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Abstract

This paper analyses the impact of the emergence of the petroleum sector on household wellbeing
in Chad. A special attention is given to the impact of oil revenues distribution on
multidimensional wellbeing. To monitor the change in wellbeing over time, we estimate a
synthetic index of multidimensional wellbeing, and this using two household surveys, collected
in 2003 and in 2011. Our results show that the multidimensional inequality has slightly increased
between these two periods. Also, the poorest group in rural areas have earned improvement from
the public services (education, housing, etc.) thanks to oil revenue investment, while the richest
in urban areas benefits more from facilities. For most of population, it was observed a positive
growths in housing and in durable goods. But the education progress failed over oil exploitation
period in Chad. With regards to the impact of oil revenue transfers, the results show that on
average, departments receiving intense oil transfers increased significantly their

multidimensional wellbeing.
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Executive summary

Assessing the pro-poorness of economic events, like growth, governmental intervention or
economic shocks, has become a general topic of policy discussion in several new development
paradigms. This is especially relevant in the Chadian context characterized by a boom in oil
exploitation since 2003, actually main source of growth, a high poverty rate and unequal oil

revenue repartition among regions.

This study analyzes the effect of oil exploitation on multidimensional wellbeing through oil
revenues investment between 2003 and 2011 in Chad. Oil provides a bulk of funding to finance
the Chadian development projects. It accounts for 88% of exports on the average since 2004
(PND, 2013). There are different reasons that can justify this form of investigation. The
petroleum rent may not have an instant monetary impact in the shorter term. Indeed, it is
expected that the petroleum rent will be more devoted to improve the non-monetary dimensions
of wellbeing, like the provision of education and health services, the improvement in the
economic infrastructures, like roads and transportation services etc. To monitor the non-
monetary wellbeing over time we start by estimating a synthetized multidimensional index of
wellbeing. Based on this, we assess the pro-poorness of growth in non-monetary wellbeing; we

evaluate the impact of oil revenues redistribution policy on socioeconomic outcomes.

In this study, we use Data from Chad household consumption and informal sector surveys
(ECOSIT 2 and ECOSIT 3 conducted in 2003 and 2011 respectively), the first and second
General Population and Housing Census (GPHC) carried out in 1993 and 2009 respectively, as
well as information about oil activity and distribution of oil revenue in Chad. ECOSITSs provide

rich information about housing, education, and durable good used as wellbeing indicators.
The main findings from this analysis are:

+ The multidimensional inequality has slightly increased between 2003 and 2011 from
0.591 to 0.609. This shows the need to better target the deprived regions by the equitable

public investments.

% The poorest group in rural areas have earned improvement from the public services

(education, housing, etc.) thanks to oil revenue investment. Also, the richest in urban
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areas benefits more from facilities as is the case of the population largely concentrated in
towns as N’Djamena. In return, the urban localities require more attention to better help

the poor for access to facilities and services.

Our results show positive growths in housing and durable goods and that is for practically
the whole population. But the education progress failed over oil exploitation period in
Chad.

Finally the results show that on average, departments receiving intense oil transfers
increased their multidimensional wellbeing about 35 percent more than those
disadvantaged by the oil revenues redistribution policy. In addition, far the department is

from the capital Ndjamena, lower is the average multidimensional wellbeing.

Based on these results, policy implications can be drawn

Since the multidimensional inequality has increased in Chad, the redistribution policy
targeting housing, education and durable goods have to be improved in order to promote
the development of the middle class because, more the middle class emerges in country

better is the reduction of inequality.

The policies aiming to improve the poor wellbeing in Chad have to be accompanied by
efficient investments in education, environment facilities (lighting type, hygienic,

cooking energy, etc.) and to facilitate the household’s access to durable good.

In order to better improve the average multidimensional wellbeing at national level, oil
revenue redistribution policy in Chad have to target more the poorer departments.

Government has to invest so in the departments which are far from the capital city.
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1. Introduction

Chad has been experiencing the oil exploitation in 2003. The investments in oil sector made
between 2000 and 2002, and the oil production which started in October 2003 have greatly
accelerated economic growth since 2000. The GDP growth rate which was 3% average in the
90s, reached 7% on average from 2001 to 2013 (INSEED, 2013). Oil provides a bulk of funding
to the Chadian government. It accounts for 88% of exports on average since 2004 (PND, 2013).
In addition, the commercialization of refined oil from "Djarmaya"' since 2010, and the
derivatives products (gas) have helped to strengthen the financial capacity of the Chadian
authorities. Oil activity covers, on average, over 30% of GDP (WDI, 2015) and provides at least
75% of ordinary budget revenues (BEAC, 2013)°.

Oil rents are the main source of the government revenue and growth in Chad. They are used to
finance major investments in Chad. The allocation of oil revenue, under the control of CCSRP?,
IS moving towards the so-called priority ministries namely infrastructure, education, health,
social affairs, agriculture, in order to reduce poverty and inequality. However the country’s
capacity to manage and the redistribution policies set in order to reduce both poverty and
inequality across the country’s regions are the real challenge. This challenge raises out the issue
of resource curse that is a situation in which abundant natural resources hinder the improvement
of socio-economic outcomes. The clumsy allocation of oil revenues across the country does not
account for the disparities among regions. The distribution of oil revenues is done unevenly and
does respect neither the population density of the regions, nor the level of well-being. In
addition, Chad does not record good indicators of development. For example, the country ranks
184™ over 187 countries in 2013 according to its Human Development Index (UNDP, 2013).
(INSEED, 2013) shows that 46.7% of Chadians live in extreme income poverty in 2011, the

depth of poverty is around 19.7% and, the gap between the rich and the poor has widened.

! Djarmaya is the site where the oil industry is installed.
2 Bank of Central African Countries.
¥ CCSRP : Collége de Controle et de Surveillance des Revenus Pétroliers.



It is acknowledged that higher economic growth better benefits the poor when levels of
inequality are lower and the gains of development are equitably distributed. The growth led by
natural resources could be associated not only with the widening in differences of living
standards across regions but also within regions (Buccellato & Mickiewicz, 2009). Inequality is a
common concern, strongly perceived by people as well as by governments that redistribute
resources through taxation and public expenditure. It is well known that economic growth in
African countries is highly based on raw materials and natural resources, especially oil revenues
in the case of Chad. However, the dismal performance of most countries is often ascribed to the
resource curses because of weak linkages between the exploitation of mineral resources and the
rest of the economy, thus the ability of government intervention to provide minimal poverty
reduction is mitigated (Thorbecke, 2009, 2013).

The oil revenues investment should contribute to improve households’ wellbeing which includes
monetary and non-monetary dimensions. However, the monetary dimension of wellbeing does
not give information about the capabilities of household such as access to health, education, and
housing (Araar, 2009). Therefore, it’s important to know in which extent the disparities related to
multidimensional wellbeing has changed between 2003 and 2011. The goal of this study is to
investigate the effects of oil exploitation and oil revenues redistribution on wellbeing between
2003 and 2011. Specifically, the study aims to: estimate a composite index of multidimensional
wellbeing (MDW) among regions between 2003 and 2011 in Chad; assess the pro-poorness of
growth in MDW between 2003 and 2011 in Chad; and finally investigate the impact of oil
revenues redistribution policy on MDW at local level in Chad. Our contribution consists firstly,
by analyzing the effect of oil revenue on wellbeing in Chad, this investigation may draw relevant
recommendations for decision makers to better invest the oil revenues in order to improve the
well-being of the populations. Secondly, by assessing the improvement in MDW through the
pro-poor growth analysis, we provide evidence that for the large middle class, the wealth have
decreased between 2003 and 2011 in Chad. Finally, we are unaware of any previous research
that has examined potential effects of oil revenues redistribution policy on MDW in Africa, to
the best of our knowledge. Our study attempts to fill this important gap in existing empirical

literature.



The rest of the paper is organized into 5 sections. Section 2 presents a brief literature related to
natural resources, growth and redistribution. Section 3 gives brief information relative to oil
exploitation in Chad. Section 4 provides empirical strategies to assess the effects oil exploitation
on the MDW and describes the data. Section 5 presents and analyses the results. Finally, section

6 concludes and proposes the policy recommendations to improve the wellbeing in Chad.
2. Literature review
2.1 Natural resources booms and inequality

Recently, researches have linked inequality to natural resources. Hence, the redistribution policy
issue is relevant in the context of natural resource exploitation. The starting point when
analyzing the relationship between natural resources and inequality is the “resource curse” theory
which implies that the countries largely endowed in natural resources growth less than resource
poor countries (Sachs & Warner, 1995).

The relationship between natural resources booms and inequality is ambiguous. While some
authors, as Lopez-Feldman et al. (2006), Goderis and Malone (2008), Mehlum et al. (2012),
Howie and Atakhanova (2014) show that natural resources can reduce inequality. Others
emphasize the depleting nature of these resources (Buccellato & Alessandrini, 2009; Buccellato
& Mickiewicz, 2009; Carmignani, 2013; Fum & Hodler, 2009; Gylfason & Zoega, 2003;
Mallaye et al., 2014; Sarraf & Jiwanji, 2001). So, according to Goderis and Malone (2008) the
boom in mineral resources reduces income inequality in the short run, but in the long run, these
inequalities return to their original level. The similar results are established by Mallaye et al.
(2014) for which there is a non-linear relationship (U-shaped) between oil rent and inequality.
Howie and Atakhanova (2014) in turn establishes, that the resource boom reduces inequality.
Moreover, unlike rural areas, the quality of institutions is the most important factor in reducing

inequality in urban areas.

In contrast, Gylfason and Zoega (2003) show that the dependence on natural resources leads to
two effects: a decrease in the growth and increasing inequality. Fum and Hodler (2009) argue
that, the ethnical composition of the societies is a key factor in reducing or increasing
inequalities related to natural resources. In ethnically polarized countries, one group can have

enough power to take over the entire resource rents. Therefore, this group becomes richer than
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others. In contrast, in ethnically homogenous countries, none of the ethnic groups can capture the
resource rents. Finally, Carmignani (2013) provides evidence that inequality is a transmission
channel of the effect of natural resources on human development ; since resource boom increases

inequality and higher inequality contribute to lower human development.

At all, it appears that the initial conditions, governance and democracy, among others are
important for a nation to transform the abundance of natural resources to a blessing, by reducing
poverty and inequality. The most famous example was the case of Norway, where natural
resources have improved the living standard of population and reduce income inequality. The
main factors that led to this success are: the redistribution of public spending on social security
and social services, the accumulation of human capital through investment in education and

health, and the creation of a stabilization fund (Mehlum et al., 2012).

Because of its strategic place and importance of disposable income, oil is the natural resource
with the highest probability of occurrence of the resource curse (Alexeev & Conrad, 2005; Ross,
2004). Therefore, the question for oil rich countries is: how is it possible to be so rich, but yet so

poor?

Although the important literature devoted to the relationship between natural resource and
income inequality, multidimensional inequality seems to have been ignored. In this paper, we
questioned the relationship between oil rent and multidimensional inequality in order to take into

account household's capabilities.
2.2 Empirical studies and the impact of mining exploitations on wellbeing

The analysis of the impact of the mining/oil production or mining/oil revenues transfers on social
and economic behaviour has been raised out by several recent studies. These studies, similar to
ours, have used difference-in-differences (DID) approach to estimate the distributed effects of
valuable natural resources on the producing districts or producing regions wellbeing or on the

recipients of abundant resources.

Postali (2009) evaluate whether royalties distributed under the new law have contributed for the
development of benefited municipalities in Brazil. The difference-in-differences estimators show
that royalty receivers grew less than municipalities that did not receive such resources. The

resource-dependent countries exhibit more anemic economic growth, even after controlling for
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state-specific effects, socio-demographic differences, initial income, and spatial correlation
(James & Aadland, 2011). In term of poverty alleviation, Mabali and Mantobaye (2015) have
observed the spillover effects of oil revenues in Chad and found evidence that the nonmonetary
poverty, as social indicator, didn’t decrease in the oil producing region compared to others. But
the impact of royalties or rents could be positive in some cases. The nature of the impact depends
on the institutions’ quality and the redistribution policy. Postali and Nishijima (2013) show that
royalties had a positive impact on household’s access to electric wiring, piped water and waste
collection, as well as in the decrease of illiteracy rate. In the same vein, Zambrano et al. (2014),
assess the systematic differences in district-level welfare outcomes between mining and non-
mining districts in Peru. They found evidence that the condition of being mining-abundant

district have a significant impact on the pace of reduction of poverty rates and inequality levels.

At all, despite the high petroleum potential of Africa in general and specifically Chad, relatively
few empirical studies were done on inequalities generated by oil resources. Therefore, our study
by raising the problematic of oil revenue distribution tries to fill the gap in existing empirical
literature in Africa. The study is expected to result in relevant recommendations for decision
makers to better invest the oil revenues in order to improve the well-being of the populations.

3. Oil exploitation, oil rent management and some social effects in Chad

Chad has become an oil producing country since October 2003. In early 2000 the development of
oil field generated a brief employment possibility” to the natives of the producing region and also
to the population of the neighbouring regions. The number of oil well drilling has been estimated
to 800 in 2012 (Schlee & Hoinathy, 2013). The compensations were paid to farmers for the loss
of their farmland and their trees®. Therefore oil project has been seen as a driver of the

development in Chad.

* As the development of oil fields (navying, drilling and pipeline construction) provides the job possibility for
unskilled worker, the native of the producing region and the population from the neighboring regions have benefited
from brief job possibility between 2000 to 2004.
® Schlee and Hoinathy (2013) noticed that individual compensations have been used for five types of expenditures:
(i) productive investment (hitch oxen, ploughs, ploughs, etc.) and means of transportation (motorcycle and bicycle),
(if) commercial activities (mills, shops, liquor) and real estate investment (acquisition of land/building), (iii)
acquittal of marital benefits for new or old wives, (iv) consumption and leisure expenditures (food, school for
children, alcohol, etc.).
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Oil exploitation provides important financial resources. Total oil revenues in Chad are
constituted by the direct revenues (dividends and royalties)® and indirect revenues (income tax,
fees and taxes paid by employees, work permits, customs duties and other fees). According to the
report of the oil company ESSO (2012), total oil revenues received by the government of Chad
between 2003 and 2012 is estimated at 10.195 billion dollars of which 65% comes from taxes on
profits made by oil companies. These resources from the sale of crude oil have been reinforced
by the commercialization of refined oil done by National Hydrocarbon Society (SHT) and China
National Petroleum Corporation International Chad (CNPCIC) since 2010. Given the high level
of poverty incidence in Chad in 90s, Chadian authorities and its partners in the oil project have
taken ex-ante dispositions to ensure a better track of the management of oil revenues in order to
effectively reduce the poverty. The Law 001/PR/1999 constituted the legal framework that was
supposed to ensure this proper management (Mabali & Mantobaye, 2015). This Law on oil
revenue management, adopted in 1999 has predetermined the distribution of expected oil
revenues across the priority sectors’ without ignoring the future generations. Initially, this law
projected that 70% of direct oil revenues are allocated to priority sectors, 15% to specific
investment of the state, 5% to the producing region and 10% is devoted to future generations.
But in 2006, the new management program has been set and the fund for future generations has
been abolished. The share of specific investment of state increased to 30%, the list of priority
sector was expanded to the department of defence and national security and their share decreased
approximately to 65%. The government has set up the National Poverty Reduction Papers
(NPRP1 from 2003 to 2006 and NPRP2 from 2008 to 2011) and established the National
Development Plan (PND) in 2013 to support the oil revenues management law in order to better
reduce the poverty. In this vein, the oil revenues allocated to the priority sectors have been
invested for the building of different types of infrastructure (schools, hospitals, water wells,
energy, roads, markets, etc.) in the different administrative departments. These revenues are also

used for rural development (agriculture, life stock) and environment improvement.

® According to CCSRP (2012), Chadian Government earns 12,5% of dividends and royalties from the first oil fields
in Doba (first producing regions since 2003) and, 14,25% of directs revenues from the production in the new
producing regions (Logone Occidental and Chari Baguirmi).
" Priority sectors under the law N° 001/PR/1999 were: education, health and human services, rural development,
infrastructure, and environment and water resources.
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Oil project has provided more positive impacts in term of financial resources, but the negative
effect cannot be ignored. Oil exploitation generates several environmental negative effects:
contamination of ground water, accidental chemical spills, reduction in air quality etc. In the case
of Chad, the accidental pouring of crude oil in October 2010 has contaminated the rivers in some
part of the producing region®. In 2014, the conflicts on the spill of chemical waste opposing the
Chadian government and the Chinese oil company CNPCIC (China National Petroleum
Corporation International Chad) rightly confirm the environment’s degradation in Chad. The
destruction of the environment has made the poorest riverside communities vulnerable and has
deleterious impacts on agriculture activity. There are many negative effects relatives to oil
exploitation project in Chad. These effects are likely to affect the wellbeing in the producing and
neighbouring regions. But this issue is not the concern of our study. We focus specifically on the
effect of the oil revenues redistribution on wellbeing rather than the deleterious impact of the

environmental degradation.
4. Methodology
4.1 Data

Data used in this research are drawn from two main sources. Firstly, we use the two recent Chad
household consumption and informal sector surveys ECOSIT 2 and ECOSIT 3 conducted in
2003 and 2011 respectively by the National Institute of Statistics, Demographic and Economic
Studies (INSEED). After controlling for missing data, 6,695 households are considered through
the survey in 2003 against 9,259 in 2011. Besides the fact that these household surveys provide
unique data sources to conduct analyses of non-monetary wellbeing in Chad, their stratified
sampling design also helps to cover all the department within the country. In addition, they are
appropriate to conduct our DID analysis since ECOSIT 2 and ECOSIT 3 offer respectively the
pre and post-intervention information. Secondly, the CCSRP organ provides data on the amounts

of oil revenues allocated between departments since 2008.

® In 2010, 200 barrels have been accidentaly poured in Komé, the main site of oil production in Chad (ESSO, 2012).
13



However, a specific harmonization at the post-intervention level is required to match both data
sources. Indeed, ECOSIT 3 and CCSRP don’t cover the same number of geographical units®.
ECOSIT 3 covers 20 regions and 73 departments, while CCSRP covers 12 regions and 62
departments. But, we are still able to recover each region and each department of the CCSRP
from the ECOSIT 3 coverage scheme because the high number of geographical units from
ECOSIT 3 is derived from the division/explosion of some units from CCSRP. Therefore, our
baseline coverage scheme is the one of CCSRP because it provides the lowest number of
geographical units. Then, we regroup departments from the ECOSIT 3 coverage scheme in order

to find again the departments from the baseline.
4.2 Empirical strategy

4.2.1 Assessing the Multi-Dimensional index of wellbeing

Mainly, we will use the factorial analysis technic to construct a composite index of wellbeing,

and this, starting from a large set of welfare and of access to facilities indicators.

There are many dimensions of wellbeing which can be influenced by oil revenue through its
investment and transfers. In this study, we focus on four dimensions of wellbeing, which are the
housing, education, and durable goods according to information available in ECOSIT
databases'®. For these dimensions, we dispose a set of primary indicators (non-monetary
indicators), which will be strongly related to the dimension that they represent. Considering the
fact that all used indicators are categorical, the Multiple Correspondence Analysis (MCA)
technique becomes the appropriate method to estimate the individual scores of wellbeing. In this

vein, the individual i non-monetary wellbeing can be quantified following the formula below:

Ji
izwjk i,
W, =k=ﬂ% [1]

® In Chad, sub-national administrative units are called regions, departments, districts, and sub-districts in decreasing
order of size since the Decree N°419/PR/MAT/02 on 17" October 2002. Department is the lowest administrative
unit retained because data from CCSRP about oil revenues redistribution do not go beyond this geographical scope.
% These dimensions reflect the sectors where oil revenues are mostly spent according to the National Poverty
Reduction Papers (NPRP1 from 2003 to 2006 and NPRP2 from 2008 to 2011).
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where K is the number of categorical variables, J, the number of categories for indicator k,

l;; the binary indicator taking 1 if the individual i has the category j, and w; is the

normalized first axis score of the category j, .

4.2.2 Non-income Pro-poorness measure

The measurement techniques of pro-poor growth are largely focusing on income dimensions.
Thin attention has been put on multidimensionality of pro-poor growth. However, given that
poverty is multidimensional phenomenon, the pro-poorness measure will be also
multidimensional (Kakwani & Pernia, 2000). In this end, we follow Grosse et al. (2008)
inspired by Klasen (2008), by extending the Growth Incidence Curve analysis to non-monetary
dimensions. We measure the pro-poor growth using outcome based welfare indicators as housing
infrastructures and environmental facilities, basic education infrastructures and durable goods
selected via the Multiple Correspondence Analysis (MCA) principles. Thus, to obtain the non-
income growth incidence curve (NIGIC), we rank the individuals by individuals’ scores of well-
being computed via the non-income indicators indicated above and generate the population
centiles based on this ranking.

4.2.3 Difference-in-Difference approach

Based on the assumption that the oil revenues redistribution policy (ORRP) could help to
improve individuals’ living standards across departments since investments in social sectors like
health, education, water provision, infrastructures are mainly financed by oil revenues in Chad,
our third specific objective is to assess the impact of ORRP on MD wellbeing in Chad. To do
this, we consider an impact evaluation analysis framework based on a hypothetical oil rents
redistribution mechanism™*. Indeed, it is acknowledged that to better alleviate resource curse and
achieve development goals, natural resource governance requires that redistribution mechanisms
must be done according to development needs in different localities'®. Thus, assuming that

development needs are highly correlated to the size of the population in each geographic unit

' The law 001/PRC/99 from 1999 describes the management and allocation of oil revenues by the central
government throughout regions and departments of the country.
12 several works discuss the social and economic efficiencies of different redistribution mechanisms of natural
resources rents around the world. See for instance Sala-i-Martin and Subramanian (2003), Sandbu (2006), Segal
(2011), Maguire and Winters (2016) for a detailed literature review.
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(department), it is possible to consider a ratio indicating for each department whether the

redistribution policy has been favorable or not to its demographic needs. The ratio is given by:

Oil Revenues Budgetpepartment

Oil Revenues Budgetygrional __ Otld [2]

r, = - =
d Populationpepartment Demyg

Populationyational

Where 0il, represents the percentage of oil revenues budget received by the department d, and
Dem, indicates its demographic weight™. A ratio ; < 1 shows that oil share received by the
department is lower than what its population represents compared to the national population.
Thus, such a redistribution seems disadvantageous for this department given that the percentage
of oil revenues received does not match its demographic needs. Conversely, a ratio r; > 1
indicates that the redistribution policy is favorable for the considered department. If r; = 1, the
demographic needs are exactly matched. Then, the per capita oil revenues budget for the
department is exactly equals to the one at national level (see equation 2 below). Table 1 in

Appendix shows in details the values of Demg, Oil; and r; computed for each department.

if Oil Revenues Budgetpepartment __ Oil Revenues Budgetygtional [3]

Td=1

Populationpepartment Populationygtional

Regarding our identification strategy, we assume as a benchmark reference that the treated
department are those that have received a per capita oil revenue at least higher than that at
national level. Indeed, the ratio r, allows us to build two groups of departments according to oil
transfers received during the post-intervention period (after year 2003). The first group is
represented by treated departments for which ratio is greater or equal to 1. The second group is
constituted by untreated departments disadvantaged by the redistribution policy for which ratio

is less than 1. To sum up, within a setting of N departments in Chad, N, <N departments
scoring a ratio r, >1 will be the treatment group, while the remaining N, = N — N, departments
will represent the control group. Following Zambrano et al. (2014), we also assume that for each

department d e[l, N], there are two potential outcomes. First, Y,(0) denotes the outcome that

3 The percentage of oil revenues will be computed through data from CCSRP based on the average amount of direct
oil revenues redistributed throughout the country between 2008 and 2011. Information before 2008 are not available,
while data after 2011 go beyond the scope of this study. However, demographic weights are given by the second
General Population and Housing Census conducted by INSEED in 2009. These demographic weights will be easily
imputed in year 2011 under the assumption that the population has not highly changed between the two dates.
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would be realized by department d if it had not received oil shares that at least match with its

demographic needs. On the other hand, Y, (1) denotes the outcome that would be realized by

department d after receiving oil shares which are not disadvantageous regarding its

demographic needs. Assuming that the probability of getting a ratio r, >1 is independent from

any observable characteristics of the recipient departments out of their respective demographic

weights, difference Y, (1)-Y,(0) represents the causal effect at the departmental level'*. Then,

difference-in-difference (DID) approach is our preferred method to estimate the average effect of

the treatment™®.

We implement DID estimation approach within a linear regression framework. Our basic model
follows the one discussed by Imbens and Wooldridge (2009) and is given by:

Ydt=a+Y'T+A'Dd+6'(T'Dd)+ﬁ-th+gdt [4]

Where Y, is the outcome (average MDW score) in department d at time t; T is a dummy variable
equals to 0 in pre-intervention period (2003) and 1 in the post-intervention period (2011); D, is a
dummy variable equals to 1 for the treated department and O otherwise; X, is a set of department
characteristics; and g4, represents the error term assumed independent and identically
distributed®®. In equation [3], § is the main parameter of interest since it represents the DID
estimate of the average treatment effect of the intense oil revenues. Also, coefficient a indicates
the full set of department dummies. Table 2 provides definition and descriptive statistics of
variables. Given the panel data setting, equation [3] is estimated using DID panel models. Fixed

effects (FE) and random effects (RE) models are estimated successively. For the choice between

 These two potential outcomes are mutually exclusive; only one of them can be realized.

1> Some departments are exposed to the treatment (intense oil revenues r; > 1), while others are not. In our two
period setting (before and after 2003), DID estimation bypasses biases in second period comparisons that could be
the result from permanent differences between treated and untreated departments, as well as biases arising from time
trends unrelated to the oil revenues transfers. Indeed, according to the parallel trend assumption, the DID approach
assumes that in absence of oil transfers (pre-intervention period), temporal trends in outcomes across treated and
untreated departments would be the same.
18 For the DID estimators to be interpreted correctly, we assume the following assumptions hold cov(eg, T) = 0;
cov(ege, Dg) = 0; and cov(ey, T-Dy) = 0. This last covariance shows the most critical assumption known as the
parallel trend assumption. It means that unobserved characteristics affecting program participation for each
department (intense oil revenues redistribution) do not vary over time with treatment status. It’s usual to conduct the
Ashenfelter dip test to test for the violation of the parallel trend assumption. However, it requires more than two
periods and we have no idea of its plausibility with two periods as in our case study. Therefore, we assume that this
assumption holds.
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the random effect and the fixed effects models, we use the auxiliary test proposed by Mundlak
(1978) which is valid even under heteroscedasticity (see also Wooldridge, 2010). Note that the
RE model is based on the assumption of unrelated effect (UE) or the no correlation between the
error term and the observables (X covariates).

5. Application and results
5.1 Analysis of Multidimensional wellbeing

The multidimensional wellbeing (MDW) is based on a large number of dimensions, it is helpful
to synthesize its level in a composite index. In practice, for each dimension of wellbeing, like
education, we have a set of primary indicators. Our strategy was to use the factorial analysis
approach and precisely the Multiple Correspondence Analysis (MCA) to quantify the MDW.
Intuitively, the factorial analysis seeks to determine the inter-correlation between the different

indicators to summarize the information and to quantify the MDW.
5.1.1 Selection of the primary indicators to assess the MDW scores

We realize a preliminary MCA that takes into account 23 variables from 4 dimensions of
wellbeing (housing, education, health and durable goods). This step allowed the choice of the
variables that will be used to construct the MDW index. We used a graphical representation of
the variables to better look at their spreads on the first axis and thereby, to appreciate the
discriminating power of each variable. We conclude that the variables as consultation, reason of
dissatisfaction, sanitary, and bicycle have a low discriminating power. Variables which did not
deal either with the First Axis Ordering Consistency (FAOC) property or the discriminating
power criterion have been removed. Finally, one dimension (health) and a total of five variables
have been removed after the first MCA. Therefore, three dimensions and 18 variables have been
retained to run the final MCA (table 3).

5.1.2 Description of selected dimensions between 2003 and 2011

Before presenting the results of the MCA, we present an overview of the evolution of the

selected basic indicators for each dimension of well-being (table 4).

a) Housing infrastructures and environmental facilities
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The evolution of housing infrastructure and environmental facilities between 2003 and 2011
appears ambiguous. While improvement was observed for some indicators such as nature of the
walls, roof and ground, decline was observed for some others as lighting type, garbage vacation
and nature of toilet. On the one hand, the proportion of household using cement for walls has
slightly increased from 10% to 13% while the proportion of those used straw or/and banco for
walls decreases from 88% to 80%. However, the situation is different according to the living
area. In rural area, the proportion of household using cement for walls has slightly decreased
from about 8% to 6%. There was increase in the proportion of household using solid root and
cement for ground at national level. This dynamics was similar in both urban and rural area. On
the other hand, between 2003 and 2011, there was a decline at national level in the proportion of
household using modern lighting type (from about 7% to 3%), hygienic garbage vacation (from
about 24% to 9%), and hygienic toilet (from about 12% to 7%). Moreover, the magnitude of

decline is more pronounced in rural area compare to urban.
b) Education and durable goods

Between 2003 and 2011, the proportion of individuals knowing to write at national level has
decreased, from about 26% to 19%. The dynamics is the same in both rural and urban area, with
more magnitude in urban area. The story is different when considering the proportion of
individuals that experimented problem at school. Indeed, there was no improvement in this

indicator at national level, and this in both rural and rural area.

The possession of durable goods has slightly increased in households between 2003 and 2011 in
Chad. For instance, at national level the possession of radio has increased from about 23% to
43%, 0.7% to 0.9% for fridge, 0.6% to 2.8% for fan, and 0.2 to 0.4% for air conditioning. Such
improvement was observed in both rural and urban area for radio and fan possession. However,
decrease was observed in urban area for the proportion of household that possesses fridge, car

and phone.
[Table 4 here]

5.1.3 Second MCA application results

The results show that the explanatory power of the first axis has increased from about 68 to 79
percent. The discrimination power of the first axis is more than 50 percent and can be named
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multidimensional wellbeing access axis. The First Axis Ordinary Consistency (FOAC) property

is checked for all variables (Table 5).

[Table 5here]

In this Table, we distinguishes social classes from rich to poor. The possession of durable goods
such as: air conditioning, fridge, car and fan characterizes the rich class in Chad between 2003
and 2011. Living in urban areas improves wellbeing, even if the individual owns house or not.
This can be explained by the fact that in urban areas, the living conditions are more comfortable
than in rural areas. In urban areas, houses are built using cement for the grounds and walls.
Individuals have access to modern sources of lighting, hygienic toilet and garbage vacation.
Furthermore, houses are spacious (more than 5 bedrooms) and individuals use electricity or gas
to cook.

Poor are similar in their characteristics. They lack every durable goods: air conditioning, fridge,
car, fan, phone and even radio. Thus, they cannot have any access to information and
communication. Poor live in rural areas where there is no modern source of lighting and wood is
the most important cooking mean. Poor individuals housing conditions are not safe and sound.
The following materials are generally used to build houses and lead to very little resistance to
natural disasters: straw/banco, thatched roof and clay. Moreover, in poor environment, garbage is
thrown away in nature and there is no hygienic toilet. This suggests that poor live in unhealthy

environments.

In average, 68% of Chadian population is affected by multidimensional poverty. When we
disaggregated this result into social classes and place of residence, we noticed that, about 71% of

poor live in rural areas whereas, almost all middle and rich classes’ individuals are in urban areas

(Table 6).
[Table 6 here]

5.1.4 The Multidimensional Inequality (MDI) between 2003 and 2011

The density curves by dimensions indicate that individuals in urban areas have better scores in
education, housing and durable goods than those in rural areas. This suggests that those living in

rural areas are the poorest taking into account education, housing and durable goods dimensions.
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This can be explained by the fact that development in infrastructures firstly concern the dense

regions in population.

The MDI indices reported in the table 7 show that the multidimensional inequality has slightly
increase between 2003 and 2011 from 0.591 to 0.609. We can deduce that redistributive and
investment policies implemented in the country since the oil production emergence are
inefficient in terms of poverty and inequality reduction. Improvement in those policies appear to
be necessary. More specifically, when looking at the relative contribution of each dimension to
the MDI index, we observe that, the durable goods contributes mostly to the multidimensional
inequality between 2003 and 2011. This means that the gap between rich and poor is deeper in
the durable goods dimension than in others. The contribution of both housing and educational
dimensions to the multidimensional inequality increased respectively from 28.59% to 30.76%
and from 31.78% to 33.14%.

However, inequalities between the rich and the poor in durable goods have decreased from
39.62% to 36.10% between 2003 and 2011. This suggests that household welfare in terms of
durable goods is effective. Chadian have slight facility to hold the car, fridge, phone, air
conditioner, etc. Even if, some improvement are needed, the durable goods dimension remains

the main contributor to the multidimensional inequality in Chad.

[Table 7 here]

The Panel A of Figure 1 shows the evolution in multidimensional wellbeing between 2003 and
2011, and this, across the Chadian administrative departments. The highest improvements were
specifically registered in Ennedi Ouest, Ennedi Est, Lac Wey, Barh Azoum, N'Djamena and
Kabbia. Inversely, the negative or lowest performances where in Haraze Mangueigne, Lac Lérg,
Tibesti and Dar Tama. Among the explanations of this unequal development one can thinks on
the distribution of benefits from the oil revenue. Indeed, as we can observe in Panel B, the
Ennedy departments have received the highest per capita oil revenue, and this, through the
allocation of oil revenue across departments. The fruits of the relatively high departmental
budget of oil revenue was the remarkable increase in MDW within this region. For the rest of

departments, we also observe a positive linkage between the departmental oil revenue and the
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improvement in MDW. The exception was the department of Tibesti, where the bad performance

may be explained by the political instability"’.
[Figure 1 here]
5.2 Pro-poor growth analysis

Economic policies that are conceived to improve the households’ welfare have to promote
economic growth and to facilitate access to resources and basic public services (education,
housing, etc.). The equitable economic growth is the important element in the Poverty-Growth-
Inequality nexus. The growth is pro-poor if it reduces both inequality and poverty. However,
strategies to reduce inequality and poverty or to improve the wellbeing of households through
growth cannot produce the expected effects if they do not target both monetary and non-
monetary dimensions of wellbeing. This section explores the non-monetary aspect of pro-poor
growth, analyzing the density curves of the MD scores and the growth incidence curves of
wealth at the national level and according to the area of residence between 2003 and 2011.

Figure 2.a. shows that the log of scores, computed by the MCA method, follow a normal
distribution. The density curve has slightly shifted to the right side in 2011 indicating some
improvement in wellbeing. Figure 2.b. shows that the size of population with low MDW levels
have decreased between 2003 and 2011. We make an accurate analysis of the evolution of
multidimensional wellbeing following the social classes (rich, poor) through the growth

incidence curve.
[Figure 2 here]

The U shape in Figure 3 summarizes the composite effect of rural and urban areas. As it is
shown in Figure 4, while growth was pro-poor in rural areas (left part of the U shape), it was pro-
rich in urban areas (right part of the U shape). The rich in rural areas and middle and poor

classes in urban areas have registered negative growth in wellbeing.

[Figure 3 here]

'” Since Independance in 1960, Tibesti is the areas where the armed conflicts are frequent. The social investment
doesn’t attain the population needs.
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Based on figure 4, these rural and urban classes will represent the main part of the middle class
of the whole population (see the negative impact of the group located between the 40th and 70th
percentiles). The results suggest that the poorest group in rural areas have earned improvement
from the public services (education, housing, etc.) thanks to oil revenue investment. Also, the
results show that richest in urban areas benefits more from facilities, as is the case of the

population largely concentrated in towns as N’Djamena.
[Figure 4 here]

The non-income growth incidence curves (figure 5) shows that the growth in education lies
under 0 implying that the growth in this dimension is not pro-poor in the “weak absolute” sense
as demonstrated by Grosse et al. (2008) or Klasen (2008). In return, there is slight improvement
in durable goods dimension. The NIGIC in the housing side takes U shape as the overall non
income incidence curve (figure 3) means that the housing has a determinant effects in the global

wellbeing improvement.
[Figure 5 here]
5.3 Impact of oil revenue redistribution on wellbeing

a. Discontinuous impacts of intense oil revenues on multidimensional wellbeing

Results presented in table 8 show our DID estimate of the discontinuous impacts of oil revenues
redistribution policy (ORRP) applied across departments. The results show that on average,
departments receiving intense oil transfers (r; = 1) increased their MDW about 35 percentage
point more than those disadvantaged by the ORRP. Although coefficients are not equal with the
different econometric specifications, the positive impact remains robust and significant at 5%
level of significance for both Fixed Effects (FE) and Random Effects (RE) models. Further, the
modified Wald test shows that the error terms exhibit groupwise heteroscedasticity (p-value =
0.000) which justifies the use of the auxiliary test. The auxiliary test for the unrelated effects

assumption®® leads to reject the RE assumption (p-value = 0.176).

'8 This assumption considers that the departmental specific effects are uncorrelated with the explanatory variables
overtime of the same department.
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While Caselli and Michaels (2011) found no evidence on the provision of public goods or
welfare outcomes of the extra stream of oil revenues to municipalities in Brazil and Argentina,
our results establishing positive local effects of ORRP are in line with several studies focusing
on outcomes others than MDW and on different non-renewable resources especially mining
exploitation. For instance, using also a DID approach in the case study of Peru, Arreaza and
Reuter (2012) found a positive impact of mining transfers on the levels of expenditures, but no
significant differences in terms of public goods provision across recipient and non-recipient
districts. Similar results were obtained by Zambrano et al. (2014) who found a trend suggesting
incremental positive marginal effects of the level of exposure to mining transfer on the reduction

of poverty and inequality.

The models include some other covariates with the aim to control for some heterogeneity effects.
These variables are especially the population density per km square and its squared value, as well
as the distance of the department to Ndjamena and its squared value. Obviously, there are a large
number of other covariates that can explain MDW levels. However, we prefer to avoid the
redundancy, since these covariates were already used as basic indicators of MDW. Results show
that there are some positive externalities for a department to be as closer as possible to the capital
city N’Djamena®. Indeed, the far a Department is from N’Djamena, the lower is its average
MDW. Nevertheless, the relation between distance to N’Djamena and the levels of MDW is

nonlinear as the squared distance is positive and significant.
[Table 8 here]
b. Sensitivity analysis and robustness checks

Several analyses were conducted to appreciate sensitivity and check for robustness of our results.
First, it is possible that considering the ratio threshold r; = 1 may exclude from treatment all

those departments which ratio is just below or above 1, while one can argue that their MDW are

¥ It is also usual in studies analyzing local impacts of natural resource exploitation to account for neighboring
spillover effects. However, these effects could be easily overcame from our study. Indeed, unlike various forms of
mining activities (Loayza et al., 2013), oil exploitation is not likely to be subject of such effects. Since, mining
activities are intensive in labor, workers living in neighboring departments would get job opportunities in mining
producing departments. But, oil exploitation requires more skilled jobs and is mainly intensive in capital and in
technology. There are more less job opportunities in oil sector and even workers living in an oil producing
department would miss job in that sector. For that reason, we have not taken into account for the departmental
neighboring spillover effects.
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affected by oil revenues too. For that reason, we see the extent to which results are sensitive to
two other ratio thresholds r; > 0.9 andr; = 1.1. Results reported in table 8 show that the
arbitrariness of the threshold is not a serious challenge. Indeed, results obtained for all ratio
thresholds are very similar. Intense oil revenues received by treated departments lead them to
significantly increase their average MDW compared to untreated departments. This positive local

effect is robust and significant at 1% level for the ratio threshold r; > 1.1.

Secondly, in addition to a binary treatment approach, it is also important to capture the
“intensity” effects of oil revenues by considering a continuous treatment which is our case the
computed ratio. For this end, it is proposed to use the DID continuous treatment model given by
equation [4]%:

Ydt=a+]/.T+6.(T.Td)+ﬁ.th+€dt [4]

Results of FE and RE models from equation [4] are resumed in table 9. Although the local
impacts are less robust than that of binary treatment, in general results from continuous treatment
are consistent and confirm existence of positive impacts of departmental oil revenues transfers
on MDW.

Finally, another important question is whether the impacts of the treatment can differ according
to the level of MDW. The usual models to show such heterogeneity in the impact of treatment is
the Quantile regression (QR) model, which is used to assess the effects of treatment at a given
percentile of MDW scores. In addition to the QR model, Araar (2016) suggests the Percentile
Weights Regression (PWR) as a complementary model used to assess such heterogeneity. In the
figure 6, we show the impact of treatment with both models according to the MDW percentiles.
Results establish that for the two econometric models, the impact of treatment increases in
general with the levels of wellbeing. In other words, in the departments with high average
MDW, intense oil revenues received will have higher impacts on MDW. This can be explained
by the cumulative effect of oil transfers which is not considered in our models because of lack of
data. It can be noted that the results of the two models are quite different at higher percentiles. As

it was reported by Araar (2016), results of the QR model can be highly sensitive to the impact of

% This model is mainly inspired by Acemoglu et al. (2004) and Goldin and Olivetti (2013) who assess the role of
World War II on women’s labor supply in USA.
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treatment at percentiles that are far from the percentile of interest. This can explain the difference

in results between the two models.

[Table 9 here]
6. Conclusion

The objective of this study is to analyze the effect of oil exploitation on household wellbeing
between 2003 and 2011 in Chad. To assess the non-monetary well-being, the factorial analysis
and especially the Multiple Correspondence Analysis are used. Further, for the estimation of the
impact of oil rent transfers on the non-monetary wellbeing, the continuous and the non-
continuous Difference-in-Difference models were used. The MCA analysis shows that the
possession of durable goods has been improved at national level. In return, the education
progress failed. In terms of inequality dynamic, the multidimensional inequality has slightly
increased between 2003 and 2011 from 0.591 to 0.609. The durable goods dimension is the main
contributor to the Multi-Dimensional Inequality (MDI) index. The pro-poorness analysis suggest
that the poorest group in rural areas have earned improvement from the public services (durable
goods, housing, etc.) thanks to oil revenue investment. The results show also that richest in urban
areas benefit more from facilities as it is the case of the population largely concentrated in towns
as N’Djamena. In return, the urban localities require more attention to better help the poor for
access to facilities and services. In the issue of oil revenue redistribution impact, the results show
that on average, departments receiving intense oil transfers (r; = 1) increased their MDW about
35 percent more than those disadvantaged by the oil revenues redistribution policy. In addition,
there are some positive externalities for a department to be as closer as possible to the capital city
N’Djamena. Indeed, the far a Department is from N’Djamena, the lower is its average MDW.
Since the wealth for a large middle class have decreased, the multidimensional inequality has
increased and the individuals MDW in departments which received greater oil share are better
off than others, government should set a specific policy to promote the middle class emergence

and better orients the oil revenue investment in the poorest departments.
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Appendixes

Tables

Table 1: Demographic weights, oil revenues shares and ratio by region and department

Regions/ Demographic oil Ratio Regions/ Demo_graphic oil Ratio

Departments weights shares Departments weights shares

Batha 0.0442 0.0079 0.1792 |[ Chari Baguirmi 0.0524 0.0105 0.2011
Batha-Ouest 0.0179 0.0048 0.2655 || Baguirmi 0.0190 0.0053 0.2772
Batha-Est 0.0163 0.0020 0.1213 | Chari 0.0166 0.0032 0.1907
Fitri 0.0100 0.0012 0.1193 || Loug-Chari 0.0168 0.0021 0.1253
Borkou 0.0085 0.0031 0.3620 | Lac 0.0393 0.0094 0.2395
Borkou 0.0062 0.0021 0.3471 |[ Mamdi 0.0202 0.0066 0.3252
Borkou Yala 0.0023 0.0009 0.4025 || Wayi 0.0191 0.0028 0.1489
Guera 0.0488 0.0135 0.2764 |[ Logone Occidental 0.0624 0.1312 2.1029
Guera 0.0156 0.0067 0.4314 || Lac Wey 0.0300 0.0655 2.1829
Abtouyour 0.0152 0.0027 0.1777 || Dodjé 0.0096 0.0197 2.0410
Barh Signaka 0.0094 0.0013 0.1437 || Gueni 0.0083 0.0198 2.3777
Mangalmé 0.0086 0.0027 0.3136 || Ngourkosso 0.0144 0.0262 1.8185
Hadjer Lamis 0.0513 0.2150 4.1865 | Kanem 0.0302 0.0041 0.1360
Dagana 0.0171 0.1290 7.5599 [ Kanem 0.0139 0.0025 0.1767
Dababa 0.0207 0.0322 1.5583 | Nord-Kanem 0.0082 0.0008 0.0992
Haraze Al Biar 0.0136 0.0537 3.9534 [ Wadi-Bissam 0.0081 0.0008 0.1037
Logone Oriental 0.0706 0.1467 2.0787 || Mayo Kebbi Est 0.0702 0.0117 0.1665
La Pendé 0.0145 0.0508 3.4958 [ Mayo-Boneye 0.0214 0.0037 0.1744
Kouh Est 0.0092 0.0215 2.3388 || Kabbia 0.0207 0.0009 0.0448
Kouh Ouest 0.0045 0.0084 1.8702 || Mayo-Lemié 0.0074 0.0009 0.1214
La Nya 0.0128 0.0246 1.9253 [ Mont i 0.0206 0.0061 0.2966
La Nya Pendé 0.0098 0.0158 1.6178 || Moyen Chari 0.0533 0.0382 0.7177
Monts de Lam 0.0198 0.0257 1.2933 || Barh Koh 0.0278 0.0239 0.8592
Mandoul 0.0569 0.1406 2.4709 | Grande Sido 0.0097 0.0090 0.9252
Mandoul Oriental 0.0232 0.0833 3.5912 || Lac Iro 0.0158 0.0054 0.3411
Barh Sara 0.0197 0.0278 1.4107 || Salamat 0.0274 0.0157 0.5729
Mandoul Occidental 0.0140 0.0295 2.1049 [ Barh Azoum 0.0165 0.0077 0.4678
Ouaddai 0.0653 0.0140 0.2149 | Aboudéia 0.0059 0.0067 1.1403
Ouara 0.0298 0.0113 0.3808 [ Haraze Mangueigne 0.0050 0.0013 0.2563
Abdi 0.0097 0.0012 0.1266 || Tandjilé 0.0600 0.0527 0.8796
Assoungha 0.0259 0.0015 0.0569 || Tandjilé Est 0.0231 0.0211 0.9146
Mayo Kebbi Ouest 0.0511 0.0041 0.0799 || Tandjilé Ouest 0.0369 0.0316 0.8578
Mayo-Dallah 0.0303 0.0025 0.0809 || Barh-El-Gazal 0.0233 0.0061 0.2630
Lac Léré 0.0208 0.0016 0.0785 | Barh-El-Gazal Sud 0.0177 0.0043 0.2424
Wadi Fira 0.0460 0.1029 2.2345 || Barh-El-Gazal Nord 0.0056 0.0018 0.3280
Biltine 0.0153 0.0949 6.1961 || Ennedi 0.0152 0.0505 3.3213
Darh Tama 0.0162 0.0032 0.1940 | Ennedi 0.0055 0.0490 8.9214
Kobé 0.0145 0.0049 0.3361 | Wadi Hawar 0.0097 0.0015 0.1577
Sila 0.0277 0.0020 0.0737 | Tibesti 0.0023 0.0219 9.5085
Kimiti 0.0277 0.0012 0.0442 | Tibesti Est 0.0013 0.0213 16.3716
Djourouf Al Almar 0.0074 0.0008 0.1107 || Tibesti Ouest 0.0010 0.0006 0.6098

Source: From CCSRP (2012) and INSEED (2012). Note: In absence of data on oil revenues redistribution within
the capital city N’Djamena, this region is considered as a department and its ratio greater than 1.
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Table 2: Final set of indicators considered

Dimension Indicators Modalities

Housing infrastructures and  Occupation Status by Owner Urban, Owner Rural, No

environmental facilities milieu® owner Urban, No owner Rural
Milieu Urbain, Rural

Number of bedroom
Source cooking energy

Lighting Type
Garbage vacation
Nature of walls

Nature of the roof
Nature of the ground
Nature of the toilet

One, 210 3,4to0 5, More than 5
Electricity, Gas, Charcoal, Wood,
Other cooking energy

Modern, No Modern, Other light type
Hygienic, No Hygienic

Cement, Straw/banco, Other type of
walls

Solid, Thatched, Other type of roof
Cement, Clay, Other type of ground
Hygienic, No Hygienic

Education

Knowing writing
Problem at school

Yes, No
Yes, No

Durable goods

Possession of phone
Radio

Possession of Fridge
Possession of fan
Possession of
conditioning
Possession of car

air

Own, Do not Own
Own, Do not Own
Own, Do not Own
Own, Do not Own
Own, Do not Own

Own, Do not Own

Table 3: Evolution of the selected basic indicators

Dimension of well- 2003 2011
being Urban Rural National Urban Rural National
Housing infrastructures  Nature of roof Solid 0.19 0.30 0.29 71.49 6.42 18.41
and environmental Thatched 9951 99.60 99.59 27.91 91.61 79.88
facilities Other 030 0.0 0.12 059 197 1.72
Nature of ground Cement 15.82 1.77 3.24 26.92 2.75 7.20
Clay 80.74  91.38 90.27 72.70 95.85 91.58
Other 3.44 6.85 6.49 0.38 1.40 1.22
Nature of walls Cement 23.62 8.86 10.41 43.03 6.60 13.31
Straw/banco 76.24  89.62 88.22 52.73 86.97 80.66
Other 0.14 1.52 1.37 4.24 6.43 6.02
Lighting type Modern 18.90 6.50 7.80 16.95 0.38 3.43

*! For the occupational status of housing it was proposed to consider the milieu (urban/rural factor). In urban area,
owning the house is an indicator of wealth, but this story is in inverse in the rural area. For this end we cross this
categorical variable, Occup_Stat with the variable milieu to generate a new categorical variable with four modalities.
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Not modern 80.74  70.08 71.20 82.40 94.93 92.62

Other 0.36 23.42 21.00 0.65 4.69 3.95

Garbage vacation Hygienic 66.97  19.83 24.77 29.26 5.19 9.62

Not hygienic 33.03 80.17 75.23 70.74 94.81 90.38

Nature of toilet Hygienic 38.73 9.47 12.54 26.76 2.93 7.32

Not hygienic 61.27  90.53 87.46 73.24 97.07 92.68

Education Writing knowledge  Yes 51.44  23.28 26.23 37.14 15.71 19.66
No 48.46  76.72 73.77 62.86 84.29 80.34

Problem at school  Yes 66.85  83.41 81.67 67.33 83.95 80.89

No 33.15  16.59 18.33 32.67 16.05 19.11

Durable goods Radio Own 56.06  19.24 23.10 66.57 38.13 43.37
Don’t own 43.94  80.76 76.90 33.43 61.87 56.63

Fridge Own 5.00 0.20 0.70 4.79 0.20 0.90

Don’t own 95.00 99.80 99.30 95.21 99.98 99.10

Fan Own 5.49 0.04 0.61 14.53 0.25 2.88

Don’t own 9451  99.96 99.39 85.47 99.75 97.12

Air conditioning Own 1.73 0.07 0.24 2.50 0.00 0.46

Don’t own 98.27  99.93 99.76 97.50  100.00 99.54

Source : Authors calculation

Table 4: Summary of the first dimension derived from the second MCA

WEALTH

Own air conditioning

Own fridge

Own car

Own fan

Own phone

Cooking with electricity
Cooking with gas

Modern lighting source
Ground in cement

Solid roof

Wall in cement

Owner of house in urban area
No owner of house in urban area
Urban

Hygienic toilet
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House with more than 5 bedrooms
Cooking with Charcoal

Own radio

Hygienic garbage vacation

POVERTY

Owner of house in rural area
No owner of house in rural area
Rural

House with one bedroom
House with 2 to 3 bedrooms
House with 4 to 5 bedrooms
Cooking with wood

Other cooking energy

No Modern lighting source
Other light type

Wall in straw/banco

Other type of walls
Thatched roof

Other type of roof

Ground in clay

Other type of ground

No hygienic toilet

Knowing or not writing

No air conditioning

No fridge
No car
No fan
No phone
No radio
Source : Authors computation
Table 5: Multidimensional poverty rate
Global multidimensional poverty rate (%) 68.69

Place of residence (in percentage)

MDW Urban Rural Total
Poor 29.41 70.59 71.40
Middle 98.58 1.42 16.40
Rich 99.58 0.08 12.20

Table 6: Calculation of the MDI
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Dimensions Relative Contributions to the MDI (%)

MDI index - -
Housing Education Durable Goods

2003 0.596226 28.59 31.78 39.62
2011 0.615578 30.76 33.14 36.10
Population 0.609208 30.11 32.38 37.51
Source : Authors calculation
Table 7: Definition of variables and descriptive statistics
Variables N Mean S.D. Min. Max.
MDW (average scores of multidimensional wellbeing index) 124 0.6799 0.5005  0.2682 3.2439
Time (0 = year 2003 ; 1 = year 2011) 124 0.5 0.5020 0 1
Ratio (computed r, ratio) 124 0.8390 15270  0.2410 8.9378
Treatment (1 = treated ; O = untreated) 124 0.2419 0.4299 0 1
Density of population (habitants of department d / km?) 124 49.309 86.942 0.0206 620.07
Squared density of population 124 9929.4  40487.8  0.0004 384496
Distance from department d to N’Djamena (km?) 124 441.17  251.033 0 1080.79
Squared distance to N’Djamena 124 257143 286739 0 1168119

Table 8: DID estimates of local impacts of intense oil revenues on MD wellbeing — binary treatment

Treatmentr,; = 0.9

Treatmentr, > 1

Treatmentr,; > 1.1

Variables
F.E. R.E. F.E. R.E. F.E. R.E.
Basic DID dummy variables
Time -.032286 -.088831 -.036982 -.092947  -.031785  -.089126
(.099154)  (.099840)  (.100738) (.098978)  (.097432)  (.095309)
Treatment -.112995 -.099949 - .088026
(.117875) (.122242) (.120165)
Time x Treatment 35646 .258156" 34922 28986 389577 .32514”
(143260)  (.140945)  (.136368)  (.137958)  (.141217)  (.144035)
Department characteristics
Density of population -.001504 .001452 -.001114 .001454 -.001150 .001386
(.001575)  (.001345)  (.001487) (.001294)  (.001471)  (.001301)
Squared density of population .000002 -.0000002 .000002 -.0000001 .000002  -.0000001
(.000002)  (.000002)  (.000002) (.000002)  (.000002)  (.000002)
Distance to N’Djamena -.001799 -.001760 -.001703
(.001305) (.001281) (.001269)
Squared distance to N’Djamena (%%%%%11) (%%%%%11) (%%%%%11)
Constant 6951177 9575717 685042  .944760°  .686308"  .928670
(.051117)  (.310014)  (.047862) (.304104)  (.047492)  (.302297)
Observations (N) 124 124 124 124 124 124
Within R-squared (R?) 075 .042 .074 .048 .080 .055
Between R-squared (R?) .001 .259 .021 .261 .029 .262
Overall R-squared (R?) .019 .180 .039 184 .047 .188
Heteroskedasticity (p-value) .000 .000 .000
Auxiliary test (p-value) 115 176 184

Notes: Discrete change of dummy variable from0to 1. 'p < 0.10, ~ p < 0.05, " p < 0.01. Robust standard errors in
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brackets.

Table 9: DID estimates of local impacts of intense oil revenues on MD wellbeing — continuous treatment

. Without Departmental covariates With Departmental covariates
Variables
F.E. R.E. F.E. R.E.
Basic DID dummy variables
Time .138026" .159879 137901 .054890
(.080996) (.099764) (.112777) (.095015)
Time x Ratio 081546 098846 .078836 .062755"
(.045735) (.049520) (.047643) (.035961)
Department characteristics
Density of population - 000595 001658
(.001574) (.001325)
Squared density of population 000001 - :0000007
(.000002) (.000002)
Distance to N’Djamena i 6000112%%3;
Squared distance to N’Djamena (%%%%%ll)
Constant 662438 662438 673577 19029007
(.036843) (.072588) (.047881) (.303806)
Observations (N) 124 124 124 124
Within R-squared (R?) .044 .044 .049 .029
Between R-squared (R?) .055 .055 .060 .269
Overall R-squared (R?) .049 .049 .053 184
Heteroskedasticity (p-value) .000 .000
Auxiliary test (p-value) 563 431

Notes: Discrete change of dummy variable from0to 1. 'p<0.10, ~ p <0.05, " p < 0.01. Robust standard errors in
brackets.
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Figures

Figure 1: The change in average departmental scores between 2003 and 2011

Panel A Panel B

36



(:8832,6.492281]
(469,.8832]
(1302465 .469]
[.0244,.1302465]

Evoluation of Multidimensional Well-being | The distribution of oil revenue across departments
The change in average departmental scores bertween 2003 and 2011 | The ratio of oil revenue (Tchad 2009)
E Change between 1.00 and 1.25

a. etween density curves
. Density curves g
37
n N
- 8 -
ol




Figure 3: Overall Growth Incidence Curve
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Figure 5: Non income growth incidence curves by wellbeing dimension
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Figure 6: Local impacts of intense oil revenues with the QR and the PWR models
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