decisions depend on a measure of permanent income, which we cannot observe, and 

not on a measure of current monthly reported income, which we do observe on household surveys. 

My purpose in this section is not to validate the permanent income hypothesis. I do pretend to 

show some statistics that support the idea that households spending decisions are not only 

influenced by current monthly income.  

For example, expectations about income could be another determinant of spending decisions, or 

seen from a different perspective, a determinant of saving/dissaving decisions. If individuals 

expect negative shocks on their income, they will tend to save more/spend less in order to respond 

to these shocks. We can observe saving behavior from two measures that I compute thanks to the 

available data. A first measure corresponds to monthly savings, which I compute as the 

complement of the average ratio between total monthly income and total monthly expenditure.13  

As we can see, households with salary workers and with self-employed workers save, even though 

the first save more. One possible explanation is that even though self-employed face more 

uncertainty, they could be less risk-averse than salary workers (Hurst et al, 2011). The second 

measure corresponds to the amount of casual annual income that is saved by households. This 

amount is also positive, and higher for households with the self-employed.  

Another measure that can help understand households expectations about income is their 

dissaving/access to credit behavior, which is a way to react to actual negative shocks on current 

income. For smoothing their consumption they tend to dissave or have access to credit. The data 

provides these two measures. A first measure captures the question made to households about the 

amount  saved from previous years spent in the current year. Another measure is the ratio between 

monthly expenditures paid by credit and monthly current expenditures. Both measures are 

                                                             
13 It includes expenditures on food, alcohol, and cigarettes; expenditures on personal care goods/services, home care 
goods/services; expenditures on utilities, transportation expenditures, among other expenditures.  
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positive, though higher for salary workers. These measures support the need for correcting the 

endogeneity problems if we model spending decisions only on reported monthly income.  

Panel 2 of Table 2: One of the assumptions of the model is that households do not misreport 

information about expenditures. I cannot validate this assumption, but I can provide some 

information that supports the idea that at least there are no systematic misreporting differences 

between households with self-employed and salary workers. One measure that supports this idea 

corresponds to the percentage of people, different from the head of household, who respond the 

main questionnaire about household food expenditures and other frequent expenditures. As you 

can see in Table 2, the percentage is high and similar between households. Consequently, if there 

is misreporting of expenditures due to the fact that the heads of households are the ones who 

answer the questions (because they want to be consistent with the income information they 

provide), the proportion of misreporting could be expected to be the same between households. 

Table 2. Other statistics that support some assumptions     

    
Salary 

workers   Self-Employed 
workers   

         Saving/Dissaving and Credit Behavior 
         
  Mean Std. 

Dv.   Mean Std. 
Dv. Diff p-value 

1 - (total_monthly_exp/total_monthly_income)  0.86 17.29  0.92 15.21 -0.07 0.83 
Log(Casual Income saved (not spent) )  2.75 5.79  2.97 5.88 -0.22 0.05 
Log(Last years savings spent this year (dissavings))  1.60 4.50  1.32 4.12 0.29 0.00 
Expenditures _through credit/total_expenditures  0.05 0.21  0.04 0.20 0.01 0.17 
         Support for No Systematic Differences of Expenditure Misreporting 

                

  Mean Std. 
Dv.   Mean Std. 

Dv. Diff p-value 

Percentage of people different from the head who 
respond the main questionnaire about food and other 
frequent expenditures  0.74 0.44  0.74 0.44 0.01 0.27 

                  

Notes: Statistics at a household level 
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5. Results 

5.1.  Endogeneity and Instrumental Variables 

Before presenting the estimations of income underreporting, I describe the instrumental variables 

(IV) that support my analysis and the results that show that these IV are appropriate for applying 

the rest of the empirical methodology and for trusting the estimates of income underreporting I 

present later. 

The IVs I use are a series of dummies for education of the head of households and their spouses. 

Education has been a good predictor of household income. Both the head of households and their 

spouses are the main sources of income, and therefore, their educational levels have a positive 

impact on total household labor income, and total income (the main component of total income is 

labor income). The way in which these educational dummies may affect food expenditure 

decisions is through income. The dependent variable of the models I use in this paper is total food 

expenditures, which directly depends on the budget constrains of the households. These budget 

constrains depend on the capacity of the households to generate income, which is positively 

affected by higher educational levels. One could think that when there are different educational 

levels among households, the tastes for food are different. But, since the decisions in this paper are 

related to total food expenditures, what we can expect is that these differences on tastes derived 

from differences in educational levels translate on different food bundles that at the end add up a 

same level of expenditures, given a same level of income among households. I tested this 

hypothesis by introducing the educational dummies in the main regression. The variables were not 

significant. I also tried with a variable that captured both the number of years of education of the 

head and his spouse, and they were neither significant. 

Appendix 1 shows the main results regarding the assumptions about IV that can be validated with 

the data. These assumptions are validity, relevance and monotonicity. Appendix 2 also presents 

endogeneity tests that support the use of 2SLS. I present these results for the six models that I use 

as evidence of income-underreporting behavior (see subsections 5.2. and 5.3). Table 3 summarizes 

the differences between these models. The first three models use Total Income as income measure, 

whilst the last three use Labor Income as income measure. The difference within these two sets of 

models lies in the samples, which can be composed by households headed by the self-employed 
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(SE), households headed by salary workers (SW), or households headed by both. The models that 

only use one type of household do not need dummy variables indicating if the household is self-

employed. Models 3 and 6 are represented in equation (11), which is one of the main equations I 

use in this paper in order to estimate income underreporting.  

Table 3. Models for which I present results 
 

Model Income Measure Sample (N) Dummy 
Variable SE=1 

1 Total Income SE (6,359) No 
2 Total Income SW (5,028) No 
3 Total Income SE (6,359) and SW (5,028) Yes 
4 Labor Income SE (6,359) No 
5 Labor Income SW (5,028) No 
6 Labor Income SE (6,359) and SW (5,028) Yes 

5.2. Conditional differences between groups 

Before estimating income underreporting through regression (11) (i.e. models 3 and 6 of Table 3), 

I present the results of running regressions separately by type of households (i.e. the results from 

models 1, 2, 4 and 5 of Table 3). These results are shown in Figure 3. I synthetize in this figure the 

main features I want to point out. First, both estimates of OLS and 2SLS show that self-employed 

spend more on food than salary workers, which corroborates the income-underreporting 

hypothesis. Second, in both OLS and 2SLS models the income elasticities between households are 

similar, which supports one of the assumptions made in section 3. In third place, there are 

differences in the income elasticities of consumption between OLS and 2SLS; OLS elasticities are 

lower (as predicted in section 3) than 2SLS elasticities.  

5.3. Income Underreporting by Self-Employed Workers 

Table 4 shows the estimation results from equation (11) (i.e. the results of models 3 and 6 of Table 

3). The dependent variable of the regression is the log of food expenditures, and the relevant 

independent variables are the log of total income (panel 1), log of total labor income (panel 2), and 

dummy variable SE! which is equal to one when household i is headed by a self-employed 

individual or equal to zero if it is headed by a salary worker. The other household characteristics 

that I use are: the age of the household’s head, the age of the spouse's head, total children, 

geographical location dummies, and number of months that the head of household has worked in 

his current job.  
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Figure 3. Engel Curves estimated separately by Type of Household 

 

 
Notes: Dotted lines represent 2SLS estimates. Dotted lines represent 2SLS estimates. ***<0.01, **<0.05, *<0.1.  

Table 4 also presents the differences that arise as a consequence of estimating equation (11) by 

OLS and by 2SLS. With OLS we would be underestimating the extent of income underreporting 

by self-employed households (see eq. 11). As we can see in Appendix I, particularly in the tables 

that show the endogeneity tests (Hausman test) shows that we can reject the hypothesis that 

income is exogenous. On the other side, we can observe that the instruments that we use are 

relevant and valid. Therefore, in the rest of the section we will use 2SLS estimates. 

In order to support some of the model’s assumptions, I present other specifications of equation 

(12) in the Appendix 2. These assumptions are log-linearity of Engel Curves and equal income 

elasticities across occupational groups. I test the first assumption by including 𝑙𝑛  𝑌!! ! in equation 

(10). For the second assumption, I run equation (10) with a variable that captures the interaction 

between 𝑙𝑛  𝑌!! and SE!. These two modifications of the original regression are not statistically 

significant.  

The most relevant result from Table 4 is the sign of the parameter that captures the effect of being 

self-employed. This variable is statistically significant. On average, households headed by self-

employed individuals spend 0.165 (0.169) additional percentage points on food than households 

headed by salary workers, after controlling for the total reported income (labor income) as well as 

for other household characteristics. The results from Table 4 show that there is an excess of food 

consumption by households headed by self-employed individuals. 

0.260*** 

Ln Y 
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SE2SLS 

WSOLS 

WS2SLS 

0.325*** 

0.287*** 

0.342*** 

8.681*** 

8.168*** 

7.413*** 

7.784*** 

Total Income 

Ln C 

SEOLS 

SE2SLS 

WSOLS 

WS2SLS 

0.259*** 

0.334*** 

0.281*** 

0.354*** 

8.707*** 

8.261*** 

7.251*** 

7.682*** 

Labor Income 
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Table 4. Regression Results for Household Food Expenditures 

  
Income Variable:  

Total Income 
Income Variable:  

Labor Income 

     
 OLS 2SLS OLS 2SLS 

     Self-employed 0.147*** 0.165*** 0.147*** 0.169*** 

 
(0.018) (0.019) (0.018) (0.019) 

log_UGingr_total_alt1 0.266*** 0.323*** 
  

 
(0.011) (0.020) 

  log_UGingr_labor_alt1 
  

0.264*** 0.334*** 

   
(0.011) (0.021) 

med_head_age 0.000 -0.000 0.001 0.000 

 
(0.002) (0.002) (0.002) (0.002) 

med_head_age_sq 0.000 0.000 0.000 0.000 

 
(0.000) (0.000) (0.000) (0.000) 

med_age_spouse 0.005*** 0.004** 0.005*** 0.004*** 

 
(0.002) (0.002) (0.002) (0.002) 

med_age_spouse_sq -0.000 -0.000 -0.000 -0.000 

 
(0.000) (0.000) (0.000) (0.000) 

hshld_total_children 0.045*** 0.049*** 0.045*** 0.050*** 

 
(0.008) (0.008) (0.008) (0.008) 

geo_Armenia 0.057 0.042 0.061 0.044 

 
(0.046) (0.046) (0.046) (0.046) 

geo_Barranquilla -0.212*** -0.208*** -0.217*** -0.214*** 

 
(0.036) (0.036) (0.036) (0.036) 

geo_Manizales -0.328*** -0.331*** -0.325*** -0.328*** 

 
(0.045) (0.045) (0.045) (0.046) 

geo_Cali 0.057 0.047 0.064 0.054 

 
(0.048) (0.048) (0.048) (0.048) 

geo_Monteria -0.163*** -0.164*** -0.159*** -0.159*** 

 
(0.048) (0.048) (0.048) (0.048) 

head_working_months 0.000*** 0.000*** 0.000*** 0.000** 

 
(0.000) (0.000) (0.000) (0.000) 

Constant 8.454*** 7.661*** 8.491*** 7.517*** 

 
(0.154) (0.285) (0.156) (0.295) 

     Observations 9,505 9,505 9,488 9,488 
R-squared 0.093 0.090 0.091 0.087 
Sargan Test for over-identification (p-value) 0 0.5749 0 0.6365 

     
Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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Another relevant result from Table 4 is income elasticity. An additional percentage point on total 

reported income (labor income) drives an increase in 0.323 (0.334) percentage points on food 

expenditure. As is expected from any necessity good, we can conclude that expenditures on food 

are inelastic to changes in income.  

After the estimation results of Table 4 we can analyze the level of income underreporting by self-

employed workers, relative to the unreported income by salary workers (𝜃). Table 5 summarizes 

the parameters I use in order to estimate 𝜃, which we can interpret as the average number by 

which we must multiply total income reported (labor income) by households headed by self-

employed workers, in order to obtain the same extent of income underreporting incurred by salary 

workers. The parameters used for estimating 𝑘 are the effect of self-employment on income (γ) 

and income elasticity (β) from the 2SLS regression in Table 4, as well as the residual variance of 

reported income for the self-employed (𝜎!!,!")  and salary workers  (𝜎!!,!"). I obtain these 

residual variances from the first stage regression of the 2SLS (see equation (12)). Table 5 also 

summarizes 𝜃 and its lower 𝜃𝑙  and upper (𝜃!)  limits. 

From Table 5 we can conclude that, on average, ‘true’ total income (labor) from households 

headed by self-employed individuals is 1.67 (1.66) times their reported income (labor income). In 

aggregate terms, the values of 𝜃 suggest that for the years when the survey was carried out (2006-

2007), households headed by self-employed workers concealed, on average, COP$15.4 billion 

(millions of millions) from their total income (COP$14.4 billions from their total labor income), 

which represents nearly 3.58% (3.34%) of 2007’s GDP.14 

Table 5 also shows that the residual variance of the reported income of self-employed workers is 

higher than the residual variance of the reported income of salary workers. This evidence supports 

one of the assumptions of Pissarides and Weber’s (1989) income and expenditure model explained 

in section 3. This evidence also suggests that we need to calculate lower and upper bounds of 

income underreporting, since we want to know how much of it can be explained by differences in 

income variability across occupational groups.  

 
                                                             
14 I obtain money estimates from households that are part of the sample I describe in section 5. I use the survey 
weights from the sample. I take GDP information from Banco de la República, at http://www.banrep.gov.co/es/info-
temas-a/4024.  
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 Table 5. Estimates of Income Underreporting by Self-Employed Workers 
 

  𝛃 𝛄 𝝈𝟐𝜻,𝑺𝑬 𝝈𝟐𝜻,𝑾𝑺 𝜃𝒍 𝜃 𝜃𝒖 

	   	   	   	   	   	  
	  

	  Total Income 
Underreporting 0.323 0.165 0.75 0.58 1.53 1.67 1.81 

 
(0.02) (0.019)      Labor Income 

Underreporting 0.334 0.169 0.75 0.58 1.52 1.66 1.80 

  (0.021) (0.019) 
  	  

	  
	       	   	   	  

Notes: Standard errors in parentheses.  

 

5.4. Income Underreporting by Different Observable Characteristics 

Table 6 provides estimates of income underreporting by characteristics that can be observed by 

official government agencies interested on detecting income underreporting, or by researchers who 

are interested on correcting income information for those characteristics.  As for government 

agencies, tax authorities are potential users of the information contained in Table 6. Some 

individuals prefer to be consistent with the information they provide to all official authorities. In 

particular, individuals who underreport their income to tax authorities could also have incentives 

to underreport their income to an anonymous official survey. This does not necessarily mean that 

all individuals behave like this, but there may be a fraction of people who do so. A possible 

explanation for this behavior is that “despite the assurances of confidentiality, people may have no 

incentive to reveal the true extent of their activities to the data collector for fear of not being, after 

all, protected by the law” (Pissarides and Weber, 1989, 17). Therefore, the estimates of income 

underreporting that I present by observable characteristics can help tax authorities be more focused 

and effective on their enforcement actions. Tax authorities can observe those characteristics on 

income tax returns, payroll tax monthly forms, or other sources of information they can access. 

There could be more specific and useful studies that can be done with income and expenditure 

data, but this thesis could be a first approach for tax authorities to use in this type of analysis. 

I obtain the estimates of income underreporting shown in Table 6 by creating an interaction 

between the three groups of observable characteristics with the dummy variable SE!, and including 

them on an extended version of equation (11). Observable variables relate to occupation, economic 
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activity, and type of self-employment job of the household’s head. Table 4 only shows the results 

for variables that are statistically significant in the regression.    

Self-employed individuals occupied as university professionals, scientists and intellectuals, office 

personnel and non-qualified workers, underreport their income more than the average income 

underreporting observed in Table 6. There is a peculiar case, which are self-employed individuals 

occupied as installation/machine operators. According to the data, those individuals seem to ‘over 

report’ income in the survey.  

Table 6. Estimates of Income Underreporting by Different characteristics 

  
Income Variable:  

Total Income 
Income Variable:  

Labor Income 

        

 
𝜃𝒍 𝜃 𝜃𝒖  𝜃𝒍 𝜃 𝜃𝒖 

Occupation              
         University professional, 
scientists and intellectuals 1.48 1.62 1.76  1.46 1.56 1.73 

Office Personnel 1.56 1.70 1.85  1.53 1.67 1.81 

Non-qualified workers 1.98 2.16 2.35  1.93 2.12 2.29 

Economic Activity              
Manufacture of furniture; 
manufacturing n.e.c 1.39 1.51 1.65  1.37 1.52 1.62 

Construction  1.20 1.31 1.42  1.19 1.29 1.41 
Retail trade, except of motor 
vehicles and motorcycles; 
repair of personal and 
household goods 

1.14 1.25 1.36  1.14 1.25 1.35 

Land transport; transport via 
pipelines 2.13 2.32 2.53  2.08 2.28 2.46 

Recreational, cultural and 
sporting activities 1.66 1.81 1.97  1.63 1.85 1.93 

Type of Self-Employed job              
Works by commission 1.53 1.66 1.81  1.50 1.64 1.78 
Works on his own profession 
(e.g. Plumber, taxi driver) 1.93 2.10 2.28  1.88 2.06 2.22 

Is Owner of a business 1.27 1.38 1.50  1.26 1.39 1.49 
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Regarding economic activities, those related to wholesale trade and land transportation seem to be 

a source of high income underreporting. Supporting and auxiliary transport activities, as well as 

activities of travel agencies, are activities in which there seems to be large income underreporting 

(>2).  

Finally, those self-employed individuals who work by commission on their own profession 

underreport income on bigger proportions than the general average of income underreporting. 

Business owners underreport, but not as much as the general average.  

6. Concluding Remarks 

Self-employed workers are an important fraction of occupied Colombians. They represent around 

41% of Colombia’s total occupied population. Their behavior is relevant for the Colombian 

economy and in that sense is worthy of analysis.  

One perspective for analyzing the self-employed is through their income underreporting behavior. 

Studies have shown that self-employed individuals tend to underreport their income under 

different contexts (e.g., to tax authorities or to surveys). 

I use a specific methodology in order to estimate the extent of income underreporting by self-

employed workers using data from Colombian household surveys. Pissarides and Weber (1989) 

developed this methodology, which consists on estimating log-linear Engel curves to infer ‘true’ 

income from self-employed individuals.  

After applying this methodology, I find that ‘true’ income (from households headed by self-

employed workers relative to the one reported by salary workers) is 1.67 times their total reported 

income. Results are similar for labor income. This underreporting behavior represents around 

3.54% of Colombia’s 2007’s GDP. I also find different underreporting levels according to 

different observable characteristics, which are summarized in Table 6.   
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APPENDIX 

I. Endogeneity Proofs and Instrumental Variables Validity and Relevance Tests 

This appendix contains the main steps I carry out for proving endogeneity of income and for 

testing the relevance, validity and monotonicity of the variables I use for instrumenting 

income, which are a series of dummies that represent the education of the head and the spouse 

of the head of household.  In the rest of the appendix I refer to these variables as IVs.  

A. First Stage Regressions and Relevance of IV 

The first step consists on showing the relevance of IV. As we can observe in Table I.1, both 

“educational dummies of the head” and “educational dummies of the spouse” have the 

expected signs and are statistically significant. In Table II.1 we can see that the returns of 

education are higher when the head/spouse has a higher grade. When the head/spouse has 

achieved a basic secondary educational level, the income of the household is on average 11 

percentage points higher than the income of households headed by people who just went to 

primary school. This percentage jumps to approximately 70 percentage points when the head 

of household or their spouses have some undergraduate degree.  

Table II.1 also presents the first stage F for the excluded instruments. As you can see, all of the 

F statistics are bigger than 10. These results suggest that IVs are relevant.  

I also present some weak instruments tests. Including many weak instruments (i.e. IV that do 

not correlate strongly with the income variable) poses a problem in terms of the bias of the 

2SLS estimators towards the probability limit of the OLS estimator. Therefore, it is necessary 
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to apply tests that reject the hypothesis of weak instruments. We can observe the results in 

table I.2. The results in this table show that we can reject the null hypothesis that instruments 

are weak, and therefore, they are relevant in our 2SLS estimations.  

B. Validity of IV 

The second step consists on showing the validity of IV. To test the validity I apply the Sargan 

Statistic of overidentification. As we can see in Table I.3, we cannot reject the null hypothesis 

that over-identifying restrictions are valid, or, in other words, we cannot reject the null 

hypothesis that the error term from the main models is uncorrelated with the instruments.  

C. Monotonicity of IV 

The third step consists on showing that the IVs are monotonic. As we can see in Table I.1, the 

IVs affect in the same direction self-employed and salary workers. More years of education 

drive, on average, higher levels of income for both types of households, which are the groups 

of households in which we need to focus our interest.  

D. Endogeneity Proofs 

The final step consists on showing that is preferable to use 2SLS instead of OLS. I apply a 

Hausman test, in which the null hypothesis says that reported income is exogenous. As we can 

see in Table I.4., we reject the  null hypothesis that income variable is exogenous, and can 

conclude that OLS presents biased estimates. This supports the use of 2SLS for estimating 

income underreporting.  
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Table I.1. First Stage Regressions 

  
Dependent Variable:  

log(Total Income) 
Dependent Variable:  
log(Labor Income) 

       
 

Model (1) 
SE 

Model (2) 
SW 

Model (3) 
SE + SW 

Model (4) 
SE 

Model (5) 
SW 

Model (6) 
SE + SW 

       hshld_self_employed 
  

-0.126*** 
  

-0.139*** 

   
(0.015) 

  
(0.015) 

med_head_age 0.015*** 0.004** 0.011*** 0.012*** 0.003* 0.009*** 

 
(0.002) (0.002) (0.001) (0.002) (0.002) (0.001) 

med_head_age_sq -0.000 -0.000 0.000 -0.000 -0.000 -0.000 

 
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 

med_age_spouse 0.011*** 0.014*** 0.012*** 0.009*** 0.013*** 0.011*** 

 
(0.002) (0.002) (0.001) (0.002) (0.002) (0.001) 

med_age_spouse_sq -0.000 -0.000 -0.000 -0.000 -0.000 -0.000* 

 
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 

hshld_total_children 0.024*** -0.002 0.014** 0.025*** -0.005 0.014** 

 
(0.009) (0.009) (0.006) (0.008) (0.009) (0.006) 

geo_Armenia 0.138*** 0.099** 0.127*** 0.103* 0.094** 0.105*** 

 
(0.053) (0.047) (0.037) (0.053) (0.047) (0.036) 

geo_Barranquilla -0.106*** -0.119*** -0.120*** -0.086** -0.100** -0.100*** 

 
(0.040) (0.040) (0.029) (0.040) (0.039) (0.028) 

geo_Manizales 0.199*** 0.063 0.123*** 0.175*** 0.056 0.109*** 

 
(0.063) (0.040) (0.036) (0.062) (0.040) (0.036) 

geo_Cali 0.228*** 0.197*** 0.218*** 0.205*** 0.168*** 0.191*** 

 
(0.061) (0.044) (0.038) (0.061) (0.044) (0.038) 

geo_Monteria 0.012 -0.031 0.000 0.009 -0.061 -0.013 

 
(0.053) (0.054) (0.038) (0.053) (0.054) (0.038) 

head_working_months 0.000* 0.001*** 0.000*** 0.000*** 0.001*** 0.001*** 

 
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 

head_school_basic_secondary 0.155*** 0.089*** 0.134*** 0.134*** 0.083*** 0.118*** 

 
(0.029) (0.030) (0.021) (0.028) (0.030) (0.021) 

head_school_secondary 0.285*** 0.234*** 0.281*** 0.255*** 0.220*** 0.255*** 

 
(0.030) (0.029) (0.021) (0.030) (0.028) (0.021) 

head_school_superior_uni 0.640*** 0.521*** 0.598*** 0.614*** 0.509*** 0.575*** 

 
(0.040) (0.033) (0.026) (0.040) (0.033) (0.026) 

head_school_grad 0.489*** 0.380*** 0.394*** 0.461*** 0.361*** 0.373*** 

 
(0.083) (0.041) (0.040) (0.083) (0.041) (0.040) 

spouse_school_basic_secondary 0.130*** 0.060** 0.110*** 0.116*** 0.058* 0.099*** 

 
(0.030) (0.030) (0.021) (0.029) (0.030) (0.021) 

spouse_school_secondary 0.301*** 0.191*** 0.266*** 0.288*** 0.179*** 0.252*** 

 
(0.030) (0.029) (0.021) (0.030) (0.029) (0.021) 

spouse_school_superior_uni 0.795*** 0.600*** 0.716*** 0.767*** 0.585*** 0.693*** 

 
(0.039) (0.034) (0.027) (0.039) (0.034) (0.026) 

Constant 12.962*** 13.194*** 13.118*** 12.954*** 13.207*** 13.128*** 

 
(0.035) (0.033) (0.027) (0.035) (0.033) (0.026) 

       Observations 5,298 4,207 9,505 5,285 4,203 9,488 
R-squared 0.298 0.447 0.362 0.277 0.430 0.346 
F test of excluded instruments 253.1 294.09 544.21 236.55 281.46 513.3 
       
Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
Notes: The main differences among the models is summarized in Table 2. SE: Households headed by self-employed, 
SW: Households headed by salary workers; F is the statistic for testing the relevance of excluded instruments.  
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Table I.2. Weak Instruments Tests (Results) 
Stock-Yogo bias test 

n=1; k=7; b=0.05; c.v.=19.86 

  
Dependent Variable:  

log(Total Income) 
Dependent Variable:  
log(Labor Income) 

       
 

Model (1) 
SE 

Model (2) 
SW 

Model (3) 
SE + SW 

Model (4) 
SE 

Model (5) 
SW 

Model (6) 
SE + SW 

	   	   	   	   	   	   	  Cragg-Donald Stat. 253.097 294.087 544.211 236.548 281.458 513.302 
              
Notes: Significance level 5%; n= number of included endogenous regressors; k= number of instrumental variables; b= desired 
maximal bias of the IV estimator relative to OLS. 

 

Table I.3. Sargan's Overidentification Test (Results) 

  
Dependent Variable:  

log(Total Income) 
Dependent Variable:  
log(Labor Income) 

       
 

Model (1) 
SE 

Model (2) 
SW 

Model (3) 
SE + SW 

Model (4) 
SE 

Model (5) 
SW 

Model (6) 
SE + SW 

	   	   	   	   	   	   	  Chi(4)  
p-value 

6.183 
(0.4030) 

9.743 
(0.1359) 

6.897 
(0.3305) 

6.611 
(0.3583) 

9.351 
0.1548 

6.797 
(0.3400) 

              
Notes: Ho: cov(Z,u)=0, where Z are the IV and u is the scochastic term of the regression that presents endogeneity problems.  

 

Table I.4. Hausman Test of Endogeneity (Results) 

  
Dependent Variable:  

log(Total Income) 
Dependent Variable:  
log(Labor Income) 

       

 
Model (1) 

SE 
Model (2) 

SW 
Model (3) 
SE + SW 

Model (4) 
SE 

Model (5) 
SW 

Model (6) 
SE + SW 

	   	   	   	   	   	   	  Prob>chi2 0.7346 0.9881 0.6155 0.5912 0.7193 0.296 
              
Notes: Ho: Income is exogenous.  

 

 

 

 

 

 



	   38	  

II. Other Model Specifications 

  
Including LnY^2 Including SE*LnY 

     

 

Income 
Variable: 

Total 
Income 

Income 
Variable: 

Labor Income 

Income 
Variable: 

Total 
Income 

Income 
Variable: 

Labor Income 

     
ln (Y) -0.203 -0.173 0.521*** 0.564*** 

 
(1.437) (1.569) (0.0430) (0.0459) 

ln (Y)^2  0.0221 0.0225 
  

 
(0.0435) (0.0478) 

  SE*lnY 
  

0.0155 0.00394 

   
(0.0598) (0.0634) 

SE 0.149*** 0.169*** -0.0986 0.108 

 
(0.0336) (0.0345) (0.965) (1.016) 

Age of the Head -0.0405** -0.0389** -0.0412** -0.0395** 

 
(0.0186) (0.0186) (0.0186) (0.0186) 

Age of the Head^2 0.000446* 0.000427* 0.000454** 0.000433* 

 
(0.000230) (0.000230) (0.000230) (0.000230) 

Head married -0.610*** -0.609*** -0.611*** -0.609*** 

 
(0.0554) (0.0554) (0.0555) (0.0555) 

Spouse occupied 0.144*** 0.132*** 0.137*** 0.126*** 

 
(0.0387) (0.0392) (0.0370) (0.0375) 

Children -0.00721 -0.00615 -0.0107 -0.00891 

 
(0.0343) (0.0343) (0.0338) (0.0338) 

Children^2 0.0119** 0.0117** 0.0125** 0.0122** 

 
(0.00571) (0.00571) (0.00565) (0.00565) 

Young Children (2-5 
years) -0.110*** -0.113*** -0.106*** -0.110*** 

 
(0.0384) (0.0383) (0.0378) (0.0378) 

Olde Children (5-18 years) -0.0904*** -0.0894*** -0.0882*** -0.0874*** 

 
(0.0238) (0.0238) (0.0235) (0.0235) 

Bogotá 0.577*** 0.562*** 0.575*** 0.560*** 

 
(0.0813) (0.0814) (0.0813) (0.0813) 

Barranquilla -0.0452 -0.0772 -0.0438 -0.0773 

 
(0.0583) (0.0584) (0.0583) (0.0583) 

Bucaramanga 0.418*** 0.388*** 0.413*** 0.384*** 

 
(0.0586) (0.0590) (0.0584) (0.0587) 

Cali 0.278*** 0.281*** 0.274*** 0.278*** 

 
(0.0673) (0.0673) (0.0673) (0.0672) 

Cúcuta 0.152** 0.169** 0.149** 0.168** 

 
(0.0705) (0.0703) (0.0702) (0.0702) 

Medellin -0.256*** -0.251*** -0.259*** -0.254*** 
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(0.0601) (0.0601) (0.0601) (0.0601) 

Villavicencio 0.584*** 0.587*** 0.580*** 0.583*** 

 
(0.0680) (0.0680) (0.0676) (0.0676) 

Constant 12.31 11.73 6.418*** 5.736*** 

 
(11.82) (12.83) (0.763) (0.802) 

     Observations 7,146 7,146 7,146 7,146 
R-squared 0.108 0.108 0.108 0.108 

Notes: Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
 

 

 

 

 


