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Abstract

This study analyzes the relationship between infrastructure, economic performance, and pov-
erty reduction in Mali. A simultaneous equation model was employed, as it is well suited for
capturing the trilateral relationship between growth, inequality, and poverty. We used World
Development Indicator data from the World Bank. The results indicate a negative effect of
inequality on economic performance. Health expenditure and private investment positively in-
fluence economic performance, which, in turn, reduces poverty. Investments in road and water
infrastructure contribute to reducing inequality and poverty, whereas electricity and ICT infra-
structure indirectly increase the poverty rate. Economic policies should prioritize reducing ine-
quality through targeted investments in road, water, and electricity infrastructure as well as by
increasing health and education expenditures.

Keywords: Infrastructure — Economic performance — Poverty — Mali
JEL code: H54 — 132 — 043 - 011
RESUME

L objectif de ce papier est d’analyser la relation entre les infrastructures, la performance éco-
nomique et la pauvreté au Mali. Avec les données de la banque mondiale et ['usage d’'un modele
d’équations simultanées pour les analyses, les résultats montrent un effet négatif des inégalités
sur la performance économique. Les dépenses de santé et d’investissements privés influencent
positivement la performance économique, et ce dernier diminue la pauvreté. Les investisse-
ments en infrastructures routiéres et en eaux diminuent les inégalités et la pauvreté. Quant aux
infrastructures d’électricité et des TIC, elles augmentent indirectement le taux de pauvreté. Les
politiques économiques doivent prioriser la réduction des inégalités a travers, d’'une part, les
investissements en infrastructures routiéres, en eau et en électricité, et d’autre part en augmen-
tant les dépenses de santé et d’éducation.

Mots clés : Infrastructure — Performance économique — Pauvreté — Mali

Code JEL : H54 - 132 - 043 - 011
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1. Introduction

Public infrastructure plays a crucial role in enhancing economic performance and reducing pov-
erty, particularly in developing regions (Fagbemi et al. 2022). Research highlights a bidirec-
tional relationship between infrastructure development and poverty reduction, indicating that
improved infrastructure not only fosters economic growth, but also enhances public sector per-
formance, thereby facilitating further investments in infrastructure. Studies emphasize that im-
proved access to essential infrastructure, such as water and health services, is a key element in
reducing poverty, particularly in rural areas (Chen & Kuang, 2023). According to Timilsina et
al. (2020), infrastructure investments are typically linked to economic growth as they enable
better resource allocation and improved productivity. More broadly, the development of infra-
structure in sectors such as energy, transportation, health, and education are a key instrument
for achieving sustained economic growth. It also contributes to reducing inequalities and com-
bating poverty and is of critical importance in shaping economic policies in developing coun-
tries (Adjovi and Codo, 2019).

Infrastructure contributes to not only economic growth but also human development (Fay &
Morrison, 2005). It plays two primary roles in the economy. First, it provides essential basic
services, such as drinking water, electricity, and mobility, which enable individuals to engage
in productive activities. Second, it generates positive externalities that benefit the overall eco-
nomic activity. This is accomplished by facilitating connections between different markets
(Jacquet & Charnoz, 2003). In other words, they constitute factors of production, productivity,
and poverty reduction. Endogenous growth theories emphasize the importance of infrastructure
in the long-term economic development process. Similarly, empirical studies argue that invest-
ment in infrastructure has an impact on long-term growth (Romer, 1986; Lucas Jr, 1988).

The positive externalities of infrastructure are diffused within the economy through various
mechanisms (DFID, 2002; Booth et al., 2000) relating to both demand and supply dynamics
(Barro, 1990). This diffusion occurs through the investment costs of both channels. The first
channel relies on the complementarity between public capital and private investment, while the
second involves the reduction in costs associated with the reallocation of capital between sec-
tors. In relation to economic growth, some studies identify two conventional channels through
which infrastructure can affect economic growth (Agénor & Moreno-Dodson, 2006). The sec-
ond channel exhibits a short-term crowding-out effect, leading to an increase in public capital
stock. This, in turn, can move or crowd out private investments. In addition to its contribution
to economic performance, the role of infrastructure in development has been extensively exam-
ined. An increasing body of literature on poverty underscores the importance of infrastructure
in reducing poverty (Ogun, 2010; Lenz et al., 2017).

Infrastructure largely explains the regional differences in poverty within countries. Its impact
on disadvantaged populations can be understood in three ways (Willoughby 2002). First, infra-
structure expands local and national markets by integrating them into larger ones, broadening
the spectrum of economic opportunities that poor populations can seize. Thus, according to
Jacquet and Charnoz (2003), infrastructure helps reduce transaction costs and allows markets
to function more efficiently. Second, the establishment of basic infrastructure and services
(transport, health, energy, irrigation, etc.) reduces the vulnerability of populations to shocks and
crises, which generally constitute a major obstacle to economic development. Finally, infra-
structure is likely to increase agricultural productivity in developing countries, thereby improv-
ing household income, nutrition, health, education, and other key aspects of wellbeing. This
shows that all dimensions of human development are, somehow, affected by infrastructure. This
has been highlighted in many developing countries such as India, Nigeria, and Rwanda
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(Ravallion & Datt, 2002; Ogun, 2010; Lenz et al., 2017). Some studies argue that functioning
infrastructure, which enables a country to operate effectively, is a prerequisite for development
and growth, and is also a fundamental condition for poverty reduction (Mills et al., 2017). This
is of paramount importance in developing countries, where there is generally an unequal distri-
bution of basic goods and services. However, this importance of infrastructure is not reflected
in the endowment of developing countries, much less so in their pitiful state (Mills et al., 2017).

In Africa, two-thirds of the population (600 million people) do not have access to electricity,
while 75% of the population in East Asia has access. For example, in sub-Saharan Africa, two-
thirds of the installed electricity capacity is in just one country: South Africa. In terms of access
to roads, much remains to be done on this continent. Only one-third of the rural population in
Africa is within 2 km of an all-weather road, whereas this figure is as high as two-thirds in other
developing regions (Mills et al., 2017). Mali is not an exception to this gloomy infrastructure
picture, although there has been a slight increase over the last ten years. In view of the evolution
of infrastructure indices in Mali, we note an increase in all infrastructure from 2000 to 2018.
The water infrastructure followed a gradual increase without a decrease from 48.74 in 2000 to
79 in 2018. Those of ICT, which remained constant and low until 2011 at 0.80, will experience
a remarkable increase until reaching 12.20 in 2015, decrease slightly in 2016, and then reach
18.66 in 2018. In terms of roads and electricity, we noted an increase respectively from 0.19
and 0.48 2000 2.35 and 2.09 2018.

The evolution of the infrastructure indices does not follow the same dynamics as the perfor-
mance of the Malian economy, which follows a sawtooth evolution with an average of 3%.
Over the study period, it reached its lowest rate in 2012 (— -0.83% and the highest rate (15 %)
in 2001. Even though the Malian State has prioritized the fight against poverty through the
Strategic Framework for the Fight against Poverty, the poverty rate experienced a sharp decline
between 2000 and 2002, falling from 68% to 44%, and has since remained almost constant over
the rest of the period at 47%. It should be noted that for more than two decades, through the
strategic framework for combating poverty (CSLP) initiated by the IMF and the World Bank,
the Malian State has placed poverty reduction at the heart of the country's development policies.
According to the World Bank (2019), the extreme poverty rate fell slightly from 43.4% to
41.3% between 2017 and 2019. This indicates that despite this slight decline in poverty, it re-
mains very high in Mali, especially in rural areas where it reaches up to 55.2% *. Economic
performance did not reveal good economic dynamics in Mali. Due to the spread of insecurity
in the central and northern regions, economic growth slowed, reaching a rate of approximately
5.47% in 2018. Household and business investment also slowed after a sharp decline in 2013
and stood at 8.51% of GDP in 2018. Social indicators, which are also key elements in poverty
analysis, remain weak. Thus, the adult literacy rate increased from 33.1% in 2015 to 35.5% in
2018, while the primary school enrollment rate decreased by 1.82 points from 77.2% in 2014
to 75.8% in 2015. Life expectancy at birth improved by 0.86 points between 2017 and 2019,
increasing from 58.45 years to 59.31% (World Bank database, 2019). This overview of devel-
opment and poverty highlights the need to question poverty-reduction policies in Mali.

Although several studies have examined the impact of infrastructure development on growth
and poverty reduction, little is known about their relationship in Mali. This study seeks to fill
this gap by examining the effects of infrastructure development on poverty reduction through
economic performance in Malaysia. The relevance of this study stems from the fact that several
policies have been implemented in Mali to strengthen the economy. The most recent is the
Economic Recovery and Sustainable Development Framework (2016-2018) and (2019-2023).

L http://www.instat-mali.org/contenu/eg/ranuel16 _eg.pdf
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One of the objectives of this policy is to improve inclusive growth and the structural transfor-
mation of the economy to better combat poverty.

After this introduction, the rest of the article is organized around literature review, methodol-
ogy, results, and discussion, followed by the conclusion and bibliography.

2. Evidence of infrastructure effects on development

This section reviews the literature on infrastructure as a factor in development, its effects on
economic growth, and the reduction of poverty and inequalities.

Infrastructure and poverty

Since the work of Aschauer ( 1989), several studies have been conducted to understand the role
of infrastructure in development. Some authors have focused on analyzing the effects of infra-
structure development on poverty reduction (Yao, 2003). Rural infrastructure has been estab-
lished to promote market access and development (Yao, 2003). This may include access to
education and food and health services. This reinforces the statements that physical and social
infrastructure contribute to improving indicators of living standards, and therefore poverty
(Nugroho et al., 2015; Marinho et al., 2017). These empirical investigations suggest that mas-
sive investments in social and economic infrastructure can reduce poverty. This is the case in
Nigeria (Ogun, 2010), where social and physical infrastructure has contributed to significantly
reducing poverty by improving indicators of living standards. Similar results were observed in
Indonesia (Nugroho et al., 2015; Marinho et al., 2017). These studies have highlighted poverty
alleviation through infrastructure (roads, electricity, schools, health, etc.) at both the rural and
urban levels. They also emphasize the indirect relationship between infrastructure and poverty.
In other words, in addition to directly alleviating poverty, infrastructure affects poverty through
economic growth. Other studies (Isaurralde, 2017 ; OECD, 2007) have examined the relation-
ship between reforms in infrastructure development and poverty alleviation. These studies show
that the expansion of services would lead to poverty reduction if infrastructure development
were affordable for the poor. Beyond the effects of infrastructure on poverty, literature high-
lights its role in reducing inequalities. Several studies have shown the importance of public
capital in reducing poverty in developing countries (Ogun 2010).

Infrastructure and inequality

Public capital is both an engine of growth and a key element in the distribution of wealth, in-
come, and well-being (De Ferranti, 2004; Zhang & Fan, 2004; Lopez, 2004; Servén &
Calderdn, 2004). In this sense, public investments can increase wealth inequality over time
regardless of their financing. However, the evolution of income inequality over time is very
sensitive to financing policies and is often characterized by significant intertemporal trade-offs.
This intertemporal relationship between infrastructure and income inequality has been high-
lighted in several studies (Chatterjee and Turnovsky 2012; Bajar and Rajeev 2015; Aghion et
al. 2016; Hooper et al. 2018). Short- and long-term relationships depend mainly on the influence
of externalities on allocation decisions, financing policies, and the period of implementation of
infrastructure projects. Empirically, depending on the type of infrastructure, there is a negative
correlation between infrastructure spending and the Gini index. For example, this is the case in
the United States for highway and higher education spending (Hooper et al., 2018). This finding
suggests a causal relationship between the effects of infrastructure spending growth on reducing
inequality. These findings are also valid in developing countries. For example, Sarkodie and
Adams (2020) stated that access to electricity improves income and reduces income inequality
in South Africa. While economic development is crucial for achieving access to electricity, the
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guestion remains as to how to ensure energy security. To this question, Sarkodie and Adams
(2020) emphasize that effective financing and investment climate are not enough on their own
to ensure energy security, but proper policies, good governance, and quality institutions are
needed. In short, this literature supports the idea that infrastructure has a positive impact on
reducing inequality, especially in developing countries.

Infrastructure and growth

The energy, water, transport, and telecommunication network infrastructure play a crucial role
in the functioning of the economy (Aschauer, 1989). In general, infrastructure positively affects
economic growth ( Gachunga and Kuso, 2019; Sarkodie and Adams, 2020). This positive rela-
tionship between infrastructure and growth is also recognized at the regional level. For example,
evidence of a long-term relationship between growth and infrastructure was established in the
Middle East and North Africa (MENA) region (Cetin et al., 2017). Indeed, these authors state
that infrastructure has a positive and significant impact on growth in 29 developing countries.
However, the effect of infrastructure on growth varies over time depending on the type of in-
frastructure and country (Sutherland et al., 2009). Specifically, infrastructure investment in the
telecommunication and electricity sectors (but not in rail and road networks) has a positive
influence on growth.

3. Methodological approach
3.1.Theoretical Framework

The theoretical framework used in this study is a multidimensional analysis of poverty. Indeed,
there are several approaches to address poverty. Considering these approaches in the analysis
of poverty plays a crucial role in targeting the poor. Generally, these different approaches are
grouped into two broad categories: the monetary or unidimensional approach and the multidi-
mensional or non-monetary approach. However, it should be noted that the unidimensional ap-
proach does not capture all aspects of poverty. The literature highlights a few limitations of this
approach (Koloma, 2008). First, it is based on utilitarianism, which assumes that the utility
levels are comparable between individuals. Second, utilitarianism is only concerned with the
aggregation of utilities and their sum without considering how utility is distributed among in-
dividuals. Third, the utilitarian position assumes the use of a single indicator of well-being and
utility, which seems to be too intricately linked to individual elements to be considered by so-
ciety. The recognition of the inability of the monetary approach to capture all aspects and needs
necessary for the achievement of the well-being of the individual leads to a new conception of
poverty based on multidimensional or non-monetary analysis. There are two main approaches
to non-monetary poverty: the basic needs approach and the capabilities approach. These ap-
proaches are considered multidimensional because they include, in addition to income, several
dimensions of people’s lives, such as access to water, nutrition, health, and other basic services.
Thus, unlike monetary poverty, they are based on a set of criteria and on human, economic,
social, and other dimensions that are specific to individuals. For these reasons we go through
basic needs approach theoretical framework to analyze the relationship between infrastructure
and poverty alleviation, since it has been told that infrastructure affects basic services for poor
people.

For a certain quality of life, the basic needs approach considers that the missing thing in the
lives of the poor is a small subset of goods and services, called basic goods. These goods and
services are specifically named and perceived as meeting the basic needs of all human beings.
They are basic because satisfaction is considered a prerequisite for achieving a certain quality
of life. However, they are not perceived as necessarily contributing to well-being. Instead of
utility, emphasis is placed on the individual needs for basic commodities. In the traditional basic
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needs approach, commodities include food, clean water, sanitation, housing, basic health and
education services, and public transport services. However, it should be noted that the subset
of basic commodities is not uniform across space and time. It varies with age and sex. For
example, children and women need health services, and basic education for a 7-years-old may
mean going to primary school, while it may mean functional literacy for an adult. This varia-
bility in the subset of commaodities raises valuation problems in relation to nature and the level
of goods and services. One of the main problems facing this approach is the determination of
basic needs.

3.2.Empirical Framework

Infrastructure can have both direct and indirect effects on poverty (Xianbin 2003). Direct effects
are observed through increased agricultural production and non-agricultural employment. Indi-
rect effects were observed through improved economic growth. Therefore, it would be more
interesting to simultaneously consider these two effects of infrastructure on poverty when ana-
lyzing the relationship between them. This has been undertaken relatively little so far. Thus, to
better understand the relationship between infrastructure, economic performance, and poverty,
we used a structural model with simultaneous equations. This choice is motivated by the fact
that the effects of infrastructure on poverty first depend on its effect on economic performance,
then on the interaction between economic growth and inequalities, and finally on the effects of
these factors on poverty (Vincent, 2019). In addition, some variables, such as infrastructure,
population growth rate, public expenditure, and private investment, simultaneously affect eco-
nomic performance and poverty alleviation. In this context, estimating a structural simultaneous
equation model that endogenizes economic growth, inequality, and poverty, and where infra-
structure is considered exogenous, allows us to consider this interdependence and to signifi-
cantly reduce biases equation by equation (Vincent, 2019).

Therefore, the empirical model in this study is based on the trilateral relationship between
growth, inequality, and poverty. This model was inspired by (Borensztein et al. (1998) and
Forbes (2000) for the growth equation bouncier ( 1983) and Deininger and Squire (1998) for
the inequality equation, and finally by (Gohou and Soumaré (2012) and Lehnert et al. (2013)
for the poverty equation. Now, it is proper to explain each of these equations using common
and specific variables.

The Growth Equation
From the “standard” growth models of (Borensztein, et al., 1998; Forbes, 2000; Barro, 2001),
we retain the following speciation:

TCE = ay+ a,Gini + ay,Rout + azElect + a,Tic + asAccoqy + @gDePegy +
a;Depsan: + aglnvesty, + agInfla + a;oPopgee + 1y (1)

Where TCE measures the economic growth rate; Gini, the inequality index; Rout, road infra-
structure; Elect, electricity; ICT, new technology infrastructure; Acc eau, access to water and
sanitation; Dep equ, education expenditure; Dep sant, health expenditure; Invest o, private in-
vestment; Infla, inflation and Pop act, the active population.

The equation of inequality
The functional form of the inequality equation is taken from the work of (Bornschier, 1983;
Deininger & Squire, 1998; Lundberg & Squire, 2003), as follows:

GINI = By + B1TCE + azRout + ajElect + asTic + agAcCeoqy + B20UV 0 +
BzConfl + B,Cred + sTCDém + y:(2)
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Where Ouv com measures trade openness; Cred, credit; TCDem , the population growth rate.

The Poverty Equation
Pauv =y + y1TCE + y,Gini + asRout + asTIC + agElec + y;AcCeqy + YgFBCE,, +
Y9OUVcom + ¥10POPace + ¥11Cred + y1,TCDEM + &,(3)

From these 3 equations, we derive the following system of simultaneous equations:

TCE = B,Gini + E{Infra+ D; X + pu (4.1)
Pauv = A3TCE + B3Gini + EzInfra+DiZ+¢  (4.3)

Where X is the vector of variables specific to economic growth, composed of education spend-
ing, health spending, inflation and the labor force. W, is composed of trade openness, credit and
population growth rate. It is a vector of inequality-specific variables. Z, is a vector of poverty-
specific variables. It is composed of gross fixed capital formation, price, trade openness, labor
force, credit and population growth rate. It should be noted that the Infra (infrastructure) varia-
bles include road, electricity, ICT and water and sanitation access infrastructures.

The endogenous variables are Poverty measured by the poverty rate; the TCE is the growth rate
of gross domestic product per capita and the Gini which is the GINI coefficient. The exogenous
variables of the model are connected through their multifaceted roles in economic and social
development. Firstly, road infrastructure is represented by the density of the road network,
which is measured as the length of paved roads in kilometers per 10,000 inhabitants. This eases
mobility and connectivity. Secondly, electricity production, which includes both domestic and
imported energy, is quantified in kilowatt hours per capita per hour, highlighting its critical role
in powering economic activities. In addition, innovative technology infrastructure considers the
number of fixed and mobile telephone subscribers per 100 inhabitants, the proportion of the
population with internet access via mobile phones or computers, and the total international
bandwidth capacity in megabits per second (Mbps), emphasizing its contribution to digital in-
clusion.

Furthermore, access to water and sanitation is captured through a composite index measuring
access to 20 liters of drinking water per person per day within one kilometer of home and ef-
fective wastewater disposal facilities, underscoring its importance for public health. Likewise,
education expenses represent public expenditure on education as a percentage of total govern-
ment spending, reflecting investments in institutions, administration, and grants to private en-
tities. Similarly, health expenses encompass public and private spending on preventive and cu-
rative services, family planning, nutrition, and emergency aid, although they exclude invest-
ments in water and sanitation facilities.

Moreover, private investment is an indicator of financial support for companies that lack access
to public capital markets, including bank loans, leasing, and inter-company credit. Additionally,
inflation denotes the depreciation of currency alongside a general price increase caused by sup-
ply-demand imbalances, directly impacting economic stability. Trade openness, in turn, serves
as an indicator of a country's economic integration, calculated as the average of exports and
imports divided by GDP.

On the other hand, credit access highlights business financing mechanisms, such as loans, leas-
ing, and capital market funding, which are essential for enterprise growth. Finally, population
growth rate is represented by the natural surplus rate, calculated as the difference between birth
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and death rates or the ratio of the natural balance to the average population, providing insights
into demographic changes.

These variables are intricately linked, collectively shaping the dynamics of economic perfor-
mance, inequality, and poverty reduction.

3.3.Estimation Methods
The data

Data used come from World Development Indicators 2018 database of the World Bank and
Africa Infrastructure Development Inex (AIDI) of the African Development Bank Group
(AfDB). The socio-economic data poverty, gain, growth rate, education expenditure, health ex-
penditure, private investment, inflation, trade openness, labor force, are taken from the World
Development Indicator database; as for the infrastructure data, they are taken from the AIDI
dataset.

Descriptive statistics of variables

This subsection gives a brief descriptive analysis of the variables, table 1. One can note that the
standard deviations are generally low.

Table 1: Descriptive statistics of the variables

Variable Obs Average Standard deviation Min Max
Poverty 19 47.31029 5.756361 43.6315 68.3
Gini 19 34.91228 3.676174 30.5 40.3
Growth rate 19  4.909635 3.506942 -.8361788 15.37624
Road infrastructure 19 1.776741 7972764 .1954869 2.736755
Electricity infrastructure 19 .7029039 4456646 1200514 2.011467
New technology infrastructures 19 3.645854 5.899717 .0002697 18.66085
Water and sanitation infrastructure 19 64.47148 9.78474 48.74513 79.94453
Education expenditure 19  3.440257 .3464839 2.65845 3.87281
Health expenditure 19 4.045886 1.45608 2.187613 6.853464
Private investment 19 9.762075 3.246536 5.214 15.84543
Inflation 19 3.343368 3.890577 -7.594284 12.15342
Commercial opening 19 -.0894293 .0322395 -.1482646 -.0196003
Labor force 19 64.85011 1.187035 62,546 66,734
Access to credit 19 407668.9 369206 10652 1220079
Population growth 19 3.119526 .1663285 2,852 3.394

Source: Authors calculation based on WDI, ACLED, AIDI datasets

According to table 1, it should be noted that, in general, the standard deviations are globally
low, except for the variables of information and communication technology (ICT) and trade
openness which are particularly high.

Identification conditions

The estimation method of simultaneous equation models depends on the model identification
criterion (Bourbonnais, 2015). Generally, three cases are identified; either the model is under-
identified, or it is just identified, or it is over-identified. If the model is under-identified, no
estimation is possible. The model must then be respecified. For the just-shown model, indirect
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least squares or two-stage least squares can be applied. Finally, if the model is over-identified,
two-stage least squares are applied.

The identification conditions can be the subject of a complex development (Bourbonnais,
2015). Here, we limit our identification to test the order and rank conditions. Thus, we verify
that each of the three specified equations satisfies both the order condition (the necessary con-
dition) and the rank condition (the necessary and sufficient condition) of identification.

Table 2: Test of identification conditions
Identification conditions
Identification rank condition for equation j

K; M; K; et M; Conclusion
Equation 1 (C) 4 2 4 >2 Over-identified
Equation 2 (1) 5 2 5>2 Over-identified
Equation 2 (P) 3 3 3=3 Just identified
Identification rank condition for equation j
The sub-matrices Conclusion
Equation 1 (C) (0 1 11 1) identified
1 11 1 1
Equation 2 (1) (0 1 11 1) identified
1 0 010
Equation 2 (P) (1 1 1) identified
0 0 0

Source : Authors calculation

According to (Greene, 2000; Falloul & Saadallah, 2014) equation j satisfies the identification
order condition if K; (the number of exogenous variables excluded from equation j ) is superior
than or equal to M; (the number of endogenous variables included in equation j ). The rank
condition, on the other hand, imposes a restriction to a submatrix of the reduced-form coeffi-
cient matrix to ensure that there is exactly one solution for the structural parameters given the
reduced-form parameters. The procedure is as follows:

e Construct a matrix in which each row represents an equation and each column represents
a variable in the simultaneous equations model,

e When a variable appears in an equation, it is marked with a "1" and if a variable does not
appear in an equation, it is marked with a "0";

e Delete the line of the equation that you are trying to identify;

e Form a submatrix from the columns corresponding to the elements containing "0"s in the
row that was deleted,;

e For this submatrix, if we find at least (G —1) rows and columns that are not all zero, the
equation is identified. Otherwise, the equation is unidentified (G being the number of en-
dogenous variables).

The results of these tests for our different equations, in Table 2, show that the equations of the
model satisfy the order and rank conditions. Thus, the system is therefore correct and over-
identified, and we can therefore choose the appropriate method to proceed with the estimation
of the model.

Estimation technique

Since equations are correct and over-identified, they can be appropriately estimated by the
DMC and/or TMC estimators (Bourbonnais, 2015). Then, in the context of our study, both
DMC and TMC have the advantage of reducing the simultaneity bias speciffically the reverse
causality ones. Indeed, there are strong reciprocal causalities between infrastructure, economic
growth, inequality and poverty, which brings us back to the problems of endogeneity (Ntita
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Ntita, et al., 2017). In doing so, about our model, DMC could present a major limitation with
regard to the correlation of the residuals of the different equations. Therefore, the solution to
obtain an efficient estimation would lie in an estimator capable of correcting the correlation
bias of the residuals while admitting the endogenous exogenous variables. This description cor-
responds to the TMC method which is a systemic method, for which all the parameters of the
model are estimated jointly. First, it estimates each equation by two-stage least squares. Then,
it generates the residuals from the results of the first stage and uses them to estimate the rela-
tionship between the hazards of the different equations. Finally, it applies generalized least
squares to estimate the entire model globally, taking into account the information derived in the
second stage.

4. Results and discussion

Our econometric model highlights the role of infrastructure through the estimation of interac-
tions within the growth-inequality-poverty triangle. First, we note that the specified model is
globally significant. Indeed, the adjustment coefficients R? of the growth, inequality and pov-
erty equations are high (42.80%, 94.16% and 70.50%) and closer to 1. Similarly, we then ob-
serve the p-values, which represent the probability of the and x2?F-stat tests in order to reject
the zero hypothesis of spurious regression, are significant at 1% threshold for the GINI index
and the poverty rate but significant at 10% threshold for the growth rate. Finally, the RMSE
(Root Mean Square Error) statistics, which give the deviation between the simulated values of
the variables compared to the observed values, are very low (2.58; 0.86 and 3.04).

Table 3: Estimation of the simultaneous equation

Variables Growth rate Gini Poverty
Growth rate 0.027 0.476***
(0.117) (0.172)
Gini -2.208*** 0.543
(0.854) (0.599)
Road infrastructure -9.520* -2.589** -5.314*
(5.116) (1.082) (3.133)
Electricity infrastructure 8.164 0.546 3.193*
(4,993) (2.115) (1,734)
New technology infrastructure -0.614 -0.223 0.988***
(0.481) (0.180) (0.331)
Water and sanitation infrastructure 0.199 -0.191 -0.497***
(0.453) (0.127) (0.109)
Education expenditure -2.083 7.836***
(2.292) (0.933)
Health expenditure -2.169*** 2.211***
(0.750) (0.504)
Private investment -1.282** 3.263***
(0.588) (0.331)
Labor force -0.629 -2.932***
(0.865) (0.483)
Inflation 0.0517
(0.201)
Commercial opening 16.56**
(8.417)
(0.00387) (0.00352)
Access to credit 4.09e-06* -3.51e-06
(2.23e-06) (3.71e-06)
Population growth -2.766 -81.44%**
(1,798) (5.326)
Constant 151.7** 60.40*** 442 1%**
(74.47) (6,973) (44.45)
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Observations 19 19 19
R-squared 0.430 0.942 0.984

Source: Authors
Note : Values in parentheses are Student's t-tests and (***), (**) and (*) denote the 1%, 5% and 10% variables respectively.

First, regarding to the growth equation, the Gini index, road infrastructure, health expenditure
and investment have negative and significant effects on growth. The negative effect of the Gini
index corroborates with the study of (Barro, 2000) which shows that inequalities play a negative
role on growth, when GDP per capita is less than $2,000 and positive if GDP per capita is
superior more than this amount. Indeed, Barro (2000) makes a distinction between poor coun-
tries and rich countries regarding to the effects of inequalities on growth. He highlights that
income inequalities can slowdown growth in poor countries. (Ostry, 2014) also provided em-
pirical evidence by showing that a lower level of inequality is robustly correlated with faster
and more sustainable growth, for a given level of redistribution. Inequality in Mali, certainly
has started to fall but remains high. It decreased from 53% in 1991 to 24% in 2018 (RESAKSS,
2018). Regarding infrastructure, in general, a positive effect is theoretically expected
(Aschauer, 1989). This is confirmed by (Yilmaz & Cetin, 2018), showing the positive and sig-
nificant effects of infrastructure. In our case, the negative effects of road infrastructure can be
explained by its geographical distribution. Indeed, in Mali, road infrastructure, although insuf-
ficient, is more concentrated in main cities compared to rural areas. This can raise problems for
the supply and distribution of agricultural products. For example, during production season
(harvest season particularly), some products (mangoes, potatoes, sweet potatoes, market gar-
dening products) rot in rural areas due to a lack of road infrastructure and at the same time as
demand remains high and unsatisfied in others regions. This is the case, for example, in the
regions of Sikasso and Ségou (agricultural production zones in excellence) and those in the
north as Tombouctou, Gao, Kidal, where fewer agricultural products are produced. This prob-
lem is also observed within the regions themselves. Beyond 7 km from the central municipali-
ties, farmers have difficulty obtaining inputs and to sell their agricultural products. These con-
tribute to increasing production costs, which, in turn, leads to a decrease in productivity, added
value and therefore economic and social development.

Literature reveals a positive relationship between health expenditure and growth in developing
countries (Kocoglu & David, 2012). This relationship is reflected in two channels, direct and
indirect. First, the improvement of health has a positive effect on growth through life expec-
tancy and productivity gains. Then, research and development in the health sector positively
impacts growth through innovations. However, our results show a negative effect of health ex-
penditure on growth in Mali. This can be explained by the poor allocation of resources in the
sector. In Mali, health expenditure is predominantly allocated to administrative operations, of-
ten at the expense of curative care, staff training, and the development of health infrastructure.

Private investment has negative and significant effects. These results contradict the literature
which notes a positive effect of private investments on growth (Bendoma & Essomba, 2017).
The negative effect of private investment on growth in Mali can be explained mainly by its
small size but also by the structure of the economy. Indeed, private investment, which depends
on a part of public investment, represents only 9.5% of GDP. Also, public investment is even
lower and represents only 8.7% of GDP?2. In addition, it should be noted that the Malian econ-
omy remains structurally little industrialized with a very little developed manufacturing sector.

2See AfDB, 2019, Economic Outlook for Mali, available at the following link: https://www.afdb.org/ .
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Secondly, regarding the Gini index equation, we note that the growth rate has a positive but not
significant effect, however road infrastructure has a negative and significant influence. Simi-
larly, new technology infrastructure, water and sanitation have negative but not significant ef-
fects. This means, in general, that in Mali, infrastructure endowments contribute to reducing
income and consumption inequalities. This observation confirmed the results of (Sumedha &
Meenakshi, 2015), showing that the relationship between infrastructure and inequality depends
not only on the type of infrastructure but also on income. This is the case of electricity infra-
structure which tends to increase inequalities in Mali. Trade openness and the rate of credit
granted to businesses tend to increase inequalities. These are not conformed to what have been
observed in the literature stating that trade openness plays a key role in the reduction of ine-
quality within countries through its effect on the prices of goods and factors. Indeed, participa-
tion in foreign trade modifies household incomes due to changes in relative prices, reallocations
of resources and the introduction of new production techniques (Daymon, 2012).

Third, according to the poverty equation, the results show that, economic growth contributes to
reducing poverty, in line with the conclusions of (Nandori, 2010) related to the effect of eco-
nomic growth on poverty in Eastern Europe. Inequality increases the poverty rate, as indicated
by the theory. This is confirmed by (Herrera, 2017) emphasing that reduction of poverty will
only be possible if the different types of inequalities are reduced or limited, because it is unac-
ceptable that more than 10% of the world’s population live in extreme poverty or that only eight
people have the same wealth as half of humanity. Providing electricity and water and sanitation
infrastructure contributes to reducing poverty, this is argued by (Granados & Noyolitzin, 2015),
on the effect of infrastructure construction in reducing poverty. They state that highways have
more influence on poverty in times of economic contraction. Trade openness, population
growth and the granting of credit to private companies negatively influence poverty and are all
significant. This is in line with (Robleh, 2015) analyzing the effects of microfinance on poverty
reduction in Djibouti. Findings show that microcredit facilitates the creation of fairly significant
individual savings which ultimately makes its microcredit beneficiaries autonomous and also
develops the institution's credit portfolio to make it sustainable in the long term.

5. Conclusion

The objective of this study was to analyze the relationship between infrastructure, economic
performance, and poverty in Mali, using an empirical model based on the trilateral relationship
between growth, inequality, and poverty. A simultaneous equation model was employed, which
revealed three interlinked equations: one central equation for poverty and two auxiliary equa-
tions for the GINI index and the economic growth rate. These equations were estimated using
the Three-Stage Least Squares (3SLS) method.

The findings indicate that a high level of inequality negatively impacts economic performance.
While road infrastructure indicators have indirect effects on economic performance, this impact
is limited by the lack of access for rural populations to these infrastructures (TANGARA, et al.,
2019). Conversely, electricity infrastructure positively influences growth. Health and private
investment expenditures also indirectly contribute to economic performance. Road infrastruc-
ture helps reduce inequalities, whereas trade openness and access to credit exacerbate them.
This is due, on one hand, to the higher volume of imports relative to exports in Mali and, on the
other hand, to the challenges faced by a predominantly agricultural economy in accessing credit.

Economic performance was found to significantly reduce poverty. However, electricity and ICT
infrastructure indirectly increase poverty due to uneven territorial distribution, with most of
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these infrastructures concentrated in urban areas. Conversely, road and water infrastructure con-
tribute to poverty reduction. Private investments, trade openness, an active population, access
to credit and population growth were also shown to significantly reduce poverty.

In light of these findings, economic policies in Mali should prioritize reducing inequalities by
focusing on investments in road, water, and electricity infrastructure while simultaneously in-
creasing expenditures on health and education. These measures are crucial for achieving im-
proved economic performance and fostering sustainable development in Mali.

6. References

Références

ADJOVI, E. & CODO, A.-M., 2019. Dépenses publiques d’infrastructures et réduction de la
pauvreté au Bénin : une analyse a partir d’un Modéle d‘Equilibre Général Calculable
Dynamique Micro Simulé. REVUE D’ANALYSE DES POLITIQUES ECONOMIQUES ET
FINANCIERES, 4(1), p. 35.

Agénor, P. R. & Moreno-Dodson, B., 2006. Public infrastructure and growth: New channels
and policy implications. World Bank Publications, Volume 4064.

Aghion, P., Akcigit, U., Cagé, J. & Kerr, W. R., 2016. Taxation, corruption, and growth.
European Economic Review, Volume 86, pp. 24-51.

Aschauer, D. A., 1989. Public investment and productivity growth in the Group of Seven.
Economic perspectives, 13(5), pp. 17-25.

Bajar, S. & Rajeev, M., 2015. The impact of infrastructure provisioning on inequality: Evidence
from India. Global Labour University Working Paper.

Barro, R. J., 1990. Government spending in a simple model of endogeneous growth. Journal of
political economy, Volume 98, pp. S103-S125.

Barro, R. J., 2000. Inequality and Growth in a Panel of Countries. Journal of economic growth,
Volume 5, pp. 5-32.

Barro, R. J., 2001. Human capital and growth. American economic review, 91(2), pp. 12-17.

Bendoma, M. & Essomba, C. M., 2017. Public Investment and Economic Growth in Cameroon.
MPRA Paper.

Booth, D., Hanmer, L. & Lovell, E., 2000. Poverty and transport. Report for the World Bank.
Overseas Development Institute..

Borensztein, E., De Gregorio, J. & Lee, J. W., 1998. How does foreign direct investment affect
economic growth?. Journal of international Economics, 45(1), pp. 115-135.

Bornschier, V., 1983. World economy, level development and income distribution: An
integration of different approaches to the explanation of income inequality. World
Development, 11(1), pp. 11-20.

Bourbonnais, R., 2015. Econométrie. Paris: Dunod.

Cetin, K. et al., 2017. Modeling urban building energy use: A review of modeling approaches
and procedures.. Energy, Volume 141, pp. 2445-2457.

121

Journal of Applied Economics and Management of Organizations JAEMO - ISSN 1987-1694 - Vol. 1 — N°1 — Dec. 2024
Online : www.lread.ml


http://www.lread.ml/

Chatterjee, S. & Turnovsky, S. J., 2012. Infrastructure and inequality. European Economic
Review, 56(8), pp. 1730-1745.

Chen, B. & Kuang, G., 2023. Role of sustainable infrastructure development to poverty
alleviation in Asia: Does inclusive growth matter in a collective economic environment. The
Singapore Economic Review, 68(4), pp. 1345-1373.

Daymon, C., 2012. Ouverture commerciale, inégalités de revenu et répartion salariale dans les
pays du Sud et de I’Est de la méditerranée. Région et Développement, Issue 35.

De Ferranti, D. M., 2004. Inequality in Latin America: breaking with history?. world bank
publications.

Deininger, K. & Squire, L., 1998. New ways of looking at old issues: inequality and growth..
Journal of development economics,, 57(2), pp. 259-287.

DFID , 2002. Climate Change: How can DFID’s Natural Resources Research.

Fagbemi, F., Osinubi, T. T., Nzeribe, G. E. & Bankole, T. O., 2022. Human capital development
challenge: Why corruption eradication is a panacea in Nigeria. Journal of Development Policy
and Practice, 7(2), pp. 180-205.

Falloul, M. E. & Saadallah, A., 2014. Estimation d’un mod¢le a équations simultanée des
variables macroéconomiques au Maroc. International Journal of Innovation and Scientific
Research, 11(2), pp. 339-355.

Fay, M. & Morrison, M., 2005. Infrastructure in Latin America : Recent Developments and
Key Challenges. World Bank Publications - Reports, Volume 1.

Forbes, K. J., 2000. A reassessment of the relationship between inequality and growth.
American economic review, 90(4), pp. 869-887.

Gohou, G. & Soumaré, I., 2012. Does foreign direct investment reduce poverty in Africa and
are there regional differences?. World development, 40(1), pp. 75-95.

Granados, N. N. S. & Noyolitzin, N., 2015. Does Transportation Infrastructure Reduce
Poverty?. Evidence from the free federal trunk highway system in Mexico.

Greene, W. H., 2000. Econometric Analysis 4th edition. s.l.:International edition, New Jersey:
Prentice Hall.

Herrera, J., 2017. Poverty and economic inequalities in peru during the boom in growth. In
Alternative pathways to sustainable development: Lessons from Latin America (pp. 138-173).
Brill Nijhoff..

Hooper, E., Peters, S. & Pintus, P. A., 2018. The causal effect of infrastructure investments on
income inequality: Evidence from US states.

Isaurralde, M., 2017. L’ acces aux services en réseau par le microcrédit: un palliatif au retrait de
I’Etat et du service public? Une analyse de cas sur la fourniture de gaz de ville dans le Grand
Buenos Aires. Revue internationale des études du développe.

Jacquet, P. & Charnoz, O., 2003. Infrastructures, croissance et réduction de la pauvreté. In
Avrticle pour le forum franco-vietnamien.. Article pour le forum franco-vietnamien.

122

Journal of Applied Economics and Management of Organizations JAEMO - ISSN 1987-1694 - Vol. 1 — N°1 — Dec. 2024
Online : www.lread.ml


http://www.lread.ml/

John Gachunga, M. & Kuso, Y., 2019. Contribution of infrastructure to economic growth in
Africa. International Journal of Business Marketing and Management (IJBMM) , Volume 4,
pp. 43-51.

Kocoglu, Y. & David, R. D. A., 2012. Santé et croissance de long terme dans les pays
développés: une synthése des résultats empiriques. Economie publique/Public economics,
24(25), pp. 41-72.

Koloma, Y., 2008. Contribution a I’analyse de la pauvret¢ non-monétaire micro-
multidimensionnelle au Mali. Groupe d* Economie du Développement, Document de Travail.

Lehnert, K., Benmamoun, M. & Zhao, H., 2013. FDI inflow and human development: analysis
of FDI's impact on host countries' social welfare and infrastructure. Thunderbird International
Business Review, 55(3), pp. 285-298.

Lenz, L., Munyehirwe, A., Peters, J. & Sievert, M., 2017. Does large-scale infrastructure
investment alleviate poverty? Impacts of Rwanda’s electricity access roll-out program. World
Development, Volume 89, pp. 88-110.

Lopez, J. H., 2004. Pro-poor growth: a review of what we know (and of what we don’t). The
world bank.

Lucas Jr, R. E., 1988. On the mechanics of economic development. Journal of monetary
economics, 22(1), pp. 3-42.

Lundberg, M. & Squire, L., 2003. The simultaneous evolution of growth and inequality. The
economic journal, 113(487), pp. 326-344.

Marinho, E., Campelo, G., Franc¢a, J. & Araujo, J., 2017. Impact of infrastructure expenses in
strategic sectors for Brazilian poverty. EconomiA, 18(2), pp. 244-259.

Nandori, E. S., 2010. The effect of economic growth on poverty in Eastern Europe. Zarzgdzanie
Publiczne, 1(2).

Ntita Ntita, J., Ntanga Ntita, J. D. D. & Kazadi Ntita, F., 2017. Investissement public et
croissance économique en République Démocratique Du Congo.

Nugroho, R. P., Zuiderwijk, A., Janssen, M. & de Jong, M., 2015. A comparison of national
open data policies: Lessons learned.. Transforming Government: People, Process and Policy,
9(3), pp. 286-308.

Ogun, T. P., 2010. Infrastructure and poverty reduction: Implications for urban development in
Nigeria. In Urban Forum. Dordrecht: Springer Netherlands, 21(3), pp. 249-266.

Ostry, J. D., 2014. Redistribution, inequality, and growth.

Ravallion, M. & Datt, G., 2002. Why has economic growth been more pro-poor in some states
of India than others?. Journal of development economics, 68(2), pp. 381-400.

Robleh, 1., 2015. Microfinance et réduction de la pauvreté: le cas de Djibouti. s.l.:Doctoral
dissertation, Université de Picardie Jules Verne.

Romer, P. M., 1986. Increasing returns and long-run growth. Journal of political economy,
94(5), pp. 1002-1037.

Sarkodie, S. A. & Adams, S., 2020. Electricity access, human development index, governance
and income inequality in Sub-Saharan Africa. Energy Reports, pp. 455-466.

123

Journal of Applied Economics and Management of Organizations JAEMO - ISSN 1987-1694 - Vol. 1 — N°1 — Dec. 2024
Online : www.lread.ml


http://www.lread.ml/

Servén, L. & Calderon, C., 2004. The effects of infrastructure development on growth and
income distribution. Documentos de Trabajo (Banco Central de Chile), Volume 270, pp. 1-47.

Sumedha, B. & Meenakshi, R., 2015. The impact of infrastructure provisioning on inequality :
evidence from India. Globla Labour University Working Paper, p. 35.

Sutherland, D., Araujo, S., Egert, B. & Kozluk, T. J., 2009. Infrastructure investment: links to
growth and the role of public policies.

TANGARA, M. B.,, MOULEYE SOUMAILA, I. & MAIGA, A., 2019. Dépenses publiques et
réduction de la pauvreté au Mali. s.l.:s.n.

Timilsina, G. R., Hochman, G. & Song, Z., 2020. Infrastructure, economic growth, and poverty:
A review. World Bank Policy Research Working Paper, , p. 9258.

Vincent, K., 2019. L ’ impact Des I nvestissements Directs Etrangers Sur La R éduction De La
Pauvreté Dans L > UEMOA. 10("), p. 74-85.

Willoughby, K. A., 2002. Winning games in Canadian football: A logistic regression analysis.
The College Mathematics Journal, 33(3), pp. 215-220.

Xianbin, Y., 2003. Infrastructure and Poverty reduction. Making Markets work for the Poor.

Yao, X., 2003. Infrastructure and poverty reduction-making markets work for the poor. ERD
policy brief.

Yilmaz, D. & Cetin, 1., 2018. The Impact of Infrastructure on Growth in Developing Countries
: Dynamic Panel Data Analysis.

Zhang, X. & Fan, S., 2004. How productive is infrastructure? A new approach and evidence
from rural India. American Journal of Agricultural Economics, 86(2), pp. 492-501.

124

Journal of Applied Economics and Management of Organizations JAEMO - ISSN 1987-1694 - Vol. 1 — N°1 — Dec. 2024
Online : www.lread.ml


http://www.lread.ml/

