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Abstract

An essential tool in the �ght against poverty is the generation of de-
cent jobs through an equitable and inclusive labor market. To achieve this,
two fronts of struggle must be addressed. The �rst is informality, which
causes many workers in developing countries to have precarious working
conditions and low incomes. The second refers to the misuse of tempo-
rary contracts. Temporary jobs are associated with instability and wage
penalties. Therefore, a policy aimed at obtaining decent jobs to overcome
poverty must include these two battlefronts. In this sense, a Computable
General Equilibrium (CGE) model with temporary, permanent, and infor-
mal work is developing. We show some interesting relationships through
the equations formulated so far. The future results of this work will be
helpful to address and generate policies aimed at achieving decent jobs.
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1 Introduction

The �ght against poverty is one of the main issues on the agenda of developing
countries. In this sense, one of the principal means to win this �ght is creating
an equitable and inclusive labor market. One of the main obstacles to having a
labor market with such conditions is the persistence of informality, which ranges
between 90% and 30% in developing countries (Bacchetta, Ernst, Bustamante
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et al. 2009). These �gures are quite high compared to the levels of informality in
more developed countries, where informality is around 18% (Bonnet, Vanek &
Chen 2019). Informality prevents informal workers from accessing social security
and mechanisms to enforce their rights. Similarly, informal enterprises have low
productivity and no access to �nancing channels (ILO 2018b).

Accordingly, the generation of formal jobs helps expand access to social pro-
tection and represents a stable source of income that allows workers to save and
invest in assets. However, there are currently some forms of formal employment
that do not meet all of these conditions, especially in terms of stability, which
means that they do not improve workers� living conditions to the extent that
they should. Some of these forms of formal employment are included in what
are known as non-standard forms of employment, which are particular types
of arrangements that di¤er from standard employment (ILO 2016). This term
includes employment modalities such as temporary employment, part-time or
disguised employment, self-employment, multiparty employment relationships,
and economically dependent self-employment. Moreover, like informality, these
forms of employment negatively a¤ect the labor market because they are related
to increased unemployment, wage penalties, uncertain wages, low probability of
receiving training, and low productivity. Hence, the widespread use of non-
standard forms of employment, which are related to low-quality working condi-
tions, becomes another obstacle to an inclusive labor market that contributes
to reducing poverty and inequality.

Thus, the coexistence of these two obstacles makes their respective ad-
verse e¤ects reinforce each other, making it more di¢ cult for workers to es-
cape poverty. For this reason, the policies aimed at succeeding at any of these
challenges must be done considering these interrelationships (ILO 2018a). A
formal labor market with high levels of non-standard forms of employment is
not attractive to informal workers, which makes formalization more di¢ cult.
Furthermore, productivity losses due to hiring under non-standard forms can
cause a �rm to become informal. In this vein, informality and the improvement
of working conditions in non-standard forms of employment are one of the key
challenges of developing countries in order to achieve decent jobs. However,
the relationship between these two phenomena has been little studied directly
and the consequences of policies aimed at improving the e¤ects of non-standard
work on informality and vice-versa are not very clear in terms of labor market
results, poverty and inequality.

Although it is interesting to study these two phenomena, non-standard jobs
encompass classes of jobs that di¤er considerably from each other. Conse-
quently, this paper will focus on the study of informality and temporary jobs.
Temporary work will be understood as �xed-term, project- or task-based for-
mal contracts, which are contractual agreements between an employer and an
employee characterized by a limited duration or a prede�ned event that termi-
nates the contract. Such contracts may be of a commercial or labor nature.
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Temporary work is interesting for three reasons. Firstly, it is a method of hiring
that represents advantages for companies since it allows them to have cheaper
workers, who can be �red without cost at the end of the contract. Secondly,
informal workers who observe that the probability of being a temporary worker
is high in the formal market may decide not to join the formality because of
the few advantages of this form of hiring. Finally, this type of employment is
observable through surveys, which facilitates its study.

Likewise, temporary employment is not necessarily a problem if used ap-
propriately, since companies require �exibility in hiring due to the growth of
the service sector and to globalization, and workers need to reconcile work life
with the opportunity to access education, raise children, and care for the el-
derly. Nevertheless, temporary workers are likely to experience job instability,
fewer opportunities for promotion, few training opportunities, and lower wages
(Maurizio 2016). In fact, in Latin America the penalty associated with tempo-
rary employment can be as high as 15% (Maurizio 2019). In addition, this is
combined with a percentage of informal employment amounting to 53,1% in the
region (OECD & ILO 2019).

In this regard, Colombia is one of the most interesting countries to study
this phenomenon due to its high temporary employment and informality levels.
In 2013, 73% of the Colombian population between 15 and 64 years of age was
active in the labor market and 66,5% was employed. Those were favorable �gures
compared to OECD member countries, whose averages were 71% and 65,3%
respectively (OECD 2016). However, those results contrast with a worrying
urban informality rate of 48,3% (third quarter of 2017) (FEDESARROLLO
2018). In addition, it is estimated that in 2014 the percentage of temporary
employment in the Colombian industry was of 40,6% (Rodríguez & López 2016).

In Colombia, temporary contracts guarantee social security to employees,
but provide fewer bene�ts compared to open-ended contracts, which means that
it is cheaper to hire a temporary worker. As a result, employers have incentives
to use these contracts to reduce costs and not to use them to adapt to the cycli-
cal changes (ILO 2016). This makes the formal labor market unattractive to
workers since, upon entering it, they are very likely to be hired as temporary
workers, so they might prefer to be informal. Therefore, the goal is to generate
the right incentives and ensure that companies have access to these contracts
so that they can adapt to the economic cycle, but without abusing their use,
making it easier to implement policies aimed at reducing informality. It is nec-
essary to ensure that such �exibility is not at the expense of workers and that,
as far as possible, workers�conditions do not depend on the type of contract to
generate decent jobs. One way to contribute to this is to increase the bene�ts
of temporary workers by making the cost of �ring them similar to that of �ring
a permanent worker. Thus, focusing on the Colombian case, this research will
attempt to answer the following question: What is the e¤ect of improvements
in working conditions of temporary employment on the labor market results,
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informality and poverty? This study is important for Colombia and other coun-
tries with similar levels of development in which the negative e¤ects of high
levels of informality coexist with the e¤ects of temporary employment. We will
use a Computable General Equilibrium Model (CGE) with microsimulations to
analyze the problem.

This document is divided into 7 parts in addition to this introduction. In the
second, there is a brief review of the literature, which is incomplete and should
not be given much attention. In the third part, the �gures on informality and
temporary work in Colombia are studied with the aim of verifying that the
�gures are a worrying phenomenon, and to raise the �rst intuitions that will
serve as input for the theoretical model. In the fourth part, the methodology
will be described in a general way. In the �fth part, the CGE model will be
described with emphasis on the labor market. In the sixth part, what is planned
to be done in the microsimulation part will be brie�y described. In section 7,
preliminary results of a simulation exercise with �ctitious data are presented.
Finally, some preliminary conclusions about Colombia and the model are raised
in the last section.

2 Literature review

The e¤ects of variations in �ring costs of temporary workers on the labor mar-
ket and poverty in the presence of informality have not been studied to our
knowledge. However, some studies have studied some of these relationships sep-
arately. Hence, the information will be organized as follows. Firstly, papers that
address the relationship between temporary jobs and labor market outcomes will
be mentioned. Finally, some papers dealing with the e¤ects of di¤erent economic
policies on informality, poverty or the labor market are described.

The relationships between temporary jobs and the labor market have been
studied both from an empirical perspective and from dynamic models and search
and matching models. For example, Blanchard and Landier (2002) studied the
e¤ect of a reform that made it possible to hire workers on �xed-term contracts
in the French labor market. Using a search and matching model, the authors
found that this measure led to increased turnover and unemployment. They
also show that even if unemployment does fall workers may have it worse, going
through several periods of unemployment and entry level jobs before getting a
regular job. In addition, Cahuc and Malherbet (2016) found that the protec-
tion of permanent jobs does not signi�cantly a¤ect employment, but causes the
substitution of permanent jobs by temporary ones, leading to a decrease in the
economy�s total output decrease and in productivity.

Similarly, Booth and Marco (2002) �nd, using panel data analysis, that in
England, temporary workers have lower satisfaction levels, receive less training,
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and are paid less well than permanent workers. They also �nd that temporary
workers are a stepping stone to permanent positions in this country. Equally,
Boeri and Pietro (2007) showed that a labor reform that allows coexistence
between temporary and permanent contracts increases job creation on a tran-
sitional basis, but labor productivity decreases in this transition. The authors
used a dynamic model of labor demand under uncertainty.

On the other hand, Cahuc and Postel-Vinay (2002) show that the combi-
nation of strong labor protection of permanent jobs and the introduction of
temporary jobs in Europe increases unemployment and reduces welfare because
these measures have opposite e¤ects on job destruction and job creation. More-
over, Cappellari, Dell�Aringa and Leonardi (2012) perform empirical analysis
to study the e¤ects of two reforms on di¤erent types of temporary contracts
in Italy. First, they �nd that stimulating the hiring of apprentices by relaxing
training requirements and extending their use to people up to 30 years old in-
creases hiring through these contracts and increases productivity. Finally, they
show that making �rms not have to write the speci�c reason for using temporary
workers in the contract leads to higher turnover and lower productivity

Furthermore, Castellani, Lotti and Obando (2020) empirically analyze the
e¤ect of hiring modalities on �rm productivity in the industrial sector in Colom-
bia. They �nd that the income elasticity for temporary workers compared to
that of permanent workers is lower. However, some forms of �exibility may
induce an increase in productivity, but only in small �rms. Dolado, Garcia and
Jimeno (2002) found, empirically, that in Spain, allowing the use of temporary
workers to do permanent activities and lowering the cost of �ring led to an in-
crease in turnover rate and an increase in employment. However, investment in
human capital declined, and wage dispersion increased.

Also, Maurizio (2019) analyzed the e¤ect of temporary employment on wages
in Latin America. He showed that temporary jobs are associated with low sta-
bility, precarious working conditions, and low wages. In fact, it shows that the
penalty associated with being a temporary worker in the region can be as high
as 15%, which increases inequality. Moreover, Eslava, Haltiwanger, and Kugler
(2014) found similar results for Colombia. In this country, temporary contracts
are associated with greater business volatility, less need for skilled labor, and
lower productivity in �rms that are intensive in skilled labor. In addition, Engel-
landta and Riphahn (2005) empirically demonstrated that temporary workers
have greater incentives to work hard, whereas permanent workers have less in-
centive to work hard due to labor protection.

Instead, Hopenhayn and Rogerson (1993) build a dynamic model in order
to analyze the relationship between a job destruction tax and employment, but
without distinguishing between permanent and temporary contracts. The au-
thors conclude that the job destruction tax decreases total employment because
it lowers productivity. Furthermore, Kleinknecht et al. (2009) studied the Dutch
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job creation miracle during the 1980s and 1990s. The authors argue that even
though temporary contracts lead to wage cost savings causing employers to hire
more employees, this does not necessarily translate into increased sales, which
decreases productivity. Lastly, Kluger (2007) analyzes the e¤ect of job security
regulations on the labor market through a di¤erence-in-di¤erences estimation
and a search and matching model in the presence of informality. Using informal
workers as the control group and formal workers as the treated group, he �nds
that reducing �ring costs increases turnover and decreases unemployment.

On the other hand, there are a considerable number studys that have ana-
lyzed the e¤ect of di¤erent policies on informality, poverty, and the labor market.
For instance, It has been demonstrated that informality in the intensive margin
(when formal �rms hire informal employees) and informality in the extensive
margin (whether the company is registered or not) do not always go in the
same direction in the face of policies aimed at formalizing businesses. Also, The
same study found that a decline in informality is not necessarily associated with
an improvement in well-being (Ulyssea 2018). In addition, other research has
found that, although increased enforcement does not increase unemployment,
it increases wages, total output and welfare by allowing a better allocation of
workers to higher productivity jobs and improving competition in the formal
labor market (Meghir, Narita & Robin 2015).

Moreover, El Badaoui and Magnani (2019) study the relationship between
informality, poverty and inequality through a micro-macro simulation approach
in South Africa. They showed that a su¢ ciently high �at tax rate combined
with a transfer paid only to workers reduces the informal sector, inequality
and poverty. Equally, Agénor et al. ( 2006) develops a CGE model for Brazil
indicating that the increase in interest rates increases unemployment, poverty
and inequality. It also causes the wage di¤erential between the informal and
formal sectors to decrease, resulting in an increase in the labor supply in this
sector. Additionally, Bussolo and Lay ( 2006) explain that trade liberalization
in Colombia reduced poverty and informality. The authors used a CGE model
with microsimulations.

Conversely, Akbulut and Taylan (2020) argue that reducing import taxes
increases informality and unemployment in Turkey, whereas increasing import
tari¤ rates expands formal employment. Bourguignon and Savard (2008) cre-
ate a microsimulated CGE model for the Philippines. They show that trade
liberalization reduces poverty and unemployment. The results on wages are
ambiguous. Similarly, Bussolo, Lay, and Van der Mensbrugghe (2006) �nd that
trade liberalization reduces poverty in Brazil. Also, Paquet and Savard ( 2009)
analyze the e¤ect of trade policies on the informal sector using a CGE model
that includes an informal sector that can re-export products from the economy.
They �nd that in Indonesia a reduction in import taxes produces an increase
in the income of the informal sector. The authors argue that a decline in the
exchange rate causes the income of the informal to expand.
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Likewise, Cogneau and Robilliard (2008) study the impact of providing an
agricultural subsidy, creating a part-time work program, and an untargeted
transfer on the informal sector and poverty. All three policies decrease informal
work and increase formal work, which leads to a decrease in poverty. Addition-
ally, Stifel and Thorbecke (2003) build a CGE model with the informal sector
to analyze the e¤ect of trade liberalization in Africa on poverty in the formal
and informal sectors. This paper �nds that trade liberalization reduces poverty
and inequality in the formal sector, but there is no e¤ect in the informal sector.
Also, Arguello et al. (2016) �nd that the mining and oil boom generated a
fall in exports and production in other sectors of the economy. Equally, formal
employment and skilled workers are favored, whereas there is no e¤ect on the
informal sector.

Furthermore, Botero and Correa (2018) examined the impact of three di¤er-
ent changes in the tax system on informality and inequality in Colombia. Firstly,
increasing the value-added tax by maintaining exceptions on some products
leads to an increase in the informality rate and unemployment, and a decrease
in inequality. Secondly, increasing the value-added tax without exceptions pro-
duces the same e¤ects as the previous scenario. Finally, decreasing the corporate
tax decreases informality, increases unemployment, and the inequality remains
unchanged. In addition, Hernández (2011) shows that eliminating para�scal
taxes in Colombia and replacing them with other types of taxes in a general
equilibrium context generates zero e¤ects on the unemployment rate and non-
signi�cant changes in the informality rate.

Likewise, Atuesta and Hewings (2013) build a CGE model with microsimula-
tions to evaluate the e¤ect of drug legalization on unemployment and informal-
ity in Colombia. The authors argue that, when drugs are legalized, informality
increases, and unemployment decreases. In addition, Rodríguez (2012) con-
cludes that the elimination of para�scal taxes and the introduction of new taxes
on the income of corporations and high-skilled workers induces the creation
of formal employment and the reduction of the unemployment rate. Finally,
Osorio-Copete (2016) creates a stochastic CGE model to quantify the e¤ects
of the decrease in non-wage costs borne by the employer made in Colombia
through tax reform in 2012. She �nds that the reform reduced informality and
accelerated the growth of formal employment.

Given the above, existing studies on the e¤ects of temporary employment on
the economy have focused mainly on analyzing labor market outcomes regarding
wages, e¤ort, unemployment rate, and turnover. However, these studies do not
consider either informality or poverty. Some studies have also analyzed the
e¤ect of some policies on informality, poverty, and the labor market. In general,
these studies focus on trade liberalization, tax reforms, the use of transfers,
subsidies, and international trade shocks. Nevertheless, none of these papers
model temporary employment as an alternative form of contracting. Therefore,
this paper will attempt to bring these two approaches together by analyzing
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the e¤ect of improved working conditions for temporary workers on poverty,
informality, and Colombia�s labor market.

3 Data analysis of informality and temporary
work

In this section, we will analyze Colombia�s situation concerning temporary em-
ployment and informality. We will proceed as follows. Firstly, we will analyze
the evolution of informality in Colombia at the monthly level to observe how
it has behaved since 2008, the year in which the Gran Encuesta Integrada de
Hogares (GEIH) began to be conducted. Secondly, based on data from several
countries, Colombia will be compared at the international level regarding the
proportion of temporary employment in total employment. This will help to get
a picture of the magnitude of temporary employment in Colombia. In addition,
the evolution of temporary employment at the monthly level since 2008 will be
analyzed using three di¤erent measures of temporary employment calculated
from the GEIH. Finally, the evolution of temporary employment and informal-
ity are examined simultaneously to provide some intuitions for the theoretical
model.

Figure 1: Informality

Source: Own elaboration based on DANE�s Gran Encuesta Integrada de
Hogares (GEIH).

The de�nition of informality used in this document is the one established
by the Colombian National Administrative Department of Statistics (DANE)
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based on the recommendations of the International Labor Organization (ILO).
Thus, informal employment includes private employees and laborers working in
enterprises with less than �ve workers, unpaid family workers, unpaid workers in
enterprises of other households, domestic employees, day laborers, self-employed
workers in establishments of up to �ve persons who are not professionals, and
employers in enterprises with �ve workers or less. Laborers or government em-
ployees are not considered workers. Figure 1 shows the evolution of this measure
between 2008 and 2019. The red line represents the result of a non-parametric
regression to analyze the trend. It can be observed that informality had a slight
increase between 2008 and 2010, but after this period it has been decreasing.
However, the levels of informality are still of concern. In fact, in December 2019,
the informality rate was 61%.

On the other hand, Figure 2 shows the percentage of temporary employ-
ment in 2019 relative to total dependent workers for several countries from the
Organisation for Economic Co-operation and Development (OECD) database.
According to these data, Colombia has one of the highest levels of temporary
employment compared to the rest of the countries. As a matter of fact, in 2019
the temporary employment percentage was 28.9%, whereas the OECD average
was 11.8%. Likewise, in Colombia, that �gure for young people between the
ages of 15 and 24 amounts to 41.12%. Therefore, temporary employment is
unusually high in Colombia. These unusually high levels of temporary employ-
ment in Colombia become a problematic aspect considering that Colombia has
a high rate of informality.

Figure 2: Temporary employment as a percentage of dependent employ-
ment.
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Source: Own elaboration based on OECD data, 2019.

Additionally, three di¤erent measures of temporary employment were calcu-
lated using the GEIH. The �rst measure refers to the Percentage of employees
with a �xed-Term contract (PFT). The second is the Percentage of employees
with a �xed-Term contract or Service provision contract (PFS). Finally, the
Percentage of employees with a �xed-term contract, service provision contract,
and contracts for a speci�c project or service (PFSP). Besides, these contracts
include arrangements that are both labor and commercial in nature. The de-
nominator used for these calculations was the total number of employees in the
formal sector. The monthly evolution of these three indicators between the
years 2008 and 2019 is shown in Figure 3.

Figure 3 shows that the three forms of measurement follow the same trend.
It can be seen that temporary employment rises with a reasonably steep slope
from 2008 to approximately 2013, and then this trend becomes a little less
pronounced. In December 2019, the temporary employment rates were 28.6%,
32.1%, and 33.5% for the PFT, PFS, and PSFP, respectively. This, together
with an informality level of 61%, means that the Colombian labor market gen-
erates low-quality jobs. The high levels of temporary employment in developing
countries like Colombia have di¤erent implications than in more developed coun-
tries since temporary jobs mean instability, less training, and lower wages. In
fact, in December 2019, 33% of the temporary workers considered their job
unstable in Colombia.
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Figure 3: Temporary work

Source: Own elaboration, based on DANE�s Gran Encuesta Integrada de
Hogares (GEIH)

Alternatively, Figure 3.1 shows the monthly trend of temporary employment
by sector measured as the PFSP. It is observed that the sectors showing an in-
creasing trend in temporary employment during the entire period are Public
Administration and Defense, services and the "Other" category. Moreover, the
mining and quarrying sector shows an increase in the latter part of the period.
By contrast, the construction, industry and commerce sectors show a stable
trend at the end of the period. Finally, the agriculture, livestock, hunting,
forestry, and �shing sector shows an upward trend in the most recent years
studied. An interesting observation is that the percentages of temporary jobs
remain unusually high in most sectors. For instance, en el 2019 for public ad-
ministration and defense the temporary employment was 43%, for the category
"Others" the �gure was 50%, for construction and exploitation of mines and
quarries this �gure was 38%, and for the service sector, the percentage of tem-
porary employment was 37%. The rest of the sectors presented values in the
range of 24% and 25%, higher than the OECD countries�average.

Figure 3.1: Temporary employment trend by sector
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Source: Own elaboration, based on DANE�s Gran Encuesta Integrada de
Hogares (GEIH)

In the main, even though informality in Colombia has shown a decreasing
trend in recent years, the percentage of informal employment remains very high.
On the contrary, temporary employment shows a growing trend regardless of
the type of measure used, reaching unusually high levels compared to other
countries. Likewise, although some sectors show stability or decrease in recent
years in the indicator, the levels of temporary employment are still high. In
conclusion, if the aggregate indicators are taken into account, informality has
shown a decreasing trend whereas temporary employment has increased, which
may mean that part of the formalization carried out in recent years may be
driven to some extent by the increase in formal temporary employment.

4 Model Background

Macroeconomic models usually examine the impact of policies, shocks, and re-
forms on economic aggregates by considering the general equilibrium e¤ects on
the economy. For example, suppose a country needs to assess the e¤ect of elim-
inating production taxes on the economy. In that case, it will certainly have to
consider the subsequent �scal de�cit and include in the analysis the imposition
of alternative taxes to raise the necessary funds to cover the de�cit, given the
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changes in all relative prices in the economy. However, these models do not
allow for the examination of welfare changes at the individual level. Partial
equilibrium microeconomic models do allow for this. Consequently, these mod-
els provide useful information for prioritizing and targeting policies to speci�c
groups of the population but cannot consider general equilibrium e¤ects. In this
case, to analyze the impact of variations in �ring costs on the labor market and
poverty in the presence of informality, it is necessary to include both general
equilibrium e¤ects and variations in the poverty status of each individual.

Macro-micro simulation models consider heterogeneity at the individual level
and the possible general equilibrium e¤ects of a reform or an exogenous shock
under study. These models consist of two modules. The macro module usually
consists of a Computable General Equilibrium Model (CGE) that captures the
dynamics of the aggregate variables and the economy�s relative prices. In con-
trast, the micro module captures the results around individual changes. There
are two ways of modeling this part. The �rst is to use a non-parametric model,
in which individuals change state randomly, without a rational choice. The sec-
ond is to use a behavioral model in which individuals make decisions based on
wages and other variables. In this paper, the micro part will be approached with
a behavioral model because the decisions of individuals in the face of changes
in the wage vectors of temporary, permanent, and informal jobs are considered
relevant. It should also be considered that, depending on the policy evaluation,
more emphasis is placed on one module than the other. Since the interest is in
examining the impact of a llabor reform, emphasis will be placed on the labor
market in the macro module. The following sections describe the modules that
will be used in this document.

5 The macroeconomic model Background

In the macro module, a recursive dynamic CGE model similar in spirit to the
work of Decaluwé et al. (2003) will be used. However, signi�cant changes
will be considered in this paper in terms of the introduction of informality and
temporary and permanent employment. We consider heterogeneous workers in
the sense that there is a probability of job shirk. From the production and labor
demand side, we include some changes. First, we introduce �ring costs to be
paid by the �rm when laying o¤ permanent workers. Moreover, we endogenize
the probability of workers making an e¤ort. Finally, there is an informal market
that only uses labor to produce, does not pay taxes, and does not export goods
and services. On the labor supply side, the worker decides whether to o¤er his
labor to the formal or informal sector. If he o¤ers his labor to the informal
sector, he gets a job immediately since to work as an informal worker is enough
to take a product and start selling it on the street. However, if the worker
decides to o¤er his labor in the formal sector, he plays a lottery to see if he
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gets a job with a certain probability of becoming unemployed. If the worker
gets the job, then he/she plays a lottery once again to see if he/she will be a
temporary or permanent employee. In general, workers decide whether to be
informal or formal, which is in line with recent literature (Bosch & Esteban-
Pretel 2012). However, given the literature review �ndings that temporary jobs
are not desirable, it is assumed that the worker does not decide whether to
be temporary or permanent, but that this is a �rm�s decision. The following
sections describe the modules that will be used in this document. The following
section will describe the general structure of the model. Once this is done,
another section will show the labor market details of the model.

5.1 Macro model overview

This part will describe the general structure of the model. For this purpose,
a scheme of the economic structure will be used. In this sense, in the upper
left part of Figure 5, it is observed that the formal composite labor (LDCFj;t)
is formed by the optimal demands of temporary (LDF

te;j;t) and permanent
(LDF

pe;j;t) labor, which result from the �rm�s cost minimization problem taking
into account the e¤ort and �ring costs (this will be explained in more detail
later). It is also observed that there is a composite capital (KDCFj;t) resulting
from the combination of di¤erent types of capital i (KDi;j;t). Formal com-
posite labor and composite capital are combined through a CES function to
generate formal value-added (V AFj;t). Likewise, formal aggregate intermediate
consumption (CIFj;t) results from combining di¤erent types of formal interme-
diate products (DIFj;t) through a Leontief function. Then, formal value-added
and formal aggregate intermediate consumption generate total formal produc-
tion (XSTFj;t), and this, in turn, is exported (EX

F
j;t) or sold on the domestic

market (DDF
t ). What is sold in the domestic market, together with imports

(IMF
t ), are aggregated through a CES to obtain the quantity demanded of the

formal composite good (QFt ).

On the other hand, in the lower right part of Figure 4 is the structure of the
informal sector. Informal value-added (V AIj;t) is produced using only informal
labor demand. Likewise, informal intermediate aggregate consumption (CIIj;t)
is produced through a Leontief function using di¤erent informal intermediate
products (DIIj;t) as input. The total output of the informal sector (XST

I
j;t) is

obtained by combining informal aggregate intermediate consumption and infor-
mal value-added through a Leontief function. The total output of the informal
sector is not exported, and there are no informal imports, so the informal prod-
ucts sold and purchased (DDI

t ) in the local market correspond to those produced
within the country.

Figure 4: Macro model structure
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Source: Own elaboration

Furthermore, the quantity demanded of the formal composite good, and
the quantity demanded of the informal good is added to obtain the quantity
demanded of the economy�s composite good. Finally, all the demands of the
economy buy that composite good. These demands refer to consumption (Ci;h),
investment (INV ), change in stocks (V STK), demand for intermediate goods
(DIT ), demand for goods such as trade or transport margin (MRGN), and
demand by the government (CG). Special attention is given to the demand
for consumption since before the household decides how much to consume, it
must �rst maximize its income (this will be explained later). In this document,
the explanation will be focused on the aspects of the labor market due to the
objectives of the research. However, the equations of the entire model can be
consulted in detail in Appendix 1 at the end of this document. The following
section will explain the labor market in the model.

5.2 The labor market in the Model

5.2.1 Households

In a typical computable general equilibrium model, household income is given,
and households only make decisions around their consumption to maximize their
utility. However, in our model, household income will be determined by choos-
ing the proportion of formal and informal workers in the household. Therefore,
these decisions are modeled in two stages. First, the household decides what
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proportion of its workers it allocates to formal work and what proportion it
allocates to informal work. Once the household has made the above decisions,
it maximizes its utility. These stages can be summarized: i) income maximiza-
tion; ii) utility maximization. This speci�cation implies Hicksian separability.
Likewise, in line with recent literature on informality, workers choose between
being informal or formal in the model.

Note that the household does not decide the proportion of workers it assigns
to temporary or permanent work. This decision is made by the company and
will be explained below . In addition, heterogeneity is assumed among workers
in that there are some who work hard and others who do not. Hence, the income
of households also depends on the rate at which they exert themselves because if
they do not, they are �red with a certain probability. This section is organized
into two parts. First, we micro-found the e¤ort rates of each type of worker.
Finally, we analyze the household�s decision concerning the allocation between
formal and informal employment.

E¤ort rates A shirking worker can be found out and be �red with a certain
probability and stop receiving income, so it is crucial to make this decision
explicit through its micro-foundation. Accordingly, this will be done for both
temporary and permanent workers.

E¤ort rate for temporary workers We �rst derive the e¤ort function
for temporary workers. Thus, the temporary worker�s earnings are posed for
the scenario in which he or she evades and in which he or she does not evade.
If the temporary worker does not shirk, he/she gains the following

V hTN = lnW
F
te;j;t � b+ ln (1� "te) + �hTN (1)

Where where V hTN is the net compensation of a temporary worker who does
not shirk, WF

te;j;t is the temporary worker�s wage in industry j, "te is the tempo-
rary worker�s e¤ort level, �hTN is a idiosyncraticvariable and b is the non-wage
cost of being a temporary worker due to uncertainty and other disadvantages
. The net compensation of a temporary worker who does not shirk depends
positively on the temporary wage and negatively on the e¤ort he/she makes.
Furthermore, b is negatively related to the worker�s net earnings. On the other
hand, the utility of a worker who shirks is

V hTS = �
�
lnW I

l;t � a
�
+ (1� �)

�
lnWF

te;j;t � b
�
+ �hTS , a > b (2)
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Where where V hTS is the net compensation of a temporary shirking worker,
W I
l;t is the informal worker�s wage in industry j, � is the probability of being

caught shirking, �hTS is a idiosyncraticvariable and a is the non-wage cost of
being a informal worker due to uncertainty and other disadvantages. The net
compensation of a temporary worker who shirks is a weighted average, where
the weights are the probability of being caught (�) and the probability of not
being caught (1 � �). If the worker is captured and therefore �red, then the
worker must go to the informal sector and earn the informal wage, but su¤er the
consequences of �lling an informal vacancy. In this scenario the net gain of the
temporary worker would be lnW I

l;t�a. If the worker is not discovered, then the
temporary worker�s earnings would depend on the temporary wage and the non-
wage costs of being a temporary worker (lnWF

te;j;t�b), but without experiencing
disutility from the e¤ort (1� "Fte).

Given the above, for a worker to decide to shirk, the net compensation for
shirking must be greater than that obtained by not shirking, that is

V hTS � V hTN (3)

Using Equations (1) and (2), Equation (3) implies

�hTS � �hTN � �a+ � ln
WF
te;j;t

W I
l;t

�
1� "Fte

�
� �b

Assuming that �hTS and �
h
TN follow a Weibull distribution, the di¤erence

between these two distributions implies that

�hTS � �hTN �
1

1 + 1

(1�"Fte)�T
(W I

l;t)
�

(WF
te;j;t)

�

Let �te = e�(a�b), then the probability that a temporary worker drawn
randomly from the employed population chooses not to shirk is

fFte;j;t =
1

1 + 1

(1�"Fte)�T
(WRte;j;t)

�� (4)

Where WRte;j;t is the relative wage of a temporary worker with respect to

the informal wage (
WF

te;j;t

W I
l;t

). It is observed that the probability of not shirking
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depends negatively on the e¤ort of temporary workers. Intuitively, if the tem-
porary worker puts more e¤ort than he/she should into his job, he is more likely
to plan to shirk at some point, given the disutility this generates. Additionally,
if the temporary worker�s relative wage increases, this probability increases.
This result is in line with the e¢ ciency wage theory, which holds that workers
exert more e¤ort when assigned an optimal wage that motivates them to per-
form their tasks. Finally, when �te increases so does the e¤ort probability. This
means that the higher the non-wage cost di¤erential (a-b) between informal and
temporary jobs, the higher the e¤ort probability. Hence, the non-wage costs of
being informal act as a threat that causes temporary workers not to shirk.

E¤ort rate for permanent workers To obtain the e¤ort rate for perma-
nent workers, the procedure will be similar to that used for temporary workers.
The net compensation of a permanent worker who does not elude is

V hPN = lnW
F
pe;j;t + b+ ln

�
1� "Fpe

�
+ �hPN (5)

Where where V hPN is the net compensation of a permanent worker who does
not shirk,WF

te;j;t is the permanent worker�s wage in industry j, "
F
pe is the perma-

nent worker�s e¤ort level, �hPN is a idiosyncraticvariable and b is the non-wage
bene�t of being a permanent worker due to to stability and other disadvantages
. The net compensation of a permanent worker who does not shirk depends
positively on his/her wage and negatively on the e¤ort he/she makes. Besides,
the net compensation of being a shirking permanent worker is

V hPS = �
�
lnW I

l;t � a
�
+ (1� �)

�
lnWF

pe;j;t + b
�
+ �hPS (6)

Where where V hTS is the utility of a permanent shirking worker and �
h
PS is a

idiosyncratic variable. Similarly, the net compensation of a permanent worker
who shirks is a weighted average, where the weights are the probability of being
caught (�) and the probability of not being caught (1 � �). If the permanent
worker is captured shirking and therefore �red, then the worker must go to
the informal sector and earn the informal wage, but su¤er the consequences of
�lling an informal vacancy. Therefore, the net gain of the permanent worker
would be lnW I

l;t � a. In contrast, if the permanent worker is not caught, then
the worker�s earnings would depend on the permanent wage and the non-wage
bene�t of being a permanent worker (lnWF

pe;j;t + b), but without experiencing
disutility from the e¤ort (ln 1� "Fpe).

In order for a permanent employee to shirk his/her responsibilities, the fol-
lowing must be met
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V hPS � V hPN (7)

Using Equations (5) and (6), Equation (7) implies

�hPS � �hPN � ln
 
WF
pe;j;t

W I
l;t

!� �
1� "Fpe

�
+ �(b+ a)

Se asume que �h sigue una districución gumbel, la diferencia entre estas dos
distribuciones es una función logit

�hPS � �hPN �
1

1 + 1

(1�"Fpe)e�(b+a)
(W I

l;t)
�

(WF
pe;j;t)

�

Let �pe = e�(a+b), then the probability that a permanent worker drawn
randomly from the employed population chooses not to shirk is

fFpe;j;t =
1

1 + 1

(1�"Fpe)�pe
(WRpe;j;t)

��

Where WRpe;j;t is the relative wage of a permanent worker with respect to

the informal wage (
WF

pe;j;t

W I
l;t

). The probability of no shirk is increasing in relative

wage and decreasing in the e¤ort. Likewise, F depends positively on delta_P.
This means that the higher a and b are, the higher the probability that the
permanent worker will exert e¤ort.

Elasticity of f To generalize the above, we use the index l to denote

the type of workers. There are two types of workers, permanent and transitory
workers. If the workers are permanent workers l = pe, and if they are temporary
workers m = te. Thus, the percentage of workers exerting e¤ort in each type of
workers is denoted by fFm and is equal to:

fFl;j;t =
1

1 + 1
(1�"l)�l

�
WF

l;j;t

W I
l;t

��� ; l = fpe; teg:
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Similarly, the relative wage of formal workers with respect to informal work-
ers as

WRl;j;t =
WF
l;j;t

W I
l;t

; m = fpe; teg:

Hence

fFl;j;t =
1

1 + 1
(1�"l)�l (WRl;j;t)

�� ; m = fpe; teg: (8)

Now, to �nd the elasticity of f with respect to the wage, we proceed as
follows. First, we take the logarithm of (8)

ln
�
fFl;j;t

�
= ln

 
1

1 + 1
(1�"l)�l (WRl;j;t)

��

!
= ln (1)�ln

�
1 +

1

(1� "l) �l
(WRl;j;t)

��
�

Thus,

ln(fFl;j;t) = � ln
�
1 +

1

(1� "l) �l
(WRl;j;t)

��
�

Then, deriving ln(fFl;j;t) with respect to W
F
l;j;t we get

@fFl;j;t
@WF

l;j;t

= �

�
fFl;j;t

��
1� fFl;j;t

�
WF
l;j;t

Dividing this by fFl;j;t gives

@fFl;j;t
@WF

l;j;t

WF
l;j;t

fFl;j;t
= �

�
1� fFl;j;t

�
(9)

The elasticity of f with respect to the wage is positive if and only if
�
1� fFl;j;t

�
>

0.
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Income maximization Now that the e¤ort rates are known, the household
income maximization problem can be analyzed. Household income ( Y HLh;t)
depends on the proportion of workers employed in both formal (LSh;F;t) and
informal (LSh;I;t) jobs. The household makes such a decision subject to a
Constant Elasticity of Transformation (CET) function. Thus, it is assumed that
these types of work are not perfect substitutes and that an optimal combination
of both types of work must be selected.

Before setting out the household�s program, let us de�ne

LSI;t =
X
h

LSh;I;t

LSFls_ft;t =
X
h

LSh;F;t

On the other hand, the household must consider that the formal sector
wage is uncertain because it is subject to the probability of obtaining formal
employment and the probability of obtaining a temporary or permanent job.
Hence, the household maximizes its income based on the expected wage in the
formal sector

�
W e
F;t

�
W e
F;t =

�
PUFt � 0

�
+
�
1� PUFt

�X
j


Fj;t
�
�Fj;t

��
�fFte;j;t + 1� �

�
WF
te;j;t + c

F
te�
�
1� fFte;j;t

��
+
�
1� �Fj;t

� ��
�fFpe;j;t + 1� �

�
WF
pe;j;t + c

F
pe�

�
1� fFpe;j;t

���

The expected wage in the formal sector is a weighted average between what
the worker receives when he/she does not �nd a job (nothing) and what he/she
receives when is hired. The probability of not �nding a job is PUFt , which is
de�ned as the ratio of the number of unemployed to the total formal labor sup-

ply
�

�t
LSFls_ ft;t

�
. If the worker is hired, he receives a weighted average between

the wage of temporary jobs and the wage of permanent jobs. Likewise, the
probability of �nding a job in industry j is 
Fj;t, which is the ratio between the
demand for labor in industry j and the total labor demand for labor in all indus-

tries
�

LDCF
j;tP

j LDC
F
j;t

�
. The probability of �nding a temporary job in the industri

j is �Fj;t, which is de�ned as the division between the demand for temporary

labor and the total demand for labor in the formal sector
� P

j LDFT;;j;tP
j

P
m LDFm;;j;t

�
.

Moreover, if the job found is temporary, the probability of e¤ort weights its
income. The proportion of labor that the household allocates to temporary
work that exerts e¤ort gets fFte;j;tW

F
te;j;t, whereas the proportion of temporary

labor allocated that does not exert e¤ort gets (1� �)
�
1� fFte;j;t

�
WF
te;j;t. Note

that the household receives
�
1� fFte;j;t

�
WF
te;j;t only if it is not caught shirking,
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hence it is multiplied by (1� �). Thus, the representative household solves the
programme

Max
LSh;I;t;LSh;F;t

Y HLh;t= W I
l;tLSh;I;t +W

e
F;tLSh;F;t

Or equivalently

Max
LSh;I;t;LSh;F;t

W I
l;tLSh;I;t +

�
1� PUFt

�P
j 


F
j;t

�
�Fj;t

��
�fFte;j;t + 1� �

�
WF
te;j;t + c

F
te�
�
1� fFte;j;t

��
+
�
1� �Fj;t

� ��
�fFpe;j;t + 1� �

�
WF
pe;j;t + c

F
pe�

�
1� fFpe;j;t

���

Subject to

LSh;t =

�
 I (LSh;I;t)

1+�LS

�LS +  F (LSh;F;t)
1+�LS

�LS

� �LS

1+�LS

Where LSh;I;t is the informal labor supply and LSh;F;t is the formal labor
supply. Also, W I

l;tLSh;I;t is the income received by the household for work-
ers it assigns to informal work and W e

F;tLSh;F;t is the income received by the
household due to the workers assigned to formal jobs. Furthermore,  I and
 F are the CET share parameters corresponding to informal and formal work,
respectively. Then, Lagrangian for the maximization problem is

L =W I
l;tLSh;I;t

+
�
1� PUFt

�X
j


Fj;t
�
�Fj;t

��
�fFte;j;t + 1� �

�
WF
te;j;t + c

F
te�
�
1� fFte;j;t

��
+
�
1� �Fj;t

� ��
�fFpe;j;t + 1� �

�
WF
pe;j;t + c

F
pe�

�
1� fFpe;j;t

���
LSh;F;t

� �

24� I (LSh;I;t) 1+�LS�LS +  F (LSh;F;t)
1+�LS

�LS

� �LS

1+�LS

� LSh;t

35
The �rst-order conditions are

@L
@LSh;I;t

= 0,

W I
l;t��

264� I (LSh;I;t) 1+�LS�LS +  F (LSh;F;t)
1+�LS

�LS

�� 1
1+�LS

 I (LSh;I;t)
1

�LS

375 = 0
(10)

@L
@LSh;F;t

= 0)
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�
1� PUFt

�X
j


Fj;t
�
�Fj;t

��
�fFte;j;t + 1� �

�
WF
te;j;t + c

F
te�
�
1� fFte;j;t

��
+
�
1� �Fj;t

� ��
�fFpe;j;t + 1� �

�
WF
pe;j;t + c

F
pe�

�
1� fFpe;j;t

���
(11)

= �

264� I (LSh;I;t) 1+�LS�LS +  F (LSh;F;t)
1+�LS

�LS

�� 1
1+�LS

 F (LSh;F;t)
1

�LS

375

@L
@�

=

�
 I (LSh;I;t)

1+�LS

�LS +  F (LSh;F;t)
1+�LS

�LS

� �LS

1+�LS

� LSh;t = 0 (12)

Dividing (10)/(11) we found the relative supplies

LSh;I;t =
�
 F
 I

��LS � W I
l;t

(1�PUF
t )

P
j 


F
j;t[�Fj;t((�fFte;j;t+1��)WF

te;j;t+c
F
te�(1�fFte;j;t))+(1��Fj;t)((�fFpe;j;t+1��)WF

pe;j;t+c
F
pe�(1�fFpe;j;t))]

��LS
LSh;F;t

(13)

To �nd the formal job supply we replace (13) in (12)

LSh;F;t =

0B@ ( I)
�LS �

W e
F;t

�1+�LS
( F )

1+�LS
�
W I
l;t

�1+�LS
+  F ( I)

�LS
�
W e
F;t

�1+�LS
1CA

�LS

1+�LS

Or equivalent

LSh;F;t =

 
1

 F

W eF

tcW
!�LS

LSh;t (14)

Where

cW =

0@ I
 
W I
l;t

 I

!1+�LS
+  F

�
W e
F;t

 F

�1+�LS1A
1

1+�LS

The formal job supply depends positively on the employment rate and the
weighted average between the wage of temporary workers and formal workers.
It should be noted that generally, the wage of temporary workers in Colombia is
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lower than for formal workers. Therefore if the proportion of those employed in
temporary jobs with respect to the total number of employed increases

�
�Fj;t

�
,

the weighted average will decrease, negatively a¤ecting the formal labor supply.
This is quite interesting because it captures the intuition that high levels of
temporary jobs in the formal sector decrease formal labor supply. Also, it can
be observed that the informal sector wage negatively a¤ects the formal labor
supply.

On the other hand, to �nd the informal labor supply we replace (14) in (12)
to get

LSh;I;t =

 
1

 I

W I
l;tcW
!�LS

LSh;t (15)

The informal labor supply depends positively on the informal wage. On the
other hand, the informal labor supply depends negatively on the employment
rate and the weighted average between temporary workers�wages and those of
formal workers.

Utility maximization When the household chooses its optimal combination
of temporary and permanent labor, it decides how much to consume, subject to a
budget constraint in order to maximize its utility. A Stone-Geary utility function
is assumed. The intuition behind this utility function is that the household �rst
secures its subsistence consumption and the remaining budget is allocated to
other goods according to its preferences. The utility function is

Uh;t = �
i

�
Ci;h;t � CMIN

i;h;t

�LESi;h where
X
i

LESi;h = 1

This is equivalent to

lnUh;t =
X
i

LESi;h ln
�
Ci;h;t � CMIN

i;h;t

�
The budget constraint is:

X
i

PCi;tCi;h;t = CTHh;t

Thus, the Lagrangian is
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Lh =
X

i

LESi;h ln
�
Ci;h;t � CMIN

i;h;t

�
� �

 X
i

PCi;tCi;h;t � CTHh;t

!

The �rst-order conditions are

@Lh
@�

=
X
i

PCi;tCi;h;t � CTHh;t = 0 (16)

@Lh
@Ci;h;t

= LESi;h

1

Ci;h;t � CMIN
i;h;t

��PCi;t = 0) �PCi;t
�
Ci;h;t � CMIN

i;h;t

�
= LESi;h

(17)

Suming (17) over i and remembering that
P
i

LESi;h = 1 we obtain

�
X
i

PCi;t
�
Ci;h;t � CMIN

i;h;t

�
=
X
i

LESi;h = 1)

X
i

PCi;t
�
Ci;h;t � CMIN

i;h;t

�
=
1

�

From (16) we know that

X
i

PCi;tCi;h;t = CTHh;t

Hence

CTHh;t �
X
i

PCi;tC
MIN
i;h;t =

1

�

Replacing this in (17), we obtain the demand function

PCi;tCi;h;t = PCi;tC
MIN
i;h;t + LESi;h

 
CTHh;t �

X
i

PCi;tC
MIN
i;h;t

!
(18)

Where Ci;h;t is the consumption of good i by household type h, CMIN
i;h;t is

the minimum consumption of good i by household type h, LESi;h is the mar-
ginal share of good i in the budget of household type h, and CTHh;t is the
consumption budget of household type h.
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5.2.2 Labor demand and wages

In the general equilibrium model, composite labor is input to value-added. Thus,
the �rm selects the labor composition that minimizes labor cost. In our context,
the �rm must select the optimal amount of permanent and temporary labor
used in the form of composite labor in value-added. Moreover, we allow for
heterogeneity among workers in terms of e¤ort. Therefore, the �rm selects
e¢ ciency wages to incentivize workers not to shirk since there is a probability
that they will not exert e¤ort. Consequently, wages will be above the equilibrium
point, which leads to unemployment. Also, if the �rm catches a shirking worker,
it will have to pay a cost to �re him. The unit cost of a worker of type l (gl) is

gFl;j;t =
�
fFl;j;t + (1� �)

�
1� fFl;j;t

��
WTIFl;j;t + c

F
l �
�
1� fFl;j;t

�
+ EFl;t (19)

g =
�
1� � + �fFl;j;t

�
WTIFl;j;t + c

F
l �
�
1� fFl;j;t

�
+ EFl;t

With

WTIFl;j;t =
�
1 + ttiwFl;j;t

�
WF
l;j;t

EFpe;t > EFte;t = 0

In equation (19), fFl;j;tWTIFl;j;t are the wages paid to workers who exert ef-

fort (including payroll taxes ttiwFl;j;t), (1� �)
�
1� fFl;j;t

�
WTIFl;j;t are the wages

paid to workers who do not exert e¤ort and are not detected by the �rm (in-
cluding payroll taxes ttiwFl;j;t), E

F
l;t is the cost of training an employee and

cFl �
�
1� fFl;j;t

�
WF
l;j;t are the costs of �ring workers who do not exert e¤ort and

are detected by the �rm, which are proportional to the wages. Therefore, the
company minimizes its costs taking into account an aggregator function. Using
the l-index, the minimization problem is expressed as:

min
X
l

gFl;j;tLD
F
l;j;t

Subject to

LDCFj;t = BLDFj

�
�LD

F

pe;j

�
AFpe"

F
pef

F
pe;j;tLD

F
pe;j;t

���1
� + �LD

F

te;j

�
AFte"

F
tef

F
te;j;tLD

F
te;j;t

���1
�

� �
��1

With
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AFpe > AFte = 1

In this program, LDCFj;t represents composite work, LD
F
l;j;t the demand for

l-type work, AFl the productivity of l-type work, A
F
l the e¤ort of l-type work

and fFl;j;t is the e¤ort rate of l-type work. B
LDF
j is the scale parameter of the

CES function, and �LD
F

l;j is the CES share parameter corresponding to l�type
work. The Lagrangian is

L =
X
m

gFl;j;tLD
F
l;j;t��

"
BLDFj

�
�LD

F

pe;j

�
AFpe"

F
pef

F
pe;j;tLD

F
pe;j;t

���1
� + �LD

F

te;j

�
AFte"

F
tef

F
te;j;tLD

F
te;j;t

���1
�

� �
��1

� LDCFj;t

#

The �rst-order conditions are

@L
@mLDF

l;j;t

= 0, gFl;j;t = �BLDFj

�
�LD

F

pe;j

�
AFpe"

F
pef

F
pe;j;tLD

F
pe;j;t

���1
� + �LD

F

te;j

�
AFte"

F
tef

F
te;j;tLD

F
te;j;t

���1
�

� �
��1�1

�LD
F

l;j

�
AFl "

F
l f

F
l;j;t

���1
�
�
LDF

l;j;t

��1
�

(20)

@L
@WF

l;j;t

= 0, @gFl;j;t
@WF

l;j;t

LDF
l;j;t = �BLDFj

�
�LD

F

pe;j

�
AFpe"

F
pef

F
pe;j;tLD

F
pe;j;t

���1
� + �LD

F

te;j

�
AFte"

F
tef

F
te;j;tLD

F
te;j;t

���1
�

� �
��1�1

�LD
F

l;j

�
AFl "

F
l LD

F
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We �rts devire the labor demands. Using (20), demands for temporal and
permanente workers are divided
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Now we �nd the wages. Replacing (20) in (21), we �nd
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The equilibrium e¢ ciency wage is found at the point where the elasticity
of the rate of e¤ort with respect to the wage equals the elasticity of unit labor
costs with respect to the wage. To �nd the equilibrium wage explicitly, (9) and
gFl;j;t are used.
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Then, we replace (9) and (24) in (23) to obtain
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The left side of this equation is a decreasing function of WF
l;j;t and the right

side is an increasing function of WF
l;j;t.
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6 The microsimulation model Background

The results of the macro model will feed into the microsimulation model. We
will use a methodology similar to Tiberti, Cicowiez, and Cockburn ((Tiberti,
Cicowiez, Cockburn et al. 2018) 2018) but emphasizing the informal sector,
formal temporary jobs, and formal permanent jobs. Incomes by type of worker
are going to be estimated, changes in price vectors from the CGE are going to
introduced into the model, and distributional analysis will be performed.

7 Preliminary results

In this section, some preliminary results (using �ctitious data) will be discussed
regarding the e¤ects of modi�cation of dismissal costs on some results of the
labor market in the presence of informality and temporary work. Speci�cally,
the consequences of eliminating the cost of �ring permanent workers on labor
demands, wages, unemployment rate, and households and �rms�income will be
analyzed. Initially, it is assumed that companies do not have to pay any cost for
�ring temporary workers. This exercise is interesting because one of the main
arguments in favor of reducing �ring costs is that they discourage hiring formal
labor and make �rms unable to adequately adapt to the economic cycle when
needing to �re workers. However, in the presence of informality and temporary
work, eliminating �ring costs can cause losses in company income, discourage
the supply of formal labor, and negatively a¤ect income distribution among
households.

In this respect, Figure 5 shows the evolution of formal labor demand after
eliminating �ring costs for formal sectors. It can be seen that the elimination
of dismissal costs has a positive e¤ect on formal labor demand in the services
(ser_F), agriculture (agr_f), and public administration (adm_F) sectors. How-
ever, the industry sector (ind_F) shows negative variations in formal wages.
Most sectors�behavior is in line with the expected since formal labor becomes
less expensive.
Figure 5: Total demand for formal labor
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Source: Own elaboration

Moreover, the demand for temporary work decreases in the public adminis-
tration and industry sectors but increases in the agriculture sector (Figure 6).
The decrease in demand for temporary work in the public administration and
industry sectors occurs because permanent work is more productive, which is
why companies will prefer this type of work. This behavior is as expected given
the literature review. The agricultural sector behaves especially because, given
the initial data of the model, it is intensive in temporary work. However, the
demand for permanent work (Figure 7) increases in the public administration,
agriculture, and services sectors. It is observed that the increase in the demand
for permanent work in the agricultural sector is much more signi�cant than the
increase in the demand for temporary work in this sector. These results are as
expected because, although all formal work becomes less expensive, permanent
work is more productive and therefore will be demanded to a greater extent by
companies.
Figure 6: Temporary formal labor demand
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Source: Own elaboration

Figure 7: Permanent formal labor demand

Source: Own elaboration
Figure 8: Informal labor demand
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Source: Own elaboration
Figure 9: Unemployment rate

Source: Own elaboration

In addition, as can be seen in �gure 8, the demand for informal work de-
creases in the informal sectors of services and industry but increases in the
informal agricultural sector. The e¤ect on the service and industrial sectors is
as expected due to the corresponding rise in the demand for formal work. In
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general terms, taking into account the graphs that have been analyzed in this
section, it can be said that formal work becomes cheaper in general terms and
increases its demand in most formal industries. In contrast, informal work is
demanded to a lesser extent in most informal industries. It follows that elimi-
nating permanent job layo¤ costs can have positive results in terms of increasing
formal job recruitment. Added to this is the decrease in the unemployment rate
(Figure 9).

Up to this point, the results in terms of the labor market have been posi-
tive: less demand for informal labor and more demand for formal labor in most
sectors. However, it is still necessary to look at the consequences related to the
labor supply, wages, and income of households and �rms. Figure 10 shows that
the informal labor supply increases whereas the formal labor supply decreases
dramatically. This occurs because eliminating dismissal costs for permanent
workers makes the formal labor market less attractive, and households prefer
to work in the informal sector. Likewise, Figure 11 informs that the formal
expected wage experiences a drastic decrease, whereas the informal wage shows
an increase, which justi�es what is expressed in Figure 10.
Figure 10: Formal labor supply

Source: Own elaboration
Figure 11: Formal expected salary and informal salary
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Source: Own elaboration

Another important aspect is the one referring to the income of households
and �rms. From Figure 12, it can be deduced that the poor rural households
(hrp) and the poor urban households (hup) are those that su¤er a more vehe-
ment reduction in their income, whereas that the rich urban households (hur)
present a decrease in their income but to a lesser extent. Finally, the Rich
rural households (hrr) experience an increase in their income. Therefore, the
less favored households su¤er most vehemently from the adverse e¤ects of the
reform.
Figure 12: Household income

Source: Own elaboration

Finally, the income of formal �rms is negatively a¤ected, which re�ects that
the decrease in their costs is not necessarily re�ected in an increase in income
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(Figure 13). Moreover, the same pattern is shown in Figure 14, that is, in-
formal �rms experience a negative variation in their income. Roughly, the in-
comes of most households are negatively a¤ected, especially those of less favored
households, and �rms�incomes do not experience any improvement, rather they
worsen. Therefore, although some positive results are obtained in the labor
market, after the reform, people o¤er less work in the formal sector, and the
income of households and �rms falls.
Figure 13: Formal �rm income

Source: Own elaboration

Figure 14: Informal �rm income

Source: Own elaboration
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8 Concluding remarks

One of the most signi�cant constraints in the �ght against poverty is the lack
of an equitable and inclusive labor market. The persistence of high levels of
informality means that many of the population in developing countries have
poor working conditions and low incomes. This is compounded by the growing
expansion of temporary contracts in these countries. This form of contracting
is associated with wage penalties, few training opportunities, job instability,
and health problems. Therefore, formalization alone is not enough to reduce
the gaps. There is a need for a joint policy that takes these two spheres into
account.

The simulation exercise with �ctitious data allows analyzing some impor-
tant relationships that can be useful when executing labor reforms. In fact,
although it may be evident that eliminating the costs of �ring permanent work-
ers motivates companies to hire more formal labor, the results show that this
can make the formal market less attractive to households, cause lower wages in
the economy and lower the income of the poorest. In this sense, although the
unemployment rate decreases, this occurs at the expense of creating precarious
jobs.
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9 Appendix 1: Equations
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9.2 Labor supply

�Fj;t =
LDF

te;j;t

LDCFj;t
(47)


Fj;t =
LDCFj;tP
j LDC

F
j;t

(48)

�t = LSFls_ft;t �

0@X
j

LDCFj;t

1A (49)

41



PUFt =
�t

LSFls_ft;t
=
LSFls_ft;t �

�P
j LDC

F
j;t

�
LSFls_ft;t

(50)

W eF

t =
�
PUFt � 0

�
+
�
1� PUFt

�P
j 


F
j;t

�
�Fj;t

��
�fFte;j;t + 1� �

�
WF
te;j;t + c

F
te�
�
1� fFte;j;t

��
+
�
1� �Fj;t

� ��
�fFpe;j;t + 1� �

�
WF
pe;j;t + c

F
pe�

�
1� fFpe;j;t

���
(51)

cWt =

0@ I
 
W I
l;t

 I

!1+�LS
+  F

 
W eF

t

 F

!1+�LS1A
1

1+�LS

(52)

cWtLSh;t =W I
l;tLSh;I;t +W

eF

t LSh;F;t (53)

LSh;F;t =

 
1

 F

W eF

tcW
!�LS

LSh;t (54)

LSh;I;t =

 
1

 I

W I
l;tcW
!�LS

LSh;t (55)

LSh;t =

�
 I (LSh;I;t)

1+�LS

�LS +  F (LSh;F;t)
1+�LS

�LS

� �LS

1+�LS

(56)

LSFls_ft;t =
X
h

LSh;F;t (57)

LSI;t =
X
h

LSh;I;t (58)

LSt = LSF;t + LSI;t (59)

9.3 Income and Savings
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0@X
j
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1A (64)

Y HTRh;t = Y HTRIh;t + Y HTR
F
h;t (65)

Y HTRIh;t =
X
ag

TRIh;ag;t = 0 (66)

Y HTRFh;t =
X
ag

TRFh;ag;t (67)

Y DHh;t = Y Hh;t � TDHh;t � TRgvt;h;t (68)

CTHh;t = Y DHh;t � SHh;t �
X
agng

TRagng;h;t (69)

SHh;t = PIXCON�
t sh0h;t + sh1h;tY DHh;t (70)

9.3.2 Firms

Y FFFF;t = Y FKF
FF;t + Y FTR

F
FF;t (71)

Y FKF
FF;t =

X
k

�RK
F

FF;k

0@X
j

RFk;j;tKD
F
k;j;t

1A (72)

Y FTRFFF;t =
X
ag

TRFF;ag;t (73)

Y DFFFF;t = Y FFFF;t � TDFFF;t (74)

SFFFF;t = Y DFFFF;t �
X
ag

TRag;FF;t (75)

Y F IFI;t = Y FKI
FI;t + Y FTR

I
FI;t (76)

Y FKI
FI;t =

X
k

�RK
I

FI;k

0@X
j

RIk;j;tKD
I
k;j;t

1A (77)
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Y FTRIFI;t =
X
ag

TRFI;ag;t = 0 (78)

Y DF IFI;t = Y F IFI;t (79)

SFFI;t = Y DFFFI;t �
X
ag

TRag;FI;t (80)

9.3.3 Government

Y Gt = Y GKt+ TDHTt+ TDFTt+ TPRODNt+ TPRCTSt+ Y GTRt (81)

Y GKt =
X
k

�RK
F

gvt;k

0@X
j

RFk;j;tKD
F
k;j;t

1A (82)

TDHTt =
X
h

TDHh;t (83)

TDFTt =
X
FF

TDFFF;t (84)

TPRODNt = TIWTt + TIKTt + TIPTt (85)

TIWTt =
X
l;j

TIWF
l;j;t (86)

TIKTt =
X
k;j

TIKF
k;j;t (87)

TIPTt =
X
j

TIPFj;t (88)

TPRCTSt = TICTt + TIMTt + TIXTt (89)

TICTt =
X
i

TICi;t (90)

TIMTt =
X
i

TIMi;t (91)

TIXTt =
X
i

TIXi;t (92)

Y GTRt =
X
agng

TRgvt; agng ;t (93)
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TDHh;t = PIXCON�
t ttdh0h;t + ttdh1h;t

�
Y HF

h;t

�
(94)

Y HF
h;t = �WLF

h;pe W
eF

t LSFh;t + �
WLF

h;te W eF

t LSFh;t + Y HK
F
h;t + Y HTR

F
h;t (95)

TDFFF;t = PIXCON�
t ttdf0FF;t + ttdf1FF;tY FK

F
FF;t (96)

TIWF
l;j;t = ttiwFl;j;tW

F
l;j;t

��
1� � + �fFl;j;t

�
LDF

l;j;t

�
(97)

TIKF
k;j;t = ttikFk;j;tR

F
k;j;tKD

F
k;j;t (98)

TIPFj;t = ttipFj;tPP
F
j;tXST

F
j;t (99)

TICi;t = ttici;t

24 �PLFi;t +Pij PCij;ttmrg
F
ij;i

�
DDF

i;t

+
�
(1 + ttimi;t)PWMi;tet +

P
ij PCij;ttmrg

F
ij;i

�
IMF

i;t

35
(100)

TIM i;t = ttimi;tPWMi;tetIM
F
i;t (101)

TIXi;t = tixi;t

0@PEFi;t +X
ij

PCij;ttmrg
XF

ij;i

1AEXDF
i;t (102)

SGt = Y Gt �
X
agng

TRagng;gvt;t �Gt (103)

9.3.4 Rest of the world

Y ROWt = et
X
i

PWMi;tIM
F
i;t+

X
k

�RK
F

row;k

0@X
j

RFk;j;tKD
F
k;j;t

1A+X
agd

TRrow;agd;t

(104)

SROWt = Y ROWt �
X
i

PEFOBi;t EXDF
i;t �

X
agd

TRagd;row;t (105)

SROWt = �CABt (106)
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9.3.5 Transfers

TRagng;h;t = �TRagng;hY DHh;t (107)

TRgvt;h;t = PIXCON�
t tr0h;t + tr1h;tY Hh;t (108)

TRag;FF;t = �TRag;FFY DF
F
FF;t (109)

TRag;FI;t = �TRag;FIY DF
I
FI;t (110)

TRagng;gvt,t = PIXCON �
t TR

O
agng;gvt popt (111)

TRagd;row;t = PIXCON�
t TR

O
agd;row popt (112)

9.4 Demand

PCi;tCi;h;t = PCi;tC
MIN
i;h;t + LESi;h

0@CTHh;t �
X
ij

PCij;tC
MIN
ij;h;t

1A (113)

GFCFt = ITt �
X
i

PCi;tV STKi;t (114)

PCi;tINV
PRIF

i;t = INV PRI
F

i ITPRI
F

t (115)

PCi;tINV
PRII

i;t = INV PRI
I

i ITPRI
I

t (116)

PCi;tINV
PUB
i;t = INV PUBi ITPUBt (117)

INVi;t = INV PRI
F

i;t + INV PRI
I

i;t + INV PUBi;t (118)

PCi;tCGi;t = GV Ti Gt (119)

DITi;t =
X
j

DIFi;j;t +
X
j

DIIi;j;t (120)

MRGNi;t =

24X
ij

tmrgFi;ij DD
F
ij;t +

X
ij

tmrgIi;ij DD
I
ij;t

35+X
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tmrgFi;ij IM
F
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X
ij

tmrgXi;ijEXD
F
ij;t
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9.5 Producer Supplies of Products and International Trade

XSTFj;t = BXT
F

j

"X
i

�XT
F

j;i

�
XSFj;i;t

��XTF

j

# 1

�XTF
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XST Ij;t = BXT
I

j

"X
i

�XT
I

j;i

�
XSIj;i;t

��XTI
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�XTI
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XSFj;i;t =
XSTFj;t�

BXT
F

j

�1+�XTF
j

"
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j;i PTFj;t
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XSIj;i;t =
XST Ij;t�
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I

j

�1+�XTI
j

"
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XSFj;i;t = BX
F

j;i

�
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�
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XSIj;i;t = DSIj;i;t (127)

EXF
j;i;t =
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1� �X

F
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i;t = EXDFOF
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QIi;t = DDI
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F
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i
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Qi;t = BQi
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9.6 Prices

9.6.1 Production

PCi;t =
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9.6.2 International trade
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9.6.3 Price indexes
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9.7 Equilibrium
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9.8 Gross domestic product
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9.9 Real (Volume)Variables Computed from Price Indices
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9.10 Dynamic Equations
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9.11 Sets

9.11.1 Industries and commodities

All industries j; jj 2 J = fJ1; :::; Jj ; :::g
All commodities: i; ij 2 I = fI1; :::; Ii; :::g
formall sectores bus_ft 2 BUS_FT � J =

�
J1; :::; Jbus_ft; :::

	
Public sectors pub 2 PUB � J = fPUB1; :::; PUBpub; :::g
Private sectors bus 2 BUS � J = fBUS1; :::; BUSbus; :::g ; BUS \ PUB =

�
Formal private sectors bus_F 2 BUS_F � BUS � J =

�
BUS1; :::; BUSbus_F ; :::

	
Informal private sectors bus_I 2 BUS_I � BUS � J =

�
BUS1; :::; BUSbus_I ; :::

	
; BUS_I\

BUS_F = �

9.11.2 Production factors

Labor categories: l 2 L = fL1; :::; Ll; :::g
Formal labor categories: l_F 2 L_F � L =

�
L1; :::; Ll_F ; :::

	
Informal labor categories: l_I 2 L_I � L =

�
L1; :::; Ll_I ; :::

	
; L_I \

L_F = �
Capital categories: k 2 K = fK1; :::;Kk; :::g
Formal capital categories: k_F 2 K_F � K =

�
K1; :::;Kk_F ; :::

	
Informal capital categories: k_I 2 K_I � K =

�
K1; :::;Kk_I ; :::

	
9.11.3 Labor supply

labor supply categories: ls 2 LS = fL1; :::; Lls; :::g

9.11.4 Agents

All agents: ag; agj 2 AG = H[F[fGV T;ROWg = fH1; :::;Hh; :::; F1; :::; Ff ; :::; GV T;ROWg
Household categories: h; hj 2 H � AG = fH1; :::;Hh; :::g
Firm categories: f; fj 2 F � AG = fF1; :::; Ff ; :::g
Non governmental agent:
agng 2 AGNG � AG = H[F[fROWg = fH1; :::;Hh; :::; F1; :::; Ff ; :::; ROWg

Domestic agents:
agd 2 AGD � AG = H [ F[fGV Tg = fH1; :::;Hh; :::; F1; :::; Ff ; :::; GV Tg

Formal income receiving agents:
agf 2 AGF � AG = H [ fGV T; FF ; ROWg
Informal income receiving agents:
agi 2 AGI � AG = H [ fFIg
Formal �rm
ff 2 FF � F � AG = fFF g
Informal �rm
fi 2 FI � F � AG = fFIg
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9.11.5 Periods

Periods: t 2 T = fT1; :::; Tt; :::g

9.12 Parameters

aijFi;j = Formal input-output coe¢ cient
aijIi;j = Informal input-output coe¢ cient

AK�PRI
F

= Formal scale parameter (formal private investment funtion)
AK�PRI

I

= Informal scale parameter (informal private investment funtion)
AK�PUB = Scale parameter (public investment funtion)
BKD

F

j = Scale parameter (CES - formal composite capital)

BKD
I

j = Scale parameter (CES - informal composite capital)
BLDFj = Scale parameter (CES - formal composite labor)

BM
F

i = Scale parameter (CES - formal composite commodity)
BQi = Scale parameter (CES - composite commodity)
BV A

F

j = Scale parameter (CES - formal value added)

BV A
I

j = Scale parameter (CES - informal value added)
BDDi = Scale parameter (CES - composite domestic formal-informal com-

modity)
BX

F

j;i = Scale parameter (CET - formal exports and formal local sales)

BXT
F

j = Scale parameter (CET - formal total output)

BXT
I

j = Scale parameter (CET - informal total output)

�KD
F

k;j = Share parameter (CES - formal composite capital)

�KD
I

k;j = Share parameter (CES - informal composite capital)

�LD
F

l;j = Share parameter (CES - formal composite commodity)

�M
F

i = Share parameter (CES - formal composite commodity)
�Qi = Share parameter (CES - composite commodity)
�DDi = Share parameter (CES - composite domestic formal-informal com-

modity)

�V A
F

j = Share parameter (CES - formal value added)

�V A
I

j = Share parameter (CES - informal value added)

�X
F

j;i = Share parameter (CET - formal exports and formal local sales)

�XT
F

j = Share parameter (CET - formal total output)

�XT
I

j = Share parameter (CET - informal total output)
�Fk;j = Depreciation rate of capital k used in formal industry j
�Ik;j = Depreciation rate of capital k used in informal industry j
� = Formal price elasticity of indexed transfers and parameters
frisch(h) = Frisch parameter (LES function)
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GV Ti = Share of commodity i in total current public expenditures on goods
and services

INV PRI
F

i = Share of commodity i in total formal private investment ex-
penditures

INV PRI
I

i = Share of commodity i in total informal private investment ex-
penditures

INV PUBi = Share of commodity i in total public investment expenditures
LESi;h = Marginal share of commodity i in household h consumption budget
ioFj = Coe¢ cient (Leontief - formal intermediate consumption)
ioIj = Coe¢ cient (Leontief - informal intermediate consumption)

�RK
F

agf;k = Share of type k formal capital income received by agent agf

�RK
I

agi;k = Share of type k informal capital income received by agent agi

�WLF

h;l =Share of type l formal labor income received by agent household h

�WLI

h;l =Share of type l informal labor income received by agent household
h

�TRag;agj =Share parameter (transfer functions)
�Fk;bus = Scale parameter (allocation of formal investment to formal indus-

tries)
�Ik;bus =Scale parameter (allocation of informal investment to informal in-

dustries)
�KD

F

j = Elasticity parameter (CES - formal composite capital)

�KD
I

j = Elasticity parameter (CES - informal composite capital)

�LD
F

j = Elasticity parameter (CES - formal composite labor)

�M
F

j =Elasticity parameter (CES - formal composite good)

�Qj =Elasticity parameter (CES - composite good)
�DDj =Elasticity parameter (CES - composite domestic formal-informal com-

modity)
�V A

F

j = Elasticity parameter (CES - formal value added)

�V A
I

j = Elasticity parameter (CES - informal value added)

�X
F

j;i =Elasticity parameter (CET - exports and local sales)

�XT
F

j = Elasticity parameter (CET - formal total output)

�XT
I

j = Elasticity parameter (CET - informal total output)

�INV
F

k;bus_f = Elasticity (formal investment demand)

�INV
I

k;bus_i = Elasticity (informal investment demand)

�KD
F

j = Elasticity (CES - formal composite capital)

�KD
I

j = Elasticity (CES - informal composite capital)

�LD
F

j = Elasticity (CES - formal composite labor)

�LD
I

j = Elasticity (CES - informal composite labor)

�M
F

i =Elasticity (CES - formal composite good)
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�Qi = Elasticity (CES - composite commodity)
�DDi =Elasticity (CES - composite domestic formal-informal commodity)
�V A

F

i =Elasticity (CES - formal value added)
�V A

I

j =Elasticity (CES - informal value added)

�X
F

j;i =Elasticity (CET - exports and local sales)

�XT
F

j =Elasticity (CET - formal total output)

�XT
I

j = Elasticity (CET - informal total output)

�XD
F

i = Price elasticity of the world demand for exports of product i
�Yi;h =Income elasticity of consumption
tmrgFij;i = Rate of formal margin i applied to commodity ij
tmrgIij;i =Rate of informal margin i applied to commodity ij

tmrgX
F

ij;i =Rate of margin i applied to exported commodity x
vFj =Coe¢ cient (Leontief - formal value added)
vIj =Coe¢ cient (Leontief - informal value added)

9.13 Volume variables

Ci;h;t = Consumption of commodity i by type h households
CGi;t = Public consumption of commodity i
CIFj;t = Formal total intermediate consumption of industry j
CIIj;t = Informal total intermediate consumption of industry j
CMIN
i;h;t = Minimum consumption of commodity i by type h households

CTHREAL
h;t =Real consumption expenditures of household h

DDF
i;t = Formal Domestic demand for commodity i produced locally

DDI
i;t = Informal Domestic demand for commodity i produced locally

DDT
i;t = Domestic demand for commodity i produced locally

DIFi;j;t = Formal Intermediate consumption of commodity i by industry j
DIIi;j;t = Informal Intermediate consumption of commodity i by industry j
DITi;t = Total intermediate demand for commodity i
DSFh;i = Formal supply of commodity i by formal industry j to the domestic

market
DSIh;i = Informal supply of commodity i by informal industry j to the do-

mestic market
EXF

j;i;t = Quantity of product i exported by formal sector j
EXDF

i;t = World demand for exports of product i
GREALt =Real current government expenditures on goods and services

GDP
BPF

_ REAL

t = Formal real GDP at basic prices

GDP
BP I

_REAL

t = Informal real GDP at basic prices

GDP
MPF

_ REAL

t = Formal Real GDP at market prices

GFCF
PRIF�REAL
t =Real formal private gross �xed capital formation

GFCF
PRII�REAL
t =Real informal private gross �xed capital formation
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IMF
i;t = Quantity of product i imported

INDF
k;bus;t =Volume of new type k capital investment to formal industry j

INDI
k;bus;t =Volume of new type k capital investment to informal industry

j
INVi;t = Final demand of commodity i for investment purposes
INV PRI

F

i;t = Final demand of commodity i for formal private investment
purposes

INV PRI
I

i;t =Final demand of commodity i for informal private investment
purposes

INV PUBi;t = Final demand of commodity i for public investment purposes
KDF

k;j;t = Demand for type k capital by formal industry j
KDI

k;j;t = Demand for type k capital by informal industry j
KDCFj;t = Formal Industry j demand for composite capital
KDCIj;t = Informal Industry j demand for composite capital
KSFk;t = Formal supply of type k capital
KSIk;t = Informal supply of type k capital
LDF

l;j;t = Formal Industry j demand for type l formal labor
LDI

l;j;t = Informal Industry j demand for tyme l informal labor
LDCFj;t = Formal Industry j demand for composite formal labor
LDCIj;t = Inormal Industry j demand for composite formal labor
LSls;t = Supply of type ls labor
MRGNi;t = Demand for commodity i as a trade or transport margin
Qi;t = Quantity demanded of composite commodity i
QFi;t = Quantity demanded of formal composite commodity i
V AFj;t = Value added of formal industry j
V AIj;t =Value added of informal industry j
V STKi;t = Inventory change of commodity i
XSFj;i;t = Formal Industry j production of commodity i
XSIj;i;t = Informal Industry j production of commodity i
XSTFj;t = Total aggregate output of formal industry j
XST Ij;t =Total aggregate output of informal industry j

9.14 Price variables

et =Exchange rate (price of foreign currency in local currency)
IRt =Interest rate
PFj;i;t =Basic price of formal industry j�s production of commodity i
P Ij;i;t =Basic price of informal industry j�s production of commodity i
PCi;t =Purchaser price of composite commodity i (including all taxes and

margins)
PQFi;t =Price of formal composite commodity i
PCIFj;t =Intermediate consumption price index of formal industry j
PCIIj;t =Intermediate consumption price index of informal industry j
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PDF
i;t =Formal Price of local product i sold on the domestic market (includ-

ing all taxes and margins)
PDI

i;t =Informal Price of local product i sold on the domestic market (in-
cluding all margins)

PEFi;t =Formal price received for exported commodity i (excluding export
taxes)

PEFOBi;t = FOB price of exported commodity i (in local currency)
PIXCONt =Consumer price index
PIXGDPFt =Formal GDP de�ator
PIXGDP It = Informal GDP de�ator
PIXGV Tt =Public expenditures price index
PIXINV PRI

F

t = Formal private investment price index
PIXINV PRI

I

t = Informal private investment price index
PIXINV PUBt = Public investment price index
PKPRIF

t =Formal Price of new private capital
PKPRII

t =Informal Price of new private capital
PKPUB

t =Price of new public capital
PLFi;t =Formal price of local product i (excluding all taxes on products)
PLIi;t = Informal price of local product i
PMF

i;t =Formal Price of imported product i (including all taxes and tari¤s)
PPFj;t = Formal Industry j unit cost including taxes directly related to the

use of capital and labor but excluding other taxes on production
PP Ij;t =Infomal Industry j unit cost
PTFj;t =Basic price of Formal industry j�s output
PT Ij;t = Basic price of Informal industry j�s output
PV AFj;t =Price of formal industry j value added (including taxes on produc-

tion directly related to the use of capital and labor)
PV AIj;t =Price of informal industry j value added
PWMi;t =World price of imported product i (expressed in foreign currency)
PWXi;t =World price of exported product i (expressed in foreign currency)
RFk;j;t = Rental rate of type k capital in formal industry j
RIk;j;t = Rental rate of type k capital in informal industry j
RCFj;t = Rental rate of formal industry j composite capital
RCIj;t =Rental rate of informal industry j composite capital
RTIFk;j;t =Rental rate paid by formal industry j for type k capital including

capital taxes
UFk;bus_f;t =User cost of type k capital in formal industry j
UFk;PUB;t =User cost of type k capital in public sector
U Ik;j;t =User cost of type k capital in informal industry j
WF
l;j;t =Wage rate of type l formal labor

W I
l;t =Wage rate of type l informal labor

WCIj;t =Wage rate of informal industry j composite labor
CTj;t =Wage rate of formal industry j composite labor
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WTIFl;j;t =Wage rate paid by formal industry j for type l labor including
payroll taxes

9.15 Nominal (value variables)

CABt = Current account balance
CTHh;t =consumption expenditures of household h
Gt = current government expenditures on goods and services
GDPBP

F

t = Formal real GDP at basic prices
GDPBP

I

t = Informal real GDP at basic prices
GDPMPF

t = Formal Real GDP at market prices
GDPFD

I

t = Informal real GDP at basic prices
GDP IB

F

t = Formal Real GDP at market prices
GFCFt = Gross �xed capital formation
ITt =Total investment expenditures
ITPRI

F

t =Total formal investment expenditures
ITPRI

I

t =Total informal investment expenditures
ITPUBt =Total public investment expenditures
RKDPO =Type k capital income in industry j
RKDPO_F = formal Type k capital income in industry j
RKDPO_I = Informal Type k capital income in industry j
SFFFF;t = Savings of formal businesses
SFFI;t = Savings of informal businesses
SGt = Government savings
SHh;t =Savings of type h households
SROWt =Rest-of-the-world savings
TDFFF;t =Income taxes of formal businesses
TDFTt =Total government revenue from business income taxes
TDHh;t =Income taxes of type h households
TDFTt =Total government revenue from household income taxes
TICTt =Total government receipts of indirect taxes on commodities
TICi;t =Government revenue from indirect taxes on product i
TIKTt =Total government revenue from from taxes on capital
TIKF

k;j;t = Government revenue from taxes on type k capital used by formal
industry j

TIMTt =Total government revenue from import duties
TIMi;t =Government revenue from import duties on product i
TIPTt =Total government revenue from production taxes (excluding taxes

directly related to the use of capital and labor)
TIPFj;t = Government revenue from taxes on formal industry j production

(excluding taxes directly related to the use of capital and labor)
TIWTt =otal government revenue from payroll taxes
TIWF

l;j;t = Government revenue from payroll taxes on formal type l labor in
formal industry j

TIXTt =Total government revenue from export taxes
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TIXi;t =Government revenue from export taxes on product i
TPRCTSt =Total government revenue from taxes on products and imports
TPRODNt = Total government revenue from other taxes on production
TRag;agj;t =Transfers from agent agj to agent ag
Y DFFFF;t =Disposable income of type f formal businesses
Y DFFFI;t =Disposable income of type f informal businesses
Y DHh;t = Disposable income of type h households
Y FFFF;t = Total income of type f formal businesses
Y F IFI;t = Total income of type f informal businesses
Y FKF

FF;t = Capital income of type f formal businesses
Y FKI

FI;t =Capital income of type f informal businesses
Y FTRFFF;t =Transfer income of type f formal businesses
Y FTRIFI;t = Transfer income of type f informal businesses
Y Gt =Total government income
Y GKt = Government capital income
Y GTRt =Government transfer income
Y Hh;t = Total income of type h households
Y HKh;t =Capital income of type h households
Y HKF

h;t =Formal Capital income of type h households
Y HKI

h;t =Informal Capital income of type h households
Y HLh;t =Labor income of type h households
Y HTRh;t = Transfer income of type h households
Y HTRh;t =Formal Transfer income of type h households
Y HTRh;t =Informal Transfer income of type h households
Y ROWt =Rest-of-the-world income

9.16 Rates and intercepts

sh0h;t = Intercept (type h household savings)
sh1h;t =Slope (type h household savings)
tr0h;t =Intercept (transfers by type h households to government)
tr1h;t = Marginal rate of transfers by type h households to government
ttdf0FF;t = Intercept (income taxes of type f formal businesses)
ttdf1FF;t = Marginal income tax rate of type f informal businesses
ttdh0h;t =Intercept (income taxes of type h households)
ttdh1h;t =Marginal income tax rate of type h households
ttici;t =Tax rate on commodity i
ttikFk;j;t = Tax rate on type k capital used in formal industry j
ttimi;t =Rate of taxes and duties on imports of commodity i
ttipFj;t =Tax rate on the production of industry j
ttiwFl;j;t =Tax rate on type l worker compensation in industry j
ttixi;t = Export tax rate on exported commodity i
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