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1. Introduction

Achieving carbon neutrality by 2050 emerges as an urgent issue
facing our planet to avoid the irreversible consequences of climate
change and global warming. However, reaching net-zero goal requires a
profound structural transformation of the current global energy system,
which is still heavily reliant on fossil fuels, towards clean and renewable
energy. This is critical to green economy since energy-related green-
house gas (GHG) emissions, especially carbon dioxide (CO3), accounts
for two-thirds of GHG emissions (Srivastava and Kumar, 2022). Never-
theless, low-carbon economy transition necessitates a large amount of
critical minerals to produce clean energy equipment and technologies,
such as solar PV, wind turbines, fuel cells, and battery and storage
technologies (IEA, 2021; Zhu et al., 2022).

According to Boafo et al. (2024) and IEA (2021), the term ’critical
minerals’ refers to those minerals that are essential inputs for the
manufacturing and production of today’s rapidly growing low-carbon
clean energy technologies. The reserves of these minerlas are
geographically concentrated in a few countries and areas in the world
(uneven geological distribution), posing a high risk of potential supply
chain disruption and threatening energy security in the global energy
system dominated by renewables. A rapid upsurge in demand for these
critical minerals in the coming decades, prompted by the global mo-
mentum towards a low-carbon energy transition, substantial
supply-demand gaps can be triggered, and leading to geopolitical ten-
sions among countries.

This can be significant opportunities as well as challenges to the
mineral-rich developing countries in the LA.

Thanks to abundant critical mineral endowment, the LA region be-
comes a potential global center for manufacturing clean energy tech-
nologies (Katz, 2015; [EA, 2023b). In the LA region, there is a growing
optimism that the increase in demand for critical minerals will lead to a
structural transformation of the economies in this region (Marin et al.,
2015). The structural transformation could provide excellent opportu-
nities for the LA region to move away from economic growth model
heavily reliant on the export of primary commodity products to one
driven by exporting more sophisticated and higher value-added prod-
ucts, such as processed critical minerals and the manufacturing of clean
energy technology equipment (Marin et al., 2015; IEA, 2023a). Such a
sea change will bring about significant repercussions not only within the
same sectors (such as different mining industries) but also across other
sectors of the economy, thanks to the substantial positive spillover ef-
fects that critical mineral production might generate (Lashitew et al.,
2021), establishing strong backward and forward linkages between
natural resource-based industries (critical minerals) and other in-
dustries. Consequently, this can help the LA region disentangle from its
historical economic challenges associated with natural resources: the
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enclave economy' and over-reliance on exports of low-value added raw
materials. Such changes will have positive impact on terms of trade,
overall productivity improvements and economic diversification, ulti-
mately promoting economic growth (Ericsson and Lof, 2019).

Among the challenges associated with critical minerals in the LA
region, accelerating mineral production prompted by global momentum
towards low-carbon energy transtion, could lead to severe environ-
mental degradation and adversely affect the well-being of local com-
munities and inhabitants given extractive industries’ energy- and
pollution-intensive nature, ultimately threatening sustainable develop-
ment (Papyrakis and Pellegrini, 2019). Sovacool et al. (2020) argue that
mining activities imply significant environmental risks and raise occu-
pational hazards. Not only that, the authors state that in resource-rich
developing countries, there is a proliferation of illegal small-scale and
artisanal mining activities due to the fragile state and low-institutional
quality (lack of strict environmental regulations and laws), which
further exacerbate local ecosystems and do not effectively contribute to
local economic development.

When it comes to achieving structural transformation through crit-
ical minerals, it presents substantial challenges for the LA region. His-
torically, many countries in LA have systemically failed to capitalize on
its abundant natural resources in a way that fosters long-term economic
growth (Ducoing et al., 2018). This failure is attributed to several factors
(Ducoing et al., 2018): 1) political and economic instability, character-
ized by low-quality institutions with high levels of corruption; 2) high
exposure to global commodity market prices, given that many countries
in the LA region are exporters of primary commodities and raw mate-
rials, high volatility of commodity prices make them particularly
vulnerable to global economic cycle; 3) An inefficient tax system and a
lack of targeted government spending, in the sense that revenues from
natural resources are not reallocated productively into investments in
socioeconomic infrastructure development, such as improvements in the
healthcare system and high-quality education, hindering productivity
and long-term economic growth.; 4) a significant knowledge and tech-
nological gap with advanced economies due to the unavailability or
insufficiency of high-skilled workers and a lack of innovation capacity.

Consequently, many countries in the LA region have remained
stagnant in an enclave economy, failing to establish strong forward and
backward linkages between natural resources and other sectors of the
economy and diversify their economic structure (Dunning, 2008;
Ducoing et al., 2018). This has resulted in a high dependency on
advanced economies and vulnerability to the price volatility of com-
modity markets (ECLAC, 2022).

In this study, the primary objective is to examine thoroughly the
effects of critical mineral wealth on green economic growth in ten
mineral-rich LA countries during the period from 2000 to 2020, within
the framework of the resource curse (blessing) hypothesis. Green growth
can be defined as “fostering economic growth and development while
ensuring that natural assets continue to provide the resources and environ-
mental services on which our well-being relies. ”(OECD, 2011) or “qualita-
tive growth that is efficient in its use of natural resources, clean in that it
minimizes pollution and environmental damages and resilient in that it re-
sponds to natural hazards and the role of environmental management and
natural capital in preventing physical disasters.”(World Bank, 2012).
Concerning the resource curse hypothesis, it refers to the inverse rela-
tionship between natural resource abundance and economic growth,
where countries rich in natural resources tend to go through slower
economic growth rates than those with fewer natural resources (Sachs
and Warner, 1995).

The study is motivated by the paramount importance of critical
minerals in the transition towards low-carbon energy and the

1 Enclave economy refers to an economic system in which an export based
industry is dominated by multinational or non-local capital extracts resources
or products from another country.
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achievement of carbon neutrality. Since the implication of accelerated
production of these minerals for green economic growth remains highly
uncertain in the LA region, clarifying the effects of critical mineral
wealth on green economic growth in the region can provide invaluable
insights and guidelines to the policymakers who are struggling to
reconcile economic growth with environmental sustainability. From
economic point of view, substantial revenues from critical minerals can
be of great opportunities for expanding government fiscal space and
enhancing fiscal capacity to finance and invest in costly socioeconomic
infrastructure. This investment will potentially help reduce poverty and
income inequality in the region, and enhance productivity, thereby
contributes to economic growth and development. However, from an
environmental sustainability perspective, accelerated mining activities
pose significant challenges, as they may severely deteriorate local
environmental quality and the socioeconomic well-being of nearby
indigenous people. This is due to the fact that the required mining ac-
tivities for producing these minerals are highly energy- and pollution-
intensive and dividends from critical minerals are not redistributed
among the inhabitants. Furthermore, in resource-rich developing
countries with weak regulations and laws, the extraction and processing
of these minerals might cause human rights violations (such as child
labor), civil conflicts, and social unrest (Dou et al., 2023).

Based on the results and insight of this study, the novelty and con-
tributions can be highlighted as follows:

First, the study is distinctive in its focus on analyzing the effect of
critical mineral abundance on green economic growth, specifically in
the LA region. Unlike most previous studies on the resource curse
(blessing) hypothesis, which predominantly focused on the effects of
fossil fuel resource wealth (particularly oil) or mineral resource wealth
without differentiating conventional minerals (like gold, silver, and iron
ores) from critical minerals, this study distinctively focuses on the latter,
which are essential for clean energy transition. Specifically, per capita
production of critical minerals, both aggregated and disaggregated
levels, are used as the key explanatory variable and a proxy for natural
resource wealth. In total, four critical minerals—lithium, copper, cobalt,
and nickel—are considered in this study to analyze the overall (aggre-
gated critical mineral wealth) and specific effects of each of them on
green economic growth in the LA region. The analysis of the individual
impact of critical minerals on green economic growth, according to the
specific types of critical minerals, can provide valuable insights for the
policymakers in the LA region regarding which critical mineral pro-
duction should be prioritized. The use of natural resource abundan-
ce—measured by per capita production of critical minerals—is selected
over natural resource dependence indicators, such as critical mineral
rents or the export share of critical minerals as a percentage of GDP,
because the former is less affected by endogeneity issues.

Second, per capita green GDP, which is the outcome variable of this
study, is used as a proxy for green economic growth to explain more
relevantly the negative externalities of environmental degradation such
as air pollution, depletion of natural resources, and GHG emissions. This
approach is clearly differentiated from the previous studies on the
resource curse hypothesis, as most of these studies concerned about the
implications of natural resource endowments on production or value-
added based GDP without considering negative environmental exter-
nalities. Given the substantial impacts of critical minerals not only on
economic growth and development but also on the local environment
and the subsequent repercussions on the socioeconomic well-being of
citizens, the use of green GDP in this study allows for the analysis of
economic growth and environmental sustainability within a unified
framework, aligning with the sustainable development goals (SDG) in
the face of the climate crisis. Moreover, it significantly broadens the
scope of analysis compared to the previous studies that primarily use
GDP as an outcome variable, overlooking the environmental sustain-
ability aspect when verifying the nexus between natural resource wealth
and economic growth.

Third, this study examines the moderating effect of institutional
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quality on the nexus between critical mineral wealth and green eco-
nomic growth using standard linear regressions. Given that previous
studies on the resource curse hypothesis have identified institutional
quality as a key factor influencing the impact of natural resources on
economic growth, this study expands its scope by incorporating both
aggregated and disaggregated terms of critical minerals. In the context
of the climate crisis and global momentum towards a low-carbon energy
transition, this study aims to prove whether institutional quality is a
determining factor in reshaping the relationship between natural
resource wealth and green economic growth, potentially allowing
countries in the LA region to overcome the resource curse.

Next, this study examines non-linear and asymmetric effect of critical
mineral abundance on green economic growth in terms of five threshold
variables: export of low-carbon technology as a share of GDP, fiscal
balance, number of patents, non-conventional renewable energy per
capita, and Gini index. Given that the LA region comprises countries of
varying levels of technological development, macroeconomic stability,
tax system efficiency, innovation capacity, renewable energy penetra-
tion among the population, and income inequality, we expect significant
threshold effects of critical mineral abundance on green economic
growth in the region. The analysis of threshold effects in this study al-
lows to determine the conditions under which critical minerals can have
favorable or detrimental effect on green economic growth.

Lastly, this study attempts to identify the main mechanisms by which
critical mineral abundance affects green economic growth. Finding them
is crucial for developing effective strategies by exploiting the region’s
competitive advantage of critical mineral wealth to boost green eco-
nomic growth. This provides the policymakers in the LA region with
valuable insights on how to enhance or mitigate various transmission
channels to foster green economic growth. Based on previous theoretical
studies on the resource curse hypothesis, a set of five variables are
analyzed: exchange rate, renewable energy share of total electricity
capacity, fossil fuel rents, government debt, and economic complexity.

The structure of this study is organized as follows: Section 2 describes
the context of critical minerals in the LA region. Section 3 presents a
literature review. Section 4 describes the dataset and the methodology
used in this study. Section 5 presents the empirical results. Section 6
discusses the empirical findings. Section 7 provides conclusions and
policy implications derived from this study.

2. Critical minerals in Latin America

Critical minerals provide the technological opportunities for the
rapid increase in renewable energy deployment (Shi et al., 2023). This is
because critical minerals are essential components of today’s rapidly
growing clean energy technologies and they are widely used in the
manufacturing and production of solar PV, wind turbines, electronic
appliances, battery and storage technologies, and electric vehicles. This
makes them strategic natural resources with a high risk of becoming
potential sources of geopolitical tensions and supply chain disruptions in
coming decades, given the high geological concentration of critical
minerals in a few countries and soaring demand for these minerals
driven by decarbonization of global energy system, which might trigger
a significant gap between supply and demand (Boafo et al., 2024).

Regarding LA, the region is well known for its abundant critical
mineral resources, including significant quantities of copper, lithium,
nickel, and cobalt. Among these, copper and lithium are regarded as
strategic minerals for LA, as the region is one of the leading producers of
these two critical minerals. While cobalt and nickel are also found in the
region, their strategic importance for regional development is lower
than that of copper and lithium.

e Copper

When it comes to copper, it is the only critical mineral required in
nearly any relevant clean energy technologies, including electricity
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networks, electric vehicles, solar pv, and wind turbines, given its
excellent electronic conductivity, longevity, ductility, and corrosion
resistance (IEA, 2024).

In LA, Chile and Peru are the first and second largest producers,
respectively, jointly accounting for 37.8% of total global copper pro-
duction. Other major producers of copper in the LA region include
Mexico, Brazil, Panama, Ecuador, Colombia, Bolivia, and the Dominican
Republic. Fig. 1 illustrates the distribution of copper production by
country in 2020. In the case of Chile, the major producer of copper in the
LA region and the world alike, the copper mining sector experienced
unprecedented growth during the last three decades, reaching 11% of
GDP, contributing 52% to total exports, and accounting for 10% of the
public treasury through taxes (Gutiérrez et al., 2022). However, it is
noteworthy that the international market price of copper has signifi-
cantly affected the weight of the mining sector in Chile. Despite sub-
stantial efforts made by the government to create a favorable
environment to attract private investments and diversify the production
structure, the extractive nature of the mining industry has prevailed over
the manufacturing and processing of copper, which have higher
value-added than the former (Gutiérrez et al., 2022).

e Lithium

Regarding lithium, it has been traditionally used in ceramics, lubri-
cants, and a small amount of it used in pharmaceuticals (IEA, 2024).
However, over the last decades, its demand structure has changed
drastically. Currently, lithium-ion batteries are the main drivers of the
rapid increase in global demand for lithium, given its excellent elec-
trochemical properties and light weight compared to other metals,
making it an ideal input for battery and storage technologies (IEA,
2024).

In LA, the area covering a broad span of Argentina, Bolivia, and
Chile, called the ‘Lithium Triangle’, accounts for over one-third of the
world’s lithium production (IEA, 2023a). As it is illustrated in Fig. 2,
Chile and Argentina jointly accounted for 33.35% of the total global
lithium production in 2020. Meanwhile, Bolivia, despite substantial
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lithium reserves, its lithium production has been seriously constrained
by a lack of technology and infrastructure (IEA, 2023a). Moreover, in-
vestments in lithium mining projects have been stalled due to political
instability and severely affected by changes in the ownership of the
mining sector (Addison and Roe, 2024). Specifically, in 2008, the central
government nationalized the lithium mining sector, and since then,
there has been a lack of effort to attract foreign investors at government
level (Obaya, 2021). As a result, in 2020, Bolivia accounted for only
0.04% of global lithium production.

e Cobalt

Regarding cobalt, it is often extracted as a by-product mineral from
copper and nickel during the primary production process (Erisman,
2022; Rachidi et al., 2021). Cobalt is an essential component of the
production of energy storage technologies such as rechargeable batteries
and cobalt-bearing lithium batteries and it is also used in the fabrication
of electric vehicles and power tools (Decarlo and Matthews, 2019;
Rachidi et al., 2021).

In Latin America and the Caribbean region, Cuba ranks third in the
global cobalt reserves, after the Democratic Republic of Congo and
Australia, accounting for around 7% of international cobalt reserves
(equivalent to 500,000 metric tons) (Erisman, 2022). Fig. 3 depicts the
global share of cobalt production by country in 2020. Cuba ranked as the
fifth-largest producer and is the only LA country included in the top ten
global cobalt producers.

e Nickel

Regarding nickel, historically, it has been widely used in the pro-
duction of alloys and stainless steel, but its main use has been changed
substantially over the last decade like lithium. Currently, there has been
the largest increase in demand for nickel from electric vehicle batteries,
but it is also found in low-carbon energy technologies such as wind and
geothermal.

In LA, Brazil holds approximately 20% of the global nickel reserves
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(IEA, 2023b). However, despite having almost one-fifth of the world’s
nickel reserves, Brazil still has considerable untapped potential in nickel
production. Fig. 4 illustrates global share of nickel production. Among
the Latin American (LA) countries, in addition to Brazil, Guatemala,
Cuba, Colombia, and the Dominican Republic are the largest nickel
producers in the region.

In summary, since moving away from fossil fuel-based economies to
clean and green renewable energy-based economies is essential for
achieving the decarbonization of economies and avoiding the irrevers-
ible consequences of global warming and climate change, the global
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demand for critical minerals is expected to increase dramatically in the
coming decades, which might offer substantial opportunities for
mineral-rich countries, such as those in LA.

According to the IEA (2021), copper and lithium are projected to
generate substantial revenues for the LA region in the coming decades.
The demand for copper is expected to increase by about 40%, while the
demand for nickel and cobalt is projected to grow around 60 and 70%,
and for lithium, more than 90% by 2040 (Shi et al., 2023). These min-
erals are essential for clean energy technologies, energy storage systems,
and electrification (Bickel and Mia, 2023; IEA, 2023b). For instance,
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solar photovoltaic (PV) plants, wind farms, and electric vehicles require
substantial amount of critical minerals for their construction compared
to conventional fossil fuel-based thermal power plants or internal
combustion engine cars (IEA, 2021). Expressly, constructing an onshore
wind farm requires nine times more critical minerals than a fossil
fuel-based power plant of the same electricity capacity while producing
electric vehicles requires up to six times more critical minerals than
conventional combustion engine cars (IEA, 2021).

Despite the key roles that critical minerals play in the global decar-
bonization scenario, there are significant concerns about them in LA. It
is highly uncertain whether the boom in critical minerals will bring
improvements in citizens’ socioeconomic well-being and ultimately
contribute to sustainable and inclusive green growth in the LA region.
Such uncertainty incites considerable skepticism surrounding the
extraction and production of these critical minerals.

Specifically, in Brazil, unsustainable mining activities so far have
been responsible for approximately 10% of deforestation, principally
due to the intense exploitation of the Amazonian region, which has
substantial reserves of copper and nickel (Bickel and Mia, 2023).
Additionally, the proliferation of artisanal and small-scale illegal mining
activities have caused severe environmental impacts in Brazil,
Colombia, and Venezuela (Bickel and Mia, 2023). According to Purdy
and Castillo (2022), preventing the governments in the LA region from
implementing sustainable mining activities and benefiting from the
abundance of critical minerals is attributed to two key factors: 1)
persistent conflicts over natural resource governance, and 2) uncertainty
about the future demand for critical minerals. They argue that strong
opposition from local communities to large mining projects for envi-
ronmental and health concerns, coupled with the high uncertainty sur-
rounding low-carbon energy transition, significantly impedes
governments’ effective management of critical mineral resources.

From a socioeconomic viewpoint, the abundance of natural resource
wealth in general in the LA region has, not yet brought about a reduction
of high inequality and poverty levels prevailing in the region, nor has it
led to sustainable economic growth. For instance, Chile, one of the
world’s leading producers of critical minerals, particularly copper and
lithium, accounted for 27% and 26% of global production respectively in
2021 (IEA, 2023b). The country is heavily relies on its mineral and
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extractive industries, contributing approximately 16.7% to its GDP (Shi
etal., 2023). However, Chile has not reaped sufficient economic benefits
from its mineral development. This situation contrasts with Canada,
with a similar contribution from mining and extractive activities to its
GDP (15.8%). Canada has significantly benefited from its mineral
resource for the successful diversification of its economy (Shi et al.,
2023). To address this situation, Chile recently enacted the Mining
Royalty Law and announced National Lithium Strategy. Under this Law,
Chilean government aims to ensure that benefits derived from mining
activities are redistributed in a just and efficient manner, encouraging
local economic development and promoting the production of higher
value added goods, such as the processing of critical minerals. (IEA,
2023b). Regarding Chile’s National Lithium Strategy, the government
aims to capitalize on the opportunity brought about by the global
low-carbon energy transition momentum and the subsequent upsurge in
demand for lithium, to promote economic diversification and respon-
sible and sustainable mining practices, thereby contributing to the
pursuit of a green economy (IEA, 2023b).

3. Literature review

3.1. The nexus between natural resource and economic growth: the origin
of resource blessing and resource curse hypotheses

There have been important studies investigating the impact of nat-
ural resources on economic growth in economic literature so far. How-
ever, whether natural resource wealth is a blessing or a curse for
economic growth in resource-rich countries remains inconclusive this
time (Havranek et al., 2016).

On the one hand, there is a group of academics with a strong belief
that natural resources positively affect economic growth, known as
resource blessing hypothesis. This belief is fundamentally based on the
arguments of classical economists like Adam Smith and David Ricardo,
who asserted that resource-rich countries could attain sustainable eco-
nomic growth based on their natural assets (Badeeb et al., 2017).

Rostow (1959) argued that natural resources positively contribute to
economic development, as they greatly facilitate the industrial take-off
of today’s industrialized countries, as happened in the United States,
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United Kingdom, and Australia, all of which are resource-abundant.

Roemer (1970) emphasized that Peru’s export-led development
strategy, based on the fishing industry, contributed substantially to the
country’s economic growth and industrialization from 1950 to 1967.

Lewis (1989) also advocate a positive nexus between natural
resource abundance and economic growth.

On the other hand, the inverse relationship was observed between
natural resource wealth and economic development in many oil-rich
developing countries (the Middle East, Africa, and LA) in the post-
Second World War era, which contrasts the economic performance
achieved by resource-poor East Asian economies (Japan, South Korea,
Taiwan), has cast serious doubt on this belief, urging the emergence of
new theory capable of explaining this puzzling relationship between
natural resources and economic growth satisfactorily, giving rise to the
resource curse hypothesis (Badeeb et al., 2017; Cheng et al., 2020).

The earlier proponents of the adverse effects of natural resources on
long-term economic growth can be found in the structuralist economics,
represented by Prebisch and Singer (Prebisch, 1950; Singer, 1950). They
argued that the price of commodities, including minerals, oils, and
agricultural products, follows a declining trend in the long term in
relation to manufactured goods and other processed products with
higher value-added. This hypothesis, known as the Prebisch-Singer hy-
pothesis, states that primary export-led countries suffer from exchange
rate deterioration due to the low price elasticity of demand for primary
products compared to manufactured goods. This adversely affects their
terms of trade and ultimately hinders long-term economic development
(Berzosa, 2016).

In a similar vein, Hirschman (1958), Seers (1964), and R.E. Baldwin
(1966) emphasized the importance of strong interlinkages among
different sectors of an economy for economic development. They
pointed out that the natural resource-based sector systematically fails to
establish strong forward and backward linkages with other sectors of the
economy compared to the manufacturing sector. Moreover, they stated
that a primary commodity export-led strategy is detrimental to
long-term economic growth.

The first research paper specifically focused on the resource curse
hypothesis in mineral-rich developing countries can be traced back to
the seminal work of Gelb (1988). This study investigates the macro-
economic performance of six oil exporters—Algeria, Ecuador, Indonesia,
Nigeria, Trinidad and Tobago, and Venezuela. According to Gelb (1988),
most oil exporters, with the exception of Indonesia, suffered from the
resource curse. Oil windfalls and sudden resource booms induced the
Dutch disease effect, making these countries highly vulnerable to
changes in exchange rates, commodity prices in the global market, and
the economic cycles of the center (a group of industrialized countries
that are the major importers of raw materials). Indonesia is the only
country successfully avoided the negative impacts of oil windfalls thanks
to the efficient allocation of resource revenues toward the diversification
of the economy in a competitive way.

Auty (1993) formally introduced the term “Resource curse” in his
study to describe the poor performance of economic growth mineral-rich
developing countries. The author argued that the underperformance of
their economies can be attributed to the volatile nature of resource
revenues and inefficient tax systems in their countries.

The resource curse hypothesis became popularized by Sachs and
Warner (1995) through their seminal work. Their study demonstrated
that the economies with a high share of natural resource exports relative
to their GDP (or resource dependent countries) tend to have lower
economic growth rate than resource-poor countries. They stated that
resource-dependent countries are severely constrained by the price
volatility of commodity exports, on which their economies are primarily
based, and the limited backward and forward linkages of nature
resource-based sectors with the rest of the economy (spillover effects
from the natural resource-based sector is small). The primary com-
modity export-led economic growth also adversely impacts the
manufacturing and service sectors, which are essential for long-run
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economic growth due to yet their dynamic nature, significant produc-
tivity growth through the learning-by-doing process, and the allowance
for more complex labor specialization.

3.2. Natural resource wealth and green economic growth

It is only recently that literature comes to focus on the relationship
between natural resource wealth on green economic growth. Most pre-
vious studies have concentrated on the nexus between natural resource
wealth and economic growth within the framework of the resource curse
hypothesis, overlooking aspects of environmental sustainability.

Feng et al. (2023) investiagted the differences between resource-rich
and resource-poor countries in terms of attaining sustainable develop-
ment. According to them, resource-rich countries are relatively
well-positioned compared to resource-poor counterparts since the
former effectively manages and utilizes the resource richness in such a
way that creates significant investments opportunities and economic
advantages whereas the latter suffered from severe environmental
problems, high-poverty and social inequality, and inadequate
infrastructure.

Zhu et al. (2024) studied the effect of the Belt and Road Initiatives on
sustainable development in resource-rich countries. The empirical fin-
digs reveal that the Belt and Road Initiatives foster sustainable devel-
opment through technological innovation by encouraging cross-border
collaboration and knowledge sharing among country members and the
industrial structure upgrading by facilitating the transfer of technology
capital, and managerial expertise.

Cheng et al. (2021) analyzed the impact of the Sustainable Devel-
opment Plan on resource-based Chinese cities over the period of
2015-2020 in the context of the resource curse and green economic
growth. The empirical findings indicate that such a plan significantly
fosters green economic growth in these cities through different channels,
including increased investments in scientific and technological innova-
tion, encouraging the development of the manufacturing industry, and
strengthening environmental regulations.

Zhao and Rasoulinezhad (2023) examined the effect of natural
resource utilization (efficiency) on green economic growth in BRICS
(Brazil, Russia, India, China, and South Africa) economies and found
that natural resource utilization significantly enhances green economic
growth. Furthermore, the authors also found that FDI significantly
boosts green economic growth whereas inflation rate and energy use
were found to have negative relationship with green economic growth in
BRICS economies.

3.3. The role of institutional quality in the relationship between natural
resource wealth and economic growth

Other studies have examined the resource curse (blessing) hypoth-
esis by incorporating the role of institutions, broadening the scope of the
analysis and including not only economic but also political aspects.

Tornell and Lane (1999) pointed out that the presence of multiple
powerful groups, coupled with the absence of strong legal and political
institutions, significantly lowers economic growth. The authors also
stressed that the concentration of political power in a small number of
groups and the voracity effect—defined as a more than proportional
increase in fiscal redistribution caused by terms of trade windfalls—are
primarily responsible for reducing economic growth.

Collier and Hoeffler (2005) found that countries rich in natural re-
sources tend to be heavily reliant on a patronage system and often lack a
developed democratic system. The authors also emphasized the close
association between primary commodity dependence and the proba-
bility of suffering from civil conflicts in countries with weak institutions.
They found that the risk of civil conflicts increased significantly as the
level of income in the country decreased.

Ross (2001, 2004) stated that natural resource wealth, particularly
oil and nonfuel mineral abundance, acts as a stumbling block to
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democratization. The author found that the adverse effects of natural
resources are significantly higher in low-income developing countries
compared to high-income developed ones. Moreover, both oil and
mineral wealth are causally linked to the potential for civil wars and
domestic conflicts.

Similarly, Jensen and Wantchekon (2004) pointed out the negative
linkage between natural resource abundance and democracy in African
countries. According to their empirical findings, African countries with
high natural resource dependence tend to have more authoritarian
governments with rentier behaviors and high levels of corruption, and
have lower levels of democracy. This is because natural resource rents
are primarily used to consolidate the political power of incumbent
governments, which adopt repressive policies to suppress opposition
parties.

Gylfason and Zoega (2006) further extended the study of Sachs and
Warner (1995), stating that the quality of institutions may significantly
mediate the relationship between natural resource wealth and economic
growth. They argue that institutions influence savings, investment, and
education, which are critical factors for determining the success or the
failure of an economy’s long-run sustainable economic growth. Ac-
cording to their empirical findings, there are fundamental differences in
savings and investments between resource-rich economies with a slow
economic growth rate and resource-poor counterparts with a high eco-
nomic growth rate. In resource-rich developing countries, they are more
prone to suffer from rent-seeking behaviors, Dutch disease, and the
crowding-out effect of natural capital, which seriously impedes the
accumulation of physical and human capital, which in turn have direct
negative consequences on savings and investments, thus hindering
long-run economic growth.

In a similar vein, Mehlum et al. (2006) stated that the quality of
institutions is a key factor in determining the impact of natural resource
wealth on economic growth, namely, whether it is a blessing or a curse
for an economy. They argued that natural resource wealth significantly
hinders economic growth when institutions are grabber-friendly,
whereas, for countries with producer-friendly institutions, natural
resource wealth promotes economic growth. Thus, the combination of
grabber-friendly institutions and resource abundance might cause a
resource curse.

Robinson et al. (2006) also analyzed the resource curse hypothesis,
considering institutional quality as a key determinant affecting the
relationship between natural resource abundance and economic growth.
They assert that political incentives created by natural resource booms
are crucial in determining an economy’s development path. According
to them, natural resource booms may incentivize governments with low
institutional quality to remain in power by grabbing natural resource
rents to increase their political influence. This can lead to an increase in
the corruption level of an economy and generate a misallocation of
natural resource revenues, hindering their productive use such as in-
vestments in human capital and physical infrastructure, which could
otherwise contribute significantly to promoting economic growth.
Conversely, countries with high-quality institutions effectively prevent
politicians from using clientelism to exert their political influence. Thus,
natural resource booms tend to promote economic growth.

According to Colom-Jaén (2012), two theories stand out in empha-
sizing the importance of institutional quality in explaining the resource
curse hypothesis: rentier state theory and rent-cycling theory. According
to the rentier state theory, the governments in resource-rich countries
often exhibit higher levels of corruption, more likely to engage in
rent-seeking behaviors and incur wasteful public spending (Beblawi and
Luciani, 2015; Mahdavy and Cook, 1970). Given that the primary source
of government revenue in these countries stems from natural resource
extraction rather than tax collection, accountability and transparency in
government tend to be low. Consequently, the governments in
resource-rich countries are more likely to use public expenditures for
their own benefits, such as maintaining political power, rather than
efficiently allocating public resources to investing education or
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infrastructure development, exacerbating long-term growth prospects
and worsens the socioeconomic status of the population. Regarding the
rent-cycling theory, Auty (1993) stated that excessive dependence on
natural resource revenues disincentivizes governments in resource-rich
countries in creating wealth. Instead, these governments are more
likely to use natural resource revenues into self-enriching rent deploy-
ment through patronage channels, which severely distorts the market
system and can lead to the collapse the economy (Auty, 2010).

Ploeg (2011) stated that countries with weak institutions and un-
derdeveloped financial markets are more likely to suffer severely from
the negative impacts of natural resource booms, such as the appreciation
of the real exchange rate and deindustrialization (i.e.Dutch Disease),
rent-seeking behaviour, civil conflicts, and pessimistic economic growth
prospects. To mitigate the negative effects of natural resource windfalls,
Van der Ploeg (2013) suggests three types of sovereign wealth funds:
intergenerational fund, liquidity fund, and investment fund. An inter-
generational fund is particularly useful for smoothing consumption over
current and future generations when resource booms occur, as the
temporary benefits derived from natural resource windfalls can be
substantial and difficult to manage (Van der Ploeg, 2013). Moreover, an
intergenerational fund can be helful in mitigating the real appreciacion
of exchange rate related with the Dutch disease. A liquidity fund can be
used as a precautionary measure to reduce or cushion the impact of
volatile commodity prices during both resource boom and resource bust
periods (Van der Ploeg, 2013). Lastly, an investment fund can be used to
park abroad resource revenues derived from natural resource windfalls
and wait until there is sufficient capacity to invest in the domestic
economy (Van der Ploeg, 2013). This type of sovereign wealth fund is
particularly useful for resource-rich developing economies, as they
usually do not have well-developed financial markets, frequently suffer
from capital scarcity, and face severe problems borrowing from abroad
due to high premiums (Van der Ploeg, 2013).

Ross (2015) identified three harmful effects of natural resource
wealth on the political outcome of resource-rich developing countries:
1) it strengthens authoritarian regimes, thereby hindering democracy
and significantly delaying democratization process in resource-rich
developing economies, 2) it increases corruption and lowers the qual-
ity of government institutions, and 3) it significantly increases the
incidence of violent conflicts (civil wars). The author also emphasizes
that the impact of natural resource wealth on economic and political
outcomes might differ significantly depending on the type of natural
resources. For instance, in the case of mineral resources, all factors
following play an important role in influencing the economic and po-
litical outcomes of a country: their physical characteristics, profitability,
the volatility of their markets, susceptibility to rent-seeking behaviour,
the extent of state-owned company control, and the labour intensity of
the extraction process.

Sarmidi et al. (2014) studied the impact of natural resources on
economic growth of 90 countries during the period of 1984-2005 in the
framework of the resource curse hypothesis. They found a significant
threshold effect of institutional quality on the relationship between
natural resources and economic growth, meaning that countries with
low institutional quality are more dependent on natural resources for
economic growth whereas countries with high institutional quality are
less reliant on natural resources for economic growth.

Destek et al. (2023) examined whether institutional quality plays a
key role in overcoming the resource curse in Middle Eastern and North
African (MENA) economies over the period from 1996 to 2019. Ac-
cording to their estimates, only the interaction between specific
sub-indicators of the institutional quality index and natural resources
was found to have a positive impact on economic growth, but not all of
them contribute to promoting economic growth and overcoming the
resource curse. Specifically, the sub-indicators of voice and account-
ability, political stability, government effectiveness, rule of law, and
control of corruption, when combined with natural resources, signifi-
cantly contributed to fostering economic growth, while regulatory
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quality did not have a significant impact in MENA countries.

In a similar vein, Wang et al. (2023) analyzed the role of institutional
quality in avoiding the resource curse and boosting green economic
growth in 48 Belt and Road Initiative countries. According to their es-
timates, countries with good institutional quality (those with institu-
tional quality above the threshold value) successfully avoid the resource
curse. Moreover, depending on the country’s income levels, the effect of
natural resources on green economic growth differs significantly. Spe-
cifically, for high-income countries, the positive effect of natural
resource abundance on green economic growth was found regardless of
whether countries had low or high institutional quality, but the effect
became stronger when institutional quality was above the threshold. For
low- and middle-income countries with low institutional quality, the
resource curse was evident, whereas in countries with relatively higher
institutional quality, natural resources contributed to boosting green
economic growth.

3.4. The primary mechanisms of transmission channels of the resource
curse

Various academics and scholars attempt to identify the transmission
channels through which the natural resource curse takes place, namely,
the negative effect of natural resource wealth on economic growth.

Corden and Neary (1982) argued that a natural resource boom, such
as the discovery of fossil fuel reserves (like natural gas or oil), might
generate appreciation of the real exchange rate and inflation. Conse-
quently, the relative price of non-resource commodities such as manu-
factured goods increases and their export prices become more expensive
compared with global market prices, known as the spending effect
(Badeeb et al., 2017). This can result in a loss of competitiveness in the
tradable sectors (manufacturing sector) in favor of natural
resource-based sectors, due to the reallocation of production factors
towards the latter, known as the resource movement effect or pull effect
(Badeeb et al., 2017). Such a shift can trigger the deindustrialization of
an economy since the crowding-out effect of natural resource-based
industries on more dynamic sectors of an economy such as
manufacturing and service sectors might lead to adverse consequences
for the country’s long-term economic growth (Colom-Jaén, 2012). This
phenomenon, where a natural resource boom triggers harmful impacts
on the long-term economic growth of resource-rich countries, is known
as Dutch Disease. The term was coined by The Economist in 1977 after
observing the decline of the manufacturing sector in the Netherlands,
which originated from the discovery of a natural gas field in 1959
(Badeeb et al., 2017).

Gylfason (2001), in "Natural Resources, Education, and Economic
Development," identified four transmission channels through which the
natural resource curse occurs: 1) appreciation of the real exchange rate
or overvaluation of local currency, 2) rent-seeking behavior, which
severely distorts resource allocation, diminishes economic efficiency
and social equity, and increases corruption levels, 3) over-reliance on
natural resource wealth, which discourages governments from realizing
productive investments, and 4) disincentivizing investments in human
capital accumulation.

Badeeb et al. (2017) identified five mechanisms by which natural
resource wealth negatively affects long-term economic growth in
resource-rich countries, based on a systematic review of the resource
curse literature. These mechanisms are: 1) Dutch Disease, 2) the vola-
tility of commodity prices, creating market instability and hampering
economic development, 3) economic mismanagement, as most of the
fiscal capacity depends on natural resource revenues rather than tax
collection from citizens, reducing the pressure on governments to invest
public spending in socioeconomic infrastructure improvement (educa-
tion, R&D activities, health care system) that facilitates long-term eco-
nomic growth and development, 4) rent-seeking behavior, where the
windfall of natural resource revenues induces governments to use them
for their own benefit to consolidate political power and influence, and 5)
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corruption and the worsening of institutional quality.

3.5. Criticism on the validity of the resource curse hypothesis

Although the resource curse hypothesis has been confirmed in
numerous studies, several authors have questioned its validity, arguing
that the hypothesis is highly sensitive and depends largely on factors
such as the measurement of natural resource wealth and the type of
natural resources considered.

Brunnschweiler and Bulte (2008) raised doubts about the validity of
the resource curse hypothesis, arguing that it might be merely a statis-
tical illusion (red herrings). They state that how resource wealth is
measured significantly affects the estimation results, leading to different
conclusions about the relationship between natural resource wealth and
economic growth. According to their empirical findings, the resource
dependence measures (natural resource rents and export share of nat-
ural resources in total GDP) suffer from potential endogeneity issue.
They found that resource dependence does not affect economic growth
when the endogeneity problem is appropriately addressed using
instrumental variable approaches like 2SLS and 3SLS. In contrast,
resource wealth, measured by resource abundance (a stock measure of
natural resources), effectively contributes to fostering economic growth
and enhancing institutional quality.

Ross (2015) emphasized the importance of distinction between
different types of natural resources, such as oil and various minerals,
when examining the resource curse hypothesis. The author highlighted
different effects of petroleum wealth compared to mineral wealth.
Furthermore, the author argued that different types of minerals vary
significantly according to their physical characteristics, the potential
revenues they generate, the volatility of their markets, the degree to
which they are controlled by the state or state-owned companies, and
the labor intensity required for their extraction process. Consequently,
these factors should be taken into account when examining the resource
curse hypothesis.

Havranek et al. (2016) argued that overall support for the resource
curse hypothesis is weak, based on a meta-analysis. Once institutional
quality and a country’s level of investment are appropriately accounted
for, and clear distinctions are made between different types of natural
resources (each with varying degrees of technical appropriability), as
well as between measures of resource dependence and resource abun-
dance, the resource curse hypothesis might not hold anymore.

4. Data and methodology
4.1. Dependent and key explanatory variables

This study uses Green Gross Domestic Product per capita
(GreenGDPpc as a proxy for green economic growth in the LA region.
GreenGDPpc is chosen over the conventional per capita Gross Domestic
Product (GDPpc) as an outcome variable because it accounts for nega-
tive socio-environmental externalities, such as environmental degrada-
tion and greenhouse gas (GHG) emissions, which conventional GDP
overlooks. Conventional output-based GDP fails to capture the risks
associated with climate change and biodiversity loss. In contrast, green
GDP effectively considers these risks by deducting negative externalities
from GDP, measured in current US Dollars. The following formula was
applied to calculate GreenGDPpc:

(GDP;, — Deforestation;; — Mineral;, — PM2.5; — CO2;)

GreenGDPpc;; = Pop
it

€8]

Here, subindices i and t denote country and year respectively. GDP;
represents per capita gross domestic product, Pop; represents number of
population, Deforestation;, , Mineral,, PM2.5;, and CO2; indicate costs of
net forest deforestation, mineral depletion, particulate matter emission
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Table 1
Descriptive statistics.

Variable Obs Mean Std. Dev. Min Max
InGreenGDPpc 210 8.484 0.679 6.735 9.624
InFourCMProdpc 210 —6.25 2.66 —11.513 —0.811
InCopperProdpc 210 -9.194 7.423 —29.143 —1.085
InLithiumProdpc 210 —21.978 9.602 —30.165 —5.258
InCobaltProdpc 210 —9.201 0.029 -9.21 —9.042
InNickelProdpc 210 —9.602 2913 —11.513 -0.818
InInsQuality 210 —0.754 0.296 —1.298 0
InFormalJobs 210 4.019 0.229 3.414 4.344
InGlobalization 210 4.144 0.104 3.796 4.362
InCapInv 210 3.016 0.202 2.384 3.402
InUrban 210 4.294 0.181 3.814 4.523
InExpLCTechGDP 210 —2.035 1.038 —6.348 0.647
InFiscalbalance 210 2.367 0.653 —4.605 4.238
InPatents 210 7.332 1.62 3.97 10.338
InNCRECappc 210 —7.005 2.692 -11.513 —1.282
InGini 210 3.870 0.102 3.643 4.101
InExR 210 2.813 2.378 —0.001 8.214
InRESECap 210 3.679 0.534 2.107 4.465
InFFR 210 —0.736 3.892 —11.513 2.927
InGovDebt 210 3.56 0.582 1.361 5.116
ECI 210 —0.149 0.625 -1.218 1.394
InTaxRevenue 210 2.596 0.187 2.233 3.015

damage, and CO, emission damage, respectively. All variables used to
compute GreenGDPpc;,except for Pop; , are expressed in current US
Dollars.” As can be seen from Equation (1), Deforestation;, , Mineral,,
PM2.5;, and CO2; are subtracted from GDP; in the formula because
they negatively impact green economic growth. This study does not use
an alternative measure of Green GDP, such as the adjusted net national
income from the World Bank. This is because it is based on Gross Na-
tional Income (GNI), which includes the value of all goods and services
produced by the citizens of a country, rather than produced by those
within an economy, regardless of their physical residence (i.e., GNI =
GDP + net income from abroad).

On the other hand, the natural resource wealth, which is key
explanatory variable in this study, is measured in terms of per capita
production of critical minerals, in both disaggregated (Copper, Lithium,
Cobalt, and Nickel) and aggregated forms (the sum of these four critical
minerals). The rationale for measuring critical mineral abundance based
on per capita production is two folds: First, unlike resource dependency
proxies such as mineral resource rents or the share of critical minerals in
total exports of goods, a resource abundance proxy like per capita pro-
duction of critical minerals is less prone to the endogeneity problem.
This is because the former is influenced by factors such as government
policies including trade, energy, and resource policies (Badeeb et al.,
2017). Moreover, since resource-dependence indicators use mineral
rents as a share of GDP, they might introduce an endogeneity problem
when analyzing green economic growth, incorporating GDP into its
calculation. Second, measures such as mineral rents or ore and metal
exports in World Bank Statistics include not only critical minerals but
also non-critical ones like gold and silver, which potentially hinders a
more accurate estimation of the impact of critical minerals on green
economic growth within the framework of the resource curse hypothe-
sis. Additionally, it is worth noting that the natural resource dependence
measure might considerably cause selection bias in developing countries
given their disproportionately high reliance on natural resource exports

2 In this study, the possibility of using the GDP deflator to address inflation
and subsequently calculate Real GreenGDPpc was initially considered, espe-
cially since GreenGDPpc is expressed in current US dollars. However, this
approach was ultimately not adopted due to the challenges encountered,
particularly the variation in the base year for the GDP deflator calculation
across different countries in Latin America. As a result, the study mainteained
the original approach of using GreenGDPpc.

10

due to their less diversified economic and production structures
(Lashitew et al., 2021).

4.2. Control variables

The set of five control variables was included in our regression
models to minimize omitted variable bias and to obtain more accurate
estimation of the effect of critical mineral abundance on green growth:

Institutional quality (InInsQuality): Numerous empirical and theo-
retical studies on the natural resource curse emphasize the role of
institutional quality in moderating the impact of natural resource wealth
on economic growth (Costa and Santos, 2013; Lashitew and Werker,
2020; Sharma and Mishra, 2022; Sharma and Paramati, 2022;
Brunnschweiler and Bulte, 2008; Havranek et al., 2016; Mehlum et al.,
2006; Ross, 2018; Sala-i-Martin and Subramanian, 2013). Given that
high institutional quality plays a critical role in efficient allocation of
public expenditures stemming from natural resource rents in a produc-
tive manner, and in preventing high levels of corruption and
rent-seeking behavior through the enforcement of laws and regulations,
as indicated by existing studies, this study includes institutional quality
either as a control variable or in interaction with critical mineral wealth
to appropriately control for its influence on the nexus between natural
resource wealth and green economic growth.

Formal jobs (InFormalJobs): Job creation in the formal sector plays a
key role in fostering green economic growth, as it can provide house-
holds with more stable and secure income flows compared to informal
sector jobs. This may contribute to reducing the high-income inequality
and poverty prevalent in the Latin America region, and enhancing
productivity (ECLAC, 2022; ECLAC, 2023a). Leonard et al. (2022) stated
that resource development requires specialized skills and knowledge. If
these are unavailable in resource-rich countries, the labor force will
primarily be outsourced from other countries, contributing little to the
job creation in the domestic labour market. Ackah-Baidoo (2016) found
that in resource-rich Sub Saharan African countries, high dependence on
natural resources exacerbates socioeconomic development, and extrac-
tive industries contribute very little to job creation.

Globalization (InGlobalization): Globalization can contribute to
green economic growth by increasing economic activities and renewable
energy demand while decreasing fossil fuel energy consumption
(Koengkan and Fuinhas, 2022).

Capital investment (InCapInv): Given that shifting from fossil-fuel-
based economies to clean and green renewable-energy-based ones
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implies high upfront costs and requires substantial capital investments The formula was extended to include a multiplicative term in the
(Leonard et al., 2022), this factor is included as a control variable in our analysis:
regression model.

4 4
InGreenGDPpc;, = ap + H ﬂljlnCMProdpc{ft + f, In InsQuality; + H B (InCMProdpcXIninsQuality; Y + f, In FormalJobs; + 5 In Globalization;, 3
j=1 j=1

+ peInCapInvy + p, In Urbany, + p; + v, + €

Urbanization (InUrban): Latin America is one of the most highly
urbanized regions in the world, with approximately 82% of its popula- In InsQuality; refers to institutional quality, while

tion living in urban areas (World Bank, 2022). The high level of ur- (lnCMProdchlnInsQualityit)j represents the interaction term between

banlzatlF)n in the ]jA region has S}gnlﬁcant implications on green the specific type of critical mineral abundance and institutional quality
economic growth given that urbanized areas are more resilient to and it can be expressed as follows:

extreme climate events due to better infrastructure and inhabitants

(InCMProdpcXIninsQuality; )j = {In CopperProdpcXlIninsQuality;, In LithiumProdpcXInInsQuality;, In CobaltProdpc; XInInsQuality;, In NickelProdpc;
XlnInsQuality; }

living in cities have better access to affordable and clean energy as well

as better education and dwelling compared with those living in rural Where the subscripts ‘i’ and ‘t’ denote country and year respectively,
areas (Dercon, 2014; World Bank, 2022). ao, Wi, Ut , and g; denote constant term, country fixed effects, time fixed
The descriptive statistics of the variables used in this study are pre- effects and error term respectively, lnCMProdpc’l:t represents a generic

sented in Table 1. All variables, except for ECI, are previously trans-
formed into logarithmic forms to reduce the variability of the data and
facilitate the interpretation of the results in terms of elasticity in this
study. As seen from Table 1, InCopperProdpc and InLithiumProdpc show
the highest variability among the variables. This indicates a significant
difference in per capita production of copper and lithium within the LA
region. Other critical minerals, such as cobalt and nickel, show relatively
low variability among the LA countries.

form of critical mineral production per capita and ’ j' denotes the specific

type of critical mineral. Namely, lnCMProdpc’l:t = {In CopperProdpc;,
In LithiumProdpcy, In CobaltProdpc;, In NickelProdpc; }

In FormalJobs;, In Globalization;,, In CapInvy, and In Urban;, are the
four control variables in the model, denoting formal jobs, globalization,
capital investment and urbanization respectively. Similarly, the regres-
sion model was formulated as following to examine the aggregated ef-
fect of the four types of critical mineral abundance on green growth:

InGreenGDPpcy = ap + f3; In FourCMProdpc;: + +p, In InsQuality;
+ f5 In FormalJobs; + f, In Globalization;, + 5 In CapInv;

4.3.1. Standard linear regressions + B In Urbany, + y; + v, + & 4

In this study, the two-way fixed effect estimator with Driscoll-Kraay
standard error is used to analyze the impact of critical mineral abun-
dance on green economic growth in standard linear regression models.
The inclusion of both country-fixed effects and time-fixed effects allows InGreenGDPpc;, = ao + f; InFourCMProdpc; -+ f, In InsQuality;,
us to control for unobserved heterogeneity. At the same time, the .
specification of Driscoll-Kraay standard errors makes the estimates more + flnFourCMProdpcXinlnsQuality;. + f34 In FormalJobsi,
robust and consistent in the presence of heteroskedasticity, autocorre- + Bs In Globdlization;, + ¢ In CapInv; + B, In Urbany, + p; + v, + &
lation, and serial correlation. Furthermore, the analysis includes a (5)
multiplicative term encompassing these two variables to explore the
moderating effect of institutional quality on the relationship between
critical mineral abundance and green growth in 10 LA countries. Firstly,
this study focuses on analyzing the impact of each type of critical min-
eral abundance on green growth, employing the following formula:

4.3. Methodology

The formula was extended to include a multiplicative term in the
analysis:

Where InFourCMProdpc; represents aggregated term of critical min-
eral abundance and InFourCMProdpcXInInsQuality; denotes the multi-
plicative term between aggregated critical mineral abundance and
institutional quality.

4 . 4.3.2. Fixed effect panel threshold regressions (FEPTR)
InGreenGDPpc;: = ao + Hﬂ yInCMProdpc;, -+ B, In InsQuality;, The Fixed Effects Panel Threshold Regression (FEPTR), proposed by
= Hansen (1999), was applied to examine the non-linear and asymmetric
+ P3 In FormalJobs + f,InGlobalization; + 5 In CapInvy effects of critical mineral abundance on green economic growth in the
+ P In Urban + p; + v, + € 2) LA region. This assessment was conditioned on the threshold values of

11



Y.K. Hwang et al.

Table 2

Standard linear regressions (aggregated).
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Dependent variable: InGreenGDPpc

Critical mineral

Four critical minerals (Cu + Li + Co + Ni)

InFourCMProdpc 0.031*** (0.009)
InInsQuality
InFourCMProdpc*
InInsQuality
Control No
Constant 8.119%** (0.064)
Country FE Yes
Year FE Yes
R? 0.8679
obs. 210

0.028** (0.010)
0.583*** (0.167)

Yes

8.716*** (2.650)
Yes

Yes

0.9070

210

0.027** (0.010)
0.561*** (0.160)
0.018 (0.016)

Yes

8.461*** (2.706)
Yes

Yes

0.9075

210

Note: *** ** * denote at 1%, 5%, and 10% significance level, respectively; the R? (within) values were reported; () indicates standard error.

five different variables, namely export of low-carbon technologies as a
share of GDP (InExpLCTechGDP;), fiscal balance (InFiscalBalance;),
patents applications (InPatents;), non-conventional renewable energy
capacity per capita (InNCRECappc;), and Gini index (InGiniy). In this
study, a single-threshold FEPTR model was employed to formulate an
equation following:

InGreenGDPpc; = ap + 61 In InsQuality;; + 0, In FormalJobs;. + 63 In Globalization; + 64 In CapInvy + 65 In Urbany, + &;InFourCMProdpc;:*I(Q; < k)

+ 8xInFourCMProdpci *1(Qi > &) + p; + Ve + €

Where 6; and &, represent the coefficients of the regime-dependent
variable (InFourCMProdpc;), for values below and above the threshold
value, respectively, I (.) represents the indicative function, Q; denotes
the threshold variable which may be one of the following:
InExpLCTechGDP;, InFiscalBalance;, InPatents;, INnNCRECappc;;, InGinij, .
Lastly, x represents the critical threshold value.

Considering the significant heterogeneity among countries in the LA
region in terms of their capacity to export clean energy technologies,
macroeconomic stability, innovation capacity, renewable energy pene-
tration among inhabitants, and levels of inequality, a set of five
threshold variables are selected to investigate the asymmetric and non-
linear impact of critical mineral abundance on green economic growth:

Low carbon technology export as a share of GDP (InExpLCTechGDP):
Countries capacity to export clean energy equipment is an important
factor, especially since countries abundant in critical minerals with
higher technological and innovation capacities can produce low-carbon
technology equipment more cost-efficiently by leveraging their local
supply chains (lower transportation costs). Consequently, they can offer
these products at more competitive prices in the global market. Addi-
tionally, resource-rich countries capable of exporting higher value-
added products such as low-carbon technology rather than being pri-
mary commodity exporters, can significantly boost green economic
growth through quality-based economic diversification (Lashitew and
Werker, 2020). According to Khan et al. (2023) technological
advancement and scientific mining can reduce mining costs and
mining-induced negative environmental costs, thereby mitigating the
resource curse in mineral-rich countries.

Fiscal balance (InFiscalbalance): Countries rich in natural resources
can obtain substantial revenues from resource extraction in the form of
royalties, which can positively contribute to the fiscal balance of an
economy (Su and Tan, 2023). Sanchez et al. (2015) argue that strict
fiscal policy and stabilization funds are especially important for con-
trolling the Dutch Disease problem in resource-rich developing

12

countries.

Patent applications (InPatents): In this study, the number of patent
applications is used as a proxy for country’s innovation capacity. Ac-
cording to Badeeb et al. (2023), a country’s innovation capacity is an
important factor in mitigating the resource curse, as it can enhance in-
vestment productivity and facilitate the creation of highly competitive

(6)

products. These products are less affected by the volatility of the global
commodity market and the exchange rate appreciation.

Non-conventional renewable energy capacity per capita (InNCRE-
Cappc): When examining the nexus between critical mineral abundance
and green economic growth, the availability of non-conventional
renewable energy capacity per inhabitant (solar and wind energy), is
an important factor to consider. Critical minerals are essential for con-
structing renewable power-based plants (IEA, 2021). However, unlike
fossil fuel-based power plants, which require a continuous supply of
fossil fuels, renewable energy-based power plants do not require addi-
tional critical minerals once they are built. Thus, the implications for a
country with low renewable energy capacity in its energy mix are not the
same as for a country with a high share of it. The former will necessitate
substantial critical mineral inputs for adding new renewable capacity,
accompanied by significant capital investments and mining activities,
leading to different outcomes regarding green economic growth
(Leonard et al., 2022).

Gini index (InGini): In resource-rich developing countries with weak
institutional quality, governments that heavily rely on natural resource
rents are more likely to be less accountable to the well-being of their
citizens (Ross, 2018). The rationale is that these governments do not
need to raise taxes from their citizens to support their fiscal capacity
because of rents obtained from natural resources (thus less representa-
tion of citizens in the decision-making process), thereby having fewer
incentives to invest in education and infrastructure (Ross, 2018).
Instead, they are more likely to spend natural resource rents for their
purposes, exacerbating inequality and widening the poverty gap be-
tween the rich and the poor. On the other hand, Dunning (2008) argues
that in countries with preexisting high levels of inequality, such as the
LA region, oil wealth has, to a certain extent, contributed to democra-
tization and economic growth in the region. This is because govern-
ments or small elites are not concerned that increased democracy will
lead to losing their political power and wealth.
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Table 3

Standard linear regressions (disaggregated).
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Dependent variable: InGreenGDPpc

Critical mineral Copper Lithium Cobalt Nickel
InCopperProdpc 0.008** 0.007 —0.006 0.023*** 0.024%** 0.022%* 0.150 -0.179 —1.446* 0.025%* 0.023*** 0.022%*
(0.004) (0.005) (0.004) (0.004) (0.008) (0.008) (1.281) (1.078) (0.715) (0.010) (0.008) (0.009)
InInsQuality 0.606*** —0.713* 0.731%** 0.736%*** 0.586*** 0.514%** 0.541%** 0.538***
(0.146) (0.360) (0.128) (0.129) (0.147) (0.172) (0.163) (0.162)
InCopperProdpc* 0.139%** —0.009 11.893%** —0.065
InInsQuality (0.036) (0.015) (2.007) (0.053)
Control No Yes Yes No Yes Yes No Yes Yes No Yes Yes
Constant 7.988 10.695 11.477 8.418%** 9.013%** 8.867*** 9.280 7.342 —4.336 8.146%*** 10.090%** 9.396%**
(0.037) (1.768) (1.544) (0.092) (2.630) (2.673) (11.797)  (10.893) (7.625) (0.101) (2.443) (2.599)
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
R? 0.8612 0.9019 0.9143 0.8679 0.9080 0.9082 0.8589 0.9007 0.9058 0.8639 0.9044 0.9067
obs. 210 210 210 210 210 210 210 210 210 210 210 210

Note: ***, ** * denote at 1%, 5%, and 10% significance level, respectively; the R? (within) values were reported; () indicates standard error.

4.3.3. Panel mediation analysis

The panel mediation analysis was conducted to find the primary
mechanisms through which critical mineral abundance influences green
economic growth in the LA region. To achieve this goal, the three-step
procedure developed by Baron and Kenny (1986) was applied, and it
can be formulated as follows:

InGreenGDPpcy = p, + p, InFourCMProdpc;: + p, In InsQuality;
+ p5 In FormalJobs + p, In Globalization; + pg In CapInv;

+ pe In Urbany, + py; + vir + €11t &)

InMVy =y, + y; InFourCMProdpcy + y, In InsQuality; + y4 In FormalJobs;
+ 7,4 In Globalization + y5 In CapInv + y¢ In Urbany + iy + Ve + €2t
®

InGreenGDPpc;, = f, + f, InFourCMProdpc + f,MVy + 5 In InsQuality;,
+ B, In FormalJobs; + f5 In Globalization;; + f3; In CapInv;
+ f, In Urbany + piq; + var + €34
(€)]

Where MV, represents the mediation variable, the coefficients p;, 7;,
B, and f, are of particular interest in the panel mediation analysis. The
three-step procedure for analyzing mediation effects can be described as
follows: First, the outcome variable (InGreenGDPpc;) is regressed on the
explanatory variable (InFourCMProdpc;) excluding the mediation vari-
able in the regression model, as shown in equation (7). If p, is statisti-
cally significant, indicating a significant impact of the explanatory
variable on the outcome variable, the analysis can be proceeded. Next,
the mediation variable (MV;,) is regressed on the explanatory variable as
shown in equation (8). If y, is statistically significant, the analysis can
proceed because this means that the significant relationship exists be-
tween the mediation variable and the explanatory variable. Once the
statistical significance of the coefficients p, and y, is confirmed, the last
step in three-step procedure involves examining the values and signifi-
cance levels of coefficients f, and f,. Depending on the values and
significance levels of y;, #; and f,, four different scenarios can emerge in
panel mediation analysis:

1) Positive partial mediation effect if g, is statistically different from
0 and y,5, > 0.

2) Negative partial mediation effect if g, is statistically different from
0 and y,5, < 0.

3) Positive complete mediation effect if §; is not statistically different
from 0 and 7,8, > 0.

4) Negative complete mediation effect if 4, is not statistically different
from 0 and y; 8, > 0.
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In scenarios 1) and 2), the mediation variable can reinforce or
counteract the direct effect of the explanatory variable on the outcome
variable (which is given by the value of ;) depending on the signs of
both g; and the multiplicative term y,, (which represents the indirect
effect). In scenarios 3) and 4), the mediation variable completely ab-
sorbs the direct effect of the explanatory variable on the outcome vari-
able. Consequently, the impact of the explanatory variable on the
outcome variable occurs only through the mediation variable.

In this study, the set of five variables was selected to examine their
mediation effect between critical mineral abundance and green eco-
nomic growth. In other words, the main transmission mechanisms
through which critical mineral wealth affects green economic growth
were identified:

Exchange rate (InExR): Appreciation of the real exchange rate and
the subsequent harmful effect on export sectors (Dutch disease) is a main
channel through which natural resource wealth can negatively impact
economic growth, well documented in the literature on the Dutch dis-
ease and the resource curse (Corden, 1984; Sachs and Warner, 2001;
Frankel, 2010; Mien and Goujon, 2022). A seminal work on Dutch dis-
ease by Corden (1984) observed that the discovery of natural gas in the

Table 4
Threshold estimator and threshold effect tests.

Qjt = InExpLCTechGDP;;

Model Threshold Lower Upper

Th-1 —2.550 —2.599 —2.550
Threshold RSS MSE Fstat Prob Critl0  Crit5 Critl
Single 9.833 0.052  34.550**  0.023 25.258 29.015 46.504
Qi = InFiscalbalance;,

Model Threshold Lower Upper

Th-1 2.491 2.462 2.500

Threshold RSS MSE Fstat Prob Critl0  Crit5 Critl
Single 10.086 0.053 28.940** 0.043 24.034 27.329 36.059
Q;: = InPatents;;

Model Threshold Lower Upper

Th-1 9.802 9.790 9.825

Threshold RSS MSE Fstat Prob Critl0  Crit5 Critl
Single 9.836 0.052  34.480* 0.093 33.649 43.820 61.784
Qir = InNCRECappc;;

Model Threshold Lower Upper

Th-1 —7.020 —7.178 —6.809
Threshold RSS MSE Fstat Prob Critl0  Crit5 Critl
Single 8.892 0.047 58.220** 0.013 33.112 40.922 58.308
Qit = InGini;;

Model Threshold Lower Upper

Th-1 3.709 3.706 3.711

Threshold RSS MSE Fstat Prob Critl0  Crit5 Critl
Single 8.407 0.045 72.48***  0.000 29.314 34.086 44.763

Note: ***, ** * denote at 1%, 5%, and 10% significance level, respectively;
Threshold effect test (bootstrap = 300); Th-1 denotes single threshold test.
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Netherlands during the 1960s triggered resource booms in the country.
These booms increased the international demand for natural gas, raised
domestic income and inflation levels, and substantially appreciated the
real exchange rate in the Netherlands. This, in turn, negatively affected
the country’s export sectors such as manufacturing due to a loss of
competitiveness in the global market.

Renewable energy share of total electricity capacity (InRESECap):
Given that critical minerals are essential inputs for the development of
clean energy technologies and the transition to low-carbon economies,
their demand is expected to increase as countries decide to move away
from fossil fuel-based economies towards cleaner, renewable energy-
based economies (IEA, 2021).

Fossil fuel rents (InFFR): In this study, fossil fuel rents are a proxy for
a country’s dependence on fossil fuels. Many Latin American countries
are net oil producers and receive substantial revenues from fossil fuel
production and exports (World Bank, 2022). For instance, in Bolivia,
Trinidad and Tobago, and Ecuador, the averaged tax revenues from
hydrocarbons as a percentage of the total tax during 2019-2021 were
14.6%, 20.6%, and 22.4%, respectively (ECLAC, 2023b). Given their
high dependence on fossil fuel rents for fiscal capacity, these countries
show reluctance to decarbonize their economies, as the transition to a
low-carbon economy might lead to a significant loss of government
revenues. This, in turn, could negatively affect the relationship between
critical mineral wealth and green economic growth.

Government debt (InGovDebt): Given that transitioning to a low-
carbon economy requires substantial capital investments, many Latin
American countries can be severely constrained by high debt burdens,
which impedes their ability to finance costly and large-scale mining
activities, preventing them from leveraging critical mineral wealth on
furthering green economic growth. Su and Tan (2023) state that
renewable energy investment fundamentally differs from other types of
investments because it requires strong government support, due to its
high upfront costs at the initial stage of development and a long payback
period.

Economic complexity index (ECI): The negative impact of natural
resource wealth can be mitigated by economic complexity (Tabash et al.,
2022). Countries with high economic complexity or greater economic
diversification can leverage their natural resources to enhance
competitive capabilities, such as human capital, R&D expenditure,
innovation, and financial access (Lashitew et al., 2021). Consequently,
this leads to green growth.

5. Empirical results

Before analyzing the effect of critical mineral abundance on green
growth, a series of preliminary tests were conducted. These tests include
pairwise correlation test, cross-sectional dependence test, panel unit
root test, panel cointegration test, Hausman test and Wald test (see
Tables A2- A.7 in the Appendix). The results of these tests indicate the
following: 1) There is no collinearity problem, as determined by the
correlation matrix, 2) All variables, except for InFourCMProdpc, InCo-
baltProdpc, InNickelProdpe, and InInsquality, demonstrate cross-
sectional dependence at the 1% significance level, according to the
cross-sectional dependence test, 3) The variables show a mixed order of
integration, either I(0) or I(1). However, after first differencing, the unit
root problem disappear for all variables, except for InCobaltProdpc and
InNickelProdpc, which remain non-stationary even after first differ-
encing,” as indicated by CIPS test with trend, 4) A long-run equilibrium
relationship among the variables is confirmed, according to Pedroni and
Westerlund cointegration tests, 5) Fixed effects are found to be more

3 The reason for the non-stationarity of some critical mineral variables even
at first differencing might be that these variables are not purely economic in
nature. Depending on external shocks, such as a resource boom, the production
of these minerals can increase abruptly.
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appropriate than random effects, based on Hausman test, 6) Time fixed
effects are significant in all regression models, as indicated by Wald test.

5.1. Benchmark regressions

The two-way fixed-effect regressions with Driscoll-Kraay standard
errors were first performed to examine the impact of critical mineral
abundance and the role of institutional quality in moderating its effect
on green economic growth in the LA region. In our analysis of the
aggregate effects of critical mineral abundance on green growth, a
consistent positive impact was found as shown in Table 2, with robust
estimates across various specifications. Similarly, institutional quality in
isolation positively affects green economic growth. However, a signifi-
cant moderating effect of institutional quality on green growth was not
found, as the coefficient of the interaction term between critical mineral
abundance and institutional quality was not statistically significant.

Regarding the analysis of the disaggregated impacts of critical min-
erlas, as shown in Table 3, their impact on green economic growth varies
significantly depending on the type of minerals. Lithium and Nickel
consistently have a positive effect on green growth, whereas the impact
of Copper and Cobalt is either insignificant or negative. Regarding
institutional quality, it generally exerts a positive influence on green
growth (except for Copper). However, combined with each critical
mineral, only a significant and positive impact was observed for Copper
and Cobalt. Notably, in the case of Cobalt, the magnitude of the inter-
action term was significantly larger compared to other critical minerals,
suggesting that the negative effect of cobalt abundance on green growth
was mitigated by institutional quality, indicating a significant moder-
ating effect.

5.2. Fixed effect panel threshold regressions (FEPTR)

To assess the non-linear effect of critical mineral abundance on green
growth in the Latin American region, the Fixed-Effects Panel Threshold
Regression (FEPTR) was performed. Before implementing the FEPTR,
the significance of threshold effects was tested for five variables using
the bootstrap method with 300 repetitions. These variables include low-
carbon technology export as a share of GDP (InExpLCTechGDP), fiscal
balance (InFiscalBalance), patents (InPatents), non-conventional
renewable energy capacity per capita (InNCRECappc), and the Gini
index (InGini). As shown in Table 4, a significant threshold effect was
observed in all the variables aforementioned, as indicated by F statistics
at the 5% significance level, except for InPatents, which exhibited a
threshold effect at the 10% level.

After verifying the threshold effects, the Fixed Effects Panel
Threshold Regression (FEPTR) was conducted. The estimation results
presented in Table 5 allow for several observations:

Firstly, critical mineral abundance had no significant effect on green
growth when the economy’s share of low-carbon technology in total
GDP (InExpLCTechGDP) was below the threshold. However, critical
mineral abundance positively and significantly influenced green growth
when InExpLCTechGDP exceeded this critical threshold value. Secondly,
regarding fiscal balance (InFiscalbalance), critical mineral abundance
positively influenced green growth irrespective of the value of InFis-
calbalance being below or above the threshold. Furthermore, the effects
of critical mineral abundance were statistically significant at the 1%
level regardless of the threshold. Notably, when a country’s fiscal bal-
ance exceeded a certain threshold, the positive impact of critical mineral
abundance on green growth became even more profound.

Thirdly, the influence of critical mineral abundance on green growth
exhibited a non-linear effect depending on the number of patents
(InPatents). When InPatents was below the threshold, the impact of
critical mineral abundance positively contributed to green growth.
However, this effect turned negative when the economy’s number of
patents exceeded this threshold, thereby negatively impacting green
growth.
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Table 5

Fixed effects panel threshold regressions.

Resources Policy 98 (2024) 105355

Yit = InGreenGDPpc;;, R;; = InFourCMProdpc;¢

Threshold variable

Qit = InExpLCTechGDP;,

Qi = InFiscalbalance;;

Qj; = InPatents;;

Qir = InNCRECappc;,

Qj¢ = InGinij

InInsQuality 0.474*** (0.171) 0.145 (0.173)
InFormalJobs 1.089%** (0.337) el
InGlobalization 1.924*** (0.365)

InCapInv 1.066*** (0.126) 1.067*** (0.126)
InUrban 4.698*** (0.581) 4.654*** (0.584)

cat#c.lnFouCMProdpc

0 0.021 (0.014) 0.045*** (0.012)
1 0.066*** (0/012)
Constant —26.543%** (2.123)

sigma_u 0.983 .

sigma_e 0.228 0.229

rho (fraction of variation due to U;) 0.949 0.932

R?(within) 0.7468 0.7452

Number of Obs. 210 210

0.584*** (0.172)
0.852** (0.332)

1.233*** (0.368)
1.122%** (0.126)
4.886*** (0.574)

0.080*** (0.012)
—0.064*** (0.024)
—23.524*** (2.130)
1.037

0.226

0.955

0.7515

210

0.259 (0.159)
0.819** (0.316)
1.884*** (0.343)
1.029*** (0.119)
2.572%** (0.625)

0.063*** (0.011)
0.012 (0.013)
—16.293*** (2.339)
0.520

0.215

0.855

0.7350

210

**% (0.156)

0.866*** (0.117)
3.323*** (0.562)

—0.030** (0.015)
0.058*** (0.011)
—22.297*** (1.980)
0.783

0.209

0.934

0.7877

210

Note: ***, ** * denote at 1%, 5%, and 10% significance level, respectively and time dummies were included during the estimation; Yj;, Qi;, and R;; denote dependent
variable, threshold variable, and regime-dependent variable respectively. The values in parentheses indicate the standard error.

In relation to non-conventional renewable energy capacity per capita
(InNCRECappc), the FEPTR estimates revealed that critical mineral
abundance had a significant non-linear effect on green growth, which is
conditioned on the value of INNCRECappc. Below the threshold value of
InNCRECappc, critical mineral abundance contributed to enhancing
green growth. However, above this threshold, the impact of critical
mineral abundance on green growth was insignificant.

Lastly, regarding the Gini index (InGini), a negative impact of critical
mineral abundance on green growth was found in the economies with
the value of InGini below the threshold. Conversely, when InGini
exceeded its threshold value, the influence of critical mineral abundance
on green growth became positive and statistically significant at the 1%
significance level.

5.3. Panel mediation analysis

Before performing panel mediation analysis, mediation tests with
300 bootstraps were conducted to evaluate the significance of mediation
effects for five variables: exchange rate (InExR), renewable energy share
of electricity capacity (InRESECap), fossil fuel rents (InFFR), govern-
ment debt (InGovDebt), and economic complexity (ECD).* As indicated
in Table 6, all variables above demonstrated significant mediation ef-
fects at a minimum of 5% significance level, as determined by three
different tests: the Sobel test, the Aroian test, and the Goodman test
(except for ECI, which exhibited a significance level of 5%, all other
variables showed strong significant mediation effects at the 1% level).
Several key observations emerge from the estimates obtained through
panel mediation analysis: First, the exchange rate (InExR) exerted a
complete and positive mediation effect (0.026) between mineral
resource wealth and green growth. This indicates that the impact of
critical mineral abundance on green growth was fully mediated (or
absorbed) by the exchange rate, as evidenced in column 3 of Table 6.

Secondly, the renewable energy share of electricity capacity (InRE-
SECap) exhibited a partial and negative indirect (mediation) effect be-
tween mineral resource wealth and green growth. While critical mineral
abundance directly and positively affects green growth (with an elas-
ticity of 0.034, meaning that a 1% increase in mineral resource wealth
leads to a 0.034% increase in green growth), this impact was partially

4 Besides conducting panel mediation tests using the bootstrap method, we
further evaluated the significance of the mediation effect using the 'medeff’
command in STATA. The results indicated that all variables exhibited signifi-
cant mediation effects, as evidenced by the values of ACME (Average Causal
Mediation Effects) being distinct from 0. Additionally, the confidence intervals
of ACME did not contain 0, further confirming the significance of these effects.
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offset by the mediation effect of InRESECap (—0.007 at 1% significance
level).

Third, fossil fuel rents had a positive partial mediation effect, which
combined with the direct effect of critical mineral abundance on green
growth (0.016) reinforced positive effect and contributed to enhancing
green growth in the LA region.

Next, regarding government debt (InGovDebt), panel mediation
analysis reveals that InGovDebt had a negative partial mediation effect
(—0.011 at 1% significance level). This effect partially offsets the posi-
tive direct effect of critical mineral abundance on green growth (0.039),
resulting in an overall effect of 0.028.

Additionally, economic complexity (ECI) demonstrated a negative
partial mediation effect between critical mineral abundance and green
growth. The ECI coefficient (—0.005 at the 5% level) indicates that a 1%
increase in economic complexity resulted in a 0.005 decrease in green
growth in the LA region.

Notably, in the columns in Table 6 where the outcome variable was
the mediation variable and critical mineral abundance was the explan-
atory variable (namely, the 3rd, 5th, 7th, 9th, and 11th columns in
Table 6), critical mineral abundance positively and significantly in-
fluences InRESECap, InGovDebt, and ECI at the 1% level. Conversely,
critical mineral abundance had a negative and statistically significant
impact at the 1% level on InExR and InFFR, as indicated by the coeffi-
cient of InFourCMProdpc.

5.4. Robustness test

5.4.1. Instrumental variable regressions for standard linear regressions

To address the potential endogeneity problem in our standard linear
regression estimates and to examine the robustness of our empirical
findings, the Limited Information Maximum Likelihood-Instrumental
Variable (LIML-IV) approach was used for a given our small sample
size. Tax revenues (InTaxRevenue) were chosen as the instrumental
variable to instrument for institutional quality (InInsQuality), which we
suspect to be endogenous. The selection of InTaxRevenue as our
instrumental variable is justified by its fulfillment of two key criteria: 1)
the relevance condition, which requires that the instrumental variable
(InTaxRevenue) be strongly correlated with the explanatory variable
(InFourCMProdpc), and 2) the exogeneity condition, which requires that
the instrumental variable affects the outcome variable (InGreenGDPpc)
only through the explanatory variable, and it should have no correlation
with the error term. Put differently, this means there should be no direct
correlation between the instrumental variable and the outcome variable.
After taking a series of preliminary tests, InTaxRevenue was identified as
an appropriate instrument for InInsQuality as InTaxRevenue is strongly
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correlated with InInsQuality and shows no correlation with the error
term in standard linear regressions where InGreenGDPpc is the outcome
variable. Tables A8 and A9 (see Appendix) show the impacts of each
critical mineral abundance on green growth and the aggregated effects
of these four critical minerals on green growth, respectively, using
instrumental variable. The results confirm that our estimates remain
robust after controlling for endogeneity, as the coefficients for each in-
dividual critical mineral abundance and the aggregated term preserve
their sign and significance level consistent with previous estimation
results shown in Tables 2 and 3 of section 5.1. Regarding institutional
quality, our findings are generally in line with previous estimates,
showing a positive effect as well. An exception is observed with Nickel,
where institutional quality has a positive but not statistically significant
impact (in previous estimates, the elasticity of InInsQuality was 0.538 at
the 1% significance level). Concerning the moderation effect of insti-
tutional quality, a difference is observed in Nickel, which shows a
negative and statistically significant effect on green growth, and in
copper, which shows a positive but not statistically significant effect (in
previous estimates, the interaction term was positive and statistically
significant at the 1% level).

5.4.2. Robustness tests for fixed effect panel threshold regression (FEPTR)
replacing threshold variables

To examine the robustness of the estimates in FEPTR, the threshold
variables used in previous estimates are replaced with other variables
featuring similar characteristics (see Table A10 in Appendix). These
variables include medium- and high-tech value added as a percentage of
GDP (InMHTVadd), current account balance (InCAB), human capital
index (InHCI), renewable energy capacity per capita (InRECappc), and
the Palmer ratio (InPalmaRatio). They are employed to assess the
robustness of the previous estimates for InExpLCTechGDP, InFiscalba-
lance, InPatents, INNCRECappc, and InGini, respectively. The rationale
for using these variables is as follows: 1) Regarding the export of low-
carbon technology (InExpLCTechGDP), this process requires high-
skilled labor, specific knowledge, and advanced technological content.
These requirements clearly differentiate it from commodity exports,
which are typically characterized by low-value-added products. There-
fore, replacing the share of low-carbon technology in an economy with
medium- and high-technology value added as a percentage of GDP is a
reasonable assumption, 2) The current account balance is used as a
threshold variable to evaluate the robustness of the threshold effect of
fiscal balance, as analyzed in the previous threshold analysis. Since the
current account balance reflects a country’s economic situation and
global financial position (indicating whether it is a net lender or
borrower), a country with a surplus in its current account balance is
better equipped to finance a large-scale green energy transition. 3) Since
the number of patents is widely used as an indicator of a country’s
innovation capabilities, a nation endowed with a relatively high pro-
portion of the population equipped with advanced education and high
human capital is more prepared to engage in innovative activities. Thus,
we use human capital index (InHCI) to examine the robustness of the
threshold effect of patents (InPatents), 4) To assess the robustness of the
threshold effect of non-conventional renewable energy capacity per
capita (InNCRECappc), the broader measure of renewable energy ca-
pacity per capita is used, which encompasses solar, wind, and hydro-
power energy sources, 5) Palma ratio (InPalmaRatio), which represents
the ratio between the income share of the top 10% of the population to
the income share of the 40% of the population, is used to assess the
robustness of the threshold effect of Gini index (InGini).

Table A1l (see Appendix) shows that, even after replacing the
threshold variables, the estimates remain robust. The differences are
observed only in the cases of InHCI and InRECappc. Specifically, when
their values exceed the threshold, the effect of critical mineral abun-
dance becomes positive and statistically not significant, and negative
and statistically significant at the 1% level, respectively (while in pre-
vious estimates, when InPatents or InNCRECappc exceed the critical
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threshold value, the effect was negative and statistically significant at
the 1% level for InPatents, and positive but not significant for
InNCRECappc).

5.4.3. Robustness tests for panel mediation analysis

To examine the robustness of previous panel mediation analysis, two
different tests were performed. First, panel mediation effects were
evaluated using the bootstrap method with 1000 repetitions. As
Table A12 shows (see Appendix), the estimates remain robust and are
consistent with those from the previous panel mediation analysis. Sec-
ond, an instrumental variable approach (LIML-IV) was used to address
potential endogeneity issues. According to the results presented in
Table A13 (see Appendix), the significance level, magnitude, and sign of
the coefficients for critical mineral abundance (InFCMProdpc) and
mediation variables align with previous estimates, even after controlling
for endogeneity issues using an instrumental variable.’

6. Discussion of findings

Several implications of this study can be highlighted based on pre-
vious estimation results:

First, the impact of each critical mineral abundance on green growth
varies significantly depending on the specific type of critical mineral.
For instance, lithium and nickel have been found to positively contribute
to green growth, whereas the impacts of copper and cobalt are either
non-significant or negatively influence green growth.

Specifically, regarding lithium, its positive impact on green eco-
nomic growth found in this study, can be explained as follows: From an
economic point of view, lithium presents significant opportunities for
the LA region in terms of economic benefits derived from resource
revenues, given the potential high demand for this mineral and subse-
quent increases in lithium prices in global commodity markets in the
coming decades, as well as the attraction of Foreign Direct Investments
driven by the critical mineral resources boom can boost economic
growth in the region (Bickel and Mia, 2023; Graham et al., 2021). From
an environmental sustainability aspect, more opportunities are expected
as extracting lithium from brine in the region (specifically, the Atacama
desert where the largest resources of lithium is concentrated and located
near the borders of Argentina, Bolivia, and Chile) makes it much more
easy to process into lithium carbonate. Moreover, this process is rela-
tively cleaner, more cost-effective, and requires less energy consumption
(due to the fact that the initial step of lithium mining from brines uses
solar evaporation) than those used by other major producers, such as
Australia, where lithium production relies on hard-rock mining, which is
more costly than mining from brine (Alessia et al., 2021; Bickel and Mia,
2023), thus contributing to promoting green economic growth in the LA
region. However, careful attentions should be paid regarding lithium
mining. Graham et al. (2021) point out that embarking on major lithium
mining is not an easy task, as it can face significant resistance to social
licensing by local communities and indigenous people concerned about
environmental sustainability and socioeconomic issues. The substantial
water consumption required throughout lithium extraction and mining
activities, combined with the fact that these activities often take place on
the territories of indigenous people, poses high risks of threatening local
ecosystems and the welfare of inhabitants living close to lithium mines
(Quijano, 2020).

Similar to lithium, nickel was found to have a positive impact on
green economic growth in this study. Its relatively little dissipation to
the environment compared to other critical minerals like copper thanks

5 When incorporating an instrumental variable in regression models to
address endogeneity issues in robustness tests, the computation of indirect,
direct, and total effects is not reported. This is because the command for
analyzing mediation effects using an instrumental variable in panel data is not
available in STATA.
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Table 6
Panel mediation regressions (DV = InGreenGDPpc;,).
Without MV = InExR MV = InRESECap MV = InFFR MV = InGovDebt MV = ECI
MV
Dependent DV MV DV MV DV MV DV MV DV MV DV
Variable
InFourCMProdpc ~ 0.028%** —0.128***  0.002 0.018%** 0.034%** —0.070***  0.016* 0.048%** 0.039%** 0.021*** 0.033%***
(0.008) (0.017) (0.008) (0.005) (0.008) (0.015) (0.008) (0.014) (0.008) (0.007) (0.008)
InInsQuality 0.583%** 0.226 0.629%** 0.150%* 0.638*** —0.473%* 0.503*** —0.623%** 0.435%** —0.231%* 0.528%**
(0.119) (0.249) (0.108) (0.068) (0.118) (0.216) (0115) (0.210) (0.111) (0.103) (0.118)
InFormalJobs 0.082 —0.012 0.079 0.080 0.112 —0.618 —0.022 —1.762***  —0.335 —0.345* —0.0001
(0.230) (0.483) (0.209) (0.132) (0.226) (0.418) (0.221) (0.407) (0.220) (0.199) (0.228)
InGlobalization —1.455%**  —2.039%**  —1.867***  0.148 —1.400%**  0.946 —1.296***  0.846 —1.255%**  (0.847%** —1.254%%**
(0.315) (0.662) (0.294) (0.180) (0.309) (0.573) (0.303) (0.558) (0.288) (0.272) (0.317)
InCapInv 0.330%** —0.698%** 0.189** —0.210%** 0.252%* 0.481** 0.410%** —0.825%** 0.134 —0.019 0.325%**
(0.102) (0.213) (0.095) (0.058) (0.103) (0.185) (0.099) (0.180) (0.098) (0.088) (0.100)
InUrban 1.021** -1.315 0.756* 3.996%** 2.499%** 2.034%* 1.363*** 2.031%* 1.502%** 1.761%** 1.440%**
(0.454) (0.953) (0.414) (0.259) (0.683) (0.825) (0.441) (0.803) (0.420) (0.392) (0.470)
InExR —0.202%**
(0.033)
InRESECap —0.370%**
(0.130)
InFFR —0.168%**
(0.040)
InGovDebt —0.237%***
(0.039)
ECI —0.238%**
(0.086)
Constant 9.103 16.907*** 12.514%** —14.489*** 3.745 —11.288** 7.206 1.482 9.454%** —9.764%** 6.780%**
(2.385) (5.014) (2.236) (1.364) (3.002) (4.339) (2.322) (4.225) (2.173) (2.062) (2.487)
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Time FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
R? 0.9079 0.9862 0.9687 0.9798 0.9635 0.9962 0.9654 0.8368 0.9685 0.9663 0.9634
Obs 210 210 210 210 210 210 210 210 210 210 210
Panel mediation tests (bootstrap = 300)
MV = InExR MV = InRESECap MV = InFFR MV = InGovDebt MV = ECI

Sobel test
Aroian test
Goodman test
Indirect effect
Direct effect
Total effect

0.026*** (0.005)
0.026*** (0.005)
0.026*** (0.005)
0.026*** (0.005)
0.002 (0.008)

0.028*** (0.008)

—0.007** (0.003)
—0.007** (0.003)
—0.007** (0.003)
—0.007** (0.003)

0.012*** (0.004)
0.012*** (0.004)
0.012*** (0.004)
0.012*** (0.004)
0.016* (0.008)

0.028*** (0.008)

—0.011*** (0.004)
—0.011*** (0.004)
—0.011*** (0.004)
—0.011*** (0.004)

—0.005** (0.002)
—0.005** (0.003)
—0.005** (0.002)
—0.005** (0.002)

0.033

(0.008)

Panel mediation tests

MV = InExR

M

V = InRESECap

MV = InFFR

MV

= InGovDebt

MV = ECI

ACME
Direct effect
Total effect

% of Total effect mediated

0.026 [0.016-0.036]
0.002 [-0.014-0.016]
0.027 [0.011-0.042]
0.944 [0.615-2.349]

—0.007 [-0.013 to —0.001]
0.034 [0.019-0.049]
0.027 [0.011-0.042]
—0.249 [-0.652 to —0.163]

0.012 [0.005-0.019]
0.016 [0.0004-0.030]
0.027 [0.011-0.042]
0.429 [0.282-1.110]

—0.011 [-0.019 to —0.004]
0.039 [0.025-0.052]
0.027 [0.010-0.042]
—0.413 [-1.150 to —0.269]

—0.005 [-0.010 to —0.001]
0.032 [0.017-0.047]
0.027 [0.010-0.042]
—0.187 [-0.488 to —0.122]

Note: MV and DV denote mediation variable and dependent variable, respectively; ***, **, * denote at 1%, 5%, and 10%.
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Table 7
Summary of empirical findings.

Resources Policy 98 (2024) 105355

Research objectives

Underlying assumptions

Econometric
techniques used

Outcomes

Examine the impact of critical mineral
wealth on green economic growth
within the resource curse hypothesis
framework in the LA region.

Examine the moderation effect of
institutional quality on the nexus
between critical mineral abundance
and green economic growth in the LA
region.

Examine the threshold effect of critical
mineral abundance on green economic
growth in the LA region.

Identify the primary channels through
which critical mineral abundance

1. In disaggregated term, the impact of critical
minerals on green economic growth varies
significantly depending on the type of critical
mineral in the LA region.

2. In aggregated term, the critical mineral
abundance has a significant impact on green
growth performance in the LA region.

Institutional quality significantly affects the impact
of critical mineral abundance on green economic
growth.

The impact of critical mineral abundance on green
economic growth is found to be asymmetric and non-
linear. The impact of critical mineral abundance on
green economic growth varies significantly
depending on the values of 1) low-carbon
technology exports as a share of GDP, 2) fiscal
balance, 3) number of patents, 4) non-
conventional renewable energy capacity per
capita, 5) Gini index

Based on the theoretical and empirical studies on the
resource curse hypothesis, a set of five mediation

Standard linear
regressions:

Two-way FE estimators
with Driscoll-Kraay
standard errors.

Standard linear
regressions:

Two-way FE estimators
with Driscoll-Kraay
standard errors.

Fixed-effects panel
threshold regression
(FEPTR).

Panel mediation
analysis.

1. Lithium and nickel contribute to fostering
green economic growth (resource blessing
effect).

In case of cobalt, its impact on green economic

growth is negative (resource curse effect).

The impact of copper on green growth is not

statistically significant.

2. In aggregated term, critical mineral abundance
positively affects green economic growth.

1. When critical minerals are analyzed separately,
the moderation effect of institutional quality is
found only in copper and cobalt. In case of
lithium and nickel, the moderation effect of
institutional quality is not found. When
institutional quality is analyzed in isolation, it
significantly promotes green economic growth
except for copper.

2. In aggregated term, institutional quality does
not have significant moderation effect on green
economic growth. But when it is analyzed in
isolation, institutional quality strongly
contributes to enhancing green economic
growth.

In countries with higher values of exports of low-

carbon technology as a share of GDP, fiscal

balance, and Gini index (above the threshold), the
positive effect of critical mineral abundance on
green economic growth is stronger. Conversely, in
countries with lower values of the number of
patents and non-conventional renewable energy
capacity per capita (below the threshold), the
positive impact of critical mineral abundance on
green economic growth is stronger.

Exchange rate and fossil fuel rents are found to

have positive mediation effects. Conversely,

affects green economic growthinthe LA variables are examined.

region.

renewable energy share of total electricity
capacity, government debt, and economic
complexity are found to have negative mediation
effects.

to non-dissipative utilization of nickel in steel, alloys, and batteries
(Henckens and Worrell, 2020). Moreover, relatively higher recycling
rate of nickel (60%) compared to other critical minerals such as cobalt
(30%) and lithium (less than 0,5%) can be a potential explanation for
the positive contribution of nickel on green economic growth in the LA
region (IEA, 2021). However, the extraction and processing of nickel are
associated with significant environmental degradation. The leakage of
toxic waste and the fact that only a small fraction of nickel is extracted
during the mining process (less than 1%) due to low-grade ores and rock
materials exacerbate the environmental degradation. Furthermore, air
and water pollution could happen from the smelting process which re-
leases significant amounts of sulfur dioxide, a major contributor to acid
rain, posing significant environmental challenges (Andreucci et al.,
2023). Additionally, 40% of global nickel reserves are located in
high-biodiversity areas, and 35% of nickel reserves are situated in the
areas suffering from high water stress (Andreucci et al., 2023). Since
nickel mining requires substantial clearance of these territories, it might
negatively affect the socioeconomic well-being of local communities
(Andreucci et al., 2023).

When it comes to copper, it negatively affects green economic
growth in the LA. The copper extraction and processing process are
highly energy-intensive, releasing significant amounts of CO, emissions,
excessive use of water and its contamination, waste generation, and
landscape degradation (Elshkaki et al., 2016; Henckens and Worrell,
2020). For these reasons, improving energy efficiency in copper pro-
duction (particularly in the copper mining process), which can poten-
tially save up to 30% of the current energy consumption, and sourcing
energy from low-carbon sources during energy-intensive mining
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activities (Henckens and Worrell, 2020), are particularly important to
address the negative environmental impact of copper production while
boosting economic growth, thereby fostering green economic growth in
the LA region. Moreover, substituting copper with any other materials
that are less energy- and material-intensive, and promoting recycling
should be considered as other alternatives to mitigate the environmental
degradation associated with copper production (Elshkaki et al., 2016;
Henckens and Worrell, 2020; Kuipers et al., 2018).

Regarding cobalt, estimates reveal its negative effect on green eco-
nomic growth in LA. Cobalt is the by-product mostly extracted from
copper and nickel, making its production highly vulnerable to potential
critical mineral supply chain disruptions (Erisman, 2022; Yilanci et al.,
2022). Yilanci et al. (2022) examine the existence of the resource curse
hypothesis for cobalt in major producers of this critical mineral, namely,
Australia, Canada, the Democratic Republic of Congo (DRC), Cuba,
Morocco, Russia, and South Africa during the period from 2000 to 2018.
The empirical results indicate strong evidence of the resource curse
hypothesis in the DRC, the world’s leading producer of cobalt. The au-
thors state that the economy’s heavy reliance on revenues derived from
cobalt extraction and export, inefficient resource management, weak
institutional quality, and lack of physical and human capital as possible
explanations for the resource curse hypothesis in the DRC.

The empirical findings of heterogenous effects of different types of
critical minerals on green economic growth in this study are consistent
with the observations made by Ross (2015). The author argues that the
effects and consequences of minerals on economies vary significantly
depending on the specific type of mineral. According to the author, this
variation can be attributed to several factors: the unique physical
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characteristics of each mineral, geological concentration, the substantial
differences in revenues generated by each mineral, the varying levels of
volatility of the commodity market, the degree to which each mineral is
controlled and its benefits are appropriated by state-owned companies,
and the labour intensity required during the extraction process for each
mineral. Havranek et al. (2016) also highlight the necessity of differ-
entiating between different types of natural resources when analyzing.
They emphasize that different natural resources show varying degrees of
technical appropriability (the probability of capturing profits generated
by an innovation), which impacts economic growth differently. Lastly, It
is worth noting that when considering aggregated term of critical min-
erals, their impact on green growth is consistently positive, meaning that
aggregate critical mineral abundance contributes positively to green
growth in the LA region.

Second, when considered in isolation, institutional quality alone
contributes to enhancing green growth. However, the moderation effect
of institutional quality on the relationship between critical mineral
abundance and green growth is unclear. When examining each critical
mineral separately, a moderation effect was observed only in copper and
cobalt (notably, in the case of cobalt, this moderation effect was
significantly more pronounced). Nevertheless, when considering the
aggregated term encompassing four critical minerals, no evidence was
found in this study to support the claim that institutional quality mod-
erates the effect of critical mineral abundance on green economic
growth in the LA region. The results in this study indicate a weak syn-
ergy effect between critical mineral wealth and institutional quality in
the LA region despite the latter having significant impact on green
economic growth. The empirical findings of this study align with those
of Sharma and Paramati (2022), who observed that the combined effect
of institutional quality and resource wealth did not decisively influence
economic growth in developing or developed countries. Epo and Nochi
Faha (2020) analyzed the moderation role of institutional quality on the
nexus between natural resources and economic growth of 44 African
countries from 1996 to 2016 and reached a similar conclusion. Ac-
cording to thier estimates, the authors could not find robust evidence of
moderation effect of institutional quality. Only natural resources, when
combined with some specific indicators of institutional quality
index-rule of law and governance effectiveness, have a positive effect on
economic growth. The empirical findigs also indicate that depending on
how measure natural resource wealth, its implications in economic
growth will be different.

Conversely, the empirical findings of this study contrast with the
assertions of Havranek et al. (2016), who posit that the interaction of
institutional quality with natural resources reduces the likelihood of
observing evidence supporting the natural resource curse hypothesis
due to the effective reduction of rent-seeking behaviors and corruption
levels by institutional quality. Dietz et al. (2007) examine the implica-
tions of natural resource wealth on genuine saving, which is a necessary
condition for achieving long-term economic growth and sustainable
development. The empirical findings reveal that resource abundance,
when combined with corruption control, bureaucratic quality, and the
rule of law, positively affects genuine saving and mitigates the resource
curse. The authors conclude that policy failure is the primary reason
why the resource curse occurs in resource-rich countries, and that
resource abundance in combination with high-quality institutions leads
to higher gross saving rates. Hemed and Albiman (2024) study the
impact of different types of mineral resources—crude fertilizers,
precious stones, metallic and non-metallic minerals—on economic
growth in 46 sub-Saharan African countries from 1998 to 2018. They
found that different types of minerals have heterogeneous impacts on
economic growth, and the negative effect of mineral resources on eco-
nomic growth can be significantly mitigated by enhancing institutional
quality.

Next, when it comes to the threshold effect, the empirical findings of
FEPTR indicate a significant non-linear and asymmetric effect of critical
mineral abundance on green growth conditioned on the values of export
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of low-carbon technology as a share of GDP GDP, fiscal balance, number
of patents, non-conventional renewable energy capacity per capita, and
Gini index.

Regarding the export of low-carbon technologies as a share of GDP,
countries with the value of InExpLCTechGDP above the threshold
(—2.550) show a significant positive effect of critical mineral abundance
on green growth. Conversely, critical mineral abundance does not have a
significant effect in countries where the value of InExpLCTechGDP is
below the threshold. These empirical results indicate that economies
specialized more in a production structure emphasizing higher value-
added, knowledge- and technology-intensive products, such as low-
carbon technologies, are likely to benefit more from their critical min-
eral endowment than those not. The empirical findings align with those
of Lashitew et al. (2021), who argue that quality-based economic
diversification (shift in production towards higher-value activities such
as the production of low-carbon technologies) is more effective than
merely variety- (diversity of economic activities regardless of quality of
products) or output-based diversification (shift in non-resource eco-
nomic production) in enhancing country’s economic performance and
mitigating the resource curse in natural resource-rich countries. They
also argue that mineral-rich countries are more likely to benefit from
their natural resources than petroleum-rich countries. This is attributed
to the former’s greater potential for establishing forward and backward
linkages with other sectors of the economy (potential spillover effect)
and being more successful in building capabilities for economic diver-
sification. Regarding fiscal balance, countries with a value of InFiscal-
Balance above the threshold (2.491) show a more substantial positive
effect of critical mineral abundance on green growth than those below
the threshold value. The possible explanation is that the positive fiscal
balance is closely associated with a country’s more effective tax
collection system. This also enables the country to allocate revenues
from critical minerals more efficiently, facilitating green economic
growth. Furthermore, countries with a surplus in their fiscal balance are
better equipped to ensure the sustainability of public spending. They can
avoid unnecessary adjustments, contributing to macroeconomic stabil-
ity and long-run economic growth (ECLAC, 2022). It is worth noting that
10 Latin American countries analyzed in this study are quite different
from one another in terms of the tax structures. Therefore, the green
economic performance of each country will depend on an effective
taxation on revenues obtained from critical mineral resources and to
allocate public spending efficiently.

Regarding innovation capacity, proxied by the number of patent
applications, the empirical findings indicate that critical mineral abun-
dance positively influences green growth when the value of InPatents is
below the threshold (9.802). However, a negative effect is observed
when the value of InPatents exceeds the threshold. These results are
somewhat unexpected since a country’s innovation capacity is generally
perceived to be positive for economic growth and mitigates the resource
curse by enhancing investment productivity and reducing the harmful
effects of Dutch disease (such as the appreciation of the real exchange
rate) through quality-based economic diversification (Venables, 2016),
leading to the creation of highly competitive products that are less
affected by the volatility inherent in commodity markets (Badeeb et al.,
2023). A possible explanation for these unexpected findings is that in the
LA region many countries are fossil fuel producers, and their innovation
efforts are predominantly focused on enhancing the efficiency of
carbon-intensive technologies (path dependence), rather than deploying
clean and renewable energy technologies, which might hinder green
economic growth in the region.

Regarding non-conventional renewable energy capacity per capita,
critical mineral abundance positively affects green growth when the
value of InNCRECappc is below the threshold (—7.020). However, when
the value of InNCRECappc exceeds the threshold, the effect of critical
mineral abundance on green growth is still positive but becomes sta-
tistically insignificant. These empirical findings suggest that in countries
with a relatively low capacity of non-conventional renewable energy
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sources, like solar and wind, the endowment of critical minerals can be
more beneficial in green growth. This is because these minerals are
essential for building new renewable energy capacity, which can in-
crease the importance of clean energy in the total energy supply, thus
reducing carbon emissions and helping to create new jobs and develop
new industries in the renewable energy sector. However, in countries
with an already high non-conventional renewable energy capacity per
capita (those with the value of INNCRECappc above the threshold value),
the contribution of critical mineral abundance to promoting green
growth may be less pronounced. This is because in these countries, the
infrastructure for renewable energy is already built and does not require
a significant demand for critical minerals as inputs for new capacity
addition. Concerning the Gini index, an adverse effect of critical mineral
abundance on green growth is observed in countries with the value of
InGini below the threshold (3.709). However, when the value of InGini
exceeds the threshold, the impact of critical mineral abundance on green
growth becomes positive. These empirical findings contrast the asser-
tions made by Mien and Goujon (2022), who argue that a higher level of
pre-existing inequalities in resource-rich countries strengthens the ef-
fects of Dutch disease, ultimately negatively affecting the country’s
long-term economic growth. Conversely, Dunning (2008) found that in
economies with preexisting highly unequal income distribution, such as
those in the LA region, natural resource wealth can still contribute to
economic growth and development to a certain extent. This is because
elites (a small group of individuals who hold significant political power
and wealth in an economy) are less concerned about income redistri-
bution and more worried about maintaining their political power and
wealth, which allows a certain degree of economic growth and devel-
opment by investing natural resource revenues. Similarly, Haber and
Menaldo (2012) posit that the relationship between natural resource
wealth and democracy is weak in the LA region.

Lastly, the results of the panel mediation analysis revealed that each
one of the followings: exchange rate, share of renewable energy in total
electricity capacity, fossil fuel rents, government debt level, and eco-
nomic complexity has significant mediating effects on the relationship
between critical mineral abundance and green growth in the LA region.
From Tables 6 and it is observed that critical mineral abundance has a
negative effect on both the exchange rate and fossil fuel rents, as shown
in columns 3 and 7, respectively. Moreover, exchange rate and fossil fuel
rents negatively impact green growth, as shown by the coefficients of
InExR and InFFR in columns 4 and 8 respectively. Consequently, this
results in a positive mediation effect for both variables (complete posi-
tive mediation effect for exchange rate and partial positive mediation
effect for fossil fuel rents respectively). The estimates indicate that an
abundance of critical minerals helps to reduce both the appreciation of
exchange rates and the reliance on fossil fuels. Conversely, higher ex-
change rates and increased dependence on fossil fuels negatively impact
green growth. The empirical findings align with those of Gylfason and
Zoega (2006), who state that the appreciation of the real exchange rate
has a detrimental effect on economic growth by phasing out
manufacturing and other export sectors, and hindering investment. On
the other hand, Ross (2018) states that oil-dependent countries are more
likely to suffer from the resource curse because oil wealth makes the
government in oil-rich countries more authoritarian, increases corrup-
tion levels, and triggers violent conflicts, especially in low- and
middle-income countries with lower institutional quality. Regarding
share of renewable energy in total electricity capacity, government debt
levels, and economic complexity, the abundance of critical minerals
positively influences each variable, as shown in columns 5, 9, and 11 of
Table 6. On the other hand, columns 6, 10, and 12 of Table 6 show that
renewable energy share of total electricity capacity, government debt,
and economic complexity negatively affect green growth, resulting in
adverse partial mediation effects of these variables. In the LA region, the
negative mediation effects of renewable energy share of total electricity
capacity and economic complexity on green growth are somewhat un-
expected. An increase in the share of renewable energy in the total
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electricity capacity, and greater economic complexity, is expected to
promote green economic growth by reducing carbon emissions and
encouraging diversification of economic activities. The possible expla-
nation for puzzing empirical estimates is that, in the case of a share of
renewable energy in total electricity capacity, although it benefits the
environment, it also entails challenges regarding energy security. For
countries with a high share of renewables in their electricity mix but
lacking energy storage technology, this exposes economies to an
increased risk of electricity supply disruption and impacts economic
activities. Concerning economic complexity, many LA countries pri-
marily focus on commodity exports and suffer from low economic
diversification. Even when diversified, their economies often lack
quality-based diversification (e.g. economic diversification towards
higher value-added products). Lashitew et al. (2021) argue that im-
provements in quality-based economic diversification, accompanied by
stronger competitive capabilities such as human capital, R&D expendi-
ture, and innovation capacity, can ensure economic growth. Regarding
government debt, it has a negative mediation effect between critical
mineral abundance and green growth. The empirical findings align with
those of Rodriguez and Sachs (1999), who state that resource-rich
countries tend to be highly indebted nations and have lower growth
rates as their consumption and investment levels far exceed their actual
capabilities (in other words, consumption and investments levels above
the steady state). Table 7 presents a summary of the main empirical
findings of this study.

7. Conclusion and policy recommendations

In this study, a panel dataset of ten critical mineral-rich Latin
American countries from 2000 to 2020 was used to analyze the impact of
critical mineral abundance on green economic growth, based on the
resource curse hypothesis. This is the first study attempted to examine
the impact of each critical mineral, separately—copper, lithium, cobalt,
and nickel—to determine their individual effects on green growth. Then,
the impact of aggregated critical minerals was examined to assess their
joint contribution to green growth. The findings indicate that lithium
and nickel significantly promote green growth, confirming a resource
blessing in these cases. However, a non-significant or negative impact is
observed for copper and cobalt, indicating a resource curse, particularly
for cobalt. When considering the combined impact of all critical min-
erals, it positively influence green growth in the LA region, affirming the
resource-blessing effect.

Interestingly, this study could not find a moderating effect of insti-
tutional quality on the relationship between (aggregated) critical min-
eral abundance and green growth. However, this study found that
institutional quality itself significantly enhances green growth in the
region. According to the fixed effect threshold regressions, the impact of
critical mineral abundance on green growth is not linear nor is it sym-
metric across countries. Instead, it varies significantly depending on
variables such as each country’s export share of low-carbon technology
in total GDP, fiscal balance, innovation capacity (measured by the
number of patent applications), non-conventional renewable energy
capacity per capita, and level of inequality (measured by Gini Index).
Specifically, countries with a high export share of low-carbon technol-
ogy, better fiscal balance, and a high level of inequality are those where
the abundance of critical minerals has a more substantial positive effect
on green growth in the LA region.

Conversely, countries with lower innovation capacity and non-
conventional renewable energy capacity per capita are those where
the positive impact of critical mineral abundance on green growth is
more pronounced. Regarding panel mediation analysis, the results
indicate that the primary mechanisms through which critical mineral
abundance affects green growth are: exchange rate, renewable energy
share in total electricity capacity, fossil fuel dependence (measured by
fossil fuel rents), government debt, and economic complexity. Specif-
ically, the exchange rate positively mediates between critical mineral
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abundance and green growth. This implies that indirect effect fully ab-
sorbs the direct positive impact of critical minerals via the exchange
rate. In the case of fossil fuel dependence, a partial positive mediation
effect is observed, reinforcing the direct positive impact of critical
mineral abundance on green growth. Concerning the renewable energy
share of total electricity capacity, government debt, and economic
complexity, the estimates indicate a partial negative mediation effect for
each variable, meaning that the variables partially offset the direct
positive effect of critical mineral abundance on green growth. From the
estimates, a set of policy recommendations can be highlighted as
follows.

1) It is highly recommended that governments exploit and harness the
advantages of critical mineral abundance in the region to accelerate
transition to clean energy and promote green growth in response to
global warming and climate change. However, careful management
of critical mineral wealth is essential to avoid the negative issues
highlighted by previous studies on the resource curse in resource-
rich countries.
Historically, and even nowadays, many LA countries rely heavily on
a natural resource-based economic growth model (primary com-
modity export-led economic growth). This reliance makes them
particularly vulnerable to external shocks and the volatility of the
global commodity market, and it exposes them to recurrent boom-
and-bust cycles due to their low levels of economic and export
diversification, and low-level of financial development. To address
these challenges, regional policymakers should significantly trans-
form their economies. The goal is to move away from merely being
producers of critical minerals with low value-added to becoming
global hubs for the manufacturing and processing of these minerals.
Such a transformation would enable LA countries to create higher
value-added products and develop local value chains for these crit-
ical minerals. This, in turn, could trigger substantial spillover effects
in other sectors of the economy and allow countries in the region to
move away from the enclave economy, which is characterized by
limited forward and backward linkages between the natural
resource-based sectors and the other sectors of the economy. When it
coupled with the dominance of multinational companies in extrac-
tive industries, its contributions to local economic development
become quite limited since most of the benefits generated are repa-
triated to the country of origin of multinational companies, which is
a typical pattern observed in many LA countries. Such trans-
formation process would improve productivity and, consequently,
enhance economic growth in the LA region.
From the environmental sustainability perspectives, the mining in-
dustry often faces significant controversy due to its energy- and
pollution-intensive nature, leading to considerable environmental
degradation and a decline in the socio-economic wellbeing of local
communities. To mitigate these adverse effects, it is crucial to
establish stricter environmental regulations and laws, and to make
adopting Environmental, Social, and Governance (ESG) standards
mandatory for firms. Furthermore, engaging in prior consultations
with a broader sector of the economy, including local communities,
stakeholders, and indigenous people before embarking on mining
activities, as well as making these groups involved in both the
decision-making process and the distribution of benefits can help
minimize the opposition coming from mining activities and can
contribute to a more just and equitable distribution of the benefits
derived from critical minerals.

4) Since each critical mineral was found to have a different impact on
green growth in the LA region, governments should adopt specific
approaches to maximize the gains derived from each mineral.
Regarding lithium, the policymakers in the LA region can exploit and
take advantages of relatively cleaner, less energy-intensive, and
more cost-effective lithium extarction from brine compared to hard-
rock based lithium mining to boost green economic growth. To this
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end, streamlining the bureaucratic process will be fundamnetal for
permitting mining, strengthening transparency associated with
resource revenues, encouraging close collaboration between public
and private sectors, and for ensuring equitable distribution of eco-
nomic benefits derived from revenues among local communities
living close to mines will be fundamental (Graham et al., 2021).

When it comes to nickel, there is a significant untapped potential for
nickel production. Specifically, in Brazil accounts for approximately
20% of unexploited reserves of nickel, whereas Guatemala (the Fenix
mining project in El Estor) and Colombia (Cerro Matoso Mine in
Coérdoba region) are the homes where some of the largest mining pro-
jects are going on (Andreucci et al., 2023). However, these regions have
been wide open to human right violations in recent decades. Thereby
more stringent regulations and laws are necessary to constrain such
practices and ensure sustainable and just mining of nickel. It is worth
noting that the recycling rates of nickel, compared to other critical
minerals in this study, are significantly higher, and policymakers should
push hard and proactively encourage the reuse and recycling of nickel to
boost the green economic growth and avoid potential supply chain
disruption of nickel due to a high demand.

Regarding copper, the high energy and material intensive nature of
copper mining industries can be changed by improving energy efficiency
in copper production and sourcing energy supply from renewable en-
ergy sources. Moreover, harnessing the recycling and reuse of copper
can help save energy consumption and reduce environmental
degradation.

Lastly, regarding cobalt, given that its production depends on other
critical minerals such as copper and nickel, as it is often the byproduct of
these critical minerals, a more integrated approach should be taken.
Ensuring sustainable mining activities of copper and nickel might
deliver significant benefits for cobalt production. Moreover, promoting
the recycling and reuse of cobalt-containing products can be of great
help in mitigating negative environmental effect and boost green eco-
nomic growth in the region.

5) Policymakers in the LA region should proactively support
research and development (R&D) activities and improvements in
human capital. These factors are crucial for producing more so-
phisticated, knowledge-intensive green and low-carbon energy
technologies, enabling LA countries to move from merely raw-
material producers to pursue quality-based economic diversifi-
cation, ultimately leading to green growth.

6) Governments should aim to maintain a surplus in their fiscal
balance by improving the fiscal system. This is particularly
important in many LA countries, where significant economic
losses stem from tax evasion and an inefficient tax collection
system.® Making the tax system more progressive and broadening
the tax base, including environmental-related taxes such as car-
bon tax and issuance of green bonds, can be helpful to improve
fiscal balance in LA countries.

7) Governments should harness the opportunities from the abun-
dance of critical minerals to promote green growth by reallo-
cating innovation efforts away from fossil fuel-based technologies
towards clean and low-carbon technologies. Given that many LA
countries are oil producers and their economic activities are still
heavily reliant on fossil-fuel technologies, policymakers should
incentivize innovation efforts towards more sustainable and
green renewable energy technologies. Providing subsidies to
firms that invest in or incorporate green energy technology into
their business models, and capacity building for competitive

6 According to ECLAC (2022), tax evasion in LA is estimated to be 325 billion
US dollars, equivalent to 6.1% of LA regional GDP.
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researchers and engineers required for the clean energy transi-
tion, will be helpful in this regard.

The study demonstrates a weak association between critical
mineral abundance and non-conventional renewable energy ca-
pacity per capita in LA for the period of this study. Therefore,
policymakers in this region should capitalize on the advantages of
abundant critical minerals and their geographical proximity to
expand solar and wind capacities in their energy mix.

Given the high level of inequality and poverty in the LA region,
policymakers should capitalize on the revenues generated from
critical minerals to invest more productively in infrastructure
development, healthcare systems, and quality education, which
are crucial for achieving inclusive green growth and sustainable
development.

This study also demonstrates that the abundance of critical
minerals positively influences green growth by limiting the
appreciation of the real exchange rate and reducing fossil fuel
dependence. Therefore, policymakers in the LA region should
leverage and exploit these mechanisms of critical mineral pro-
duction to build more resilient and stable economies that will
allow them to avoid recurrent exchange rate fluctuations.

This study finds that the abundance of critical minerals positively
influences green growth through renewable energy share of total
electricity capacity, government debt, and economic complexity.
However, it is worth noting that the renewable energy share of
total electricity capacity and economic complexity negatively
affects green growth.Thus, governments in the LA region should
endeavor to reduce the high debt burden of governments and
promote quality-based economic diversification by ensuring that
critical minerals promote green growth by establishing strong
linkages between critical mineral abundance and the increase of
renewable energy capacity.
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Despite the significant contributions of this study, there remain more
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rooms for further researches. Specifically, a more comprehensive mea-
sure of green growth is necessary, given that only economic and envi-
ronmental dimensions are considered in calculating green growth using
per capita Green GDP in this study. Future research can incorporate the
social dimension into the calculation of green growth, emphasizing as-
pects such as equitable income distribution and inclusiveness. Addi-
tionally, the scope of environmental externalities could be expanded
through further studies with more factors like the costs associated with
natural disasters and water pollution. The period and the number of
countries for the study need to be enlarged to include a broader range of
critical mineral abundance on green economic growth. Lastly, the scope
of further research on the roles of the digital economy and the circular
economy need to be expanded to explore the potential mediation effects
on the nexus between critical minerals and green economic growth. This
is because their growing significance in green economic growth is ex-
pected to be considerable in the coming decades, mainly due to their
potential to boost productivity and enhance material and resource effi-
ciency (recycling of critical minerals).
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Type Variable Definition Unit Source
Outcome GreenGDPpc Green Gross Domestic Production per capita. Current US Dollars ~ World Bank (World Development
per capita Indicators)
Explanatory =~ CMProdpc Critical mineral production per capita. It is the sum of per capita production =~ Metric tons per World Bank, United States Geological
of Copper, Lithium, Cobalt, and Nickel. capita Survey (USGS), The Global Economy.com
CopperProdpc Copper Production per capita Metric tons per «“
capita
LithiumProdpc Lithium Production per capita Metric tons per «“
capita
CobaltProdpc Cobalt Production per capita Metric tons per «
capita
NickelProdpc Nickel Production per capita Metric tons per «“
capita
Control InsQuality! Institutional quality encompasses six factors: _ World Bank (World Development
Voice and accountability, rule of law, political stability and absence of Indicators)
violence, control of corruption, regulatory quality, and government
effectiveness.
Globalization The Globalization Index covers the economic, social, and political - TheGlobalEconomy.com

dimensions of globalization.

Economic globalization has two dimensions: actual economic flows and
restrictions to trade and capital. The sub-index on actual economic flows
includes data on trade, FDI, and portfolio investment. The sub-index on
restrictions takes into account hidden import barriers, mean tariff rates,
taxes on international trade (as a share of current revenue), and an index of

capital controls.

Political globalization refers to the number of embassies and high

(continued on next page)
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Type Variable Definition Unit Source
commissions in a country, the number of international organizations to
which the country is a member, the number of UN peace missions a country
participated in, and the number of treaties signed between two or more
states.
Social globalization has three dimensions: personal contacts, information
flows, and cultural proximity. The sub-index on personal contacts includes
international telecom traffic, degree of tourism, transfers, foreign
population, and number of international letters. The sub-index on
information flows includes number of internet users, share of households
with a television set, and trade in newspapers. The sub-index on cultural
proximity includes trade in books and number of McDonald’s restaurants
and Ikea located in a country.
Urbanization Urban population refers to people living in urban areas as defined by % of population World Bank (World Development
national statistical offices. Indicators)
FormalJobs Wage and salaried workers (employees) are those workers who hold the % of total World Bank (World Development
type of jobs defined as "paid employment jobs," where the incumbents hold ~ employment Indicators)
explicit (written or oral) or implicit employment contracts that give them a
basic remuneration that is not directly dependent upon the revenue of the
unit for which they work.
Capitallnv Capital Investment consists of outlays on additions to the fixed assets of the % of GDP TheGlobalEconomy.com
economy plus net changes in the level of inventories.
Threshold Exp_LCTechGDP  Exports of low carbon technology products as share of total exports % of total Exports International Monetary Fund (IMF)
Fiscalbalance The fiscal (budget) balance is the difference between government revenue % of GDP The Global Economy.com
and government expenditure.
Patents Total number of patents applications. Number of patents ~ WIPO
NCRECappc Non-conventional renewable energy capacity per capita. It is the sum of KW per capita IRENA
solar energy capacity (solar PV + solar thermal) on grid and offgrid included
respectively and wind energy capcity (onshore and offshore) ongrid and
offgrid included respectively.
Gini? Gini index estimated from standardized percentiles. World Income Inequality Database
(WIID)
Mediation ExR Exchange rate (market + estimated) national Penn World Table (Feenstra et al., 2015)
currency/USD
RESECap Renewable energy share of total electricity capacity. % of electricity IRENA
capacity
FFR Fossil fuel rents are comprised of oil rents, natural gas rents, and coal rents. % of GDP World Bank (World Development
Indicators)
GovDebt Government debt. % of GDP World Bank (World Development
Indicators)
ECI Economic Complexity Index. A measure of the knowledge in a society as Harvard Growth’s Lab
expressed in the products it makes. The economic complexity of a country is
calculated based on the diversity of exports a country produces and their
ubiquity, or the number of the countries able to produce them (and those
countries’ complexity).
Instrument TaxRevenue Tax revenue refers to compulsory transfers to the central government for % of GDP World Bank (World Development

public purposes. Certain compulsory transfers such as fines, penalties, and
most social security contributions are excluded. Refunds and corrections of
erroneously collected tax revenue are treated as negative revenue.

Indicators)

n this study, Institutional quality was used as moderation variable as well.
2The Gini index for urban population was used instead of the total population due to the data unavailability of the latter.
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Table A2
Pairwise correlations
Variables @ () 3) “4) 5) (6) @) ()] © (10) an 12) 13) 14 (15) (16) (¢W] (18) 19) (20) (21 (22)
(1) InGreenGDPpc 1.000
(2) InFourCMProdpc 0.548%**  1.000
(0.000)
(3) InCopperProdpc 0.422***  0.581*** 1.000
(0.000) (0.000)
(4) InLithiumProdpc 0.450%**  0.329***  (0.324***  1.000
(0.000) (0.000) (0.000)
(5) InCobaltProdpc 0.223***  0.283*** 0.104 0.269*** 1.000
(0.001) (0.000) (0.134) (0.000)
(6) InNickelProdpc 0.070 0.332%**  —0.149** 0.020 0.473***  1.000
(0.310) (0.000) (0.031) (0.772)  (0.000)
(7) InInsQuality 0.589***  0.581*** 0.554*** 0.644*** 0.148** 0.006 1.000
(0.000) (0.000) (0.000) (0.000) (0.032) (0.926)
(8) InFormalJobs 0.723***  0.323***  0.139** 0.602%** 0.257***  0.111* 0.536***  1.000
(0.000) (0.000) (0.045) (0.000)  (0.000) (0.109) (0.000)
(9) InGlobalization 0.656***  0.423***  0.456*** 0.384*** —0.117*  —0.353*** 0.628***  0.448*** 1.000
(0.000) (0.000) (0.000) (0.000)  (0.091) (0.000) (0.000) (0.000)
(10) InCapInv 0.359***  0.205***  0.376*** —0.133* —0.030 0.014 0.287***  0.078 0.227***  1.000
(0.000) (0.003) (0.000) (0.839) (0.000) (0.263) (0.001)
(11) InUrban 0.646***  0.657***  0.797*** 0.080 0.66 ¥ 0.470***  0.510*** 0.152** 1.000
(0.000) (0.000) (0.000) (0.248) (0.000) (0.000) (0.000) (0.028)
(12) InExpLCTechGDP 0.315***  —0.043 0.092 —0.236%** 0.164** 0.403***  0.316***  0.004 0.060 1.000
(0.000) (0.535) (0.186) (0.001) (0.017) (0.000) (0.000) (0.958) (0.388)
(13) InFiscalbalance —0.091 0.037 —0.015 0.007 —0.004 0.017 —0.023 0.151** —0.056 —0.022 1.000
(0.188) (0.590) (0.828) (0.023)  (0.314) (0.919) (0.952) (0.801) (0.736) (0.029) (0.424) (0.755)
(14) InPatents 0.600%**  0.441***  0.442*** 0.476*** 0.518*** 0.084 0.490***  0.625***  0.284***  —0.046 0.665***  0.470***  —0.104 1.000
(0.000) (0.000) (0.000) (0.000)  (0.000) (0.223) (0.000) (0.000) (0.000) (0.507) (0.000) (0.000) (0.134)
(15) InNCRECappc 0.703***  0.438***  0.320*** 0.316*** 0.195*** —0.036 0.348***  0.357*** 0.577*** 0.016 0.474***  0.310***  —0.299*** 0.408*** 1.000
(0.000) (0.000) (0.000) (0.000)  (0.005) (0.599) (0.000) (0.000) (0.000) (0.815) (0.000) (0.000) (0.000) (0.000)
(16) InGini —0.386%** —0.234*** —0.331*** —0.153** 0.208*** 0.434*** —0.083 —0.027 —0.485*** —0.184*** —0.312*** 0.061 0.084 0.054 —0.462*** 1.000
(0.000) (0.001) (0.000) (0.026)  (0.002) (0.000) (0.233) (0.699) (0.000) (0.008) (0.000) (0.382) (0.226) (0.435) (0.000)
(17) InExR 0.217***  0.168** 0.117* 0.076 —0.211*** 0.183***  0.419*** 0.108 0.244***  0.195***  0.289*** —0.003 0.216***  0.026 0.069 0.186***  1.000
(0.002) (0.015) (0.091) (0.276)  (0.002) (0.008) (0.000) (0.118) (0.000) (0.005) (0.000) (0.968) (0.002) (0.705) (0.318) (0.007)
(18) InRESECap —0.020 -0.077 —0.086 0.219*** 0.293***  0.087 0.016 0.007 —0.112*  —0.291*** —0.021 —0.022 —0.020 0.302***  0.106 0.321***  0.032 1.000
(0.778) (0.268) (0.214) (0.001)  (0.000) (0.209) (0.822) (0.922) (0.105) (0.000) (0.768) (0.750) (0.774) (0.000) (0.125) (0.000) (0.648)
(19) InFFR —0.125%  —0.292*** 0.035 0.015 0.105 —0.404*** —0.218*** —0.117* —-0.122* —0.296*** —0.018 0.250%**  0.024 0.369***  —0.015 0.040 —0.221*** 0.638*** 1.000
(0.072) (0.000) (0.609) (0.833) (0.128) (0.000) (0.001) (0.091) (0.078) (0.000) (0.798) (0.000) (0.731) (0.000) (0.832) (0.563) (0.001) (0.000)
(20) InGovDebt —0.214*** —0.039 —0.037 —0.001  0.195*** 0.251***  —0.407*** —0.171** —0.411*** —0.489*** 0.151** —0.185%** e 0.075 0.050 —0.222*** 0.118*  0.178*** 1.000
(0.002) (0.577) (0.592) (0.992) (0.005) (0.000) (0.000) (0.013) (0.000) (0.000) (0.029) (0.007) (0.278) (0.475) (0.001) (0.088) (0.010)
(21) ECI 0.452***  0.328***  0.161** 0.092 0.241***  0.310***  0.559***  0.130* 0.025 0.386***  0.594*** 0.194***  0.240***  0.210***  —0.064 0.040 —0.005 1.000
(0.000) (0.000) (0.019) (0.186)  (0.000) (0.000) (0.000) (0.000) (0.059) (0.000) (0.000) (0.005) (0.000) (0.002) (0.353) (0.565)

(22) InTaxRevenue —0.008 0.053 0.415***  0.193*** —0.064 —0.221%%*% 0.192%**  —0.277*** 0.317*** 0.154**  —-0.227 **0.084 —0.272%** 0.144**  0.065 —0.003 —0.544*** 1.000
(0.906) (0.446) (0.000) (0.005)  (0.360) (0.001) (0.005) (0.000) (0.000) (0.000) (0.025) (0.001) (0.814) (0.000) (0.227) (0.000) (0.037) (0.349) (0.964) (0.001) (0.000)

Note: *** ** * denote at 1%, 5%, and 10% significance level, respectively.
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Table A3
Cross-sectional dependence test

Variable CD-test P-Value Average joint t mean p mean abs(p)
InGreenGDPpc +27.564%** 0.000 21.00 +0.90 0.90
InFourCMProdpc +0.258 0.796 21.00 +0.01 0.64
InCopperProdpc +3.289%** 0.001 21.00 +0.11 0.54
InLithiumProdpc +3.405%** 0.001 21.00 +0.11 0.63
InCobaltProdpc —0.425 0.671 21.00 + —0.01 0.01
InNickelProdpc -0.791 0.429 21.00 + —0.03 0.04
InInsQuality +0.564 0.573 21.00 +0.02 0.52
InFormalJobs +6.135%** 0.000 21.00 +0.20 0.48
InGlobalization +20.68%** 0.000 21.00 +0.67 0.68
InCapInv +7.702%** 0.000 21.00 +0.25 0.38
InUrban +30.53%** 0.000 21.00 +0.99 0.99
InExpLCTechGDP +3.655%** 0.000 21.00 +0.12 0.39
InFiscalbalance +13.546%** 0.000 21.00 +0.44 0.44
InPatents +2.547%* 0.011 21.00 +0.08 0.28
InNCRECappc +26.723%** 0.000 21.00 +0.87 0.87
InGini 0.000 21.00 +0.66 0.66
InExR 0.000 21.00 +0.21 0.35
InRESECap 0.000 21.00 +0.12 0.45
InFFR 0.000 21.00 +0.67 0.67
InGovDebt 0.000 21.00 +0.34 0.44
ECI 0.000 21.00 +0.21 0.45
InTaxRevenue +5.273%** 0.000 21.00 +0.17 0.42

Note: *** ** * denote at 1%, 5%, and 10% significance level, respectively.

Table A4
Panel unit root test

Maddala and Wu Panel Unit Root test (MW)

At levels

Specification without trend Specification with trend
Variable Chi-sq p-value Chi-sq p-value
InGreenGDPpc 38.031%** 0.009 3.495 1.000
InFourCMProdpc 10.422 0.960 12.452 0.900
InCopperProdpc 28.916* 0.089 69.285%** 0.000
InLithiumProdpc 183.593*** 0.000 70.672%** 0.000
InCobaltProdpc 2.582 1.000 1.162 1.000
InNickelProdpc 17.853 0.597 16.138 0.708
InInsQuality 16.496 0.685 21.506 0.368
InFormalJobs 9.872 0.970 17.487 0.621
InGlobalization 60.532%** 0.000 12.326 0.904
InCapInv 29.509* 0.078 13.824 0.839
InUrban 233.878%*** 0.000 223.649*** 0.000
InExpLCTechGDP 39.874%%* 0.005 52.744%*** 0.000
InFiscalbalance 13.810 0.840 17.208 0.639
InPatents 55.116%** 0.000 43.721%%* 0.002
InNCRECappc 4.238 1.000 16.447 0.689
InGini 53.249%%* 0.000 16.034 0.715
InExR 11.515 0.932 14.646 0.796
InRESECap 11.648 0.928 7.843 0.993
InFFR 8.253 0.990 10.919 0.948
InGovDebt 7.742 0.993 5.218 1.000
ECI 43.420%** 0.002 61.634%** 0.000
InTaxRevenue 28.526* 0.098 27.513 0.121
At first difference

Specification without trend Specification with trend

Variable Chi-sq p-value Chi-sq p-value
dInGreenGDPpc 85.902%*** 0.000 80.540%** 0.000
dInFourCMProdpc 158.770%** 0.000 140.762*** 0.000
dInCopperProdpc 174.374%** 0.000 183.642+** 0.000
dinLithiumProdpc 81.723%%* 0.000 75.357%** 0.000
dInCobaltProdpc 22.608 0.308 18.058 0.584
dInNickelProdpc 85.238*** 0.000 66.703%** 0.000
dInInsQuality 159.914+** 0.000 0.000
dinFormalJobs 0.000 0.000
dInGlobalization 0.000 0.000
dInCapInv 0.000 0.000
dinUrban 0.000 0.000
dInExpLCTechGDP 292.498%*** 0.000 232.287*** 0.000

(continued on next page)

25



Y.K. Hwang et al. Resources Policy 98 (2024) 105355

Table A4 (continued)

At first difference

Specification without trend Specification with trend
Variable Chi-sq p-value Chi-sq p-value
dInFiscalbalance 113.307+** 0.000 88.891*** 0.000
dInPatents 248.549%** 0.000 109.166%** 0.000
dInNCRECappc 183.36 0.000 0.000
dInGini 108.24 0.000 0.000
dInExR 87.048%* 0.000 65.875%** 0.000
dInRESECap 126.674*** 0.000 130.470%** 0.000
dInFFR 83.131*** 0.000 61.267*** 0.000
dInGovDebt 57.130%** 0.000 47.972%** 0.000
dECI 286.785%** 0.000 234.867%** 0.000
dInTaxRevenue 143.698%** 0.000 134.922%** 0.000
Second generation Pesaran CIPS test
At levels

Specification without trend Specification with trend
Variable Zt-bar p-value Zt-bar p-value
InGreenGDPpc —3.629%** 0.000 —2.646%** 0.004
InFourCMProdpc 1.527 0.937 2.656 0.996
InCopperProdpc —0.582 0.280 —0.680 0.248
InLithiumProdpc —6.326%** 0.000 —0.980 0.164
InCobaltProdpc 11.892 1.000 12.084 1.000
InNickelProdpc 8.761 1.000 7.977 1.000
InInsQuality 2.003 0.977 —1.817%* 0.035
InFormalJobs 0.647 0.741 —0.403 0.344
InGlobalization —2.258%* 0.012 —5.416%** 0.000
InCaplnv —2.079%* 0.019 —0.045 0.482
InUrban —1.859%* 0.032 —1.636* 0.051
InExpLCTechGDP —0.404 0.343 —1.280 0.100
InFiscalbalance —1.671%* 0.047 —0.240 0.405
InPatents —2.677%** 0.004 —2.344%* 0.010
InNCRECappc -1.131 0.129 —0.893 0.186
InGini —-0.284 0.388 2.048 0.980
InExR 0.698 0.758 0.247 0.598
InRESECap 1.650 0.950 —0.890 0.187
InFFR 0.541 0.706 0.355 0.639
InGovDebt —0.461 0.323 0.654 0.744
ECI —4.021%** 0.000 —3.818%** 0.000
InTaxRevenue —0.464 0.321 —0.525 0.300
At first difference

Specification without trend Specification with trend
Variable Zt-bar p-value Zt-bar p-value
dInGreenGDPpc —7.605%** 0.000 —5.438*** 0.000
dInFourCMProdpc —5.655%** 0.000 —5.073%** 0.000
dInCopperProdpc —8.283* 0.000 —7.089%** 0.000
dInLithiumProdpc —2.983%** 0.001 0.002
dInCobaltProdpc 10.279 1.000 1.000
dInNickelProdpc 4.526 1.000 1.000
dinInsQuality —7.140%** 0.000 .584+** 0.000
dInFormalJobs —7.038%%* 0.000 —6.474+** 0.000
dInGlobalization 0.000 —6.559* 0.000
dinCapInv 0.000 0.000
dInUrban 0.000 0.005
dInExpLCTechGDP —9.045%** 0.000 —7.304*** 0.000
dInFiscalbalance —7.160%** 0.000 —5.993%** 0.000
dInPatents —7.691%* 0.000 —6.164*** 0.000
dInNCRECappc —8.447%+* 0.000 —7.130%** 0.000
dInGini 0.000 —3.140* 0.001
dInExR 0.000 —4.002* 0.000
dInRESECap —7.971%%* 0.000 —7.243%** 0.000
dInFFR —5.449%** 0.000 —4.355%** 0.000
dInGovDebt —4.231%%* 0.000 —3.564* 0.000
dECI —11.030%** 0.000 —9.615%** 0.000
dInTaxRevenue —7.214%** 0.000 —6.323%** 0.000

Note: ***, ** * denote at 1%, 5%, and 10% significance level, respectively; Hy: series is I (1); the prefix ‘d ‘represents first difference;
Null for Maddala- Wu (MW) and CIPS tests: series is I(1). MW test assumes cross-section independence. CIPS test assumes cross-section
dependence is in form of a single unobserved common factor. -multipurt- uses Scott Merryman’s -xtfisher- and Piotr Lewandowski’s
-pescadf-.
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Table A5
Panel cointegration test
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Pedroni cointegration test for benchmark regressions (with trend)

Key explanatory variable InCopperProdpc InLithiumProdpc InCobaltProdpc InNickelProdpc InFourCMProdpc
Statistic Statistic Statistic Statistic Statistic
Modified Phillips-Perron t 4.0231%** 4.5835%** 4.4736%** 4.4166%** 4.3666***
Phillips-Perron t —3.2690%** —2.8242%** —2.6354* —4.2538%**
Augmented Dickey-Fuller t —3.4215%** —2.5619%** —0.1809 —3.1929%**
Westerlund cointegration test for benchmark regressions (with trend)
Key explanatory variable InCopperProdpc InLithiumProdpc InCobaltProdpc InNickelProdpc InFourCMProdpc
Variance ratio 2.6424%%* 2.0347%* 3.8259%** 4.4014 2.0860%***
Pedroni cointegration test for threshold regressions (with trend)
Threshold variable InExpLCTechGDP InFiscalBalance InPatents InNCRECappc InGini
Statistic Statistic Statistic Statistic Statistic

Modified Phillips-Perron t 4.7298%** 3.8179%** 4.0118%** 4.4903%*** 4.7370%**
Phillips-Perron t —2.4279%* —4.3000%** —3.0238%** —2.7068%*** —2.0330**
Augmented Dickey-Fuller t —1.9000%** —4.3710%** —3.1772%** —3.1257%** —2.2016**
Westerlund cointegration test for threshold regressions (with trend)
Threshold variable InExpLCTechGDP InFiscalBalance InPatents InNCRECappc InGini
Variance ratio 1.4087* 0.4905 2.0555%* 2.3799%** 2.7884%***
Pedroni cointegration test for mediation analysis (with trend)
Mediation variable InExR InRESECap InFFR InGovDebt ECI

Statistic Statistic Statistic Statistic Statistic
Modified Phillips—Perron t 4.3114%=* 4.5563*** 4.2922%* 4.1460%*** 4.2722%%*
Phillips-Perron t —5.7005%** —3.1082%** —4.2907*** —5.5044*** —3.5657***
Augmented Dickey-Fuller t —2.3606%** —3.2511%** —3.8078%** —4.4766%** —3.6490%**
Westerlund cointegration test for mediation analysis (with trend)
Mediation variable InExR InRESECap InFFR InGovDebt ECI
Variance ratio —0.5738 1.4530% 2.1058** 0.3358 1.5421*

Note: ***, ** * denote at 1%, 5%, and 10% significance level, respectively; both trend and the option ‘all panels’ were included in Westerlund cointegration
test; Ho: no cointegration of all panels.

Table A6

Hausman test for benchmark regressions

Benchmark regressions

Key explanatory variable

InCopperProdpc

InLithiumProdpc

InCobaltProdpc

InNickelProdpc

InFourCMProdpc

Statistics chi2(7) = 38.72*** chi2(7) = 53.52%** chi2(7) = 42.98%*** chi2(7) = 43.52%** chi2(7) = 53.57***
P-value 0.0000 0.0000 0.0000 0.0000 0.0000

Threshold regressions

Threshold variable InExpLCTechGDP InFiscalBalance InPatents InNCRECappc InGini

Statistics chi2(7) = 68.25*** chi2(7) = 51.34*** chi2(7) = 67.28*** chi2(7) = 17.63** chi2(7) = 90.17***
P-value 0.0000 0.0000 0.0000 0.0138 0.0000

Mediation analysis

Mediation variable InExR InRESECap InFFR InGovDebt ECI

Statistics
P-value

chi2(7) = 56.68**
0.0000

chi2(7) = 89.04***
0.0000

chi2(7) = 78.30%**
0.0000

chi2(7) = 99.28%***
0.0000

chi2(7) = 87.93***
0.0000

Note: *** ** * denote at 1%, 5%, and 10% significance level, respectively; Hy: not systematic difference in coefficients.

Table A7

Temporal effect (Wald test)

Benchmark regressions

Key explanatory variable

InCopperProdpc

InLithiumProdpc

InCobaltProdpc

InNickelProdpc

InFourCMProdpc

Statistics
P-value

F(20,173) = 24.18***
0.0000

F(20,173) = 19.24
0.0000

F(20,173) = 21.57***
0.0000

F(20,173) = 20.25%**
0.0000

F(20,173) = 18.54***
0.0000

Threshold regressions

Threshold variable

InExpLCTechGDP

InFiscalBalance

InPatents

InNCRECappc

InGini
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Table A7 (continued)

Threshold regressions

Threshold variable InExpLCTechGDP InFiscalBalance InPatents InNCRECappc InGini

Statistics F(20,173) = 17.33*** F(20,173) = 17.80*** F(20,173) = 18.66*** F(20,173) = 12.17*** F(20,173) = 12.09%**
P-value 0.0000 0.0000 0.0000 0.0000 0.0000

Mediation analysis

Mediation variable InExR InRESECap InFFR InGovDebt ECI

Statistics F(20,173) = 23.98*** F(20,173) = 12.63*** F(20,173) = 17.73*** F(20,173) = 21.78*** F(20,173) = 14.36***
P-value 0.0000 0.0000 0.0000 0.0000 0.0000

Note: *** ** * denote at 1%, 5%, and 10% significance level, respectively; Hy: time fixed effect not significant.

Table A8

Instrumental variable regressions for standard linear models (disaggregated)

Dependent variable: InGreenGDPpc

Instrumental variable: InTaxRevenue

Endogenous variable: InInsQuality

Critical mineral Copper Lithium Cobalt Nickel

InCopperProdpc 0.008* 0.007 —0.006 0.023*** 0.027*** 0.025%** 0.150 -0.177 —1.447** 0.025%** 0.024*** 0.025%**

(0.004) (0.005) (0.015) (0.006) (0.007) (0.008) (0.633) (0.550) (0.697) (0.009) (0.009) (0.009)

InInsQuality 0.643** —0.644 0.881%** 0.9047%** 0.591%** 0.512* 0.454* 0.285
(instrumentd by (0.258) (1.553) (0.288) (0.290) (0.259) (0.262) (0.264) (0.255)
InTaxRevenue)

InCopperProdpc* 0.133 —0.010 11.900%** —0.066**
InInsQuality (0.138) (0.012) (3.930) (0.030)

Control No Yes Yes No Yes Yes No Yes Yes No Yes Yes

Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

R? 0.8612 0.9018 0.9143 0.8679 0.9072 0.9073 0.8589 0.9007 0.9058 0.8639 0.9041 0.9043

obs. 210 210 210 210 210 210 210 210 210 210 210 210

Underidentification 39.152 5.937 32.563 32.071 39.245 37.826 37.021 39.737
test (Anderson Sededk ok Sedesk ek ek Sedesk Stk ek
canon. corr. LM
statistic)

Weak identification 42.354 5.293 33.840 33.039 42.478 40.352 39.524 42.895
test (Cragg- >10% <25% >10% >10% >10% >10% >10% >10%
Donald Wald F
statistic)

Endogeneity test 0.000 0.002 0.328 0.401 0.000 0.000 0.135 1.265

(Endogeneity test
statistic)

Note: *** ** * denote at 1%, 5%, and 10% significance level, respectively; the R? (within) values were reported; () indicates standard error; InTaxRevenue was used as
our instrumental variable since it satisfies both relevance and exclusion conditions; In under identification test, Hy: the equation is under identified (instrument is not
relevant); In weak identification test, Hy: when the excluded instruments are correlated with the endogenous regressors, but only weakly (instruments suffer from
estimator bias or test size distortions); In Endogeneity test, Hy: the specified endogenous regressors can actually be treated as exogenous.

Table A9
Instrumental variable regressions for standard linear models (aggregated)

Dependent variable: InGreenGDPpc
Instrumental variable:InTaxRevenue
Endogenous variable: InInsQuality

Critical mineral Four critical minerals (Cu + Li + Co + Ni)

InFourCMProdpc

InInsQuality (instrumentd by InTaxRevenue)

InFourCMProdpc*
InInsQuality

Control

Country FE

Year FE

R2

obs.

Under identification test (Anderson canon. corr. LM statistic)

Weak identification test (Cragg-Donald Wald F statistic)

Endogeneity test (Endogeneity test statistic)

0.031*** (0.008)

0.8679

0.028*** (0.008)
0.470* (0.246)

0.9065
210
40.548%***
44.247
>10%
0.265

0.027*** (0.008)
0.444* (0.253)
0.022 (0.019)

Yes

Yes

Yes
0.9070
210
39.422%**
42.471
>10%
0.268

Note: ***, ** * denote at 1%, 5%, and 10% significance level, respectively; the values of R? (within) were reported; () indicates standard error; InTaxRevenue was
used as our instrumental variable since it satisfies both relevance and exclusion conditions; In under identification test, Hy: the equation is under identified
(instrument is not relevant); In Weak identification test, Ho: when the excluded instruments are correlated with the endogenous regressors, but only weakly
(instruments suffer from estimator bias or test size distortions); In Endogeneity test, Hy: the specified endogenous regressors can actually be treated as exogenous.
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Table A10
Threshold estimator and threshold effect tests: Robustness tests for fixed effects panel threshold regressions with a mediating variable replacement

Qit = InMHTVadd;;

Model Threshold Lower Upper

Th-1 3.109 3.090 3.115

Threshold RSS MSE Fstat Prob Critl0 Crit5 Critl
Single 7.817 0.046 29.990%* 0.023 22.140 26.350 32.874
Qit = InCAB;;

Model Threshold Lower Upper

Th-1 3.072 3.051 3.077

Threshold RSS MSE Fstat Prob Crit10 Crit5 Critl
Single 10.130 0.054 28.000%** 0.000 14.138 17.329 25.773
Qit = InHCI;¢

Model Threshold Lower Upper

Th-1 1.048 1.044 1.050

Threshold RSS MSE Fstat Prob Crit10 Crit5 Critl
Single 7.612 0.040 99.800%** 0.000 31.153 36.937 52.735
Qit = InRECappcit

Model Threshold Lower Upper

Th-1 —0.983 —0.998 —0.966

Threshold RSS MSE Fstat Prob Crit10 Crit5 Critl
Single 9.584 0.051 40.350* 0.093 39.027 46.448 69.602
Qi+ = InPalmaRatioj;

Model Threshold Lower Upper

Th-1 0.668 0.652 0.673

Threshold RSS MSE Fstat Prob Crit10 Crit5 Critl
Single 8.217 0.044 78.52%%* 0.000 31.560 39.143 52.582

Note: *** ** * denote at 1%, 5%, and 10% significance level, respectively; Threshold effect test (bootstrap = 300); Th-1 denotes single threshold test.

Table A11
Robustness tests for fixed effects panel threshold regressions replacing mediation variable

Yit = InGreenGDPpc;;, Rjr = InFourCMProdpci¢

Threshold variable Qjt = InMHTVadd;; Qit = InCAB;¢ Qit = InHCI;¢ Qit = InRECappc;; Qjt = InPalmaRatio;
InInsQuality 0.885*** (0.177) 0.206 (0.172) 0.624*** (0.150) 0.624*** (0.171)

InFormalJobs 0.534 (0.328) 1.327%** (0.347) 1.499%** (0.298) 0.900%*** (0.328) 1.347%** (0.309)
InGlobalization 0.229 (0.409) 1.937*** (0.368) 1.623*** (0.316) 1.190*** (0.364) 2.105%** (0.333)
InCapInv 0.823*** (0.125) 0.880*** (0.130) 1.028*** (0.110) 1.131%** (0.124) 0.816*** (0.117)
InUrban 13.487%** (1.201) 4.326%** (0.594) 3.645%** (0.521) 4.940*** (0.567) 3.355%** (0.556)
cat#c.LnFourCMProdpc

0 —0.007 (0.016) *(0.010) (0.011)

1 0.069*** (0.069) 0.001 (0.012) (0.024) 0.059%**

Constant —54.223%** (4.081) —25.524%** (2.131) —22.109%** (1.880) —23.833*** (2.091) —21.822%** (1.976)
sigma_u 2.421 0.854 0.945 1.050 0.782

sigma_e 0.213 0.229 0.199 0.223 0.207

rho (fraction of variation due to Uy 0.992 0.933 0.958 0.957 0.934

R%(within) 0.7854 0.7436 0.8077 0.7579 0.7906

Number of Obs. 189 210 210 210 210

Note: *** ** * denote at 1%, 5%, and 10% significance level, respectively and time fixed effects were included during the estimation; Yj;, Qi;, and R;; denote dependent
variable, threshold variable, and regime-dependent variable respectively. The values in () indicate the standard error.

Table A12
Bootstrap tests for panel mediation analysis

Panel mediation tests (bootstrap = 1000)

MV = InExR

MV = InRESECap

MV = InFFR

MV = InGovDebt

MV = ECI

Sobel test
Aroian test
Goodman test
Indirect effect
Direct effect
Total effect

0.026* 0.005)
0.026*** (0.005)
0.026*** (0.005)
0.026*** (0.005)
0.002 (0.008)

0.028*** (0.008)

—0.007** (0.003)
—0.007** (0.003)
—0.007** (0.003)
—0.007** (0.003)
0.034*** (0.008)
0.028*** (0.008)

0.012*** (0.004)
0.012*** (0.004)
0.012*** (0.004)
0.012*** (0.004)
0.016* (0.008)

0.028*** (0.008)

—0.011*** (0.004)
—0.011*** (0.004)
—0.011*** (0.004)
—0.011*** (0.004)
0.039%** (0.008)
0.028*** (0.008)

—0.005** (0.002)
—0.005** (0.003)
—0.005** (0.002)
—0.005** (0.002)
0.033*** (0.008)
0.028*** (0.008)

Note: *** ** * denote at the 1%,5%, and 10% significance level, respectively; MV and DV denotes mediation variable and dependent variable, respectively.
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Table A13

Resources Policy 98 (2024) 105355

Instrumental variable regressions for panel mediation analysis (DV = InGreenGDPpc;;, IV = InTaxRevenue;;, EV = InInsQuality)

Without MV = InExR MV = InRESECap MV = InFFR MV = InGovDebt MV = ECI
MV
Dependent Variable DV MV DV MV DV MV DV MV DV MV DV
InFourCMProdpc 0.028%** —0.128***  0.002 0.019%** 0.034%** —0.069***  0.015* 0.048%** 0.040%** 0.021***  0.033***
(0.008) (0.017) (0.008) (0.005) (0.008) (0.015) (0.008) (0.014) (0.008) (0.008) (0.008)

InInsQuality 0.470* 1.042* 0.681*** 0.091 0.501* —1.110%* 0.269 —0.920* 0.238 0.334 0.549**
(instrumented by (0.264) (0.570) (0.242) (0.151) (0.263) (0.491) (0.267) (0.469) (0.258) (0.247) (0247)
InTaxRevenue)

InFormalJobs 0.046 0.247 0.096 0.062 0.067 —0.821* —0.103 —1.857***  —0.422* —0.165 0.007

(0.243) (0.524) (0.220) (0.139) (0.239) (0.451) (0.239) (0.431) (0.245) (0.227) (0.240)

InGlobalization —1.359%**  —2.733***  —-1.914***  0.198 —1.201%***  1.488** —1.089***  1.099 —1.082***  0.366 —1.273%**

(0.374) (0.808) (0.351) (0.214) (0.363) (0.695) (0.373) (0.664) (0.355) (0.350) (0.376)
InCapInv 0.357%*** —0.896***  0.175 —0.196***  0.290** 0.635%** 0.472%** —0.753***  0.167 —0.156 0.320%**

(0.117) (0.252) (0.110) (0.067) (0.122) (0.217) (0.118) (0.207) (0.106) (0.109) (0112)
InUrban 1.011%* —1.240 0.760* 3.990%** 2.387%** 1.976** 1.369%** 2.004** 1.516%** 1.813%** 1.438%**

(0.455) (0.983) (0.415) (0.260) (0.713) (0.846) (0.446) (0.809) (0.425) (0.425) (0.471)
InExR —0.203***

(0.033)
InRESECap —0.345%*
(0.137)
InFFR —0.181%**
(0.043)
InGovDebt —0.252%**
(0.043)
ECI —0.235%*
(0.090)

Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Time FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

R? 0.9065 0.4702 0.9236 0.7008 0.9105 0.7782 0.9136 0.5155 0.9219 0.3477 0.9109

Obs 210 210 210 210 210 210 210 210 210 210 210

Underidentification 40.548***  40.548***  39.797***  40.548***  40.397***  40.548***  37.707*** = 40.548*** = 37.556***  40.548***  45.766***
test (Anderson
canon. corr. LM
statistic)

Weak identification 44.247 44.247 42.975 44.247 43.788 44.247 40.195 44.247 39.997 44.247 51.335
test (Cragg-Donald ~ >10% >10% >10% >10% >10% >10% >10% >10% >10% >10% >10%
Wald F statistic)

Endogeneity test 0.069 3.129* 0.069 0.219 0.395 2.550 1.123 0.585 0.849 8.875***  0.011

(Endogeneity test
statistic)

Note: *** ** * denote statistical significance level at the 1%,5%, and 10% respectively; the R? (within) values were reported; () indicates standard error; InTaxRevenue
was used as our instrumental variable since it satisfies both relevance and exclusion conditions; In Underidentification test, Hy: the equation is underidentified (in-
strument is not relevant); In Weak identification test, Ho: when the excluded instruments are correlated with the endogenous regressors, but only weakly (instruments
suffer from estimator bias or test size distortions); In Endogeneity test, Ho: the specified endogenous regressors can actually be treated as exogenous.

Data availability

Data will be made available on request.
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