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Résumé
La prédominance de l’informel dans l’économie d’Haïti, où plus

de 80% de la population vit en dessous du seuil de la pauvreté et plus
de 35% au chômage, laisse entrevoir des liens étroits entre l’économie
informelle, la pauvreté et le marché du travail. Faire ressortir ces
interrelations, exige une évaluation de cette économie informelle qui
fait l’objet des quatre chapitres de notre thèse traitant successivement
l’évolution de la situation macroéconomique, le capital humain, les
gains des travailleurs informels, et la segmentation du marché du
travail.

Le premier chapitre fait un diagnostic du phénomène selon l’état
des lieux des théories élaborées et l’évolution du cadre macroéconomique
d’Haïti de 1980 à 2010 et propose une évaluation macroéconomique
de l’informel à partir d’un modèle PLS (Partial Least Squares) en pour-
centage du PIB. Le chapitre deux établit les relations entre l’évolution
de l’économie informelle, dérégulation et politiques néolibérales grâce
à un modèle LISREL (Linear Structural Relations). Nous examinons
les incidences des politiques fiscales, budgétaires et monétaires des
30 dernières années sur l’économie informelle. Nous réévaluons aussi
les causes de l’évolution de l’informel généralement évoquées par les
études empiriques (taxes, sécurité sociale).

Au chapitre trois, nous analysons la dimension micro-réelle de
l’informel grâce à un modèle des gains à la Mincer estimé par les équa-
tions logit à partir des données d’une enquête nationale sur l’emploi
et l’économie informelle (EEEI) de 2007. Nous analysons les détermi-
nants des gains informels au regard de la position des travailleurs sur
le marché (salariés, entrepreneurs et indépendants) ; et les revenus
(formels et informels) et les caractéristiques socioéconomiques des
travailleurs pauvres et non-pauvres par rapport au seuil de pauvreté.
Au chapitre quatre, nous testons d’abord la compétitivité et la segmen-
tation du marché de l’emploi en faisant usage de modèle de Roy et
du modèle de Roy élargi à travers une estimation d’un modèle Tobit.
Nous utilisons un modèle de Processus de Dirichlet : d’abord analyser
la segmentation et la compétitivité éventuelle du marché du travail
informel ainsi que ses déterminants, selon les données de l’EEEI-2007
; ensuite, pour distinguer les caractéristiques fondamentales des in-
formels involontaires (exclus du marché du travail formel) de celles
des informels volontaires qui en retirent des avantages comparatifs.

Mots-clés : économie informelle, Haïti, LISREL, marché du travail,
pauvreté, PLS, processus de Dirichlet.
JEL: O170, C51
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Abstract
The predominance of the informal sector in the economy of Haiti,

where more than 80% of the population lives below the threshold of
poverty and more than 35% unemployed, suggests links between the
informal economy, poverty and the labour market. Highlight these
interrelationships, requires an assessment of the informal economy,
which is the subject of the four chapters of this thesis, dealing suc-
cessively with the evolution of the macroeconomic situation, human
capital, the informal earnings of workers, and the segmentation of the
labour market.

The first chapter made a diagnosis of the phenomenon according
to the State of affairs of the developed theories and the evolution of
the macroeconomic framework of Haiti from 1980 to 2010. And then
offers a macroeconomic assessment of the informal sector as a per-
centage of GDP from a PLS (Partial Least Squares). Chapter two sets
out the relationship between the evolution of the informal economy,
deregulation and neo-liberal policies through a LISREL (Linear Struc-
tural Relations) model. We look at the impact of the budgetary, fiscal
and monetary policies of the past 30 years on the informal economy.
We also reassess the causes of the evolution of the informal economy
generally evoked by the empirical studies (taxes, social security). In
the chapter three, we analyse the micro-real dimension of the informal
economy through a model of the Mincer earnings estimated by the
equations logit from data in a national survey on employment and
the informal economy (EEEI) in 2007. We analyse the determinants
of informal gains in terms of the position of the market workers (em-
ployees, entrepreneurs and self-employed); and revenues (formal and
informal) and the socio-economic characteristics of the working poor
and non-poor compared to the poverty line.

In chapter four, we first test the competitiveness and the segmen-
tation of the labour market by making use of model of Roy and the
expanded Roy model through an estimate a model Tobit. We use a
model of Dirichlet process: first analyse the segmentation and possi-
ble informal work and market competitiveness as its determinants,
according to data from the EEEI 2007; then, to distinguish the fun-
damental characteristics of the involuntary informal (excluded from
the formal labour market) than the voluntary informal who gain
comparative advantages.

Keywords: Dirichlet process, Haiti, Informal economy, Labour
market, LISREL, PLS, Poverty.
JEL: O170, C51
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Introduction

Addressing the informal economy in Haiti is tackling one of
the diverse developmental problems facing Latin America and the
Caribbean region, and it is important to look at the informal econ-
omy as a process belonging to the global economy. When the debt
crisis broke out in the 1980’s, the economies of Latin America and the
Caribbean began to dither, the recovery was slow, long and weak, so
the response of the economic agents was not long in coming.

Governments have been constrained to adopt drastic macroeco-
nomic policies to reduce inflation and run their debt service. These
policies led to growing unemployment, a decline in the production
system and a dramatic increase in poverty. Hence, the Latin Ameri-
can and Caribbean region entered a recession period, which reduced
revenues and economic resources. The poverty rate among the pop-
ulation increased from 38% in 1980 up to 62% in 1990 (Kliksberg,
1994).

Stringent economic decisions include the privatization of State-
owned enterprises, and layoffs in public administrations; eventually,
populations are left aside. At the same time globalization is in full
swing, workers who had no time to adapt to the new rules of the
market are laid off and companies that cannot cope with the delays
rapidly fall into decay. Markets local producers find themselves in
fierce competition with western producers better equipped technolog-
ically and with huge capital superiority, so they will not hold out for
long in this lost battle. States seem to be choosing the most promising
fields of investment, even agricultural producers are entering this
era of decline, so the informal way seems to be emerging for more
than one third of companies and workers (Aspilaire, 2012) that could
not follow the unbridled pace imposed both by capitalism and the
consequences of the crisis. Thus a process of regional deregulation
began to give way to informalisation. In the meantime, poverty has
waged war against these populations, unemployment is in full swing,
Latin America and the Caribbean are in agony because almost all
countries in the region are heavily indebted. Due to growing eco-
nomic weakness of the States of the region during this period, day
after day informality has risen to normality.

Latin American and Caribbean populations are heading down in
the process of informalisation, and more than a quarter of a century
later from 1980 they seem to be unable to cope with the current
economic situation. In 2005, it was estimated that 41% of the Latin
American population suffered from poverty and 17% from extreme
poverty, whereas informal employment was estimated at 47% in 2003
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(Lamaute-Brisson, 2005). Consequently, the study of the informal
economy must be placed in its socio-political-economic context, both
in its definitions and its causes, as well as in its meaning and in its
conception.

The prominence of the informal economy in Haiti, where more
than 80% of the population live below the poverty threshold and
more than 35% are unemployed, links the informal economy, poverty
and the labour market. Highlighting these interrelations, requires an
assessment of this informal economy. Thus we design an evaluation
of the informal economy, which is based on a diagnosis of the phe-
nomenon by making an inventory of the theories developed on the
topic.

Shadow economy and informal work in Haiti is a long-standing
side of the global economy. Since 1950 informal activity has been
registered in the Haitian economy (Montas, 1995). Despite the early
presence of informal activity in the Haitian economy in the middle
of the twentieth century, its extension is very recent in the economic
record of the country.

The economic crisis of the Latin American and Caribbean region in
the 1980’s contributed to the exponential growth of the external debt.
The costs of the debts are multiple, weak growth rate of the economy,
large inflation rate, extension of poverty, loss of production resources,
spread of the unemployment rate and increasing economic and social
inequalities. The incapacity of government and economic authorities
to bring appropriate answers to the lack of productivity, unemploy-
ment, hunger, and poverty obliges populations to undertake some
mix and non-orthodox domestic, economic and financial activities
to survive misery and poverty. A parallel employment market was
created to bypass the lack of productivity and the loss of jobs on the
formal market.

Such activities belong to the concept of the informal economy.
Since the informal economy has not stopped growing, whereas the
economic situations of the Latin American and Caribbean populations
have changed only slightly, the informal economy has invaded from
households to the office all spheres of economic activity of this region,
and all the markets are concerned.

Addressing these issues necessarily involves a view of the informal
economy as a whole; it should not be seen as an informal sector and
an informal unit of production, but as part of the global economy
including goods and services on the informal market and the informal
labour market. The informal labour market includes informal workers
who normally work in the informal sector and salaried informal
workers of the formal sector (ILO, 2013).

It becomes very important for policy makers and economic schol-
ars to apprehend this deep and persistent phenomenon in developing
countries. Indeed, policy makers and economists advocate various
reasons that justify the examination of the informal economy. The
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expansion of the informal economy can be seen as a response of eco-
nomic agents feeling that they are too pressurized by the system in
place and are seeking an answer to escape from the mechanics of
State regulation. If this increase is due to too high taxes and social
security contributions, i.e. there is institutional sclerosis, then the shift
of economic agents to the informal economy, has no other reason than
avoiding excessive taxes and social security contributions (Schneider
and Enste, 2000). The result may be a vicious circle where the main
loops are the increase in the budget deficit or in taxes, in the size of
the informal economy, and the gradual weakening of the national
economy and social cohesion. A flourishing informal economy can
cause serious problems for policy and economic decision makers,
because labour, employment, consumption and income indicators
are unreliable if the informal economy is not properly measured or
evaluated.

The relationship between formal and informal economy should
also be taken into account. On the one hand, a prosperous informal
economy may be attractive to both local and international workers.
Because it can create competition for officially registered firms. On
the other hand, a part of the income earned is immediately injected
into the official economy, which creates a positive effect on the formal
economy (Schneider and Enste, 2000).

Exhausted in its race to pay interest on the debts contracted by
the rulers on her behalf, the Haitian people had never seen or felt
the palliative effects of an economy sick to the bone, feverish to the
base, weakened by the various internal socio-political crises of the
last thirty years. Out of 8.1 million inhabitants, Haiti included in
2001, more than 4.4 million (over 56% of its population) living below
the extreme poverty line of one US dollar a day (purchasing power
parity), while nearly 6.3 million (about 76%,) are below the poverty
line of two US dollars a day (MPCE, 2007). The country sensitivity
to external shocks has been prejudicial because of the long-lasting
political instability combined with the two decades of implementation
of neo-liberal policies.

Unemployment is one of the fundamental canals of informality in
Haiti, due to the crucial absence of regulations and financial mech-
anisms driving the creation of employment. Then, implementing
employment policies was more than a challenge. The absorption
of urban labour surplus by the assembly industry is still one of our
economic beliefs inherited from those of the seventies. The estab-
lishment of subcontracting factories was strongly encouraged from
the very beginning, which constituted a tacit acceptance by the State
that job creation was left to the mercy of private enterprises or to
the population itself through the self-employed. However, the arti-
sanal characteristic of the production could not bring significant value
added to the economy.

A country where unemployment and poverty are combined, 40.6%
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of the active population of Haiti are unemployed in 2007 (IHSI, 2010).
This is an economy where job insecurity is no longer to be demon-
strated and where household monetary poverty is expanding every
day. Facing the inability of the State to respond to this increase in
the number of unemployed, hungry and needy, poor have no choice
but to seek means of survival that are not usually included in the
principles of the formal economy.

Nowadays, the size of the informal economy in Haiti becomes so
important it seems like informal activities dominate regular economic
activities. From 1999 to 2007, the share of the shadow economy is
estimated around 55% of GDP. The size of the informal economy
has been calculated and evaluated between 54.8 and 57.4% of GDP
(Schneider, Buehn and Montenegro, 2010). In the metropolitan area of
Port-au-Prince, the capital city of Haiti, informal private companies
represent 81% of the business companies (IHSI, 2010). More than 54%
of the employed individuals are engaged in the informal sector (IHSI,
2010). Regardless calculation methods of the share of the informal
economy, shadow economy and informal work are a large part of the
economic picture of Haiti.

Aim and objectives

The aim of this thesis is to analyse the relationship between the
informal economy, poverty and labour market in Haiti. It starts from
an operational definition of the informal economy, which represents
it as the set of non-illicit activities that can generate revenues and are
carried out on the margins of public regulation.

This research seeks to understand the dynamics of the informal
economy in Haiti, which includes the dynamics of both the goods and
services market and the labour market. Dynamics is also expressed in
the weight of the informal economy in the global economic system.
Understanding the forms of articulation between the informal econ-
omy, poverty and labour market allows to identify the existing causal
relationships among them. But such understanding does not allow
a quantitative approach of the informal economy regarding poverty
and employment market. One of the most appropriate ways to tackle
this useful endeavour is the use of the powerful direct econometric
methods, thanks to robust theoretical approaches. There is a major
gap in the empirical literature on informality in Haiti, there is also
an insufficient empirical evidence for the relationship between the
informal economy and poverty. To date, studies regarding the in-
formal economy in Haiti have mostly focused on the structure and
organization of the informal enterprises and the participants in the
informal activities (Fass, 1988, Lamaute-Brisson, 2000), rather than
exploring the link between informal activity and poverty through the
labour market. Only a few analyses address the issue of poverty and
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informality (ONPES and World Bank, 2014) but they do not quantify
and analyse the relationship.

Lack of quantitative research on the informal economy is not the
only knowledge gap to fill with regards to this topic. The other gaps
include studies in informality that cover the whole country. Most
authors have only taken into account the metropolitan area of Port-
au-Prince and the capital city; this provides too little empirical evi-
dence for theoretical conclusions. Importantly, there is no theoretical
publication regarding the link between the informal economy and
deregulation policies. Moreover, there is no theoretical paper address-
ing the problem of individual comparative advantage in the informal
labour market. This thesis intends to fill these gaps in the literature.
Therefore, the objective of this thesis is to analyse the nature of the
relationship between the size of the informal economy, neoliberal
macroeconomic policies, poverty and the labour market. This ob-
jective can be broken down into three sub-goals stated as three (3)
working hypotheses. We tackle three main questions in the light of
empirical data provided by various studies and surveys carried out
on the Haitian economy, including the 2007 survey of employment
and the informal economy (EEEI 2007) and some fiscal, budgetary
and monetary data available. Questions constitute the guiding vector
of this work, the last two of which are little examined by the previous
works carried out on the informal economy in Haiti.

First, how should we understand the informal economy in the
sense of the Haitian reality as an economic phenomenon, its causes
and consequences? To do this we must first look at the political and
economic history of Haiti, which has facilitated the emergence of the
underground economy, the trajectory that it has followed from its
genesis to its blossoming. We need to study the informal economy
characteristics and its trajectory from an economic perspective in
order to better understand its various facets and to bring out all the
relevant economic observations. All of that can be summarized in the
following questions. How can we measure the size of the informal
economy, in relation to which macroeconomic aggregates? What are
the methods used as a possible instrument for measuring the informal
economy? To provide answers, we state our first hypothesis:

Hypothesis 1: The weight of the informal economy explains its im-
pact on development and the unprepared choice of neoliberal macroe-
conomic policies has served to expand it. On the one hand, it is this
weight that determines the importance of the informal economy in
the development process. Taking into account the thesis that the
informal economy has the characteristics and potential to be an im-
portant factor contributing to economic and social development (De
Soto, 1994) or the position of the proponents of the theory that the
informal economy is a set of economic activities generating poverty
and underdevelopment (Lewis, 1954; Harris and Todaro, 1970), it is
the measure of the size of the informal economy that sheds light on
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these two considerations. On the other hand, only a rigorous analysis
of the impact of neoliberal fiscal and budgetary policies on the growth
of the informal sector will allow us to conclude.

Then, the second question contains three components that can be
broken down as follows: is the informal labour market a reservoir or
excluded from the labour market? To answer this question, we should
answer to these two following questions: what are the characteristics
of the informal workers? Are the earnings of informal workers influ-
enced by their characteristics? To make this point we formulate the
following hypothesis.

Hypothesis 2: very high unemployment among low-educated indi-
viduals coupled with low levels of education (IHSI, 2010), the overall
high unemployment rate (Montas, 2005) that is higher among youths
aged 15-24 (Lamaute-Brisson, 2005), household income poverty (Lamaute-
Brisson, 2005) and barriers to entry to the formal labour market would
be the main factors draining workers into the informal economy. In
this respect, the informal economy would not only include the ex-
cluded and the forgotten on the formal labour market, but also the
workers with the skills to evolve in the formal labour market.

The last question can be formulated in two sub-questions: Is there
a discrepancy between the wages of formal workers and those earned
by informal workers? Does the informal market allow some workers
to maximize their utility?

Hypothesis 3: The informal labour market is a heterogeneous and
segmented market in the sense of Fields (Fields, 1990), wherein some
agents benefit from comparative individual advantages (Gindling,
1991; Maloney 1999; Perry et al., 2007). The differences in revenues
between the formal and informal markets are not a subject of debate
(Gunther and Launov, 2011) but in both sectors there is a large gap
between the incomes of employers and employees. This gap would
be the result of a difference between employees and employers in
terms of human capital (education, training and experience) and / or
financial capital (Dickens and Lang, 1985; Rosenzweig, 1988; Magnac,
1991). This needs to be analysed in light of Mincer’s earnings function
(1958, 1974). There are also large income gaps for informal workers
who have accumulated human capital.

Methodology

In chapter one we address the size of the informal economy and
its impact on macroeconomic development, we also analyse its evo-
lution in relation to the official economy. We analyse the structure
of the Haitian economy. First by describing the evolution of Haiti’s
macroeconomic framework from 1980 to 2010, then by discussing
the macroeconomic determinants of the informal economy and we
present a comparative analysis of the growth of informality and GDP
growth. We make an inventory of the informal economy in Haiti.
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Using a MIMIC model (PLS model), we measure the size of the infor-
mal economy in Haiti as a percentage of GDP, according to different
macroeconomic variables observed over the period 2000-2010. We
highlight the main links between informal and various variables of the
model (GDP growth, inflation rate, government expenditure, taxes,
unemployment rate and corruption).

Chapter two analyses the effects of neo-liberal economic policies
such as tax cuts, light State intervention on the market, and few State
regulations rather than reduction, on the expanding of the informal
economy. In order to establish the links between the triptych of in-
formal employment, deregulation and neoliberal policies, we first
analyse the relationship between the application of market liberaliza-
tion and the expansion of the informal economy in Haiti. We look at
the broad lines of fiscal, budgetary and monetary policies over the last
30 years. We conduct this analysis by studying the impact of fiscal,
fiscal and monetary policies on the informal economy that is based
on a LISREL (Linear Structural Relations) econometric model. We
analyse the evolution of informal activities in relation to neoliberal
and deregulatory policies. We also reassess the causes of the evolution
of the informal economy generally evoked by the empirical studies
(taxes and social security contributions).

Chapter three is dedicated to the analysis of poverty and earnings
of the informal workers regarding human capital accumulation. We
make the assumption that informal labour market includes both the
those excluded from the labour market with different levels of edu-
cation and social conditions and workers who have voluntarily left
the formal labour market to obtain comparative advantages. Income
levels, depending on whether they are below the poverty line or be-
yond, are the true indicators. On the basis of these data, we used a
Mincer model of earnings to identify the determinants of informal
incomes. To estimate the Mincer model, we used polytomic logit
modelling to capture the various factors influencing income of the in-
formal agents. The microeconomic analyses of informal employment
comprise three parts. First, the general characteristics of informal
workers are identified. Then, we analyse the determinants of informal
gains in terms of the occupational status of workers in the market
(employees, entrepreneurs and self-employed). Finally, we analyse
incomes (formal and informal) in relation to the poverty line. We
analyse the socio-economic characteristics of the working poor and
non-poor.

The fourth chapter uses a national survey, Enquête sur l’Emploi et
l’Economie Informelle (EEEI-2007), to determine whether the infor-
mal labour market is competitive or segmented. We use regression
mixing models and Dirichlet process model to study the segmentation
and potential competitiveness of the informal labour market. First,
we test the competitiveness and segmentation of the labour market
by using Roy model and expanded Roy model with an estimate of a
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Tobit (Heckit) model. We use the Dirichlet processes to analyse the
mobility between the informal and the formal labour market, and to
determine the existence of entry barriers. Finally, we separate invol-
untary informality (excluded from the formal labour market) of from
voluntary informality (working in the formal market with compar-
ative advantages). Hence, we determine the basic characteristics of
the agents that the setting up of an employment policy could either
prevent from joining the informal economy or draw them out of it.
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Chapter 1

The shadow Economy in Haiti:
a counter-cyclical impact on
GDP

1.1 Introduction

We use a PLS (partial least squares) model, a particular type of a
structural equations model (SEM) to estimate the size of the shadow
economy in Haiti as a share of GDP. Econometric modelling encapsu-
lates nine causal variables and two indicators over the period 2000-
2010. It shows that the fall in GDP, the rise in taxes and government
expenditures and increasing inflation are the main factors that influ-
ence the growth of the shadow economy. This growth has a knock-on
effect on the unemployment rate during these last ten years. From
2007 to 2010, worse is the GDP growth per annum and better is the
growth of the shadow economy; thus, suggesting that the latter may
be counter-cyclical.

Growing poverty of the population in Haiti, the pivotal role played
by informality, about 56.4 % of GDP between 1999 and 2007 (Schneider,
2010) and the idea that the promotion of decent work is the only way
to fight against poverty, is a triptych that guides our reflection on the
impact of the informal economy upon the macroeconomic variables.
Informality becomes more significant in Haiti in as much as it is
neglected by public policy. However, no academic work has focused
on macroeconomic measurement of the size of the informal economy
and its impact on GDP. This underlines the originality of this chapter
that addresses a quantitative aspect but especially analytical impact
of informality on the Haitian economy.

Few papers address the interesting task of estimating the hidden
economy (Schneider; 2010; Schneider et al.; 2007) Besides this chal-
lenge, this chapter addresses the impact of the informal economy
on macroeconomic variables and vice versa. Some papers provide
results about the main causes of informality (Schneider; 2010) to our
knowledge this research work is the first to tackle the relationship
between informality and economic growth in Haiti. Usually, among
the two types of structural equations modelling with latent variables,
scholars prefer the LISREL (Linear Structural Relation) model in the
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empirical literature of informal economy. This chapter is an essay to
fill this gap. Our study is the first to undertake the measure of the
size of shadow economy using the PLS (Partial Least Squares) model.
Hence, the aim of this chapter is twofold: estimating the informal
economy size and analysing the relationship between macroeconomic
variables and the shadow economy.

Thanks to a PLS model, which is a particular DYMIMIC (Dynamic
Multiple Indicators Multiple Causes), we study the impact of the
informal economy on GDP, by calculating its size as a percentage of
the latter. This model uses eleven macroeconomic variables includ-
ing nine causal variables and two indicators, each of these variables
corresponds to the time series 2000-2010. The choice of this period
is motivated by the availability and the accuracy of the data. The
PLS model allows to dispense with the problem of expected signs (for
each variable) presented by the other space state models. Our model
is applicable to multivariate analysis such as multiple countries with
available data on informality and macroeconomic variables.

Section 1 presents the literature review and the evolution of the
macroeconomic framework in Haiti from 1980 to 2010. Section 2 dis-
cusses the macroeconomic determinants of informality while making
a comparative analysis of the growth of the latter and that of the GDP.
Section 3 is devoted to the econometric modelling and estimates. Sec-
tion 4 concludes and summarizes our results and suggests avenues of
research.

1.2 Literature Review and Evolution of the
Macroeconomic Framework of Haiti (1980-
2010)

Economic literature on the informal economy in Haiti is rather
disparate, nevertheless conclusive studies exist. It is worth men-
tioning Fass (1988), Montas (1995) and Lamaute-Brisson (2002), as
well as a survey on employment and the informal economy in Haiti
in 2007 (EEEI 2007) carried out by the Haitian Institute of Statistics
and Information (IHSI). But, none of these studies is focused on the
macroeconomic measurement of the size of the informal economy.
However, there are studies on macroeconomic measurement of the
size of GDP for 156 countries including Haiti (Schneider; 2010) using
the MIMIC model or its derivatives. Nevertheless, we did not find
any study on informality using PLS modelling. The economic appli-
cation of this model is due to Russet (Tenenhaus; 1999) showing that
economic inequality leads to political instability.
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1.2.1 The informal economy: operational definitions,
institutional and criterion-referenced

The informal sector as though controversial concept is here consid-
ered the totality of the informal activities conducting by unregistered
small scale units of production with low size of staff employed (Adair;
2009) This meaning is legitimate to the extent that the calculation of
macroeconomic aggregates, particularly gross domestic product cov-
ers all kinds of revenues generated by all economic activities (formal
or informal). Given the mode of operation, characteristics and certain
criteria relating to informal activities retained by the ILO (1993, 2013)
and other scholars, we can identify two different issues of definitions
of the informal sector.

One approach defines the informal sector by evaluating the re-
lation to the legal and bureaucratic framework and it defines the
informal sector as being constituted of enterprises that do not con-
form to the legal framework (ILO, 2013). Hence there is a tight relation
between non-registration and informal activities. During the fifteenth
International Conference of Labour Statisticians (ICLS), the ILO de-
fines the informal entity as encompassing the following categories:
the unpaid family business workers, those who work on their own
account, the employees of informal employment, people banding
together in informal production cooperatives, those who produce
goods for the exclusive use of their households (ILO, 2013).

The second approach defines the informal sector, according to the
way that the enterprises are organised and conduct their activities,
as a particular form of production (ILO, 2013). Informal can be set
to modes of organization and operation which it is subject to, since
informality is defined according to certain methods of operation and
voluntary production and / or circumstantial informal enterprises.
These are the operational definitions which have the advantage of
not following the current dualistic definitions entails limiting the
informal economy compared to formal. They are based on the logic
of production and the diversity of informal activities grouped, these
forms of definition are also used by authors such as Hugon (1980)
and Charmes (1987). The criterion-referenced definitions are those
who look as informal grouping of companies with characteristics such
as administrative and statistical non-registration, the small size, low
level of technology, or low level of organization (ILO, 2013).

The informal enterprises have certain features that are specific
(administrative, commercial and technical). We can meet several dis-
tinct features that are based on location and time. The acceptance of
the concept of informal sector seems to be controversial according
to the fact that heterogeneity is its main characteristic. Informal is
antagonistic to the formal in a wide register. If informal is opposed
to formal, this is as marginal. In a broad sense, the informal sector is
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embodied in the concept of non-observed economy or shadow econ-
omy which includes legal activities unregulated by the State for one
reason or another, and illegal activities (Schneider, 2007) prohibited
by the State as drug trafficking, smuggling, prostitution and games
that simply generate the illegal economy. The shadow economy is
here recognized as the entire part of the also non-observed economy
added to the illegal production of the economy.

However, it should be noted that the largest and the most suit-
able definition of the informal sector is the synthetic definition that
combines national accounts (household sector) and the types of em-
ployment of unprotected categories of workers (ILO, 1993, 2013). The
ILO (1993) use three main criteria to define informal sector enterprises,
the legal structure of the enterprise, the ownership and the type of set
of accounts maintained. The informal sector is constituted of unincor-
porated enterprises (any unit engaged in the production process of
goods and/or services) owned and operated by individual household
members, that do not conform to the legal framework, unregistered
and/or small size of staff employed with the basic objective of gen-
erating jobs and revenues to the workers (ILO, 1993). However, we
go further than the informal sector definition. The context of glob-
alization and information and communications technology leads to
tight competition. Decentralization of production and reorganization
of work are the main answers of a growing number of firms. Out-
sourcing or subcontracting arrangements are among such measures
that increases flexibilization and informalization of production and
employment relationships. Generally casual workers, subcontractors
and agency workers are not protected by labour laws. Thereafter, the
term "informal sector" has been seen to be inappropriate to reflect
this complex and heterogeneous dynamic of such economic interrela-
tions. The term "informal economy" has come to be widely accepted
to circumvent the growing and heterogeneous group of workers and
firms operating in both rural and urban regions informally (ILO, 2002).
The informal economy comprises own-account workers in sweatshop
and survival activities, paid domestic workers enrolled by house-
holds, self-employed in micro-firms working on their own or with
contributing family workers or sometimes trainees/employees (ILO,
2002). This meaning is legitimate to the extent that in the calculation
of macroeconomic aggregates, particularly gross domestic product
include all kinds of revenues generated by whole informal economy.
In this chapter for all the modelling and the analyses we use the ILO
(2002) definition of the informal economy.

1.2.2 Theoretical approaches: Dualism, institutional-
ism and structuralism: towards synthesis?

The economic literature, until the mid-1990s, grants to classify ap-
proaches of the informal economy into three main currents of thought
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which are dualism, structuralism and institutionalism. From the early
2000s, a fourth stream both more analytical and synthetic emerges
and tries to overcome the divergence of the other approaches about
the nature and causes of the informal economy and its interrelations
with the formal sector. Meanwhile, the development of a universal
concept of informality, beyond the specific contexts, continues.

Dualistic Approach

Dualistic thinking is embodied in the theory of extra- legality (ex-
istence of arrangements economic and social micro-contracts that are
not exactly in the sense of the rule of law which makes them unusable
capital and little work divided) generated by the capital restructuring
strategies. Dualistic approach sees informal economy as a marginal
pan with no direct link with the formal economy. It has its roots in
the different works developed by Lewis (1954) and Harris and Todaro
(1970).

The Lewis model

According to Lewis (1954), agricultural and rural subsistence sec-
tor does not have enough jobs to meet the labour supply. The labour
supply is still outstripping demand, its marginal productivity is gener-
ally negligible (Lewis, 1954). This labour surplus will fuel the demand
for labour in the capitalist sector which is urbanized and industri-
alized. Since the supply always exceeds the labour demand in the
industrial sector, the wage rates, which is around the living wage, will
still be enough to attract the subsistence workers. This is explained
by the capital management mode. So, the global labour market is
controlled by the capitalist sector because it hires labour from the
subsistence sector to grow its capital.

However, it should be noted that in this model the market is frag-
mented into several smaller non-homogeneous groups of agents of
the capitalist sector and the subsistence sector. Lewis (1954) argues
that there is a huge gap between subsistence sector employees and
the capitalist sector workers. This gap is not only expressed in the
earnings differences but also in term of agent characteristics. These
characteristics included the levels of qualification, education, respon-
sibility and prestige (Lewis, 1954).

Dealing with the mechanism of price formation according to the
distribution of income and the effect of inflation on the price, the
balance between savings and investment, the model of Lewis was a
macroeconomic scope. This scope has overshadowed the dual nature
of the labour market, which was to be released later in the other mod-
els, nevertheless it has opened the way to more realistic and complete
models with respect to the informal economy.
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The Harris-Todaro Model

According to this model, urban unemployment is explained by
higher wages in the formal sector, because full employment expected
wage is equal to the minimum wage in the sector. For the Harris-
Todaro model (1970), this expected gain encourages rural workers
migrating to the industrial sector and not actual earnings. So, urban
unemployment is an economically rational choice by rural migrant,
because his expected income pending employment is higher than his
gain in the rural sector, which can be explained as follows. The urban
workforce (Wu) comprises two components, one from the permanent
urban proletariat characterized by no attachment to the rural sector
and the other is the labour supply from rural migrants. Let h(.) denote
the agricultural sector’s production function where h′ > 0 and h′′ < 0.
Let’s denote P the price of agricultural goods in terms of industrial
goods, real wage in agricultural sector (SA) is given by SA = P ∗ h′.
The real wage of industrial sector (SI) is given by SI = h′, due to the
profit maximization behavior of entrepreneurs who are in a situation
of perfect competition, on the other hand the minimum urban wage
S−M is such S−M ≤ SI .

The expected urban wage (SeU) is given by SeU = S−M ∗ p, where p
is the probability to have an employment, which is equal to Wu/LT
where LT is the total labour. The migration of rural workers will
stop only when agricultural productivity in terms of manufactured
goods is equal to the expected urban wage, i.e. when there the bal-
ance SeU = SA is realized. To reach this situation, two cases should be
considered, either in full employment (Wu = LT ) when finding a job
is no longer hypothetical (p = 1) and SeU = S−M or the expected urban
income differential-rural income is zero i.e. S−M ∗ p = P ∗ h′, what
corroborates the hypothesis that migratory flow depends on the in-
come and the probability of finding a job. Dualistic thinkers consider
the informal economy as a marginal pan with no direct link with the
formal economy. According to Lewis (1954), the labour market is di-
vided into capitalist agents and subsistence workers. The differences
in earnings between the two categories (capitalist and subsistence
workers) are explained by skill levels, education, responsibility and
prestige. For Harris and Todaro (1970) the three market situations
(employment in the rural/urban and agricultural, and urban unem-
ployment) are resulting from the imbalance in the labour market from
which informality will flow. Both models suggest that informality is a
transitory phenomenon that economic growth will reverse.

The Structuralist Approach

The structuralists design the informal sector as subordinate to the
formal economy whose large companies are privileged, because its
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objectives are the reduction of the production costs and increased pro-
ductivity, subordinate small firms and informal workers. According
to structuralist thought, the informal production relations are strongly
linked to the major capitalist companies, this explains this interdepen-
dence (between formal and informal sector) that economic growth
cannot eliminate. This theory is based on two approaches: informal
economy is a leftover of pre-capitalism constituted of marginalized in-
dividuals who work in exploitative condition to ensure their survival
(Chen et al., 2004; Williams and Round, 2008) and informal employ-
ment consolidates, rather than reduces, the disparities produced by
formal capitalist employment (Pahl, 1984; Williams and Windebank,
2003).

Theory of Institutionalism

This theory is constituted by two approaches that taking source
in the theory of extra-legality which explains informal activities as
a survival strategy to face State constraints. This approach designs
the informal economy as microentrepreneurs response to State bu-
reaucratic regulation. The main theorists of this approach are de Soto
(1989) and Feige (1990).

One of these approaches considers informality as a new form of ac-
tivity emerging in late capitalism as a creative response to the State’s
incapacity to satisfy the basic needs of the impoverished masses’ by
the deregulated open world economy (de Soto, 1989; Hudson, 2004).
The other approach states that supporting transformations and costs
of different transactions of other economic agents and degrading
conditions of work such low-paid and sweat-shop like conditions
characterized informal employees (Feige, 1990; Sassen, 1997).

De Soto’s Approach

According to de Soto (1989), the State is sole responsible for the
marginalization of the masses by giving business groups certain privi-
leges and instituting ineffective judiciary processes. Excessive market
regulations imply very high legalization costs. Governments take ben-
efit of the majority of the privileges. Small interest groups override
laws to exercise entrepreneurship and ensure their survival. De Soto
model was the first to implicitly defend the idea of segmentation of
the informal market, arguing that informal is twofold, street vendors
and informal markets themselves.

Feige Approach

According to Feige (1990), the fact of supporting transformations
and costs of different transactions of other economic agents was the
factor that distinguished the informal workers of the formal agents.
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These transformations and transaction costs related to formal and
informal sectors explain the importance of these sectors in the de-
velopment process, which are the foundations of the institutionalist
approach. By focusing on the role of the State in the resource allo-
cation process, the proponents of this school emphasized the partial
aspect of the neoclassical analysis framework. According to Feige
(1990) there are four distinct types of informality, which are illegal
activities, unreported activities, unregistered activities and informal
activities themselves.

The Unifying Theory

Since none of the schools of thought has managed to develop a
framework where the informal can find its full expression in its own
economic meaning or expression of its statistical measurability, so, a
fourth school of thought was born. It advocates an approach called
unifying approach that combines the previous three currents theo-
ries and thereby finishes with the cleavage between the three main
thoughts. This twofold school trend, proposes initially to see the
informal labour market as a labour market in multiple segments and
secondly to see the informal economy as a system with a dynamic of
its own.

Integrated approach

There are, according to Fields (1975, 1990), a cleavage of the
economies of developing countries in the formal and informal sectors.
The formal sector is modern, urban and covered while the informal
sector is traditional, agricultural and non-covered. The migration
sends rural informal workers to urban areas. This movement pro-
motes the development of the urban informal sector which in itself is
a two-tiered sector. But this informal sector is heterogeneous, to the
extent that it receives migrants without experience or specific quali-
fication and former employees of the formal sector with experience,
capital and skills. Hence there is a cluster of informal employment,
where the entrance is free and individual workers perceive low in-
comes. Formal work is a dream as it is desired. There is another
cluster in the informal market where entry is limited, incomes are
high and it is preferred to formal employment.

Dynamic approach

Beyond the segmentation of the informal market, according to
the dynamic approach, there are interrelations between the formal
and informal sector. These interrelations will power the segmentation
phenomenon. This segmentation is not only a dual segmentation.
This is a multiple segmentation through which agents go from one
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sector to another according to their intrinsic characteristics and mo-
tivations. Based on the Lopez model (1989) this approach designs
an inter-sectoral mobility model. The dynamic approach considers
various possibilities of movement in inter-sectoral mobility, to better
understand this approach, we first present the model of Lopez (1989).

According to Lopez (1989) there is mobility between the informal
sector and the formal sector. In this mobility, the informal sector is
upstream through its upper segment and downstream through its
lower segment. This process is described in three stages in the model.
First, when the workers are young, unskilled and inexperienced.
Second, when some workers are experienced and have certain skills.
Finally, when employee reach a certain age, with social capital and
some technical knowledge.

The Lopez model, argues firstly that the informal sector has more
than two segments (Fields, 2005; Chen, 2005) and secondly, there
are several types of mobility, most of them are not one-way even if
everyone is not concerned (OECD, 2009). Thus the informal econ-
omy comprises various segments, which are cut in multiple social
networks with different types of agents. An upper segment consists of
sub-segments which are constituted of microentrepreneurs, and self-
employed agents. The unpaid workers in family businesses constitute
an intermediate segment. Lastly, a lower segment gathers households
that are struggling to survive and industrial subcontracting workers.

All segments are not open to all agents, access to different seg-
ments and the passage from a segment to another is a function of
human and social capital accumulation namely education, motiva-
tion, vocational experience and skills. This passage also depends on
the socio-economic characteristics of the country (macroeconomic
environment, legal framework, business regulations, etc.), and on the
importance of social networks. From there three types of mobility
should be distinguished on the informal market, job mobility, spatial
mobility, and mobility of individual income (OECD, 2009).

The unifying approach advocates a synthesis of three previous
currents theories. It designs the informal labour market as a set of
segments with a dynamic mobility based on a multiple segmentation
of the labour market and therefore with interaction with the formal
sector.

1.3 Macroeconomic situation and informality
growth in Haiti 1980-2010

We cannot analyse informality growth without a deep understand-
ing of its macroeconomic context. Between 1985 and 2010 the econ-
omy was subject to some deepen reforms that can be resumed into the
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application of two structural adjustment plans 1986-1989 and 1996-
1999. We develop the main elements that have led the macroeconomic
situation during the period 1980-2010.

1.3.1 Macroeconomic outlook

From 1990 to 1994 the agricultural sector lost 32% of its plus-value
(Despinas, 2008). The part of the agricultural products in exportations
dropped from 30% in 1985 to 9% of the GDP in 2001 (IMF, 2002).
The deficit in the balance of trade in goods and non-factor services
grew from 469.3 million of dollars of the United States in 1996 to
687.3 million of dollars of the United States in 2000 (IMF, 2002). In
2010, an earthquake caused damage and losses caused estimated at
7.863 billion US dollars (PNUD et al., 2010), which represent more
than 120% of gross domestic product because 1 dollar was worth 42
gourdes at this time.

Liberalization of the economy

Different important moments have marked the Haitian economy
from 1980 to 2010. The stagnation period of the economy from 1984
to 1990, which we can divide in two sub-periods. The period of
adjustment without funding causing the recession of 1982-1985 and
the stagnation from 1986 to 1989 and resumed in 1990. The sudden
decline in exports and the meteoric rise in imports between 1985
and 2011 and the demo-economic imbalances (the average real GDP
growth of 0.13% between 1988-1991 and 2007-2011 (Montas, 2012),
while the population growth is about 2.5% during the decade 1988-
1998 (IHSI, 2005)) are the dominant macroeconomic facts of the period.
The low GDP growth, the poverty due to the constant growth of un-
employment and the rapidly increasing of the urban population in
the early 80s paved the way for economic liberalization mechanisms.
Since 1986 several reforms were implemented: reform of trade pol-
icy to liberalize trade who understood such measures as eliminating
licensing requirements for imports of sugar and rice, the removal
of rights imports and quotas; fiscal and monetary policies to restore
and preserve the balance of public finances and balance of payments,
but also a stabilization of prices and the dollar. Thus the tariffs have
been reduced to 5-10% (UNDP, 2003), but also there was the banking
reforms of all kinds including the liberalization of the interest rates.
These measures included privatization of public enterprises produc-
ing goods and services, reform of public administration based on the
downsizing, 130,000 public employees were dismissed in four months
in 1994 (Lamaute-Brisson, 2005). Despite these reforms, there were no
regulations of the goods and services markets and the credit market
has not been touched.
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Growth of self-employment and wage decline

The labour market experienced a drop of employees between
1986 and 1999. This was explained by the downsizing of the public
enterprises applied by the PAS (1986-1989 and 1996-1999) and an
important departure of the industries between 1991 and 1994. The
employment payroll in manufacturing was generally focused trend
towards growth between 1983 and 1984, there has been an attrition of
about 8% over the period 1987-1989 (Lamaute-Brisson, 2005), which
was a significant decline in the industry’s workforce. This sharp
decline of the workforce in manufacturing was followed by a slow
decrease from 1987 to 1989 (Lamaute-Brisson, 2005). In 1991, about
15% of the employees disappeared in the enterprises records. In 1992
approximately 40% of employees from bars, restaurants and hotels
and about 28% in manufacturing have been disappeared in the records
(Lamaute-Brisson, 2005). Meanwhile the share of self-employment
increased from 27.4% in 1982 to 42.32% in 1986.

In 1990, urban informal employment represented 45% of total em-
ployment (Montas, 1995), in 1999-2000, 54.7% of the jobs are informal
(IHSI, 2001a, 2001b) and 57.1% of jobs are informal in 2007 (IHSI, 2010).
The unemployment strongly hits young people especially those who
are relatively more educated (Montas, 2005). The participation rate is
about 61% today in 2020 there will be 5,545,000 active on the market
with a participation rate of 65.3%. The acceleration of external mi-
gration is a new model of survival for the economy. The households
receive in average about 1.4 billion US dollars of transfers between
2007 and 2011 from Haitian migrants living abroad (Montas, 2012).
Nevertheless, the structure of the branches of the informal under-
went modifications. There are fewer and fewer craftsmen and more
and more merchants and people turning to the transport sector, but
also a lot of self-employed (88%), among them 63.4% are found in
the trade sector, 51% of workers in the "manufacturing" sector are
self-employed (Lamaute-Brisson, 2005).

1.3.2 Informality and GDP growth: a countercyclical
relationship

It seems, a priori, that there is a countercyclical link between
informal and GDP growth. For a better understanding of the inter-
relationships between informal and GDP growth, we highlight the
macroeconomic factors behind the expansion of the informal and
informal analyses the impacts on GDP growth.

Macroeconomic factors of informal expansion

After the loss of salaries for many workers and the sharp fall
in industrial employment between 1986 and 1987 and in 1991-1992,
different macroeconomic changes occur. Among them we can cite,
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extension of self-employment, low growth in industrial employment,
low rate of commitment in the employment system only 46.9% of
people of working age are active, (IHSI, 2001), under-employment
and the persistence of particularly high unemployment rate in the
metropolitan area. Those are the prime factors that propelled informal
activities.

In 1986, for the first time since 1971 the share of self-employed
starts to grow, reaching its highest level since 1950 (Montas, 1995,
2012). From 27.4% in 1982 the proportion of self-employed shifted to
42.32% in 1986 (Montas, 1995, 2012). This observation was one of the
first effects regarding the loss of wage earners and deindustrialization.
Meanwhile the share of traders in the informal workers increased
from 43.5% to 45.3% (Lamaute-Brisson, 2005). This is explained by the
imports increase in the total supply volume. The highly concentrated
oligopolistic banking sector finance the largest segments of the import
market. While 15% of employees have lost records in 1991-1992, the
share of informal employment in total employment has risen steadily
since.

The growth of the private sector accompanied that of the infor-
mal economy: 54.8% of employed persons are working in the infor-
mal private sector. Informal private companies represent 81% of the
metropolitan area of business (IHSI, 2010). Furthermore, there is no
real boundary between the informal private sector and the formal
private sector which provides only 1.9% of total employment. Weak
employment growth, high unemployment, persistent underemploy-
ment, the narrowness of the private sector, and bank credit orientation
are all factors that contributed to the growth of the informal economy.

Links between informality and GDP growth

The impact of informality on GDP has not been a subject of em-
pirical studies. But a first observation can already be made from the
respective past results they have shown in the economy.

From table 1.1, during the period from 1971 to 1982, informal
employment fell by an average of 0.5416%, while GDP has grown on
average by 5.85%. As for 1983-1987 period, informal employment rose
slightly by 2.98%, while GDP in real terms had a negative average
growth of 1.25%. In 1988-1991, urban informal employment increased
by 0.67%, while the GDP had a positive average growth of 0.13%.
Informal employment has increased on average 1.215% and GDP
shows a negative growth of 0.1321% over the period 1992-1999. In
2000-2007, the average increase of the informal economy is 0.2125%
and the average GDP growth of 0.4762%. We find that any increase in
informality over 1% leads to a negative GDP growth and vice versa,
but it should also be noted that when the increase in informality is
between 0 and 1% the same applies to the GDP growth. During the
periods 1983-1987 and 1992-1999 the increase in informality causes
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a negative GDP growth, whereas the decline in informality induces
a positive GDP growth for the period 1971-1982. It seems that the
informal economy has a countercyclical impact on GDP.

TABLE 1.1: Comparison of GDP growth and increase
in the informal economy (in %)

1971-1982 1983-1987 1988-1991 1992-1999 2000-2007

PIB growth % 5.85 -1.25 0.13 -0.1321 0.4762
Informal increase -0.5416 2.98 0.67 1.215 0.2125
Source: Computations by the author from Montas (1995, 2002) and IHSI (2007).

However, to confirm these observations we need measurement
tool subjected to the rigor and econometric and statistical accuracy,
therefore we build the following econometric model that allows us to
better grasp the desired object.

1.4 Modelling and measurement methods of
the informal economy

1.4.1 Measurement methods

Several methods have been developed for a better understanding
of the informal economy. Some of them are rather based on microe-
conomic approaches, these methods are what experts call the direct
approaches. Others are based on various sets of macroeconomic
indicators and belong to what might be called indirect approaches.

Direct methods

Direct microeconomic approaches using different procedures that
are generally grouped as follows.

The method of questionnaire surveys is based on voluntary re-
sponses from households, businesses or both (Tanzi, 1983). The house-
hold surveys to identify multiple jobs and home–based work home.
Surveys of small businesses allow identification of business charac-
teristics, income and many aspects of the production. Finally, the
mixed surveys - households and businesses - identify the socioeco-
nomic characteristics of informal workers and the segmentation of
the informal labour market.

The major drawback of this method is that the results of questionnaire-
based surveys are too subjective (Mogensen et al. 1985). They depend
on the wording of the questionnaires in the first place, and they also
depend on the answers of the interviewees, it turns out that inter-
viewed may struggle to declare fraudulent behaviour.

The method of tax audits focuses on controls of taxes paid to
the tax authorities that estimate the informal economy based on the
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differences between the statements of income subject to taxes and
those subject to special checks (Feige, 1986). The weakness of this
method is that it does not take into account undeclared work as the
special checks do not detect all fraud and false statements in the
existing system.

The method of implicit labour supply requires also the use of
available information in the formal and informal labour market in
order to estimate the size of the informal economy where the method
provides implicit work. The method focuses on comparative studies
of the labour market also has weaknesses such as the possibility of
underestimating the total number of people working in the informal
economy, it does not account for illegal activities such as drug traf-
ficking, gambling and prostitution and finally it does not take into
account the persons who hold more than one job, because according
to the literature on informality, in developing countries many peo-
ple who are working in the informal economy holding a second job
(Adam and Ginsburgh, 1985; Thiessen, 1997; Jensen and Slack, 2009;
Gunther and Launov, 2011).

The main benefit of direct approaches is to provide detailed in-
formation about the structure of the informal economy. Among the
derivatives of these approaches, questionnaire-survey remains the
most used method.

Indirect Methods

The method based on discrepancies between expenditures and
household income takes into account the household budget and con-
sumption surveys to make a comparative analysis between income
and household consumption. According to National accounts aggre-
gate income (GDP) must be equal to aggregate expenditure. First,
there should be an independent measurement of spending upon a rep-
resentative sample of the population gauging household consumption
over a specified period while deducting savings from their income.
Second, the difference between this measurement and aggregate ex-
penditure (GDP) then comes from activities other than those that are
reported and it can serve as an indicator for measuring the share of
the informal economy (Park, 1979). Nevertheless, the weakness of
this method is that it does not take into account undeclared work.
Hence, adjusting income tax does not apply to non-registered job.

The method of discrepancies on the labour market and the implicit
labour supply. Official turnout of the population in the national
workforce are not always compatible with the actual data on the
labour that evolves in the economy, this often observed gap between
the official rate and the actual rate of participation can be considered
as an indicator to measure the size of the informal economy into the
global economy. A decrease in the labour force participation rate
in the formal economy implies that the workforce increased in the
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informal economy (O’Neill, 1983) and this difference is the indicator
used by that method to measure the size of the informal economy.

The limitations of this method relies on the fact that the gap is
not necessarily reliable because some people work in the formal and
informal market at the same time; the gap in official work may have
other causes as increased participation in the informal labour market.

The method of physical inputs includes two empirical models
(Kaufmann and Kaliberda 1996; Lackó, 1999) considering that electric-
ity consumption is the best indicator of economic activity as a whole,
that is to say both legal and informal activities. Both models show
the existence of an elasticity close to one between the Gross National
Product (GNP) and electricity consumption.

However, this method can be criticized because informal activities
are more labour intensive, or will use other sources of energy; hence,
underestimating the informal economy. With the exception of models
based on demand for cash currency, the indirect approach methods
are used less and less, at a time when econometric methods appear
to be the safest and most robust modelling tool in research on the
informal economy. The method of monetary transactions come from
the quantity theory of money and the validity of the Fisher quantity
equation. The equation states M ′V + MV = PT , where M and M ′
denote money supply in cash and deposits, V and V velocity of circu-
lation of cash and deposits, PT product of total monetary transactions
T , the general price level P . The approach developed by Feige (1979)
is based on the assumption that the total GNP is traded in currency
and that the relationship GNP-quantity of money is a constant. The
measurement of Gross National Product (GNP) including both the
official GNP and underground GNP can be determined due to the
fact that the money supply which is composed of cash and deposits is
easily observable.

Among many limitations of this method, we note in particular that
it gave a negative measurement of the informal economy for the whole
period from 1939 to 1968. The main hypothesis implies a constant
relationship between the total value of monetary transactions and
economic activity, which deserves to be elucidated by econometric
tests. Finally, the assumption of the existence of a reference year when
the informal economy is considered null is unrealistic.

The method of currency demand assumes that illegal or under-
ground transactions are settled in cash to escape control it holds that
the velocity of circulation of cash currency (M0) in the informal econ-
omy is the same as for the formal economy and that the base year
is chosen arbitrarily (Adair, 2002). This method contains two main
models.

The Cagan model first tried to establish a correlation between the
demand for money and the tax burden (Cagan, 1958). Gutmann (1977)
provided an extension by studying the ratio of "normal" demand for
money and the actual demand for money, which is then interpreted
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as an indicator of the size of the informal economy. Therefore, any
increase in the size of the underground economy will cause an increase
in the cash/deposit ratio in the banking institutions.

Tanzi (1983) published one of the first modelling methods built on
the same basis as the demand for money method. According to the
Tanzi model, a growing informal economy leads to a growth in cash
money demand, wherein the dependent variable is the cash/deposits
ratio (C/M2). To isolate excess demand for cash currency, an equation
of the cash money demand is estimated. In order to identify the
variables considered, all conventional factors are controlled, such as
changes in income, consumer spending, savings and interest rates.
Some other factors likely to influence economic agents to operate in
the informal economy are included, such as direct and indirect taxes,
State regulations and the complexity of the tax system.

Nevertheless, these two models have some limitations regarding
their assumptions, and fall short of any theory designed for this
purpose. First of all, transactions in the informal economy are not
made entirely in cash (Isachsen and Strom, 1985). Second, the Tanzi
model has poor specification, wherein only taxes and government
regulations encourage economic agents to turn informal, ignoring
other important factors can also come into play. Hill and Kabir (1996)
contradict the assumption that the money circulation rate is identical
in all sectors of the economy. This means an increasing in money
demand is not necessarily a cause of growth in the informal economy
(Frey and Pommerehne, 1984). Last, the assumption that the informal
economy was negligible during a reference period is unrealistic.

1.4.2 Modelling methodology

It is often criticized the methods of the indirect approach taking ac-
count of a single variable as an indicator of the weight of the informal
economy. Indeed, such methods prevent to understand all the effects
of informality. Now it is well established that the informal economy
has impacts both the work on the money market but also on produc-
tion, therefore more element to be taken into account for the well
identified. Thus the modelling approach takes into account the causes
and effects of informality through two groups of variables classified
into causes of variables and variables "indicators". It is a method
based on the statistical theory of unobserved variables or latent vari-
ables (Schneider, 2010) which takes into account several variables
as causes and others as indicators of the phenomenon (Bajada and
Schneider, 2007).

If economic theory justifies the choice of the variables used in
modelling, however the consideration of the informal economy as a
latent variable that it appears as a fixed value over time, is neither
explained nor justified by theory still less by economic statistical
theory.
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Theoretical structural equation model with latent variables: the
PLS approach

Partial Least Squares Path Models (PLS) are latent variable models
that treat p observed variables on n individuals divided into j blocks
of kj continuous variables. A structural model of relationships be-
tween variables interconnects the blocks. Variables are two types, the
observed variables called manifest variables (MV) and unobserved
variables called latent variables (LV) that exist through the manifest
variables. To each variable block kj we associate one latent variable.
This model is composed of two sub-models:

Xjh = πjhξj + εjh (Measurement model)
ξj = ∑

i βjiξi + νj (Structural model) (1.1)

The measurement model links the MV and LV, it may be reflective
(MV reflect their LV) or formative (LV reflects the VM associated with
it) the structural model links the VL among them (figure 1.1).

FIGURE 1.1: The PLS Model

Source: Representation of the author

Two approaches can be used to estimate the parameters of a such
model. The first one is the LISREL approach (linear structural relation-
ships) which serves to test hypotheses about the relationship between
observed and latent variables. In LISREL approach two sub-models
can only be reflective (MV reflect their LV) this means the latent vari-
able is a factor that we ignore the causes. The second approach is the
PLS (Partial Least Squares) model. It measures the latent variables
based on the manifest variables. In this case the two sub-models can
be totally reflective, or the two sub-models can be mixed also this
means they can be reflective and formative (LV reflects MV associated
with it). Hence, latent variable is taken as a factor that we know the
causes and effects are palpable. In this chapter the PLS approach is
the most appropriate. This model does not require the assumptions of
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normality, due to regressions, over the issue of independence between
variables does not arise (Jakobowicz, 2007).

Assumptions and estimation method

This model is valid only under the two following conditions: obser-
vations must be independent (they can be multi-levels) and variable
blocks should be one-dimensional (in the reflective case). εjh is an
impact matrix where each εjh is white noise, they are uncorrelated
with the latent variable ξj . νt represents the unexplained component
is a column vector of terms of mean zero error uncorrelated with the
manifest variables xjh.

Latent variables are estimated in two different ways. After fixation
with initial external weights

cij = cji =


+1 if cor(ξi, ξj) > 0
−1 if cor(ξi, ξj) < 0
0 if cor(ξi, ξj) = 0

(1.2)

The external estimate from the manifest variables xjh of its block
Yj = ∑kj

h=1wjhxjh = Xjwj where Yj must be centred and reduced, wj
a column-vector of the coefficients wjh. The inner estimate Zj form
the external estimates Yj of the standardized latent variables ξi related
to ξj are defined by: Zj ∝

∑
{i\i6=j,cij 6=0} ejiYi.

Where ∝ means that the variable on the left is obtained by the
reduction of the variable on the right. Where eji are the multiple
regression coefficients of Yj on Yi because ξi explains ξj .

By connecting external estimates Yj with inner estimates Zj we
obtain:

Yj ∝
∑
h cor(xjh, Zj)xjh ≡ Yj ∝ XjX

′
jZj

Wold (1985) gets the stationarity condition of Yj variable sub-
model (measurement) of reflective form Yj ∝ XjX

′
j

∑
{i\i6=j,cij 6=0} ejiYi.

In the model of formative type the variable Yj is obtained by the
multiple regression of Zj on the columns xjh of the matrix Xj then
reduction Yj ∝ Xj(X ′jXj)−1X ′jZj .

Hence the condition of stationarity of a variable Yj in the sub-
model (formative type) is: Yj ∝ Xj(X ′jXj)−1X ′j

∑
{i\i6=j,cij 6=0} ejiYi.

It repeats the last two steps until the method converges, and then
estimated structural equations by multiple regression method. The
residue normality assumption is not necessary, because of the regres-
sions.

1.4.3 Theoretical justification of the economic model
and variable use

It is essential to know the causes and consequences of the informal
economy into the economy in general to better define in economic
theory. Thus the variables that must be used to model and estimate the
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weight of informality must be variables of causes and consequences
(indicators) taken as needed for the proposed analysis and the scope
of the existing theory.

One of the classic features of the informal economy is that it is
exercised outside the fiscal and administrative frameworks regulated;
it is also one of the factors supporting its expansion and sustainability
(Castells and Portes 1989; Maldonado, 1995). According to Maldon-
ado (1995), one of the comparative advantages of the informal sector
resulting in reduced hourly costs which itself is due to non-payment
of taxes, non-payment of social security contributions, tax evasion
and concealment of income (Adair, 2009), which themselves depend
on the institutional context.

The second view contains theories that use to link informal ac-
tivities and corruption with regard to the economic situation: high
income economies or low income countries (Schneider, 2007). Some
models describe corruption and informality as complements such
as a larger State corruption practice leads to a larger informal econ-
omy size (Johnson, Kaufmann and Zoido-Lobatón, 1998; Hindriks
et al., 1999). Some other theories see informal activities and official
corruption as substitutes, the larger is the former the smaller is the
latter (Choi and Thum, 2004; Dreher, Kotsogiannis and McCorriston,
2005). The consideration of these elements is based on two empirical
approaches that are the positive elasticity of labour supply with re-
spect to the tax rates and the risks of subjective estimation and gains
from tax evasion. The third approach is built on the model of Sandmo
(1972), which highlights the idea of maximizing expected utility func-
tion of the fraudster whose arguments income and job settings and
the wage rate, the rate employment, the probability of being caught
and the penalties accompanying the possible detection.

Macroeconomic and Microeconomic foundations

The first approach is explained by the importance of microeco-
nomic foundations of the tax burden theorized by the Laffer curve,
built on the assumption that increasing the tax burden induced a
favourable arbitration preferably undeclared work replacing the in-
stitutionalized job or supplementing (Adair, 1985 in Adair, 2009).
Thus, it is justified to use in modelling to estimate the informal econ-
omy variables such as taxes (direct and indirect) social contributions,
control of corruption and quality control of public institutions and
quantity of money in the economy. Taxes and social contributions
are used for analysing induced arbitration in favour of informal em-
ployment, the framework of functioning of State institutions (quality
control) that could explain tax evasion and fraud, the quantity of
money circulating in the economy which is controlled by the regu-
latory bodies (Central bank and tax institution) to identify hidden
income.
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The second approach is built on the model of Sandmo (Allingham
and Sandmo, 1972), which highlights the idea of maximizing expected
utility function of the fraudster. It takes into account the different
variables. These variables can be: GDP or GDP per capita) or the
growth of income per capita in percentage, employment which may
be reflected in the growth rate of labour or unemployment parameters,
the wage rate and related variables such as the inflation rate or the
number of working hours, the probability of being caught and the
penalties accompanying potential detection. So many variables can
incorporate modelling to estimate the weight of the informal economy.

Justification of econometric modelling

Direct methods (tax audit implicit labour supply) or indirect meth-
ods (gaps, physical inputs, monetary transactions) have the disadvan-
tage of not taking into account a single variable as an indicator of the
weight of the informal economy, which prevents to understand all
the effects of informality. In as much as the informal economy has
an impact on all segments of the economy, so several elements must
be taken into account to better identify this issue, hence the use of
econometric modelling.

Because informality is not directly observable in macroeconomic
aggregates while it is present throughout the economic cycle, the
latent variables models are those that best reflect this unobservable
characteristic. The choice of a particular model MIMIC i.e. the PLS
meets two requirements. First the development of informality is in-
fluenced by several macro factors as we have highlighted them above.
These factors constitute the causes of the evolution of informality.
They form with a latent variable that the PLS model called the for-
mative kind. The informal economy in turn acts on a set of other
macroeconomic factors, called indicators of the impact of informality,
the PLS modelling binds with another latent variable to form the
reflective type.

PLS model, unlike other derivatives of MIMIC models, does not
consider the informal economy as the only unobserved factor of the
economy. PLS model supposes the existence of other unobservable
factors in the economy that will themselves act on the unobservable
informality as the fundamental element. This explains the existence
of the structural model (internal) in PLS modelling, which is the main
originality of this model. PLS is different from space-state type model,
which gives the general form of all MIMIC models. In the structural
model other latent variables are used as predictors of the main latent
variable. It is probably the most flexible extensions of multivariate
multiple linear regression model (Jakobowicz, 2007)., allowing it to
be used when the number of observations is less than or equal to
the number of variables. This is exactly the case here. PLS compo-
nents produced by linear combination of the initial predictors, so that
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these components used in the predictive model are not correlated.
This model does not require the assumptions of normality, due to
regressions (Jakobowicz, 2007).

The PLS models have some limitations. These models are valid
only under specific conditions. One must be careful in building blocks
for the convergence, which has not been demonstrated for two blocks,
but it is found in practice. Finally, PLS underestimates the parameters
of the structural model.

1.5 Design and Interpretation of the Model:
Variables, Equations, Estimates and Re-
sults

Our PLS model (MIMIC) is designed and processed by a method
with the software called PLS-PM.

1.5.1 Data, variables and modelling

We designed a set of eleven variables (annual series) spread over
the period 2000-2010. This period of eleven years would have been
a problem but PLS may be used when the number of observations
is less than or equal to the number of variables without significantly
altering the significance of the results. All data are from the base of
the World Bank (2012b), with the exception of those where sources
are mentioned.

Data

First we have the variables constituting the formative sub-model:
Tax: taxes paid including social contributions paid by the employer

with the exception of consumption taxes as a percentage of GDP
(source: CEPAL, ECLAC).

GE: Government expenditure as a percentage of GDP as a proxy
variable indirect taxes as a percentage of GDP.

IG: index of perception of the quality of public services, the in-
dependence of these services regardless of political pressures, the
quality of the development and implementation of public policies and
the credibility given to the government to meet its commitments to
comply with these policies, between -2.5= bad and 2.5 = excellent.

CC: index of State corruption, it measures the perception of the
use of power for the purpose of illicit personal enrichment, between
-2.5= bad and 2.5 = excellent. Both indices show the predisposition of
the state to encourage formal business provided the former is high
and the second low.

logGDP: GDP per capita (taken in logarithm) at constant prices in
local currency (gourdes)
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Inf : inflation These two variables reflect the ability of households
to purchase baskets of goods, or otherwise, they are turning to the
informal economy hence their inclusion.

GDP: GDP growth rate per capita
UR: Proportion of unemployed as a percentage of the total popu-

lation (source: CIA world factbook)
RWf : labour force participation rate of work as a percentage of

total population Then we have the variables constituting the reflective
sub-model:

logWf : available labour force (in logarithm) as a percentage of total
population M1/M2 : M1 represents coins, notes and demand deposits,
M2 represent M1 added to deposits with a lower maturity of up to
two years and carry a lower payment or notice of up to three months,
this is a proxy of cash/deposits ratio due to Gutmann (source: Bank
of the Republic of Haiti).

The importance of both of these variables (CC and IG) resulted
in their variance we have left them as they are, and the other eight
variables were standardized according to the wish of the model used,
as some expressed percentages and other quantities. Our PLS model
consists of a formative sub-model (the latent variable reflects the
manifest variables associated with it) and a sub-reflective model (the
manifest variables reflect their latent variable). Our model is built
with three latent variables, two of which are exogenous "Reality" and
"Perception" and respectively contain four and five manifest variables,
they are indicators in the formative type and one is endogenous
("ShE") which represents informality, it is the event variable in the
reflective type and has two manifest variables.

Modelling

Both model equations sets are written as follows: (Measurement
model):

Xjh = πj0 + πjhξ
′
j + εjh

With the following hypothesis E(Xjh|ξj) = πj0 + πjhξ
′
j

Which implies that εjh has a zero mean and is not correlated with
εj .

where: Xjh is a matrix with rows containing the manifest variables
of each latent variable and as many columns as the highest number of
manifest variables that contain each latent variable, here it is a matrix
(3× 5). πjh is a matrix of coefficients representing the intensity of the
expected changes in each group of manifest variables associated with
a latent variable to a one unit change in the latent variable in question
is also a matrix (3× 5); εjh is an impact matrix where each εjh, j = 1
to 3, is white noise , it is still a matrix (3 × 5) ; ξj is a column vector
composed of the different latent variables. A more elaborate writing
of this model can be:



1.5. Design and Interpretation of the Model: Variables, Equations,
Estimates and Results 31

x1h = π1hξ
′
1 + ε1h, h = l, . . . , 4

x2h = π2hξ
′
2 + ε2h, h = 1, . . . , 5

x3h = π3hξ
′
3 + ε3h, h = 1, 2

(1.3)

Where: x1h contains the variables x11 = logGDP , x12 = Inf , x13 =
RWf , x14 = UR et ξ1 = Real ; x2h is constituted by: x21 = GE,
x22 = Tax, x23 = CC, x24 = IG, x25 = GGDP et ξ2 = Percept ; x3h is
constituted by: x31 = logWf , x32 = M1/M2 et ξ3 = ShE.

The Structural model is: ξj = ∑
i βjiξi + νj

With the predictor specification conditionE(ξj|ξ1, . . . , ξj−1) = ∑
i βjiξi.

ξj is a vector already defined in the measurement model column
where νj is an average term of random uncorrelated zero the explana-
tory latent variables ξi in the right part of the structural equation.
Most βji coefficients are structurally zero and ξi corresponding vari-
able is not in the equation of the structural model. The βjj are the
most remarkable cases (βjj = 0) and the corresponding ξj are absent
from the right side of the equation.

A more detailed writing of this model is: ξ3 = β31ξ1 + β32ξ2 + νj ,
car β11 = β22 = 0. Where ξ3 is the shadow economy.

Estimates

After running the model, we obtain the following results (table
1.2) for the manifest variables and the indicators regarding their block
(the latent variable that they are associated to).

TABLE 1.2: Estimation results

Latent variables Manifest
variables

estimates t-statistic

ξ1 RWf 0.360 5.114***
logGDP 0.239 2.813***
Inf 0.198 1.807***
UR 0.368 6.142***

ξ2 GE 0.444 5.720***
Tax 0.615 5.411***
CC 0.088 2.209***
IG 0.022 0.806
GGDP 0.013 0.060

Indicators
ξ3 M1/M2 0.060 0.257

logWf 0.948 3.548***
***=significance level at 5%, an significant if |t|>1.65.

Source : Computations by the author

The main equations (including only significant variables) of the
measurement model are given by:
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ξ1t = 0.36RWt + 0.239logGDPt + 0.198Inft + 0.368URt

ξ2t = 0.444GEt + 0.615Taxt + 0.022CCt
(1.4)

TABLE 1.3: Coefficient of the latent variables driving
the shadow economy

Path coefficients of ξ3
Variable latent Value SD t Pr>|t| f2

ξ1 -0.857 0.116 -7.399 0.000 6.843
ξ2 0.144 0.116 1.249 0.247 0.195

Source : Computations by the author

Hence, the main equation of the model is given by: ξ3t = −0.857ξ1t+
0.144ξ2t

To move to the actual estimate, we replaced in the model equa-
tion all significant coefficients of the manifest variables (table 1.3)
belonging to each latent variable, and then we have:

˜ShEt = −0.308RWt − 0.205logGDPt − 0.169Inft − 0.315URt +
0.064GEt + 0.088Taxt + 0.012CCt

Using equation above we obtain: ˜ShE2007 = 0.6377, ˜ShE2008 =
0.6936, ˜ShE2009 = 0.6740 and ˜ShE2010 = 0.7825.

Following the Dell’Anno and Schneider process (Dell’Anno and
Schneider, 2006) this index ( ˜ShEt) must be converted to absolute
values of the informal economy, with particular base year is fixed,
where the informal economy takes a value for a base year, which is an
exogenous estimate. We choose 2007 as the base year and the value
57.1% as the shadow economy size for this base year (Schneider, 2010),
we denote it ShE∗2007. The real size of the informal economy is given
by:

˜ShEt = ˜ShEt
˜ShEi

˜ShE∗i

Where i is the chosen base year and t is the given year. Thus we
have the following estimates of the size of the informal economy for
the years 2008, 2009 and 2010 as a percentage of GDP:

˜ShE2008 = 62.1%
˜ShE2009 = 60.35%
˜ShE2010 = 70.06%

(1.5)

1.5.2 Model validation

To be valid, the results found in the previous section need that the
built model should verify some fundamental criteria.
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Block’s Unidimensionality and Reliability

The model constructed has three blocks of manifest variables each
belonging to a latent variable. The block of variables that consti-
tute the first latent variable ξ1 does not admit values for the Dillon-
Goldstein coefficient and the Cronbach’s alpha (Tenenhaus et al., 2005;
Jakobowicz, 2007) because it is an exogenous variable. Therefore, we
cannot state about its internal consistency and its unidimensionality.
But this block has a critique value (0.909) greater than 0.5 that suggests
the block has acceptable internal consistency and unidimensionality.
The second block of variables that form the second latent variable
ξ2 has a Cronbach’s alpha lower than 0.7 (table 1.4) that means the
strength of the relationship between variables is not very interesting.
But the block has a Dillon-Goldstein rho higher than 0.7 so the block
is a one-dimensional (Jakobowicz, 2007). The block of variables that
forming the latent variable ξ3 has a Cronbach α greater than 0.7 (ta-
ble 1.4) so there is high internal consistency in this block, and it also
has a Dillon-Goldstein coefficient greater than 0.7 that means it is a
one-dimensional block. Globally the three blocks have an acceptable
consistency and all of the three blocks are one-dimensional because
both possess coefficients Dillon-Goldstein higher than 0.7(Jakobowicz,
2007).

TABLE 1.4: Composite reliability

Latent
variable

DimensionAlpha of
Cronbach

Rho of
Dillon-
Goldstein
(ACP)

Critical
values

eigenvalues

ξ1 4 0.909 2.538
0.939
0.154
0.006

ξ2 5 0.634 0.823 0.558 1.650
0.852
0.259
0.024
0.004

ξ3 2 0.924 0.964 0.909 1.690
0.128

Source : Computations by the author

The variables that constitute the block of the latent variable ξ1 has
the first eigenvalue greater than 1 and the second smaller than 1 so
this block is reliable (Jakobowicz, 2007; Tenenhaus et al., 2005), more
the gap between high the first eigenvalues of each block and those
that follow serve to corroborate this finding. All the two other blocks
that constitute respectively the two latent variables ξ2 and ξ3 have the
same eigenvalues characteristics (first eigenvalue greater than 1 and
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the others smaller than 1) hence we conclude that the composite of
the three blocks of the model is reliable.

Further analysis of cross-loadings values (table 1.5) that compare
the values displayed by the manifest variables in their block relative
to those displayed in other blocks, if their value in their respective
block is superior to other values displayed elsewhere then they were
assigned to the best block. Thus, this analysis shows that each of the
model variables was assigned to the best block of variables as possible
which helps to reinforce the fact that the model is well fitted to the
data. The three blocks have all the first eigenvalue greater than 1 and
the second smaller than 1 so they are unidimensional (Tenenhaus et
al., 2005; Jakobowicz, 2007).

TABLE 1.5: Relationship between manifest variables
and latent variables by block

Cross-loadings
ξ1 ξ2 ξ3 Communalities

RW 0.977 -0.909 -0.991 0.954
logGDP 0.782 -0.499 -0.763 0.612
Inf 0.487 -0.624 -0.421 0.237
UR 0.990 -0.944 -0.997 0.980
GE -0.696 0.899 0.711 0.807
Tax -0.968 0.950 0.979 0.902
CC -0.625 0.678 0.619 0.460
IG -0.239 0.356 0.276 0.127
GGDP -0.004 0.193 0.037 0.037
M1/M2 -0.865 0.816 0.875 0.765
logWF -0.989 0.931 1.000 0.999

Source : Computations by the author

For all these reasons all the three blocks are essentially unidimen-
sional and according to the fact that correlations between the manifest
variables and the first principal component are positive (appendix 1)
none of the manifest variables should be removed from their belong-
ing block in the measurement model (Tenenhaus et al., 2005). There
are as many component factors as the block contains variables.

Global Model and sub-models Quality

The goodness of fit of the global PLS model is given by the GoF
(Goodness of Fit) index (Tenenhaus et al., 2005; Jakobowicz, 2007). The
values of f 2 (table 1.3) correspond to the indices of cross-validation
redundancy (Tenenhaus, 2004; Tenenhaus et al., 2005). These indices
related to the endogenous blocks measure the global quality of the
structural model. When all the cross-validation redundancy indices
are positive, which is the case in our model, the measurement model
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has a good quality (Tenenhaus et al., 2005). The cross-validation re-
dundancy indices show the capacity of the path model to predict,
using the cross-validation, the endogenous manifest variables indi-
rectly from a prediction of their own latent variables through the
related structural relation (Tenenhaus et al., 2005).

For each block the Communality index (Tenenhaus et al., 2005;
Jakobowicz, 2007) measures the quality of the measurement model,
and it was found that this model is of good quality because the com-
munality index is 0.625 in average (table 1.6). For each endogenous
block the redundancy index (Tenenhaus et al., 2005; Jakobowicz, 2007)
is used to measure the quality of the structural model, the quality of
the model is interesting.

TABLE 1.6: Coefficient of communalities and redundan-
cies of the model

Variable Type R2 adjusted
R2

CommunalitiesRedundanciesRho D.G

ξ1 Exogenous 0.696 0.896
ξ2 Endogenous 0.843 0.843 0.467 0.393 0.780
ξ3 Endogenous 0.983 0.981 0.882 0.867 0.937
Average 0.913 0.625 0.630

Source : Computations by the author

The R2 for ξ2 and ξ3 are greater than 0.84 (table 1.6) hence these
sub-models take into account the complexity of the model in a very
satisfying way.

Since in our model, as shown in the table 1.7, the GoF indices
of internal and external models are very high as well as the relative
GoF which reflect a very good fit to the data model. The external
model explains 96.3% of the data; the internal model is capable to
explain 95.6% of the data. Relatively the model takes into account
92% of the achievable fit. In absolute the model fit the data at 76%. All
those results are very significant because in the table 1.7, zero is not
included between the lower bound and the upper bounds (Tenenhaus,
2004).

TABLE 1.7: Fit model quality

GoF SD Critical Ra-
tio (CR)

Lower
bound
(95%)

Upper
bound
(95%)

Absolute 0.756 0.030 25.044 0.681 0.802
Relative 0.921 0.031 29.944 0.812 0.941
External model 0.963 0.015 65.277 0.906 0.970
Internal model 0.956 0.027 36.010 0.862 0.989

Source : Computations by the author

The Communality for each variable releases the proportion of
variance of the manifest variables explained by their latent variable
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associated. The communality indices show that only two variables
(IG and GDP) are not well explained by their latent variables (table
1.5).

The three blocks are unidimensional and the variables that con-
stitute each of them belong to the best possible block then the three
blocks are reliable. The manifest variables are positively correlated
to the first principal component. The measurement model has a very
good quality. The structural model has a high quality. External and
internal models explain more than 95% complexity of the data. Ac-
cording to these observations we conclude that the estimates of the
PLS model are valid so the results can be analysed.

1.5.3 Results analysis

We analyse the impact on growth in informality of each significant
manifest variables of the model: GDP per capita, GDP, inflation,
unemployment rate, direct taxes, government expenditures (proxy of
indirect taxes), labour force participation rate, corruption index, and
the index of perception of the quality of public services. The effects
of each variable on the growth of informal activities are compared to
theoretical and empirical assumptions in the literature devoted to the
informal economy.

In 2008 an increase of the size of the inflation of 4.87% has accompa-
nied the size of the informal economy increased by 5%. An important
drop in the unemployment rate by about 2% and a fall of the direct
taxes of 0.11% and indirect taxes (approximate by the government
expenditures) increased of 0.59% have also accompanied the informal
activities increase. This observation is coherent to the idea that infor-
mality and taxes evolve in the same direction (Adair, 1985; Schneider,
2005); At the same time the mass of money in circulation increased
by 3.14 points, which corroborates the point that additional use of
currency is a good indicator of shadow economy (Schneider, 2010).
The GDP per capita has increased negatively of 0.48% while informal-
ity increased. This remark is contrary to the theory that stipulates an
increase in informal activities leads to an increase in GDP per capita
(Sandmo and Allingham, 1972). The decline in unemployment is due
to the fact that part of the unemployed workforce has joined informal-
ity, which is coherent to the classic view that advocates a decrease of
the workforce participation rate leads to an increase of the informal
workforce (Schneider, 2010, O’Neill, 1983). The increase of the mass
of currency circulating in the economy of 3.15% leads to an increase
of the informal activities. Informality acted in a countercyclical way
of the GDP which decreased by 2.5%. We must point out that despite
the increase in informal activities the index of State corruption im-
proved by 0.07 points. That explained expanding informal activities
contribute to reduce State corruption (Choi and Thum, 2004; Dreher,
Kotsogiannis and McCorriston, 2005). Surprisingly the improvement
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of the index of perception of the quality of public services of by 0.3
points accompanied the increase of the informal economy, which is
contrary to alternative empirical observation (Johnson, Kaufmann
and Zoido-Lobatón, 1998).

In 2009, the informal economy fell by about 2%, which is explained
by the growth of the GDP of 2% and the sudden fall of the inflation.
The unemployment rate fell by about 5.6%. That brings us to under-
stand that the decline in unemployment is not just the preserve of
the informal economy contrary to the idea stated by O’Neill (1983).
It should be noted that the currency in circulation grew of 1.08% de-
spite the decrease in informal activities, this observation reinforces
the point that the growth of the mass of currency in circulation is not
necessary an effect of growth in informality (Frey and Pommerehne,
1984); however, declining inflation rate by 9.5% influence significantly
the decrease of informal activities. There was an increase in public
expenditures (proxy of indirect taxes) of 0.33%, an increase in direct
taxes of 1.1%. These two observations mitigate the point that taxes
(direct or indirect) lead informal economy growth (Adair, 1985; Schnei-
der, 2005). The improvement of the corruption control index of 0.05
points was a part of the decrease of informal activities. That is consis-
tent with the empirical assumption that stipulates smaller informal
economy correspond to smaller State bribery (Johnson, Kaufmann
and Zoido-Lobatón, 1998; Hindriks et al., 1999). Furthermore, we
see that the index of perception of the quality of public services has
dropped by 0.2 points while informal activities also dropped which
is contrary to some empirical observations (Johnson, Kaufmann and
Zoido-Lobatón, 1998). GDP per capita has increased positively by
2.02% while informality decreased, which is contrary to the view that
advocates a similar situation should lead to an increase in GDP per
capita (Sandmo and Allingham, 1972). The countercyclical aspect
of informal activities is still evidenced in as much as we observe a
positive growth of 2.9% GDP induced the fall in the informal economy.

In 2010, the informal economy has increased by about 9.71%; simul-
taneously there has been a rise in inflation. The taxes have increased
by 0.16%, while indirect taxes have fallen down by 0.41%. This obser-
vation makes the link between taxes (direct and indirect) and informal
economy growth (Adair, 1985; Schneider, 2005) unsettled. Despite a
slowdown in the economic activity due to the earthquake, the mass
of money in circulation increased by 4.15%, which is consistent with
the fact that Schneider (2010) considers additional use of currency as
a good indicator of shadow economy. Inflation increased by about
1.33%. There was a worsening of the corruption index of by 0.10
points. This increase in State bribery that accompanied the positive
growth of informal economy is consistent with the empirical obser-
vation stating the larger is the official corruption practice the larger
is the shadow economy (Johnson, Kaufmann and Zoido-Lobatón,
1998; Hindriks et al., 1999). The index of perception of the quality
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of public services dropped by 0.03 points while informal activities
also grew which is consistent with the point stating the greater is
the perception of public services quality the smaller is informal econ-
omy (Johnson, Kaufmann and Zoido-Lobatón, 1998). The important
increase in government expenditures by 1.33% is explained by the de-
struction of public service buildings in the earthquake. Nevertheless,
unemployment fell by 1.4%. The negative growth of the GDP by 5.4%
implied a sharp increase in informal activities, which corroborates the
countercyclical aspect of the informal economy.

We should observe that between 2007 and 2010, he lower is the
growth of annual GDP the higher is the annual growth of informal
economy. The link between increase in informality and increase in
State corruption is not checked, as we have seen informal increases
have been accompanied by an improvement in the index of corruption.
There is an inverse relationship between informal activities and the
index of perception of the quality of public services. As for inflation,
it seems to be moving in the same direction as informal economy. The
amount of money in circulation is still increasing but when the size of
the informal economy is increasing the growth of money in circulation
is more significant. Taxes (direct) are growing regardless informality
grows or falls. GDP per capita evolves inversely to informality. The
unemployment rate and the labour supply decrease regardless of the
informal movement, but they act very significantly on the informal
economy. Except in 2010, government expenditures operate inversely
to the trend of informality. The variables that significantly influence
the development of the informal economy are unemployment, gov-
ernment spending, taxes, GDP, State corruption and inflation. The
countercyclical aspect of the informal economy is documented.

1.6 Conclusion

Analysis of the results of the PLS model developed to measure
the size of the informal economy, highlighted significant causalities
between perceived taxes, State spending, corruption, inflation, espe-
cially GDP and the growth of informality. It should be emphasized
the growing importance of the informal economy in Haiti, from 57.1%
in 2007 to 64.83% in 2010. The various causes and effects of the model
show that workers are engaged in the economy informal for various
reasons. Among the main reasons that people joined informal activi-
ties we can underline unemployment and inflation. When inflation
raises the purchase power of the individual workers decreases there-
fore they will try to compensate their salary losses through informal
activities. Workers joined informality to provide responses to govern-
ment actions (taxes and controls) especially the indirect taxes that lead
the informal economy movement. Individuals work into informality
to bring answers to government comportment (state corruption and
quality of public services) and to adjust their economic situation to the
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market conditions (rise of inflation). Informal activities have many
impacts on some macroeconomic variables. The growth of informal
economy leads to important increase of the currency in circulation.
Contrary to many theories, the growth of informal activities does
not imply the growth of individual wealth (GDP per capita). Nev-
ertheless, this observation is coherent to the empirical view arguing
that informal growth is inversely proportional to GDP per capita
(OECD, 2009). It appears an antagonist relationship between informal
economy and individual wealth during the period 2007-2010. The
link between informal economy growth and taxes is unsettled. The
most surprising observation is the countercyclical aspect of informal
economy. The more the growth of informality is important the lower
the growth of the GDP is. While in the most of countries of Latin
America informal economy evolves in the same way as the global
economy growth.

Gains and losses could be used to encourage the Haitian govern-
ment to adopt employment policies of measures that can make the
informal market less attractive and control inflation. The State could
also control the line of its expenditures, in order to not strengthen the
informal market. However, it should be noted that like any MIMIC
model, this PLS model is far from perfect and could be improved by
taking account of the labour market movement or the measurement
of productivity by type of activity (secondary or tertiary). Forecasts
on informal using this model taking into account the evolution of
macroeconomic variables, is a line of research that could deepen.
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Chapter 2

Informal Economy Growth in
Haiti: A Critical Evaluation of
the Neoliberal and
Deregulatory Policies

2.1 Introduction

During the last decade many researchers and policy makers have
recognized that the shadow economy has become a sizeable and
growing side of the global economy. The informal economy growth
in Haiti has been more remarkable after the application of the neolib-
eral policies. Neoliberal theorists stipulate that deregulation policies,
fiscal policy relaxation and reduction of State intervention in the mar-
ket are the main solutions to prevent the informal economy from
expanding. This chapter aims to evaluate the neoliberal theoretical
remedy against informal economy growth by studying the effects of
the deregulatory policies on shadow economy. Through a LISREL
model, we use time series data over the period 2000-2010 to analyse
the impacts of fiscal and budgetary policies on the informal economy.
This study finds that the more flexible the fiscal policy, the higher the
informal economy;the more rigorous the budgetary policy, the more
shadow economy grows. It shows that the fall in GDP, the rise in final
consumption expenses and government expenditures are the main
factors that positively influence the growth of the shadow economy.
Lowering the growth of money circulation and the exchange rate
has negative impacts on informal economy. Data do not confirm the
neoliberal assumption “less regulation, less informality” that theorists
present as a remedy against informal economy expansion. During the
last 30 years the informal economy has accrued tremendous growth.
This constant growth is coupled withthe application of the neolib-
eral policies in the Haiti’s economy. In this context, questioning the
relationship between shadow economy and neoliberal policies is legit-
imate. How has the application of the deregulatory policies impacted
the growth of shadow economy? Neoliberal theorists stipulate that
flexible fiscal policy (lower direct and indirect taxes on investment,
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lower tariffs, lower public investments) (World Bank, 2005) and rigor-
ous budget policy (reduce banking credit for public organism, lower
interest rates, regular payment of external debts) can reduce informal
economy growth (Nwabuzor; 2005; London and Hart; 2004) The first
neoliberal policies and deregulatory process of 1986-89 were elabo-
rated to stem the sudden growth of informal workers from 27.4%
in 1982 to 43.2% in 1986 (Montas, 1995) and the socio-political crisis
of 1986. Despite these measures, the informal economy keep grow-
ing: the informal work increased to 45% of total employment in 1990
(Montas, 1995). While informal economy continues its growth, the
second set of deregulatory measures are applied during the period
1996-99. Over the period 1999-2007, shadow economy represents in
average 56.4% of GDP (Schneider, Buehn and Montenegro, 2010) and
64.17% of the GDP during 2008-2010 (Aspilaire, 2014).

Considering the empirical assumption of neoliberal theorists that
advocates reduction of taxes, low levels of State intervention in the
market and lower level of regulation are the main ways to block
informal economy growth, how should we understand the continu-
ous growth of informal economy after the application of two sets of
deregulatory measures? Answering this question requires the analy-
sis of the relationship between informal economy and the economic
variables that reflect the application of the neoliberal economic poli-
cies. These variables correspond to fiscal policy, monetary policy, and
budgetary policy.

Besides tackling the neoliberal empirical assumption that flexi-
ble fiscal policy and rigorous budgetary policy can reduce growing
informality, this chapter re-evaluates the traditional main causes of
informal activities such as higher taxes and social security burdens
(Schneider, Buehn and Montenegro, 2010), trade barriers and regula-
tions (Johnson, Kaufmann and Zoido-Lobaton, 1998.

Few papers address the empirical assumption of neoliberal the-
orists regarding the informal economy (Williams, 2013), but these
papers use cross-sectional surveys. Besides this challenge, our chapter
addresses the problem of the impact of neoliberal deregulatory poli-
cies upon the informal economy through macroeconomic variables.
To our knowledge, this chapter is the first contribution assessing the
neoliberal assumption that proposes the way to reduce the growth
of informality using time series data. The LISREL (Linear Structural
Relation) model is used in the empirical literature of informal econ-
omy to estimate the size of the shadow economy (Schneider, 2007) but
the LISREL model has never been used before to establish the conse-
quences of fiscal, budgetary and monetary policies upon the informal
economy. This chapter is an attempt to fill this gap. Hence, the main
release of this chapter is threefold: first to establish the consequences
of neoliberal policies upon the evolution of the shadow economy;
second to evaluate the neoliberal empirical assumptions (soft fiscal,
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monetary and budgetary policies) as a remedy to the growth of infor-
mality and third to analyse the traditional empirical main causes of
the informal economy.

We use a LISREL model which is a particular SEM (Structural
Equations Model), and we study the consequences of the deregula-
tory neoliberal policies on the evolution of informal economy. With
respect to these consequences, we analyse the neoliberal assumption
regarding the informal economy and we evaluate the main “tradi-
tional” variables that represent the causes of the shadow economy.
This model uses twelve macroeconomic variables; each of them cor-
responds to the time series over the period 2000-2010. Our model is
applicable to multivariate analysis over a time period, such as mul-
tiple countries over a period of twenty years with available data on
macroeconomic variables.

Section 1 presents the stylized facts of the fiscal, budgetary and
monetary policies for the last 30 years. Section 2 discusses the mod-
elling method. Section 3 is devoted to the econometric modelling
and the data description. Section 4 presents estimates, compare mod-
els and provides an analysis of the issues. Section 5 concludes and
summarizes our results and suggests avenues of research.

2.2 Fiscal, Budgetary and Monetary Policies :
Some Stylized Facts

Since 1986 the national authorities started the dismantlement of
the protectionist trade system through the two-stage liberalization
and deregulatory process. Liberal policies are mainly expressed in
fiscal, monetary and budgetary policies. Thus, to analyse the relation-
ship between liberal policies and informal economy, we should focus
on the link between informality and fiscal, monetary and budgetary
policies. Budgetary austerity, public expenditure cuts, privatization
of the most profitable public enterprises, elimination of the nontariff
barriers, dramatic reduction of customs tariffs and external debts, lib-
eralization of the interest rates, and downsizing the public workforce
reflect mainly liberalization and deregulatory policies.

2.2.1 Budgetary and Fiscal Policies

The objectives of the neoliberal process were to increase national
exports following the fall of tariff barriers, to reduce the non-concessional
debt of the public sector, to increase direct expenditures to develop-
ment projects and to compress public expenditures (UNDP, 2002).
Another objective of liberalization was the reduction of incentive for
fraud; nevertheless, Haiti governments are still ranking among the
most corrupt during the last two decades.
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In 1986 all quantitative import restrictions (including import li-
cense) had been removed for all agricultural products. In 1987, law-
makers introduced a new 13-band tariff scheme with ad valorem av-
erage rates around 16- 20% (IMF, 2001). In 1995, all remaining import
restrictions on agricultural commodities were removed. The actual
tariff structure that reduces the maximum tariff rates around 50% to
0-3% for the most important basic products (rice, sugar, flour, cement)
and keep a four-band tariff scheme (0, 5, 10, 15%) was adopted in
1995 (IMF, 2001). The liberalization trade dropped more than a half of
the 1,600 tariff lines near a zero rate.

Approximately 60% of the budget depends on foreign aid. Tak-
ing advantage of this dependency, donors continue to impose their
conditions for disbursement of funds. Budget cuts, privatization
of all profitable public enterprises and state disengagement (social
interventions, market control) represent the favourite conditions of
disbursement for donors. In the 1990s, central government revenues
represented approximately 7-9% of GDP while their expenditures
have varied between 9 and 16% of GDP (IMF, 2005). These facts reflect
the volatility of foreign assistance. Thus, the state gradually abandons
its role in strategic sectors like quality education and adequate public
health policy, which are key indicators of a well managed country.
Since privatization can only reduce the state available resources, and
since these processes are completed, the state no longer has the means
to intervene in those areas where the needs of the population are more
pressing.

Basic social needs of the population are not the priorities of the
state, because it is too busy to restrict its budget on the mandatory
application of the donors. According to data released by the Ministry
of Economy and Finance (MEF), expenditures in the social sector
fall down from 23.83% in 2001-2002 to 21.01% in 2008-2009 with a
sharp fall to 13.93% between 2003 and 2004 (MEF, 2012). The govern-
ment expenditures on education and public health policy respectively
represented respectively 1.3% and 2.0% of the GDP for the decade
1992-2002 (IMF, 2005). The expenses incurred by the Ministry of Edu-
cation, Youth and Sports were down about 1% from fiscal year (FY)
2001-2002 when they were 14.85% and FY 2008-2009, where they are
of the order of 13.74%. In regard to public health, the expenditure
decreased from 7.37% in 2001-2002 to 4.84% in 2008-2009 (MEF, 2012).
Agriculture, which was no longer the pillar of the Haitian economy,
represents only 1.6% of total public expenditures in 2008-2009 (MEF,
2012). The disengagement of the state and the shrinking of public
expenditures keep roads and national port infrastructure in poor con-
dition. This explains why the agricultural sector was unable to profit
from the opportunities provided by the liberalization trade policies.
Even though the net domestic credit has been increased during the
last 15 years, the GDP has never grown significantly (figure 2.1). These
measures have never led to significant increase of the tax revenues
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and growth of income per capita is generally beneath zero (figure 2.1).
That means the population welfare has never been improved.

FIGURE 2.1: Evolution of Gross Domestic Product and
Net Domestic Credit 1991-2011

The privatization of the most profitable public enterprises and
the contraction of public service staff were the main measures used
to achieve these market liberalization aims. However, all of these
measures have not resulted in one of the first objectives of the struc-
tural adjustment plans; namely, the reduction of the budget deficit,
which was one of the most important aspects of financial programs
implemented in Haiti since the political and economic crisis of 1986.
The employment cut in the public sector pushed approximately 90%
of workers into unemployment(Lamaute-Brisson, 2005).

These measures pushed domestic producers into unemployment
as the fall in wages sent workers to unemployment or to independent
work. Downsized public enterprises staff served to swell the ranks of
the unemployed, and none of those parts of the population had other
exit doors than the path of informal production.

The deregulatory measures contribute to increase imports and
dramatically reduce exports because domestic products have failed to
hold on to products from highly subsidized industrial countries. The
deregulatory process eliminates the quotas, while tariffs have been
reduced to a level of between 5 and 10% (UNDP, 2002), considerably
low compared to those of countries Latin America and the Caribbean.
Nevertheless, the elimination of licensing requirements for imports
of sugar and rice and of import tariffs and quotas has contributed to
pour on the US agricultural surplus on the (rice, sugar and maize).
This situation contributes to the destruction of large parts of the rural
economy, but the most surprising result is the reduction of tariffs
on rice, which went from 35% to 3%, which increased 150% rice
imports between 1994 and 2003 (OXFAM, 2005). Haiti became the
fourth largest rice importer from the United States in 2009, when the
country was self-sufficient rice producer until the mid-eighties. While
the relative prices of rice seem to have lowered since 1995 there is
strong evidence that the tradable-goods component of the CPI has
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become higher since the application of deregulatory process (figure
2.2). The policy makers have never elaborated wage policy or even
wages indexation practice. This explains CPI grows way faster than
the wages of the workers (figure 2.2).

FIGURE 2.2: Evolution of the Consumer Price Index
and the Minimum Legal wage 1987-2010

Comparing to the level of 10% of tax revenues/GDP ratio of the
1980s the tax revenues/GDP ratio fell to approximately 7-9% during
the decades 1992-2002 (IMF, 2005). Revenues-to-GDP increased from
7.9% of GDP to 11.9% in 2010 (World Bank, 2012a). Despite this
raise, tax revenues are still low compared to international standards.
The expenditures of the central government have averaged 11% of
GDP over the period 1990-2005 (IMF, 2005) including large annual
fluctuations in tax revenues and external financing. The main parts
of the expenditures were government wages, subsidies and interest
payments.

Such restrictive budgetary choices can only aggravate the precari-
ous living conditions of the majority of the population and strengthen
the socioeconomic inequalities that the country has faced for a quarter
of a century. Low quality education and health interests combined
with inadequate physical infrastructure are the key factors of the
declining per capita income and the poor economic growth.

2.2.2 Monetary policy

Reduction of inflation and keeping it at a low level, eliminating
the recourse of the public sector to bank credit, improving credit allo-
cation, reinforcing financial system, consolidating required reserves
for foreign currency, and reducing spread in banking intermediation
were the main objectives of the monetary policy during the liberaliza-
tion and deregulatory process (UNDP, 2002). Despite all the measures
taken by the economic authorities, they have never mastered the
inflation variation. The consumer price index presents some peaks



2.2. Fiscal, Budgetary and Monetary Policies : Some Stylized Facts47

dramatically high, moreover, from one year to another the index is
always greater than 15%. In an economic system where there are
no unemployment benefits and social assistance from the state, the
various socioeconomic crises have weakened household purchasing
power. This discrepancy between inflation growth rates and the in-
dexation of the workers’ wages is shown in figure 2.3. The central
bank so-called Banque de la République d’Haïti (BRH) disposes as
monetary policy instruments the following tools: unremunerated
reserve requirements for domestic and foreign currency deposits and
issuance of BRH-bounds (weekly auctions of gourdes) bonds in matu-
rities of 7, 28 and 91 days. The interest rate arbitrage and the credit
risk analysis are important factors for loan dollarization. Commercial
banks granted loans in U.S. dollars to economic agents from a fully
dollarized sector of the economy or else to borrowers able to index
their prices to the exchange rate such as exporters, car dealerships
and fuel importers.

The exchange rate situation tends to reflect political and socioeco-
nomic uncertainties. The exchange was maintained at 5 gourdes per
U.S. dollar during the 70-80’s; the political crisis period 1991-1994 was
a depreciation catalyst for the gourde, reaching around 15 gourdes
for 1 U.S. dollar in September 1994. The political stability period of
1995-1999 has contributed to reducing the gourde depreciation.

During the period 1997-2001 real bank credit to the private sector
declined faster than the growth rate of the global economy. This
leads to a fall in bank credit to the non-public sector as a ratio to
GDP. During this period, debts for foreign banks did not increase
significantly. This means there was no recourse to foreign borrowers.
Thus, this decline in bank credit as a ratio to GDP can be understood
as an indicator of the weakening of economic growth. The decline of
real bank credit to the non-public sector seems to be affected by some
supply and demand factors. For the supply we can enumerate the
following factors. To palliate the liquidity impact of high budgetary
deficits, the central bank has issued bonds in increasing amounts and
interest rates (IMF, 2002). This contributes to offer commercial banks
a risk-free alternative to private sector credit. This enlarged issuance
of state bonds demonstrates that the budget deficit appears to have
crowded out private sector credit. Several augmentations of required
reserve ratios were undertaken between July 1997 and September
2001, in gourdes’ liabilities from 26% to 31% and on dollar liabilities
from 12% to 21% (IMF, 2002).

These considerable changes diminished the banks’ capacity to
lend (figure 2.3) and raise their intermediation costs, thus reducing
credit supply despite growing deposit in foreign currency. The de-
mand factors that contribute to reduced private sector credit were
essentially influenced by the political situation. A massive reduction
in budgetary aid, the unaccomplished foreign-funded investment
projects, and the lowering of private sector investment and reduction
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FIGURE 2.3: Evolution of the exchange rate, loans to
private sector and deposit 1991-2010

in imports led to a fall in the private sector demand for bank credit.
Between the local currency (gourde) and the main foreign cur-

rency (U.S. dollar), the exchange rate fluctuated in a narrow band
over the period 1991-2010 (figure 2.3). It appears that borrowers in-
terpret the stability as the vector of central government’s choice for
a stable exchange rate, which is an additional incentive for interest
rate arbitrage. During 2007-2010 it seems like borrowers have an-
ticipated the exchange rate because the loans in U.S. dollars grow
faster than exchange rate, which appears to be stabilized during this
period. That means borrowers interpret the changing environment
of monetary policy as a sign of growing macroeconomic instability.
In the economic literature, inflation tends to be associated usually
with higher levels of foreign currency (U.S. dollar) deposit. When
comparison occurs (figure 2.3 and figure 2.4) no evidence is found of
this observation.

FIGURE 2.4: Evolution of the inflation and the circulat-
ing currency (M2) 1989-2010

Higher required reserve ratios for gourde deposits entails higher
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intermediation spread in gourde transactions. Demands for U.S. dol-
lar loans have increased since 1994 and the dollar lending is con-
tinuously favoured by loan rate differentials. This explains that the
monetary authorities have a part of responsibility in the high level
of dollarization of the economy. This growing dollarization of the
economy complicated the tight application of monetary policy due to
the different money multiplier for gourde and dollar deposits. Hence
the monetary policy has become less effective as counterweight to ex-
pansionary fiscal policy. It appears that inflation is guided by political
uncertainties (figure 2.4), the entire peak values occur in political insta-
bility (1991-1993), political trouble period (December 2002- September
2004) and during the electoral events (November 2000, June 2008).

Liberalization and deregulatory policies were contrasted to some
other structural reforms in other important areas, such as the priva-
tization of the most profitable public enterprises. This combination
deprives the population of some of the benefits of the liberal trade
policy and simultaneously drops the most vulnerable part of the
population in poverty.

The monetary approach of poverty refers to the principle of the
existence of a living wage, which is designed according to the calcula-
tion of a threshold valued currency. This threshold is equivalent to
the minimum subsistence, or the quantities of goods that a household
should purchase, taking into account the general conditions in which
households operate. Households whose income does not allow ob-
taining this minimum basket of goods are considered as monetarily
poor, or those whose consumption, measured by the monetary yard-
stick, are below the threshold calculated. So unemployed individuals
can quickly fall below the poverty line because the non-support of
the state, if their savings do not allow them to live above the poverty
line. The budgetary policies implemented during the mid-eighties
and the nineties aim to reduce the role of the state in regulating the
economy and intervene in the market. Therefore, the state was unable
to support or subsidise the poor.

An economy where the employment market is unorganized, self-
employment is synonymous with informal employment. It is found
that the share of independent workers (57%) is higher among the
working poor than the 48.7% of non-working poor (Montas, 2005).
Nevertheless, since the application of the neoliberal deregulation
policies, there is also a constant fall in GDP per capita. That means
a growing poverty of the population (Montas, 2005). Studies have
shown that there is a negative relationship between per capita in-
come and informal employment, following this relationship there
is an empirical view, arguing that informal growth is inversely pro-
portional to GDP per capita (OECD, 2009). Therefore, individuals
whose revenues are below the poverty line are seeking to obtain this
minimum amount necessary to their survival. So mostly the poor
(unemployed) constitute the category that joins informal employment
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more often. But the working poor are those with the least valid argu-
ments (technical or vocational training or adequate academic training
on demand) to integrate the formal employment market or to create
a formal business (financing and technical devices). The extent to
which more than a third of informal working poor have no schooling
level and only about 1.1% have a university degree (Montas, 2005).
But the poor informal workers are the least well equipped in terms
of labour force as more than 38% exceed 55 years (Montas, 2005). So
they are the ones who find themselves hampered in the pincers of the
informal economy to ensure their everydayness.

Liberalization trade and deregulation neoliberal policies reduce
the state capacity to support the poorest and consolidate the social
minimum acquired (employment and wages). Because of these mea-
sures the less equipped workers (independent and informal) have
derived in informality, so did the unemployed poor. Based on these
points we conceive a relationship between the neoliberal policies and
informal economy that we model in the following section.

2.3 Econometric Modelling

We use LISREL, a particular of a structural equation model (SEM),
to establish the impacts of neoliberal policies on the shadow econ-
omy in Haiti during the last decade. The LISREL model is a general
structural equation model that contains two types of sub-models: a
structural sub-model, relating endogenous to exogenous variables
and to one-another. In the peer-influences model, the endogenous
variables are unobserved, while the exogenous variables are directly
observed, a measurement sub-model, relating latent variables (here
only endogenous latent variables) to their indicators. We introduce
the theoretical model.

2.3.1 Theoretical model, assumptions and estimation
method

The structural and measurement sub-models are formulated as
follows:

ηi = Bηi + Γξi + ζi (2.1)

Xi = Λxζi + δi (2.2)

Yi = Λyηi + εi (2.3)

ηi : (m ∗ 1)- vector of endogenous latent variables
ξi : (n ∗ 1)- vector of exogenous latent variables
ζi : (m ∗ 1)- vector of structural disturbances
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B : (m ∗ m)- vector of structural parameters relating endogenous
latent variables
Γ : (m ∗ n)- vector of structural parameters relating exogenous latent
variables
Xi : (q ∗ 1)- vector of indicators of exogenous latent variables
Yi : (p ∗ 1)- vector of indicators of endogenous latent variables
δi : (q ∗ 1)- vector of measurement errors in exogenous indicators
εi : (p ∗ 1)- vector of measurement errors in endogenous indicators
Λx,Λy: Respectively (q ∗ n) and (p ∗m) vectors of regression coeffi-
cients relating indicators to latent variables
σij is the covariance of (xi, xj)
Ψ : (m ∗m) covariance matrix among structural disturbances ζi
Φ : (n ∗ n) covariance matrix among exogenous latent variables ξi
Θε : (p ∗ p) covariance matrix of εi
Θδ : (q ∗ q) covariance matrix of δi
Σ : ((p+ q) ∗ (p+ q)) matrix of covariances among observed variables

Where: m is the number of endogenous latent variables, n: number
of exogenous latent variables, p: number of indicators of endogenous
latent variables, and q: number of indicators of exogenous latent
variables.

Under the assumptions that the errors and latent variables are dis-
tributed following a normal multivariate distribution, all information
is contained in moments of degree 1 and 2 that is to say the average
and the covariance. Therefore, we can estimate the covariance matrix
using the structural equations (McDonald and Hartmann, 1992).

Considering the reduced form equations, the manipulation of
equation 2.1 gives :

η = (I −B)−1(Γξ + ζ) (2.4)

E(ξ) = µξ
E(η) = (I −B)−1Γµξ

(2.5)

E(ξξ′) = Φ+ µξµ
′
ξ (2.6)

On the assumption that E(ξξ′) = 0 and E(ξξ′) = Ψ, we have

E(ηη′) = (I −B)−1(Γ(Φ+ µξµ
′
ξ)Γ′ + Ψ)[(I −B)−1]′ (2.7)

and

E(ηξ′) = (I −B)−1Γ(Φ+ µξµ
′
ξ) (2.8)

SEM is valid when the model is overidentified and testable hence
some assumptions are imposed on the model E(ε) = 0, E(σ) = 0,
E(εσ′) = 0, E(ηε′) = 0 and E(ξσ′) = 0. Moreover E(εε′) = Θε,
E(σσ′) = Θσ are the covariance matrices for the error measurements
in variables. The model also assumed that errors in variables are
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independent of the disturbances in equations that is mean E(εζ ′) = 0
and E(σζ ′) = 0, this allows to relate completely equations 2.2 and 2.3
to equation 2.1.

In the simultaneous equation system, a measurement model must
be imposed on the variables of the model, hence we write this model
as follows

x = Λxξ + δ
y = Λyη + ε

(2.9)

Using these assumptions, we can obtain the moment structures of
the measured variables and the first moments are given by

E(x) = Λxµξ
Ē(y) = Λy(I −B)−1Γµξ

(2.10)

The second moments are given by

E(xx′) = Λx(Φ+ µξµ
′
ξ)Λ′x +Θδ

E(yy′) = Λy(I −B)−1(Γ(Φ+ µξµ
′
ξ)Γ′ + Ψ)[(I −B)−1]′Λ′y +Θε

E(yx′) = Λy(I −B)−1Γ(Φ+ µξµ
′
ξ)Λ′x

(2.11)
Bentler (1983), by relabelling the resultant vector as ξ this means

ξ′ = (ξ′, ζ ′) and B as β and considering an augmented parameter
γ = (Γ, I), modifies equation 2.1 and obtains

η = βη + γξ (2.12)

Concretely η and ξ are respectively (m ∗ 1) and (n ∗ 1) vectors and
the parameter matrices β and γ are respectively (m ∗m) and (m ∗ n)
dimension. Bentler (1983) studies the mean and covariance structure
associated with equation 2.12. On the assumption that (I − B) is
invertible he expressed the dependent variables as

η = (I −B)−1γξ (2.13)

The expectation of ξ is given by

µξ = E(ξ) (2.14)

and the expectation of η is given by the formula

µη = E(η) = (I −B)−1γµξ (2.15)

Due to the second moments about the mean it is essential to define
the covariance matrix

Φ = Σξξ = E(ξ − µξ)(ξ − µξ)′ (2.16)

Following 2.13 -2.16 the cross-variance matrix is
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Σηξ = E(η − µη)(ξ − µξ)′ = (I −B)−1γΦ (2.17)

Then the covariance of is obtained by a similar process

Σηη = (I −B)−1γΦγ′[(i−B)−1]′ (2.18)

When constants are involving in covariances that implies these
covariances will be zero, then it becomes that some elements of 2.16
– 2.18 may be null. Bentler (1983) write the measures variables as
follows

x = Mxξ + δ
y = Myη

(2.19)

Where Mx and My represent known matrices with zero entries
except for a single unit in each row that allows to select the variables
x from ξ and the variables y from η. Following this measure, inde-
pendent measured variables are included in the vector x dependent
measured variables are included in the vector y. Equation 2.19 facili-
tates to express the moments of the measured variables in terms of the
moments of all variables. It comes that the mean and the covariance
structure of the observed variables are expressed by

µy = My(I −B)−1γµξ
µx = Mxµξ
Σyy = My(I −B)−1γΦγ′((I −B)−1)′M ′

y

Σyx = My(I −B)−1γΦM ′
x

Σxx = MxΦM
′
x

(2.20)

By relabeling the vectors s′ = (y′, x′), µ′ = (µ′y, µ′x) and λ′ = (η′, ξ′)
and the matrices M , a 2× 2 supermatrix where the rows (My, 0) and
(0,Mx), Γ′ = (γ′, I) and B with rows (β, 0) and (0, 0) we can obtain a
simpler representation of the model.

By writing

s = Mλ (2.21)

The mean and covariance structure of the measured variables s
becomes

µ = M(I −B)−1Λµξ
Σ = M(I −B)−1Λ′((I −B)−1)′M ′ (2.22)

We define Ω = E(ss′) as the second moments about the origin,
which, now, is easy to express in the following form

Ω = Σ+ µµ′ = M(I −B)−1Λ(Φ+ µξµ
′
ξ)Λ′((I −B)−1)′M ′ (2.23)

Thus, it is clear that the expressed moments are structured in terms
of the unknown parameters of the model. These unknown parameters
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are the elements of the matrices B,Γ,Φ and µξ. In terms of LISREL
notation we can write the equations 2.1 – 2.3 as follows

 η
y
x

 =

 B 0 0
Λy 0 0
0 0 0


 η
y
x

 +

 Γ I 0 0
0 0 I 0
Λx 0 0 I



ξ
ζ
ε
δ

 (2.24)

The covariance matrix of the independent variables for LISREL
system 2.24 described in 2.16 can be expressed as

Φ 0 0 0
0 Ψ 0 0
0 0 Θε 0
0 0 0 Θδ


To estimate the LISREL model we denote
θ: vector of parameters to be estimated, which contains the coeffi-

cients of all matrices
Σ: covariance matrix of X columns
Σ(θ): Covariance matrix written as a function of the model parame-
ters.

The basic assumption of the structural equation model is:

Σ = Σ(θ) (2.25)

Using the decomposition of this matrix and non-correlation be-
tween the different variables we have:

Σ(θ) =
[
Σyy Σyx

Σxy Σxx

]

=
[
Λy(I −B)−1(ΓΦΓ′ + Ψ)[(I −B)−1]Λ′y +Θε Λy(I −B)−1ΓΦΛ′x

ΛxΦΓ
′[(I −B)−1]′Λ′y ΛxΦΛ

′
x +Θδ

]
This matrix can be estimated by the empirical covariance matrix

that we denote S, we have to find Σ̂(θ) such that Σ̂(θ) and S are as
close as possible in the sense of a predefined function to be optimized.
The function to be optimized has the following properties:

F (S,Σ(θ)) is a scalar

F (S,Σ(θ)) ≤ 0 (2.26)

F (S,Σ(θ)) = 0⇐⇒ S = Σ(θ) (2.27)

The function F (S,Σ(θ)) is continue in S and continue in Σ(θ).
For the model identification it is important that each model pa-

rameter can be expressed as a unique function of elements of the
population covariance matrix. Such expression will permit to satisfy
the condition of minimizing the statistical criterion (Kline, 2011). Gen-
erally, given the data and the statistical criterion to be minimized, the
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population covariance matrix is estimated with the sample covariance
matrix. This aspect of identification is justified because the set of
parameter estimates is unique (Kline, 2011). Validating the fact that
the parameters can be expressed as unique functions of the sample
data is a mathematical question. This theoretical question is evaluated
by resolving parameters equations in terms of elements of the sample
covariance matrix.

Solving the model returns to estimate the parameters, one of the
current methods consists in using a likelihood function based on the
maximum-likelihood which is

FML(S,Σ(θ)) = log|Σ(θ)|+ trace(S,Σ(θ)−1)− log|S| − P (2.28)

Where:

On the assumption that all of the error variables have expectations
of 0, and that the observed and unobserved variables are expressed
as deviations from their expectations.

Here we make the choice of the maximum-likelihood because of
its strong asymptotic properties, despite of its disadvantage relatively
to the assumption that the variables are multivariate normally dis-
tributed, what we verify later. When the data nonnormality occurs it
is recommended to use the robust maximum likelihood also called
pseudo-maximum likelihood and in small samples the covariance
matrix can be singular. this situation is not a problem because the
model is typically restricted then the parameters may still be estimated
from the observed moments even when some of these moments were
collinear (Yuan and Bentler, 1998).

Theoretical justification of the Econometric model variables

In the theoretical model, the choice of the variables is supposed
to be justified economically. The expansion of the informal economy
in Haiti began between the end of the 90’s and the beginning of
2000’s. That period corresponds with the application of the second
set of neoliberal measures to the economy. Regarding the main tasks
that those measures were conceived for (macroeconomic stabilization,
private investments increasing and reduction of fiscal deficit), we
use some macroeconomic and other economic variables to show the
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impacts of these measures on the shadow economy. Therefore, we
have to justify economically the use of these variables.

Theory on automatic stabilization of Fiscal Policy

Economists globally admit the effectiveness of fiscal policy as an
instrument of macroeconomic stabilization (Debrun and Kapoor, 2010;
Botman et al., 2006; Bullard and Singh, 2007). The economy turned
to fiscal policy as their fundamental stabilization instrument for two
reasons: the change in the monetary regime and the deterioration of
financial conditions to the point of making monetary policy ineffective
(Spilimbergo et al., 2008). Haiti’s economy was concerned with both
situations. The economy has turned from fix monetary regime to
a flexible monetary regime since 1990. There was a deterioration
of financial conditions due to the political situation, the departure
of private enterprises and the privatization process of the public
enterprises. The transition from fix to flexible monetary regime should
be reflected in the model, hence we use real exchange rate as variable
to reflect it.

A classic classification would attribute fiscal policy three main
roles: allocative, redistributive and stabilizing. Contribution of fiscal
policy in macroeconomic stability has three main channels, but re-
garding our model we treat one of them: the automatic stability. The
automatic stabilization, by reduction in government saving during
slowdowns periods and increase during growth periods, cushioning
shocks to national expenditure (Blinder and Solow, 1974). The au-
tomatic stabilization is based on the follow facts. Proportionality of
tax revenues to national income and expenditure, while independent
of the business cycle, government commitments are the mainframe
of public spending. Therefore, we represent the tax revenues in the
model (% of GDP) by a variable called Tax. Downturns periods are
supported by entitlement programs. To the extent that among the
components of the GDP, government consumption is the less volatile
(Debrun and Kapoor, 2010), the public sector is an actor of the stability
because of its composition effect of domestic expenditure, based on
that we introduce in the models variables such final consumption
expenditures, denoted FCE. The fact that the government absorbs
a relatively constant share of output because of its stabilizing role
allows us to use a variable that represents general government final
consumption expenditures that we denote GCE.

When the neoliberal plan was elaborated for the country, there
were three main tasks of that plan, stabilizing the economy, inciting
private investments and reducing the fiscal deficit. Due to that fact,
in this model, we focus on stabilizing role of fiscal policy and the way
that fiscal policy can be used as incitement for private investment.
Thus we suppose there are no nominal rigidities; therefore, the mone-
tary regime has no importance. The stabilizing role of fiscal policy can
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be understood as a factor that contributes to reducing the variance
of consumption. There are two ways to do that: by borrowing and
lending or by sharing risk. Here we focus on the first way this means
on the net borrowing channel, hence we are authorized to introduce
as variables, NDC: Net domestic credit.

Government taxes individuals at a proportional tax rate in each pe-
riod, this justifies the choice of taxes as variable in the model. Whether
economic agents are liquidity constrained or not, the expected value
of consumption depends on the variance consumption and the utility
function. Here stabilization must to be understood as any policy
elaborated to reducing the average variance of consumption holding
constant the expected disposable income and consumption, therefore
we use in this model the GDP per capita. The budget constraints of the
fiscal authority are twofold. First, it indicates the money and quasi
money growth what explained that we use the variable M2: Money
and quasi money growth. Second, budget policy focuses on three
aspects of sustainability, which are solvency, growth and stability
(Schick, 2005). Solvency and stability are related respectively to the
ability and the capacity of government to pay its financial obligations
and meet future obligations with existing tax burdens. Based on this
we use a variable (net transfers on external debt) to traduce how the
economy meet its financial obligations.

Monetary Policy: theory of liquidity preference

It exists other alternative macroeconomic stabilization instrument
such as effective monetary policy, and unrestricted access to financial
instruments of economic agents. We assume that the Haiti’s economy
pursues a Taylor-type rule featuring consumer price index, inflation.
In an open economy, CPI, is often the variable of interest for the
monetary policy makers (Bullard and Singh, 2007). The demand
for money is the second piece of the theory of liquidity preference.
The most liquid asset available is money, because it represents the
economy’s exchange medium. Money offers higher rates of return
than other assets due to these facts, money is the chosen asset hold by
economic agents. The quantity of money demanded is determined by
many factors, but the theory of liquidity preference puts the emphasis
on one: the interest rate, because the interest rate represents the
opportunity cost of holding money. Therefore, we introduce in our
model variables that represent inflation, interest rate and terms of
trade that we respectively denote CPI: Inflation, RIR: real interest rate
and M2: Money and quasi money growth.
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2.3.2 Structural Equation Modelling: Theoretically and
practical considerations

When it comes to analysing multivariate data and determining
interdependencies and dynamic relationships between variables, only
some strong models respond to the profile.

Usual dynamic models: inadequate to analyse the shadow econ-
omy

The vector auto-regressive (VAR) models are seen as a classical
instrument in Econometrics to determine interdependencies and dy-
namic relationships between variables. But here we could not use
that tool because VAR models explain the endogenous variable only
by their own story (that means their past values) except deterministic
regressors. Knowing the informal economy is not a direct observed
variable in the economy, so it cannot explain itself by its own past val-
ues only. Furthermore, validating the VAR obliges the verification of
two fundamental assumptions, which are absence of serial correlation
and residuals are normally distributed. Unobserved variables cannot
verify these econometric assumptions.

Segundo, we have structural vector autoregressive models (SVAR)
that were conceived to overcome the shortcomings of VAR models.
Structural vector error correction (SVEC) framework is closely related
to the SVAR modelling approach. An important characteristic of
SVAR is the exclusive focus on unsystematic policy shocks instead of
systematic policy (Krusec, 2003). Nonetheless, we envisage studying
the interrelations of systematic policy (budget, fiscal and monetary
policies) and their impact on shadow economy growth. SVAR models
oblige to find a model with instantaneously uncorrelated residuals,
which supposes the variables cannot have common causes other than
the factors included in the model. Among macroeconomic variables
that assumption is not correct because macroeconomic variables have
other common causes out of these included with the model. Our main
objective is to show the relationship between macroeconomic vari-
ables and shadow economy growth, therefore SVEC is not adequate
for such modelling.

Thirdly vector error correction model (VECM) is just a representa-
tion of cointegrated VAR models. Beside the problems that we explain
above, there is a big risk in applying a VAR model for integrated time
series like t-statistics of tests highly significant and high value of R2

explained variables, although it exists no relation between the vari-
ables. But here we want to highlight the relations between shadow
economy and public economic policy in particular budgetary, fiscal
and monetary policies, so VECM model is not the best one to establish
these links.
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Unobserved phenomenon: Advantages of Structural Equation Mod-
elling

SEM is one of the statistical models in particular an extension of
general linear modelling (GLM) procedures, which can be used to
evaluate the validity of a theory by using empirical data. LISREL
model which is a particular SEM is very fit to evaluate a theory valid-
ity (Jakobowicz, 2007). SEM presents many advantages; we underline
two of the most interesting of them. The first one is the fact that it
can be used to analyse the relationships among variables construct
from others (latent constructs). The second one regards the use of
SEM, which is applicable for experimental or non-experimental data,
as well as cross-sectional and longitudinal data or time series data.
The methodology of SEM is a confirmatory approach of the structural
theory to the multivariate analysis.

The goal of a SEM is to determine whether a hypothesized theo-
retical model is consistent with the data collected to reflect this theory.
We envisage determining whether informal economy was affected
by the macroeconomic policy conducted during the last decade. The
consistency is evaluated through model-data fit, which indicates the
extent to which the postulated network of relations among variables is
plausible. Here we test in one hand if the budgetary policy variables
influence the informal economy growth, and in the second hand if
both variables (fiscal policy and monetary policy variables) are respon-
sible the way that the shadow economy grows in Haitian economy.
Structural equations modelling presents the advantage that a variable
can simultaneously serve as a source variable (independent or exoge-
nous variable) in one equation and a result variable (dependent or
endogenous variable) in another equation, all that in the same model
in a chain of causal hypotheses. In using a simultaneous equations
system, we consider the fact that macroeconomic variables influence
each other, and these variables also influence the indicators of the
informal economy. We regard some of these variables as exogenous
variables in some economics relation or as endogenous variables in
the others relationships of the model, in that way all of the macroe-
conomic variables influence shadow economy variables. Due to the
fact that structural relations consist in hypotheses about directional
influences (how an exogenous variable affect another endogenous
variable) or causal relations of multiple variables, we can evaluate
which variable among the macroeconomic policy variables influence
informal economy and in what direction they do it. SEM also allows
residuals of variables (indicators) to correlate in case that the variables
have common causes other than the factors included in the model.

SEM has a basic covariance structure analysis; the generalized
SEM is sometimes referred to as causal modelling, because the SEM
generally study the interrelations among variables and these inter-
relations are hypothesized to generate specific observed covariance
patterns among the variables. Using equations that are estimated to
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simultaneously provide to SEM a more interesting and direct way
of modelling indirect effects and other complex relationship among
variables. For all that SEM seems like the best model to test the hy-
pothesis that fiscal policy and monetary policy inducted the informal
economy growth during the last decade in Haiti.

2.4 Model Designing

Since 1986, three remarkable observations have marked the global
economy in Haiti. Twenty-five years of neoliberal and deregulation
policies that have changed the macroeconomic structures of inade-
quate monetary policy (IMF, 2001). During this period, we observe
growing informality and conducting of inappropriate fiscal policy
(Aspilaire, 2014; Schneider, Buehn and Montenegro, 2010). This quar-
ter of a century is marked by increasing poverty (Lamaute-Brisson,
2005; Montas, 2005) and unsuccessful budgetary policy. Three related
issues arise: the consequences of liberalization trade and neoliberal
deregulatory policies on shadow economy evolution; the evaluation
of the neoliberal empirical assumption advocates that flexible fis-
cal, monetary, and budgetary policies are the remedy of informality
growth and questioning traditional empirical macroeconomic causes
of the informal economy.

2.4.1 Data description and Model

To address the above issues, we use the econometric model elab-
orated previously. In this LISREL model we consider the informal
economy as an endogenous latent variable explained by two others
exogenous latent variable which represents in one hand budgetary
policy and fiscal policy and in the second hand monetary policy.

Data and Software

Our data are treated with a SEM software program, LISREL (lin-
ear structural relationships) is one of the earliest SEM programs and
perhaps the most frequently used. First, LISREL checks distributional
assumptions, such as univariate and multivariate normality, calcu-
lating summary statistics; second, it calculates means, an asymptotic
covariance matrix of variances and covariances. LISREL permits the
analysis of multilevel models for hierarchical data in addition to the
core models. We use R software to estimate our model. This software
uses a function which calls SEM function. The SEM function is im-
plemented from an algorithm which name is RAM reticular action
model (McArdle and McDonald, 1984).

The empirical analysis is based on annual time series data over the
period 2000-2010. We use 14 macroeconomic variables that represent
budget, fiscal and monetary policies. We also use variables that are
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very concerned by monetary policy and variables that reflect wealth
and global economic transactions. The use of all of these variables
is theoretically justified previously. All the data are from the World
Bank (2012a), sources are mentioned for the variables that are not
pooled in the World Bank database

GDP: GDP per capita (current U.S. dollar)
CPI: Consumer Prices Index (annual %)
UR: Proportion of unemployed in percentage of total labour popula-
tion (source: CIA World factbook, 2011)
NDC: Net domestic credit (current local currency unit)
CC: Control of corruption index (-2.5=worst, 2.5= best)
ER: official Exchange rate) (LCU per U.S. dollar, period average)
RIR: Real interest rate (%)
NTED: Net transfers on external debt, long-term (current U.S. dollar)
GCE: General government final consumption expenditure (current
U.S. dollar)
Tax: Tax revenue in percentage of GDP (source: ECLAC, 2012)
FCE: Final consumption expenditure, etc. (current U.S. dollar)
FDI: Foreign Direct Investment (current U.S. dollar)
M2: Money and quasi money growth (annual %)
BOP: Balance of Payments (current U.S. dollar)

Conditions on Multicolinearity and Multivariate normality

All the initial variables are standardized for the needs of the model.
When we construct SEM we should be careful with the related vari-
ables that we use as indicators of a construct.

TABLE 2.1: Multicolinearity test for indicators variables
given by the correlation matrix

Gross
Domestic
Product

Consumer
Price Index

Unemployment
Rate

Net Domes-
tic Credit

Control of
Corrup-
tion

Gross
Domestic
Product

1.000 -0.673 -0.876 0.653 0.874

Consumer
Price Index

-0.673 1.000 0.480 -0.175 -0.658

Unemployment
Rate

-0.876 0.480 1.000 -0.861 -0.626

Net Domes-
tic Credit

0.653 -0.175 -0.861 1.000 0.447

Control of
Corruption

0.874 -0.658 -0.626 0.447 1.000

Source: Computations by the author
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If indicators variables are too highly correlated, the results of cer-
tain statistical tests may contain bias. When checking multicolinearity
for any pair of variables (table 2.1) with a correlation coefficient higher
than .85 one of the two variables should be removed from further
analysis (Kline, 2005). Hence, the results (table 2.1) show that between
GDP and CC one should be excluded.

In SEM when data fail the normal characteristics test, sample
should be large enough to minimize the importance of sampling error
of the estimation procedure. Hence, we test the normality characteris-
tics of our 14 variables with the Jarque-Bera test (table 2.2).

TABLE 2.2: Jarque-Bera normality test of the variables

Variables χ2
1−α Variables χ2

1−α
Gross Domestic Product 1.128

(.5688)
Net transfers on
external debt

2.137
(.3435)

Consumer Price Index 3.711
(.1563)

Foreign Direct In-
vestment

2.879
(.2369)

Unemployment Rate .600
(-7405)

Tax revenues 0.746
(.6884)

Net Domestic Credit 1.349
(.5092)

Final Consump-
tion Expenditure

1.109
(.5743)

Control of Corruption 0.5494 Government Con-
sumption and Ex-
penditure

4.162
(.1248)

Exchange Rate 2.240
(.3262)

M2 0.822
(.6627)

Real Interest Rate .602
(.7401)

Balance of Pay-
ments

4.3259
(.115)

Source: Computations by the author. In parentheses are the p-values. Normality is
accepted if p-value>.05

Results ( table 2.2) show that all the 14 variables present normal
distribution characteristics, and then we avoid the risk to maximize
the impact of sampling error during the estimation procedure. Now
we have to verify the multivariate normality of the data.

TABLE 2.3: Shapiro-Wilk multivariate normality test

S-W .2968
p-value 2.19e− 07

Source: Computations by the author. Multivariate normality is accepted if
p-value>.05

Because of the result of the p-value (table 2.3) the data is rejected
as multivariate normal. However, this assumption is hardly met in
practice (Kline, 2005). Nevertheless, testing a model built with non-
multivariate normal data may inaccurately suggest that the model is
a poor fit to the data while the model is a good fit to the data and vice
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versa (Teo, Tsai and Yang, 2013). When the observed variables are
not from a multivariate normal distribution it is recommended to use
the Satorra-Bentler robust maximum likelihood method of parameter
estimation (Bentler, 2004; Yuan and Bentler, 1998; Satorra and Bentler,
1994).

2.4.2 Model Design

The most important step is specification, which is the represen-
tation of the hypotheses in the form of a structural equation model
Specification. The main significance of the specification is in the fact
results from later steps assumed that the model is basically correct.
The process of specification can be described by a series of equations.
The model’s parameters are defined by these equations, and they are
presumed to establish relations among observed (measured variable)
or latent variables.

The matrices Λx and Λy in equations 2.1 and 2.3 are constituted of
factors loading of the structural regression of measured on unmea-
sured variables. In path analysis, measured or observed variables
are treated single as exact, error-free representations of the constructs
of interest, which is an assumption that does not hold in economics
theory. When a measured variable is not error-free, which is always
true in economics, if a complex model is constructed, there is a risk
that estimates of path coefficients to be biased in unpredictable ways
(Bollen, 1989). To fix their error variance, if estimates of reliability for
the observed variables are available, they can be incorporated into the
model. Alternatively, considering that multiple observed variables
measure the same latent constructs, a measurement model can be
used to distinguish the common variances of the measured variables
from their error variances. That is a huge point that each substantive
latent variable must to be scaled, but that is also the case for each
error term. Generally, a unit loading identification (ULI) constraint
is used to assign scales to disturbances in structural models or mea-
surement errors in measurement models through. Fixing the path
coefficient for the direct effect of a disturbance or measurement error
on the corresponding endogenous variable to equal the constant 1.0
is the interpretation of that. This specification presents the advantage
that for observed endogenous variables; the unstandardized total
variance will equal the sum of the unstandardized residual variance
and the explained variance. The indicator with the ULI constraint is
called the reference variable or marker variable. This specification
consists in assigning to a factor a scale related to that of the explained
variance of the marker variable. This fixes the factor variance to 1.0,
and also standardizes the factor. When a factor is scaled through a
UVI (unit variance identification) constraint, all factor loadings are
free parameters.
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We build six different models by using the equation 2.2 (which
contains the two sub-models of the measurement model) and the
equation 2.1.

Model 1:
Tax
FCE
GCE
M2

 =


1
γ1j
γ2j
γ3j

× [
ηj0, ηj1, ηj2, ηj3

]
+


ε0j
ε1j
ε2j
ε3j



GDP
CPI
NDC
UR
CC

 =


1
γ1j
γ2j
γ3j
γ4j

×
[
ηj0, ηj1, ηj2, ηj3, ηj4

]
+


ε0j
ε1j
ε2j
ε3j
ε4j




ER
NTED
RIR
FDI

 =


1
γ1j
γ2j
γ3j

× [
ξj1, ξj2, ξj3, ξj4

]
+


δ0j
δ1j
δ2j
δ3j


Model 2:
GCE
FCE
Tax
M2

 =


1
γ1j
γ2j
γ3j

× [
ηj0, ηj1, ηj2, ηj3

]
+


ε0j
ε1j
ε2j
ε3j



GDP
CPI
NDC
UR
CC

 =


1
γ1j
γ2j
γ3j
γ4j

×
[
ηj0, ηj1, ηj2, ηj3, ηj4

]
+


ε0j
ε1j
ε2j
ε3j
ε4j


 ER
NTED
RIR

 =

 1
γ1j
γ2j

× [
ξj1, ξj2, ξj3, ξj4

]
+


δ0j
δ1j
δ2j
δ3j


Model 3:
Tax
FCE
GCE
BOP

 =


1
γ1j
γ2j
γ3j

× [
ηj0, ηj1, ηj2, ηj3

]
+


ε0j
ε1j
ε2j
ε3j



GDP
CPI
NDC
UR

 =


1
γ1j
γ2j
γ3j

× [
ηj0, ηj1, ηj2, ηj3

]
+


ε0j
ε1j
ε2j
ε3j
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ER

NTED
RIR
M2

 =


1
γ1j
γ2j
γ3j

× [
ξj1, ξj2, ξj3, ξj4

]
+


δ0j
δ1j
δ2j
δ3j


Model 4:
Tax
FCE
GCE
BOP

 =


1
γ1j
γ2j
γ3j

× [
ηj0, ηj1, ηj2, ηj3

]
+


ε0j
ε1j
ε2j
ε3j



GDP
CPI
UR
M2

 =


1
γ1j
γ2j
γ3j

× [
ηj0, ηj1, ηj2, ηj3

]
+


ε0j
ε1j
ε2j
ε3j




RIR
NTED
ER
NDC

 =


1
γ1j
γ2j
γ3j

× [
ξj1, ξj2, ξj3, ξj4

]
+


δ0j
δ1j
δ2j
δ3j


Model 5:
Tax
FCE
GCE
BOP

 =


1
γ1j
γ2j
γ3j

× [
ηj0, ηj1, ηj2, ηj3

]
+


ε0j
ε1j
ε2j
ε3j



GDP
CPI
UR
NDC

 =


1
γ1j
γ2j
γ3j

× [
ηj0, ηj1, ηj2, ηj3

]
+


ε0j
ε1j
ε2j
ε32




RIR
NTED
ER
M2

 =


1
γ1j
γ2j
γ3j

× [
ξj1, ξj2, ξj3, ξj4

]
+


δ0j
δ1j
δ2j
δ3j


Model 6:
Tax
FCE
GCE
M2

 =


1
γ1j
γ2j
γ3j

× [
ηj0, ηj1, ηj2, ηj3

]
+


ε0j
ε1j
ε2j
ε31



GDP
CPI
UR
NDC

 =


1
γ1j
γ2j
γ3j

× [
ηj0, ηj1, ηj2, ηj3

]
+


ε0j
ε1j
ε2j
ε3j


 RIR
NTED
ER

 =


1
γ1j
γ2j
γ3j

× [
ξj1, ξj2, ξj3, ξj4

]
+


δ0j
δ1j
δ2j
δ3j
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Where : Λx = (1, γ1j, γ2j, γ3j)T , δ = (δ0j, δ1j, δ2j, δ3j)T , ξ = (ξ0, ξ1, ξ2, ξ3),

Λy =
[

1 γ1j γ2j γ3j γ4j
1 γ1j γ2j γ3j γ4j

]T
, η =

[
η0j η1j η2j η3j η4j
ηj0 ηj1 ηj2 ηj3 ηj4

]
and

ε =
[
ε0j ε1j ε2j ε3j ε4j
εj0 εj1 εj2 εj3 εj4

]T
y: Matrix which contains the variables which measure mostly the

budgetary and fiscal policies
x: Matrix which contains the variables which measure mostly the
monetary policy
ξ: Matrix which contains the variables which measure the shadow
economy (SE)

2.4.3 Strategy of Analysis

Three main strategies for specifying and evaluating model are
known in the literature (Joreskog and Soborn, 1996; Joreskog and
Goldberger, 1975; Goldberger, 1972). The first one is the strictly confir-
matory strategy which is used to evaluate a single a priori model in
isolation. This strategy presents two problems, it is highly restrictive
and user has little recourse if model does not work well. The second
one is the model generation strategy consists in fitting to data an
initial model and try to modify it until it fits well. But, this strategy
is potentially misleading, researchers have demonstrated that such
data-driven model modifications present lack of validity (MacCal-
lum, 1986) and are highly capitalized on chance (MacCallum and al,
1992). The use of this strategy must be conditioned, first it must be
recognized that the resulting model is in part data driven; second,
modifications must be fundamentally meaningful; and third, the mod-
ified model must be evaluated by fitting it to an independent sample.
Very few models using this strategy respond to third condition. The
third one is the alternative models strategy using multiple a priori
models and providing comparative information about alternative ex-
planations of the data through the a priori models, this strategy avoids
the difficulties met in the two others strategies and protects against
a confirmation bias (Kline, 2011). Here we use the third strategy in
comparing three models and providing substantive explanation of
the data.

Using the alternative models strategy, we have to deal with an
important factor, which is the small size of our sample. We envisage
comparing alternative models of varying complexity to give the best
possible explanation of the data. The number of parameters of the
model increases with the complexity of the model. When the model
has a large number of parameters, it loses some precision when the
parameters are estimated; more it does with smaller samples because
small sample can have difficulty to support the estimation of some
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complex models. It is recommended to favour simpler models when
sample size is small.

Besides the problem of small size sample, we must verify that our
data presented normality characteristics because LISREL method is
based on distributional assumptions of univariate and multivariate
normality of the data. However, we find that our data does not satisfy
the multivariate normality assumption. To overcome this problem, we
introduce a fundamental method for parameters in our SEM computer
program, which are bootstrapping (small size sample).

Due to the restrictiveness of the model (N = 11) we use a par-
ticular computer-based process called bootstrapping. Use of boot-
strapping has become a usual supplement to statistical parameter as
well as assisting potential small sample issues (Nevitt and Hancock,
2001). Bootstrapping is a method of re-sampling, which is divided
into two general kinds: nonparametric bootstrapping, where the sam-
ple is treated as a pseudo-population and parametric bootstrapping,
where samples are generated randomly from a theoretical probability
density function specified in advance it is used to study the proper-
ties of particular estimators (Kline, 2011). In our modelling, we use
nonparametric bootstrapping. This method generates other data sets
by selecting randomly cases from the original data set, generally the
same number of cases as the original. With the aim that the repeated
sampling will display a comprehensive scheme of the sampling dis-
tribution (Efron and Tibshirani, 1986). Bootstrapping proposes other
extensions besides drawing random samples of size n, it can draw
larger sample sizes than initial sample size n this means bootstrap-
ping can generate 2n, 3n, 4n. According to other researchers, strong
factor loadings can spare a small sample size with simple structure,
(Guadagnoli and Velicer, 1988). A brief overview of mathematical
understanding of bootstrapping is presented (Appendix2) to help to
illustrate its methodology.

2.5 Estimates, Model Validation and Analy-
sis Issues

Our structural equation model is a structural regression (hereafter
SR) model, also called a full LISREL model. An SR is defined as the
synthesis of a structural model and a measurement model.

2.5.1 Model Validation

The model was computed with the SEM function based on the
maximum-likelihood estimates for general structural equation models
returns; it displays parameter estimates, together with the likelihood-
ratio chi-square statistic for the model, contrasting the model with a
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just-identified model, which perfectly reproduces the sample covari-
ance matrix.

The first important characteristic of the SEM model refers to the
convergence (number of iterations). The Less a model needs itera-
tions to converge better is that model for other advanced analysis.
Regarding the six models (table 2.4) the second and third models are
basically those who needed more iterations to converge. Despite the
fact they have latent variables which are very different from their com-
posure and their exogenous variables. The model number 5 presents
the best convergence process, after that we have the model number 6,
number 1, and model number 4.

In SEM one important objective is to find the most parsimonious
model that is able to represent the interrelationships among variables
that reflect accurate associations observed in the data (Teo, Tsai and
Yang, 2013). Hence, a large degree of freedom (DF ) refers to a more
parsimonious model. Therefore, results (table 2.4) show that all the
six estimated models are very parsimonious.

TABLE 2.4: Indices of the model goodness-fit of data

Model Iterations Chi-square S-B df SRMR RMSEA CFI TLI AIC
1 61 382.28 0.992 62 0.194 0.685 0.461 0.321 317.449
2 92 288.77 0.993 51 0.198 0.654 0.497 0.349 283.585
3 88 294.03 0.799 52 0.274 0.743 0.382 0.216 294.223
4 64 284.93 1.048 51 0.15 0.646 0.542 0.408 300.783
5 56 284.84 1.048 51 0.15 0.646 0.542 0.408 300.783
6 61 283.55 1.051 51 0.144 0.644 0.545 0.411 300.288

Source : Computations by the author; S-B: Satorra-Bentler correction factor

The Satorra-Bentler scaling correction factor, which is the aver-
age generalized design effect of nonnormality data, takes into ac-
count both nonnormality and the sampling design effect(Bentler 2003,
Satorra and Bentler, 1994). The value of the Satorra-Bentler correc-
tion factor for model 1 is 0.992 (table 2.4), which means the effect of
nonnormality is 0.8% lower than the conventional analysis. For the
model 6, this correction factor is 1.051 (table 2.4) this means the effect
of nonnormality is 5.1% higher. The Satorra-Bentler statistic (Satorra
and Bentler, 1994) adjusts downward the chi-square value from stan-
dard maximum likelihood estimation. This adjustment reflects the
degree of kurtosis of the data. There is a wide variety of measures
and criteria for determining what constitutes good fit for SEM models
(Marsh, Balla, and McDonald, 1988). To analyse the performance of
various fit measures with respect to sensitivity to model misspecifi-
cation, the use of three fit indices categories are recommended in the
SEM literature: the absolute fit indices, the parsimonious fit indices
and the comparative fit indices.

Absolute fit indices assess how well the model reproduces the
data (Hair et al., 2006). The main absolute fit index is the chi-square
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(Teo, Tsai and Yang, 2013). Significant values of chi-square suggest
that the model does not fit well the sample data. However, the chi-
square is known to be too sensitive to sample size. When sample
size is small the probability level tends to be significant, consequently
a non-significant p-value is uncommon, although the model fit the
observed very well (Teo, Tsai and Yang, 2013). This is exactly the case
of the six models that we estimate, referring to the results (table 2.4)
they all have a significant p-value (< .05). Since these increments in
fit are associated with a statistically significant difference between
the null model and the constructed model, so the difference between
the constructed and the saturated model need not to be a source
of concern due to the small sample size. Secondly, the chi-square
statistic is in essence a statistically significant test which is sensitive
to sample size (Bentler and Bonnet, 1980; Joreskog and Soborm, 1993).
We are in the case where small sample is used; the chi-square statistic
lacks power and then may not discriminate between good fitting
models and poor fitting models (Kenny and McCoach, 2003). Due to
the restrictiveness of the model chi-square, researchers have sought
alternative absolute fit indices to assess model fit.

The other common absolute fit indices provided by the software
are the standardized root mean square residual (SRMR) and root
mean square error approximation (RMSEA). SRMR range from zero
to 1.0 with well-fitting models obtaining values less than 0.05, all the
six models that we used have SRMR values from 0.144 to 0.274 which
are higher than 0.05. Nevertheless, SRMR will be higher when there
are models based on small sample sizes (Kline, 2011), which is exactly
the case of our models. Lower RMSEA values (< .05) assess a good
fitting model, all the six competing models present RMSEA higher
than .05 level (table 2.4) but this index provides better results for large
sample size model than for small sample size data (Kline, 2011).

Comparative fit indices measure whether a competing model is
better than a baseline model that assumes that all observed variables
are uncorrelated. One of the comparative fit indices widely used is
the comparative fit index abbreviated CFI (Bentler, 1990) which is the
revisited form of the NFI. The widespread use of the CFI is due to
its strengths, including its relative insensitivity to models complexity
(Teo, Tsai and Yang, 2013). The CFI should be Normed and varies from
0 to 1; nearer 1 are the values better the model fits the data. Among
the six models that we estimate three of them present acceptable CFI
values (table 2.4) because values are higher than 0.5. Tucker-Lewis
Index (TLI) also called NNFI (Non-Normed Fit Index) has a preference
for simpler models (Bentler and Bonnet, 1980) when models are good
fitting the TLI values approach 1.0. All the six models that we estimate
present mediocre TLI values. Nevertheless, in situations where small
samples are used, the value of the TLI can indicate a poor fit despite
other statistics pointing towards good fit (Bentler, 1990; Kline, 2005).
This explains our poor TLI values.
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Parsimonious indices evaluate the discrepancy between the ob-
served and implied covariance matrix while taking into account the
complexity of the model (Teo, Tsai and Yang, 2013).

There are no golden rules for assessment of model fit, reporting
a variety of indices is necessary (Crowley and Fan, 1997) because
different indices reflect a different aspect of model fit. Three crite-
ria of model fitting are suggested by Schumacker and Lomax (2004).
The first one is the non-statistically significance of the chi-square test,
this means a non-significant p-value. All the six estimated models
present significant p-value (table 2.4), but the model chi-square has
many problems associated with it, it is still essential that this statistic,
along with its degrees of freedom and associated p-value should at all
times reported (Kline, 2005; Hayduk and al, 2007). Generally a non-
significant p-value is uncommon (Kline, 2011), hence the model can
be close fit to the observed data and present a significant p-level. The
second criterion regards the statistical significance of each parameter
estimates for the paths. For all the six estimated models we register
statistical significance for each parameter estimates for the paths(table
2.5) because their t-values are higher than 1.96 hence they are signifi-
cant at the 0.05 level at least. The third criterion address the problem
of magnitude and direction of the parameter estimates which are
need to be consistent with the fundamental theory. By observing the
estimation results (table 2.5) for all the six models, in the sub model
so-called BP in this table all the three variables Tax, Final Consumption
Expenditures, and Government Consumption Expenditures have positive
coefficients, which is coherent to the theory on automatic stabilization
of fiscal policy (Debrun and Kapoor, 2010) that we developed on the
sub-section 2.3.1. For the sub-model denotes MP in the table 2.5, the
variables Real Interest Rate and Exchange Rate when they are not fixed
to be equaled to 1, they present the expected sign accordingly to the
theory of liquidity preference that we developed in the sub-section
2.3.1, the same observation is valid for the variables Consumer Price
Index and M2 in the sub-model denoted SE. In the sub-model SE the
values of the variables Unemployment Rate and Net Domestic Credit
are coherent to the the elaborated theory on the informal economy
(Schneider, Buehn and Montenegro, 2010; Schneider, 2007)

Generally, all structural equation models must be overidentified
(Hoyle, 1991; Raykov and Marcoulides, 2000). This means there are
more equations for the model than unknown parameters because the
fit of a just-identified model cannot be properly evaluated (MacCal-
lum, 1995). This characteristic is shown by the number of degrees of
freedom if that number is zero the model is just-identified. Unknown
parameters are those for which the SEM process will generate numer-
ical values. If the model has one or more degrees of freedom, it is
over-identified, then all the six models are over-identified, because all
the models have at least 51 degrees of freedom (table 2.4). Hence all
the six competing models can be evaluated properly.
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If an alternative model is a subset of the initial model, the differ-
ence in chi-squared values between the two models is itself a statistic
that we can use to test the importance of the parameters that differen-
tiate the model (Bentler, 1980). A such statistic test is the chi-squared
difference test which evaluates the model improvement.

Results (table 2.4) show statistics such as CFI and the Chi-squared
difference test toward good fit but others such as SRMR, RMSEA and
NNFI give indication for bad fitting models for the six a priori models
that we have evaluated. Researchers underline that these statistics
need a sample size of 200 to make their use reliable (Kline, 2011)
contrary to that assumption our six models are realized on a sample
size of 11. Thus, we do not allow concluding that the six models that
we estimate are bad or good fitting models. Therefore, to find the
appropriate model we compare six a priori models.

Nevertheless, practitioners noticed that statistical tests are less
relevant for SEM than the other type of techniques, therefore two
main reasons advocates that statistical tests play a smaller role in
SEM. First, SEM allows the evaluation of the entire models, which
gives a higher-interest perspective to statistical tests of individual
effects in models (Kline, 2011). Second, virtually all non-significant
statistics in a small size sample would be statistically significant in a
sufficiently large sample (Thompson, 1992).

2.5.2 Estimates and Model choice

An extremely well fitting model can present the problem that all
the relationships among its variables are weak or even zero, which
means that effects hypothesized in the model are weak also. These
weak relationships would be reflected by the resulting parameter
estimates and by large residual variances for endogenous variables.
Therefore, it is crucial to look at the parameter estimates and their
significance even when the fit is very good (MacCallum, Browne, and
Cai, 2006).

The test of individual parameter estimates for statistical signifi-
cance is based on the ratio of the parameter estimate to its standard
error estimate (often called z or t-value). As a rough reference, abso-
lute value of this ratio greater than 1.96 may be considered statistically
significant at the .05 level and greater than 2.58 for the .01 level. In
the table 2.5, SE is an endogenous latent variable, BP and BP are
exogenous latent variables that also influence the endogenous latent
variable.

The values 1.00 of some parameter estimates in table 2.3 and ta-
ble 2.4 derive from the method consisting in imposing unit loading
identification (ULI) constraints. This principle means we fix loading
coefficient for the direct effect of a factor on any one of its indicators
to equal 1.00. The indicator with the ULI constraint is considered as
the reference variable or marker variable.
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TABLE 2.5: Estimates of the six a priori models

Latent Vari-
ables

Measured
Variables

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

SE

Gross Domestic
Product 1.000 1.000 1.000 1.000 1.000 1.000

Consumer Price
Index

-0.695***
(0.017)

-0.691***
(0.020)

-0.560***
(0.043)

-0.788***
(0.047)

-0.560***
(0.045)

-0.561***
(0.046)

Unemployment
Rate

-0.794***
(0.026)

-0.794***
(0.031)

-1.085***
(0.05)

-0.846***
(0.035)

-1.085***
(0.053)

-1.080***
(0.057)

Net Domestic
Credit

0.559***
(0.020)

0.559***
(0.024)

0.904***
(0.020)

M2
-0.433***
(0.016)

0.904***
(0.025)

0.896***
(0.024)

Control of
Corruption

0.193***
(0.034)

0.192***
(0.039)

- - - -

MP

Exchange Rate 1.000 1.000 1.000
-0.363***
(0.006)

-0.598***
(0.040)

-0.597***
(0.039)

Real Interest
Rate

-2.079***
(0.013)

-2.245***
(0.016)

-1.671***
(0.028)

1.000 1.000 1.000

Net Transfers
on External

Debts

2.279***
(0.011)

2.574***
(0.010)

1.664***
(0.021)

-1.450***
(0.047)

-0.996***
(0.059)

-0.998***
(0.058)

Foreign Direct
Investment

1.151***
(0.014)

-
M2*
-0.156***
(0.029)

NDC*
-0.729***
(0.005)

M2*
0.093
(0.050)

-

BP

Tax 1.000
2.080***
(0.014)

1.000 1.000 1.000 1.000

Final
Consumption
Expenditures

1.088***
(0.032)

2.264***
(0.029)

0.951***
(0.048)

1.592***
(0.027)

0.951***
(0.048)

0.952***
(0.049)

Government
Consumption
Expenditures

0.481***
(0.014)

1.000
0.692***
(0.039)

0.124***
(0.013)

0.692***
(0.037)

0.697***
(0.038)

M2 -0.209***
(0.020)

-0.437***
(0.011)

BOP*
-0.885***
(0.032)

BOP*
-1.450***
(0.047)

BOP*
-0.885***
(0.036)

-0.232***
(0.034)

SE
Monetary

Policy
0.886***
(0.017)

0.900***
(0.015)

-0.142***
(0.045)

-0.078
(0.056)

0.085
(0.051)

0.083
(0.055)

Fiscal Policy 0.678***
(0.033)

1.486***
(0.019)

1.004***
(0.028)

1.375***
(0.021)

1.004***
(0.028)

1.009***
(0.029)

Monetary
Policy

Fiscal Policy 0.396***
(0.019)

0.726***
(0.018)

0.458***
(0.069)

-0.847***
(0.032)

-0.766***
(0.046)

-0.765***
(0.045)

Source: author’s calculation. ***= significance level at 1%, an estimate is significant
if |z|>2.58; * = variable that replaced the initial variable in the model; in

parentheses we have the standard error for each variable.

The standard errors evaluate the variability of each parameter
estimate (Bentler, 1980). The different standard error values (table 2.5)
show that the parameter estimates have very low variability.
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Our strategy, as we stated previously, consist in using multiple a
priori models and providing comparative information about alterna-
tive explanations of the data through the a priori models, besides its
multiple advantages this strategy protects against a confirmation bias
(MacCallum and Austin, 2000; Joreskog and Sorbom, 1996).

To analyse differences between estimated models it is usual to
make use of the null hypothesis of no difference in population discrep-
ancy function values. However, it is known that this null hypothesis
is always false in practice and it presents limited empirical interest
(MacCallum, Browne, and Cai, 2006). To bypass this problem, we
use the test of the hypothesis of the small difference in fit Chi-square
difference test.

TABLE 2.6: Indices of the model goodness-fit of data

Model dif-
ferences

χ2 dif-
ference
(df)

Critical
χ2 (non-
centrality
λ)

Model dif-
ferences

χ2 dif-
ference
(df)

Critical
χ2 (non-
centrality
λ)

M1 −M2 39.51 (11) 21.3514***
(.957)

M3 −M4 9.1 (1) 7.1476***
(.1056)

M1 −M3 34.25 (10) 19.97466**
(.932)

M3 −M5 9.19 (1) 4.4285***
(.157)

M1 −M4 43.85 (11) 22.1060***
(1.4)

M3 −M6 10.48 (1) 6.2139***
(.712)

M1 −M5 43.44 (11) 20.93907***
(.718)

M4 −M5 0.09 (0) 3.6450
(0.561)

M1 −M6 44.73 (11) 21.7702***
(1.202)

M4 −M6 0.38 (0) 4.6322
(.816)

M3 −M2 5.26 (1) 5.8771
(.597)

M5 −M6 0.29 (0) 3.1624
(.459)

***=difference in models is significant when Critical χ2 < χ2 diffenrence
Source : Computations by the author

We use the method described in MacCallum, Browne, and Cai
(2006) to calculate the χ2 critical values. With these values we test
the small difference hypothesis between the models. Results (table
4.6) show there is a small difference between models 3 and 2, 4 and
5, 4 and 6, and 5 and 6. Model number 1 has less quality than the 5
others, hence we must reject it. Model number 2 has less quality than
model number 3. Models number 4, 5 and 6 present almost the same
qualities. Then the best fitting model is among models 3, 4, 5 and 6.
We need to do further analyses to determine which model is the best
among the six estimated models.

The reduced-form R2 are printed for endogenous variables, which
are regressed on the exogenous variables only in nonrecursive models.
These values explain the contribution for only one variable, because
all direct effects of disturbances on their respective endogenous vari-
ables are blocked and simultaneously they removed any contribution
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TABLE 2.7: Reduced-form R2 for all the variables in all
of the six a priori estimated models

R2 Model
1

Model
2

Model
3

Model
4

Model
5

Model
6

GDP NA NA 0.938 0.824 0.824 0.829
CPI 0.506 0.502 0.582 0.259 0.259 0.260
UR 0.662 0.662 0.671 0.970 0.970 0.966
NDC 0.328 0.328 0.275 0.673 0.673 0.665
CC 0.775 0.776 - - - -
ER 0.172 0.144 0.068 0.291 0.291 0.289
RIR 0.745 0.723 0.560 0.812 0.812 0.811
NTED 0.896 0.951 NA 0.804 0.804 0.808
FDI 0.229 - - - - -
BOP - - 0.894 0.753 0.753 -
Tax 0.836 0.836 0.367 0.961 0.961 0.958
FCE 0.990 0.990 NA 0.869 0.869 0.869
GCE 0.193 0.193 0.006 0.460 0.460 0.465
M2 0.037 0.037 0.176 0.007 0.007 0.052

Source : author’s calculation

to all other endogenous variables (Hayduk, 2006). The proportions
of explained variance estimated by the R2 of the sixth model are way
more interesting than the other models. According to results (table
4.7), only consumer price index and the growth of circulating money
do not explain well their respective endogenous variable, contrary to
the others. Between models 5 and 6 almost all the explained variances
are equal except for the monetary variable; hence model 5 is also
interesting to fit the data than model 6. But despite the weakness
explanation variance provided by model 6 for the variable M2, it is
approximately 7.4 higher than the explained variance of model 5.

2.5.3 Analysis Issues

Among the indicators of the informal economy, unemployment
rate and consumer price index reflect an inverse relationship with
informal economy in all the six estimated models (table 2.5). Further-
more, the unemployment rate with minimum coefficients equal to
-.794 (table 2.5) present higher coefficients than the consumer price
index whose maximum coefficient is -.788 (table 2.5). When unem-
ployment rate decreases informal economy increases that confirms
the classic empirical assumption that advocates the less individuals
are employed the more they joined informal activities. When the
consumer price index goes up informal activities go down. Because
when the consumer price index increases individuals need more liq-
uidity (currency) to buy the same goods, hence, individuals have less
liquidity (currency) to undertake such activities.
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Net domestic credit and control of corruption evolve in the same
direction as informal activities. State bribery reflects informal activi-
ties. The comportment of this indicator is coherent to the empirical
assumption that stipulates smaller informal economy correspond to
smaller state bribery (Johnson, Kaufmann and Zoido-Lobatón, 1998;
Hindriks et al., 1999).

Allocate domestic credit contributes to increase informal activities;
this means the most part of the domestic credit is going to informal
enterprises. This situation is easy to understand because credit to
informal enterprises provides more interest incomes because the more
the credit is at risk the higher is the interest rate. When one of the
models tends to reflect the informal economy through the growth of
circulating currency we find the same negative sign ?? That means
the less money circulates in the economy, the more people undertakes
informal activities. Comparing all the six models, we observe that
direct tax revenues, final consumption expenditures, and government
consumption expenses, which is a proxy of indirect tax revenues, in-
fluenced positively the growth of the informal economy. That means
when taxes and consumptions raised, informal economy increased
also. That confirms the view of many theorists of the informal econ-
omy (Schneider, 2007). During the last twenty years, many taxes were
reduced considerably, but these measures concerned import taxes
only. Hence, the main tax revenues were levied from income, that
reduces investment and by the same token also reduce employment
opportunities. Government consumption expenditures also including
external financing, that means informal economy growth and external
financing evolve in the same direction (less external financing implies
decrease shadow economy growth).

While the balance of payments, the circulating currency growth,
the exchange rate (gourde per U.S. dollar) and the real interest rate
have a negative impact on shadow economy growth (table 2.5). These
results mean globally monetary policy impacts negatively informal
economy growth. The balance of payment becomes the more and
more negative through the years. However, if the balance of pay-
ments was positive (more exports than imports) it would reduce
considerably the shadow economy growth. The exchange rate in-
creases continuously, therefore, the informal economy growth should
be altered because people would need more local currency units to im-
port goods (the main source of informality). This could be explained
by the inexistence of an employment policy. The fact that the balance
of payments is negative so we import more than we export, hence a
growing exchange rate coupled with the astonishing decrease of local
production leads to poverty. Hence, the inexistence of employment
policy drains people in informal activities. The real interest rate de-
creases considerably over time what contributes to increase shadow
activities. Because higher real interest rates are an incentive for people
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to make deposits of their money instead undertake informal activi-
ties. When real interest rates, decrease people have made arbitration
between interest rate and benefits from informal activities and then
they chose to invest in informal activities, which appear to provide a
higher return on investment.

The Foreign direct investment has positive effect on the shadow
economy. When the exchange rate is the reference variable for analysing
monetary policy, the net transfers on external debt influence informal
economy positively. Hence the more indebted is the country, the more
important become the transfers on external debt, so the more infor-
mal activities grow. When the real interest rate is the marker the net
transfers on external debt has negative impact on shadow economy
growth. But the coefficients of the net transfers on external debt are
way higher for the positive impact (minimum coefficient is 1.664) than
for the negative impact where the maximum coefficient is -1.45 (table
2.5). That means the more the government acquitted its international
debt the more informal economy grows rapidly. In all the six models
the net transfers on external debt have the most important weight in
the informal economy growth.

The commercial balance influences significantly the informal econ-
omy growth. When fiscal authorities drop tariff and eliminate the
nontariff barriers, importation rises due to the weakness of local pro-
duction what leads to deficit commercial balance. The commercial
balance influences the informal economy and leads informal growth
in the opposite direction. So a negative commercial balance leads to
a growing shadow economy. Net domestic credit grew during the
last 20 years and has impacted informal economic growth in the same
direction: the most part of the domestic credit goes to the import
sector. Therefore, the domestic credit serves to inflate the trade deficit,
hence the larger is the deficit of the commercial balance the greater is
the informal economy growth.

The exchange rate evolves contrary to the informal economy
growth. In the Haitian dollarized economy (the local currency (gourde)
is partially anchored on a foreign currency which is the U.S. dollar)
while the national production falls exaggeratedly the exchange rate
keeps growing. This anchorage brings to the Haiti’s economy all the
exogenous chock took from the foreign currency, because the foreign
currency vulnerability increases due to the mismatch between the
foreign currency liquid liabilities and the liquid foreign assets (IMF,
2005). That implies a growing inflation level and a drop of purchase
power of the local economic agents. Therefore, when the exchange
rate rises, inflation increases and purchase power go down what
brings up informal economic growth. That explains all the positive
fluctuations of the U.S. dollar have a negative effect on the informal
economy.

One of the key decisions of the liberalization policies was the
declining of the real interest rate. This measure obliges individuals
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that have made a limited deposit on the banks to make arbitration
between the gain that the real interest rate will provide and the return
of an informal investment. These very limited capitals are unable
to start a modern business, then, people invest them in informal
enterprises. For this reason, real interest rate has the contrary effect in
shadow economy growth.

Avoidance of accumulation of an unsustainable burden of external
debt was also one of the main objectives of the deregulation policy.
The government has incurred additional debts and has faced many
socioeconomic problems, particularly the accumulation of substantial
arrears on external debt between 1991 and 1994. The International
Monetary Fund (IMF) demands that authorities restore solvency by
restructuring unsustainable fiscal imbalances. Hence, the government
increases significantly disbursement for external debt during the last
decade. Due to low and volatile levels of revenues, the government
has significant difficulties to provide adequate social services and
social expenditures fallen. Coupled with the very limited size of
public service employment, these situations lead to informal economic
continuous growth.

During the years that follow the liberalization trade policies, the
budget system becomes rigid with some fix objectives. Government
consumption expenditures reflect the size of government; they af-
fect economic growth in different manners. First, its impact can be
perceived through their effects on the fiscal balance. One of these
signs is the impact of automatic fiscal stabilizers in a rigid budget
system because of a large proportion of nondiscretionary expenses
such as salaries, interest payments, social entitlements and subsi-
dies (World Bank, 2007). This reflects a negative association between
economic growth and government consumption expenditures. It
has been proven that informal economy and economic growth are
countercyclical (Aspilaire, 2014). The negative relation between gov-
ernment expenditures and growth explains that informal economy
and government expenditures evolve in the same direction.

The relationship between final consumption expenditures and
economic growth is important because of the well-established notion
of consumption led growth. Higher consumptions lead to economic
growth, contrary to this theory, we observe the increase in final con-
sumption expenditures has a positive effect on informal economy
which is countercyclical. Growing consumption expenditures influ-
ence positively informal economy growth. It can be explained by
the fact that the last 20 years of the economy are characterized by a
continuous declining sector of production.

2.6 Conclusion

All the macroeconomic variables related to budget, fiscal and mon-
etary policies and economic growth impact the informal economy



78 Chapter 2

growth. The fiscal and budgetary variables, except tax revenues,
which was the reference variable, have impacts that promote informal
economy growth. The monetary variables and the shadow economy
growth have a contrasted evolution. Because of a dollarized, unpro-
ductive and not sufficiently prepared economy to deal with these
enormous changes the deregulatory policy creates some perverse ef-
fects (growing inflation, continuous increase of importation and local
currency depreciation) on other concerned variables which also influ-
ence the economic structure which annihilate these negative effects
on informal economy.

Through the tackling of the neoliberal empirical assumption that
advocates that flexible fiscal policy and rigorous budgetary policy can
reduce informality growth two main lessons should be deducted. In
1999 the last stage of the liberalization trade policy ended, almost all
the taxes on import products fall down, a new fiscal policy took place
to facilitate foreign investment and reduce fraud incentive. More
than 10 years after the application of the neoliberal fiscal policy, in-
formal economy keep growing and represent a share of the GDP
that increases continually. The rigorous budget policy recommended
by IMF consisting in reducing banking credit for public institutions,
lowering interest rates, regularizing payment of external debts and
diminish public expenditures and investment was applied strictly.
Against all odds the informal economy presented its best growth
period after the application of the neoliberal budget policy. Hence the
neoliberal empirical assumption towards informal economy must be
rejected in the case of Haiti.

The re-evaluation of the traditional main causes of informal ac-
tivities such as higher taxes and social security burdens (Schneider,
Buehn and Montenegro, 2010), trade barriers and regulations (John-
son, Kaufmann and Zoido-Lobatón, 1998) suggest two surprising
approaches.

In one hand, despite the model fixed tax revenues as the reference
variable of fiscal policy, the model keeps recording significant growth
of the informal economy. The data suggest that tax revenues do not
constitute one of the main causes of informal economy growth.

Are trade barriers and regulation determinant factors in shadow
economy growth? National authorities, under the IMF demands,
eliminate the nontariff barriers, reduce dramatically customs tariffs.
In 1995, all remaining import restrictions on agricultural commodities
were removed, from maximum tariff rates around 50% to 0-3% max-
imum tariff rate, for the most important basic products (rice, sugar,
flour, cement). The liberalization trade policy drops more than a half
of the 1,600 tariff lines near a zero rate. Budget austerity policy re-
duces drastically state intervention in the market. Despite all these
changes and the tariffs suppression, informal economy keep increas-
ing more than 10 years later. The time series data do not confirm
trade barriers and regulation are important factors of consequence of
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shadow economy growth.
These conclusions remind how it is difficult to apprehend infor-

mal economy through uniform assumptions (empirical or theoretical)
regardless its main causes or consequences. Probably some causes
and consequences of informal economy growth can be evident in
wealthy countries and mature economies and appear to be insignifi-
cant as causes of informal economy expanding developing countries
or emerging economy.
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Chapter 3

Employment, Poverty and
Human Capital: Is informal
employment in Haiti a result of
exclusion?

3.1 Introduction

This chapter analyses mostly the relationship between informal
employment, poverty and human capital accumulation using a Min-
cer wage model, upon a sample of 5,228 active individuals from a
national survey (2007), estimated by an ordinal multinomial logit
model. Demographic variables, geographic setting, working hours,
and education are the main factors that explain the access to informal
labour market. Results show that poor workers are those with lower
human capital accumulation and they regroup salaried, trainee and
self-employed. Informal employment does not imply automatically
poverty and low human capital accumulation. As the formal job mar-
ket, informal job market includes poor and non-poor workers, low
human capital accumulated employee and largely valorised employee.
The estimates of the Mincer earnings models show large discrepan-
cies among the revenues of the informal workers as regards their
demographic and economic characteristics make the segmentation of
informal employment a workable assumption.

Understanding the determinants of wages and earnings in the
informal employment can help policy makers develop strategies in
order to promote wealth, to overcome poverty and eventually to put
countries on a path that increases growth and prosperity. Human
capital theory shows that one of the best ways to promote wealth and
reduce poverty is the incentive for individual investments in human
capital. These investments will raise earnings and diminish depriva-
tion because even low-skilled workers can take advantage of training.
These insights led to viable policies increasing overall wealth. Many
researchers (Barro and Sala-i-Martin, 2004) have demonstrated the
very implications of human capital theory for earnings, employment
and economic growth. The literature considers as informal employ-
ment all kinds of jobs, which are not protected by labour legislation,
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not subject to taxation and social protection fees paid to the workers,
own-account workers or employers with unregistered activity (OIT,
1993 and 2002). In Haiti 57.1% of the employment are informal (IHSI
and CELADE, 2007) which explains its importance in the economy.

Another main reason to apply human capital theory to the infor-
mal employment is to evaluate the main approaches that link informal
employment and poverty. According to Fields (1990) the informal
labour market has a dual side. An attractive side for people with
special characteristics who hope higher earnings than in the formal
market, those people choose to work in the informal market. A less
attractive side where people without special characteristics work for
low wages. Another theory presents informal work as a disadvan-
taged sector of a labour market segmented by rigidities in the official
economy (Harris and Todaro, 1970), where people are underemployed
in micro-firms characterized by poor capacity for capital accumula-
tion, irregular work conditions and very low rates of remuneration.
Information asymmetries can oblige inexperienced young workers to
choose the informal market for gaining experience to join the formal
market later (Perry et al., 2007). This implies that mostly people who
work in the informal employment market have chosen voluntarily
to be in informality, but they have sufficient characteristics to move
to the formal sector, but refuse (Perry et al., 2007), because probably
they would not be in better jobs in the formal market than formal
workers with identical characteristics. Because the informal market
can provide jobs that are equally valorised than those that exist in
the formal sector, workers compare utilities, not only earnings in
choosing jobs in formal and informal sectors from a variety of work
related to their skills and characteristics (Rosen, 1981; Heckman and
Sedlack, 1985; Carneiro, Heckman, and Vytlacil, 2005). By compar-
ing the advantages related to their entrepreneurial relative skills in
both sectors, young and unskilled middle-age workers chose to en-
ter the informal market to compensate for their lack of skills (Lucas,
1978). Informal employment consolidates, rather than reduces, the
disparities produced by formal capitalist employment (Pahl, 1984;
Williams and Windebank, 2003). Many studies have been conducted
to analyse the determinants of the informal market using the wages
of the workers, both in Europe (Kolev, 2000), in Africa (Adair and
Bellache, 2012) and in North America (Dougherty and Escobar, 2013).
In the Caribbean region, few studies have made the link between
informality and poverty by using human capital theory, although it
should be mentioned the study about Trinidad and Tobago (Sookram
and Watson, 2008).

As for Haiti, a recent study analyses the determinants of informal
employment using probit models (World Bank and ONPES, 2014). But
there is no study that concerned informal economy in the Caribbean
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countries that highlights the relationship between informal employ-
ment, poverty and human capital accumulation. Our chapter esti-
mates earnings classification regarding the human capital accumula-
tion and socio-demographic variables thanks to a Mincer wage model
through an ordinal multinomial logit equation. In addition, this chap-
ter takes the analysis one step further by assessing the relationship
between informal employment, poverty and human development.

We further develop the theories that make the link between in-
formality and poverty in various ways. These various theories raise
the following questions: Do workers choose voluntarily to enter the
informal employment market? Do informal workers get wages that
match their characteristics? Are jobs generated in the informal market
equally valued by workers as those in the formal sector? Do informal
workers have special characteristics (marginalized, youth, inexperi-
enced, low wages, and educational attainment) that are consistent
with the informal market? The aforesaid theoretical approaches an-
swer to these questions in different ways; we separate and test the
applications of these explanations by using the results from the econo-
metric model that we conceive.

This chapter estimates the relationship between wages and hu-
man development (individual returns of education and experience)
on the informal market. One of the contributions of this chapter is
to analyse the determinants of wages of the informal workers and
examine the dynamics of informal employment. This arises from the
following questions: is informal employment a generator of poverty?
Are the levels of the revenues explained significantly by the workers’
socioeconomic characteristics? The main purpose of this chapter is to
analyse the relationship between informal employment, poverty and
human capital accumulation by modelling the data and confronting
the results with the various theories. We use a sample of 5,228 indi-
viduals from a national survey (IHSI, 2010) upon informal economy
and employment, which contains 11,688 valid observations, includ-
ing 1,716 observations of agricultural workers and 4,130 involuntary
inactive by computing different ordinal multinomial logit models.

Section 1 presents the stylized facts and the linkages between
poverty and informal employment. Section 2 is dedicated to the
theoretical models of human capital and the contrasting theories of
the informal workforce. In section 3, we present the data and the
multinomial logit equations used to estimate the Mincer wage model.
Section 4 analyses the determinants of the informal revenues and
the relationship between informal employment, poverty and human
capital accumulation. Section 5 concludes.
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3.2 Stylized facts of poverty and the informal
employment in Haiti

The issue of poverty is one of the most challenging socioeconomic
problems in developing economies. Since the informal economy has
been popularized in the literature, researchers have linked poverty to
informal activities. For ones, informal economy represents the main
path to social exclusion and poverty. In the Haitian economy, the first
official measure of poverty took place during the 2000’s.

According to ILO (1993) the employed persons in the informal
sector should be sub-divided into two categories: those who are ex-
clusively employed in the informal sector, and those who work both
in the formal sector and in the informal sector. But this definition
adopted during the 15th ICLS presents some difficulties of classifica-
tion. Statistical surveys may encounter some bias of answers, firstly,
casual self-employed person or very small-scale activities can be not
reported even though their activity corresponds to the enterprise-
based definition, and secondly statistics regarding informal sector
may be influenced by errors in grouping some employed persons by
status in employment (ILO, 2003). For all that we adopt the definition
of the informal employment provided by ILO (2003), the informal em-
ployment is the total number of informal jobs without distinction of
sector (formal sector firms, informal sector enterprises or households
activities) during a given reference period (ILO, 2003).

The informal employment includes own-account workers and per-
sons employed in their own informal sector activity, all contributing
family workers, any individual who holds informal jobs in formal or
informal sector firms, paid domestic workers enrolled by households,
members of informal producer cooperatives, and person who produce
goods exclusively for own final consumption (ILO, 2003). In Haiti
the cooperatives have a particular status, they cannot be registered as
formal or informal enterprise (IHSI, 2010).

3.2.1 Evolution of poverty in Haiti

Many studies regarding poverty in Haiti have been conducted;
they address the question in the different aspects. Unequivocally, the
concept of poverty contains different dimensions. Poverty could be
monetary (income and consumption expenditures) and non-monetary
(access to education, nutritional needs, access to healthcare, protection
from violence, adequate housing, access to sanitation, to energy and
others). Some of those studies address the monetary aspect (Montas,
2002; Accion, 2003; Egset and Sletten, 2004) and others address the
non-monetary aspect (World bank, 1998; CNSA, 2002; UNDP, 2002).
Furthermore, the national statistics organism has also conducted dif-
ferent surveys and studies regarding the poverty situation (IHSI, 2001,
2003).



3.2. Stylized facts of poverty and the informal employment in Haiti85

Using the explanation of Montas (2005), we adopt the measure of
poverty based on incomes or consumption levels. An individual is
considered as poor when his income level is unable to cover some
minimum level of expenditures to meet basic needs. This minimum
level is known as the poverty line. A poverty line of U.S. 235 dol-
lars/year has been calculated for 1986/87 (Pedersen and Lakewood,
2001). The same organism has calculated a poverty line for 1999/00
which was established at U.S. 204 dollars. Montas (2005) proposed a
poverty line for 2000 that is equivalent to U.S. 344 dollars.

In 1987, the proportion of poor was approximately around 59.6%
(Pedersen and Lakewood, 2001) and 65% (IBD) while in the rural re-
gion, it was around 60-65% (IBD) and 72.8% (Pedersen and Lakewood,
2001). In 1989, it was estimated around 69% (CTPEA) and the World
Bank estimates approximately 81% of persons living in rural regions
were poor in 1996. Over the period 1995-99 CNUCED has evaluated
the poverty proportion at 79.9%. In 2001, the national statistics organ-
ism through a survey (Enquête sur les Conditions de Vie en Haïti) has
found 76% of individuals were poor while the poor in rural agglomer-
ation represented 85.2%. A nonofficial poverty line was calculated in
2001 from two surveys "Enquêtes sur le Budget de Consommation des
Ménages", phases 1 and 2 (IHSI, 1986/87 and 1999/00) which contain
data on household consumption and expenditure. This study (Peder-
sen and Lakewood, 2001) showed a fall in consumption poverty from
59.6% to 48% in 1999/00 but these results were contested (Montas,
2005) due to a methodological weakness. Although over the period
2003-06 the national poverty line was measured based on the interna-
tional poverty lines of the period that means $1 and $2 PPP per person
per day. Thereupon, the extreme poverty rate found using data from
2001 survey ranged from 48.9% (Verner, 2005) to 53.9% (World Bank
and SEDLAC, 2005/06) and 55% (UNDP, 2003).

TABLE 3.1: Employment situation and consumption
expenditures of the households in gourdes

Urban Rural
Sector em-
ployment

Non-
poor

poor
Extreme
poor

Non-
poor

poor
Extreme
poor

Informal
sector, %

69.3 74.3 56.7 34.5 25.8 15.7

Formal sec-
tor, %

24.6 9.5 2.2 4.7 4.0 1.6

Average
percapita
consump-
tion

60.989 23.360 11.322 52.657 21.250 10.086

Source: ONPES and World Bank, 2014

All data (table 3.1)are from the "Enquête sur les Conditions de Vie
des Ménages après le Séïsme" (ECVMAS 2012) which is a postearthquake
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household living conditions survey. This survey define the informal
sector as the unincoporated enterprises (not in the primary sector)
that are not legally registered and/or do not keep formal accounting
(ONPES and World Bank, 2014). This survey also defines informal
workers as all contributing workers from household enterprises, all
independent workers in the informal sector and all employees (not
in the agricultural sector) without legal contracts and not benefit-
ing from social protection (ONPES and World Bank, 2014). Records
(table 3.1) show that 57% of non-poor individuals are in informal
employment, about 45% of poor individuals work in the informal
sector and only 21% of extremely poor individuals are in the infor-
mal market (ONPES and World Bank, 2014). Results also show that
74% of urban non-poor work in the informal sector while 56% of
poor urban individual evolve in the informal market and 34% of the
extremely poor work also in informal activities (ONPES and World
Bank, 2014). Globally, about 75% of people living in rural regions
are poor, but about 41% of urban individuals are poor. Furthermore,
66% of the poor live in rural regions and only 33% of the poor are
living in urban agglomeration (ONPES and World Bank, 2014). The
average per capita consumption of urban non-poor individuals is
about 61,000 units of local currency (gourde) while the average per
capita for urban poor individual is about 23,000 of gourdes and the
extremely poor living in urban agglomeration consume on average
11,000 of gourdes (ONPES and World Bank, 2014). Accordingly, there
is a huge gap between average per capita of non-poor and poor and
between poor and extremely poor people. Human capital is the most
abundant asset of the poor paradoxically they have less access to
education than non-poor. With more than 58% of poor, poverty is
one of the biggest socioeconomic challenges of the Haiti’s economy.
Nevertheless, poverty is expanding in Haiti but it is more severe in
rural regions than in urban spaces. Inequality is huge in terms of
income even among poor and extremely poor. The most important
employment provider for the poor, including extremely poor is the
informal job market where 66% of them are involved in.

3.2.2 Public policies against poverty

The wide spreading of poverty and inequality during the decade
1990-2000 obliges policy makers to address this socioeconomic prob-
lem. To face this problem, two main documents were elaborated by
the public policy makers, between 2007 and 2010. The first one was
the National Strategy Document for Growth and Poverty Reduction
(DSNCRP) also called the Growth and Poverty Reduction Strategy
Paper (MPCE, 2007), and the Action Plan for National Recovery and
Development of Haiti (PARDH) in 2010. Two other strategic docu-
ments were adopted after the 2010 earthquake to decrease the poverty
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rate: The Strategic Plan of Development of Haiti and the first Triennial
Investment Program (TIP) 2014-2016, both elaborated in 2012.

During the beginning of the 2000’s the Haiti economy faced a dual
challenge of growing poverty and inequality. To fight this tendency,
policy makers adopted in 2007 the first official document which aims
to fight against poverty: The Growth and Poverty Reduction Strategy
Paper (MPCE, 2007). This document was built in three fundamen-
tal pillars, but we only present those to which we are interesting.
The first pillar is based on using agriculture and rural development,
tourism, and infrastructure as growth vectors. Develop the rural re-
gions, while guaranteeing the protection of the environment, promote
the diversification of the activities which are generator of revenues,
sustain the progress accomplished and ensure a less inequitable distri-
bution of the revenues generated. Capitalize on tourism as a growing
industry in the Caribbean region. The government intends to take
control of urban and interurban transport by prioritizing the develop-
ment of regions with high potentiality of development, connecting
all the regions throughout the territory and according attention to the
protection of the environment. The second pillar concerns human
development by according priority to basic services such as education
and training, health, and water and sanitation, bring a solution and
help for persons with disabilities, childhood poverty, and HIV/AIDS,
and encourage youth integration, and gender equity. Bring some
amelioration in the global educational system (teachers, schools, ed-
ucational programs and others). In the health system, the plan aims
to draft a national health policy, establish the procedures for inspec-
tion and control health activities, and finally modernize the health
information system (MPCE, 2007). To improve the low level of water
and sanitation access, ancient organisms, and entities in charge of
these services will be replaced by regional offices but management
through private institution are envisaged. With an important propor-
tion of people with disabilities, approximately 800,000 (MPCE, 2007),
the document proposes better prevention of incapacity through the
public health system (vaccination, early detection, creation of medical
rehabilitation departments in the main hospitals and home for the
disabled in different departmental administrative districts) and nutri-
tional programs. To take in charge the childhood poverty the policy
makers will remove obstacles to investment that benefit young per-
son, public support to families and communities and encouraging the
participation. Young people represent more than 50% of the overall
population so the reform aims to improve their living conditions by
fostering their economic and social-cultural integration, and to create
complexes for physical and sporting activities. Despite the promising
approaches of the DSNCRP where the phases of application were
divided into two phases, the acceleration of the economic growth and
the control of social development awaited are far away. The earth-
quake has changed many parameters in the second phase of this plan,
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and a new document has been redacted in 2010 the Action Plan for
National Recovery and Development of Haiti (PARDH). The objective
of the PARDH was to bring immediate responses to the decreasing
situation of people after the 2010 earthquake, but it also aims to tackle
the main structural causes of poverty and under-development in
Haiti. The PARDH was constituted of four main pillars, among which
we present two of the four pillars that present interest for us. The
Economic rebuilding conceives to conduct the agricultural sector in
the modernization era to protect families against food scarcity and
to avoid hunger; the development of the professional construction
sector to protect households against earthquake and hurricanes, the
promotion of the manufacturing industries and plan the development
of the tourist sector. The social rebuilding pillar aims to guarantee
access to education for all children, to build vocational courses and
university to make the offer adequate to the demands of economic
modernization; to give priority to effective health systems that can
give minimum overage in the entire country; finally, it conceives a
social protection system for the less fortunate workers and families.
The Action Plan for National Recovery and Development of Haiti
(PARDH) was elaborated to fight all the aspects of multidimensional
poverty. As we stated previously, poverty has a monetary aspect con-
sidering income and consumption expenditures and a non-monetary
aspect which concerns access to education, nutritional needs, access
to healthcare, social protection, adequate housing, access to sanita-
tion, and others. The PARDH aims to provide food security, access to
education for every child, resistant and protected houses, access to
healthcare and social protection for the most vulnerable workers and
families.

3.2.3 Linkage between informality and poverty

Informal economy becomes more significant in developing coun-
tries since its importance has been acknowledged in the literature.
In Haiti, from 2000 to 2010 informal economy represents between
55.4% and 70.1% of the GDP (Schneider et al., 2010; Aspilaire, 2014).
Approximately 55% of employed persons are working in the infor-
mal sector; informal private enterprises represent 81% of business in
the metropolitan sphere (IHSI, 2010). Despite of the conjoint growth
the linkage between informality and poverty still concerns stylized
facts. In the informal economy literature, linkages between informal-
ity and poverty are controversial. Nevertheless, we can classify the
different ideas into two groups that we call the positive and the nega-
tive according to their position about informal economy. According
to the "negative" thinkers, informal work is a transitory state and a
marketplace where workers gain only subsistence earnings (Lewis,
1954; Harris and Todaro, 1970) and are working in sweatshop like
conditions without a significant coverage of social protection (Sassen,



3.3. Literature review of human capital theory 89

1997). For these theorists, the informal economy is a leftover of pre-
capitalism constituted of marginalized individuals (Chen et al., 2004;
Williams and Round, 2008). Informality is a new form of activity
emerging in late capitalism as a creative response to the incapacity
of the State to meet the basic needs of the impoverished masses in
a deregulated open world economy (de Soto, 1989; Hudson, 2004).
Consequently, the informal economy becomes a generator of poverty,
hence informality has negative impact on growth and poverty re-
duction. The positive view argues that not all the informal workers
are concerned with poverty and it exists a positive relationship be-
tween informal employment and poverty alleviation (Orlando, 2001;
Cling et al., 2010). These theorists advocate that a significant part
of household income is earned by working in the informality, hence,
without the informal employment, poverty would be more inten-
sive. Furthermore, some authors show significant linkages between
poverty intensity and informal employment, they also find that the
most important portion of the revenues of the extreme poverty fami-
lies is earned from the informal employment market (Cartaya, 1994).
Individuals in poorer situation and lower-income groups are more
likely to work in the informal market (Agarwal and Dhakal, 2010),
this means informal activities are a source of subsistence for poor and
marginalized people (Leonard, 1994,1998, Williams and Windebank,
2001), even if wealthy groups tend to purchase a greater part of in-
formal labour (Williams, 2008; Williams and Winderbank, 2002). For
some authors, informal workers have special characteristics, poor and
marginalized, youth, inexperienced, low wages, and low-educational
level. For others, workers choose informal jobs related to their skills
and characteristics. Where workers gain only subsistence earnings
and are working in sweatshop like conditions without a significant
coverage of social protection. For some theorists, the informal market
is constituted of marginalized individuals. All these approaches make
linkages between poverty and informal employment and they also
bring evidence on the role of human capital in the determination of
the poverty of individuals who are working in the informal market.
Consequently, before we analyse the relationship between poverty,
human capital and informal employment, we make a literature review
of human capital theory in the following section.

3.3 Literature review of human capital theory

Labour economics define human capital as a set of fundamental
characteristics such as skills, education, motivation, work attitudes,
which are prone to increase worker’s productivity. According to the
labour economics literature, there are five main approaches of human
capital.
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3.3.1 The main theoretical models

The first approach (Becker, 1975) is twofold. On the one hand, it
argues that demand conditions are similar for everyone and supply
conditions are the only cause of inequality (egalitarian aspect). This
aspect assumes a similar capacity for everyone to benefit from invest-
ment in human capital, particularly education, it considers that the
distributions of investment in human capital are uniform basically. In
that view human capital is a one-dimensional object like a package of
abilities and knowledge of the process.

On the other hand, it assumes that supply conditions are identical,
but differences among workers come from demand conditions (“elite”
aspect). The elite aspect makes the assumption that opportunities
are identical for workers, but the differences in the distributions of
earnings and investments in human capital are from demand con-
ditions, and they are explained by the differences in the capacity of
everyone to benefit from investment in human capital (Becker, 1962,
1964, and 1975). The second approach (Gardner, 1983) considers hu-
man capital as a multidimensional of many abilities and skills that
is a matrix of knowledge. For Gardner, some people can have some
good skills and abilities in some dimensions and being very unskilled
in some other dimensions. A third approach (Nelson and Phelps,
1966; Schultz, 1961, 1962) contends that human capital is a factor
that should take place within disequilibrium situations or adapt to
an ongoing changing environment. The fourth approach (Bowles
and Gintis, 1976) argues that human capital refers to the capacity of
workers to adapt to organizations or hierarchical structures wherein
they are working. The last one (Spence, 1973), takes human capital as
a factor measuring the abilities and skills of workers without consid-
ering these as independent characteristics that are important in the
production process. The three basic theoretical models were designed
by Mincer (1958, 1962, and 1974), Becker (1962, 1964, and 1975) and
Ben-Porath (1967). In addition, Acemoglu and Autor, (2011) intro-
duce the so-called separation theorem in human capital investment
in order to separate human capital stock and supply decisions from
consumption decisions.

Becker’s Model

The first approach (Becker, 1975) is twofold. On the one hand, it
argues that demand conditions are similar for everyone and supply
conditions are the only cause of inequality (egalitarian aspect) there-
fore same investment (in human capital) should provide identical
earnings for each investor. On the other hand, it assumes that supply
conditions are identical, but differences among workers come from de-
mand conditions ("elite" aspect). Becker concluded with the fact that
both supply and demand conditions varied and different investment
in human capital for the same amount could provide more earnings
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for some and less earnings for others. This model can be used to
measure the adjusted rates and then to demonstrate the contribution
of schooling to explain the distribution of earnings.

Ben-Porath’s Model

Becker (1962, 1964) and Mincer (1958, 1962) bring a nuanced view
of the life cycle of earnings bring by Becker (1962, 1964) and Mincer
(1958, 1962) which makes a connection between the life cycle of earn-
ings and time profile of investment in human capital. They argue that
people have foregone current earnings in their youth to make their
main investments in themselves, because they have a longer period
to receive a return on their investments. From this view Ben-Porath
(1967) shows how the determination of the optimal path of investment
is influenced by the function of production composed of people own
abilities (innate or acquired), market constraints and opportunities
and the quality of co-operating inputs; he also shows how the various
properties of the technology affect the life cycle of earnings. This
model serves to qualitative analysis of the effects on behaviour of two
types of parametric disturbances: changes in market prices and varia-
tions in the technical parameters consist of the variables appearing in
the production function.

The separation theorem

The Separation Theorem permit to consider human-capital deci-
sions separately from consumption decisions (Wetzstein, 2013) sup-
poses the partial equilibrium schooling decisions and establishes a ba-
sic model in continuous time. Assuming that in all the markets, there
is never any arbitrage opportunity, the separation theorem demon-
strates that schooling decisions maximizes the net present discounted
value of people. Let µ(c), a function that satisfies some standards such
as strictly increasing and strictly concave, be an instantaneous utility
function of an individual with planning horizon of T (it is allowed
that T =∞), ρ > 0 the future discount rate, ν ≥ 0 the constant flow
rate of death (Acemoglu and Autor, 2011). The objective function of
an individual with such utility function at time t = 0 is given by:

max
∫ T

0
exp(−(ρ+ ν)t)µ(c(t)) (3.1)

It is supposed that this person has some innate human capital
denoted by h(0) ≥ 0, and the evolution over time of his human
capital is given by the following differential equation:

ḣ(t) = G(t, h(t), s(t)) (3.2)

Where s(t) ∈ S(t) ⊂ [0, 1] is the fraction of time that the individ-
ual spends for investments in schooling, and G : R2

+ × [0, 1] → R+
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determines the evolution of human capital as a function of time, the
individual’s accumulation of human capital and schooling decisions.
It is assumed that the individual faces exogenous given prices for
human capital and exogenous sequence of wage per unit of human
capital. If w(t) is the non-human capital labour supplying to the mar-
ket bay the individual than the exogenous sequence of wage per unit
is given by [w(t)]Tt=0. Assuming that the individual has one margin
choice, which is between schooling and labour market, therefore his
labour earnings at time t are expressed by:

W (t) = ω(t)(1− s(t))(h(t) + ω(t)) (3.3)

where 1− s(t) represents the time spent by the individual supply-
ing labour to the market. The last assumption concerned the interest
rate (denotes r) on the individual savings that supposed to stay con-
stant over time. Considering the fact that in the presence of perfect
capital markets, the best human capital accumulation decisions are
those that maximize the lifetime budget set of the individual (Ace-
moglu, 2013), using equation 3.3, the lifetime budget constraint of the
person is:

∫ T

0
exp(−rt)c(t)dt ≤

∫ T

0
exp(−rt)ω(t)(1− s(t))(h(t) + ω(t))dt (3.4)

The statement of the separation theorem can be as follows (Ace-
moglu and Autor, 2011): Suppose that the instantaneous utility func-
tion u() is strictly increasing and strictly concave. Then the sequence
[ĉ(t), ŝ(t), ĥ(t)]Tt=0 is a solution to the maximization of 3.1 subject to
(3.2, s(t) ∈ S(t) and 3.4 if and only if [ŝ(t), ĥ(t)]Tt=0 maximizes∫ T

0
exp(−rt)ω(t)(1− s(t))(h(t) + ω(t))dt (3.5)

subject to 3.2 and s(t) ∈ S(t), and [ĉ(t)]Tt=0 maximizes 3.1 subject to
3.4 given [ŝ(t), ĥ(t)]Tt=0. This is the separation of human capital stock
and supply decisions from consumption decisions.

3.3.2 The Mincer Wage Model

For Mincer (1958) the economic analysis of personal income distri-
bution should be based on the implication of the theory of rational
choice.

Globally the Mincer model is based on three fundamental assump-
tions. First, it is assumed that the earnings of an individual with S
years of schooling do not depend on age. Second, if there are no post
school investments, the present values (PV) of lifetime incomes are
the same across individual regardless of schooling. The third one
assumes that the number of years spent at work is independent of
the number of years of schooling. Denoting E(S, t) the earnings at
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time t of an individual with S years of schooling, the calculation of
the present values of earnings of an individual who enters the labour
market after S years of schooling with r the discount rate of future
earnings is given by:

V (s) =
∫ R

s
E(S, t) exp(−rt)dt (3.6)

Regarding the assumption that the earnings of an individual with
S years of schooling do not depend on age, E(S, t) does not depend
on time t, therefore it can be wrote E(S, t) = E(S) and:
V (s) =

∫ R
s E(S, t) exp(−rt)dt = E(S, t)

∫ R
s exp(−rt)dt

= E(S) (1/r) [exp(−rS)−exp(−rt)] = (E(S)/r) [exp(−rS)−exp(−rt)]
The second fundamental assumption which state that V (s)should

not depend on S and therefore V (s) = V . According to the third fun-
damental assumption, work lifetime is identical for everyone, which
means for some T , R = S + T . Using those elements of information:

V (s) = V = (E(S)/r) [exp(−rS)− exp(−rS) exp(−rt)]
⇔ rV = E(S) [exp(−rS)− exp(−rS) exp(−rt)]
rV = E(0) [1− exp(−rt)] = E(S) [exp(−rS)− exp(−rS) exp(−rt)]
= E(S) exp(−rS) [1− exp(−rt)]
⇔ E(0) = E(S) exp(−rS)
⇔ ln(E(S)) = ln(E(0)) + rS

Where E(S) the hypothetical earnings of an individual who does
not make any is post school investment in human capital after the
completion of S years of schooling. The last equation is the school-
ing model of Mincer. Beside investments in human capital, age and
experience have important impacts on earnings; due to that fact Min-
cer expands the schooling model to a post-school investment model
(Mincer, 1974) to make the econometric analysis of the distribution
of earnings. Mincer assumes that all individuals have the same abil-
ities and identical opportunities to occupy any place in the labour
market. The differences are based on the amount of training acquired
on the market by workers; which should be compensated for the
costs of their post-school investment, for that the present values of
life-earnings must be equalized at the time that the worker chooses an
employment. He also adds another assumption regarding the return
to post-school investment (denoted rt) which is assumed to be equal
in all periods t. It is assumed that an individual dedicates a fraction k
of his time to invest in human capital and a fraction (1− k) to actual
work, but that fraction of time is a time function that Mincer writes as
follows:

k(t) = k0(1− t/T ) (3.7)

k0 is the investment ratio during the starting period of experience,
t = 0, T is the total period of positive net investment. The growth in
earnings is given by the following differential equation:
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Ė(S, t) = rt k(t) E(S, t)⇔ ∂E(S, t)
∂t

= rt k(t) E(S, t) (3.8)

The resolution of this differential equation implies:

1
E(S, t)

∂E(S, t)
∂t

= rt k(t)⇔ ∂lnE(S, t)
∂t

= rt k(t) (3.9)

⇔
∫ ∂lnE(S, t)

∂t
=

∫
rt k(t)⇔ lnE(S, t) = rt

∫
k(t) (3.10)

For the specific solution, we have:

lnE(S, t) = C + rt

∫ t

0
k(x)dx (3.11)

The smaller bound of the integral has the value zero because the
growth of earnings starts when school is over or school is forsaken.
In the absence of post-school investment in human capital we had on
the first model:

lnE(S) = lnE(0) + rS (3.12)

Inserting into the differential equation k(x) = 0, we obtain:

lnE(S, t) = C (3.13)

Using 3.1 and 3.2 we get:

C = lnE(0) + rS (3.14)

and we have the solution of the differential equation:

lnE(S, t) = lnE(0) + rS + rt

∫ t

0
k(x)dx (3.15)

therefore,

lnE(S, t) = lnE(0)+rS+rtk0[x− x2

2T ]t0 = lnE(0)+rS+rtk0t−rtk0
t2

2T
(3.16)

If an individual works only part of the time:

Y (S, t) = (1− k(t))E(S, t)⇔ lnY (S, t) = ln(1− k(t)) + lnE(S, t)
(3.17)

ln(1− k(t)) = ln(1− k0(1− t

T
)) (3.18)

Using Taylor expansion around t = T

ln(1− k0(1− t
T

)) = ln(1) + K0/T
1 (t− T )− 1

2(k0
T

)2(t− T )2
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= K0
T
t− k0 − 1

2(k0
T

)2t2 − 1
2(k0

T
)2T 2 + (k0

T
)2Tt

= K0
T
t− k0 − 1

2(k0
T

)2t2 − 1
2(k0)2 + ( (k0)2

T
)t

= −k0 − 1
2(k0)2 + [K0

T
+ (k0)2

T
]t− 1

2(k0
T

)2t2

Hence:

lnY (S, t) = lnE(0)+rS+rtk0t−rtk0
t2

2T −k0−
1
2(k0)2+[K0

T
+(k0)2

T
]t−1

2(k0

T
)2t2

(3.19)

lnY (S, t) = [lnE(0)−k0−
1
2(k0)2]+rS+[rtk0+K0

T
+(k0)2

T
]t+[−1

2(k0

T
)2−rtK0

2T ]t2

(3.20)
The last equation obtained above is the canonical Mincer equation

by denoting:
β0 = lnE(0)− k0 − 1

2(k0)2

β1 = r

β2 = rtk0 + K0
T

+ (k0)2

T

β3 = −1
2(k0

T
)2 − rtK0

2T

We obtain the canonical Mincer equation which has the following
form:

ln(Yt) = β0 + β1 S + β2 t+ β3 t
2 + εt (3.21)

Mincer deduces three main conclusions from that model (Mincer,
1974). When schooling is symmetrically distributed, earnings are it
implies a positively skewed. Only a strong negative skewed of school-
ing can avoid a positive skewed distribution of earnings. Second,
the dispersion in the distribution of schooling dictates the way that
the relative dispersion and skewness of the distribution of earnings.
Finally, the larger of inequality and skewness in the earnings are
influenced by the rate of returning to school.

3.4 Data and Econometric Approach

Our main goal is to analyse the relationship between earnings
and some socio-demographic variables such as education, experience,
training and working hours, some demographic variables such as age,
marital status, and geographic setting (place of residence) through
the Mincer model for informal workers.
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3.4.1 Multinomial Logit Model

We denote the variable y as the revenues (range of values) of
the informal workers taking on the values 1, 2, ..., J where J = 54,
it constitutes the number of ranges of the values, let X (a vector
of dimension 1 × k with first-element unity) denote the vector of
conditioning variables (education, experience, experience squared,
working hours, training, age, marital status, sector of activities and
geographic setting) whereX ′ = (1, x1, x2, . . . , xk). Our main interest is
how ceteris paribus changes in the variables of the vector X affect the
response probabilities of the revenues (Y ), P (y = j/X), j = 1, 2, ..., J .
We consider each range of revenues as exclusive alternatives the
workers have their revenues in one of the designed ranges. Based on
the individual characteristics of each worker, we can define a level
of utility for each alternative. We assume that the utility function is
the sum of the workers’ characteristics (observed variables) and an
error term (unobserved component). Denoting βj the k ∗ J vector of
coefficients, we obtain the following utility levels for each alternative
j ∈ 1, 2, ..., J :

Uj = βTj xj + εj (3.22)

An alternative k will be chosen if and only if ∀ k 6= j, Uk > Uj
which implies the following J − 1 conditions:

Uk − Uj = (Vk − Vj) + (εk − εj) > 0, ∀ k 6= j

Due to the fact that εj are unobserved, the choices of the workers
can only be modelled in probability terms. The J − 1 conditions can
be rewritten: εj < (Vk − Vj) + εk, ∀ k 6= j
Therefore, the general expression of the probability of choosing alter-
native k is:

P (y = Uk/εk) = P (Uk > U1, . . . , Uk > UJ)
P (y = Uk/εk) = Fj−1(ε1 ≤ (Vk − V1) + εk, . . . , εJ ≤ (Vk − V1) + εk)

Where FJ−1 is the multivariate distribution of J − 1 error terms
(all the εj , ∀ j 6= k). Three fundamental hypotheses are considered
(McFadden, 1973). The first hypothesis assumes that the error terms
are independent, that implies the univariate distribution of the unob-
served terms can be written as follows:

P (Uk > UJ) = Fj−1(Vk − Vj + εk), ∀ j 6= k

Where Fj represent the cumulative density of εj . The conditional
and unconditional probabilities are respectively given by

P (y = Uk/εk) =
∏
j 6=k

Fj−1(Vk − Vj + εk) (3.23)
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P (y = Uk/εk) =
∫ ∏

j 6=k
Fj−1(Vk − Vj + εk)f(εk)dεk (3.24)

The second hypothesis regards the distribution of the error terms.
It assumes that each εj follows a Gumbel distribution (smallest ex-
treme value distribution), by denoting µ the location parameter and γ
the scale parameter that implies:

f(εj) = 1
γ
e
εj−µ
γ e−e

εj−µ
γ (3.25)

and

P (εj ≤ t) =
∫ t

−∞

1
γ
e
εj−µ
γ e−e

εj−µ
γ
dεj = e−e

t−µ
γ (3.26)

When Vj contains an intercept the totality scale of utility of the
error terms cannot be identified, therefore, without loss of generality
we assume that µj = 0, ∀j . Hence, only a natural normalization (one
of the γj should be equal to 1) helps to identify the J − 1 scale parame-
ters. The homoskedasticity hypothesis, which is the third one implies
that the scale parameter of the smallest extreme value distribution is
identical for all the alternatives because the location parameter is not
identified in the error terms. Previously, the normalisation fixed the
value of one of the γj to 1, therefore the homoskedasticity assumes
that γj = 1, ∀j ∈ 1, . . . , J . Denoting F the cumulative distribution
function and f the probability density function of the standard Gum-
bel distribution (µ = 0, γj = 1), this hypothesis allows the conditional
and unconditional probabilities wrote above to be expressed as follow:

P (y = Uk/εk) =
∏
j 6=k

F (Vk − Vj + εk) (3.27)

P (y = Uk/εk) =
∫ ∏

j 6=k
F (Vk − Vj + εk)f(εk)dεk (3.28)

The probability that an alternative k better than one another is
given by:

P (εj < Vk − Vj + εk) = ee
(Vk−Vj+εk)

(3.29)

According to the first hypothesis, the probability of a worker to
choose alternative k is:

P (y = Uk/εk) =
∏
j 6=k

ee
(Vk−Vj+εk)

(3.30)

The unconditional probability is the expected value of the previ-
ous probability with respect to εk:
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P (y = Uk) = P (y = Uk/εk)e−εke−e
−εkdεk =

∫ +∞

−∞
(

∏
j 6=k

e−e
(Vk−Vj+εk)

)e−εke−e−εkdεk

(3.31)

P (y = Uk) =
∫ +∞

−∞
e−

∑
j
e(Vk−Vj+εk)

e−e
−εkdεk (3.32)

Using the change of variable such as:
u = e−εk ⇒ du = −e−εkdεk

The unconditional probability is given by:

P (y = Uk) =
∫ +∞

0
e−u

∑
j
e(Vk−Vj)

du (3.33)

P (y = Uk) = eVk∑
j e

Vj
(3.34)

P (Y = j/X) = eVk∑
j e

Vj
(3.35)

Using Vj = β′jxj the multinomial logit model is written as follow:

P (Y = j/X) = e(xiβj)/
J∑
j=1

exiβj (3.36)

For all the possible set of choices (represented by the equation∑J
j=1 P (Yi = j)) the probabilities P (Yi = j) sum to 1, then only J − 1

of the probabilities can be calculated. Thereupon, as it is a system of
J equations with J − 1 independent unknowns the multinomial logit
equation 3.36 meets a problem of indeterminateness. To solve this
problem that allows an infinite number of values of βj a convenient
normalization is necessary. Practitioners set to zero all the parameters
that represent the reference level of each categorical variable. If we
denote j = J the reference level the identification condition of the
equation is
βj1 = βj2 = . . . = βjk = 0
under such normalization equation 3.36 becomes

P (Yi = j) = 1/[1 +
J−1∑
j=1

exiβj ] (3.37)

P (Yi = j) = exiβj/[1 +
J−1∑
j=1

exiβj ] (3.38)

Thereafter the normalization the probabilities are uniquely deter-
mined so the equation 3.38 constitutes a system of J − 1 equations in
the J − 1 unknown probabilities. From equations 3.37 and 3.38 we
obtain the logarithm of the ratio of the probability of outcome j = j
to that of outcome j = k as follows
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log[P (Yi = j)
P (Yi = k) ] =

M∑
m=1

(βjm − βkm)Xim (3.39)

The logarithm of the risk-ratio, which is the logarithm of the ratio
of the probability of outcome j to that of outcome k, is independent
of the other choices. We must distinguish the risk ratio (RR) from the
odds ratio (OR) which refer to the probability of an outcome divided
by 1 (the sum of the probabilities over all the choices) minus the
probability of that outcome. The relationship between RR and OR can
be written as follows:

OR = RRj P (Yi = 1)
1−RRj P (Yi = k) (3.40)

Since the density of y given x, the best method to estimate of
the multinomial logit model is the maximum likelihood method
(Wooldridge, 2002). The conditional log likelihood is given by the
following formula:

ln(L(β)) =
1∑
i=1

J∑
j=1

yij ln[P (y = j/xi)] (3.41)

Subject that P (y = j/xi) is well specified, β̂ that maximizes ln(L(β)) is
an efficient estimator of β. Under the assumptions that the underlying
utility function is linear in its parameters the log likelihood function
is globally concave (McFadden, 1973). McFadden also shows that β̂ is
consistent and asymptotically normal and:

√
n(β̂ − β)→MN(0, nΣ−1) (3.42)

with σ is the covariance matrix of β.
And the coefficients β̂kj are obtained by the following equation:

β̂kj = ∂ ln[P (j/x)/P (J/x)]
∂xk

= ∂[P (j/x)/P (J/x)]
∂xk

1
P (j/x)/P (J/x)

(3.43)
The estimator of the variance of the estimator is given by:

V̂ (β̂) = (E(−∂
2lnL(β̂)
∂β∂β′

))−1 (3.44)

3.4.2 Data

Our empirical analysis is based on a national survey on employ-
ment and the informal economy in Haiti, conducted over the period
October 2007- March 2008 by the national office of statistics (IHSI).
The survey encapsulates two steps: a household employment survey
and a survey regarding the informal production units identified by
the employment survey. The survey adopt the ILO definition of the



100Chapter 3. Employment, Poverty and Human Capital: Is informal
employment in Haiti a result of exclusion?

informal employment elaborated during the International Conference
of Labour Statisticians (ICLS) in 2003 but it excludes the coopera-
tives in this category because of their status in the Haitian legislation
(IHSI, 2010). The unit of observation is a given individual in each
year. We use a sample of 5,228 individuals from a national survey
(IHSI, 2010) upon informal economy and employment, which contains
11,688 valid observations including 1,716 observations of agricultural
workers and 4,130 involuntary.

The kernel density estimates of monthly revenues earned by work-
ers (figure 3.1) shows small differences in densities between revenues
earned by men and women. The overlap of the density functions of
the revenues (figure 3.1) show that not all female workers earn less
than male workers.

FIGURE 3.1: Figure 3.1: Densities of monthly log-wages
for workers according to the gender

The empirical analysis is based on the data are pooled from the
survey (IHSI, 2010). We use the following variables Rev: monthly rev-
enues of each interviewed individual in local currency unit (gourde)
([0, 1265], (1265, 2485], (2485, 5000], (5000, 10000], (10000, 30000], and
(30000, 65000]) Sex: gender of each person (man and woman) Age:
Age of workers when the survey took place ([15, 25], (25, 45], and
(45, 65]) Geog: geographic settings (rural and urban) MS: marital
status divided in four modalities (single, married, free union and sep-
arated) Edu: educational level (illiterate, elementary school, middle
and high school, and university) WHr: number of hours working per
week ((3, 15], (15, 30], (30, 60], and (60, 122]) Ind: industry of activity
(manufacture, trade, building and construction, services, and others)
SPC: socio-professional category (trainee, salaried, self-employed,
and entrepreneur) Exp: number of years of experience ([2,5], (5,10],
(10, 20], and (20, 43]) Hhs: the size of the household of each person
interviewed during the survey ([1, 3], (3, 6], (6, 10] and (10, 29]). Wpl:
the place of work (premise, without premise and employers local).

The independent variables that we use regard demographic char-
acteristics, human capital, employment and geographic setting. Some
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of the variables are categorical (gender, marital status, schooling level,
range of working hours and industry), some of them are binary (gen-
der, geographic settings) and the continuous variables (age and years
of professional experience) are transformed into categorical variable.
The response variable is the revenues of the workers, which is origi-
nally a continuous variable. For the needs of the model we transform
it into an ordinal variable (range of the revenues where the reference
range is the range below the extreme poverty threshold.

TABLE 3.2: General characteristics of the informal work-
ers

SEX % Industry %
MARITAL
STATUS

%

men 45.98 manufacture 13.51 single 25.03

women 54.02
building
and con-
struction

6.12 married 33.46

AGE years trade 49.33 free union 33.29
1st quartile 28 services 29.74 separated 8.2
Median 36 others 1.3

Average 37.2
Household
size

EDUCATION %
Socio-
professional
category

% Median 5.00

Illiterate 5.73 salaried 32.93 Maximum 29.0
Elementary
school

6.51 trainee 6.88 Average 5.29

Middle and
high school

16.71
Slf- em-
ployed

57.58

University 14.77 entrepreneur 2.6 Working Hours/week
Mean 48.11

REVENUES gourdes
Market situ-
ation

% Median 48.00

Median 2713 unemployed 15.31 1st quartile 31.00
Mean 4606 Inactive 30.49 Maximum 122.00
1st quartile 1500 employed 54.15

Source: author’s calculations using the data of the survey EEEI 2007

As we aim to analyse the relationship between poverty and infor-
mality through human capital accumulation we analyse the extent of
poverty among the group of individual workers. Poverty has many
impacts on the workers (formal and informal). There are more poor
among informal workers than formal workers. The poor represent
almost the half of the informal workers (table3.2), the proportion of
the extremely poor among informal workers is nearly equal to the
proportion of the poor. This underlines the impact of poverty on the
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informal workers’ lives. Among the informal workers, there are more
poor women than non-poor, contrary to the men where the non-poor
are the double of the poor. For rural informal workers the poverty
is more remarkable because the proportion of poor is greater than
the proportion of non-poor. There are more rural informal workers
extremely poor than poor rural informal workers. The situation for
underemployed and fully employed informal workers is almost simi-
lar when we compare poor and non-poor workers, but there are more
extremely poor workers than poor workers for the underemployed.

TABLE 3.3: Poverty extent among the formal and infor-
mal workers gender

Formal Workers Informal workers
Extreme
poor

poor Non-poor
Extreme
poor

poor Non-poor

Men 9.06% 12.57% 78.36% 15.88% 20.87% 63.25%
Women 25.41% 26.07% 48.51% 27.35% 26.66% 45.99%
Urban 15.7% 18.59% 65.66 % 20.27% 23.33% 56.40%
Rural 29.17% 22.92% 47.92% 30.59% 27.20% 42.21%
Employed 20.00% 25.42% 54.58% 20.68% 24.51% 54.81%
Underemployed14.16% 13.58% 72.25% 24.38% 23.73% 51.88%

Source: author’s calculations using the data of the survey EEEI 2007

Globally formal workers have a better situation than informal
workers regarding the poverty extent and nature. By observing the
informal workers, we conclude that for almost all the groups consid-
ered except for the men, we find that the proportion of extremely poor
is generally almost equal to the proportion of poor. Nevertheless, for
women and rural informal workers the proportion of the extremely
poor is greater than the proportion of the poor. For formal and infor-
mal workers, rural and female workers are more severely concerned
with poverty than the other groups because the proportion of poor is
more important than the proportion of the non-poor.

3.4.3 Model designing

We model our data by using an ordinal logit model which is a
multinomial logit model. We study the relationship between the
workers’ revenues (an ordinal variable with 5 modalities) and K ex-
planatory qualitative variables that we described earlier. We use the
ordinal logistic regression with equal slopes, hence the main equation
of the model can be written as follows:



3.5. Analysis issues 103

log[ P (Y≤j/Pop.i)
P (Y >J/Pop.i) ] = β0j+

[
β1
−β1

]
×

[
men
women

]′
+


β2
β3
β4
β5

−β2 − β3 − β4 − β5

×

ind1
ind2
ind3
ind4
ind5



′

+
[

β6
−β6

]
×

[
urb
rur

]′
+


β7
β8
β9

−β7 − β8 − β9

×

ms1
ms2
ms3
ms4


′

+


β10
β11
β12

−β10 − β11 − β12

×

spc1
spc2
spc3
spc4


′

+
[

β13
−β13

]
×

[
prem
noprem

]′
+


β14
β15
β16

−β14 − β15 − β16

×

edu1
edu2
edu3
edu4


′

+


β17
β18
β19

−β17 − β18 − β19

×

exp1
exp2
exp3
exp4


′

+

 β20
β21

−β20 − β21

×
 age1
age2
age3


′

+


β22
β23
β24

−β22 − β23 − β24

×

whr1
whr2
whr3
whr4


′

+


β25
β26
β27

−β25 − β26 − β27

×

hhs1
hhs2
hhs3
hhs4


′

This model is built in order to estimate ordinal response. We use
the revenues of the workers as an ordered response, with categories
extreme poverty threshold, poverty threshold and three different
classes above the poverty threshold. All of the estimates of the model
arise from focusing on the cumulative distribution of the response.
In our model, we write the constant explicitly so we assume that the
predictors do not contain a column of ones. Hence, if an explanatory
variable increases by one then all transformed cumulative probabili-
ties are augmented by the affected coefficient. That implies this model
is more parsimonious than a usual multinomial logit or a hierarchical
logit model.

3.5 Analysis issues

We analyse the informal employment market composition regard-
ing the theory that stipulates informal workers are those who are ex-
cluded from the formal employment market. First, we study the main
factors that influence the wages of each worker socio-professional
category. Second, we analyse the results regarding the characteristics
of poor and non-poor informal workers.
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3.5.1 Determinants of revenues in the informal employ-
ment market

From the observed results (table 3.4) we have found that education,
gender, age, experience, working hours, socio-professional category,
geographic setting, industry and workplace are related to the revenue
levels. Comparing other revenue levels to revenues, lower than the
extreme poverty threshold (less than 1265 gourdes, or 1.23 U.S. dollars
in PPP of 2005) only workers who earn revenues higher than extreme
poverty and lower than the poverty threshold (2485 gourdes or 2.41
U.S. dollars in PPP of 2005) can gain wages without any human
capital factor. Therefore, any worker without human capital and
socio-demographic characteristics cannot gain revenues higher than
the poverty threshold.

Global fitting model 3.5 records show that the model is globally
well specified because the probability of the likelihood ratio test is
lower than 0.00 which assumes that the ordinal multinomial logit
model is well fitted to the data (beyond 5%). Then we can reject the
null hypothesis that the model without predictors is as good as the
model with predictors. The coefficients of the intercept levels (table
c.1) show significantly that informal workers beyond the poverty
threshold earn money regardless their geographic position, their mar-
ital status, their activity sector, their age, their schooling duration
and their number of years of experience. In the table (3.6) for each
qualitative variable it misses one level, that level represents the refer-
ence for comparison with other levels of the corresponding variable.
Post-school returns grew faster than schooling returns, because for the
wages of workers who have attended university are at least 4 times as
high as the wages for those who did not. The odds of gaining higher
wages are 5.39 times greater for informal workers attending univer-
sity than for illiterate workers while the odds for workers attending
middle and high school are 1.27 higher. The odds for the experienced
workers (higher than 10 years) having higher revenues than less ex-
perienced workers are 1.41 times larger. Workers with less than 10
years of experience have odds 1.14 more chances to gain higher wages
than workers with less than 5 years of experience. Individuals aged
between 25 and 45 years old are positive and significantly related
to gaining higher revenues in informal market than workers, which
ages are in the range 15 and 24 years. The odds of having revenues
in the higher ranges are disadvantageous of 0.61 for females than
males. Socio-professional category impacts significantly the range of
revenues of the workers. When people work as a trainee or apprentice
they have odds 0.19 times higher than salaried workers to be in higher
revenues ranges. Furthermore, entrepreneurs and independent work-
ers have chances 3 times higher than salaried to gain higher revenues.
But self-employed and salaried workers have approximately the same
chances to be in identical revenues ranges. Working for 30-60 hours or
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TABLE 3.4: Multinomial logit estimates of the extended
Mincer wage model of informal workers

Explanatory
Variables

Variables
levels

Estimates Explanatory
Variables

Variables
levels

Estimates
β exp(β) β exp(β)

Intercept
Ref:[0, 1265]

(1265, 2485] 1.0374***
(.1748)

2.8218

Industry Ref:
Manufacturing

Building and
Construct.

.7618***
(.1301)

2.1421

(2485, 5000] -.2218
(.1743)

.801 Trade -.0416
(.0831)

.9592

(5000,
10000]

-
1.7982***
(.1757)

.1659 Services .1852*
(.085)

1.2034

(10000,
30000]

-
3.1143***
(.1805)

.0444 Others .05
(.2295)

1.0512

(30000,
65000]

-
5.6439***
(.2321)

.0035

Age
Ref:[15-25]

(25-45] .3082**
(.1053)

1.3609 Gender Ref:
Male

Female -
.4996***
(.06)

.6067

(45-65) .2469
(.1847)

1.28

Geog.setting
Ref: urban

rural -
.2188**(.0688)

.8035 Workplace
Ref:permise

Without
premise

-
.4351***
(.060)

.6472

Schooling
Ref:illiterate

Elementary
school

-
.2543***
(.0724)

.7754 Marital
status
Ref:Free
union

Married .0872
(.0640)

1.0911

Middle and
high school

.2406***
(.0625)

1.272 Separated .1146
(.095)

1.1214

University 1.6858***
(.1496)

5.3967 Single -
.1424"
(0779)

.8672

Socio-
professional
Ref:salaried

trainee -
1.6526***
(.1177)

.1915 Working
hours/week
Ref:[3, 15]

[15, 30] .0957
(.1114)

1.1004

Self-
employed

-.0276
(.0779)

.9727 [30, 60] .4903***
(.1)

1.6328

entrepreneur 1.1056***
(.1646)

3.021 [60, 122] .4654***
(.1069)

1.5926

Experience
Ref:[2, 5]

(5,10] .1344
(.1255)

1.1438 Household
size Ref:(1,
3]

(3,6] .0412
(.0621)

1.042

(10,20] .3518*
(.1465)

1.4216 (6,10] -.0016
(.0736)

.9984

(20,43] .3341"
(.2008)

1.4107 (10,29] -.1036
(.1452)

.9015

Source: author’s calculations using the data of the survey EEEI 2007

60-112 hours per week increase one’s odds of approximately 1.6 of per-
ceiving higher revenues than working for less than 15 hours per week
that means the wages of informal workers grow significantly when
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TABLE 3.5: Multinomial logit estimates of the extended
Mincer wage model of informal workers - Global fitting

model

Log likelihood full model Log likelihood-intercept
model

Chi-square p-value

7561.129 8131.73 12.4043 .00
Source: author’s calculations using the data of the survey EEEI 2007

they accumulate more working hours per week. Geographic setting
is a significant predictor of the workers’ ranges of revenues the odds
of being in a higher range of revenues for workers living in a rural
region are 0.8 higher than workers living in an urban agglomeration.
Workers who live in larger households have fewer chances to gain
higher wages than workers living in smaller households. Industry
also proves to be a significant predictor of being in one of the revenues
ranges. This predictor is more important for workers in building and
construction and services with respective advantageous increase in
odds of 2.14 and 1.20 compared with workers in the manufacturing
sector. When informal workers undertake activities without premise
they have fewer chances (0.64 times higher) to gain higher wages
than those who have a premise for the activities. According to the
results, the wages of informal workers are significantly determined by
education, experience, age, socio-professional category, geographic
setting, gender, industry, and number of hours working per week.
Even if the marital status has one significant modality which is being
single (it provides fewer chances to be in higher revenues ranges than
living in free union) nevertheless the marital status and the size of
households of the workers are not significant factors in the variation
of the revenues. But their inclusion helps to increase the explanatory
power of the model. For a better understanding of the roles of human
capital and socio-demographic characteristics in the determination of
informal workers’ revenues, we must disaggregate informal workers’
revenues for salaried and independent workers in order to compare
them with revenues of similar categories of formal workers.

3.5.2 Human capital and socio-professional character-
istics on the informal earnings

We compare the impacts of human capital on revenues for three
categories of workers, formal salaried, informal salaried and inde-
pendent informal. According to the results table 3.6 for the formal,
informal salaried and independent workers only those who have rev-
enues beyond the poverty threshold earn money regardless their ed-
ucation, gender, socio-professional category, experience, geographic
position, marital status, sector of activities, age and workplace. Nev-
ertheless, independent informal workers can earn revenues hardly
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higher than the poverty threshold, regardless their human capital and
socio-demographic characteristics. Women are less likely to assign to
higher revenues regardless if they work in formal or informal sector.

TABLE 3.6: Ordinal multinomial logit estimates of the
Mincer wages model by category of workers

Explanatory
Variables

Variables
levels

formal salaried informal salaried independent informal
β exp(β) β exp(β) β exp(β)

Gender Ref:
Men

Women -0.3788*
(0.1824)

0.6846 -
0.3396**
(0.1166)

0.7121 -
0.6425***
(0.0757)

0.5259

Marital
status
Ref: Free
union

Married 0.6945**
(0.2211)

2.0027 0.2175
(0.1356)

1.2429 0.0405
(0.0748)

1.0414

Separated 0.8524*
(0.34690)

2.3453 0.14933
(0.2637)

1.1611 0.1225
(0.1042)

1.1304

Single 0.5132*
(0.2505)

1.6707 -0.0776
(0.1415)

0.9253 -0.1376
(0.1022)

0.8714

Geog. set-
ting (Ref: ur-
ban)

Rural -
0.9651**
(0.33767)

0.3809 -
0.5536**
(0.1825)

0.5748 -
0.2035**
(0.0776)

0.8158

Schooling
Ref:
Illiterate

Elementary
school

-
0.9957***
(0.2884)

0.3694 -0.3296
(0.2075)

0.7192 -
0.2625**
(0.0797)

0.7691

Middle and
high school

1.3753***
(0.2479)

3.9563 0.7972***
(0.1307)

2.2194 0.0816
(0.0762)

1.085

University 2.6378***
(0.316)

13.9836 2.6108***
(0.2167)

13.6103 1.1331***
(0.2568)

3.1054

Working
hours/week
Ref: [3,
15]

[15, 30] -0.2835
(0.382)

0.7531 0.2547
(0.2317)

1.2901 0.0899
(0.1349)

1.0941

[30, 60] 0.669
(0.3486)

1.9524 1.0782***
(0.2185)

2.9395 0.2641*
(0.1187)

1.3022

[60, 122] 0.4558
(0.3801)

1.5775 1.0421***
(0.2409)

2.8351 0.3021*
(0.1255)

1.3527

Industry
Ref:
Manufacturing

Building and
Construction

2.7354*
(1.4585)

15.4161 0.7683***
(0.2153)

2.1560 0.9217***
(0.208)

2.5136

Trade — — 0.0434
(0.1871)

1.0444 -0.0476
(0.1035)

0.9534

Services 0.1391
(0.4944)

1.1492 0.2307
(0.1448)

1.2595 0.1268
(0.1155)

1.1352

Others 0.2494
(0.682)

1.2833 0.1169
(0.2953)

1.1241 -0.1743
(0.4608)

0.84

Experience
Ref: [2, 5]

(5,10] -0.0344
(0.4138)

0.9662 0.3496
(0.2385)

1.4185 0.0078
(0.1713)

1.0079

(10,20] 0.36427
(0.4814)

1.4395 0.5198*
(0.2741)

1.6816 0.3107
(0.196)

1.3644

(20,43] 0.37612
(0.6505)

1.4566 1.0464**
(0.3956)

2.8475 0.1509
(0.2524)

1.1629

Source: author’s calculations from EEEI 2007; significance level codes: ***= 0.1%;
**= 1%; *= 5%; "=10%.

Contrary to formal salaried and independent informal workers,
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in comparison to informal salaried workers aged between 15 and 24
years, the workers aged between 25 and 45 years have more chances
to earn higher revenues than those aged between 45 and 65 years.
However, this observation is not significant for formal salaried and
independent informal workers. While comparing the impacts of the
marital status of formal salaried on their revenues with informal
salaried and independent informal workers, we observe this predic-
tor is significant and more important for female workers. When a
formal salaried is married, or separated he has at least chances which
are two times higher to earn more money than those who had never
been married. Rural workers are significantly penalized in favour of
urban workers. Nevertheless, this observation is more significant for
formal workers whose have odds 0.38 times higher than formal urban
workers. Globally, the three models are significant (table C.2). When
the comparison occurs among illiterate workers and other groups,
attending university is the biggest chance to earn higher wages for all
of three categories of workers. However, this fact is way more impor-
tant for formal and informal salaried than for independent informal
workers because salaried workers (formal and informal) have 13 times
more chances to earn higher wages than other workers. Furthermore,
informal independent have odds 3 times higher than the odds of
other workers for gaining higher revenues. Contrary to independent
informal, for formal and informal salaried attending middle or high
school is more benefit to earn higher revenues. Attending elemen-
tary school offers less opportunity of gaining higher revenues than
attending elementary school in all the three categories. The number of
working hours per week is not a significant predictor of the range of
revenues for formal salaried but it is significant for informal salaried
and independent to work more than 30 hours per week. Because
working more than 30 hours increases the odds to earn higher wages
than working less than that. Moreover, for informal workers this
is equivalent to work for 30 to 60 hours per week and to work for
60 to 122 hours per week. Working in building and construction is
significant for all the three categories (informal and formal salaried
and independent informal). But working in building and construction
in the formal sector makes the odds to gain higher wages 13 times
greater than the odds in other sectors of activity. While working in
the same sector in the informal market gives odds about two times
greater than other sectors to gain higher wages. The workplace is
significant only for independent informal and when the independent
undertakes an activity without premise the odds of earning higher
wages decrease. Experience and household size are significant for
informal salaried, that means when salaried workers are experienced
and live in small size households their odds to gain more are greater.
But the odds of earning higher revenues increase with higher num-
ber years of experience for formal and informal salaried. In all the
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three categories of workers the odds of gaining higher revenues de-
crease with a larger size of the household. Similarly, to formal salaried
workers’ revenue distribution of informal workers appears to obey to
human capital and socio-demographic characteristics. For informal
salaried age, gender, education, experience, working hours per week,
household size, and industry are revealed to have significant impact
on the determination of the revenues. Moreover, beside gender, work-
place, and geographic setting only education level and working hours
per week are important to determine the range of revenues of in-
dependent informal workers. Hence, we observe that independent
informal workers are influenced by economic factors, whether than
by socio-demographic factors. We deduce that the explanation of
the informal workers’ revenues is twofold. On one hand, we have a
socio-demographic understanding related to informal salaried. Be-
side some key significant variables common to the three categories of
workers, informal salaried revenues are influenced by age, household
size, and marital status. In the other hand, there is a strictly economic
understanding related to independent and informal entrepreneur.
Conjointly with the key factors, the variables that impact the revenues
of independent informal workers are workplace and industry, which
appear to be rationally strategic variables of market positioning.

3.5.3 Market exclusion and Informal employment

Analysing informal employment as a result of the market exclu-
sion obliges to answer to two key questions: is human capital im-
pacted the revenues of informal poor workers? Do informal workers
with important human capital accumulation earn most important
revenues than workers with low human capital?

Poverty in the employment market

Testing the poverty approach of informal employment market
returns to answer three fundamental questions: Are the poor informal
workers’ characteristics impacted their wages? Does human capital
make differences between poor informal workers and poor formal
workers?

According to the results (table 3.7) poor formal and informal work-
ers do not earn revenues regardless their human capital and socio-
demographic characteristics because the coefficients of the intercept
are not significant. Middle and high school impacts hardly the rev-
enues of poor workers. The odds of formal workers to earn the
poverty threshold revenues are 2.5 times greater for those who at-
tended middle or high school than illiterate workers (table 3.7). The
odds of informal workers to earn poverty threshold revenues instead
of extreme poverty revenues are 1.2 times greater for those who at-
tended middle or high school than illiterate workers. Working for
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TABLE 3.7: Ordinal multinomial logit estimates of the
Mincer wages model of poor workers

Explanatory
Variables

Variables
levels

formal poor workers informal poor workers
β exp(β) β exp(β)

Intercept (1265, 2485] 0.8591
(1.4029)

0.6846 -0.0132
(0.2907)

0.9868

Gender Ref:
Men

Women -0.4335
(0.4544)

0.6482 -
0.3445**
(0.1068)

0.7086

Age Ref:
[15-25]

(25-45] -0.7842
(0.6424)

0.4564 0.2172
(0.1701)

1.2426

(45-65] -2.7840*
(1.2782)

0.0617 -0.0706
(0.3221)

0.9318

Geog. set-
ting Ref: ur-
ban

Rural -0.4
(0.4939)

0.6703 -0.1014
(0.108)

0.9036

Schooling
Ref:
Illiterate

Elementary
school

-0.4192
(0.3784)

0.6575 -0.1785
(0.1143)

0.8365

Middle and
high school

0.93*
(0.4704)

2.5345 0.209*
(0.11)

1.2324

University -0.4262
(1.5846)

0.6529 -0.1511
(0.4855)

0.8597

Working
hours/week
Ref: [3,
15]

[15, 30] 1.1414
(0.7539)

3.1311 0.545**
(0.1766)

1.7246

[30, 60] 1.4070*
(0.6829)

4.0836 0.5882***
(0.1609)

1.8008

[60, 122] 1.2798*
(0.6988)

3.5959 0.5389**
(0.1734)

1.7141

Socio-
professional
category
Ref:
salaried

Trainee -2.962***
(0.791)

0.052 -
2.1071***
(0.1984)

0.1216

Self-
employed

16.606
(2014.505)

162900 -0.338*
(0.149)

0.7131

Entrepreneur 49.723
(0.014)

3920000 -0.4616
(0.4775)

0.6303

Experience
Ref: [2, 5]

(5, 10] 0.6307
(0.5583)

1.8789 0.2735
(0.1927)

1.2146

(10,20] 1.225
(0.788)

3.4042 0.2208
(0.2351)

1.2471

(20,43] 2.7638*
(1.2557)

15.86 0.3778
(0.3436)

1.4591

Source: author’s calculations from EEEI 2007; significance level codes: ***= 0.1%;
**= 1%; *= 5%; "=10%.

more than 15 hours per week is very significant in the determination
of poor informal workers’ revenues. When workers have cumulated
more than 15 hours of work per week they have odds 1.7 times greater
than other workers to earn poverty threshold revenues instead of
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extreme poverty threshold revenues. Trainee/apprentices and self-
employed workers are most likely assigned to extreme poverty rev-
enues than salaried informal workers. These observations show that
the earnings of poor informal workers are not impacted by human
capital because education and experience are not significant predic-
tors for revenues ranges. As gender and socio-professional category
impact poor informal workers’ revenues, they are not sufficient to
describe their revenue distribution. Hence the earnings of informal
workers lower than the poverty threshold are impacted by factors
different of the human capital accumulation of the workers. Wages
of formal workers are explained by the same factors that explained
the revenues of informal workers. Only the experience ranges higher
than 20 years make a small difference between the explanatory vari-
ables of formal and informal poor workers. Hence, we conclude that
human capital accumulation does not make a difference between
poor formal workers and poor informal workers. When we combine
these two observations: poor informal workers do not earn revenues
regardless their human capital accumulation and socio-demographic
characteristics and human capital do not impact significantly the poor
informal workers’ gains. There is evidence that poor workers in the
informal economy are influenced by external factors. That means
workers enter informality because they are poor, but their poverty is
not mostly determined by their socioeconomic characteristics.

Comparing informal and formal non-poor workers’ characteristics

A deeper view of the relationship between poverty and informal
employment obliges to answer to the following question: Does in-
formal employment consolidates disparities among workers in the
sector? The formal market gives few opportunities to the younger
workers with high level of schooling, 61% of unemployed people have
attended the high school (Lamaute-Brisson, 2005), and more than 70%
of informal workers attended at least the high school level, therefore
we understand the proliferation of young and educated workers in
the informal market.

Results recorded (table 4.8) show that non-poor formal and in-
formal workers would not significantly earn revenues higher than
10 thousand gourdes without their human capital development and
socio-demographic characteristics because the coefficients of the in-
tercept mean the odds of being in higher range (>10,000 gourdes)
are lower than .08. That means non-poor workers have less than 8%
of chances to earn more than this amount regardless their human
capital accumulation. Education level has high significance and huge
impacts on the revenue levels of formal and informal non-poor work-
ers. The odds of formal workers to earn revenues higher than 10
thousand of gourdes are 5.8 times greater for those who attended



112Chapter 3. Employment, Poverty and Human Capital: Is informal
employment in Haiti a result of exclusion?

TABLE 3.8: Ordinal multinomial logit estimates of the
Mincer wages model of non-poor workers

Explanatory
Variables

Variables
levels

formal non-poor workers informal non-poor workers
β exp(β) β exp(β)

Intercept:
Ref:
[5000,
10000]

(10000,
30000]

-2.7555*
(1.52)

0.0635 -2.57***
(0.4783)

0.0765

(30000,
65000]

-
5.0175**
(1.5403)

0.0066 -
5.1763***
(0.5014)

0.0056

Gender Ref:
Men

Women -0.1651
(0.2811)

0.8478 -
0.3488**
(0.1294)

0.7055

Age Ref:
[15-25]

(25-45] 16.1023
(895.961)

9843087.59 0.1788
(0.2772)

1.1957

(45-65] 17.2115
(895.9615)

29845660.191 0.4355
(0.4291)

1.5457

Geog. set-
ting Ref: ur-
ban

Rural -0.871
(0.869)

0.4185 -0.1636
(0.1765)

0.849

Schooling
Ref:
Illiterate

Elementary
school

0.7474
(0.9843)

2.1115 -0.0669
(0.1794)

0.9353

Middle and
high school

0.6984
(0.4738)

2.0105 0.0445
(0.1366)

1.0455

University 1.7621***
(0.4902)

5.8246 1.4041***
(0.2084)

4.0719

Working
hours/week
Ref: [3,
15]

[15, 30] -1.0139
(0.6729)

0.3628 -0.2804
(0.2807)

0.7554

[30, 60] 0.2976
(0.5871)

1.3466 0.2202
(0.2441)

1.246

[60, 122] 0.2863
(0.6648)

1.3315 0.2021
(0.2574)

1.2239

Socio-
professional
category
Ref:
salaried

Trainee -0.6277
(1.2057)

0.5338 -17.0357
(704.1875)

0.0

Self-
employed

0.1762
(1.2567)

1.1927 0.0857
(0.1548)

1.0895

Entrepreneur 0.4019
(0.7112)

1.4946 1.1335***
(0.2166)

3.1067

Experience
Ref: [2, 5]

(5, 10] -15.4937
(895.9616)

0.00 0.4318
(0.4239)

1.5401

(10,20] -15.1064
(895.9617)

0.0 0.7641*
(0.4514)

2.1471

(20,43] -16.0003
(895.9621)

0.0 0.4092
(0.5415)

1.5057

Source: author’s calculations from EEEI 2007; significance level codes: ***= 0.1%;
**= 1%; *= 5%; "=10%.

university than illiterate workers. When informal workers attend uni-
versity their odds of earning higher revenues are 4.07 times greater
than illiterate workers. Even if the number of working hours is not
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significant, but the results (table 4.8) show when formal and infor-
mal workers work full time (more than 35 hours per week) their
revenues grow up. When informal workers evolve in the sector of
building and construction they have significant monetary advantages.
Because their odds to earn higher revenues (greater than 10 thou-
sand of gourdes) are 1.66 times larger than other sectors. Being an
entrepreneur for informal workers is most likely and significantly
assign to higher revenues than other socio-professional categories.
Informal entrepreneurs have odds 3.1 times greater than others to
earn revenues higher than 10,000 gourdes. In the informal employ-
ment market gaining in experience is significant to earn high revenues.
When informal workers have cumulated more than 10 and less than
20 years of experience their odds to earn revenues higher than 10,000
gourdes are 2.2 times greater than other workers. Being married pro-
vides an advantage to non-poor workers (formal and informal) to
earn more than the reference range revenues. But this situation is
most profitable to formal workers whose odds of being in a higher
range are 2.2 times larger than non-married formal workers. Despite
its non-significant results for age (table 4.8) show that being young
is a disadvantage in the informal market because the odds for older
workers to earn higher revenues are greater. The impact of household
size on the revenues levels is very significant in the informal market.
The larger is the living household of the informal non-poor workers
the smaller are his odds of earning revenues higher than 10,000 gour-
des. More the household of informal workers regroups people less
this worker gets a chance to earn higher revenues. These observations
show that human capital accumulation (educational level, experience),
socioeconomic characteristics (working hours, socio-professional cat-
egory, working industry) and demographic profile (gender, marital
status) impact significantly and considerably the earnings of non-poor
informal workers. Revenues of formal non-poor workers are influ-
enced by socio-demographic characteristics and educational level, but
some other socioeconomic variables such as working hours, socio-
professional category and household size also impacted the earnings
but not significantly. Highly educated and experienced workers, who
live in the small household, which are entrepreneurs who are working
in building and construction sector earn the highest revenues. This
situation shows evidence that the informal sector consolidates dispari-
ties among its workers. Therefore, we allow concluding that a portion
of informal workers are not informal because they are excluded from
the formal employment market. Two main observations deserve to
be emphasized. Poor informal workers’ revenues are not determined
by their socioeconomic and demographic characteristics. Preferably
their poverty is explained by the lack of human development, very
limited educational level and their socio-professional category. Rev-
enues of the highest remunerated informal workers are determined by
the human capital accumulation and the socio-demographic profile.
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These two observations lead to twofold conclusion. On one hand, an
important portion of the informal workers is working in informality
voluntarily because they are excluded from the formal employment
market, due to their weak human capital accumulation. On the other
hand, there are workers that evolve in informality voluntarily because
they have characteristics to enter the formal market, but they refuse
this option due to a rational view.

3.5.4 Conclusion

The main significant determinants of the revenues of the informal
workers can be divided into positive and negative factors. The fac-
tors that influence positively the wages are experience, (more than
10 years), number of hours working per week (it provides higher
wages when this number is larger than 30), age (between 25 and 45
years), educational level (university), socio-professional category (en-
trepreneur) and manufacture (building and construction and services).
The negative determinants are gender (women), geographic setting
(living in rural regions) educational level (elementary school), marital
status (single), workplace (without premise) and socio-professional
category (trainee). Common empirical assumptions related to the
informal literature have linked informality to poverty in developing
countries. One of the main ideas of these assumptions stated that in-
formal workers are poor individuals excluded from the formal labour
market. Among the factors pointed out previously which of them
determine the revenues of the poor informal workers and which of
them give indication related to the characteristics of non-poor infor-
mal workers? Socio-demographic profile has an important role in
determining the revenues of informal salaried. Social status is more
important for formal salaried workers than for informal salaried. Age
and experience are significant factors in the determination of the rev-
enues of informal salaried workers. Informal salaried workers who
are living in rural regions are more penalised than formal salaried
workers living in identical regions. The number of working hours is
not significant in the determination of the revenues of formal salaried
workers contrary to the informal salaried workers. Moreover, the rev-
enues of independent and informal entrepreneurs are influenced by
human capital and socioeconomic variables. There is a very large gap
between the revenues of the informal entrepreneurs and the revenues
of salaried and independent informal workers. If education is a more
important factor formal salaried workers for gaining higher wages
than for informal salaried. Overall, human capital accumulation is
more important for the independent informal workers. Because for
informal salaried besides the educational level, age and experience
are also significant factors in determining the gains contrary to the
formal salaried. This is a mix evidence. First informal employment
is not mostly constituted of marginalized individuals who work in
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exploitative condition to ensure their survival contrary to the view
of some theorists (Chen et al., 2004; Williams and Round, 2008). In-
formal workers who earn lower wages, present the lowest level of
human capital accumulation and higher revenues are earned by infor-
mal entrepreneurs with higher levels of human development. This
implies two important considerations. First, a portion of informal
workers does not have characteristics to evolve in the formal employ-
ment market that explains they are excluded from it. This category
contains workers that are struggling in the informal market because
of their lack of human development and they constitute the poor of
the market. These informal workers with poor capacity for capital
accumulation and very low rates of remuneration correspond to the
view of Harris and Todaro (1970). Second, informal workers are not
globally marginalized individuals excluded from the formal market.
Based on the observation that the higher revenues are earned by work-
ers with more interesting socioeconomic profile and human capital
accumulation, we highlight what follows. Contrary to some theo-
ries (Harris and Todaro, 1970), many people employed in informal
activities are mainly characterized by high capacity for human capital
accumulation and they earn important revenues. Accordingly, to the
view of some researchers (Pahl, 1984; Williams and Windebank, 2003),
informal employment rather than reduce, consolidates the disparities
(produced by formal capitalist employment market) among workers,
that means informal workers with higher human capital earn larger
revenues than others, hence this portion of informal workers are not
informal because they are excluded from the formal employment
market. These two points constitute another mix evidence for the
voluntary aspect of informal employment. The first point, contrary
to the view of Perry et al., (2007) shows that some workers (with low
capital accumulation) evolve in informality because they are excluded
from the formal employment market. The second point implies that
some people who evolve in the informal sector have chosen volun-
tarily to be in informality, because they have sufficient characteristics
to move to the formal sector but refuse (Perry et al., 2007). Which
is the case with the workers with higher human capital accumula-
tion and higher revenues. The earnings of informal workers lower
than the poverty threshold are impacted by socioeconomic factors
and the human capital accumulation of the workers. That means the
poverty situation of the workers is explained by their socioeconomic
profile and their lack of human development, hence workers enter
informality because they are poor. The gains of non-poor informal
workers are significantly and mainly influenced by human capital
accumulation, socioeconomic characteristics and demographic profile.
High level of schooling (for the model of the non-poor workers) and
age (for the model of the informal salaried workers) are significant
factors in determining informal revenues. While being youth and
highly educated are two main characteristics of the individuals that
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formal market has excluded (Lamaute-Brisson, 2005). These obser-
vations constitute the mixed evidence in support of the theory that
stipulates informal workers are individuals that formal market has
excluded. The estimates (all the models) show that earnings increase
significantly with high school level, full time work, building and con-
struction sector and urban positioning. There is a large discrepancy
between the revenues of the workers who have attended university
and the earnings of those who have attended middle or high school.
Basically, earnings differentials among non-poor informal workers
increase with educational level, socio-professional category, gender,
marital status, experience and household size. The increase is much
more pronounced with education. Returns to education and to expe-
rience are lower for the less educated informal workers. Nevertheless,
some socio-demographic factors that have not influenced the rev-
enues of the poor workers, influenced negatively the revenues of the
non-poor informal workers, this is the case with the household size.
Inversely an economic factor such as the number of hours working
per week does not influence the revenues of non-poor workers but
influence significantly the revenues of the poor workers. Due to all
these facts, we can conclude that a portion of informal workers do
not take informality as exit but they are excluded from the formal
labour market. Another portion is likely assigned to informality for
other reasons than exclusion because they have all the characteris-
tics to enter the formal employment market. Some empirical studies
consider informal employment market as a multi-segmented market
with its own dynamic of development (Fields, 1990; Chen, 2005). Ac-
cording to that approach informal sector has linkages with formal
economy, there are variations on labour market segmentation, and it
exists many possibilities of labour mobility from formal to informal
market and vice versa. Mix evidence for poverty theories and ratio-
nality approaches of informal employment, absence of evidence for
economic discrepancies among informal workers open the door to
that theory. Regarding the significance of schooling level, experience,
number of working hours and industry in the wage distribution, two
assumptions are workable: informal market has its own development
dynamics and informal employment market has multiple segments
therefore it exists entry barriers for this market. These assumptions
can constitute a research track to deepen in analysing an eventual
multiple segmentation of the informal employment market.
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Chapter 4

Investigating labour market
segmentation with Dirichlet
Process model: the informal
labour market in Haiti

4.1 Introduction

The most common a priori assumption in the empirical classic
literature advocating the informal sector is homogeneous has been
challenged. Now policy makers and analysts debate on whether
informal labour is an attractive opportunity or a struggling sector of
last resort? This chapter applies a Bayesian semi-parametric model
(Lo, 1984) of the labour market of Haiti to test the empirical relevance
of this hypothesis. We model the distribution of individuals within
each segment as a continuous process via a separate Dirichlet process
mixture model for the population density of each segment. We use a
Bayesian semi-parametric inference to analyse the market structure
dictated by the Dirichlet process prior and to analyse the different
unobserved segments of the informal market.

The expansion of informal employment in developing countries,
the high wages of informal workers with high human capital and the
gap of revenues between workers with equal work have triggered
two main questions. Is the informal employment a voluntary choice
of the individuals as an employment opportunity or are workers
dropped into informal activities due to entry barriers into the formal
sector? Answers to the above questions interest both researchers and
policy makers because they will bring light over the following most
important question issue: whether the income gap between formal
and informal sectors results from market segmentation or whether
theories regarding integrated labour market are still appropriate de-
spite the observed gap between wages. Public policies which aim to
reduce informality or want to create less volatile jobs are concerned
with these answers.

The paradigm "lower wages, lower returns to education and expe-
rience" which is remarkable in the Haitian informal market (chapter
3) does not necessarily imply market segmentation (Heckman and
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Hotz, 1986; Pratap and Quintin, 2006). Segmented market means that
workers are not free to move from one side to another one (Dickens
and Lang, 1985; Basu, 1997) this is the main question for us. Ac-
cording to Gunther and Launov (2011), analysing the labour market
segmentation leads to two questions: are individuals poor because
they evolve in the informal sector? This implies that informal market
is a segmented labour market. Or are they evolving in informality
because they are poor? This means that the informal market is an
integrated labour market.

The different approaches of informal market can be summarised
by two main ideas. First, informality is a survival sector to escape in-
voluntary unemployment (Harris and Todaro, 1970; Lucas, 1978; Pahl,
1984; Williams and Windebank, 2003; Chen et al., 2004; Perry and al.
2007; Williams and Round, 2008). Second, informality is a deliberate
choice of workers based on revenues or utility maximisation (Rosen,
1981; Heckman and Sedlack, 1985; Carneiro, Heckman, and Vytlacil,
2005; Gunther and Launov, 2011). Many of the classic studies (Gin-
dling, 1991; Pratap and Quintin, 2006) upon the developing countries
provide evidence of a competitive market, which means that informal
employment is a deliberate choice based on comparative advantage
considerations. Several authors have disputed the dominant a priori
assumption of the empirical literature regarding the homogeneity of
the informal sector (Fields, 2005; Perry and al., 2007; Gunther and
Launov, 2011) and design a different structure of the informal labour
market. Although some of these researches underline the heteroge-
neous character of informal employment (Fields, 2005; Perry and al.,
2007), their main concern is whether the informal work is voluntary
or not. Few studies have focused on a theory of the existence of the
heterogeneity of the informal sector. One of the references, studies on
this domain (Cunningham and Maloney, 2001) has some important
limitations regarding the labour market configuration. The most com-
plete study regarding the segmentation of the informal labour market
(Gunther and Launov, 2011) analyses the unobserved heterogeneity
of the informal market and proposed a method that can be classified
as finite mixture regression with sample selection. But the model of
Gunther and Launov cannot make test for the additional segment
(Gunther and Launov, 2011).

By questioning the twofold view of the relationship between for-
mal and informal sides of the labour market, this chapter argues that
these two sides of the global labour market can have a different re-
lationship than being integrated or segmented. We argue that the
labour market for relatively skilled workers may be well integrated
with both formal and informal sides. This integrated market offers
desirable jobs with various characteristics from which workers can
make their choice. But the same labour market for relatively unskilled
workers (inexperienced and low educated) place entry barriers in
the formal side and oblige them to subsist in the informal sector. In
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the study of the informal labour market segmentation, the main idea
of the clustering analysis is to uncover the group structure of the
observations and identify variables that best distinguish the different
groups.

Determining the number of clusters (segments) is a long-standing
issue in all the clustering methods, including mixture models (McLach-
lan & Basford, 1988; Banfield & Raftery, 1993). To deal with this
problem, researchers generally use finite mixture models with an un-
known number of components, such as the reversible jump Markov
Chain Monte Carlo (MCMC) method (Richardson & Green, 1997;
Tadesse et al., 2005) and continuous time Markov birth-death pro-
cesses (Stephens, 2000), which allow to create and delete components.
These methods are based on the assumption that the Gaussian pro-
cess used is stationary. Such model is a finite-dimensional model
because the distribution of the Gaussian process is determined by
the parameters in the mean and the covariance structures. Therefore,
an alternative method is necessary to fit these models. Researchers
propose models that define mixture distributions with a countable
infinite number of components. One of the best ways to fit these mod-
els is the use of a Dirichlet process prior for the mixing proportions
(Antoniak, 1974; Ferguson, 1983). Various MCMC sampling methods
for fitting Dirichlet process mixture models have been developed
(Escobar, 1994; MacEachern, 1994; Escobar & West, 1995; MacEachern
& Muller, 1998).

Hence, in this framework we propose a Bayesian clustering model
because the variable distributions are unknown and we based it on
an infinite multinomial sampling with a Dirichlet prior (Sethuraman,
1994). A Dirichlet process is an infinite-dimensional generalization of
finite-dimensional Dirichlet distributions; hence, it allows to dispense
with the disturbing hypothesis of stationarity of the Gaussian process.

Many aspects of our paper are new to the empirical literature on
informality. Most papers regard the segmentation of the informal
labour market as it depends only on income maximization. Our paper
chapter analyses the informal labour market as it can be explained
by revenue rationality, utility maximization, and human capital ac-
cumulation. Second, our paper chapter is the first to propose the
introduction of the infinite mixture model, semi-parametric Bayesian,
Dirichlet process, Markov Chain Monte Carlo (MCMC) and Blocked
Gibbs sampling in the empirical literature of informality. Third, the
model can be applied to time series data on the labour market.

We use the Dirichlet process twice. To determine the number of
segments of the labour market, we first model the distribution of
individuals within each segment as a continuous process via a sep-
arate Dirichlet process mixture model for the population density of
each segment. Second, we use the expectation-maximization algo-
rithm to estimate the global Dirichlet process model and evaluate the
characteristics of each side of the labour market.
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The model is applied to a national survey data from Haiti (IHSI,
2010) upon informal economy and employment between 2007 and
2008, which contains 30,337 observations, wherein a sample of 14224
individuals is pooled. As in Gunther and Launov (2011), our proposed
model is applicable to any cross-sectional household survey that
collects data on employment, wages and individual characteristics.
Second, the model can serve to segment other population data based
on social or financial similarities. Third, the model permits to test
explicitly the voluntary aspect of informal work.

The structure of the chapter is organized as follows. Section 2
presents a literature review of the types of informal labour market
(segmented and integrated). Section 3 develops the Dirichlet prior
process model and justifies its foundation. Section 4 details the two
estimation processes used to estimate the double Dirichlet process.
Section 5 presents the data and the empirical results and analyses.
Section 6 concludes.

4.2 Literature Review on labour market seg-
mentation and mobility in Haiti

The economic literature identifies three main reasons that dissuade
individuals enter the formal labour market. First, in order to maxi-
mize their revenues, the workers escape the government direct taxes
and indirect taxes from labour protection laws. The inefficiencies
and rigidities that usually accompany such protection measures, per-
suade workers to evade these direct and indirect taxes by evolving
in the informal sector. Second, informal workers can maximize their
utility because of the various aspects of informal work they can find
some interesting advantages such as greater flexibility or availability.
Third the incapacity of workers with low human capital accumula-
tion to bypass the entry barriers in the formal sector. In order to
withdraw themselves in the involuntary long-term unemployment
these workers operate in the informal sector. The first two reasons
(wages rationality and utility maximization) that can deter workers to
entry the formal market lead the hypothesis of a competitive labour
market that integrates formal and informal workers. The third fac-
tor of deterrence of entering the formal market (entry barriers in the
formal market due to low capital accumulation of the employment
seekers) constitutes the base of the segmentation hypothesis of the
labour market.

Hence the empirical literature on informal employment market
identifies two opposing theories. The segmented labour market the-
ory stipulates that workers with low human capital accumulation try
to escape long-term and involuntary unemployment imposed by the
formal market where they encounter entry barriers. The competitive-
ness hypothesis sees the informal market as a place where individual
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workers choose deliberately to evolve for two main reasons: revenues
rationality and utility maximization. In this section we make a litera-
ture review of each type of informal labour market and we present
the Haiti’s labour market factual situations.

4.2.1 The segmented Labour market

The dual labour market is based on the premise that the wage
level and working condition are not available to the employment
seekers until they decide to bypass the barrier of entry (Mazumdar,
1983). The segmentation theory considers informality as a survival
sector to escape involuntary unemployment (Harris and Todaro, 1970;
Lucas, 1978; Pahl, 1984; Williams and Windebank, 2003; Chen et al.,
2004; Perry and al., 2007; Williams and Round, 2008). One of the
main ideas of the segmentation approach of the informal economy
stated that informal work is a transitory state (Harris and Todaro,
1970) that the economic growth will reduce over the long term. This
theory views, informal economy as a negative integral part of the
official economy. This theory is based on many approaches. Different
theorists define the informal economy as a leftover of pre-capitalism
constituted of marginalized individuals who work in exploitative con-
dition to ensure their survival (Lewis, 1954; Chen et al., 2004; Williams
and Round, 2008). For others, informal employment consolidates,
rather than reduces, the disparities produced by formal capitalist
employment (Pahl, 1984; Williams and Windebank, 2003). Some theo-
rists of the segmented labour market consider informality as a new
form of activity emerging in late capitalism as a creative response to
the state’s incapacity to satisfy the basic needs of the impoverished
masses created by the deregulated open world economy (de Soto,
1989; Hudson, 2004). The other theory states that employees in infor-
mality often work under degrading conditions, are low-paid and are
working in sweatshop like conditions (Sassen, 1997). Nevertheless,
analysing segmented labour markets does not imply a wage differen-
tial analysis because wage differences do not imply necessary market
segmentation. All the theories related to the dual labour market (for-
mal and informal) are based on the wage differential between the two
sectors (Fields, 2005). Some papers on dual labour market are based
on human capital theory to establish market segmentation (Schultz,
1961, 1962; Becker, 1962; Mincer, 1962, 1974). For these theorists, in
a dual labour market different wages must be allocated in different
sectors to comparable workers. Globally for the segmented labour
market view, informal workers with identical characteristics than
those in the formal market should earn higher wages in the formal
sector. Nevertheless, we find few evidence in the empirical literature
for such view.

The hypothesis of the segmented labour market is based mainly on
the existence of wage differentials between the sectors (Rosenzweig,
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1988; Maloney, 1999). Two arguments rule out this dualistic view
(Magnac, 1991). These tests are inappropriate if their fundamental
base is the comparison of the wage functions between formal and
informal sectors with OLS techniques (Cain, 1976). The hypothesis
that the choice of the operating sector of individual workers is deter-
mined by the distinct offered wages leads to a selectivity bias (Gronau,
1973). The hypothesis of the linear distribution of worker character-
istics implies that wages are paid in different sectors following the
characteristic distribution. The implicit prices of the productive char-
acteristics vary systematically across sectors for one or both of the
following reasons. First, in each sector, each agent presents particular
skills and characteristics (Rosen, 1978), and second, individual skills
are grouped by sector (Heckman and Scheinkman, 1987).

While it is a usual view in the development literature that differ-
ences in individual and job characteristics alone cannot account for
earnings differentials between sectors, the evidence on this question
is mixed. For most estimates of earning functions for developing
nations find evidence for the existence of significant differences across
sectors (banerjee, 1983; Rosenzweig, 1988; Pradhan and Van Soest,
1995), but these studies are based on strong parametric hypotheses
that may lead to inappropriate results. Moreover, researchers un-
derline that the results are sensitive to the wage equation chosen to
specify (Heckman and Hotz, 1986; Maloney, 1999) and OLS estimates
are biased and inconsistent because individuals may select sectors
on the basis of observed and unobserved characteristics that also
affect earnings. Pratap and Quintin (2004) fulfil the gap of using semi-
parametric techniques to sepecify a wage function for developping
countries. They find no evidence for the assumption that observably
identical workers earn higher wages in the formal sector than in the
informal sector. Due to the important limit of the segmented labour
markets assumption, we analyse further the hypothesis that labour
markets(formal and informal)are competitive.

4.2.2 The integrated informal market

The integrated labour market model, that some theorists called
the unified labour market model, has two particular features: each
labour market (formal and informal) clears, and wage equalization
leads to full intermarket equilibrium. To make the analysis easier
this theory supposes that the economy has two sectors, the modern
and traditional sectors. All workers are supposed to be identical and
they are wage maximizers, and so they choose to work wherever the
wage is higher, be it in modern or in traditional sector. The main
assumption of the integrated labour market theory stipulates that
for a given type of worker both sectors of the economy provides the
same wage. Some theorists consider informal work as the result of the
evasion of the protection fees by the large modern enterprises through
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subcontracting to workers without paying the protection fees (Portes,
Castells and Benton, 1989). The protected workers in the formal
sector are constituted of protected workers who enjoyed high wages,
vacation and pension and job security. Contrary to the informal
workers who are evolving in labour-incentive activities without social
security and non-wage benefits (De Almeida et al., 1995). According to
this point segmented market is the effect of the decisions of the public
authorities and the distortions imposed by the unions interventions
(Maloney, 1999). Then individuals evade the formal market to escape
to state interventions. The theory of a competitive informal market
views informality as a deliberate choice of workers based on revenues
or utility maximisation (Rosen, 1981; Heckman and Sedlack, 1985;
Magnac, 1991; Carneiro, Heckman, and Vytlacil, 2005; Gunther and
Launov, 2011). Many of the classic studies (Gindling, 1991; Pratap
and Quintin, 2006) upon the developing countries provide evidence
of a competitive market, which means that informal employment is a
deliberate choice based on comparative advantage considerations. In
a fully integrated market, almost all the workers can take benefit from
comparative advantages. Therefore, we should not use observable
wage differential nor potential wage differential as evidence for the
hypothesis of segmented market.

4.3 The Competitive and Segmented Models

Many models have been elaborated in order to analyse the rela-
tionship between formal labour market and informal labour market.
Some of these models consider formal and informal labour market as
complements, some others advocate that formal and informal labour
markets are competitive. This section is devoted to the development
of the two categories of models.

4.3.1 The Segmented Model

Various models have been developed for analysing segmented
labour markets, but all of them are based on the seminal Roy model
(Heckman and Sedlacek, 1985). The Roy model denotes f(s|Θ) the
density function of workers’ skills, where Θ is the vector of parame-
ters. Then, the proportion of the workers evolving in sector g is the
proportion of the workers whose skills endowment lies in ∆g is given
by:

p(g|s) =
∫
∆g

f(s|Θ)ds

The aggregate supply of task to segment g is given by the integra-
tion of the micro supply over ∆g:
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Tg =
∫
∆g

tg(s)f(s|Θ), g = 1, 2

This model assumes that the density of skills f(s|Θ) and the task
functions tg(s) are such that (t1, t2) are log-normally distributed with
mean (µ1, µ2). Denoting (u1, u2) a mean zero normal vector, and πg
the equilibrium price of task g in sector g, the model assumes that
agents can choose between two possible sectors:

ln(w1) = ln(π1) + µ1 + u1

and
ln(w2) = ln(π2) + µ2 + u2

The choice of the workers is based on the comparison of the wages
between the sectors. Economic agents with endowment s enter the
sector where higher wages are paid. Assuming that prices are positive
the set∆g is defined as

∆g = {s : πgtg(s) ≥ πjtj(s), g 6= j}

Denoting σ∗ =
√
var(u1 − u2 and cg = [ln(πg/πj) + µg − µj]/σ∗, g 6= j,

the Roy model finds

p(g|s) = P (ln(wg > ln(wj) = Φ(cg), g 6= j, g, j = 1, 2

In this equation Φ() denotes the cumulative distribution function
of a standard normal variable.

An extended version of the Roy model is proposed by Heckman
and Sedlacek (1985) for segmented market. This model assumes that
workers are not only revenue maximizers but they are also utility
maximizers when they choose their sectoral activities. The model
develops a general non-normal model for unmeasured tasks (µ1, µ2)
and it includes a non-market production segment as an alternative
to the usual labour markets (formal and informal). Denoting Ug the
utility of evolving in sector g where the third segment corresponds
to the non-market sector, a worker choses to enter in sector g if the
utility of this sector is greater than the utility of the other sectors

Ug > Uj, g 6= j, g, j = 1, 2, 3

Let X denote a vector that contains Zg the vector of the measured
consumption specificities of the sector and the household charac-
teristics, Yg the vector of skill characteristics, πg the log task prices.
Heckman and Sedlacek propose the following equation

lnUg = γgX + νg, g = 1, 2, 3

It is assumed that X is distributed independently of all the νg
and (ν1, ν2, ν3) ∼ N(0,Σν) This specification leads to the Thurstone
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multivariate probit model (Heckman and Sedlacek, 1985).

4.3.2 The competitive Model

The competitive model assumes that formal and informal labour
market are fully integrated. Magnac (1991) develops another ex-
tension of the Roy model, unlike Heckman and Sedlacek (1985), he
proposes two versions: the competitive market and the segmented
market. In the competitive model Magnac (1991) assumes that work-
ers can choose among four choices, working in the formal sector or in
the informal sector, being unemployed and do not participate in the
labour market. Magnac (1991) defines the potential wages as follows
Segment 1 lnw1i = X0

i δ1 + t1i
Segment 2 lnw2i = X0

i δ2 + t2i
Shadow wage lnw∗i = (X0

i Zi)(δ∗0 ′δ∗1 ′)′ + t∗i
Where X0 is a vector of s independent variables and (δ1, δ2, δ

∗
0) ∈

(Rs)3, Z is a vector of p− s independent variables that represents the
home productivity. The model assumes that, conditional on X0 and
Z, (t1i, t2i, t3i) ∼ N(0,Σt).

The competitive model is represented by the following equations:
Segment 1 lnw = Xδ1 + t1 + ε1ifXα0 + ν > 0, X(β0−α0) + (u− ν) < 0
Segment 2 lnw = Xδ2 + t2 + ε2ifXβ0 +u > 0, X(β0−α0) + (u− ν) > 0
Unemployed if Xβ0 + u > 0, orXα0 + ν > 0
No participation if Xβ0 + u < 0, orXα0 + ν < 0.

Denoting X = (X0Z) and ε1, ε2 the measurement errors of the
observed wages. Magnac (1991) defines:

α0 =
[
δ1 − δ∗0
−δ∗1

]
, α0 =

[
δ2 − δ∗0
−δ∗1

]
He also defines two sets of constraints:

β0j − α0j = δ2j − δ1j, j = 1, s

β0j = α0j, j = s+ 1, p

The first set of constraint implies that in competitive markets,
the differences in the offered wages in each sector are similar to the
difference between the conditions of entry in the segments. The
second set of constraints means that only human capital accumulation
influences the choice of sector. Magnac (1991) concludes that the well-
known comparison of wage functions across segments is not a test of
the competitive character of the labour markets.
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4.4 Bayesian Model: Dirichlet Process

In this chapter, we show that the informal labour market can
be segmented on the one hand and competitive on the other hand;
therefore, informal workers can evolve in different possible latent
segments of this labour market. Despite many important details
that household surveys can bring in, data only provide information
regarding whether the workers belong to the formal or informal sector
and it is not possible to observe and separate specific segments of the
informal work. Like Gunther and Launov (2011), we assume that each
segment of the informal is determined by a unique wages equation.
To avoid making various ad-hoc assumptions contrary to Gunther and
Launov (2011), we identify sub-segments of the labour market using
observable variables (wages, geographic settings, industries, human
capital, etc.) and unobservable prior knowledge (determination of a
prior probability function for each individual with a set of particular
characteristics and skills). We do not want to make guesses about the
number of segments that can cause serious biases.

4.4.1 The Model

Suppose that a respondent’s answer to a question with categorical
answer and he chooses θk, we denote that by Θ = θk. Let assume
that N individuals are observed answering this question Nk times
θk. A logical estimate of the probability of this answer is then that
P̂ (Θ = θk) = Nk/N . A multinomial sampling is assumed, thus the
observed variable Θ is discrete, having r possible states θ1, . . . , θr.
Hence the likelihood function is given by:

P (Θ = θk|g) = gk, k = 1, . . . , r (4.1)

Where g = {g2, . . . , gr} are the parameters (probabilities) and g1 =
1 − ∑r

k=2 gk, gk ≤ 0,∀k. Let D = {Θ1 = θ1, . . . ,ΘN = θN} a dataset
which admits as sufficient statistics {N1, . . . , Nr}whereNk determines
the number of times that Θ = θk in the dataset D. The complete
dataset has for likelihood:

P (D|g) = Multinomial(.|g) = 1
C

r∏
k=1

gNkk (4.2)

Where C denotes normalization constants. Hence the maximum
likelihood estimate is:

gML
k = Nk/N (4.3)

We obtain the very intuitive result that the parameter estimates
are equal to the empirical counts. When it occurs that some or many
counts have small values (when N < r) then their probabilities might
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be (incorrectly) estimated to be zero. Thus a Bayesian approach could
be fitted.

Dirichlet Prior
In a Bayesian approach, an a priori distribution can be defined

for g. In this case, a conjugate prior is the reasonable choice, then a
Dirichlet distribution:

P (D|g) = Dir(.|α∗1, . . . , α∗r) ≡
1
C

r∏
k=1

g
α∗r−1
k (4.4)

Where α∗ = α∗1, . . . , α
∗
r , α

∗
k > 0 now we should re-parameterize

some of the variables as follows:
α0 = ∑r

k=1 α
∗
k, αk = α∗1/α0, k = 1, . . . , r and α = {α1, . . . , αr} such

that:

Dir(.|α∗1, . . . , α∗r) ≡
1
C

r∏
k=1

gα0αk−1
k (4.5)

But the understanding of parameters becomes evident when we
note that:

P (Θ = θk|α∗) =
∫
P (Θ = θk|g)P (g|α∗)dg =

∫
gkDir(g|α∗)dg = αk

The posterior distribution is another Dirichlet:

P (g|D,α∗) = Dir(.|α∗1 +N1, . . . , α
∗
r +Nr) (4.6)

Since a Dirichlet distribution is conjugate to multinomial sampling,
the posterior distribution of θ is also given by a Dirichlet with the
difference of the updated parameters α0αk +Nk. The probability for
the next data points is given by:

P (ΘN+1) = (θk|D,α∗) =
∫
gkDir(g|α∗1+N1, . . . , α

∗
r+Nr)dg = α0αk +Nk

α0 +N
(4.7)

We observe that the increase ofNk gives the identical result as with
the maximum likelihood approach and the prior becomes negligible.
Let assume that it is not possible to observe the values of the variables
directly, but only some derived quantities (noisy measurements) X
with some probability P (X|Θ). Let Dk = {xk,j}Mk

j=1 be the observed
measurements of the i−th answer and let P (xk,j|θk) be the probability
distribution of the variable values. We can pay attention to two
factors. We can be interested in calculating the probability of the actual
possible values of the variable P (Θ1, . . . ,ΘN |D) or in interfering the
property of the different values of the variable by determining P (g|D).
Now, due to the fact that the Θ are missing we are dealing with a
problem with missing data. Since a such problem is relevant also in
Dirichlet process.

To bypass the problem of missing data the introduction of an
auxiliary variable is necessary. Then we introduce a vector of auxiliary
variables with states Z1, . . . , Zr we obtain:
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FIGURE 4.1: Multinomial sampling with a Dirichlet
prior, noisy observations and the auxiliary variable

P (Z = zk|g) = gk, k = 1, . . . , r (4.8)

P (Θ = θk|Z = zk) = δj,k, k = 1, . . . , r (4.9)

The following predictive distribution contains all we have learned
about the model based on the data:

P (ΘN+1|D) =
∑

θ1,...,θN

P (Θ1, . . . ,ΘN)P (ΘN+1|Θ1, . . . ,ΘN) ≈ 1
S

S∑
s=1

P (ΘN+1|θs1, . . . , θsN

Where θs1, . . . , θsN ∼ P (Θ1, . . . ,ΘN |D) (Monte Carlo Approxima-
tion).

Now the most important is to generate samples from the posterior
distribution. Generate independent samples would be ideal, but it is
usually infeasible. In Markov Chain Monte Carlo (MCMC) the next
generated sample depends on the previously generated sample.

The vector of parameters g does not concern by the sampling pro-
cess while we can integrate this vector out this process is called the
collapsed Gibbs sampling (Ishwaram and James, 2001), which is a
particular form of an MCMC process. In Gibbs sampling all vari-
ables are initialized in an appropriate way, thus the replacement of
Θ1 = θ1 by a sample of P (Θk|{Θi = θi}i6=k, D). Each Θk depends on its
data Dk = {xk,j}j but is independent of the remaining data given the
samples of the other Θ. The fact that subsequent samples are not inde-
pendent is an unquestionable problem for collapsed Gibbs sampling.
Nevertheless, a non-collapsed Gibbs sample can be used if the θ are
fixed in 4.8. By doing this the main advantage is given g independent
sample can be generated from the auxiliary variables in a block. For
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this reason, such sampling is called blocked Gibbs sampling. Thus, a
sample can be generated from Zk/g,Dk, k = 1, . . . , N as follows:

g/Z1, . . . , ZN ∼ Dir(α∗1 +N1, . . . , α
∗
r +Nr) (4.10)

where Nk indicates the number of times that Zk = zk in the current
sample.

Now the θk are treated as random variables. This means, when
z indicates which value (modality) the variable (answer) takes θk
corresponds to a value associated with the k − th modality of the
variable. Now we should put a prior on θk with two hyperparameters
that we denote h and learn θk from data set. For the reasons that we
have explicated earlier, a reasonable prior for the probabilities might

P (π|α0) = Dir(.|α0/r, . . . , α0/r) (4.11)

WhenMk = 1 and typically r � N equation 4.11 becomes a typical
mixture model.

4.4.2 Implementing a Dirichlet Process: Theoretical foun-
dation and Practical Reasons

The usually known classification methods (agglomerative hierar-
chical clustering and divisive hierarchical clustering) do not allow
choosing the number of clusters (Bellanger and Tomassone, 2014) or
even knowing which one is accurate in a given situation. One of
the best ways to classify objects is the use of clustering probabilistic
model (Dahl and Newton, 2007). The mixture models belong to the
family of such models.

The finite mixture model assumes that the data are from differ-
ent subpopulations, each of them is modelled separately by a den-
sity function fk(x, θk) where x represents a k-dimensional vector of
worker characteristics (wage, educational level, experience, demo-
graphic characteristics,. . .) and θk an unknown vector of parameters.
A vector λ = (λ1, . . . , λn)′ is introduced where λi = k if xi ∈ kth sub-
population. Now the clustering problem can be solved by estimating
θ = (θ1, . . . , θk) and λ = (λ1, . . . , λn)′ to maximize the following like-
lihood function L(θ, λ) = ∏n

i=1 fk(xi, θλi). In order to obtain a known
likelihood function generally researchers chose fk(x, θk) as the con-
tinuous density function of a k-dimensional Gaussian distribution
with parameters (µk,Σk). Referring to our model this consideration
means when x ∈ x is a continuous variable, p(x|g) = N(x, µg, σ2

g)
where N(x, µg, σ2

g) is a probability density function of a normal distri-
bution. This method was shown less effective than the discretization
approach when p(x|g) is not Gaussian (John and Langley, 1995). Dis-
cretization consists in partitioning the domain of x into k+ 1 intervals
as a pre-processing step. That implies x can be treated as a discrete
variable with k + 1 possible values. Let ygj be the number of class g
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where x = Xj and ng the number of elements belonging to class g
given a data set, the expected value of p(x = Xj|g) is given by

p̂(x = Xj|g) = αj + ygj
α + ng

(4.12)

Let Ij denotes the j−th discretized interval, hence the classification
process in a Bayesian classifier model with discretization uses p̂(x ∈
Ij|g) as an estimator of p̂(x|g) for each continuous variable in equation
4.1. Using the equation 4.1, based on the Dirichlet assumption the
vector of the estimates p̂(x ∈ Ij|g) admits a Dirichlet prior (Hsu,
Huang and Wong, 2003). In a Dirichlet Process Mixture Models
(DPMM), an particular stick-breaking process the random distribution
function sampled from a DP is almost surely discrete (Blackwell, 1973;
Blackwell and MacQueen, 1973).

Let denote f(x|g) the conditional PDF of x. When the function
f(x|g) is not integrable everywhere, we have p(x ∈ Ij|g) =

∫
x∈Ij f(x|g)dx ≈∑

D⊆Ij p̂(x ∈ D|g) where D is disjoint sub-interval in Ij . One way to
increase the precision in estimating p̂(x ∈ Ij|g) is to make f(x|g) in-
tegrable everywhere in each sub-interval D. That can be done by
augmenting the number of sub-intervals in Ij . Hence the value of the
estimate of p̂(x ∈ Ij|g) can be as close as possible to the real p(x ∈ Ij|g)
regardless the initial density function f(x|g).

Using the property of perfect aggregation of the Dirichlet distribu-
tion deriving p̂(x ∈ Ij|g) can be achieved by estimating the p(x ∈ D|g)
such that each disjoint sub-interval in D is integrable everywhere.
The estimate of p̂(x ∈ D|g) is independent of the shape of the f(x|g)
in interval Ij when

∫
x∈Ij f(x|g)dx is fixed. Therefore, discretization

methods including Dirichlet process are more applicable than the
methods by assuming normal priors for continuous variables. The
Dirichlet prior transforms the finite mixture into an infinite mixture
then it allows dispensing with the assumption of stationarity of the
Gaussian process derive from the normal density function.

4.5 Estimating the Dirichlet Process

We show earlier that the multinomial sampling with Dirichlet prior
is a typical mixture model. Then to estimate the mixture model we
use the Expectation-Maximization (EM) algorithm (Dempster, Laird,
and Rubin, 1977) that we describe further. But for such algorithm the
number of clusters should be known in advance or fixed. To avoid
had hoc assumptions about the number of clusters to fix in the EM
algorithm, we use a Dirichlet process which we estimate with the
cut-point method to find the number of clusters to use in the EM
algorithm.
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4.5.1 Estimating the number of clusters by the Cutoff
Method

The limits of the usually known classification methods (agglomer-
ative hierarchical clustering and divisive hierarchical clustering) that
we prove above oblige to choose a more accurate model to analyse
the possibility of segmentation of the informal labour market. Hence
we use one of the well-known methods among the Dirichlet process
models the cut-point method.

Our observed data are described by a matrix that we denote X :
(n ∗m) where Xil represent the value for individual i for a variable
l, i = 1, . . . , N and l = 1, . . . , L. The values of Xil are categorical and
continuous. Following Rossi, Gilula and Allenby (2001) we use the
cut-point method. We model it on the basic point that Xil represent
discrete values of underlying continuous Xij. We obtain that all the
Xik values are pooled on R-point scale. When we assume that the
information are pooled on a R-point scale that means we are on the
continuum where the values have precise meaning. This implies that
the continuous scores are rounded to the nearest of the R integers.

xil = r =⇒ cr−1 < yil ≤ cr (4.13)

Hence c0 = −∞ < c1 < . . . < cR =∞ define a partition of the real
line (R,B) into R + 1 bins. Then the data vector is transformed into a
count vector as follows: xi = (xi1, . . . , xim)′ defines yi = (yi1, . . . , yim)′
such yir = ∑m

j=1 I(cr−1<xij≤cr) where I(.) is the indicator function. The
equation 4.2 is that in a clusterK the observations xi are iid and follow
a multinomial mixture distribution given by:

p(xi|θk) = (∑m
r=1 xir)!∏m
r=1 xir!

m∏
r=1

(θkr)xir (4.14)

Where θkr = Fk(cr) − Fk(cr−1) ≥ 0, and
∑R+1
r=1 θkr = 1 for k =

1, . . . , K. We should mention also Fk(cr) = ∑k
t=1 θkt, hence if we

obtain the estimates of multinomial probabilities which are derived
from an underlying continuous multivariate normal distribution, we
also obtain the estimates of the component CDFs at the cut points.
The conjugate prior for θk = (θk1, . . . , θk,R+1) is a Dirichlet given by

p(θk|b) = (Γ∑R+1
r=1 br)∏R+1

r=1 Γ(br)

R+1∏
r=1

(θkr)br−1 (4.15)

Where br = b/R + 1 and b controls the number of characteristics
assigned to each cluster. Referring to the theoretical model we have
G0 = Dirichlet(b1, . . . , br, br+1), G ∼ DP (α,G0), θk ∼ G0 and xi ∼
Multionmial(ni, θi). Here θ leads the a priori expected number of
segments.
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4.5.2 Estimating the model parameters by the Expectation-
Maximization Algorithm

Globally in a general model class of finite mixtures of regressions,
the mixture is supposed to have K components where each of them
is distributed according to a parametric distribution. Each observa-
tion has an a priori probability πk to come from the k − th compo-
nent, this probability is the weight of the concerned component. The
weighted sum over the K components constitute the mixture dis-
tribution. When the weights of the components depend on further
variables, these are called concomitant variables. Unlikely, to the theo-
retical model which assumes that revenues, human capital and other
demographic variables and sector of activity separate the group of
workers, we show that mixture of regressions is adequate to estimate
model workers’ heterogeneity and segmentation.

By denoting φ = (π1, . . . , πk, θ1, . . . , θk) the vector of all parameters
for the mixture density function h(), let denote the response vari-
able (earnings) by the vector y, and by x the vector of the predictor
variables and ω the vector of the concomitant variables. Let xd and
yd describe two subsets of variables for d = 1, . . . , D and densities
and let fk be the component specific density given by a product over
D densities defined for xd and yd. θk = (θkd)d=1,...,D define specific
parameters of the component. Denoting α the vector of parameters
of the concomitant variable model, for the component weights πk we
have ∀ω

K∑
k=1

πk(ω, α) = 1andπk(ω, α) > 0,∀k (4.16)

Hence forth, the model class is written as

h(y|x, ω, φ) =
K∑
k=1

πk(ω, α)fk(y|x, θk) =
K∑
k=1

πk(ω, α)
D∏
d=1

fkd(yd|xd, θkd)

(4.17)
When the number of components of a finite mixture model is

known the expectation-maximization algorithm (EM) is the most used
method for maximum likelihood estimation (Grun and Leisch, 2008).
The EM algorithm treats the unobserved classes as the missing values
and a missing data augmentation program is applied to the model.
The algorithm supposes that an unobserved multinomial variable
zn = (zn1, . . . , znK) where zn ∈ {0, 1}K and znk = 1 if observation
(xn, yn) comes from component K and znk = 0 otherwise. Moreover,
for all n,

∑K
k=1 znk = 1. This data augmentation is done by estimating

the a-posteriori probabilities p̂nk which is given by

p̂nk = πk(ωn, α(i))f(yn|xn, θ(i)
k )∑k

k=1 πk(ωn, α(i))f(yn|xn, θ(i)
k

(4.18)
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This calculation corresponds to the E-step. Given the estimated
values for p̂nk which are functions of ψ(i), in the M-step the new
estimates ψ(i+1) is obtained by maximizing the following quantity

Q(ψ(i+1)y|ψ(i)) = Q1(θ(i+1)y|ψ(i)) +Q2(α(i+1)|ψ(i)) (4.19)

Where

Q1(θ(i+1)y|ψ(i)) =
N∑
n=1

K∑
k=1

p̂nklog(f(yn|xn, θ(i+1)
k )) (4.20)

And

Q2(θ(i+1)y|ψ(i)) =
N∑
n=1

K∑
k=1

p̂nklog(πk(ωn, α(i+1))) (4.21)

Ones can maximise separately Q1 and Q2 while the maximiza-
tion of Q1 produces new estimates θ(i+1) and the maximization of Q2
produces new estimates α(i+1).

4.6 Empirical Analysis

The 1991-94 deindustrialization of the Haitian economy and the
structural adjustment plans of 1986-1989 and 1996-99 spurred im-
portant changes in the macrostructure of the labour market. The
market deregulation process (liberalization of the interest rate, re-
moval of the trade barriers, elimination of import tariffs and quotas,
etc.) (Aspilaire, 2014) has modified dramatically the components and
the microstructure of the employment market. This poorly-regulated
market is increasingly subject to changes unplanned by the policy
makers.

4.6.1 Situation of the Labour Market and Data descrip-
tion

The labour market in Haiti is characterized by low regulation,
paucity of jobs, wage discrimination and low wages. The main factors
of the labour market are unemployment, inactivity, social exclusion
and low regulation. The tough labour conditions of the market have
discouraged approximately 66% of the 1.4 million people considered
as unemployed in 2012 (Rodella and Scot, 2016) and half of a million
of these people were actively seeking for a job. In this section we
discuss the main characteristics of the Haiti’s labour market and we
aim a better understanding of the key characteristics through a factual
analysis of its state until 2010.

Underemployment and long-term unemployment, high level of
unemployment of the youth, important proportion of inactive among
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the working-age population. Unemployment is not a provisional
economic situation, but it is a structural fact of the economic reality.

Underemployment has an important part in the proportion of
global unemployment. Some categories are more concerned with
unemployment and underemployment than others, the proportion
of women and rural inhabitant, which are unemployed is the double
of the other categories. Labour force participation is around 61%
which is below the Caribbean countries average of 65%, the partici-
pation of the men in labour force follows the same trend, but women
participation rate (51%) is very close to the regional level which is
52% (Rodella and Scot, 2016). In 2001 more than 38% of the working
age population were unemployed, 48% in metropolitan areas (Verner,
2008), in 2007 the proportion of unemployment fall down by 10%
(Rodella and Scot, 2016) but this important decline did not imply an
increase of the employment rates. This declination was the effect of
abandoning and discouragement of the job seekers. But since 2007 an
important rise in employment rate has been observed, reaching about
54% of the working age population. The formal market gives few
opportunities to the younger workers with high level of schooling,
61% of unemployed people have attended the high school (Lamaute-
Brisson, 2005), and more than 70% of informal workers attended at
least the high school level, therefore we understand that informal
employment is constituted by individuals excluded from the formal
market. This observation can be explained by the fact that the unem-
ployment rate is 3.1 times higher for younger workers than for other
age groups (Lamaute-Brisson, 2005). The Haitian economy is not
formalized and, moreover, since 1999 shadow economy is expanding
in the economy regarding its size of the national GDP (Schneider et
al., 2010; Aspilaire, 2014) therefore informality seems like a normal
activity. The informal economy has an average size of 56.4% of the
GDP over the period 1999 and 2007 (Schneider and al., 2010), over
the period 2008-2010 informality has an average growth of 64.17%
(Aspilaire, 2014). Henceforth the informal employment is persistent
and represents a significant alternative to unemployment.

Analysing the labour markets (formal and informal) situation
obliges the use of the empirical methods. Are the usual empirical
models (segmented and competitive) enough adequate to highlight
the complex characteristics of the Haitian labour markets? The next
section brings answers to this question. In the Haitian economy, 57.1%
of jobs are informal (IHSI and CELADE, 2007), while only 1.9% of
jobs are provided by formal private firms (Aspilaire, 2014). Two
related issues arise: the impact of the entry barriers in the regular
employment market on informal employment and the efficacy of the
labour market policies. Addressing the first issue will help to clarify
the other one.

The Dirichlet process mixture model was elaborated previously to
the Haiti labour market data for the year 2007. Our empirical analysis
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is based on data pooled from a national survey regarding employ-
ment and the informal economy in Haiti, conducted by the national
office of statistics Institut Haïtien de Statistique et d’Informatique over
the period October 2007- March 2008 called Enquête sur l’Emploi et
l’Economie Informelle. The survey encapsulates two steps: a house-
hold employment survey and a survey regarding the informal pro-
duction units identified by the employment survey. The unit of obser-
vation is a given individual in a given year. The raw data consist in
30,337 observations. We pooled 14224 individuals 7579 are employed
among them 5,842 individuals available for the analysis of informal
employment. Our analysis includes urban and rural workers, but
excludes agricultural activities. Our sample is limited to individuals
aged between 14 and 65 years. We exclude workers without wages or
revenues (832).

TABLE 4.1: Summary statistics on the labour market

Total Inactive Active
formal informal

Sample (%) 100 46.71 8.14 69.10
Monthly revenues 4606 - 7025 4306
Sex (female = 1%) 58.29 64.65 47.39 54.84
Age (years) 33.15 27.42 37.17 37.20

Geographic (%)
Urban 80.37 76.85 93.00 81.66
Rural 19.63 24.55 7.00 18.34
Education (%)
None 18.52 15.84 14.01 21.17
Low 34.02 33.83 23.29 35.42
Medium 44.27 49.85 45.11 39.77
High 3.19 0.48 17.59 3.63
Marital Status (%)
Single 39.88 61.40 28.99 24.16
Married 24.56 12.66 41.21 32.00
Free union 27.68 20.44 22.48 34.01
Separated 7.88 5.50 7.33 9.83
Household Size 5.51 5.84 5.25 5.30

Source: EEEI, 2007. Computations by the author. Monthly revenues in local
currency (gourde).

For the analysis of the labour market we choose the variables that
the literature generally admits as these variables that globally influ-
ence the wages function. Hence we choose the following variables

Revenues: monthly revenues (real numbers) of each interviewed
individual in the local currency unit (gourde)
Sex: gender of each person (man and woman)
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Age: Age of workers (real numbers) when the survey took place

Geographic settings: The living place of the interviewed individ-
ual (rural and urban)

Marital Status: marital status divided in four modalities (single,
married, free union and separated)

Education: educational level (illiterate, elementary, middle and
high school, and university)

Working Hours: number of hours (real numbers) that individual
workers spend at work per week

Industry: industry of activity (manufacture, trade, building and
construction, services, and others)

SPC: socio-professional category (trainee, salaried, self-employed,
and entrepreneur)

Age2: when we take the square of the age and we add it to the age
we approximate the effect of the experience. Denoting α and β the
respective coefficients of the age and the age squared and x̄ mean of
the age, the average effect of experience is given by the sum: α+2β∗x̄.

Household size: the size (entire number) of the household of each
individual worker interviewed during the survey.

4.6.2 Testing Labour Markets Differences

In order to analyse the labour market segmentation or competitive-
ness, two important aspects must be eluded. Are the labour markets
(formal and informal) segmented and which kind of segmentation
(each segment has a unique wage function) (Gunther and Launov,
2011). Are the labour markets perfectly competitive?

According to Dickens and Lang (1985) and Basu (1997), a labour
market is segmented when there are entry barriers into the upper
segment to block workers’ free mobility. In this section we first test
the hypothesis of the labour markets differences. Hence, we estimate
the model of discrete choice between sectors (formal and informal)
by bivariate probit. We also estimate the labour force participation
decision through a standard univariate probit.

Analysing the results in table 4.2, we find the significant negative
influence on labour participation of women, experience (age squared)
and living single. We find that university level and age has a highly
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TABLE 4.2: Labour Market Participation and Segments
Comparison

Univariate Probit Probit
Dependent variable Participation formal sec-

tor
Intercept -2.035 0.014
Gender (Reference: Men)
Women -0.561*** (-22.021) -0.801*** (-

21.702)
Age 0.157*** (25.494) -0.011

(-1.085)
Age2 -0.002*** (-21.428) 0.0003*

(2.491)
Education (Reference: Illiterate)
Elementary school -0.039 (-1.080) 0.345***

(7.727)
Middle school 0.067* (2.315) -0.320*** (-

6.987)
University 0.834*** (7.327) 0.16. . .

(1.837)
Marital status (Reference: free union)
Married 0.038 (1.009) 0.087*

(2.052))
Separated -0.083 (-1.584) 0.016

(0.240)
Single -0.027*** (-7.591) 0.076

(1.382)
Geographic settings (reference: urban)
Rural 0.068* (2.277) 1.114***

(28.049))
Household size 0.017*** (3.795) -
Socio-professional category (reference: salaried)
Trainee - -0.425*** (-

5.928)
Self-employed - -0.577*** (-

13.132)
Entrepreneur - -0.959*** (-

7.234)
Source: EEEI, 2007. Computations by the author, significance codes: ***= 0.1%; **=

1%; *= 5%; ..=10%.

significant positive effect on the labour market participation while ru-
ral individuals, middle-school level people and the size of household
have low positive but significant influence on the labour participation.

Being a woman, attending middle school are two characteristics
which have a negative effect on the participation in the formal labour
market. A trainee does not have too much chance to be on the formal
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market. This can be explained by the fact that the rules and law do
not oblige enterprises and institutions to give a training period to the
trainee and apprentices. We also find that self-employed individuals
and entrepreneurs have negative chance to participate in the formal
market. This is the effect of the entry barriers to undertake activities
on the formal market, such as the expensive cost to start an enterprise
and the long-last time it takes to register an enterprise (World Bank
2012). Unlikely on the formal sector, trainee, self-employed and
entrepreneurs have more opportunities to evolve on the informal
sector because the entry barriers are less rigorous. When an individual
worker has attended the university or elementary school level, he
is likely most attracted by the formal market. People who attended
elementary school has a low level of expected reserve salary. Workers
with the university level is seeking for a normal job where promotion
and social security are granted. People who live in the urban area are
most likely entering the informal sector than the formal.

The coefficients of the human capital variables (school, age and
experience) show that market participation behaviour across the two
sectors are very different. The most remarkable and significant vari-
able on the two different models is the education level. It seems like
education is more valuable in the formal market than the informal
market.

4.6.3 Can a unique wage function represent the global
labour market?

We evaluate the assumption considers each a priori segment of
the labour market is defined by a unique wage function.

We use univariate models. We evaluate a wage function for each a
priori component, to which we give the following form

yij = x′iβj + ui

Where yij determine the revenues for individuals i in segment
j and x′i the individual characteristics (educational and sociodemo-
graphic) of individuals.

The kernel density estimates of monthly revenues earned by for-
mal and informal agent ( figure 4.2) shows, despite the important
discrepancy in means between formal and informal wages (4.1), the
difference in densities is not much as important as it seems. The
overlap of the density function of the revenues (figure 4.2) show that
not all informal workers earn less than formal workers.

The analysis of the wage functions across the sectors is based
on the estimates of three OLS univariate models of the structure of
the wage functions. We proceed as if the income is the influenced
variable, hence the results cannot be considered as due to errors of
measurement in income.
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FIGURE 4.2: Densities of monthly log-wages for formal
and informal workers

TABLE 4.3: Wage functions for the sectors: OLS models

Dependent variable ln(wages) Both Sectors Formal Sec-
tor

Informal
Sector

Intercept 4.423*** 4.958*** 6.003***
Education (Reference: Illiterate)
Elementary school -0.319*** (-4.543) -0.365*

(-2.27)
-0.217*** (-
3.298)

Middle school 0.269*** (3.991) 0.529*(2.569) 0.183**
(3.227)

University 1.4758*** (9.991) 1.857***
(5.161)

1.044***
(7.76)

Age 0.1114*** (7.956) 0.122***
(3.657)

0.095***
(7.37)

Informal Sector 1.633*** (27.164) - -
Socio-professional category (reference: salaried)
Trainee -3.435*** (-30.639) -4.207*** (-

14.981)
-3.076*** (-
30.504)

Entrepreneurs 0.0305 (0.166) -0.596
(-0.935)

0.435**
(2.912)

Self-employed -0.887***(-13.188) -2.089***(-
11.488)

-0.363*** (-
6.21)

Age2 -0.0013*** (-7.226) -0.0013*** (-
3.351)

-0.001*** (-
5.498)

R2 0.243 0.181 0.210
Number of observations 7579 2294 5285

Source: EEEI, 2007. Computations by the author, significance codes: ***= 0.1%; **=
1%; *= 5%; ...=10%.
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Results (table 4.3) show globally all the school levels influence the
wages of the formal sector more significantly positively or negatively.
The classification is explained significantly through the earnings as
variable explained by the workers’ characteristics and socioeconomic
variables. However, the values of R-squared (table 4.3) of each com-
ponent show the discriminant power of the components are very low
and insignificant because R-squared is less than 0.5. Therefore, we
cannot use OLS models for wage functions to analyse the market seg-
mentation because such function has a poor capacity of explanation
of the segmentation structure of the labour market. Moreover, the
differences between the wage functions are not important for human
capital gains. All these observations are coherent with the findings
of Cain (1976) who stipulates that OLS techniques are inappropriate
to make the comparison of the wage functions between formal and
informal sectors.

According to table 4.4, where the average wages of the formal
sector are greater than the average wages of the informal sector then
potential wages are different across sectors. This means, labour mar-
kets (formal and informal) may be weakly competitive (Magnac, 1991).
Therefore, individual workers can take benefit from comparative ad-
vantages by working in a sector or in another one with a standard
education level. These individual advantages cannot be cleared from
the global market, except probably a small fraction of individual com-
parative advantages. It could also be revealed that markets can be
segmented. Nevertheless, these two fundamental assumptions cannot
be tested in the discrete choice models. For this reason, we estimate
a generalized bivariate Tobit model in two steps also called Heckit
model.

In order to analysis an eventual segmentation of the labour mar-
ket we evaluate the assumption that the Haitian labour market can
be defined by a unique wage function which is the opposite of the
assumption of Gunther and Launov (2011) which considers each seg-
ment of the labour market is defined by a unique wage function. We
evaluate a unique wage function as follows:

yij = x′iβ + ui

Where yij determine the revenues for individuals i in and x′i the
individual characteristics of individuals. OLS techniques are inap-
propriate for the simultaneous analysis of the wage functions across
formal and informal sectors (Cain, 1976). Therefore, we use an Heckit
(a two-steps Tobit) model which allows also to test the hypothesis
that the labour market participation is influenced by human capital
accumulation.

Due to the fact that we exclude individuals who not gain wages
from the estimation can be a source of bias which we take into account
in the model through the term of selectivity ρ. The non-significance
of ρ shows that individuals who are employed in the labour market
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TABLE 4.4: Tobit (two-step Heckman) Model for a
Unique Labour Market

Dependent variable Probit Paticipation Tobit
ln(wages)

Intercept 0.82 6.632
Gender (Reference: Men)
Women 0.757*** (20.77) -0.279**

(-2.917)
Age -0.0086*** (-4.808) 0.0704***

(9.975)
Age2 - -0.0007*** (-

8.726)
Education (Reference: Illiterate)
Elementary school -0.475*** (-10.167) -0.186**

(-2.781)
Middle school 0.323*** (7.493) 0.131**

(2.849)
University -0.225** (-2.913) 0.867***

(10.902)
Marital status (Reference: free union)
Married -0.132** (-2.993) 0.037

(0.976)
Separated 0.047 (0.685) 0.0142

(0.292)
Single -0.153** (-2.972) -0.0738

(-1.625)
Household size -0.0037 (-0.556) -
Socio-professional category (reference: salaried)
Trainee - -0.467*** (-

6.969)
Self-employed - -0.166*** (-

4.652)
Entrepreneur - 0.424***

(5.525)
Number of working hours/week - 0.0017**

(3.027)
Source: EEEI, 2007. Computations by the author, significance codes: ***= 0.1%; **=

1%; *= 5%; "=10%.

TABLE 4.5: Selectivity of the model

Number of observations 6734
σ 0.924*** (74.66)
ρ 0.068 (0.18)

Source: EEEI, 2007. Computations by the author, significance codes: ***= 0.1%; **=
1%; *= 5%; "=10%.
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have almost similar characteristics than those who are not. Then a
mixture model for the Haitian labour market without the selectivity
term ρ would give unbiased estimators. The Heckit model shows that
education is the most powerful indicator of the wages level in the
global market (formal and informal). The entrepreneur is the second
most important indicator of the wages level. However, woman and
individuals who live in the rural agglomeration are likely earning less.
We observe opposite signs of the main estimates between the labour
market participation and the wages function (table 4.4). Education,
gender, age, and marital status show opposite sign between the two
models, this means a global unique wage function cannot represent
the global market.

The fact that we find a mixture model for the Haitian labour mar-
ket without the selectivity term would give unbiased estimators and
the result that shows the labour market cannot be represented by a
unique wage equation allow us to adopt the Gunther and Launov
assumption of a unique wage function for each sector (2011). Fur-
thermore, this assumption is evaluated through a mixture model
(Dirichlet Process) which can detect segmentation while it does not
take into account the selectivity term. This model is also estimated to
bring answers to the main questions related to the idea that informal
employment is a voluntary choice of the individuals as an employ-
ment opportunity we must test the existence of entry barriers into
different sectors.

4.6.4 Structure of the labour market: Segmentation or
Competition?

The infinite mixture model applied to the data allows the informal
employment market being constituted of any number of segments.
We transform all the categoricalXil in ordinal values and we discretize
all the continuous Xij we obtain that all the Xik values are pooled on
a 6-point scale.

In Bayesian inference results are usually sensitive to the parame-
ters that determine the probabilities of the model as well as to prior
for parameters that determine the fit of the model. Therefore, we let
the data determine the value of mixing proportions as it was drawn
randomly from uniform Dirichlet. For the same reason, we do not
initiate the value of theta parameters, we let it also to be drawn ran-
domly from uniform Dirichlet. We fix the convergence parameter as
low as possible (1 ∗ 10−8) to have significant clustering results.

We first obtain a two-segment informal labour market, although
we estimated the model with four initial segments. The values of the
vector theta are given for each component and the value of lambda
represents the value of mixing proportion for each segment (table
??.5). For each new run of the model (with a change of variables), we
obtain a similar table with new values.
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TABLE 4.6: Component and mixture proportion for the
partitioned labour markets

1-segment 2-segments 3-segments 4-segments
lambda 0.2059 0.0407 0.6928 0.0604
θ1 0.3374 0.3227 0.3452 0.1254
θ2 0.1907 0.2076 0.1672 0.4158
θ3 0.2546 0.2426 0.2071 0.1878
θ4 0.2165 0.2120 0.2087 0.2016
θ5 0.0000 0.0000 0.0684 0.0669
θ6 0.0000 0.0148 0.0028 0.0018
θ7 0.0005 0.0000 0.0003 0.0002

Source: EEEI, 2007. Computations by the author

The values of θk (table 4.5) represent θk ≡ P (ck−1 < Yil ≤ ck). The
values of lambda (0.629) show that the greatest value of the mixing
proportion is given by the 3-segments model. This is an important
indicator for the three-segments model.

Four criteria are usually used to evaluate the number of segments:
Akaike Information Criterion (AIC) (Akaike, 1973), Bayesian Informa-
tion Criterion (BIC) (Schwarz, 1978), Consistent Akaike Information
Criterion (CAIC) (Bozdogan, 1987) and Integrated Completed Like-
lihood (ICL) (Biernacki, Celeux, and Govaert, 2000). AIC recovers
the real number of clusters when one of the segments is way smaller
than others. BIC is independent of the mixture proportions. CAIC
is generally more effective than BIC. ICL is more robust than BIC by
respecting more mixture model assumptions. The results (table 4.6)
show that the entire four criteria impose a three-segments market
(formal, and two levels of informal). However, taking out any of the
variable does not change the number of clusters.

TABLE 4.7: Criterion indexes for the number of seg-
ments of the global market

Homogeneous 2-segment 3-segment 4-segment Winner
AIC -63203.90 -32408.10 -32319.74 -32326.50 3-segments
BIC -63227.26 -32458.16 -32396.50 -32429.96 3-segments
CAIC -63230.76 -32465.66 -32408.00 -32445.46 3-segments
ICL -63227.26 -32457.60 -32395.74 -32429.08 3-segments
Loglik -63196.90 -32393.10 -32296.74 -32295.50 4-segments

Source: EEEI, 2007. Computations by the author

When we run the model by taking out each variable separately we
obtain also a three-segment labour market according to the values of
AIC, BIC, CAIC, and ICL. Now we find that the global labour market
(formal and informal) is heterogeneous hence for modelling the unob-
served heterogeneity we use a semi-parametric method which are the
finite mixture models.
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TABLE 4.8: Semi-parametric mixture model determin-
ing wage functions for the global labour market

Dependent variable: wages Formal sec-
tor

Informal1 Informal2

(Intercept) 0.1567 0.1196 0.0848**
Sex (Reference: Men) -0.1257

(-1.124)
-0.1024*** (-
5.11)

-0.0281*** (-
5.22)

Education (Reference: Illiterate)
Elementary school -0.1806

(-1.144)
-0.0564*
(-2.327)

-0.0195** (-
3.055)

Middle school 0.1221
(0.971)

0.0874***
(3.933)

0.0217***
(3.864)

University 1.4299***
(7.497)

0.4491***
(8.831)

0.1355***
(5.749)

Age 0.0694*
(7.956)

0.0187***
(3.900)

0.007***
(5.265)

Socio-professional category (reference: salaried))
Trainee and apprentice -0.9304*** (-

3.395)
-0.249*** (-
7.402)

-0.1501*** (-
15.557)

Entrepreneurs 0.9251***
(4.810)

-0.2719*** (-
6.807)

0.7850**
(27.961)

Self-employed 0.1191*** (-
13.188)

-0.0357
(-1.362)

-0.0401*** (-
6.016)

Age2/100 -0.0961** (-
2.638)

-0.0218*** (-
3.701)

-0.0074*** (-
4.587)

Geographic settings (reference: urban)
Rural 0.0028

(0.1801)
-0.0174
(-0.759)

-0.0218*** (-
3.630)

Marital status (Reference: free union)
Married 0.2436”

(1.954)
0.0136
(0.647)

0.0104”
(1.794)

Separated 0.0844
(0.456)

0.0197
(0.610)

0.0060
(0.741)

Single -0.118
(-0.778)

-0.0601*
(-2.478)

-0.0068
(-0.908)

Number of working hours/week 0.0005
(0.231)

0.0015***
(3.877)

0.0003**
(3.259)

π̂j 0.0745 0.2761 0.7877
Prior Probability 0.096 0.331 0.573

Source: EEEI, 2007. Computations by the author; significance codes: ***= 0.1%; **=
1%; *= 5%; ”=10%.

The interpretation of the results (table 4.7) shows that formal mar-
ket is dominated by workers who attended the university. those who
are entrepreneurs, and the married people. Trainees and apprentices
have a lot of difficulty to integrate the formal labour market. The first
informal labour market that we denote informal 1 is leaded by all
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the education level, but particularly by the university level, which
has a positive influence on wages and elementary school which has a
negative impact on the revenues. Women, entrepreneurs and trainees
had a negative impact on the earnings of the first informal market.
Analysing the educational level and the gender on the second in-
formal market, the situation is similar to the first informal market.
Trainees, self-employed and experience influence wages negatively
on the second informal labour market. The number of working hours
per week impact positively both informal market sides. Unlike the
two sides of the informal market, on the formal market the number
of working hours is not a significant factor because work duration is
standardized on this market.

Regarding these results, it is a fact that the labour markets (formal
and informal) are subject to segmentation, but the number of segments
must be considered with some technicality. Now, it is very important
to explain this multi-sector characteristic of the informal employment
market. Base on this explanation we analyse the mobility across
segments or the entry barriers into the segments.

Now we know that the informal employment market has two
different segments. Are these two segments meant the labour market
is segmented? Consider the definition of the market segmentation
according to Dickens and Lang (1985), and Basu (1997), we should
determine whether workers are free to move from a side to another
one or not. In the Dirichlet process model the importance of the
variables cannot be explicitly observed. To identify which variable
has the most influence over the clustering process, we run the EM
(Dempster, Laird, and Rubin, 1977) algorithm in order to estimate the
multinomial cut-point of our Bayesian semi-parametric model.

TABLE 4.9: Component and mixture proportion for the
two-segments informal labour market

1-segment 2-segments 3-segments 4-segments
lambda 0.2044 0.0024 0.7436 0.0344
θ1 0.3047 0.0000 0.3152 0.1091
θ2 0.2275 0.3542 0.1645 0.3721
θ3 0.2122 0.3222 0.2151 0.2375
θ4 0.2539 0.1979 0.2426 0.2168
θ5 0.0000 0.1192 0.0614 0.0639
θ6 0.0010 0.0000 0.0010 0.0003
θ7 0.0003 0.0006 0.0003 0.0000

Source: EEEI, 2007. Computations by the author

The values of lambda (0.0024) show that the lowest value of the
mixing proportion is given by the 2-segments model. We analyse
further the number of segments that exists in the informal labour
market.
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TABLE 4.10: Criterion indexes for the number of the
two-segment informal market

Homogeneous 2-segment 3-segment 4-segment Winner
AIC -67062.20 -29769.72 -29744.78 -29751.19 3-segments
BIC -67085.17 -29818.95 -29820.26 -29852.93 2-segments
CAIC -67088.67 -29826.45 -29831.76 -29868.43 2-segments
ICL -67085.17 -29818.35 -29819.59 -29852.20 2-segments
Loglik -67055.20 -29754.72 -29721.78 -29720.19 4-segments

Source: EEEI, 2007. Computations by the author

Analysing the results (table 4.9) criterion indexes BIC, CAIC, and
ICL we obtain a two-segments informal labour market model. The
AIC value indicates a three-component model, but we know this
criterion gives the real number of clusters when one of them is way
smaller than the others.

We also observe an important gap between the positive impact of
the education levels of informal workers in the segment 1 compared
to the second segment (table 4.10). In the first segment of the informal
market (informal 1) only entrepreneurs, and individuals who have
attended university have a positive impact on the revenues. In the
second segment of the informal market (informal 2) individuals gain
wages their characteristics do not matter, because the coefficient of
the intercept (0.0918) is significantly positive (table 4.10). Elementary
educational level and the number of working hours have a positive
effect on the wages. Hence, this side (informal 2) of the informal
market is the very accessible segment. The segment 1 is harder for
women than the second segment of the informal market (table ??).

Therefore, the question whether informal workers are free to move
from one side to another of the labour market has a negative answer.
Hence, we must reject the assumption of unlimited sector mobility
which implies a fully competitive market. We observe two main entry
barriers across the upper segment. Education is the first entry barrier
into the upper side because its high significant coefficient implies that
this segment access is given only to highly educated workers. The
second fundamental entry barrier is the initial capital because this
segment is expressly dedicated to entrepreneurs. The non-significance
of the number of working hours per period for informal workers of the
first segment explains that informal workers in the upper side prefer
maximizing their time utility and their revenues simultaneously when
they are educated and have the financial resources. They are those
who voluntarily chose to evolve in informality. We deduce income
rationality and time utility are the only motivation for individuals
with human capital accumulation to become voluntary informal.

That also means informal work provides some important non-
monetary advantages, which is not the case in the regular labour
market. This result is also consistent with our initial assumption that
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TABLE 4.11: Semi-parametric mixture model determin-
ing wage functions for the global labour market

Dependent variable: wages Informal1 Informal2
(Intercept) 0.2489 0.0918**
Sex (Reference: Men) -0.1352*

(-2.644)
-0.0417*** (-
6.632)

Education (Reference: Illiterate)
Elementary school -0.1062

(-1.314)
-0.0243*** (-
3.348)

Middle school -0.0052
(-0.082

0.0225***
(3.482)

University 0.9445***
(7.794)

0.2075***
(9.113)

Age 0.0432**
(2.685)

0.0088***
(5.778)

Socio-professional category (reference: salaried))
Trainee and apprentice -0.5947*** (-

4.573)
-0.1484*** (-
13.472)

Entrepreneurs 0.6478***
(5.228)

0.8274***
(3.730)

Self-employed 0.0142
(0.203)

-0.0344*** (-
3.544)

Age2/100 -0.0005*** (-
2.866)

-0.00005***
(-5.122)

Geographic settings (reference: urban)
Rural -0.0522

(-0.686)
-0.0197** (-
2.874)

Marital status (Reference: free union)
Married 0.1174”

(1.810)
0.0054
(0.813)

Separated 0.0789
(0.417)

0.0027
(0.283)

Single -0.0405
(-0.505)

-0.0096
(-1.192)

Number of working hours/week 0.0009
(0.792)

0.0004**
(4.213)

π̂j 0.171 0.829
Prior Probability 0.212 0.788

Source: EEEI, 2007. Computations by the author; significance codes: ***= 0.1%; **=
1%; *= 5%; ”=10%.

individuals working in informality are also maximizing their utility.
Analysing the results of the table 4.9, we observe that the gap

between the revenues of the two segments is similar to the education
gap between the same two segments.

Knowing the probability for a worker with specific characteristics
to choose voluntarily informal activities is very important. It could
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be useful for the economic policies which aim to decrease informal
employment and to improve the attractiveness of formal activities
in order to reduce the number of voluntary informal workers. The
following results (table 4.12) provide probabilities for workers to
evolve in the two segments of informality, high-paid (segment 1) and
low-paid (segment 2).

TABLE 4.12: Probability to belong to one segment for
global labour market and informal labour market

Global market Informal market
Formal Informal 1 Informal 2 Informal 1 Informal 2

πj 0.096 0.331 0.573 0.212 0.788
π̂j 0.074 0.266 0.659 0.171 0.829

Source: EEEI, 2007. Computations by the author, πj :prior probability; π̂j :
estimated probability

In the global market and the informal market, the values of πj
(table 4.12) indicate the proportion of individual workers who should
evolve in each part of the labour market according to their personal
characteristics in order to maximize their income. This calculation
includes two steps. First attribute to each worker the cluster where
his revenue is maximum. Second, determine for each cluster the
proportion of individual workers that this cluster is more profitable
for. Hence, if the theoretical probabilities (πj) are equal to the esti-
mated probabilities (π̂j) then the global labour market is not similar
to a queuing system where individual workers are in waiting lines,
because that means each individual worker evolves in the sector that
maximizes his revenues. That would mean there exists no entry barri-
ers across the segments which implies a competitive labour market. In
the global market, we observe that in the formal market and informal
1, πj is greater than π̂j and in the informal 2, π̂j is greater than πj that
means there are entry barriers in the formal sector and in the informal
1. Hence the individual workers who cannot bypass the entry barriers
of the formal sector switch to the first informal market and the others
who are unable to bypass the barriers of the first informal market
enter the second informal labour market.

In the informal labour market, the individual behaviour regarding
the first segment can be assimilated to a maximization revenues be-
haviour. Highly educated workers who dispose of financial resources
dominate the first component of the informal market. Hence, the
4.1% difference between the maximization income behaviour and the
individual behaviours represent the individuals who cannot drop
the entry barriers in this segment. For this reason, they (4.1% of the
workers) switch to the second segment of the informal market.

We actually know that we have a two-segment informal labour
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market with voluntary and involuntary (ejected from the formal mar-
ket) workers. Regarding the results above (table 4.12), we can deter-
mine the part of informal workers who have individual comparative
advantages (Gindling, 1991; Maloney, 1999, 2004; Perry et al., 2007)
and they would not do better in the formal market.

Following the theoretical approaches aforementioned, the share
of workers that would not do better out of the informal market is the
sum of workers in each informal segment following the distribution
of revenues-maximizing. According to the results (table 4.12) there are
17.1% of informal workers taking benefit from individual comparative
advantages, so they would not do better in the formal sector than
in the informal market. Therefore, approximately 83% of informal
employment are involuntary the informal segment comprises 78.8%
of individuals excluded from the formal market.

The entry barriers of the formal market, reduce the remuneration
that individuals with adequate characteristics to evolve in the formal
market would gain if the labour market was competitive. Despite the
weakness of the number of individuals working in the formal market
the entry barriers are still enormous.

4.7 Conclusion

The Dirichlet process mixture model that we propose for design-
ing the informal labour market allows detecting unobserved sub-
segments in informal employment. This Bayesian model also allows
determining the causes of informal employment segmentation be-
tween free mobility across all the sectors or entry barriers into the
segments. In line with Gunther and Launov (2011), our model con-
tains an implicit approach for analysing whether the informal work
is voluntary or not. Our results show that informal labour market
is segmented. We obtain a two-segment market. Therefore, we con-
clude that none of the theoretical explanation of labour market in
developing countries (expansion of informal employment) provides a
sufficient way to understand labour market structure.

Besides the earnings rationality, the main factors as entry barriers
into the higher-paid side of the informal labour market are education
and financial resources. Moreover, the fact that we find that work
duration was not significant for workers on the upper side of the
informal market that confirms our initial hypothesis that informal
workers tend to maximize their utility when they are highly educated
and financially stable. Therefore, they obtain some non-pecuniary ad-
vantages in the informality that formal employment probably cannot
provide them. Such workers are identified to be the voluntary individ-
uals evolving in the informal labour market. In the informal market
workers can maximize their revenues and their utility simultaneously.
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Our model shows that 17.1% is the share of workers that have
individual comparative advantages in the informal market. They rep-
resent workers that would not do better out of the informal market,
which is the sum of workers in each informal segment following the
distribution of revenues-maximizing. We find that the main share of
informal work is involuntary. But for the workers who take benefit
from comparative advantages the labour market is an integrated mar-
ket that offers desirable jobs with various characteristics. Moreover,
these particular workers make the choice to evolve in informality. Fur-
thermore, the same labour market for relatively unskilled individuals
(inexperienced and low educated) place entry barriers into the formal
side and oblige them to subsist in the informal sector.

Our model can be applied to study the segmentation of any market
(formal or informal). This model can be used as informality preven-
tion for public policies which want to block other individuals to join
the informal labour market by increasing the formal market attrac-
tiveness. With all the individual features of the workers’ computing
in the model we determine his probability to become voluntary or
involuntary informal. The model can be used also in designing em-
ployment policies to reduce involuntary informal employment by
creating more stable jobs regarding the characteristics of involuntary
informal workers.

Our semi-parametric Bayesian model can be subject to further
research. Estimate the expected revenues for workers by using the
knowing characteristics into each segment would be a very interesting
avenue. Ones could think to extend the model to a spatial Dirichlet
process mixture to obtain such results.
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Conclusion

All through the schools of economic thought that have studied the
informal economy, approached informality as if it were an evil in itself.
Whether it is neo-Marxist thought or dualistic conception, whether
it is the structuralist thought of the Keynesian and neo-Keynesian
school, or the legalistic thought of the neo-classical and liberal schools,
all have approached informality with this view. They all propose
economic policies to adopt and the measures that must be taken to
combat informality. Due to the fact that they do not approach the
informal economy from a favourable angle, the different theories
elaborated have a hard time shedding light on the informal in Haiti.
The ever-increasing magnitude of the phenomenon of the informal
economy raises the question of whether the angle under which these
great theorists approached the informal economy remained valid for
the countries of Latin America and the Caribbean, particularly Haiti.
If the informal economy is seen as a problem of the economy, so what
solutions can the policy makers proposed to a country where it repre-
sents the larger part of the economy? The informal sector deserves
to be approached differently than a phenomenon with a negative
effect on the global economy. The major socioeconomic problems that
have affected Haitian society and which are the main reasons why
people have embarked massively in the informal are still persistent.
These include poverty, unemployment and poor living conditions.
In 2012 70% of Haitians and 23% of the Haitian population would
suffer from extreme poverty (ONPES and World Bank, 2014). So how
can one think of solving a problem whose conditions of existence are
reinforced daily by powerful factors? It becomes legitimate to ques-
tion the validity of theories on the informal economy elaborated by
the various schools of economic thought as an economic problem in
Latin America and the Caribbean, particularly in Haiti, Question from
that point of view without thinking in the case where situations of
informality can become irreversible. Viewing the informal economy
only from a problematic angle, the theoreticians of the main schools
of thought who have studied the informal sector have to model these
cases in order to make appropriate economic measures and policies.
The dualist modelling of developing-country economies based on
segmented labour market assumptions has constructed a predomi-
nantly static picture of the informal economy, which underpins that
the informal economy does not have its own dynamics. We have
shown that the informal labour market is segmented, but beyond
that, the informal labour market has its own dynamics. The analysis
of the impact of neoliberal policies on the evolution of the informal
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economy shows that it was resilient to the shocks of the labour market
during the 1980s, to economic and financial shocks 1986, 1991 and
2004. In spite of these economic shocks and the labour market, the
informal economy has not stopped growing. The informal economy
is more resilient to shocks than the structured economy, which always
responds negatively. This economically interesting aspect of the infor-
mal economy does not suggest that it is an economic downturn. If it is
supported and framed by the formal in this dynamic, could informal
economy help to cushion the current economic shocks? As little as this
question remains unanswered, but the fact is there, in a situation of
shock by the demand the informal economy proves to be much better
than the formal economy. Then, in the case of a shock in labour supply,
the capacity of the two sectors for absorption is based on the quality
of the informal market compared with the formal ones, as soon as the
former do not accuse a significant inferiority gap, the two sectors may
each absorb part of the unemployment. The elasticity of the supply
of self-employment is a key factor in determining the informal sector
as a shock absorber. The shock absorber level of the informal shifts
in the same direction as the elasticity of supply Informal work. As a
result, it appears that the informal economy is a better shock absorber
of labour supply than the formal economy, if the conditions of mini-
mum quality compared to the formal market are respected and if the
elasticity condition of the self-employment is present. In this case, the
informal economy would be the shock absorber that absorbs most
of the unemployment. When we consider that the aggregate absorp-
tive capacity of the urban system depends not only on the elasticity
of output and the response of informal employment to shocks, but
also on the weight of the informal sector in total urban employment.
In this line the informal economy would become the best weapon
against unemployment alongside the formal economy if it wants to
frame it with the immense means at its disposal. On the other hand,
the results of the informal dynamics raise the question of whether the
image of the lethal element of the global economic system, projected
by economic theorists and analysts from the informal economy as a
whole would not deserve another appreciation. Apart from the fact
that it is on the margins of all social, legal and economic regulations,
should the informal economy deserve a consideration other than that
which theory recognizes it today? Even without an answer to this
question, the study of the dynamics of the informal economy shows
that it has no worse sides than it has been attributed and even it has
less because it can serve as an instrument of absorption to the various
possible shocks that the global economy could face. This study of
the dynamics of the informal economy calls into question the ideas
adopted on the informal economy, which claimed that the informal
economy was only a secondary part of the economy itself without any
dynamics and possible perspective (Harris and Todaro, 1970). This
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study exposes all the weaknesses of the theories erected on the infor-
mal economy as a factor itching the global economy, as the case of
Haiti has shown that some of these theories could fit but their recom-
mendations of economic policies are not appropriate. In addition to
exhibiting the countercyclical nature of the informal economy in Haiti,
this study also showed that the informal labour market is not funda-
mentally a market where evolve only the excluded from the formal
labour market, unlike some theorists that advocate informal economy
is a leftover of pre-capitalism constituted of marginalized individuals
(Chen et al., 2004; Williams and Round, 2008). This work shows that
deregulatory and neoliberal policies have influenced positively the
informal economy growth unlike this theory that argues deregulatory
can reduce informal economy growth (Nwabuzor, 2005; London and
Hart, 2004). This work has also shown that informality does not nec-
essarily imply poverty and low human capital, unlike the theory that
stipulates the informal labour market is a marketplace where workers
gain only subsistence earnings (Lewis, 1954; Harris and Todaro, 1970).
However, the lower level of earnings of informal workers concerns
workers with less human capital accumulation so there is a partial
linkage between poverty and informality (Orlando, 2001; Cling et al.,
2010). It is also a segmented market whose barriers to entry are the
level of human capital and the financial capital of departure. The in-
formal labour market includes rational economic agents with qualities
that allow them to evolve into the formal labour market (Rosen, 1981,
Heckman and Sedlack, 1985, Carneiro, Heckman, and Vytlacil, 2005).
However, their position in the formal market is due to the search for
comparative advantages. We have also observed that the informal
economy remains what it is, that is to say, complex and difficult to
apprehend completely from a theoretical point of view. For example,
neo-Marxist theories appeared to be in conformity with the informal
economy in Haiti, but the analysis of the recommendations and policy
measures of this school of thought passed clearly through the Haitian
informal debate. This analysis allowed us to go beyond theories and
see how the road to modelling the informal economy was saddled
and rocky, when it comes to apply a theory to the informality object.
In view of the results obtained in the study on the various key factors
of the informal economy, although the variables used did not reveal
the formal ties between informal and informal, the results obtained
provide answers Economic and political decision-makers so that they
can act on the informal economy in order to regulate or curb it. The
results of this study refer back to the three schools of thought of the
informal sector, namely, dualism, structuralism and legalism. Inso-
far as each of these schools finds a favourable score in the study, but
where this observation is crucial, none of them thought has come close
to the goal. Analysing the economic policy recommendations and
the measures stipulated by these theories to stop informality growth,
none of them bring solution in the Haiti case. These results also warn
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of any economic policy that claims to make the informal economy
the driving force of an economic system, because it must be remem-
bered that the informal economy exists through the weaknesses of
the formal economy. For example, in the case of the Haitian informal
sector, we have two glaring examples that reinforce this caveat: first,
it has been observed that this informal sector has an independent size
or almost the size of the money supply in circulation. Then, if we
decide to make the informal sector the main pillar of the economy,
the currency would no longer need to be regulated since it would no
longer act on the global system. The second example always refers to
the informal Haitian economy, which evolves in the same direction as
inflation between 2007 and 2010, so if informality becomes the motor
of the Haitian economy, what will happen in Haiti? The magnitude
of the informal economy in Latin America and the Caribbean is now
a delicate situation for states and governments, as the necessary solu-
tion seems to go beyond that. Should we fight the informal as theories
recommend, it would be double the cost of the consequences of the
crisis, the tentacles of the informal through informal employment, are
already too extensive in the region. Should the informal sector be
legalized to include it in the economy as a whole? Initially, it would
carry too many gangue and residues within it, which would have a
strong effect on the structured economy. Hence, as soon as legalized
the informal economy would never again be informal, it would have
passed on the other side of the barrier, so it would become formal.
Nevertheless, the end of the informal economy is not for tomorrow, it
is up to each country to find the economic model that suits it best in
order to improve its economic situation, since there can be no panacea
model, Informal economy. Economic and financial authorities must
act on tax variables such as taxes and macroeconomic variables such
as inflation, and government spending if they wish to slow the spread
of informality in the economy. Public authorities must send a strong
signal of consolidation and fight against corruption since the index
of the quality of public services and the level of corruption evolve in
the same direction as informal activities. The state has to invest in
education and training because poor informal workers are those with
the lowest accumulation of human capital. By investing in their train-
ing, the state would facilitate their accumulation of human capital,
which would increase their incomes and, at the same time, reduce the
poverty rate. The informal economy has demonstrated its ability to
absorb economic shocks as well as shocks to the labour market. The
State should develop a framework for formal and informal cohabita-
tion while weakening the capacity of the informal economy to grow
in the global economy.
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Appendix A

Calculation of the Estimates of
the PLS Model

A.1 Estimates of the coefficients

Cronbach’s alpha

V ar(∑p
h=1 xh) = p+ ∑

h6=h′ cor(xh, xh′)

α′ =
∑

h6=h′ cor(xh,xh′)
p+

∑
h6=h′ cor(xh,xh′)

α =
∑

h6=h′ cor(xh,xh′)
p+

∑
h6=h′ cor(xh,xh′)

× P
P−1

α =
∑

h6=h′ cov(xh,xh′)
V ar(

∑
h
xh) × P

P−1

V ar(∑p
h=1 xh) = V ar(∑P

h=1(πh0 + πhξ + εh) = (∑P
h=1 πh)2V ar(ξ) +∑P

h=1 V ar(εh)

Dillon-Goldstein’s ρ

ρ = (
∑P

h=1 πh)2V ar(ξ)
(
∑P

h=1 πh)2V ar(ξ)+
∑P

h=1 V ar(εh)

ρ̂ = [
∑

h
=1P cor(xh,t1)]2

[
∑P

h=1 cor(xh,t1)]2+
∑P

h=1(1−cor2(xh,t1))

The outer estimate yj of the standardized LV (ξj −mj) (mean=0
and standard deviation=1) are given by

Yj ∝ ±[∑h ωjh(xjh, x̄jh)]

Yj = ∑
h ω̃jh(xjh, x̄jh)

We denote the coefficients ωjh and ω̃jh(xjh the outer weights.

We estimate the mean mj by

m̂j = ∑
ω̃jh(xjhx̄jh)]
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and the LV ξj by

ξ̂j = ∑
h ω̃jhxjh = yj + m̂j

ξ̂∗j =
∑

h
ω̃jhxjh∑
h
ω̃jh

ξ̂0−100
ij = 100× (ξ̂∗ij−xmin)

(xmax−xmin)

The inner estimates zj of the standardized LV (ξj −mj) are given
by
Zj ∝

∑
j′:ξ′jisconnectedwithξj ejj′y

′
j

In the simple regression the estimation for the weights ωjh is given
by

ωjh = cov(xjh, zj)

In the multiple regression the estimation for the vector ωj of the
weights ωjh is given by

ωj = (X ′jXj)−1X ′jzj

sign(ωjh) = sign(cor(xjh, ξj))

ωij =
{
cov(xjh, zj) if sign[cov(xjh, zj)] = sign[cor(xjh, ξj)]
0 otherwise

(A.1)

When, in absolute value, the weights are all equal and reflect the
signs of the correlation between the variables (MVs and their LVs),
we have

ωjh) = sign(cor(xjh, zj))

yji = ∑
jh:xjhiexists ω̃jh(xjhi − x̄jh)

zji = ∑
k:ξkisconnectedwithξjandykiexists ejkyki

ωj = (X ′jXj)−1X ′jzj

ωj = [V ar(Xj)]−1cov(Xj, zj)

communalityj = 1
pj

∑pj
h=1 cor

2(xjh, yj)

¯communality = 1
pj

∑j
h=1 pjcommunalityj′
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redundancyj = communalityj ×R2(y′j, {yj′ ′s explaining yi})

GoF =
√
communality ×R2

communalityj = 1
pj

∑pj
h=1(1−

∑n

i=1(xjhi−x̄jh−π̂jhyji)2∑n

i=1(xjhi−x̄jh)2 )

communalityj = 1−
∑pj

h=1
∑n

i=1(xjhi−x̄jh−π̂jhyji)2∑pj
h=1

∑n

i=1(xjhi−x̄jh)2

redundancyjh = π̂2
jh×var(yj)
var(xjh) ×

[Pred(yj)]
var(yj)

= π̂2
jh×var[Pred(yj)]

var(xjh)

= var[π̂jh×Pred(yj)]
var(xjh)

Where Pred(yj) is the prediction of the LV yi from the structural
model, that is

Pred(yj) = ∑
j′:ξj′explainingξj β̂j′yj′

If we assume that the regression coefficient of Pred(yj) in the re-
gression of (xjhi − x̄jh) on Pred(yj) is close to π̂jh, then we get

redundancyjh = 1−
∑n

i=1(xjhi−x̄jh−π̂jh×Pred(yji))2∑n

i=1(xjhi−x̄jh)2

And then, if we assume that the variances of the variables xjh are
close to each other:
redundancyjh = 1−

∑pj
h=1

∑n

i=1(xjhi−x̄jh−π̂jh×Pred(yji))2∑pj
h=1

∑n

i=1(xjhi−x̄jh)2

The quality of each structural equation is measured by the cv-
redundancy index (i.e. Stone-Geisser’s Q2. It is a kind of cross-
validated R2 between the MVs of an endogenous LV and all the
MVs associated with the LVs explaining the endogenous LV, using
the estimated structural model.

• Sum of squares of observations for one MV: SSOjh = ∑
i(xjhi −

x̄jh)2

• Sum of squared prediction errors for one MV: SSEjh = ∑
i(xjhi−

x̄jh − π̂jh(−i)yj(−i))2

• Sum of squares of observations for block j: SSOj = ∑
h SSOjh

• Sum of squared prediction errors for block j: SSEj = ∑
h SSEjh
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• Cross validated-communality measure for block J:H2
j = 1− SSEj

SSOj

Pred(xjhi − x̄jh) = π̂jh(−i)Pred(yj(−i))

• Sum of squared prediction errors for one MV:
SSE ′jh = sumi(xjhi − x̄jh − π̂jh × Pred(yji))2

• Sum of squared prediction errors for block j:
SSE ′j = ∑

h SSE
′
jh

• Cross validated-redundancy measure for an endogenous block
J :
F 2
j = 1− SSE′j

SSOj

A.2 Tables of PLS models

TABLE A.1: Correlations between variables blocks and
components factors

Block1 F1 F2 F3 F4
TMo 0.980 -0.057 -0.181 -0.053
logPIB 0.820 -0.488 0.299 -0.001
Inf 0.432 0.887 0.165 -0.009
Tchon 0.986 0.074 -0.141 0.057

Source: Computations by the author

TABLE A.2: Correlations between variables blocks and
components factors

Block2 F1 F2 F3 F4 F5
DG 0.909 -0.163 0.383 0.000 0.001
Tax 0.899 -0.241 -0.365 -0.025 0.000
CC 0.675 -0.024 -0.247 0.689 -0.090
IG 0.486 0.614 -0.157 0.350 0.490
CPIB 0.391 0.920 -0.026 -0.010 -0.006

Source: Computations by the author

TABLE A.3: Correlations between variables blocks and
components factors

Block 3 F1 F2
M1/M2 0.964 0.265
logMo 0.964 -0.265
Source: Computations by the author
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Appendix B

Mathematical Validity of
Bootstrapping

The bootstrap method in the one-sample case is mathematically
conceived as follows. A random sample of size n is considered but
the probability distribution of that sample is not known. We denote
X = (X1, X2, . . . , Xn) the random sample, x = (x1, x2, . . . , xn) its ob-
served realization and L the unspecified probability distribution of
Xi, i = 1, 2, . . . , n. The main purpose of the bootstrap method is to esti-
mate the sampling distribution of a specified random variableR(X,L)
which probably depending on both random sample X and the un-
specified distribution L on the basis of observed data X . Consider
θ(L) as some parameter of interest of L (mean, standard deviation or
correlation) and t(X) an estimator of θ(L), such as the sample mean,
the sample correlation or a multiple of the sample range, two par-
ticular choices of R are specified in traditional jackknife theory. The
first one is the estimation of the mean and variance of the sampling
distribution of:

R(X,L) = t(X)− θ(L) (B.1)

are calculated by the standard jackknife theory. Recomputing t()
n times, removing one component of X each time, give the possibility
to obtain the bias and the variance estimates called β̂(t) and V̂ ar(t)
which are functions of X . The second choice of R concerns the follow-
ing formulation:

R(X,L) = t(X)− β̂(t)− θ(L)
(V̂ ar(t)) 1

2
(B.2)

But none of the random variables of the traditional choices play
a significant role in the bootstrap theory. There are three stages in
the bootstrap process for the one-sample problem (Efron, 1979). The
first stage is about constructing the sample probability distribution L̂,
at each point x1, x2, . . . , xn we put mass 1

n
. The second step refers to

draw a random sample of size n from L̂, with the fixation of L̂ that
is mean X∗i = x∗i ∼ L̂, i = 1, . . . , n. We denote X∗ = (X∗1 , X∗2 , . . . , X∗n)
the bootstrap sample and x∗ = (x∗1, x∗2, . . . , x∗n) its realization. The
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last point is approximate the sampling distribution of R(X,L) by the
bootstrap distribution of R∗(X∗, L̂) which means the distribution of
R∗ is induced by the random mechanism with L̂ held fixed at its ob-
served value. What makes bootstrap difficulties is the calculation of
the bootstrap distribution, but three methods are recognized to solve
that problem. The three methods are the direct theoretical calculation
method, the Monte Carlo approximation, and the Taylor series expan-
sion methods.

What makes bootstrap difficulties is the calculation of the boot-
strap distribution, but three methods are recognized to solve that prob-
lem. The three methods are the direct theoretical calculation method,
the Monte Carlo approximation, and the Taylor series expansion meth-
ods. Effron who developed the bootstrapping process, supposes that
data are from an unknown distribution, where X1, X2, . . . , Xn ∼ F
with replicates of X1 = x1, X2 = x2 . . . , Xn = xn has an expected
mean: x̄ = 1

n

∑n
i=1, x̄ is the approximation of the expected mean of

the sample, that we denote EL[X]. Answering the question how
accurate is x̄ as an estimator of the true mean θ = EL[X]. The tradi-
tional measure of x̄′ s accuracy is the standard error. If we denote
µ2(L) = EL[X2]− (EL[X])2 the second central moment of L, then for
a sample of size n from distribution L the standard error is:

σ(L) = (µ2(L)
n

) 1
2 (B.3)

The fact that we ignore the distribution L implies that we also
ignore µ2(L). To measure the x̄′ s accuracy, since we ignore µ2(L), it is
possible to use the estimated standard error:

σ̂(L) = ( µ̂2

n
) 1

2 (B.4)

Where µ̂2 =
∑n

i=1(xi−x̄)2

(n−1) the unbiased estimate of µ2(L). But µ2(L)
can be estimated more easily, if we denote L̂ the empirical probability
distribution.
L̂: at each point x1, x2, . . . , xn we put mass 1

n
. We can replace L by L̂

in (1.2) we obtain:

σ̂ = σ(L̂) = [µ2(L̂)
n

] 1
2 (B.5)

This is the estimated standard error for x̄, then the bootstrap esti-
mate. Returning to the one-sample situation, define P ∗i = N∗i

n
, where

N∗i = #{X∗i = xi} as at (3.2), and the corresponding vector
P ∗ = (P ∗1 , P ∗2 , . . . , P ∗n)

By the properties of the multinomial distribution, P ∗ has mean
vector and covariance matrix
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E∗P
∗ = e

n

Cov∗P
∗ = I

n2 − e′e
n3

Under the bootstrap sampling procedure, where I is the identify
matrix and e = (1, . . . , 1).

Given the observed data vector X = x, and therefore F̂ , we can
use the abbreviated notation
R(P ∗) = R(X∗, L̂)

For the bootstrap realization of R corresponding to P ∗. In mak-
ing this definition we assume that the random variable of interest,
R(X,L), is symmetrically defined in the sense that its value is in-
variant under any permutation of the components of X , so that it is
sufficient to know N∗ = nP ∗ in order to evaluate R(X∗, L̂). This is
always the case in standard applications of the jackknife.

The bootstrap distribution of R(X∗, L̂) can be approximated by
expanding R(P ∗) in a Taylor series about the value P ∗ = e

n
, we find:

R(P ∗) = R( e
n

) + (P ∗ − e

n
)U + 1

2(P ∗ − e

n
)V (P ∗ − e

n
)′ (B.6)

here

U =


...

∂R((P ∗))
∂P ∗i ))

...


P ∗= e

n

(B.7)

V =


. . . . . . . . .

. . . ∂2
R(P ∗)

∂P ∗i ∂P ∗j
. . .

. . . . . . . . .


P ∗= e

n

(B.8)

Expansion (5.4), and definitions (5.5), assume that the definition of
R(P ∗) can be smoothly interpolated between the lattice point values
originally contemplated for P ∗. How to do so will be obvious in most
specific cases, but a general recipe is difficult to provide.
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Appendix C

Mincer model and the theorem
of separation

C.1 Theoretical Aspect

Regarding the theorem of separation, the optimal schooling deci-
sion is necessary a solution to the following maximization problem:

maxs

∫ +∞

S
e−(r+d)tω(t)h(t)dt (C.1)

Assuming that individuals have finite expected lives so finite plan-
ning horizons we denote d the rate of death of workers. Initially
Mincer supposed that the individuals should spend an interval S in
full-time schooling, which means s(t) = 1 and s(t) = 0 thereafter.
We take that assumption out in our model, because we assume that
people can be illiterate (s(t) = 0) or fully educated (s(t) = 1) so
s(t) ∈ S(t) ⊂ [0, 1], therefore the workers will have a schooling level
of:

h(S) = ζ(S) (C.2)

where ζ() is an increasing, continuously differentiable and concave
function. If the individual works, the growth of his human capital
stock over time, for some ghgeq0, is given by the following differential
equation:

ḣ(S) = ghh(t) (C.3)

This equation can be solved as follows:
∂h(t)
∂t = ghh(t)⇔ 1

h(t)
∂h(t)
∂t = gh ⇔ 1

h(t)
∂h(t)
∂t

∂lnh(t)
∂t = gh ⇔

∫ ∂lnh(t)
∂t = gh

∫
dt

lnh(t) = gh
∫
dt

For the specific solution, we have:
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lnh(t) = K + gh
∫ t

0 dx
h(t) = eght +K
The growth of the wage over time, for some gw ≥ 0, is given by the
following differential equation:

ω̇() = egwt + C (C.4)

There’s a boundary condition w(0) > 0
It is supposed that gw + gh < r + d

Using equation equation C.3 and C.4 the maximization problem
(equation C.1) is equivalent to:

maxs
ζ(S)ω0e

−(r+d−gw)S

r + d− gw − gh
(C.5)

Since ζ(S) is concave, the function in equation C.5 is strictly con-
cave. Therefore, the maximization problem admits a unique solution
which is characterized by the first-order condition:

ζ′(S∗)
ζ(S∗) = r + d− gw ⇔ ∂ζ(S∗)

partialS∗
1

∂ζ(S∗) = r + d− gw
⇔ ln ζ(S∗) = constant+ (r + d− gw)S∗

In the labour market the wage earnings of the worker of age greater
than S∗ is determined by:
Y (S, t) = egwtegh(t−S)ζ(S)⇔ lnY (S∗, t) = constant+ (r+ d)S∗+ (gw +
gh)(t− S∗)

That equation is equivalent to the equation (3.36) in chapter 3,
with:
β0 = constant β1 = r + d β2 = gw + gh

The equation representing the earnings of the worker can be writ-
ten as follows:
lnY (S∗, t) = constant+ β1S

∗ + β2(t− S)

This is the standard Mincer equation where t− S is considered as
the experience accumulation of the worker after schooling time. In the
equation 3.20, when a cross-sectional comparison across workers is
made, the term [rtk0 + K0

T
+ (k0)2

T
]t turn into a constant, so that: is identi-

cal to the canonical Mincer equation also, where: [lnE(0)−k0− 1
2(k0)2]+

rS + [rtk0 + K0
T

+ (k0)2

T
]t = constant = β0 β1 = r β2 = −1

2(k0
T

)2 − rtk0
2T )

Hence:

lnY (S, t) = constant+ β1S + β2t
2 (C.6)

The separation theorem has two important roles for the Mincer
model. First it ensures the concavity to the experience term of the
equation as Mincer assumed it, and this theorem showed that the
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Mincer model can consider human-capital decisions separately from
consumption decisions. By the separation theorem, Mincer model
contains the fact that schooling decisions maximizes the net present
discounted value of people, therefore when an individual invests
in human capital by the way he maximizes the present value of his
earnings.

C.2 Ordinal multinomial logit estimates of the
Mincer wages model by category of work-
ers

TABLE C.1: Estimates of the Mincer wages model by
category of workers for other variables

Explanatory
Variables

Variables
levels

formal salaried informal salaried independent informal
β exp(β) β exp(β) β exp(β)

Intercept
Ref: [0,
1265]

(1265, 2485] 1.5185*
(0.7287)

4.5656 0.2676
(0.345)

1.3068 1.5062***
(0.2168)

4.5095

(2485, 5000] -0.4995
(0.7237)

0.6068 -
1.3382***
(0.3448)

0.2623 0.2519
(0.2155)

1.2865

(5000,
10000]

-2.577***
(0.7305)

0.076 -
3.0862***
(0.3528)

0.0456 -
1.2501***
(0.2164)

0.2864

(10000,
30000]

-
4.2843***
(0.7436)

0.0137 -
4.5195***
(0.3629)

0.0108 -
2.4766***
(0.2215)

0.084

(30000,
65000]

-
6.5751***
(0.7826)

0.0014 -
7.5029***
(0.4583)

0.0005 -
4.7661***
(0.2786)

0.0085

Household
size Ref:
[1, 3]

(3,6] 0.1083
(0.1998)

1.1144 -0.0941
(0.1217)

0.9102 0.0624
(0.0755)

1.0644

(6,10] -0.343
(0.2306)

0.7096 -0.2908*
(0.144)

0.7476 0.0859
(0.0902)

1.0897

(10,29] -0.3025
(0.5481)

0.7389 -0.5299*
(0.2842)

0.5886 -0.0073
(0.1822)

0.9926

Workplace
Ref: premise

Without
premise

-1.845
(0.2745)

0.158 -0.1614
(0.1515)

0.8509 -
0.5239***
(0.069)

0.5921

Source: author’s calculations from EEEI 2007; significance level codes: ***= 0.1%;
**= 1%; *= 5%; "=10%.
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TABLE C.2: Multinomial logit estimates of the extended
Mincer wage model by category of workers - Global

fitting model

Model Log likelihood Chi-square p-value
formal salaried -716.641 16.61 .0000***
informal salaried -1929.13 12.186 .00000***
independent informal -5174.591 5.457 .000000***

Source: author’s calculations using the data of the survey EEEI 2007; significance
level codes: ***= 0.1%; **= 1%; *= 5%; "=10%.

TABLE C.3: Estimates of the Mincer wages model of
poor workers for other variables

Explanatory
Variables

Variables
levels

formal poor workers informal poor workers
β exp(β) β exp(β)

Marital
status
Ref: Free
union

Married -1.0021*
(0.4938)

0.3671 0.0644
(0.1115)

1.0665

Separated 0.6423
(0.6224)

1.9008 0.0635
(0.1572)

1.0656

Single 0.1643
(0.4550)

1.1785 -0.0709
(0.1367)

0.9315

Industry
Ref:
Manufacturing

Building and
Construction

— — 0.2560
(0.2734)

1.2917

Trade — — -0.1223
(0.1447)

0.8848

Services -0.8938
(1.2046)

0.4091 -0.0775
(0.1532)

0.9254

Others -0.6602
(1.7459)

0.5167 0.1417
(0.108)

1.1523

Household
size Ref:
[1, 3]

(3,6] -0.2635
(0.4017)

0.7683 0.0724
(0.1067)

1.0751

(6,10] -0.7404*
(0.4438)

0.4769 0.0511
(0.1256)

1.0524

(10,29] 0.292
(1.0499)

1.339 -0.0164
(0.2383)

0.9837

Workplace
Ref:
premise

employer’s lo-
cal

-35.7504
(2850.211)

0.0000 -0.0871
(0.1049)

0.9165

Without
premise

-0.5037
(0.4865)

0.6042 — —

Source: author’s calculations from EEEI 2007; significance level codes: ***= 0.1%;
**= 1%; *= 5%; "=10%.
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TABLE C.4: Estimates of the Mincer wages model of
non-poor workers for other variables

Explanatory
Variables

Variables
levels

formal poor workers informal poor workers
β exp(β) β exp(β)

Marital
status
Ref: Free
union

Married 0.7899*
(0.38782)

2.2032 0.2463*
(0.1343)

1.2792

Separated -0.045
(0.6825)

0.9559 0.0543
(0.2139)

1.0558

Single 0.4776
(0.4531)

1.6122 0.0359
(0.1745)

1.0366

Industry
Ref:
Manufacturing

Building and
Construction

1.6889
(1.3751)

5.414 0.5118*
(0.2417)

1.6683

Trade 1.7431
(2.0132)

5.7152 -0.0442
(0.1799)

0.9567

Services -0.3469
(0.6731)

0.7068 0.1458
(0.1763)

1.1570

Others 0.6402
(0.9227)

1.8968 -0.0098
(0.4312)

0.9902

Household
size Ref:
[1, 3]

(3,6] -0.202
(0.3032)

0.817 -0.2402*
(0.1303)

0.7865

(6,10] -0.6106
(0.3648)

0.5429 -0.2918*
(0.1573)

0.7468

(10,29] 0.5097
(0.9143)

0.601 -1.0994*
(0.4718)

0.3331

Workplace
Ref: premise

without
premise

0.3993
(0.6568)

0.6707 -0.0872
(0.1334)

0.9164

Source: author’s calculations from EEEI 2007; significance level codes: ***= 0.1%;
**= 1%; *= 5%; "=10%.

TABLE C.5: Multinomial logit estimates of the extended
Mincer wage model of non-poor workers - Global fit-

ting model

Model Log likelihood Chi-square p-value
formal non-poor -247.8725 2.8310 .0000000***
informal non-poor -1254.637 5.7201 .0000000***

Source: author’s calculations using the data of the survey EEEI 2007; significance
level codes: ***= 0.1%; **= 1%; *= 5%; "=10%.
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Appendix D

Markov Chain Monte Carlo in
the Dirichlet Process

D.1 Describing of the Markov Chain process
into the clusters

Given all these considerations that we stated earlier, the unob-
served data will be treated as a realization of a stochastic process
{θt}Tt=1. In this process the marginal distribution and the depen-
dence structure are subject to a hierarchical and semi-parametric
specification (Yau et al., 2011). Let {st}Tt=1 be a Markov chain with
discrete state space S = 1, . . . , K with corresponding observation
sequence y = (y1, . . . , yT ). Transitions between the hidden states in-
duced by Markov dynamics are represented by the transition matrix
q = [qi,j]i,j∈S where q(i, j) = p(st = j/st−1 = i), for i, j ∈ S and
q0,i = p(s1 = i) represent initial state probabilities, and the first DPM
becomes. For each state st it exists a parameter θst ∼iid H , which con-
trols the observation likelihood for that state: yt/st ∼ F (θst), where
H is a prior distribution. The conditional distribution of yt given st
is called emission distribution and the latent stochastic process kt
determines which component of the emission mixture distribution
yt should be allocated to. Consider the HMM parameters q0, q, θ,K,
in the hidden states s and the observations y, with s0 = 0 the joint
distribution is given by:

p(s, y/q0, q, θ,K) =
T∏
t=1

p(st/st−1)p(yt/st) (D.1)

Without other prior information on the state sequence, the prior for
the transition probabilities are symmetric Dirichlet distributions. The
introduction of coupling across transitions can be realized through the
Bayesian formalism by sharing the parameters among the Dirichlet
priors with a higher level prior. If we denote qk ∼ Dirichlet(αβ) the
transition probabilities out of state k and β ∼ Dirichlet(γ/K, . . . , γ/K)
the parameters vector of the shared prior, as K →∞, the above hier-
archical prior approaches a hierarchical Dirichlet process (Teh et al.,
2006).
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The shared base measure is given by: G0 ∼ (γ,H) where H repre-
sent a global base measure. The stick breaking construction for HDP
expresses the random measures as follows: G0 = sum+

k′=1∞νk′δθk′
and Gk = sum+

k′=1∞qkk′δθk′ where β ∼ Beta(1, γ) is the stick break-
ing construction for DP, qk ∼ DP (α, β) and θ′k ∼iid H . Either the
transition probabilities q(kk

′) from state k to k′ or the emission dis-
tributions parameterized by θk′ are described by each Gk, st/st−1 ∼
Multinomial(qst−1) that permits to define globally the infinite HMM.

D.2 Describing of the Markov Chain Monte
Carlo in the Dirichlet Process

Through the Gibbs sampling process above each θkr is updated.
During the hierarchical Dirichlet process, the elements of the data set
are supposed to be independent at each time of the process and there-
fore structural changes over time imply a sequence of hidden state
with the Markov dynamics. This hidden state sequence defines the
Hidden Markov Model (HMM), hence sampling for local clustering
is induced by the HMM.

In our model the parameter vector θ and the auxiliary variable
u are the unobservable and the observed data are x = (xi1, . . . , xim).
Therefore the solution of the inference problem is the posterior distri-
bution p(θ, u/x). Nevertheless, it is uneasy to characterize the poste-
rior distribution because p(θ, u/x) is complex and high-dimensional;
standard sampling methods cannot be applied. But Markov Chain
Monte Carlo methods propose a way for sampling from such high-
dimensional model, which is a simulation based method. We are able
to sample draws slightly dependent from p(θ/x), let Θ be the space
parameter. Consecutive draws lead to a time component indexed by t.
Consider a draw of θ(t) to be a state at iteration t, the next draw θ(t+1)

depends only on the current draw θ(t) but not on the other past draws.
Such process satisfies the Markov property

p(θ(t+1)/θ(t)) = p(θ(t+1)/θ(1), . . . , θ(t)) (D.2)

Therefore our Markov chain is constituted by a lot of draws of θ
that are each slightly dependent of their immediate past. The chain
runs through the parameter space having in memory only its position
during the last period. The manner that our Markov chain jumps from
one state to another at each period is leaded by a transition kernel.
A transition kernel refers to a mechanism that describes the proba-
bility of moving to some other state based on its current state. For
a defined stationary distribution π, the Markov chain will converge
to π regardless the starting points. Running the conceived chain, we
can obtain draws that are approximately from our posterior distri-
bution once the chain has converged. Since the convergence of the
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chain is set, we can use Monte Carlo integration methods. Thanks
to the Ergodic theorem, we can calculate quantities of interest from
our draws neglecting the dependence between draws. Hence, we can
consider MCMC as a class of methods allowing simulation of draws
that are slightly dependent and are approximately from the posterior
distribution.

FIGURE D.1: Earnings distribution according to educa-
tional level
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