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Abstract

Extensive literature in macro-development has documented a sizable of wage gap between formal and
informal workers in developing economies. However, little is know regarding the relation of the wage
gap growth with years of tenure of workers in the firm. This documents estimates the tenure wage
gap growth between formal and informal workers in Colombia using household survey data between
2007 and 2019. I use two different empirical strategies, (i) Bivariate probit with sample selection and
(ii) Multinomial logit with sample selection. The results show that there is a wage gap of 8% after 5
years of tenure and up to 30% after 20 years of tenure.

1 Introduction

An extensive literature in macro-development has documented that low human capital accumulation and
poor performance of labor markets in developing economies explain high levels of poverty and inequal-
ity. This phenomena is often related to the presence of informal work arrangements, defined as those
operating at the margin of the relevant laws and regulations (i.e social security payments), that repre-
sent between 20% and 80% of total employment in many developing economies (Perry, 2007).1 Informal
worker are usually characterized by having low education, performing low productive jobs that implies a
wage penalty for informal workers compared to their formal peers. Estimates of this penalty, however,
vary substantially across countries ranging from 20% to 113% (Ohnsorge and Yu, 2021).

Despite significant magnitude of the wage gap, there is no clear conclusion about its growth and which
factors could explain the behaviour. Recent research has found that worker’s wage growth over the
life cycle in developed economies is steeper than the wage growth of workers in developing economies
mainly because of low human capital and learning opportunities in low productive industries (i.e agri-
culture)(Lagakos et al., 2018). Conversely, there is also evidence that wage growth for workers with high
job tenure in developing economies is higher than that described over their life cycle which highlights the
importance of labor market match quality (Donovan et al., 2020). The interpretation of these facts is
still subject to debate and, in addition, there is no clear connection with informal employment.2

Ulyssea (2020) highlights the absence of an analytical framework that conciliates properly human capital
and labor market frictions theory with informal employment to explain wage dynamics. A few exception
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1This legalistic definition is the dominant approach to define informality for both workers and firms (i.e business

registration). An alternative definition is the productivity, which defines informal firms and workers according to low-
productivity, firm size or low-quality jobs (for discussion see (Gasparini and Tornarolli, 2009)).
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can be found in Garcia et al. (2015), Bobba et al. (2021) and Bobba et al. (2022) where they study
the worker’s decision of education and employment either before of after entering the labor market in a
life cycle framework. They find that eliminating informal jobs posting through enforcement, increases
schooling investments before joining the labor market but decreases the welfare for both workers and
firms. After entering the labor market, human capital accumulation and preferences for job amenities
in each sector explain the transitions between the informal and the formal sector as well as wage dynamics.

I aim to complement this line of research. In particular, I’m interested in studying the wage growth
penalty of informal employment and its relation with job tenure in developing economies. Using Colom-
bia as a study case, I document that there is a significant informal-formal wage tenure gap that growth
up to 8% after 5 years of tenure and up to 30% after 20 years of tenure. This finding improves on existing
the literature on wage growth and tenure which has overlooked the role of informal employment. Lagakos
et al. (2018) does not consider informal wage earners as a factor explaining age-wage growth profiles but
include self employment as a robustness check. Moreover, Donovan et al. (2020) use wage earners without
a legalistic definition of informality to estimate tenure wage relation.

Using this observation as a starting point, I aim to explore potential interpretation of this significant
wage growth differences. The mechanism that explain these facts are usually interpreted by three renown
approaches on wage dynamics; namely, human capital, labor market frictions and labor contracts. The
first view, builds on the seminal works of human capital accumulation (Becker, 1964), on-the-job train-
ing (Ben-Porath, 1967) and learning by doing (Lucas, 2009). This strand states that, features like low
human capital accumulation or low productive jobs with limited learning opportunities explain wage
growth. The second, is closely related to the seminal work Burdett (1978), Jovanovic (1979) and Jo-
vanovic (1984) where aspects such as low mobility in the labor markets influence the misallocation of
workers on skilled jobs and limits wage growth. The third, refers to Lazear (1979) which highlights the
importance compensation schemes in certain work arrangement like long versus short term influence wage
growth.

For the specific case of wage growth and tenure in developing economies, Donovan et al. (2020) elab-
orates from a learning and job ladder framework. From the learning models perspective, workers and
firms are imperfectly informed about match productivity but learn more by producing so if they learn
that a match is unproductive, they endogenously choose to separate and conversely remain in the match
if productive (Jovanovic, 1979). From the job ladder models perspective, workers receive attractive wage
offers outside their current job that induces workers to quit (Burdett and Mortensen, 1998). Both the
empirical evidence on the steepness of tenure-wage profiles as well as the theory to explain it, lacks a
clear classification between formal and informal workers to informal-formal wage gap.

The document is organized as follows. Section 2, provides a brief review of literature on informality.
Section 3 describes the data and empirical strategy. In Section 4, I discuss a potential driver of this wage
gap and in Section 5 discuss how this fact could be a potential path for future research.
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2 Related literature

This research relates to different strands of literature that study informality from both the perspective
of firms and workers. The majority of research on informality has been focused on the firms, where there
three renown approaches: the survival (or dual), the exclusion view or the parasite (or rational) view
(Ulyssea, 2018). The first, refers to informality as a low productivity phenomena where firms are too
unproductive to ever become formal even in the absence of entry cost. The second view, corresponds
to potentially productive firms that are excluded from formality because of high entry costs. The third,
states that once entry barriers are removed (or are low) productive firms weight cost and benefits to
become formal and select to remain informal.

Recent evidence shows that these approaches can complement each other, particularly because formal and
informal firms coexist within defined industries producing similar products and where their productivity
overlap substantially (see Ulyssea (2018), Meghir et al. (2015)). In addition, literature has emphasized
that the share of informal firms decline as firms grow larger, potentially indicating that factors such as en-
forcement or credit access increase the opportunity cost to remain informal. In this regard, a less explored
view is that the share of informal workers within formal firms declines with firm size (Cisneros-Acevedo,
2022).3 This last observation is key to understand labor market outcomes for formal and informal workers
while working on a formal firm.

Among those labor market outcomes, the literature has documented a sizable informal-formal wage gap
even controlling by observable characteristics and increases when different educational levels and for
different quantiles of the wage distribution (Quintin (2008), Bargain and Kwenda (2014)). However,
Ulyssea (2018) finds no wage gap evidence using matched employer-employee data for Brazil on both
formal and informal after controlling for firm fixed effects. A similar finding is shown for Ecuador, where
they claim that only larger firms, which are more likely to be formal, pay higher wages and small firms
that are usually informal pay low wages thus the informal formal wage gap is a reflection of firms size
gap (El Badaoui et al., 2010).

Ulyssea (2020) suggest that this finding informal-formal wage gap and firm size wage gap is key because
if there is an underlying matching mechanism between firms and workers that, after controlling worker
and firm characteristics, point to a strong self-selection effect on wage gap between workers with same
observable characteristics that differ only on firm size or that conditional on skills, formal and informal
workers could perform the same tasks within the firm that explain why in some cases there is no wage gap.

Regarding the tenure related literature, wage growth is usually interpreted as job specific accumulation of
human capital Becker (1964), compensation schemes to improve efficiency of workers and increase wages
(Lazear, 1979) or deferred compensation schemes to provide incentives to workers through higher wages
Salop and Salop (1976). In this, line of research and more recently Donovan et al. (2020) argues that
it is unlikely that wage growth in developing countries could be explained by job-specific accumulation
because the prevailing low levels of human capital but it could be explained because of the selection of

3Other strand of literature documents that firms in developing economies grow less as they age and that stagnant firms
tend to survive longer compared to developed economies (see Akcigit et al. (2021), Eslava et al. (2019)).
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workers and firms into quality matches that survive to longer tenure. This perspective abstracts from a
explicit definition of informal employment for wage earners and how it impacts tenure-wage profiles.

However, other types of work arrangements and human capital accumulation connection have been studied
in the literature to explain wage growth such as short-term flexible labor contracts and gig economy related
employment. The main message of this strand of literature, is that there are differences of general, specific
and transferable skills gains depending on the type of work arrangement. These work arrangements offer
and alternative to unemployment and human capital depreciation Guvenen et al. (2017) but it could be
negative if it induces instability of employment García-Pérez et al. (2019) and lower on the job training
opportunities Bratti et al. (2021). Overall, the evidence shows that there is a wage penalty in short term
contracts compared to other long term work arrangements.

3 Empirical strategy

3.1 Data

I use micro-data from the Colombian Household Survey (GEIH) collected by the National Statistics Of-
fice (DANE) from 2007 to 2019. The survey consist of cross sections with national coverage (urban and
rural) corresponding to the largest five regions, 23 states, 13 main cities with their metropolitan areas
and 11 intermediate cities. The repeated cross-section approximately covers 230,000 individuals per year
and compiles information about size, structure and characteristics of the labor force, employment, unem-
ployment, inactivity status and quality of employment. The data measures individual’s monetary income
and in-kind, housing, access to public services and programs and social security.

The data permits to classify workers by type such as wage earner in private or public sector, non wage
earner or self employed. Due to the wage focus, I use only wage earners in the private sector and classify
them as formal or informal using the legalistic approach standard in the literature (Perry, 2007).4 In
particular, if a wage earner declares not to have social security benefits or having the benefits but not
payed by the employer, they are classified as an informal wage earner worker (see Annex 6.1). Table
1, depicts that wage earners represent 43% of total employment and the share of informal wage earner
workers is 30.2%.

Informal worker’s demographic exhibit particular patterns according to age, educational level and other
characteristics. The figure in the Annex 6.2 depicts that informality has a U-shaped behaviour according
to age because it is higher among young and old workers (40%) for ages between 20 and 25 years and
between 60 and 65 years, while the level of informality for other age groups is 22% on average. Addition-
ally, informality decreases as the years of education increase where the share of informal workers with
no education is nearly 80%. Moreover, informality is higher in small cities (41% vs 31%) and is higher
for men than for women (34% vs 31%). Finally, by small size firms measured by number of employees
informality is 80% and higher for workers with low tenure (25%).

4Using wage earners only is convenient as is a direct payment in a labor contract between a firm and a worker that is
broadly reported in the survey. In contrast, the income of the self-employed is reported as gains which includes both labor
and capital income and makes it difficult to asses accurately wage dynamics. In addition, although public workers receive
a wage the underlying dynamics is based on predefined compensation schemes.
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Table 1: Distribution of employment by type and status, 2007-19, all ages

A. Employment
Observations Share of

employment
Wage earners 1,076,594 43.81
Self employed 990,640 40.31

B. Formal/informal status
Share of Share of

employment wage earner
- Formal 30.6 69.83
- Informal 13.22 30.16

Source: Statistics office and author’s elaboration. Computations with survey weights.

On this last observations, the variable tenure in the survey refers to, how long in months has the individ-
ual worked in the current establishment continuously. Moreover, there is a positive relationship between
tenure and wage level and growth. In Figure 1(a)(b), I depict a binscatter plot for the logarithm of real
hourly wages and years of tenure for overall wage workers and by employment status.5 In both cases of
status, there is a positive relationship of the level of wages and tenure that increases it’s dispersion for
years beyond 20. However, the dispersion increases earlier for informal workers more less by year 10 and
amplifies afterwards. The growth of wages is depicted in Figure 1(c) which describes no significant gap
of wage growth for the first 5 years but grows to nearly 10% by 20 years of tenure.

Figure 1: Level and growth of hourly real wages and tenure
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Source: Statistics office and author’s elaboration. Variables are computed with survey weights.

5For the monthly wage measure reported in the survey, I remove other labor income such as bonuses, tips and commission
if any. To deflate the nominal wage, I use the annual rate of inflation for the reference month. In addition, I multiply hours
worked by four as they are originally reported as hours per week. Finally, wages refer to the primary job, abstracting for
the a second job because represents less than 4% of total employment.
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3.2 Estimations

Most estimations of informal-formal wage gap use the Mincer wage equation approach and including a
dummy variable that defines informality and controlling for additional worker and firm characteristics.
Using this framework as a starting point, I discuss the issue of selection in this approach as well as two
empirical strategies to reduce selection bias. In addition, to explore the role of tenure on wage growth, I
use the Topel (1991) approach to study wage growth.

3.2.1 Wage profiles6

To explain the empirical strategy, first consider the following regression for overall wage earners worker
i:

log(wi) = βXi + εi, (1)

Where wi is the wage and Xi includes level of schooling and other firm and worker characteristics. Under
the assumption of exogeneity E[εi|Xi] = 0, so estimating Equation 1 is consistent. However, there is an
issue with selection bias, in particular, there could be two potential sources of selection: (i) individual
i selects to participate in the in the labor market as wage earner and (ii) the individual i selects to be
either formal or informal. The way we think about the sources of selection is key, because it shapes the
decision of individuals of joining either sector and is directly connected with the three views of informal-
ity: survival, parasite and exclusion.

Moreover, wages are only observed for individual i when they select to work as wage earners but we
cannot observe the wage of individual i for all other possible choices such as inactive, unemployed or self
employed. Now consider the decision to participate in the labor market as a wage earner as a treatment.
Let Si denote a treatment that takes the value of 1 if the worker is wage earner and 0 otherwise. Thus,
we have two potential outcomes with observed and unobserved determinants for individual i:

log(w0,i) = α0Xi + u0,i, if Si = 0

log(w1,i) = α1Xi + u1,i, if Si = 1

Where the first outcome is the wage when the individual is not treated with E[u0,i|Xi] = 0 and the
second outcome is the wage when the individual is treated with E[u1,i|Xi] = 0. Thus, the observed wage
is log(wi) = Slog(w1,i) + (1 − S)log(w0,i). In a cross section it is not possible to know both log(w0,i)

and log(w1,i) for any i. For those going to work as wage earners, we cannot observe log(w0,i); for those
not working as wage earners, we cannot observe log(w1,i). The individual treatment effect is thus the
difference between the two outcomes:

∆i = log(w1,i)− log(w0,i) = α1Xi − α0Xi + u1,i − u0,i︸ ︷︷ ︸
Unobserved

Note that α0 and α1 could or not be common between treated or not treated individuals this would
point out to heterogeneous characteristics of individuals. In addition, heterogeneity could also come from

6An alternative view to study wage growth could be as a age-wage profile, in Annex 6.5, I do a simple procedure to
estimate wage growth over the life cycle.
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unobserved or idiosyncratic factors uj,i.7 This idiosyncratic unobserved factors mean that even if we
observe, for instance, individual i with high education and expected be in the labor market it could be
the case that there is some unobserved idiosyncratic factor u0,i that is large enough so that individual i
is not treated.

Thus, a treatment can be understood as a choice or selection of each worker that takes place because
an underlying decision rule that makes individual i take or not the treatment. A way to interpret this
is the difference between offered wages and reservations wages, if a wage offer does not meet or exceed
the worker’s reservation wage, then the worker’s utility is maximized choosing other occupation. Let this
underlying decision be expressed in term of individual utility:

Ui = γZi + νi

Where Zi is a set of observable instruments that explain the incentives to becoming a wage earner and
E[νi] = 0. If utility Ui > 0 the worker selects to be a wage earner. We assume that Xi is a subset of Zi.
In practice we don’t observe the utility but a dummy variable Si. Keeping this in mind, the observed
wage can now be rewritten as:

log(wi) = Slog(w1,i) + (1− S)log(w0,i) (2)

log(wi) = S

[
log(w1,i)− log(w0,i)

]
+ log(w0,i) (3)

log(wi) = S

[(
α1 − α0

)
Xi + u1,i − u0,i

]
+ α0Xi + u0,i (4)

log(wi) = α0Xi + S
(
α1 − α0

)
Xi︸ ︷︷ ︸

∆i

+S
(
u1,i − u0,i

)
+ u0,i︸ ︷︷ ︸

εi

(5)

We can’t really know ∆i (the individual treatment effect) because that would mean that we can see both
outcomes for i, instead we see an average effect E[∆i]. However there is a problem because the treatment
of joining the labor market as wage earner also determines the error component ε and thus E[εSi] ̸= 0.
If the selection into treatment is not random but is determined by a decision rule, the estimation of the
average treatment E[∆i] is biased, in particular:

E[log(wi)|Si = 1]− E[log(wi)|Si = 0] = E[∆i]︸ ︷︷ ︸
ATE

+E[u1,i|Si = 1]− E[u0,i|Si = 0]︸ ︷︷ ︸
Selection Bias

In this case with selection bias there is no exogeneity and a ordinary least squares estimate will be in-
consistent. Moreover, if we include to the informal workers to the potential analysis framework there
is an additional source of selection bias. In particular, the wages cannot be observed for both formal
and informal for each individual i. That is, as in the previous case, if individual i selects to be a formal
worker it cannot be observed an informal wage and vice versa.

7Heckman and Li (2004) elaborates for heterogeneous effects effects across i meaning γj,i.

7



To consider this sources of selection, I use two separate strategies (i) Bivariate Probit with selection bias
which considers a two stage approach where the first refers to wage earner selection, and the second stage
refers to the informal and formal selection and (ii) the Multinomial Logit with selection bias, considers
selection of all occupational choices in the first stage either wager earner informal or formal or self em-
ployed. Afterwards, I use these procedures to estimate the wage regression in the spirit of (Heckman,
1979) who demonstrates that the selection bias can be seen as an omitted variable bias in a standard
OLS regression that once included the estimated parameters are consistent.

Bivariate Probit with Selection: The underlying idea of this approach is that informal or formal
status is only observed if the worker selects to be a wage earner. In this case, the outcome is whether
the individual is informal or not and the selection equation is the whether the individual chooses to be
wage earner or not.8

statusi = γ1Z1,i + ε1,i, statusi = formali, informali (6)

wage.earneri = γ2Z2,i + ε2,i, (7)

Equation 6 is the outcome equation where the dependant variable statusi could be either a formali or
informali dummy variable that takes the value of 1 if the worker is classified in that particular status
and zero otherwise. Z1,i is the set of instruments influencing individual’s decision of becoming informal or
formal such as demographics such as age (and a squared term), years of education, a dummy for gender,
a dummy variable for city size, marital status, time of transition between the previous and the current
job, tenure in current establishment express as a third degree polynomial, firm size and industry dummies.

The Equation 7 is the selection equation where wage.earneri is a dummy variable that takes the value
of one if the worker selects to be wage earner and zero otherwise (zero includes self employed, inactive
or unemployment). Z2,i are the set of instruments related to the decision rule to participate in the labor
market. This instruments include, the number of dependants within the household; that is, those indi-
viduals under 18 years old and above 65 years old, and a dummy indicating whether the house is fully or
partially owned or not. Moreover, notice that there is overlap between the variables in both equations,
as some characteristics influence both occupational choice and employment status. This means that Z1,i

is included in the selection equation but the set Z2,i is excluded in the outcome equation9.

As stated previously, there is a latent process related to the utility of the individual i such that induces
the selection of wage earner as occupation. Whenever this underlying process yields positive utility we
can observe a wage earner worker in the sample. The decision rule is the following:

wage.earneri =

1, if Ui = γ2Z2,i + ε2,i > 0

0, if Ui = γ2Z2,i + ε2,i ≤ 0

8A similar approach is used in García and Badillo (2018), however they use a framework of bivariate probit with partial
observability.

9This is refereed as the exclusion restriction where due to the number of dependants determines the participation in
the labor market but does not determine the informal or formal status.
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In addition, assume that the disturbances are distributed ε1,i ∼ N(0, 1), ε2,i ∼ N(0, 1) and the correlation
between them is cov(ε1,i, ε2,i) = ρ. The existence of a correlation ρ ̸= 0 suggest that employment status is
conditioned to the probability of selecting or not wage.earneri as an occupational choice. In this setting,
the probability of being in any status is given by a normal joint density probability ϕ2:

ϕ2(ε1, ε2) =
1

2Πσε1σε2
exp

[
− 1

2

(ε21 + ε22 − 2ρε1ε2)

(1− ρ2)

]

And a cumulative density function:

Φ2(ε1, ε2) =

∫
ε1

∫
ε2

ϕ2(ε1, ε2, ρ)dε1dε2

If ρ = 0, then the two errors are independent and the Φ2 reduces to two separate standard normal distri-
butions. If ρ ̸= 0, then the two errors are correlated and the probability of formal or informal status will
depend on the probability of selecting occupation wage earner. If ρ = 1, then the two variables are essen-
tially the same. The probabilities involved in this bivariate setting can be computed in the following way:

When an individual i selects wage earner as occupation this probability can be expressed as:

Pr(ε2,i > −γ2Z2,i) = 1− Pr(ε2,i ≤ −γ2Z2,i) = 1− Φ(−γ2Z2,i)

And equivalently the probability of not selecting wage earner as occupation is Φ(−γ2Z2,i). The probability
of being, say informal, conditional on selecting wage earner:

Pr(wage.earneri = 1, informali = 1) =

∫ ε1

−∞

∫ ε2

−∞
ϕ2(ε1, ε2, ρ)dε1dε2 = Φ2(γ1Z1,i, γ1Z2,i, ρ)

Moreover, the probability of not being informal conditional on selecting wage earner:

Pr(wage.earneri = 1, informali = 0) = Φ(γ1Z1i)− Φ2(γ2Z2,i, γ1Z1,i, ρ)

The same framework applies when the status is formal. Moreover, the estimation procedure can be
achieved using maximum likelihood method in two steps: the first stage estimates a probit model for
Equation 7, and the second stage estimates a probit model considering the conditional probabilities. I
estimate a separate Bivariate model for each status (formal and informal) and compare them with a
simple univariate model.10

10As in the standard probit model, each observation contributes some combination of Pr(informalj = 1) for j = 1, 2
to the likelihood function depending on their specific values. Thus, the log-likelihood is just a sum across all possible
transition probabilities, which in this case they are three because recall that if we have wage.earneri = 0 we cannot see
statusi neither formal or informal. Therefore the possible combinations when status is informal are Pr(wage.earner =
0),Pr(wage.earner = 1, informali = 0),Pr(wage.earner = 1, informali = 1). Thus the log-likelihood function is given
by:

lnL =

N∑
i=1

[(informali)(wage.earneri)ln(Φ2(γ1Z1,i, γ1Z2,i, ρ))

+((wage.earneri)(1− informali)ln(Φ(γ2Z2i)− Φ2(γ2Z2,i, γ1Z1,i, ρ))]

+(1− wage.earneri)ln(Φ(−γ1Z1,i))
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Table 2: Estimates of bivariate probit model for each employment status

Univariate Probit Bivariate Probit Bivariate Probit
Informal Formal

First Stage Second Stage First Stage Second Stage
Dep. Var Informal Formal Wage Earner Informal Wage Earner Formal

(1) (2) (3) (4) (5) (6)
Tenure -0.14*** 0.14*** -0.05*** -0.12*** -0.04*** 0.13***
Tenure2 0.01*** -0.01*** 0.00*** 0.01*** 0.00*** -0.01***
Tenure3 -0.00*** 0.00*** -0.00*** -0.00*** -0.00*** 0.00***
Age -0.03*** 0.03*** 0.02*** -0.02*** 0.01*** 0.01
Age2 0.00*** -0.00*** -0.00*** 0.00*** -0.00*** 0.00
Education years -0.06*** 0.06*** -0.02*** -0.05*** -0.01*** 0.05***
Gender (1=Male) -0.14*** 0.14*** 0.07*** -0.15*** 0.05*** 0.12***

Firm size ( No. employees)
2 - 5 0.12*** -0.12*** 2.83*** -0.93*** 2.75*** -2.17***
6 - 20 -0.76*** 0.76*** 3.89*** -1.90*** 3.81*** -2.08***
20 - 50 -1.47*** 1.47*** 4.15*** -2.53*** 4.08*** -1.58***
50 > -2.09*** 2.09*** 4.14*** -3.08*** 4.12*** -1.02***

Industry
Agriculture and Mining -0.27*** 0.27*** 0.51*** -0.26*** 0.45*** 0.00
Manufacturing -0.02** 0.02** 0.41*** 0.05** 0.31*** -0.15***
Construction and retail -0.11*** 0.11*** 0.32*** -0.19*** 0.31*** 0.05*
Transportation and trade -0.29*** 0.29*** 0.19*** -0.32*** 0.20*** 0.22***
Private Services -0.26*** 0.26*** 0.18*** -0.23*** 0.12*** 0.14***
City -0.14*** 0.14*** -0.22*** 0.18***
Partner -0.07*** 0.07*** -0.10*** 0.08***
Time in job transition 0.01*** -0.01*** 0.00*** -0.00

Instruments
1 - 3 0.01 -0.06**
4 - 5 -3.62*** -2.45***
Home ownership -0.10*** -0.02*

Rho -0.48*** -1.44***

Constant 2.53*** 3.50*** -2.89*** 3.50*** -2.84*** 1.07***
Observations 635,194 252,631 252,631 252,631 190,413 156,724

AIC 431284.4 442121.6 200716.7 77.6781
BIC 431511.6 442326 201144.8 474.4743
Wald test
exlusion var χ2 407.84 264.29
p-val 0.00 0.00

Source: Statistics office and author’s elaboration. *** p<0.01, ** p<0.05, * p<0.1. The table depicts the coefficients of the estimation.

Table 2 show the results of the estimation. First note that, the first stage (Columns (3),(5)) the instru-
ments are significant in most cases. There is a higher likelihood of joining the labor market as a wage
earner when the number of dependants is between one to three but drops as the number of dependants
increase. This is probably explained by the trade off between working in a full time job and being able
to take care children or the elder of the household as mentioned by García and Badillo (2018). In addi-
tion, owning a house fully or partially has a negative effect on choosing to be wage earner, potentially
suggesting a wealth effect that provides an incentive not to chose this occupation. However, there is a
problem with using income or wealth variables at this stage due to the simultaneous bias that could arise
between work and income. Additionally, I test that all exclusion variables are statistically equal to zero.
The Wald test suggest rejection at one percent that all variables have jointly no effect on the employment
equation supporting the exclusion restriction is relevant to determine that the individual selects wage
earner occupation.

Regarding the second stage, there are important differences between the univariate and bivariate estima-
tions for both work status signaling an important selection effect (Columns (1)(4) and (2)(6)). In the case
of informal status, there is a significant difference in tenure; there is a lower likelihood of being informal
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when tenure increases compared to the univariate case. Indeed this is an observation on the data where
there is fewer informal workers for higher years of tenure. Other result suggest that as age increase there
is a lower likelihood of being informal to that of being formal (this relates to the informality among young
workers). Moreover, lower education reduces the likelihood of selecting informal work and the opposite
happens for formal workers. Finally, women workers, living in small cities without a partner are more
likely to be informal workers.

In addition, there is a significant difference in the firms size likelihood of being informal suggesting a
upward bias, this is closely connected tho the fact that informal work is usual in small size firms of
less that 20 employees. This factor has the most significant change for informal and formals estimation
between univariate and bivariate framework. Finally, by industry there is a significant higher likelihood
of selecting formality in most industries except in manufacturing.

After estimating the bivariate model with selection, we can compute the predicted probabilities of Equa-
tion 6 for both formal and informal status and follow the Heckman (1979) approach to estimate through
OLS the wage profiles for formal and informal workers controlling with the inverse Mills ratio. Recall
that our wage equation is

log(wj
i ) = βXj

i + ϵji , j = formali, informali (8)

Consider that observing a wage is conditional to observing a formal or informal worker, that is:

E[log(wj
i ) | j = 1] = E[βXi + ϵi | γ̂1Z1,i + ε̂1,i], j = formali, informali

= βXi + E[ϵi | γ̂1Z1,i + ε̂1,i]

We assumed that the distribution of error terms in the bivariate framework are normal, thus.

= βXi + ρσϵ

ϕ

(
γ̂1Z1,i

σε1

)
Φ

(
γ̂1Z1,i

σε1

)
︸ ︷︷ ︸
Inverse Mills ratio

In practice, I estimate the following regression similar to the specification of Topel (1991) to retrieve a
wage tenure profile for each type of worker:

log(wj
i ) = α+

3∑
k=1

φktenure
k
i + βXi + θMillRj

i + εji , j = formal, informal. (9)

Table 3 depicts the point estimates of the OLS estimation of Equation 9. First, note that the Inverse
Mills ratio in both cases is positive and statistically significant in both formal and informal regression (2)
and (4) but the magnitude is higher for formal wage regression. Furthermore, tenure coefficients have
an a upward bias for informal and downward bias for formals, meaning that there is a premium effect
of tenure while working for longer formally. A similar effect is found on age and education where it is
higher for formals and lower for informal workers.
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The most salient change of coefficient estimation is that of firm size in both informal and formal regres-
sions. In the case of informal workers, the selection controlled version of OLS describes a significant
upward bias; the estimates for firm size change from positive to negative. This results, relates somewhat
to the findings of El Badaoui et al. (2010) where there is a wage closely connected to a firm size gap.

Table 3: Ordinary least squares estimates

Informal Formal
Dep. Var - log(wage) (1) (2) (3) (4)

- Sel. correction Sel. correction

Tenure 0.05*** 0.03*** 0.02*** 0.05***
Tenure2 -0.00*** -0.00*** -0.00*** -0.00***
Tenure3 0.00*** 0.00*** 0.00*** 0.00***
Age 0.02*** 0.01*** 0.01*** 0.01***
Age2 -0.00*** -0.00*** -0.00 -0.00
Education years 0.04*** 0.03*** 0.07*** 0.08***
Gender 0.12*** 0.09*** 0.06*** 0.08***
Firm size ( No. employees)
2 - 5 0.15*** -0.04* 0.07* -0.43***
6 - 20 0.31*** -0.05* 0.16*** -0.31***
20 - 50 0.34*** -0.16*** 0.20*** -0.11***
50 > 0.41*** -0.25*** 0.29*** 0.09***
Industry
Agriculture and Mining 0.34*** -0.16*** 0.20*** -0.11***
Manufacturing 0.41*** -0.25*** 0.29*** 0.09***
Construction and retail 0.02 -0.03 -0.13*** -0.15***
Transportation and trade 0.08*** 0.06*** 0.08*** 0.01*
Private Services -0.10*** -0.14*** -0.15*** -0.15***
Inv. Mills Ratio 0.35*** 0.76***

Constant 6.69*** 7.12*** 6.72*** 6.59***
Observations 190,413 156,724 512,783 439,653

Source: Statistics office and author’s elaboration. *** p<0.01, ** p<0.05, * p<0.1.

Finally, to retrieve the wage profile, I compute the predicted wage growth for tenure years 1 to 5, 10 and
beyond and compute the the growth with respect to the first year of tenure. Figure 2 shows that by five
years of tenure there is a wage growth gap of 8% and then grows to 16% by year 10 and to 30% by year 20.

Figure 2: Growth of hourly real wages and tenure with Heckman-probit procedure

0
.1

.2
.3

.4
R

ea
l h

ou
rly

 w
ag

es
 g

ro
w

th

0 5 10 15 20
Year tenure

Formal Informal

Source: Statistics office and author’s elaboration.
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Multinomial Logit with Selection Bias: When selection is over a large number of exclusive choices
(i.e. informal and wage earner or self employment), the multinomial logit specification is convenient.
Bourguignon et al. (2007) documents a survey of different approaches in a unified framework. For sim-
plicity, I use the framework formal and informal choice and self employment in the multinomial framework.
In this approach the equation of interest and a selection equation:

log(w1,i) = β1Xi + ε1,i,

ocupk = γkZk + ηk, k = 1, ...,M. (10)

Where the subscript 1 is the first occupations choice assumed to be formal wage earner. Assume that
E[ε1|Xi,Zi] = 0 and V [ε1,i|Xi,Zi] = σ2, k is the occupation choice of the individual i among M cate-
gories. Thus, the individual i chooses the alternative 1 when it yields the maximum utility among all
choices. ocup1 if U1 > max(Uk) ∀ k ̸= 1

ocupk if U1 < max(Uk) ∀ k ̸= 1

Now define an error term u1

u1 = max
k ̸=1

(Uk − U1)

u1 = max
k ̸=1

(ocupk − ocup1)

= max
k ̸=1

(zγk + ηk − zγ1 − η1)

Note that if occupation 1 is chosen, it means that the choice yields the maximum utility among the
alternatives and therefore the difference Uk − U1 is negative. In addition, assume that ηk is iid with
Gumbel density function g(η) = exp (−η − e−η) and cumulative G(η) = exp (−e−η). This assumption
leads to the multinomial logit model with a probability of occupation formal wage earner given by

P (u1 < 0 | z) = exp (zγ1)∑
k exp (zγk)

Consistent maximum likelihood estimates of each (γk) parameter can be computed. The problem is to
estimate the parameter vector β1 when there is correlation between outcome disturbances and occupa-
tional choice disturbances are correlated cov(ε1, ηk) ̸= 0. In this case, OLS estimates of β1 would not be
consistent. Thus, if we consider the conditional density of the outcome error component ε1 on u1

E (ε1 | u1 < 0,Γ) =

∫∫ 0

−∞

ε1f (ε1, u1 | Γ)
P (u1 < 0 | Γ)

du1dε1 = λ(Γ) Γ = {zγ1, zγ2, . . . , zγM}

where f (u1, ε1 | Γ) is the conditional joint density of u1 and ε1 and the function Γ is simply the in-
struments on each occupational choice. Thus, the term λ is the selection bias correction term that is a
function of instruments Z. Now considering the probability Pj as the probability that any alternative j

is preferred among all k alternatives:

Pj =
exp (zγj)∑
k exp (zγk)

Bourguignon et al. (2007) states that there is a unique function µ that can substitute λ(Γ) due to the
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correspondence of the M components of Γ and the M corresponding probabilities.

E (ε1 | u1 < 0,Γ) = µ (P1, . . . , PM )

Therefore, consistent estimation of β1 can be achieved regressing the following using OLS:

log(w1,i) = β1X1 + µ (P1, . . . , PM ) + ν1 (11)

where E[ν1|X1] = 0. The framework has a problem with dimensionality whenever the alternative set M

is large. Bourguignon et al. (2007) claims that there are two main ways to deal with dimensionality: (i)
restrictions over the covariance matrix of the error terms (ε, η) and (ii) linearity assumptions. For the
moment, I use the Dahl (2002) approach which restricts the set of probabilities in µ (P1, . . . , PM ) to a
chosen subset S of particular interest, making the hypothesis that this subset contains all the relevant
information. This is called the Dahl’s index sufficiency assumption, thus:

f (u1, ε1 | Γ) = f (u1, ε1 | Pj,j=1,...,M−1) = f (u1, ε1 | Pj,j∈Θ) , Θ ⊂ {1, . . . ,M − 1}

So the estimated equation under Dahls approach becomes:

log(w1,i) = β1Xi + µ (Pj,j∈Θ) + ν1

There are two main challenges mentioned by (Dahl, 2002): (i) testing whether the index sufficiency
assumption is not generally feasible and (ii) the reduction of dimensionality is made at the cost of a
restrictive assumption on the correlation structure of the error terms. A special case proposed by Dahl is
to make the hypothesis that the probability of alternative 1 is the only information needed which in this
case is fits the our aim to find the probability of selecting formal (or informal) employment. In addition,
the approach allows for any sign structure of covariances between the outcome equation residual ε and
the various error terms (η) from the selection equation 10. Thus the regression of interest becomes:

log(w1,i) = β1Xi + µ (P1) + ν1

The function µ is approximated by a simple Taylor expansion which for simplicity it is assumed to be one.
In practice, the procedure consist in two steps, (i) estimate the multinomial logit for three occupational
choices, wage earner formal and informal and self employment and compute the predicted probability for
each occupational choice. I don’t consider other occupational choices such as unemployment or inactives
because, I can observe only a set of instruments related to housing and household characteristics but
cannot observer characteristics such as tenure, firm size or industry, thus I cannot compute properly
the transitions probabilities. (ii) Include the predicted probability of the multinomial logt and assume
sufficiency to include only the predicted probability of that particular occupational choice in the wage
regression. Thus, the wage profile could be retrieved from a estimation of a regression separately for
informal and formal workers following Topel (1991):

log(wj
i ) = α+

3∑
k=1

φktenure
k
i + βXi + µ

(
P j
1

)
+ εji , j = formal, informal. (12)
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Where the term µ
(
P j
1

)
is the predicted probability of choosing formal and informal estimated from the

multinomial logit. The results are shown in Table 4 are the likelihood of choosing one occupation with
respect to a base so Columns (1) describe the likelihood of choosing informal over formal employment.
Notice that with higher tenure age, education and being male reduce the likelihood of choosing informal
employment. Additionally, it is less likely to chose informality due to firm size, particularly for big firms.
The instruments show that it is likely to choose informality over formality when the number of children
are between one and three.

The opposite results are found for the likelihood of choosing formal employment over informal in Column
(3). Its is likely to choose formality the higher the education, age, male gender tenure and firm size, par-
ticularly when firms are big. It is likely to choose working formally over informal in all industries except
in manufacturing. Finally, notice the corrected wage regression in columns (5) and (6), the probabilities
show that there is a negative selection that is statistically significant contrary to the probit however recall
that this is the probability with respect to three occupational choices.

Table 4: Multinomial logit

Logit OLS
Choice in the logit Informal Self-emp. Formal Self-emp. Informal Formal
Base outcome = Formal Informal

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

Tenure -0.04*** -0.25*** 0.25*** 0.21*** 0.04*** 0.03***
Tenure2 0.00*** 0.01*** -0.01*** -0.01*** -0.00*** -0.00***
Tenure3 -0.00*** -0.00*** 0.00*** 0.00*** 0.00*** 0.00***
Age -0.03*** -0.05*** 0.05*** 0.02*** 0.02*** 0.02***
Age2 0.00*** 0.00*** -0.00*** -0.00 -0.00*** -0.00***
Education years -0.01*** -0.07*** 0.07*** 0.06*** 0.04*** 0.08***
Gender (1=Male) -0.25*** -0.32*** 0.32*** 0.07*** 0.13*** 0.09***
Firm size ( No. employees)
2 - 5 -5.40*** -0.11 0.11 -5.30*** 0.30*** 0.19***
6 - 20 -7.95*** -1.43*** 1.43*** -6.52*** 0.44*** 0.45***
20 - 50 -8.72*** -2.47*** 2.47*** -6.25*** 0.44*** 0.57***
50 > -8.68*** -3.56*** 3.56*** -5.12*** 0.52*** 0.69***
Industry
Agriculture and Mining -0.95*** -0.44*** 0.44*** -0.51*** -0.02 -0.03
Manufacturing -0.35*** 0.22*** -0.22*** -0.56*** 0.01 0.05***
Construction and retail -0.61*** -0.50*** 0.50*** -0.12*** -0.09*** -0.08***
Transportation and trade -0.49*** -0.57*** 0.57*** 0.08** -0.13*** -0.11***
Private Services -0.43*** -0.39*** 0.39*** -0.04 -0.14*** -0.10***

Instruments
City -0.02*** -0.03*** 0.39*** 0.30***
Partner 0.00*** 0.00*** 0.11*** 0.18***
Number of dependants
1 - 3 0.28*** 0.36*** -0.36*** -0.08**
4 - 5 -1.65 -13.11 13.11 11.46
Home ownership 0.04** -0.30*** 0.30*** 0.34***

ProbInformal -0.21***
ProbFormal -0.44***

Constant 7.18*** 4.66*** -4.66*** 2.51*** 6.51*** 6.25***
Observations 284,354 284,354 284,354 284,354 37,817 88,271

Pseudo R2 0.56
Log L -121260.1
LR (χ2) 311857.6
p-val 0.00

Source: Statistics office and author’s elaboration. *** p<0.01, ** p<0.05, * p<0.1.

Finally, the tenure wage profile in Figure 3 shows that by five years of tenure there is a wage growth gap
of no gap by year 5 but grows to 16% by year 20.
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Figure 3: Growth of hourly real wages and tenure with Multinomial Logit procedure
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Source: Statistics office and author’s elaboration.

4 Transitions into-out of formal informal employment

An important aspect in the wage growth and tenure relationship is that senior workers would suffer sub-
stantial wage losses if their jobs were to end. Thus, it is important to take into account that transitions
could be negatively correlated to tenure. Many job transitions are the outcome of a career process by
which workers are sorted into more durable and productive matches, thus high-wage jobs tend to survive
and translates to long job tenures and higher wages, or alternatively, productive workers are keep by
firms so they transition less often and will earn high wages.

In this matter, at any point in the worker’s life time it is possible to transit between an informal and a
formal job. Donovan et al. (2020) investigate if hiring (job-to-job transition) and separation (transition
to employment) rates have a relationship with tenure and find a negative relation for low tenure but the
relationship disappears as the tenure increases.11 Namely, there is a negative strong trend in separation
rates and job-to-job transition rates for workers who have been on the job for less than a year. By
contrast, there is essentially no trend for workers who have five or more years of tenure; such workers in
any country are unlikely to switch jobs or exit employment.

In the context of informal employment, the seminal work of Maloney (1999) there is evidence that work-
ers transit between formal and informal jobs neglecting the duality of formal informal labor markets.
This is the approach of Bosch and Maloney (2006), Bosch et al. (2007) and Bosch and Esteban-Pretel
(2012), for the case of Mexico and Brazil where they find evidence that workers transit between formal
and informal jobs using panel data. Contrary to those studies, the household survey data of Colombia is
cross sectional, so it doesn’t follow the individual for two or more periods. To address this issue, I use the
retrospective questions of the survey that provide information on the current and past occupation state
of the individual.12 Although the questions permit to identify the current and previous occupational
status the challenge comes from defining accurately informality in the previous job due to missing data.

11In Donovan et al. (2020), the employment-exit rate is constructed as the share of initially employed workers who
transition to non-employment in the subsequent quarter. They also construct as one form of job transition the share of
initially self-employed workers who transition to wage work.

12The relevant questions in the survey are depicted in the Annex 6.3
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As in Bosch and Maloney (2006) it is assumed that the observed discrete-time mobility process is gen-
erated by a continuous-time homogeneous Markov process defined over a discrete state-space with finite
possible states (occupational choice). Starting from the discrete tabulations, one can construct a discrete
time transition matrix pi,j = Pr(t, t+ n) = Pr(X(t+ n)) = j|X(t) = i for t = 0, ... and n = 0, ... Where
pi,j is the probability of moving from state i to state j in n steps. A maximum likelihood estimator of pij is:

pij =

Transitions from i to j︷︸︸︷
nij

ni︸︷︷︸
Total number of observations initially in i

Considering three states (formal wage earners, informal wage earners and unemployed) I compute transi-
tion probabilities from t−1 to t obtaining a three by three probability transition matrix.13 Having defined
the job transition of workers across all ages, I also compute the transitions dividing by age groups. The
Table 5, shows that transition from formal to informal is U-shaped with a level of 2.1% for young workers
and 3% for old. Conversely, informal to formal transition is decreasing across age groups and exhibit a
low level compared to the former changing from 1.3% to 0.8%. In addition formal to formal transition
are higher among young workers and older of around 3% but from informal to informal is less than 1%.
This results complement other small literature on job flows and transitions in Colombia. López Castaño
and Lasso Valderrama (2015) follow a similar approach but defining self employed as informal and find
formal to informal transition probability of 4.5% and informal to formal 2.2%.

The results could depict that informal workers have a lower probability of transiting to either formality
or another informal job compared to formal workers. In this case, there is a potential scarring effect of
informality relative to formal workers.

Table 5: Discrete transitions probabilities by age groups, 2007-2019

Age group
26-30 31-35 36-40 41-45 46-50 51-55 56-60 61-65 Average

Share formal wage earners 73.15 75.46 75.32 75.09 74.64 73.88 70.62 61.41 72.45
Share informal wage earners 26.85 24.54 24.68 24.91 25.36 26.12 29.38 38.59 27.55

Transition employment to employment
Formal to formal 2.75 2.17 1.8 1.54 1.36 1.21 1.24 3.16 1.9
Formal to informal 2.14 1.72 1.55 1.45 1.52 1.71 2.02 3.11 1.9
Informal to informal 0.34 0.29 0.29 0.26 0.32 0.24 0.19 0.11 0.26
Informal to formal 1.3 1.07 0.98 0.96 0.92 0.98 0.87 0.78 0.98

Source: Statistics office and author’s elaboration.

13I abstract from other states such as self employed and inactive to simplify the analysis.
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5 Remarks for future research

Colombia is an example of a developing economy with a sizable share of informal employment (30%) that
could be a potential source of major wage differential compared to formal workers. In this document, I
explore if there is any informal formal wage gap related to tenure. Using two complementary empirical
strategies, I consider two sources of selection bias into or out of wage earner occupation and into formal
or informal employment to properly estimate a Topel (1991) regression. After controlling by worker and
firms characteristics, both strategies point to a significant wage gap that grows nearly to 30% after 20
years. In addition, the transitions probabilities of informal and formal workers suggest that there is
potential scarring effect for informal once their are in a formal job.

This finding could potentially be a starting point for future research to explain the underlying factors
of this wage gap. First, it is important to explore the role of labor market institutions that are likely
to explain informality persistence. On the workers side, informality persistence could be welfare policies
and cash transfer programs, unemployment insurance, prevailing social safety net or regulation and tax
avoidance. Bosch and Campos-Vazquez (2014), study a universal health coverage policy in Mexico and
find that this was an incentive for firms and workers not to cover the cost of a formal contract and en-
gage in informality. Likewise, cash transfer programs may have a have a similar effect because programs
conditional on household characteristics, particularly, on unemployment status increases the incentive of
workers to work informally but declare to be unemployed to remain eligible in the cash transfer program
Bergolo and Cruces (2021).

Second, an additional path of research could be to study job training on the job training view, Ma et al.
(2021) show that there are significant cross country differences on income because firms in developed
economies invest more on job training. This could be an additional feature, informal workers receive less
training than their formal counterparts and therefore experience low wage growth. This literature, has
gain attention because of the increase of short term work arrangement as mention before. In addition
working informally, implies there are less opportunities to having verified referrals for alternative jobs.
This implies that, there is limited ex ante information for firms when hiring Beaman and Magruder (2012).
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6 Appendix

6.1 Survey questions to classify formal and informal employment

The survey includes questions on current employment and social security status to classify formal and
informal workers questions to compute transitions. The relevant questions and answers are depicted in
the following diagram:

In which activity did spend 

most of the time last week?

a. Working

In this job, you are?

a. Private business 

employee.

Are you enrolled, make 

contributions or beneficiary of 

social security?

a. Yes

b. No

Informal

Which regime of health 

insurance are you enrolled?

a. Health service provider

b. Other 

Who pays for the social 

security?

a. Employer or shared with 

employer

b. Other

No

Yes

Other

Other

Do you make contributions to 

pensions?

a. Yes

b. No

Which regime of pensions 

insurance are you enrolled?

a. Private pension fund

b. Other 

Who pays for the social 

security?

a. Employer or shared with 

employer

b. Other

Private 

Pension 

FundYes

No

Health

Service 

Provider

Other

Other

Source: Statistics office and author’s elaboration.
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6.2 Demographic characteristics
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6.3 Survey questions for computing transitions

Occupational choice

• (QP6242) In which activity did spend most of the time last week?

– a. Working, b. Searching for work, c. Studying, d. Home services, e. Permanent unable to
work, f. Other.

If working the relevant questions are:

• (QP6426) For how long (in months) have you worked in this business/firm/office/farm/craft?

• (QP7020) Before your current job did you had another job? a. Yes, b. No.

• (QP7026) For how long (in months) did you work on your previous job?

• (QP760) For how long (in months) did you stopped working between your current and previous
job?

• (QP7028) In your previous employment where you: a. Worker in private sector, b. Wage worker in
public sector, c. Domestic employee, d. Self Employed, e. Owner or supervisor, f. Non paid family
worker, g. Non wage worker in business, h. Day worker, i. Other.

If searching the relevant questions are:

• (QP7250) For how many weeks have you been searching?

• (Q7280) Have you search for job as a: a. Worker in private sector, b. Wage worker in public sector,
c. Domestic employee, d. Self Employed, e. Owner or supervisor, f. Non paid family worker, g.
Non wage worker in business, h. Day worker, i. Other.

• (QP7310) Have you search for a job for the first time or have you worked before at least for two
weeks in a row? a. First time b. Have worked before.

• (QP7320) For how many week did you stopped working?

• (QP7350) In this last job you where a. Worker in private sector, b. Wage worker in public sector,
c. Domestic employee, d. Self Employed, e. Owner or supervisor, f. Non paid family worker, g.
Non wage worker in business, h. Day worker, i. Other.

• (QP7360) How many people in total had the firm/business/farm where you worked? a. Worked
alone b. 2 to 3 c. 4 to 5 d. 6 to 10 e. 11 to 19 f. 20 to 30 g. 31 to 50 h. 51 to 100 i. 101 or more.

In addition, other questions are used to keep track on social security status and wage earners severance
payments. Namely,

• (QP6140) Previously, where you enrolled, contributor or beneficiary of a health social security
function? a. Yes, b. No.

• (QP6150) For how long (in months) you have not contributed or been enrolled in social security?

• (QP7460) Are you currently receiving unemployment subsidy? a. Yes, b. No.
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6.4 Mapping of transitions with questions in the Survey data, 2007-2019

State in t
State in t− 1 Formal wage earner Informal wage earner Search
Formal wage earner 1. Formal wage earner

with tenure of a year or
less. 2. Formal wage
earner that had a previous
formal job the year before
the survey.

Informal wage earner with
tenure of a year or less
that had a formal job in
the year previous to the
survey.

Unemployed workers
searching for a year or
less and whose previous
job was formal.

Informal wage earner 1. Formal wage earner
with tenure of a year or
less. 2. Formal wage
earner that had a previous
informal job the year be-
fore the survey.

Informal wage earner with
tenure of a year or less
that had an informal job
in the year previous to the
survey.

Unemployed workers
searching for a year or
less and whose previous
job was informal.

Search 1. Formal wage earner
with tenure of a year or
less. 2. Workers searching
for more than a year and
less than two.

1. Informal wage earner
with tenure of a year or
less. 2. Workers searching
for more than a year and
less than two.

Unemployed workers
searching for a year or
more and first time work-
ers searching for a job for
more than a year.

Source: Statistics office and author’s elaboration.
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6.5 Age-wage profiles

With regard to the broad picture of wage dynamics over the life cycle of workers, the data shows a sig-
nificant difference of real hourly wage levels and growth between formal and informal workers. In Figure
6.1(a), each solid (dashed) line represents the average level of real hourly wage for some cohorts of formal
(informal) workers, where each dot is the survey year, starting in 2007 at the bottom and ending in 2019
on the top of each line. Thus, the growth along a single line is the sum of time and age effects and
the growth across lines are the cohort and age effects. The figure indicates two salient features: (i) the
vertical formal-informal wage gap is positive, large and wider for older individuals which suggest time
and age effects and (ii) the horizontal cohort gap remains stable for younger cohorts and changes slightly
for older ones, suggesting relative equal cohort and age effects.

Moreover, in Figure 6.1(b) explore more the age affect assuming that individuals enter the labor market
at age 25 as standard in the literature and compute the average wage across 5-year age bin and then
the growth for each bin relative to the youngest age group.14 The data depicts wage growth somewhat
sustained for formal workers and stagnant for informal over their life-cycle which highlights a significant
gap between formal and informal workers that reaches 20% by age sixty. This growth however, only
depicts age effects and not the time effect discussed previously.

Figure 6.1: Hourly real wages by age-time-cohort decomposition, 2007-19, ages 25-65.
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(b) Growth log hourly real wages
Source: Statistics office and author’s elaboration. Variables are computed with survey weights. Each solid line represent a specific cohort of formal

workers and the dashed line the informal workers of the same cohort. Each dot in the solid line represents the reference survey starting at the bottom
from 2007. Thus, the lines represent the average level of real hourly wages of that cohort (age group) from 2007 and 2019.

This observation relates to the extensive evidence of wage gap between formal and informal workers in
developing countries but ads on how this gap is dynamic over the life-cycle of the workers; a feature often
overlooked in the literature as mentioned in Ulyssea (2020).

A well-known difficulty in investigating how economic choices change over the life cycle is that it is
impossible to separately identify the effects of age, time, and birth cohort on the outcome of interest, in
a simple ordinary (OLS) framework. Note that cohort (birth year) is simply cohort = time− age so this
implies perfect collinearity. To solve this, Deaton (1997) proposes a simple way to achieve identification
by normalizing the coefficients in the age-period-cohort specification. To fix ideas, consider the simplest

14Alternative, the approach could use potential experience of individuals to consider that each worker enters the labor
market at different points in their life-cycle.
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form of the model:

logwit = Φageit + γt + χt + εit

And consider an alternative form of writing the coefficients involved in the previous expression:

Φ̃t = Φ+ κt γ̃t = γt − κt χ̃c = χc − κt

Where agei indicates the ages of individual i, γt and χc are time and cohort dummies that indicate the
year of the survey and the cohort group (5-year bin) and κ is any scalar. In practice, the chosen normal-
ization is the one that is most suitable for the problem, attributing time-trends to the survey year, or to
matching age and cohort effects. In this specification, where wages is the variable to be decomposed, a
simple method is to attribute growth to age, and to use the year effects to capture cyclical fluctuations
effects that average to zero over the long run.

A normalization that accomplishes this, makes the year effects orthogonal to a time-trend, so that tγ = 0.
This is a plausible case as Figure 6.1, describes that wage growth for different cohorts does no describe
a clear pattern. The normalization can be achieved if wages are regressed on (i) dummies for group of
cohort excluding the first, (ii) and a set of T − 2 year dummies dt defined from t = 3, .., T.

d∗t = dt −
[
(t− 1)d2 − (t− 2)d1

]
The underlying idea of this procedure is that if it is assumed that wages are constant over cohorts, ages,
and years, the curves in Figure 6.1(a) collapse to a unique vertical line with slope 0. This vertical line
could reflect a positive age effect each year compensated by an equal sized negative time effect, implying
that, each cohort gets an age additional growth each year, but offset by a macroeconomic shock. In this
context, younger cohorts would get less than older cohorts, because they are active in the labor market
for much longer. However, as Figure 6.1(b) wages grow with age and stagnate or decrease at older ages.
To capture this behaviour, it is useful to give each cohort a growth rate higher than the cohort born the
previous year marking a negative trend in the cohort effect.

In practice, it is possible to recover an age profile controlling for time and cohort effects by regressing:

logwit = α+
3∑

k=1

Φkage
k
it ⊗ Ii,t + ϕ1Ii,t + ϕ2ageit + d∗t + χc + βXit + εit (13)

The term agei in the regression its specified as third degree polynomial interacted with a dummy Ii,t

that takes the value of one if the individual is a formal worker. In addition, Xt is a set of controls
related to demographic characteristics (education years, gender, city, firm size, industry). Figure 6.2
shows the results of the wage-age profile both in levels and growth pointing to a significant differences
in the level gap at each age point between formal and informal workers. Meanwhile, the growth rate of
wages are similar up until age 40 and departs afterwards where stagnates for formals and decreases for
informal workers. At the end of the life cycle the gap reaches 10%. Point estimates are depicted in Annex
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Figure 6.2: Level and growth of hourly real wages and age
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Source: Statistics office and author’s elaboration.

The previous result complements a small literature on wage gap between formal and informal workers for
the case of Colombia. The estimated wage gap in the literature varies significantly from 30% to 60% be-
cause of the inclusion of other types of workers such as self employed, the definition of informality related
to firm size and also the estimation techniques (Ramoni-Perazzi and Orlandoni-Merli, 2021). While this
line of research documents the existence of a significant wage gap it does not speak about the growth
over the life cycle.

Having discussed the estimated age profiles, it is important to mention that the identification procedure
its subject to discussion. On the one hand, note that the parameter κ could be any scalar that could
yield many potential results. As mentioned by Schulhofer-Wohl (2018) the standard method for solving
this identification problem is to impose a normalization on the age, period, or cohort effects to pin down
κ, but this depends on the arbitrary normalization used to pin down κ. If the normalization is incorrect,
the estimator will be inconsistent.
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