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Abstract

Several countries with abundant subsoil assets in the form of oil, gas and minerals have
shown significant interest in the financing model known as resource-backed loans. In this
paper, we examine the effectiveness of resource-backed loans on public debt sustainability
for 64 developing countries over the period 1990-2018. Using the propensity score match-
ing method through a battery of econometric and alternative specification tests, we find
that resource-backed loans reduce public debt. In addition, we look at the magnitude over
the first seven years, the results indicate that resource-backed loans are most effective from
the second to the seventh year after adoption. We also show that this favorable effect is
sensitive to several structural characteristics of countries. These findings help inform pol-
icymakers in resource-rich countries that underwriting resource-backed loans is not only
a crucial dimension to the provision of public goods and services through infrastructure
investments and development, but also a path to better fiscal policy management some
year after the signing of loans and the completion of the targeted investments in devel-
oping countries. However, resource-rich countries considering a resource-backed loan will
need to focus on anti-corruption, good governance and strengthening institutional quality
to prevent these resource-backed loans from triggering a pro-cyclical effect on their fiscal

policy.

Keywords: Resource-backed loans, Natural Resources, Natural resource rents, Public
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1 Introduction

The new international tracks of the Sustainable Development Goals (SDGs)' add a
stronger climatic and environmental dimension than the previous ones defined in the
Millennium Development Goals. Among them, goal number 9 aims to “Build resilient in-
frastructure, promote sustainable industrialization that benefits everyone, and encourage
innovation by 2030”. To achieve this objective, the States have bet on the accumula-
tion of the stock of capital mainly through productive public investments. However, the
countries are not at the same stages of development in this area. While developed coun-
tries direct their investments towards the key sectors that are more productive, most
developing countries still face a lack of basic infrastructure such as roads, schools, hos-
pitals, bridges, information and communication, sanitation, electric and hydraulic energy
(Sawadogo, 2020).

LAt the heart of the 2030 Agenda, 17 Sustainable Development Goals (SDGs) have been set ac-
cording to the United Nations report on Sustainable Development (see https://www.agenda-2030.fr/
17-objectives-de-developpement-durable/)


https://www.agenda-2030.fr/17-objectives-de-developpement-durable/)
https://www.agenda-2030.fr/17-objectives-de-developpement-durable/)

According to the 2020 United Nations report on progress towards Sustainable Devel-
opment quoted by (Farigoul, 2020), the share of global gross domestic product (GDP)
invested in research & development increased from 1.5% in 2000 to 1.7% in 2015 and
remained virtually unchanged in 2017; yet it was less than 1% in developing regions. In
addition, the International Energy Agency indicates in 2018 that 860 million people do
not have access to electricity and among them, more than two thirds live in sub-Saharan
Africa (IEA, 2019). In addition, a study conducted by the United Nations insists that
making infrastructure resilient to disasters and climate change would require investing
an additional $434 billion per year (Nations, 2019). As for the World Bank, it estimates
that developing countries could achieve their sustainable development objectives in terms
of infrastructure by devoting 4.5% of their GDP to it, while limiting global warming to
2°C (World, 2019). To respond rigorously to the growing needs of the population in these
developing regions, which doubles every year, and to sustainable development challenges,
developing countries have placed particular emphasis on the mobilization of domestic tax
resources, because the standard sources such as official development assistance are not
sufficiently able to ensure funding due to their volatility. However, the share of tax rev-
enue collected on average in GDP is relatively lower to support such targeted economic
development in the short, medium, and long term. It represents on average only 15%
of GDP in Sub-Saharan Africa (Mascagni et al., 2014; OCDE/ATAF/CUA, 2017) and
13.6% of GDP in Latin America and the Caribbean (World, 2020a). In addition, another
difficulty for these countries to finance their economies lies in access to international capi-
tal markets crucial for financing development (Sawadogo et al., 2021), which is limited to
many of these countries due to their very high financial risks due to series of defaults or
restructurings of public debt (Reinhart et al., 2003). Consequently, the natural resources
of which these two regions? are abundantly endowed (Ben-Salha et al., 2021; Guan et al.,
2020 ; Qiang and Jian, 2020; Dawda et al., 2019; Sadik-Zada and Gatto, 2019; Philippot,
2011; Mavrotas et al., 2011; Gylfason, 2011; Briickner, 2010; Kropf, 2010; Auty, 1997).
could be a relevant solution to reveal these great challenges. Historically, the economic
development of some developed and developing countries has been based on their endow-
ment of natural resources. More recent studies of developing countries such as Botswana,
Malaysia, South Africa and Chile estimate that these countries have achieved a higher
level of income, in part due to the extraction of natural resources (Halland and Ossowski,
2016). Other industrialized countries like Australia, Canada and the United States have
succeeded in transforming resource extraction into economic growth and development
(Halland and Ossowski, 2016). In fact, natural resources through the extractive indus-
tries generate revenue for governments, foreign currency, and jobs for the populations and

for those located in the regions of exploitation.

2The region of sub-Saharan Africa and Latin America and the Caribbean



Today, anew financing model has become popular allowing countries to obtain funds for
the financing of public investments. This is the natural resource-backed loan market. For
the past 15 years, resource-rich developing countries have been using resources as col-
lateral to gain access to sources of finance and circumvent the obstacles they encounter
when trying to obtain traditional loans. with banks or capital on the financial markets
(Halland et al., 2015).

Basically, natural resource-backed loans refer to all financial commitments made in the
form of borrowing by countries rich in natural resource endowments to finance infras-
tructure investments. In addition, the repayment of this loan is made either in kind or
in cash®. Indeed, several developing countries have managed to conclude an agreement
with China, which has a monopoly in this area. Recently, a study carried out by the
team of researchers from the Institute of Natural Resources Governance revealed that
the total amount of resource-backed loans amounts to 164 billion US dollars, of which 66
billion are granted to Africa, and 98 billion were granted to Latin America (Mihalyi et al.,
2020). Moreover, many infrastructure investment projects have been carried out in these
countries thanks to loans backed by natural resources,namely: the Pointe-Noire Road in
Brazzaville, the Bui dam and gas processing plant in Ghana, the rural electrification in
Zimbabwe, the construction of housing in the city of kilamba, the construction of the
Coca Codo dam and hydroelectric power station in Ecuador, etc.

However, natural resource-backed loans could negatively or positively affect fiscal policy,
particularly through the public debt channel for debtor countries due to their lack of
transparency (Mihalyi et al., 2020). According to the World Bank’s report on the debt
situation of the world’s regions, the total stock of external debt of low- and middle-income
countries increased by 5.3% in 2018 to reach $7.8 trillion, i.e. almost half of the 10.4%
accumulation rate recorded in 2017 and an increase of more than 40% compared to 2009
(World, 2020a). Going further, the recent study conducted by (Mihalyi et al., 2020), out
of 52 natural resource-backed loans during the period 2004-2018 reveals that out of 14
subscribing countries, 10 countries faced severe debt situations following the commodity
price shock in 2014. Also, all the conditions of these loans are not fully relayed, they
are often secret. This could aggravate the financial difficulties of subscribing countries
(Mihalyi et al., 2020). In addition, too large a resource-backed loans can lead to over-
exploitation of natural resources leading to poor governance of natural resources, which
negatively affects the perception of rent resulting in yet another loan. Hence the risk of
undermining public debt sustainability and fiscal discipline in debtor countries.
However, natural resource-backed loans offer many advantages to the various countries
rich in natural resources and willing to subscribe. They allow the accumulation of public

capital stock, through the construction of public infrastructure, offer less expensive financ-

3Repayment is made both with future revenues from natural resources and in exchange for the promised
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ing and can be renegotiated in the event of payment difficulties at maturity and can also
be structured in such a way as to reduce volatility (Mihalyi et al., 2020). Indeed, since the
appearance of the phenomenon known as the natural resource curse, studies have shown
ways to harness the power of natural resources and go beyond this curse (Arezki et al.,
2012). Along the lines suggested by these studies, natural resource-backed loans could
help countries meet the challenge of reaping the benefits of natural resource wealth even
if they entail risks, the advantages they offer are conducive to economic and sustainable
development. Clearly, given the vast debate on the determinants of public debt, access to
financial markets and infrastructure financing (Reinhart et al., 2003; Buffie et al., 2012;
Melina et al.; 2014; Halland et al., 2015; IMF, 2015; Morgan, 2015; Konopczak, 2015;
IMF, 2017; IMF, 2018; Sadik-Zada and Gatto, 2019; Sawadogo, 2020; World, 2020b;
World, 2020a), we examine whether natural resource-backed loan is an important deter-
minant for financing the economy without compromising the sustainability of public debt
over time, for resource-rich developing countries. In any event, relevant recommendations
should be proposed to subscribing or future subscribing countries. The glowing literature
on the link between natural resources and public debt has focused on natural resource
rents (Ben-Salha et al., 2021; Ampofo et al., 2021; Guan et al., 2020; Sadik-Zada, 2016;
Philippot, 2011), as a determinant of debt and economic growth. However, the impact
that natural resource-backed loans may have on public debt over time has received very
little attention.

In addition, previous studies that address the issue of resource-backed loans in developing
countries (Halland et al., 2015; Mihalyi et al., 2020; ITIE, 2020; Nyamudzang, 2021), have
so far remained silent on the macroeconomic impact of this type of loans.

Mihalyi et al. (2020) were the first to speak out on the issue of natural resource-backed
loans. In their pioneering study of the risks and opportunities of resource-backed loans,
they found that in the event of a commodity price shock in the market, subscribing
countries are plunged into an increased budget deficit. This study indicates that several
countries subscribing to loans backed by natural resources were exposed to a situation of
over-indebtedness at the end of the oil shock that occurred in 2014. The authors believe
that resource-backed loans are the cause of this crisis. of indebtedness in these countries
because, out of 14 subscribing countries, 10 countries have faced major budgetary difficul-
ties. These conclusions could be the subject of many criticisms. First, the authors show
the inefficiency of resource-backed loans by focusing on a particular case, i.e., during a
shock to the price of resources, which suggests that in the absence of a shock, resource-
backed loans could be beneficial for the subscribing countries. Second, the authors do
not consider the structural and institutional factors* that could influence the effect of this

type of financing. Hence the omission of relevant variables or determinants leading to a

4The quality of institutions, macroeconomic and political stability, and the role of fiscal rules.



bias in interpretation. Finally, this study says nothing about how the public debt would
evolve over time, five years for example after the subscription and the realization of the
investments in the projects concerned. This is surprising because the investments made
with these loans could make it possible to increase the attractiveness of FDI, employment,
generate new tax revenues through the broadening of the tax base in the debtor countries.
Hence the importance for us to study more carefully the countercyclicality of loans backed
by natural resources over time, i.e., over the period (t+5) in developing countries.
Indeed, we justify the choice of this angle of analysis by the fact that the effect or the effec-
tiveness of a loan on budgetary policy, specifically the public debt, can only be captured
a few years after the investments made. There can be a return on investment capable of
reviving the economy and enabling countries to mitigate the effects of shocks.

The contribution of this study to the literature is threefold. First, we add to the re-
cent literature on natural resource efficiency and fiscal policy (Jia et al., 2021; Halland
et al., 2016; Orluwene, 2013; Ruslan, 2012; Adam, 2010), based on evidence empirical.
Secondly, we focus particularly on loans backed by natural resources given their magni-
tudes on the economies of the subscribing countries so far very little studied, the link
with budgetary discipline and more precisely the accumulation of public debt, which our
knowledge, has never been studied empirically. Identifying the transmission channels of
public debt-backed loans is essential to enrich and guide policy discussions on the subject.
Finally, we are the first to study the effect of resource-backed loans on both public debt
over time (five periods), as well as the variation of public debt in developing countries.
Our results first indicate that natural resource-backed loans are effective in reducing public
debt five years after the underwriting and completion of investments in targeted projects
for subscribing countries compared to non-subscribing countries, through a methodology
based on propensity score matching (PSM). Second, we find no significant effect on the
year-on-year change in debt even though most of the coefficients remain positive. More-
over, we show that the effects are heterogeneous. Finally, we show through a robustness
test battery that our obtained results are robust to any change.

The rest of the document is structured as follows. Section 2 presents the stylized facts and
the review of the existing literature on the subject in Section 3. Then, Section 4 describes
the methodology, followed by a presentation of the data and the empirical identification
strategy used to estimate the impact of natural resource-backed loans on public debt. The
results are presented in Section 5, while in Section 6, we investigate the sensitivity and
heterogeneity of these results, respectively. Finally, Section 7 concludes the study and

presents the main policy recommendations derived from the findings.



2 Stylized facts

In this section, we present some stylized facts that characterize resource-backed loans,
natural resource rent and public debt in developing countries.

There is a slew of literature supporting the significant effect of natural resource windfalls
on public debt in developing countries. Indeed, several studies find a positive and sig-
nificant effect of natural resource rent on public debt (Ampofo et al., 2021; Sadik-Zada
and Gatto, 2019; Melina et al., 2014; Carneiro, 2007). Figure 1 shows us the increase
in the debt-to-GDP ratio relative to the natural resource rent over the period 1990-2018.
On average, the debt ratio increased by 54.27% of gross domestic product. However, this
increase was more substantial in countries subscribing to natural resource-backed loans
around 63% of GDP than in non-subscribing countries with 53% of GDP on average (see

Figure 1). We can notice on this figure a relation of convergence between the increase in
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Figure 1: Average evolution of public debt and natural resource rent
of RBL and Non-RBL countries (% of GDP).

the level of the public debt and the rent. This idea was championed by(Sadik-Zada and
Gatto, 2019) in a pioneering study on public debt. In fact, these authors argue that if the
commodity market operates on the classical assumptions (absence of shock or bubble), in
the long term the increase in the rent® of natural resources therefore leads to an increase
in public debt in developing countries, but in the short term no effect has been observed.
In addition, the subscriber countries mobilize more rent on average 18% of GDP than the
other countries in our sample which only mobilize 7% of GDP on average (see Figurel).

This may lead them to take on more debt with a view to repaying it with future revenues

5The total natural resource rent is the sum of oil rents, natural gas rents, coal rents (hard and soft),
mineral rents and forest rents from which the cost incurred for extraction is deducted (World Bank,
2020) or the amount by which revenues exceed the full cost of production, including those of discovery

and development, and the normal return to capital (IMF, 2012).



from natural resources. It also emerges that some countries, depending on their level of
income, have a debt ratio above the reference average. Indeed, we can notice that there
is not only a heterogeneity between the countries according to their income. For infor-
mation, low-income countries recorded an average increase in public debt of 76% of GDP,
unlike lower-middle-income and upper-middle-income countries with 50.27% and 48% of
GDP respectively (see figure 2). This would have its origin in the strong dependence
on natural resources in these countries and the fragility of their economies in the face of

shocks to the cost of raw materials. Since the works (Aschauer, 1989),numerous studies

Lowr Income Lowser middis InCome Uppsr mikddis incomes
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Figure 2: Average public debt and natural resource rent of RBL and

Non-RBL countries as per income level (% of GDP).

have pointed out that an adequate supply of infrastructure services is considered a key
element of economic development. To achieve this infrastructure and achieve the desired
development, countries rich in natural resources have reached a partnership agreement
that could be described as "win-win" with China (Alves, 2013).

The first loans backed by natural resources in African countries date back to the 90s con-
tracted by Angola to finance the war that the country was going through. That of Latin
America begins in 2009 with a total amount of 14 billion US granted by China to Brazil
and Venezuela for a respective amount of 10000 million US and 4000 million US (Mihalyi
et al., 2020).

Over the past fifteen years, we can see a marked increase in natural resource-backed
loans in these regions with an average evolution of 28.46% of GDP (see Figure
reffig:Graph). In addition, the peak reached at around 200% of GDP in 2017 derives from
the sum of the loans made by Guinea Conakry and Brazil with 192.3% and 0.2% of GDP
respectively (see Figure 3). This colossal loan would have been justified by Guinea in the
construction of multi-sectoral infrastructure including the Coyah-Dabola road, Conakry
Road and sanitation network and university building (Mihalyi et al., 2020). Except for

2017, natural resource-backed loans vary between 0 to 50% of gross domestic product.

7



SGOP

Loan & % o

Figure 3: Evolution of resource-backed loans as a % of GDP between

2000-2018.

4.5

Public debt (t+5)

354

T T T T
1990 2000 2010 2020

| Subscribers  --------- Non-subscribers |

Figure 4. Public debt at period (t+5) of subscriber and non-

subscriber countries as a % of GDP.

Moreover, the rapid evolution of these resource-backed loans in recent years could not
only be explained by the growing needs of the population in terms of infrastructure, also
by the fact that China offers a range of lower interest rates at issue between 5% and
11%, a repayment period between 3 and 25 years with 5 years of grace and a possibility
of renegotiating in the event of difficulty at maturity unlike conventional lenders such as
Euro-bonds or Euro-bonds (Mihalyi et al., 2020). In fact, all these advantages that China,
has offered to resource-rich countries are to incentive’s them more to take out these types
of resource-backed loans to capture the largest share of the financial market as lenders.

It is important to mention that these loans have facilitated the financing of many infras-
tructures’ investment projects in these different countries. For example, Ghana’s loan for

the construction of the Bui dam was secured and repaid by selling 38,000 tons of cocoa

to China each year for the 17-year lifespan (Habia, 2009).



3 Literature Review

This section reviews previous theoretical and empirical studies on the relationship be-
tween natural resources and public debt.

We begin the discussion on how natural resources affect public debt. Indeed, the argument
of the curse of natural resources could be mobilized to explain the mechanism of over-
indebtedness of countries based on natural resources. In fact, proponents of this theory
describe an apparent paradox that developing countries endowed with abundant natural
resources show poor economic performance while resource-poor countries do not (Auty,
1994; Kropf, 2010; Mavrotas et al., 2011; Carbonnier, 2013; Cust and Mihalyi, 2017) ,
a weak quality of institutions thus affecting the macroeconomic stability of these coun-
tries (Deacon, 2011; Deacon and Rode, 2015; Dauvin and Guerreiro, 2017; Bova et al.,
2018; Souidi et al., 2018). In addition, the natural resource curse identified by (Sachs and
Warner, 1997) could be linked to the over-indebtedness of the host countries according to
(Manzano and Rigobon, 2001).

These authors noted that countries with large natural deposits (oil, natural gas, minerals,
bauxite, etc.), use these assets as a means of guaranteeing loans; a significant commodity
price catastrophe therefore results in a situation of extreme debt for these countries. Ac-
cording to (Melina et al., 2014) , although investing resource revenues in public capital is
best known for promoting economic growth, borrowing against future revenues or spend-
ing without savings exposes the economy to public debt sustainability risks. Moreover,
some authors believe that the causal link between the endowment of natural resources
and the public debt would find its origin in the political regime in place in a country
(Briickner, 2010). To sustain their power, some dictators use the resources against funds
offered by external banking institutions (Meissner et al., 2010), which will result in an
increase in the public debt. Raveh and Tsur (2020) showed that higher political myopia,
induced by tighter re-election restrictions, makes the effect of natural resource windfalls
positive on public debt. Indeed, the windfall of resources induces contradictory impacts
on the public debt. On the one hand, they increase government revenue, which tends to
reduce the need to borrow. On the other hand, they increase the wealth of the economy,
which improves borrowing conditions which, in turn, induce further borrowing (Raveh
and Tsur, 2020). These authors find very interesting results for American countries that
maintain their level of democracy constant. The results indicate that resource wind-
falls can increase public debt in democratic countries through the channel of re-election
prospects. However, in countries with a democracy, windfall resource gains reduce exter-
nal debt (Arezki et al., 2012). Fundamentally, the major problem in the public finances

of oil-producing economies very clearly lies in the volatility of oil prices. In fact, the



surge in the price of oil has enabled exporting countries to mobilize more tax revenues in
the extracting sector to finance not only their development policy but also existing debt.
(Gelb, 1988), showed that the rise in oil prices in the 1970s allowed many oil-exporting
countries to finance large productive investment projects and external debt partly with
oil revenues. Going in the same vein (Sadik-Zada, 2016), comes to the conclusion that
revenues from oil exploitation should have a lower share of public debt and therefore a
lower risk of sovereign default. Elkhan Sadik-Zada and Gatto (2019), pointed out that
this rise in prices naturally leads to an increase in oil extraction, income, employment,
the rate of growth of GDP, an improvement in the balance of payments which in turn
reduces the public debt. On the other hand, a situation of over-indebtedness would occur
in the event of a sudden fall in the price on the international market. This idea has been
defended by many authors starting with (Carrasco, 1999).

In his pioneering article on the debt crisis, the author shows that the collapse in the
price of oil contributed to a succession of debt crises in Latin America leading to an in-
crease in poverty. Likewise, (Buffie et al., 2012) argue that a persistent negative economic
shock to commodity prices can easily threaten the debt sustainability of countries with a
high dependence on natural resources. The same result is found in (Arias and Restrepo-
Echavarria, 2016). Moreover, the recent collapse of commodity prices on the international
market in 2014 has put a strain on public finances in all resource-rich countries (Mihalyi
et al., 2020).

Recent literature has attempted to study how natural resource rents positively affect
public debt in developing countries. Ampofo et al. (2021) studying the relationship be-
tween total natural resource rent and debt in 17 resource-rich countries over the period
1991-2017, find that there is a significant positive relationship between countries’ resource
revenues and long-term public debt. term and a short-term negative link. Thus, through
an estimation with a panel vector error correction model, the authors show that there
is a causal relationship between the abundance of natural resources and the public debt.
This implies that the excessive dependence on natural resources about total rents affects
the sustainability of public debt. As (Elkhan Sadik-Zada and Gatto, 2019),who examined
the important factors driving rising public debt in 184 countries based on a survey of
central government debt in 2013. The authors found that the share of mining rent in
total revenue has a statistically significant impact on public debt. Few studies have truly
analyzed the impact of resource-backed loans on the increase in public debt. In addition,
the few existing studies on the subject focus on the risks and opportunities of these loans.
For example (Mihalyi et al., 2020), find that resource-backed loans can undermine pub-
lic debt sustainability in subscribing countries. Moreover, they find that 52 countries in
their sample that contracted a loan backed by natural resources experienced a situation
of over-indebtedness following the oil shock that occurred in 2014.

Nyamudzang (2021), finds by studying the case of Zimbabwe that loans backed by nat-
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ural resources constitute a high risk of indebtedness of the beneficiaries. Lederman and
Maloney (2006) also pointed out that the excessive and irresponsible loans of the 1970s
based on the notion of continuously changing oil prices led to the inevitable public debt
crises in oil-rich countries.

Beyond theoretical and empirical considerations, based on the experience of the natural
resource curse, natural resources can significantly impact the stock of debt insofar as they
generate revenues for governments, currencies, and jobs. for the populations and in par-
ticular for those located in the areas of exploitation (Halland and Ossowski, 2016). As the
literature clearly indicates, no empirical evidence exists between natural resource-backed
loans and public debt in developing countries. Therefore, an econometric analysis is cru-
cial to determine the impact of these natural resource-backed loans on public debt at the

period (t+5) in developing countries.

4 Data and Methodology

4.1 Data

The dataset includes 64 developing countries, with 14 RBL (treatment group) and 50 non-
RBL (control group). Our study, dictated by the availability of data, covers the period
1990-2018. The dependent variable used in this study is the public debt at period (t+75).
Data on public debt come from (Kose et al., 2017), Fall 2021 version.

Our treatment variable is a dummy variable that takes the value 1 if the country has
subscribed to an RBL, and 0 otherwise. In addition, our sample includes 406 country-
year observations with RBL (Units of analysis or treated Unit) and 1450 country-year
observations non-RBL (Control Units). Our potential non-RBL control group is 3 times
larger than the RBL treatment group, which would provide a weighted control group for
our treatment group. Drawing on recent empirical and theoretical literature on natural
resource-backed loans and the determinants of public debt (IMF, 2018; IMF, 2017;World,
2020a; World, 2020b; Barro, 1979; Mihalyi et al., 2020; ITIE, 2020; IMF, 2015; Buffie
et al., 2012; Meissner et al., 2010; Raveh and Tsur, 2020; Carrasco, 1999; Carrera and
Pablo, 2021; IMF, 2020; Perry, 2020; Nyamudzang, 2021; Mubariz et al., 2021 etc.), we
use a group of matching variables that capture factors that simultaneously influence the
probability of taking a natural resource-backed loan and the increase in public debt as
recommended by (Caliendo and Kopeinig, 2008):

(i) Resource rent — a large part of the rent captured by the government contributes to
financing development through the provision of public goods and services. This variable
is assumed to have a negative effect on the increase in public debt (Ampofo et al., 2021;
Sadik-Zada, 2016).

(ii) Abundance of natural resources — which is a key indicator of economic development

11



in developing countries. In fact, a country rich in natural resources is likely to experi-
ence an influx of FDI. This contributes to improving macroeconomic indicators such as
employment, poverty reduction, balance of payments through exports and broadening of
the tax base. Theoretically, this variable negatively affects the increase in public debt be-
cause 20% of GDP tax revenues come from the extracting sector in developing countries
(Halland et al., 2015).

(iii) Inflation rate- an indicator of macroeconomic stability. An expansionary monetary
policy, for example, can lead to a rise in the general price level, which lowers the value
of the currency and increases the debt service and public debt burden (Barro, 1979;
Sawadogo, 2020). This is because an increase in inflation can reduce the real value of
outstanding debt or, alternatively, increase interest payments on debt, thereby increasing
the outstanding debt (Reinhart and Rogoff, 2010). Also, the higher the inflation rate, the
higher the ratio of public debt to GDP (Cooray et al., 2017).

(iv) Trade openness as a percentage of GDP. From a theoretical point of view, the
effect of trade openness on public debt passes through the tax revenue channel, which
depends on many factors, in particular the structure of trade liberalization and its effect
on each component of government revenue (Ebrill et al., 1999; Agbeyegbe et al., 2006).
We believe that it will have a negative effect on the increase in public debt in developing
countries.

(v) Gross Domestic Product per capita — which controls the economic cycle and pro-
motes fiscal conditions. Indeed, a country with a high GDP growth rate can easily repay
its loan unlike a country with a low rate (Sawadogo, 2020). Therefore, we expect it to
negatively affect the increase in public debt.

(vi) Public investment (gross fixed capital formation). It is recognized that in a transi-
tional regime, as the stock of public capital increases financed by borrowing, this generates
strong economic growth, reduces the unemployment rate, the current account balance but
leads to an increase in public debt as a % of the short-term GDP (Ragot and Saraceno,
2016). In the presence of the golden rule of public finance, the debt burden induced by the
higher deficit by increasing public investment crowds it out in the long run due to some
unproductive spending (Minea and Villieu, 2008), in turn increases the increase in public
debt. On the other hand, increased public investment is reaping the required growth
dividends, while maintaining the volatility of public finances and public debt (Collie and
Venables, 2008; Dabla-Norris et al., 2011). Its sign on the increase in public debt remains
ambiguous.

(vii) Fiscal rule. This is a dummy variable that takes the value 1 if the country
has implemented a debt rule, 0 otherwise. Indeed, a strict debt rule provides a sound
budgetary and financial situation for the country. In fact, it prevents the country from
going bankrupt or restructuring its debt, which limits default. As (Reinhart and Rogoff,
2009), we believe that this variable negatively affects the increase in public debt.
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(viii) Government revenue as a percentage of GDP. They include taxes, social security
contributions, grants receivable and other revenue. Revenue increases the government’s
net worth, which is the difference between its assets and its liabilities (IMF, 2018). In
theory as in practice, public revenues are mobilized to finance development policies and
repay external and internal debt. As a result, its sign on the increase in public debt is
negative.

(ix) Public expenditure as a percentage of GDP. It is recognized that public spending
plays a catalytic role in the revival of economic activity in the Keynesian and post-
Keynesian postulate. It can, through the financing of major public works, generate rev-
enue to act negatively on the stock of debt. However, in the presence of high corruption,
the higher the public expenditure, the higher the debt ratio ceteris paribus (Cooray et al.,
2017; Reinhart and Rogoff, 2010). In fact, corruption can change the composition of
public spending from sectors such as health and education to sectors such as military
spending that are not closely monitored (Cooray et al., 2017), making these expenditures
unproductive positively affecting public debt when financed by loans (Minea and Villieu,
2008; Tanzi and Davoodi, 1998).

(x) Private investment-which measures a country’s ability to attract private investors.
It negatively affects the increase in public debt insofar as it improves certain macroeco-

nomic indicators such as employment.

4.2 Methodology

4.2.1 Identification strategy

Our objective is to analyze whether the subscription to an RBL has contributed to the
increase in public debt. To obtain a causal impact of RBLs, we compare the increase in
public debt of countries that have subscribed to an RBL with that of non-subscribers.
However, a selection bias may affect this comparison. Indeed, treated, and untreated
individuals are not identical and their differences, in addition to being treated, can thus
act as confounding factors if they impact their increase in debt. A simple comparison
of our control variables according to the treatment status of the individuals (Table 1)
shows that this is the case in our sample. In fact, the reasons why developing countries
endowed with natural resources subscribe to RBLs (lack of liquidity, limited access to
financial markets, payment default, debt rule etc.) could be associated with a country’s
macroeconomic conditions and its political situation as well. Thus, the result of treated
individuals and those of the control group may differ even in the absence of treatment.

We address this existing endogeneity using a matching approach.
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Table 1: Characteristics of the treatment and control groups

1] 2] [3]=[2]-[1] P_value

Variables Mean in treated Mean in Untreated Difference

Natural resources rents 18.14 6.18 -11.96 0.000
Resources_ rich country 0.92 0.56 -0.36 0.000
Inflation 23.24 7.11 -16.13 0.000
Log (trade openness) 3.93 4.16 0.23 0.000
Gdp per capita 20.10 19.49 -0.61 0.317
Private investment 0.26 0.34 0.08 0.012
General government investment 336.50 125.19 -211.31 0.000
Government expenditure 43.52 17.65 -25.87 0.000
Government revenue 13.76 4.17 -9.62 0.000
DR 22.37 21.42 -0.95 0.121

Note: In this table of matching covariates, country-year observations where an RBL exists
(the treatment group) are in column [1] and country-year observations where no RBL
exists (the control group potential) are in column [2]. Column [3] reports the differences
in means between the treated group and the control group and column [4] indicates the

corresponding p values

4.2.2 Propensity score matching

To account for potential selection biases, we use a popular approach to assess the impact
of development policies (Chapel, 2022), propensity score matching (PSM) proposed by
(Rosenbaum and Rubin, 1983). This method aims to minimize the selection bias by com-
paring each subscriber country with a non-subscriber counterfactual judged to be quite
similar on certain observable characteristics. Indeed, the PSM is a two-step process: first,
thanks to a probit model, we generate for each country a propensity score p(x), which
estimates the probability that this country with its vector of characteristics, takes out a

loan backed by natural resources. Thus,

p(X)=Pr(T = 1|X) = E(T/X)

Where, T= {0;1} is the binary variable indicating whether the country has subscribed
to an RBL, and X is the vector of characteristics observed before the treatment. We
define the variables used for its estimation presented in the table B3 in the appendix and
Table 2 reports their main descriptive statistics. Second, we assess the impact of RBLs

by estimating the average treatment country effect (ATT), expressed as follows:

ATT:EKY;l - }/zo)u—'z:l]:E[(}/u'T;:l)] - E[<YZ0|E:1)] (1)

Ti (treatment) is a dummy variable equal to 1 for country i that has a natural resource-
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backed loan, and zero otherwise. Y;, captures the public debt at the period (t+5) when
the country adopts an RBL, and Y, is the public debt at the period (t+5) that would
have been observed if the country had not contracted an RBL. The problem is that we
cannot observe Y;, and Y;, simultaneously. We are therefore faced with a counterfactual
problem. One solution would be to compare the average levels of increase in public debt
between subscribers and non-subscribers countries to circumvent this difficulty. However,
this approach assumes that treatment assignment is random. This assumption would be
ad hoc because the choice to contract RBL may be dictated by some omitted variables
(macroeconomic situation, institutional quality, degree of vulnerability, etc.) that also
affect the growth of public debt, which would lead to a self-selection bias.

Furthermore, according to the conditional independence hypothesis (Rosenbaum and Ru-
bin, 1983; Smith and Todd, 2005), we can replace in equation 1 the unobservable term

E[(Y;,|Ti,)] by the observable term E[(Y;,|T;,, X4)]. This allows us to obtain equation 2.

09

ATT=E|(Y,|T=1,X,)] - E[(Y,|T,)=1,X,)] (2)

The second hypothesis is the existence of a common support also called recovery condition
(0 < p(X) <1). Indeed, this hypothesis assumes that for each treated country, there is
at least one non-treated country which is comparable to it and whose propensity score is

close. This allows us to rewrite our equation 2 as follows:

ATT=E[(Y; |Ti=1,p(X;))] — E[(Y; | Ti=1, p(X3))] (3)

Where p(X;) = Pr(RBL; = 1|X;) predicts, subject to set X, the probability of taking
out a natural resource-backed loan. Moreover, we represent in appendix the density
distribution of the propensity score on the two sub-samples to make sure that the common
support is large enough (see figure 5). This figure clearly tells us that for a loan-subscribing
country, there is at least one counterfactual (non-subscribers’ country) that is similar,

which would make matching possible.

4.2.3 Choice of matching algorithms

In general, we match treated countries to untreated countries based on their propensity
scores through various matching methods and the ATT of this is the difference in debt
accretion outcomes between treated and untreated countries. matched based on a sim-
ilar propensity score. Next (Caliendo and Kopeinig, 2008; Rubin and Thomas, 1996;
Heckman et al., 1998), and to ensure the robustness of our results, we use several match-
ing estimators commonly used in recent studies (Sawadogo, 2020; Sawadogo et al., 2021;
Fatema, 2019; Chapel, 2022; Bagnoli, 2019; Vikram and Chindarkar, 2020; Tapsoba, 2012;
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Sawadogo and Wandaogo, 2021). We start as suggest by (Lechner, 2002),to obtain more
accurate standard errors for the ATT. First, we use nearest neighbor matching and its
extension. It associates each treated country with a control country that has the closest
propensity score. When extending this method, it is also possible to match each treated
country with more than one control country. As a result, we match each country treated
with the two and then the three nearest neighbors in terms of propensity score. However,
it should be noted that with this method, it is possible for a treated country to be matched
with one or more control countries with a very different propensity score leading to poor
correspondence and potentially biased results. For this we follow (Dehejia and Wahba,
2002), using the radius gauge matching method to resolve this bias. With this technique,
each treated country is paired with all the control countries that are within a well-defined
neighborhood threshold, called a caliper. In our case, we use a low (r = 0.005), medium (r
= 0.01) and high (r = 0.05) caliber. Finally, we use two last algorithms: kernel-matching
and local linear regression matching.

associates each treated unit with a counterfactual equal to the average of all the untreated
units weighted by a weight inversely proportional to their distance from the considered
treated unit. The second is a generalized version of the kernel estimator, but the difference

is that it includes a linear term in the propensity score of a processed unit.
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Table 2: Descriptive statistics.

Variable Obs Mean Std. Dev. Min Max

Dependant variable

(Public debt) 1392 -0.004  0.31 -1.649  6.862
Treatment variable

RBL 1856 0.235 0.424 0 1
Control variables

Natural resources rents 1803 8.947 10.346 0 62.697
Resources rich country 1856  0.641 0.48 0 1
Inflation 1639 48.094  649.248 -11.686  23773.131
Log(trade) 1529 4.086 0.531 0.259 5.617
Government revenue 1611 20.768  9.607 0.637 164.054
Debt Rule 1856 0.255 0.436 0 1

Gdp per capita 1769 140.724 397.176 0.322 3139.523
Private investment 1751 18.218  56.544 0 526.342
General gov investment 1751 5.208 16.248 0 150.546

Government expenditure 1608 24.014  23.241 2.147 594.77

5 Results

This section presents my main conclusions. First, I present the estimates of the propensity
scores to the subsection 5.1. Then, the subsection 5.3. presents estimates of the mean

treatment effect on treated individuals after matching the corresponding propensity scores.

5.1 Estimation of propensity scores

Table 3 presents the results of the probit model used to predict the propensity scores
for the matching algorithms. The first column shows the results for the initial model
(the baseline) where the probability of a country contracts out a resource-backed loan is
estimated. Since the onset of a financial crisis may lead to a shock to the cost of natural
resources on the international market which could affect the probability for a country to
take out a natural resource-backed loan or not and bias our result, we exclude the years

6

marked by financial crises® in column [2].Indeed, trade openness, private investment, and

6The 2008 financial crisis and the oil shock that occurred in 2014.
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government revenue reduce the likelihood that a country will take out a natural resource-
backed loan. However, natural resource endowment, natural resource rents, inflation,
GDP per capita, public investment, and public expenditure are positively correlated with
natural resource-backed loans. The overall regression fit is acceptable with a Pseudo R?
of 0.4859 for our base model (Table 3).

Moreover, except for indebtedness rules, all the variables are significant with expected

signs.

5.2 Evaluation of the matching quality

It’s almost important to verify the matching process before interpreting our results to
avoid potential biases that may affect our results and conclusions. First, we show the
common support before and after matching (left and right, respectively) in Figure 5. Be-
fore matching, the common support looks quite large, but the graph shows only processed
units with propensity score may not be matched because of the low number of close control
group units. This common support area ranges from 6.42e-14 to 1. After matching, the
propensity score distribution in the treated and untreated group is similar, reflecting that
treated units were indeed matched with untreated units exhibiting a similar propensity
score. Then, Figure B1 in the appendix tells us that most of our treated individuals have
a probability very close to 0. It would be very easy to match the treated units with low
propensity scores but not so easy to match the treated units with a high propensity score.
Note that there is no consensus on the best test to use to judge the effectiveness of this
test in the literature. However, (Simone and Bazilian, 2019), propose to re-estimate the
propensity score only for matched individuals and to compare the Pseudo R? obtained
with that obtained before the matching process. Indeed, if the matching worked well, the
pseudo R? of the probit model with only matched individuals must have been consider-
ably reduced and turned out to be very low. This is indeed the case in our study since
we see in table 3 that it went from 0.4859 to almost 0. Other authors rely instead on
the standardized bias which calculates the percentage of bias on each covariate. The bias
must have decreased significantly from that before matching for each covariate, and the
closer it’s 0, the more efficient our matching. Figure 6 and Figure B1 below show the
bias before and after matching for each covariate in the estimation model. According to
(Rosenbaum and Rubin, 1983), the p-value associated with the standardized bias must be
greater than the critical value of 10%. In our analysis this is the case since all the values
are above this threshold (Table 3).

Finally, we use the latest test to check the quality of our results, namely the Rosenbaum
lower bound sensitivity test. This test analyzes whether there are any unobservable that
could affect the probability of taking out a natural resource-backed loan on the increase
in public debt. In the literature no threshold is retained but the thresholds that we find
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are similar or even higher than those obtained by other authors using the propensity score
(Sawadogo, 2020; Vikram and Chindarkar, 2020; Sawadogo and Wandaogo, 2021; Chapel,
2022; Bagnoli, 2019; Fatema, 2019).
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Table 3: Estimation of the propensity score

VARIABLES 1 2] 3] 4] [5] [6] 7] B
Natural resources rents 0.0938*%**  0.0917%%*  0.0920*** 0.2931%** 0.0961%F*  0.1085***  0.1065*** 0.1133%**
(0.0111)  (0.0110)  (0.0102)  (0.0347)  (0.0113)  (0.0105)  (0.0103)  (0.0129)
resources rich Country 3.2005%F*  3.2707FFF  3.7052%FF  12.0330%FF  3.0205%*F  3.1341*¥*  3.5393%FF* 2. 1113%F*
(0.6253)  (0.6445)  (0.6434)  (1.6793)  (0.6160)  (0.5730)  (0.6409)  (0.3514)
Inflation 0.0247F%% 0.0240%%*  0.0251%** 0.0433* 0.0256*%*F*  0.0279%%*F  (.0244*** 0.0270%**
(0.0054)  (0.0053)  (0.0054)  (0.0233)  (0.0056)  (0.0067)  (0.0061)  (0.0052)
log(trade) -0.5646***  -0.5505%**  -0.5761*** 0.3631 -0.5581%**  _0.4569%*F  -0.7172%F*¥*  -(.4878%**
(0.1525)  (0.1562)  (0.1491)  (0.2762)  (0.1549)  (0.1807)  (0.1768)  (0.1560)
gdp per capita 0.0040%**  0.0037***  0.0038*** 0.0056%** 0.0042%F* 0.0040%%*  0.0047*** 0.0023***
(0.0008)  (0.0008)  (0.0008)  (0.0022)  (0.0008)  (0.0007)  (0.0008)  (0.0007)
Private investment -0.0274%%% - .0.0247***  -0.0237*** 0.0104 -0.0274%%* -0.0268***  -0.0307*F**  -0.0187***
(0.0055)  (0.0058)  (0.0062)  (0.0134)  (0.0055)  (0.0056)  (0.0059)  (0.0048)
General government investment — 0.0562***  0.0560***  0.0577*** -0.0037 0.0522%*%*  0.0576***  0.0592%**  (.0421***
(0.0123)  (0.0131)  (0.0132)  (0.0145)  (0.0117)  (0.0127)  (0.0131)  (0.0102)
Government expenditure 0.0696**  0.0631*%*  0.0703***  (.1989*** 0.0109 0.1019%** 0.0487* 0.0839***
(0.0279)  (0.0293)  (0.0263)  (0.0332)  (0.0404)  (0.0180)  (0.0274)  (0.0313)
Government revenue -0.0854**  -0.0813**  -0.0715%*  -0.3844*** -0.0225  -0.1312%%F  -0.0624* -0.0903**
(0.0346)  (0.0361)  (0.0338)  (0.0520)  (0.0451)  (0.0211)  (0.0331)  (0.0383)
Debt rule 0.1969 0.2143 0.1129 -1.0982%** 0.1423 0.1183 0.1985 0.3893***
(0.1279)  (0.1336)  (0.1346)  (0.4065)  (0.1208)  (0.1506)  (0.1208)  (0.1414)
Age dependency ratio -0.1619%**
(0.0437)
Tax revenue -0.0882**
(0.0383)
Primary balance -0.0647*
(0.0366)
Military expenditure 0.1297**
(0.0587)
Current account balance -0.0371%**
(0.0084)
Log(population) 0.4476%**
(0.0640)
Constant -3.0833%**F  _3.1201%FF  _2.7981FFF  _15.4466%F*F  -2.9324**F*  _3.6683*F* -3.1888***  -10.0520***
(0.9748)  (0.9921)  (1.0118)  (2.4451)  (0.9788)  (1.0138)  (1.0155)  (1.4036)
Pseudo R2 0.4859 0.4784 0.4948 0.7624 0.4878 0.5091 0.5062 0.5218
Observations 1151 1052 1141 526 1151 1007 1146 1151

5.3 Matching results

We present the results of the ATTs estimates in Table 4. Row [1] presents the base

model estimates. In Row [2], we explore the effect of RBLs on the change in public debt.

The estimated coefficients are negative and significant with a magnitude varying between

0.39 (N-nearest-Neighbors) and 0.43 (Kernel) percentage points. Therefore, these results

suggest that the subscription to resource-backed loans contributed to reducing public debt

five years after the completion of the targeted projects. In fact, a possible explanation

for these results lies in the countercyclicality of fully invested loans. The investments in

infrastructure made positively affect well-being increase economic growth notably through

consumption and demand, strong attractiveness of FDI which generates new tax revenues

intended for the reimbursement of previous public debt.
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Figure 5: Common support before and after matching.
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Figure 6: Standardized bias before and after nearest neighbor matching.

6 Robustness check

First, we test the sensibility of the main results in subsection 6.1. Next, we test for

potential heterogeneity in the effect of resource-backed loans on public debt (t+5) in the
subsection 6.2.
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6.1 sensibility analysis

6.1.1 Alternative matching method

To test the robustness of our results, we use an alternative matching method - Maha-
lanobis distance matching. Indeed, the literature has brought criticisms and limitations
of propensity score matching as a matching method (King and Nielsen, 2019) and im-
plemented other methods such as Mahalanobis distance matching. Also, this method
compares each unit processed by the closest control unit in terms of estimated Maha-
lanobis distance. In effect, (King and Nielsen, 2019) argue that PSM produces fragile
and unrobust estimates that can vary wildly depending on the outcome model used. If
you gradually remove units that are far apart from each other, the balance eventually
deteriorates with the PSM even if there are still units close to each other on the PS”.
It is what they term the propensity score paradox that is the primary reason for recom-
mending against the use of PSM in favor of potentially more robust methods like MDM?®
which correspond directly on the covariate space. For all these stated reasons, we use this
matching technique to capture the robustness of our results even though recent literature
finds that PSM generally performed well on covariates and that even though the paradox
occurred with some data , it was not a problem as long as extreme thickness values were
not used, well beyond what would be recommended (Ripollone et al., 2018). Using this

method, our estimated ATT remains negative and significant (Table 5).

Table 5: Robustness of the ATT to change the matching method.

Baseline :Local lineair regression Mahalanobis distance

Dependent variable : Public Debt (t+5) Matching Matching
ATT -0.4863*** -0.1362***
(0.1048) (0.1014)

Observations 877 877
-Treated 217 217
-Untreated 660 660
Quality of Matching

Pseudo R2 0.070 0.170

Bootstrapped standard errors based on 50 replications in parentheses. *** p <0.01, ** p <0.05, * p <0.1

6.1.2 Modification of sample

The number, the total amount as well as the share in GDP of resource-backed loans

are not evenly distributed among the subscribing countries (Figure 3, Table A2 in the

"By imposing an ever-tighter caliber
8Mahalanobis Distance Matching
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appendix). Indeed, while Venezuela subscribed to its ninth loan, some countries such as
Guinea, Sudan, Sao Tome and Principe, Niger etc., subscribe for the first time to this type
of loan. For reasons of robustness, we initially decided to reduce our sample to countries
with more than two resource-backed loans. The probit model estimate of the propensity
score can be found in Table 3, while those of the ATT according to the different algorithms
are reported in Table 6 (row [2]). Next, we do not know the year 1990, which marks the
year of the start of the subscription of the very first loan backed by natural resources by
Angola (Table 6, row [3]). Theoretical and empirical evidence shows that some countries
have experienced rounds of debt restrictions following economic crises and other victims
of debt intolerance (Reinhart et al., 2003). For these reasons, we have excluded years
marked by a financial and oil crisis (Row[4]). Moreover, since 36 countries in our sample
experienced at least one episode of hyperinflation from 1990 to 2018, such extreme values
could bias the estimates, thanks to the appreciation of the exchange rate. Therefore, in
row[6] (Table 6), we exclude from the sample any episode of hyperinflation, defined as an
inflation rate greater than or equal to 40% (Lin and Ye, 2009). In row [5] of Table 6, we
exclude lower-middle-income countries. In fact, a very low level of wealth created by a
country could discourage donors from loans it the funds necessary for its investment. As a
result, it would be tempted to migrate to the loan market backed by its natural resources,
which could probably increase the weight of RBLs and affect the increase in public debt

over time.

6.1.3 Additional control variables

Finally, we test the robustness of our results by increasing the specification of our base
model. To do this, we control through several additional variables likely to be positively
or negatively correlated with both resource-backed loans and the outcome variable (Table
3, column [3]-[8]). These variables are respectively: age dependency ratio, tax revenue
as a percentage of GDP, primary balance, military expenditure, current account balance
and demographics. These variables are not introduced ad hoc because each of them gives
an economic justification. Indeed, the age dependency ratio captures the ratio between
dependents aged over 64 and the population of working age. (Arawatari and Ono, 2015),
explain that increasing population aging puts strong upward pressure on public spending
and public debt through age-related public health and pension spending. A country en-
dowed with a natural resource with a high aging ratio might be tempted to contract or
increase its RBL to finance its expenditures.

Going in the same orders as (Sawadogo, 2020),we can consider that a good budgetary
discipline reduces the probability that a government will default on past loans, thus in-
creasing its odds on the financial market with a good debt rating, reducing the probability

of subscribing to an RBL. Therefore, tax revenues should be negatively correlated with
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RBLs. Similarly, in the presence of a sound fiscal policy, the government’s tax revenue
increases, the primary balance improves because the government’s ability to repay its debt
would increase, which would reduce the probability of subscribing to an RBL. A positive
primary balance is likely to reduce the probability for a state rich in natural resources
to contract an RBL. However, Fiscal indiscipline accompanied by a negative sign of the
primary balance could affect the probability of increasing RBLs and increasing public
debt. Its sign on the RBLs depends on the fiscal efforts of the country. Referring to the
literature, in the presence of a strong endowment of natural resources, some dictators con-
siderably increase military expenditure to stay in power. They therefore use the revenue
from the exploitation of natural resources to acquire military equipment. We believe that
this variable positively influences the probability of subscribing to an RBL and indirectly
affects the increase in public debt.

In addition, we control with the current account balance which captures the current bal-
ance of payments defined as the record of a country’s international transactions with the
rest of the world (OCDE/ATAF/CUA, 2017)°.

Next, we add a variable that captures population growth. In fact, strong population
growth has a strong influence on public spending, notably through the increase in needs
and demand. If the population grows faster than the level of the country’s wealth, this can
modify the structure and allocation of resources, resulting in responsible borrowing. We
believe that this variable acts positively on the probability of subscribing to an RBL. We
report in columns ([3]-[8]) the results of the propensity score which remain qualitatively
comparable to those obtained previously and like the results obtained for our reference
model (column [1], table 3). Moreover, the results support most of our hypotheses. Mil-
itary spending and demographics are positively colored by the likelihood of taking out
a resource-backed loan. However, the age dependency ratio, tax revenue, primary bal-
ance, and lagged value of RBL are negatively colored to the probability of taking out a
resource-backed loans. The results of the ATT are reported in Table 6 (Row [7]-[13]).
The new coefficients remain qualitatively and quantitatively comparable to the results of
the reference model (Row [1], table 4).

9The current account includes all transactions (other than those relating to financial items) which

relate to economic values, and which take place between resident and non-resident entities.
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6.2 Heterogeneity

Several studies have explored potential sources of macroeconomic and political hetero-

geneity in developing countries. We explore the sensitivity of our results to these factors.

6.2.1 Macroeconomic stability: role of institutions

Here we explore the heterogeneous effect based on the idea that structural factors can
dampen or amplify the effect of RBLs on increasing public debt. To do this, we follow
the literature by constructing two composite indicators, namely: political stability and
institutional quality. Next (Sawadogo, 2020), we use the method of simple weighted av-
erages to calculate each of the indicators. For the first indicator, unlike these authors
who only use six variables, we increase the number of variables to nine. These different
variables used are government stability, internal & external conflict, corruption, military
in politics, religious & ethnic tensions, democratic accountability, bureaucracy quality, so-
cioeconomic conditions, and investment profile. For the second indicator, which measures
institutional quality, three variables are used, namely: government effectiveness, control
of corruption, and political stability. The results are reported in Table 7 (row [A]-[B])
The reported results remain robust and significant. Indeed, these results indicate that in
the presence of good institutional quality and political stability, RBLs are more effective

and significantly reduce the growth of public debt.

6.2.2 The effect of fiscal rules

An important literature has shown the crucial role of the existence of budgetary rules in
the management of economic policies. For example (Combes et al., 2018), have shown
that fiscal rules by positively affecting inflation targeting strengthen fiscal performance.
Furthermore, the natural resource curse theory suggests that a large perception of natural
resource rent triggers looser fiscal and monetary policies. For example, (Arezki et al.,
2017) find budgetary indiscipline during the first five years after the discovery of a natural
resource. Thereby, (Sawadogo et al., 2021) believe that the adoption of fiscal rules would
enable these countries not only to avoid fiscal debauchery but also to strengthen and
solidify fiscal policy by reducing the cost of borrowing. We therefore assess the effect of
RBLs in the presence of these fiscal institutions. The results of the ATT are reported
in Table 8. In row ([1]-[3]), we estimate the effect of a balanced budget rule (BBR), an
expenditure rule (ER) and a fiscal rule (FR). The estimated coefficients are negative and
economically significant. This suggests that RBLs are more effective in reducing debt

build-up when fiscal rules are in place in the host country.
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Then, in row ([4]-[5]), we evaluate the potential effect of a cross between our treatment
variable two budgetary rules: a balanced budget rule and an expenditure rule. The ATT
coefficients are all significant and negative (local linear regression). This suggests that
RBLs would be complementary to these two fiscal rules. A possible explanation for this

result lies in the positive effect of fiscal rules on fiscal discipline (Sawadogo, 2020).

6.2.3 Treatment of conditional effects

In this section, we explore conditional effects considering possible differences between the
countries in our sample. To do this, we take into account a wide range of potential sources
of heterogeneity related to fiscal, monetary, political and other structural variables using
a control function regression approach as in (Sawadogo, 2020; Lin and Ye, 2009; Tapsoba,

2012). Additionally, we estimated Equation 4 through an OLS regression.

Y,,=a+ BRBL;, + yPscore;, + vX;, + pRBL;, X;, + €, (4)

Where Y is the outcome variable, Pscore is the PS estimated from the reference model, X
the vector of variables which may be a source of heterogeneity. The results are reported
in Table 9 below. First, column [1], we estimate the RBLs on the treatment variable. In
column [2], the estimated propensity score (Pscore) is included for our base model as a
control function. The propensity score coefficient is positive and significant, suggesting
the presence of a selection bias. Next, in column ([3]-[4]), we evaluate the effect of RBLs
on debt at period (t+5) in the presence of high rent collection. The results suggest
that RBLs are more effective in reducing debt at the period (t+5) when there is high
mobilization of natural resource rent. In column ([5]-[6]), we evaluate the effect of RBLs
in the presence of a natural resource endowment. Thus, in column [6], we cross the
RBLs with resource endowments to capture the effect of the presence of heterogeneity.
The results indicate that RBLs negatively affect public debt in the period (t+5) when
the country is endowed with a subsoil rich in natural resources. In column ([7]-[8]), we
consider the assessment of factors affecting investment risk that are not covered by the
other components of political, economic, and financial risk. The results suggest that RBLs
are more effective in reducing public debt in countries where the business climate seems
conducive. In fact, investors are very attracted to countries where the investment risk
is very low to facilitate the repatriation of their profits, for example. In column [9], we
explore a potential heterogeneity of RBLs in the presence of a monetary regime in this
case, inflation targeting. In row with the theoretical literature, the adoption of inflation

targeting has a significant and positive effect on fiscal discipline (Combes et al., 2018).
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Moreover, inflation targeting can promote the accumulation of external reserves and re-
duce the current account deficit (Lin and Ye, 2009).

As a result, RBLs contribute effectively to reducing public debt in countries that have
adopted inflation targeting. To do this, we have constructed an inflation targeting (IT)
variable which takes the value 1 if the country adopts the policy and 0 otherwise. The
results in column [9] suggest a negative and significant effect (not significant enough).
This suggests that RBLs are becoming more effective in reducing debt for countries that
have adopted inflation targeting.In column ([10]-[11]), we explore the effect of RBLs on
public debt in the presence of corruption. The coefficient is positive and significant. The
result obtained is not surprising, it thus suggests that the negative effect of RBLs on debt
seems to be attenuated by the presence of high corruption. Finally, column ([12]-[13]),
tests a potential heterogeneity of RBLs in the presence of a strong attractiveness of for-
eign direct investments (FDI). The results also indicate that RBLs are more effective in

reducing public debt in countries that have a large inflow of FDI.

7 Conclusion and implications

In this article, we explore the effectiveness of natural resource-backed loans (RBL) in re-
ducing public debt through public infrastructure investment in developing countries. We
consider a sample of 64 countries for the period 1990-2018. A total of 406 country-year
observations is associated with an established RBL (treatment group), and 1450 country-
year observations associated with a non-RBL (control group). Using the propensity score
matching method, we show a negative and significant impact of natural resource-backed
loans on fiscal discipline in developing countries. As part of the literature on the ef-
fectiveness of resource-backed loans, this study reinforces the arguments in favor of its
effectiveness. Indeed, it highlights the benefits of this type of financing for developing
countries in a sector which itself has a great influence on human and economic devel-
opment, namely infrastructure. Then, we look at the effect of such a financing tool on
public debt over the first seven years after subscription. We find a negative and very
significant effect from the second year on the public debt. This means that this type of
financing does not begin to produce its effects until the second year, the first year being
able to be considered as a year of transition between the realization and the use of the
infrastructures. Finally, we find that natural resource-backed loans are very effective in
reducing public debt when fiscal rules are put in place by the country. In fact, fiscal rules
facilitate access to financial markets by reducing the cost of borrowing (Sawadogo, 2020).
These results are robust to a wide range of alternative specifications of the propensity score
matching method and an alternative matching method namely: Matching Mahalonobis

distances. In terms of recommendations, our results encourage this type of specific financ-
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ing to meet the growing needs of the population in terms of infrastructure but also to
promote sustainable development. Thus, governments of resource-rich countries looking
for sources of financing should turn to these loans. But, these resource-backed loans could
increase public debt and loosen fiscal policy in cases of high corruption, poor institutional
quality and bad governance. Signatory countries should focus on improving these indica-
tors to avoid the debt unsustainability that such resource-backed loans could cause. This
is because resource-based lending can jeopardise the public debt situation (Horn et al.,
2021; Mihalyi et al., 2022) and can prevent the country from mobilising financial resources
to fund the provision of goods and services. Even if we were able to bring forward certain
novelties in our analysis, other improvements can still be made. Indeed, future research
could focus on the efficiency factors of this type of loan, such as transparency. It’s all the
same important to examine the comparison between the effectiveness of projects financed
by these types of loans and those financed by other bilateral donors and the World Bank
for better arbitration. We intend to explore these avenues of research later. However,
some limitations can be noted when interpreting the results. The latter are related to the
quality of the matching provided. In view of the literature, the debate on the ability of
propensity score matching to provide unbiased estimates seems far from over (King and
Nielsen, 2019; Dehejia and Wahba, 2002; Peikes et al., 2008).

Despite our conclusive results on hidden biases, we cannot completely rule out the influ-
ence of unobserved factors, although the wide range of robustness tests we have performed
gives us confidence that our results are reliable. In addition, we were not able to exploit
for our control group, variables capturing the fact that an individual not treated not to
subscribe to an RBL was interested in another type of loan other than the RBL despite
our identification strategy. Indeed, we were forced to control the treatment variables over
time. However, not controlling for these variables could expose us to a bias in the esti-
mates. Another potential source is observations that cannot be matched and are not used
to measure the causal effect. In fact, causal effects estimated from matched pairs vary

depending on how the matching is specified.
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Appendix A Data and Sample

Table A1 — List of countries

Treatment group (RBL)

Country Number of RBL.  Number of projects financed years
Angola 6 6 2004,2007,2009,
2010 and 2015
Brazil 5 4 2009,2015,2016 and 2017
Chad 2 1 2014 and 2014
RDC 2 2 2008 and 2011
Ecuador 7 4 2011,2012,2015 and 2016
Ghana 3 3 2011 and 2018
Guinée 1 1 2017
Niger 1 1 2013
Republic of congo 5 3 2006,2011, 2012 and 2015
Sao Tomé-et-Principe 1 1 2010
South Sudan 3 1 2015 and 2016
Soudan 1 1 2007
Venezuela 10 10 2006,2007,2009,2010,2011,
2013,2014,2015 and 2016
Zimbabwe 2 2 2006 and 2011

Control group (Non-RBL)

Argentina

Benin

Botswana

Cabo Verde
Cameroon

Central African Republic
Colombia

Comoros

Costa Rica

Cote d’'Ivoire
Dominica
Dominican Republic
El Salvador
Equatorial Guinea
Eswatini

Ethiopia

Gabon

Grenada
Guinea-Bissau
Guyana
Haiti
Honduras
Jamaica
Kenya
Lesotho
Liberia
Madagascar
Malawi

Mali
Mauritania
Mauritius
Mexico
Mozambique

Namibia

Nicaragua

Nigeria
Panama
Paraguay
Peru
Rwanda

Senegal

Sierra Leone
South Africa

St. Lucia

St. Vincent and the Grenadines

Suriname
Tanzania
Togo
Uganda

Zambia

Source: Author’s construction based on information from Mihalyi et al. (2020)
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Table A2 — List of resource-backed loans

Loan year Country Loans in millions Resources used loans country loans entity Sectors targeted
of USD for investment

2004 Angola 2000 Oil Chine Eximbank Infrastructure

2007 Angola 500 Oil Chine Eximbank Infrastructure

2007 Angola 2000 Oil Chine Eximbank Infrastructure

2009 Angola 2000 Oil Chine Eximbank Infrastructure

2010 Angola 2500 0il Chine ICBC housing

2015 Angola 15000 0il Chine CDB Infrastructure

2013 Chad 600 0il International Glencore Budget  support
and debt refinanc-
ing

2014 Chad 1356 0il International Glencore Oil

2008 RDC 3000 Copper & Cobalt Chine Eximbank Infrastructure

2011 RDC 500 Copper Corée Korea Exim Infrastructure

2011 Ghana 1500 0il Chine CDB Infrastructure

2011 Ghana* 1500 0il Chine CDB Infrastructure

2018 Ghana 2000 Bauxite Chine Sinohydro Infrastructure

2017 Guinée 20000 Bauxite Chine cCC Infrastructure

2013 Niger* 1000 Oil Chine Eximbank Oil

2006 Republic of Congo 1600 0il Chine Eximbank Infrastructure

2011 Republic of Congo 625 0il International Gunvor Oil

2012 Republic of Congo 1000 Oil Chine Eximbank Infrastructure

2015 Republic of Congo 1000 Oil International Trafigura Unknown

2015 Republic of Congo 850 Oil International Glencore Unknown

2010 Sao  Tome  and 30 Oil Nigeria Gouvernement Oil

Principe

2015 South Sudan 75 0il International CNPC Unknown

2015 South Sudan 1000 Oil Chine Eximbank Soutien budgé-
taire

2016 South Sudan 169 0il Chine Eximbank Route

2007 Soudan 3000 0il Chine Eximbank Infrastructure

2006 Zimbabwe 200 platinum Chine Eximbank Agriculture

2011 Zimbabwe 98 Diamond Chine Eximbank Education

Source: Author’s construction based on information from Mihalyi et al. (2022)

Note: RBLs marked with * were subsequently cancelled without disbursement.
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Table A3 — Summary statistics for all variables

Variable Mean  Std. Dev. Min Max
Debt (t+5) 1364 3.772 0.726 -2.645 6.398
RBL 1856 0.204 0.403 0 1
Natural resources rents 1803 8.947 10.346 0 62.697
Resources rich country 1856 0.641 0.48 0 1
Inflation 1639 48.094  649.248 -11.686 23773.131
Log (trade) 1529 4.086 0.531 0.259 5.617
Government revenue 1611 20.768 9.607 0.637 164.054
Debt Rule 1856 0.255 0.436 0 1
GDP per capita 1769 140.724  397.176 0.322  3139.523
Private investment 1751 18.218 56.544 0 526.342
General gov investment 1751 5.208 16.248 0 150.546
Lag (RBL) 1856 927.5 535.925 0 1855
Fiscal Rule (All fiscal rules) 1856 0.156 0.363 0 1
ER 1856 0.094 0.292 0 1
Bureaucracy Quality 1334 1.518 0.888 0 4
Democratic Accountability 1334 3.544 1.278 0 6
Ethnic Tensions 1334 3.696 1.274 0 6
Religious Tensions 1334 4.635 1.287 0 6
Military in Politics 1334 2.907 1.686 0 6
Corruption 1334 2.323 0.919 0 5)
External Conflict 1334 9.751 1.635 2 12
Internal Conflict 1334 8.287 2.003 167 12
Investment Profile 1334 6.793 1.997 0 11.5
Socioeconomic Conditions 1334 4.156 1.7 0 8.5
Government Stability 1334 7.562 1.919 1 11.583
Quality institutions 1265 -0.498 0.646 -2.212 1.036
Political Stability 1268 -0.393 0.857 -2.845 1.219
Government Effectiveness 1265 -0.573 0.643 -2.475 1.057
BBR 1856 0.266 0.442 0 1
Primary balance 1596 -1.232 21.201  -549.84 126.464
Log (population total) 1856 15.582 1.791 11.151 19.16
Age dependency ratio 1827 7.246 2.57 3.537 17.339
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Appendix B Graphs and variable definition

0 2 4 B 8 1
Propensity Score

B Untreated [ Treated

Figure B1 - Graphs of propensity score histogram by treatment status.

Non-subscribers Subscribers
B Fublic_Debt+5) I Natural_resources_rents

Figure B2 - Average Public debt at the period (t+5).
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Table B3 — Definition and sources of variables

Variables

‘ Descriptions

Sources

Debt/GDP

‘ General government gross debt, % of GDP

Kose et al. (2017)

Primary balance

balance, % of GDP (government debt sustainability)

‘ Primar

RBL

‘ Binary variable equal to 1 if country i in year t was targeting inflation, and 0 otherwise.

Authors’ calculations based on NRGI dataset

Inflation Targeting (IT)

| Binary variable equal to 1 if country i in year t was targeting inflation, and 0 otherwise.

Rose, 2006; Minea & Tapsoba, 2014; Roger,2009

Resource rich country

‘ Dummy which equals 1 if a given country is a resource rich country and 0 otherwise

Author’s calculations based on WDI

IMF Fiscal Rules Dataset, 2022

FR ‘ Dummy equal to 1 if there is a fiscal rule in place and 0 otherwise

BBR ‘ Dummy equal to 1 if there is a balanced budget rule in place and otherwise
DR | Dummy equal to 1 f there is a debt rule in place and 0 otherwise

ER ‘ Dummy equal to 1 if there is an expenditure rule in place and 0 otherwise

Inflation rate

| Annual percentage change of consumer price index

Trade Openness

| Sum of exports and imports of goods and services, % of GDP.

Natural resources rents

‘ Total natural resources rents (% of GDP)

GDP per capita

‘ GDP per capita growth (annual %)

WDI

FDI Inflows

| Net inflows (new investment inflows less disinvestment) in a given cconomy from foreign investors, divided by GDP,

Age dependency ratio

| Age dependency ratio, old (% of working-age population)

Military expenditure

‘ Military expenditure (% of GDP)

Population

‘ Population, total

Tax revenue

| Tax revenue (% of GDP)

Investment profile

‘ The risk to investment computed as the sum of contract viability /expropriation, profits repatriation, and payment delays.

Socioeconomic conditions

A higher value signals a lower risk. This is an assessment of the socioeconomic pressures at work in society that
could constrain government action or fuel social dissatisfaction. The risk rating assigned is the sum of three
subcomponents, each with a maximum score of four points and a minimum score of 0 points.

A score of 4 points equates to Very Low Risk and a score of 0 points to Very High Risk.

Internal Conflict

This is an assessment of political violence in the country and its actual or potential impact on governance.
The highest rating is given to those countries where there is no armed or civil opposition to the government
and the government does not indulge in arbitrary violence, direct or indirect, against its own people.

The risk rating assigned is the sum of three subcomponents, each with a maximum score of four

points and a minimum score of 0 points. A score of 4 points equates to Very Low Risk and

a score of 0 points to Very High Risk.

External Conflict

The external conflict measure is an assessment both of the risk to the incumbent government from foreign action,

ranging from non- violent external pressure (diplomatic pressures, withholding of aid, trade restrictions,

territorial disputes, sanctions, etc) to violent external pressure (cross-border conflicts to all-out war).

Corruption

This is an assessment of corruption within the political system. Such corruption is a threat to
foreign investment for several reasons: it distorts the economic and financial environment;
it reduces the efficiency of government and business by enabling people to assume positions of power through

patronage rather than ability

and, finally introduces an inherent instability into the political process.

ICRG database

Military in policy

The military is not elected by anyone. Therefore, its involvement in po even at a peripheral level,

is a diminution of democratic accountability

Bureaucracy Quality

The institutional strength and quality of the bureaucracy is another shock absorber that tends to minimize revisions

of policy when governments change. Therefore, high points are given to countries where the bureaucracy

has the strength and expertise to govern without drastic changes in policy or interruptions in government service

Ethnic tensions

This component is ment of the degree of tension within a country attributable to racial, nationality, or language

1 ass

divisions. Lower ratings are given to countries where racial and nationality tensions are high because opposing groups
are intolerant and unwilling to compromise. Higher ratings are given to countries where tensions are minimal,

even though such differences may still exist.

Democratic accountability

This is a measure of how responsive government is to its people, on the basis that the less responsive it is, the more

likely it is that the government will fall, peacefully in a democratic society, but possibly violently in a non-democratic one

Religious tensions

Religious tensions may stem from the domination of society and /or governance by a single religious group that secks

to replac

civil law by religious law and to exclude other religions from the political and/or social process; the desire
of a single religious group to dominate governance; the suppression of religious freedom; the desire of a religious group

to express its own identity, separate from the country

Government stability

This is an assessment both government’s ability to carry out its declared program(s), and its ability to stay in office

Index of institutions and

political stability

A composite index of institutions, computed as the simple average of nine ICRG indicators (government stability,
internal & external conflict, corruption, military in politics, religious & ethnic tensions, Investment profile,

Socioeconomic conditions, Bureaucracy Quality, and democratic accountability).

Authors’ calculations based on ICRG dataset

Political stability

Political Stability and Absence of Violence/Terrorism measures perceptions of the likelihood of

political instability and/or politically motivated violence, including terrorism. Estimates give a country’s score

ate indicator, in units of a standard normal dis

on the agg ribution, i.c., ranging from approximately -2.5 to 2.5

Control of corruption

Control of Corruption captures perceptions of the extent to which public power is exercised for private gain,
including both petty and grand forms of corruption, as well as “capture” of the state by elites and private interests.
Estimates give a country’s score on the aggregate indicator, in units of a standard normal

distribution, i.e., ranging from approximately -2.5 to 2.5

WGI database

Government effectiveness

service,

Government Effectiveness captures perceptions of the quality of public services, the quality of the civi

and the degree of its independence from political pressures, the quality of policy formulation and implementation,

and the credibility of the government’s commitment to such policies. Estimates give a country’s score i.e.,

on the aggregate indicator, in units of a standard normal distribution, ranging from approximately -2.5 to 2.5.

Index for Quality of institutions

A composite measure of the quality of institution, computed as the simple average

political stability of government effectiveness, control of corruption, and

Private investment

Private investment (gross fixed capital formation),

IMF Investment and Capital Stock Dataset

General government investment

General government investment, (gross fixed capital formation),

in billions of constant 2017 international dollars

Government expenditure

General government total expenditure (% of GDP)

| nF. WEO

Current account balance

‘ in billions of constant 2017 international dollars

Current account balance (% of GDP)
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