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Abstract: This technical note presents one of the modelling approaches used in Jara and
Rattenhuber (2022) to estimate formal employment elasticities, namely the estimation of a discrete
choice model of labour supply with informal employment. The approach makes use of
ECUAMOD, the tax-benefit model for Ecuador, to calculate the disposable income at each
discrete alternative defined in terms of hours of work and sector of employment (formal or
informal employment). The ECUAMOD outputs are then used as input in the estimation of a
conditional logit model of labour supply. The note first describes the data preparations to simulate
disposable income at each discrete alternative using ECUAMOD. Then, it presents the modelling
set-up for the estimation of the discrete choice model of labour supply with informal employment.
Finally, it presents formal employment elasticities across population subgroups based on our
estimations.
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Introduction

Reforms to tax-benefit policies do not only affect household incomes but they might also influence
behavioural reactions of individuals in the labour market. In the context of low- and middleincome countries, reforms to tax-benefit systems might influence individuals’ choice between
formal and informal employment. Thus, it seems appropriate to complement static tax-benefit
microsimulation models with behavioural components allowing to assess the effect of potential
reforms on employment.
This technical note describes the use of ECUAMOD, the tax-benefit microsimulation model for
Ecuador, to generate input for the estimation of a discrete choice model of labour supply with
informal employment. The note has been produced alongside a WIDER Working Paper (Jara and
Rattenhuber 2022) analysing female labour supply with informal employment in Ecuador. The
paper and the technical note are based on ECUAMOD version v2.0. For the analysis, the model
makes use of four waves of the National Survey of Employment, Unemployment and
Underemployment of Urban and Rural Households (ENEMDU).
The note is structured as follows. Section 2 describes the data preparation with ECUAMOD for
the modelling of labour supply and informality. Section 3 describes the set-up of the discrete choice
model of labour supply including hour alternatives in formal and informal employment. Section 4
presents the formal employment elasticities estimated with the discrete choice model.
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Data preparation for the modelling of labour supply and informality

The estimation of labour supply elasticities with ECUAMOD is based on ENEMDU, a nationally
representative survey conducted on a quarterly basis, which represents the main data source to
track labour market changes and the evolution of poverty and inequality in Ecuador. ENEMDU
contains information on employment, labour and non-labour income, public pensions, cash
transfers, private transfers, as well as personal and household characteristics for the simulation of
tax-benefit policies. It also contains information on affiliation to social security, which we use to
define formal employment. Informal employment in our analysis is therefore defined as nonaffiliation to social security. For our analysis, we use four waves of ENEMDU which correspond
to the December rounds of years 2011, 2013, 2017, and 2019. Pooling cross-sectional waves for
the estimation of discrete choice labour supply models has two advantages. First, it allows having
sufficiently large data to apply the sample restrictions imposed for the estimations. Second, time
variation in tax-benefit rules represents an additional source for identification of the estimated
parameters
For the purpose of the labour supply estimations, households where only one labour supply unit
is present are selected for the analysis. A labour supply unit is defined as single men, single women,
or couples with or without dependent children or dependent elderly. Dependent children are
defined as children aged 18 or below who are in education and have no earnings, and dependent
elderly are defined as parents and parents-in-law aged 60 or above who are retired and have no
earnings. Extended households, where more than one labour supply unit cohabit, are therefore
excluded.
Due to the flexibility offered by ECUAMOD to create different ‘tax units’, these labour supply
units were created in ECUAMOD under the TUDef_ec policy using the DefTu function of the
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software, as shows in Figure 1. Then, the ECUAMOD output file containing identifiers of each
labour supply unit was used to select the households kept for the labour supply estimation.
Figure 1: Definition of labour supply assessment unit

Source: screenshot from ECUAMOD v2.0, EUROMOD software.

Following the labour supply literature, the sample of analysis was further restricted to households
where the head of the household and their partner are of working age (aged between 19 and 59),
available for the labour market (not disabled, in education, or retired) and excluding those in selfemployment and those with more than one job. Finally, we restricted our analysis to females, but
the same model can be estimated for males.
Our selected sample includes 12,722 households: 3,065 single women and 9,657 women in couples,
which represents 18 per cent of all households with female members in our data. The sample
restrictions described above should be considered with care prior to the estimation of labour
supply models in other SOUTHMOD countries, depending on the structure of households in each
country.
To assess the number of discrete hour alternatives to be used in the estimation of the structural
labour supply model, we then look at the distribution of hours of work in our sample of analysis.
Figure 2 presents the distribution of actual worked hours for all women in our selected sample
(Panel A). For those in work in each of these categories, Figure 2 further shows the distribution
of hours of work, distinguishing between those in formal (Panel B) and informal (Panel C)
employment.
Figure 2: Distribution of weekly hours of work (pooled selected sample)

Source: authors’ elaboration based on ENEMDU and ECUAMOD v2.0.
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We observe two marked peaks at non-participation and full-time work (Panel A in Figure 2). The
accompanying WIDER Working Paper (Jara and Rattenhuber 2022) shows that the distribution
varies across single women and those in couples. For single women, the largest concentration is
observed around full-time work, whereas the majority of women in couples do not participate.
The distribution of female hours of work in formal employment (Panel B in Figure 2) has a very
strong concentration around full-time work, whereas more variation is observed in the distribution
of hours of work of women in informal employment (Panel C in Figure 2), with a somewhat larger
concentration around part-time work.
Based on the observed distributions, we define six alternatives for our discrete choice model,
characterizing non-participation, full-time, and overtime for formal employment, and part-time,
full-time, and overtime for informal employment. The discretized set for each individual is,
therefore, given by ℎ = {0, 40𝑓𝑓, 60𝑓𝑓, 20𝑖𝑖, 40𝑖𝑖, 60𝑖𝑖}, where 𝑓𝑓 stands for formal employment and
𝑖𝑖 for informal employment. Figure 3 shows the distribution of discrete hours of work for single
women and women in couples in our analysis.
Figure 3: Distribution of discrete hours of work alternatives (pooled selected sample)

Source: authors’ elaboration based on ENEMDU and ECUAMOD v2.0.

The final step of the data preparation for the estimation of the discrete choice labour supply model
consists of saving an ECUAMOD input data file containing only the households in our selected
sample. ECUAMOD is then run a number of times equal to the number of discrete hour
alternatives defined for the analysis. In our case, ECUAMOD is run six times. More precisely, for
each working-age individual (i.e. aged between 19 and 59) in our selected households, we calculate
gross hourly wages and multiply them by each discrete alternative of hours of work to run
ECUAMOD and obtain household disposable income under each alternative. 1 The six different
ECUAMOD outputs are then merged together for the estimation of the discrete choice model.

1

Gross hourly wages are predicted for non-workers using a two-stage Heckman selection model separately for formal
and informal employment.
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Estimating a discrete choice model of labour supply with informality

Our model specification represents an extension of the unitary discrete choice model of household
labour supply of van Soest (1995). The approach is derived under the random utility maximization
framework and consists of defining a finite set of working hour alternatives and to explicitly specify
a utility function to evaluate individuals’ utility at each discrete alternative. In our case, we allow
individuals to choose between discrete alternatives representing non-participation and hours of
work in formal or informal employment. Based on the observed distribution of hours of work
across sectors shown in Figure 2, our discrete choice model considers six alternatives: (i) inactivity,
(ii) full-time in formal employment, (iii) overtime in formal employment, (iv) part-time in informal
employment, (v) full-time in informal employment, (vi) overtime in informal employment.
Let 𝑈𝑈𝑖𝑖𝑖𝑖 represent individual’s 𝑖𝑖 utility at alternative 𝑗𝑗 = 1, … , 𝐽𝐽, where the utility function can be
decomposed into a deterministic and a stochastic component: 𝑈𝑈𝑖𝑖𝑖𝑖 = 𝑉𝑉𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 . Assuming that
individuals maximize utility (i.e. individual 𝑖𝑖 chooses alternative 𝑗𝑗 if and only if 𝑈𝑈𝑖𝑖𝑗𝑗 > 𝑈𝑈𝑖𝑖𝑖𝑖 , ∀𝑘𝑘 ≠ 𝑗𝑗)
and the stochastic component is independent and identically distributed over alternatives and
follows a type-one extreme value distribution, then the probability that an alternative 𝑗𝑗 is chosen
follows is expressed as (McFadden 1974):
𝑃𝑃𝑖𝑖𝑖𝑖 =

𝑒𝑒 𝑉𝑉𝑖𝑖𝑖𝑖

∑𝐽𝐽𝑘𝑘=1 𝑒𝑒 𝑉𝑉𝑖𝑖𝑖𝑖

In our setting, individuals choose among a finite number of alternatives to maximize their utility,
defined over net income and hours of work in each sector (formal or informal employment). More
formally, let ℎ𝑖𝑖 be the number of hours worked and 𝑠𝑠𝑖𝑖 the sector of employment of individual 𝑖𝑖.
We define 𝐽𝐽 discrete alternatives so that ℎ𝑖𝑖𝑖𝑖 represents the number of hours worked by individual
𝑖𝑖 under alternative 𝑗𝑗 and 𝑠𝑠𝑖𝑖𝑖𝑖 the sector of employment of individual 𝑖𝑖 in alternative 𝑗𝑗, with 𝑗𝑗 =
1, … , 𝐽𝐽.

Let 𝑦𝑦𝑖𝑖𝑖𝑖 be individual 𝑖𝑖’s household disposable income given the hours ℎ𝑖𝑖𝑖𝑖 and sector 𝑠𝑠𝑖𝑖𝑖𝑖 choice,
and 𝑧𝑧𝑖𝑖 a vector of individual characteristics. Household disposable income 𝑦𝑦𝑖𝑖𝑖𝑖 , when ℎ𝑖𝑖 = ℎ𝑖𝑖𝑖𝑖 and
𝑠𝑠𝑖𝑖 = 𝑠𝑠𝑖𝑖𝑖𝑖 are chosen, is defined as:
𝑦𝑦𝑖𝑖𝑖𝑖 = 𝑤𝑤𝑖𝑖𝑖𝑖 ℎ𝑖𝑖𝑖𝑖 + 𝜇𝜇𝑖𝑖 + 𝐺𝐺�𝑤𝑤𝑖𝑖𝑖𝑖 , ℎ𝑖𝑖𝑖𝑖 , 𝜇𝜇𝑖𝑖 , 𝑧𝑧𝑖𝑖 �,

where 𝑤𝑤𝑖𝑖𝑖𝑖 are gross hourly wage rates in sector 𝑠𝑠𝑖𝑖𝑖𝑖 with gross hourly wages varying across sectors
but fixed across hour alternatives within each sector. 𝜇𝜇𝑖𝑖 is non-labour income, and the function
𝐺𝐺�𝑤𝑤𝑖𝑖𝑖𝑖 , ℎ𝑖𝑖𝑖𝑖 , 𝜇𝜇𝑖𝑖 , 𝑧𝑧𝑖𝑖 � represents the tax-benefit function which depends on gross wages, hours of
work, non-labour income, and individual characteristics. 𝑦𝑦𝑖𝑖𝑖𝑖 is calculated using ECUAMOD for
each discrete alternative. In the tax-benefit simulations, workers in informal employment are
assumed not to pay social insurance contributions and personal income tax but might still receive
non-contributory social assistance benefits depending on their household characteristics.
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Several specifications of the deterministic part of the utility function have been used in the
literature. In our analysis, we follow Keane and Moffitt (1998), Brewer et al. (2006), and Kabátek
et al. (2014) and specify a quadratic utility function given by:
2
2
𝑉𝑉�𝑦𝑦𝑖𝑖𝑖𝑖 , ℎ𝑖𝑖𝑖𝑖 , 𝑠𝑠𝑖𝑖𝑖𝑖 , 𝑧𝑧𝑖𝑖 � = 𝛼𝛼𝑦𝑦𝑦𝑦 𝑦𝑦𝑖𝑖𝑖𝑖
+ 𝛼𝛼ℎℎ ℎ𝑖𝑖𝑖𝑖
+ 𝛼𝛼𝑦𝑦 𝑦𝑦𝑖𝑖𝑖𝑖 + 𝛼𝛼ℎ ℎ𝑖𝑖𝑖𝑖 + 𝛼𝛼𝑠𝑠 𝑠𝑠𝑖𝑖𝑖𝑖 + 𝛼𝛼𝑦𝑦ℎ 𝑦𝑦𝑖𝑖𝑖𝑖 ℎ𝑖𝑖𝑖𝑖 + 𝛼𝛼𝑦𝑦𝑦𝑦 𝑦𝑦𝑖𝑖𝑖𝑖 𝑠𝑠𝑖𝑖𝑖𝑖

+𝛼𝛼ℎ𝑠𝑠 ℎ𝑖𝑖𝑖𝑖 𝑠𝑠𝑖𝑖𝑖𝑖 ,

where 𝑠𝑠𝑖𝑖𝑖𝑖 is a dummy equal to 1 for informal employment alternatives, zero otherwise. Interactions
between income, leisure, and the informal employment dummy are included to consider their
differentiated effect across sectors.
The coefficients of hours of work and informal employment are allowed to vary with personal
characteristics 𝑧𝑧𝑖𝑖 , specified as:

𝛼𝛼ℎ = 𝛼𝛼ℎ0 + 𝛼𝛼′ℎ𝑥𝑥 𝑧𝑧𝑖𝑖
𝛼𝛼𝑠𝑠 = 𝛼𝛼𝑠𝑠0 + 𝛼𝛼′𝑠𝑠𝑠𝑠 𝑧𝑧𝑖𝑖

The conditional logit model is estimated by maximum likelihood. The model is estimated
separately for single women and women in couples. For women in couples, the labour supply of
their partners is fixed at their observed number of hours of work and sector of employment.
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Formal employment elasticities

Elasticities in discrete choice labour supply models are calculated numerically using the estimated
parameters of the utility function. Formal employment elasticities are obtained based on a 10 per
cent increase in formal gross wages (wage elasticity) or non-labour income (income elasticity).
More precisely, first, we increase gross hourly wages (income) in formal employment by 10 per
cent and compute the new disposable income for each alternative using ECUAMOD. Then, with
the estimated coefficients from the estimation of the conditional logit model, we calculate the
average probability of being at each alternative for the new and baseline value of disposable
income. Finally, we compare the new and the baseline predicted frequencies to assess the change
in the predicted frequencies of formal employment. Table 1 presents formal employment
elasticities obtained from our simulations by education and income quintiles.
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Table 1: Formal employment elasticities by education and income
Single women

Women in couples

Wage elasticity

Income elasticity

Wage elasticity

Income elasticity

Low education

0.10

0.14

0.10

0.34

Middle education

0.08

0.12

0.13

0.44

High education

0.05

0.06

0.12

0.29

Q1

0.08

0.12

0.11

0.24

Q2

0.09

0.13

0.12

0.32

Q3

0.09

0.13

0.13

0.38

Q4

0.08

0.11

0.14

0.45

Q5

0.05

0.07

0.11

0.33

All

0.07

0.09

0.12

0.36

Source: authors’ elaboration based on ECUAMOD v2.0.
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