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Abstract
The purpose of this paper is to analyse the effects of natural resources on income inequal-
ity conditional on economic complexity in 111 developed and developing countries from
1995 to 2016. The system-GMM results show that economic complexity reverses the posi-
tive effects of natural resource dependence on income inequality. Furthermore, results are
robust to the distinction between dependence on point resources (fossil fuels, ores, andmet-
als), dependence on diffuse resources (agricultural raw material), and resource abundance.
Finally, there are significant differences between countries, depending on the level of ethnic
fragmentation and democracy.
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1. Introduction
Understanding how economies progress towards prosperity has long been a challenge
for researchers and practitioners in development economics. Hidalgo and Hausmann
developed the economic complexity index (ECI) bymodelling international trade flows as
‘country-product’ networks. They contend that countries’ income levels converge based
on the complexity of their productive structures, which has implications for growth
and development (Maurya and Sahu, 2022). Through a set of linear iterative equations,
ECI characterises the structure of a country’s trade network, coupling its diversity (the
number of products exported) and the ubiquity of a product (the number of countries
exporting that product). It is a measure of the knowledge integrated into the productive
structure of a country. Its growth reflects the diversification of production systems and
improvements in quality (Ivanova et al., 2017). Likewise, differences in income across
countries can be explained by differences in their economic complexity, whichmeasures
their ‘capabilities’. It is a non-monetary indicator of development and competitiveness
of countries as it expresses intangible assets of the productive system.
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Several studies have highlighted the diverse impact of economic complexity on over-
all development. Some authors, for example, provide evidence of bidirectional causalities
between economic growth, economic complexity, and CO2 emissions (Romero and
Gramkow, 2021; Wang et al., 2023), and that economic complexity may reduce GDP in
low-income countries due to a lack of human capital, innovation, and institutions (Bucci
et al., 2021; You et al., 2022). Other studies find that economic complexity improves the
growth effect of FDI on host countries (Sadeghi et al., 2020; Ranjbar and Rassekh, 2022);
still others claim that there is a positive interaction effect on economic growth between
economic complexity and human capital, resources, and institutions. Ceteris paribus,
economic complexity directly and/or indirectly influences growth and its distribution
within countries.

Evolution of income inequality in tandemwith certain forms of development has long
been a source of concern for economists and policymakers (Kuznets, 1955). Hartmann
et al. (2017) demonstrate that economic complexity reveals information on an econ-
omy’s level of development, relevant to how economies generate and distribute incomes.
There exist two important perspectives on economic complexity: first, enlarging the
diversity and production network has the potential to expand the production system,
which increases the demand for production inputs such as jobs (Bandeira Morais et al.,
2021). Secondly, economic complexity goes hand in hand with institutional arrange-
ments that set the basis for income distribution as institutions define and shape the
environment in which education, public spending, and trade openness facilitate the
reducing effects of economic complexity on income inequality (Chu and Hoang, 2020).

Instability, poverty, and rising inequality are facts of life in nations with abundant
natural resources. There is ample historical evidence which argues that resource-poor
countries tend to grow faster than resource-rich ones, even though natural resource
wealth has not historically been the primary factor in a country’s economic success
(Acemoglu and Robinson, 2012). According to studies on the resource curse, natural
resources lead to deindustrialization, lessen the accumulation of human and physical
capital, increasemacroeconomic uncertainty, degrade political institutions, and fuel civil
war and social unrest (Kim et al., 2020). As a result, some authors put the blame for ris-
ing inequality on the lack of economic diversification and on the focus on raw natural
resource exportation. Diversifying the economic structure and promoting good gover-
nance practices would allow them to escape the resource curse and redistribute rents
fairly.

The interaction between natural resources and the productive structure can lead to
the underdevelopment of resource-rich countries and to unequal or unfair forms of
income distribution, irrelevant for structural change and long-term growth (Tabash
et al., 2022). Indeed, economic complexity fostered by investments in human and tech-
nological capital is a key component of structural transformation, necessitating an
appropriate institutional structure that can reduce the magnetic effect between resource
rents and poor governance (Ajide, 2022; Saud et al., 2023). This therefore will pro-
vide resource-rich countries the opportunity to take a giant and positive step towards
expanding opportunities for employment, income redistribution, and improved growth
prospects. As such, the raising of infrastructures (that promote economic complexity)
becomes the only means of reconciling economic diversification and natural resource
wealth (Marco et al., 2022). Further, economic complexity is an appropriate tool against
the resource curse as it broadens countries’ economic base by distancing their economic
growth from natural resource exploitation. In other words, it emphasises the differences
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Figure 1. Geography of average income inequality, 1995–2016.
Source: Authors’ construction, based on SWIID database.

in growth patterns between resource-rich and resource-poor countries, and indicates
that economic growth is driven by diversification of exports beyond the natural resources
sector.

While income inequality is in the news, the literature struggles to find its true deter-
minants (Ravallion, 2018; Lee and Vu, 2019; Nolan et al., 2019). Both developed and
developing countries exhibit a high degree of income inequality (figure 1). More specif-
ically, the World Inequality Lab (2018) shows that in 2016, the share of total national
income accounted for by the top 10 per cent of earners was 37 per cent in Europe, 41 per
cent in China, 46 per cent in Russia, 47 per cent in US-Canada, and around 55 per cent
in sub-Saharan Africa, Brazil, and India. In the Middle East, the top 10 per cent capture
16 per cent of national income.

In this paper, we empirically examine the effect of natural resources on income
inequality as a function of economic complexity. Numerous studies have highlighted
the role of a country’s economic structure in the resource–income inequality nexus
(Gylfason and Zoega, 2002; Fum and Hodler, 2010; Parcero and Papyrakis, 2016;
Hartwell et al., 2019), but none have examined the mediating role of the new indicator
of economic complexity. Furthermore, evidence in the literature suggests that economic
complexity reduces resource dependence (Canh et al., 2020) and income inequality
(Hartmann et al., 2017; Lee and Vu, 2019). All these facts have been widely docu-
mented, but rarely in a unified manner. Assessing the co-evolutionary pattern between
resource dependence, economic complexity, and income inequality is a step to extend
empirical work on the resource curse hypothesis and provide effective instruments for
policymakers in resource-rich countries.

According to the literature on the resource curse, productive structure determines
the pattern of specialisation and the development outcomes of resource-rich countries
(Baland and Francois, 2000; Djimeu and Omgba, 2019; Canh et al., 2020). However,
research on inequality-reducing factors in resource-rich countries has long relied on
GDP, export diversification, or institutional quality in isolation (Gylfason and Zoega,
2002). Economic complexity, on the other hand, is more robust than the indicators tra-
ditionally used to measure productive structure in the resource curse literature because
it incorporates both a country’s economic and institutional arrangements. Indeed, as
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economic development is linked to changes in the structure of the economy that would
affect the way production and consumption are carried out (Hidalgo and Hausmann,
2009; Hausmann andHidalgo, 2011), economic complexity then becomes an instrument
for transitioning the link between natural resource rents and inequality, whose correla-
tion becomes even more important in the context of climate change (Hartmann et al.,
2017).

We employ the two-step system generalised method of moments (GMM) estima-
tor in a sample of 111 nations from 1995 to 2016. This estimator corrects for joint
endogeneity of explanatory variables’ biases in dynamic panel data models, as well as
problems brought on by unobserved country-specific effects (Farhadi et al., 2015; Kim
et al., 2020). According to the findings, commodity exports have a negative impact on
income inequality as economic complexity rises. The distinction between point-source
and diffuse-source resource exports, as well as the use of resource rents per capita as
a gauge of resource abundance, all depend on this. Furthermore, we find a significant
difference between OECD and non-OECD countries, those with low and high ethnic
fractionalization but also between countries with low and high democracy.

The structure of the paper is as follows. After a brief literature review in section
2, section 3 includes an overview of the methodology applied, both for the data and
estimation strategy. In section 4 we present the results. Section 5 concludes.

2. What the literature says
The resource curse literature has identified resource dependence as a determining fac-
tor of increasing income inequality in some resource-rich countries (Leamer et al., 1999;
Gylfason and Zoega, 2002; Allcott and Keniston, 2018; Cavalcanti et al., 2019). First,
reliance on natural resources constrains the scope for economic transformation and
diversification, trapping some resource-rich countries in a cycle of ‘immiserizing’ spe-
cialisation and growth (Corden and Neary, 1982; Corden, 1984). Rents are generally
distributed in favour of the political elite or power group and at the expense of the
population. While shocks to labour-intensive commodities (agricultural commodities,
food) appear to be associated with lower inequality, shocks to capital-intensive com-
modities (oil, gas,mining) appear to be associatedwith higher inequality, asMohtadi and
Castells-Quintana (2021) point out. Natural resource exploitation can also contribute to
inequality through environmental degradation and a negative impact on green growth.
Most importantly, resources undermine the institutional framework that is supposed to
frame and seed rents into productive infrastructure that facilitates income distribution
(Hartwell et al., 2019, 2021; Avom et al., 2022).

A growing body of empirical evidence suggests that resource dependence worsens
income inequality (Parcero and Papyrakis, 2016; Steinberg, 2017). Goderis and Malone
(2011) demonstrate this through the Dutch disease: resource booms increase income
inequality by reducing manufacturing employment. According to Kim et al. (2020),
commodity price shock has a positive long-run effect on income inequality because ris-
ing labour demand in the booming sector has the potential to change income inequality
and poverty rates (Mejía, 2020), and crowds out public investment in human capital
accumulation (Mousavi and Clark, 2021).

Carmignani and Avom (2010) investigate the impact of resource intensity on social
development and discover that increasing resource exports lowers social development by
increasing income inequality and macroeconomic volatility, while Kim and Lin (2018)
claim oil dependency may reduce income disparity. Others use the institutional channel
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to demonstrate that natural resources have an impact on income inequality in countries
with weak institutions (Mehlum et al., 2006; Bhattacharyya and Hodler, 2010; Hartwell
et al., 2019). Fum and Hodler (2010) discover that in an ethnically divided country,
resource abundance increases income inequality while having the opposite effect in
homogeneous countries. Kim et al. (2020) stress that oil abundance increases human
capital investment, improves institutional quality, and hence reduces income inequal-
ity, whereas oil volatility has the reverse effect. They claim that institutions determine
whether natural resources are cursed or not in resource-rich countries.

Based on this evidence, the main factor that causes resource-rich countries to remain
poor is that their GDP growth is highly concentrated around exports of unprocessed
natural resources. Kuznets (1973) argues that a country should determine a technolog-
ical and institutional structure that shapes a set of proximate determinants of income
distribution, defining growth as a country’s ability to provide increasingly diverse goods
to its population (Kuznets, 1955). Indeed, GDP growth is not the only factor that con-
tributes to inequality (Jones and Klenow, 2016), as trade, human and physical capital,
geography, history, culture, and institutions all play a role (Acemoglu and Robinson,
2012; Atkinson and Søgaard, 2016; Saviotti et al., 2020). Thus, income inequality in an
even more resource-rich country seems far from being influenced only by the mone-
tary instrument such as GDP, but rather by a much broader and complex framework of
productive structure.

Economic complexity would therefore enable resource-rich countries to reduce their
dependence on exports of unprocessed natural resources and its effects on income
inequality in several ways. First, increased economic complexity is associated with
increased entrepreneurial activity and technological innovation, creating an environ-
ment in which new entrepreneurs would have incentives to produce new products that
are less reliant on natural resources, which are expensive and highly dependent on
external factors (Youssef et al., 2018; Douglas and Prentice, 2019). Increasing economic
complexity, on the other hand, improves the quality of the production system and the
efficiency of activities that use fewer natural resource rents (Balsalobre-Lorente et al.,
2018). The work of Canh et al. (2020) shows, for example, that economic complexity
reduces total resource dependence, as it reduces mining rents and natural gas rents,
but increases coal rents. In Africa, Tabash et al. (2022) document that economic com-
plexity mitigates the negative impact of natural resources on growth, while Ajide (2022)
shows that the empirical regularity of the natural resource curse thesis is unconditionally
established on economic complexity.

Thus, countries with advanced capacity and product baskets would benefit from
economic complexity, resulting in greater economic diversification, less resource depen-
dence, and better income distribution (Saad et al., 2023). Economic complexity, with a
high level of sophistication in the commodities produced and exported, would allow
a resource-dependent country to increase its stock of knowledge because it governs
know-how that is not captured by any formal education indicator (Hidalgo, 2021).
Hence, as the poverty-reducing effect of lowdiversified growth fades over time, resource-
dependent economies will see economic complexity as a beacon of hope and an effective
tool for reducing inequality (Wan et al., 2021).

3. Data andmethodology
3.1 Data and descriptive statistics
We use an unbalanced panel of 111 countries, both developed and developing, over
1995–2016. One explanation for the choice of this period is the availability of key data
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Figure 2. Contribution of commodities exports to total merchandise exports, 1995–2016.
Source: Authors, based on WDI database (World Bank, 2020).

on economic complexity (starting in 1995) and income inequality (ending in 2016 for
most countries). Table A1 in the appendix provides the list of countries.

3.1.1 Measurement of income inequality (gini)
We use the Gini index from the Standardized World Income Inequality Database
(SWIID) to measure income inequality (Solt, 2020). SWIID combines data from the
Luxembourg Income database (LIS) and the UNU-WIDER World Income Inequality
Database (WIID) to create a unified dataset with improved comparability across coun-
tries and over time. SWIID data is derived from the LIS and WIID databases after
inequalities are assessed using substantially comparable LIS andWIID income data (Kim
et al., 2020). As a result, SWIID data is more comparable to LIS data, but with greater
temporal coverage and comparability. SWIID standardises the Gini index of income
inequality before and after taxation. This allows for a thorough comparison of income
disparity before and after taxation and transfers. Because both Gini indices are highly
connected, we utilize the net income Gini index instead of the market one.

3.1.2 Share of commodities exports as resource-dependence indicator (nrx)
Following Sala-i Martin and Subramanian (2013), we measure natural resource depen-
dence or intensity by the sum of: (i) fossil fuel, (ii) metal and ores, (iii) agricultural raw
materials, and (iv) food and beverage exports in total merchandise exports. This mea-
sure allows us to assess the impact of distancing the economy from natural resources
on social development, and thus diversification (Sala-i Martin and Subramanian, 2013;
Kim et al., 2020). Figure 2 presents the average contribution of commodity exports to
total merchandise exports in our sample. It is found that intensive countries are from all
regions and income groups except the North America region.

3.1.3 Measure of economic complexity (eci)
Economic complexity, as defined by Hidalgo (2023), is an integration of science, net-
works, and machine learning methods to understand, predict, and advise changes in
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economic structures. Indeed, economic structure is crucial because it explains and
forecasts major macroeconomic outcomes such as economic growth, the intensity of
greenhouse gas emissions, and income inequality. Economic complexity represents the
diversity and ubiquity of products that a country produces and exports (Hidalgo and
Hausmann, 2009). Indeed, by diversifying its exports and trade partners (network), a
country can increase the complexity of its economy. Diversity quantifies the number of
products that a country can produce competitively, and ubiquity indicates the number
of countries exporting this product.

Intuitively, economic complexity reflects the degree of sophistication of a country’s
export products (Hartmann et al., 2017). It allows for a new approach for a country’s
international competitiveness based on its level of income, stock of knowledge, and
revealed comparative advantage. This indicator is constructed on countries/product data
from the World Trade Flows database. Data on the economic complexity index come
fromMIT’s Observatory of Economic Complexity (Simoes et al., 2018).

3.1.4 Control variables
Our control variables are broadly related to the literature on the drivers of income
inequality (Ravallion, 2018; Nolan et al., 2019).

• Gross Domestic Product per capita (gdppc). There is an extensive ambiguous rela-
tionship between the level of economic development and income inequality follow-
ing Kuznets (1955). We introduce both the level of GDP per capita and its square
(gdppc_sq) into our empirical model and expect a positive sign for the former and a
negative one for the latter.

• Domestic credit to the private sector (dmcps). This variable is included to control for
the level of a country’s financial development. Empirical evidence suggests that the
relationship between financial development and income inequality can be positive,
negative, or neutral (Baiardi and Morana, 2018).

• Globalization (kofgi) has undoubtedly been the most important progress in economic
and social systems for human beings. It describes the process of economic, financial,
social, and political integration of countries. In this study, we measure globalization
by the KOF index (kofgi) provided by the KOF Swiss Economic Institute (Gygli et al.,
2019).

• Economic Freedom Index (wef). We consider the economic freedom index provided
by the Fraser Institute as an indicator of institutions (Gwartney et al., 2019). It is con-
structed as the mean of five sub-indices: (i) size of government, (ii) property rights
and legal structure, (iii) access to sound money, (iv) international trade and trade
policies, and (v) market regulation. It scales between 0 and 10, where a high value
indicates higher economic freedom and vice versa. Continuous data on this variable
are available since 2000 and in five-year periods prior to that date.

Table A2 in the appendix presents the main data sources, variables and their defini-
tions, and a summary of the descriptive statistics, while table A3 (appendix) gives the
correlation matrix.

The descriptive statistics in table A2 show that income inequality is rising steadily
across the sample. During the study period, the Gini index ranged from a low of 30.5 in
Ukraine to a high of 71.4 in Namibia (one of the most unequal countries in Sub-Saharan
Africa) in 1995. The economic complexity of Nigeria, which also has a very high level of
dependence on oil, is−2.35, compared to 2.89 for Japan. Indeed, it is absolutely arduous
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to establish a relationship between natural resources, income equality, and economic
complexity, as some countries are highly unequal andhighly complex, slightly dependent
on resources (US, Germany, Japan). Conversely, others are highly unequal, marginally
complex, and highly dependent on natural resources (Nigeria, Cameroon, Algeria). One
of the reasons for this paradox is due, for instance, to the automation and digitalization
in the former countries and the low quality of redistribution institutions in the latter
countries.

3.2 Estimation strategy
To systematically test the key role of economic complexity on the resource dependence-
income inequality nexus, we rely on the model represented by equation (1):

ginii,t = α + γ ginii,t−1 + δ1nrxi,t−1 + δ2(nrx ∗ eci)i,t−1 + β ′Xi,t−1 + μi + ηt + εi,t
(1)

In equation (1), the left-hand side variable ginii,t is the logarithm of the Gini index,
nrxi,t−1 indicates the logarithm of total commodities exports as a percentage of total
merchandise exports, ecii,t−1 denotes the economic complexity index, and the vector
Xi,t−1 includes control variables. ηt and μi refer to the common and specific shocks and
are approximated by time and country dummy variables respectively, while εi,t is the
error term.

Reverse causality is likely to influence the relationship between natural resource
exports, economic complexity, and income inequality. A system of simultaneous equa-
tions could be used to estimate equation (1). Indeed, the simultaneous equation model
(SEM) approach uses single-equation estimation, whereas GMM uses a system of equa-
tions analysis (Roodman, 2009; Wooldridge, 2010). The most important step in avoid-
ing computational errors, underestimation, and overestimation is model specification.
When the model specification is correct, the SEM outperforms single equation models
and techniques. However, if one of the system’s equations is not correctly specified, the
reported estimates may contain misleading results and contaminated parameters. Some
researchers therefore rely on the dynamicGMM to reduce the risk associatedwithmodel
specification (Blundell and Bond, 1998).

Anderson and Hsiao (1982) suggest a first-difference transformation to get rid of the
fixed effects in dynamic panel-data models and to deal with endogeneity. The lagged
differentiated explanatory variables and the lagged differentiated error term may still
show a correlation after this, though. In the case where instruments are not correlated
with the error term, the diff-GMM(dGMM) estimator can be applied. Blundell andBond
(1998) emphasise, however, that the dGMMestimatormight not be appropriate for finite
samples. Using lagged level instruments for the difference equation and lagged difference
instruments for the level equation, they propose the system GMM (sGMM) estimator,
which combines the difference and level regressions in a system of equations.

Arellano and Bond (1991) present a set of tests for determining the validity of
sGMM estimates. The first is a Sargan–Hansen test for instrument validity, which
looks for the absence of a second-order correlation in the model. To begin with, the
Arellano–Bond autocorrelation test is used to ensure that the estimated findings do not
contain second-order autocorrelation. Indeed, the lagged dependent variable introduced
on the right-hand side of equation (1) is mathematically obvious to be associated with
the one introduced in the first difference. As a result, to determine whether there is a
first-order autocorrelation at levels, a second-order autocorrelation in differences must
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be investigated. The model does not suffer from autocorrelations if the AR(2) statistic
is over a 10 per cent threshold (Roodman, 2009). Regarding the validity of the instru-
ments, the null hypothesis to be tested here is that the instruments are not correlatedwith
the residuals. As a result, it is preferable to reject the model when the Hansen statistic’s
critical value is bigger than the critical value χ2.

4. Results and discussion
4.1 Preliminary evidence
Preliminary evidence on the connections between economic complexity, income
inequality, and resource dependence are shown in figure 3. Panel 1 demonstrates the
regional variations in income inequality. The relationship between total commodities
exports as a share of total merchandise exports and income inequality is depicted in
panel 2 of the graph. When economic complexity is divided into quartiles, panels 3 and
4 demonstrate a similar relationship. The analysis of panel 2 in the entire sample shows
no obvious link. For countries with lower levels of economic complexity, panel 3 shows a
positive correlation, and panel 4 shows a negative correlation for thosewith higher levels.
These results suggests that dependence on natural resources increases income inequality
in marginally complex economies.

4.2 Main results
Globally, in all our specifications, the non-rejection of the null hypothesis of Hansen’s
test confirms that our instruments are valid. Further, the non-significance of the AR(2)
indicates that there is no second-order correlation in all our specifications. Our main
results are reported in table 1. Panel A presents pooled and fixed-effects results, while
panel B gives those with the sGMM estimator.

In all columns of table 1, the coefficients of nrx and eci are both significant but those of
the first variable are positive (increasing inequalities) while those of the second are neg-
ative (reducing inequalities). This is consistent with the literature (Kim and Lin, 2018;
Chu and Hoang, 2020; Kim et al., 2020). Regarding the interaction variable, its coeffi-
cients (nrx*eci) are negative and statistically significant at the 10 per cent level in column
(2) and the 1 per cent level in column (3).

The lagged dependent variable’s coefficients are considerably large and highly signifi-
cant in the last four columns of table 1. This implies that income inequality persists over
time, justifying the adoption of the dynamic approach. The coefficients of total com-
modities exports are positive and significant at the 1 per cent level in columns (4) and
(5), and the 5 per cent level in columns (6) and (7). However, these effects are mitigated
by the reducing effect of the estimated interaction coefficient terms between economic
complexity and commodities exports which is negative and statistically significant in all
columns. Thus, the marginal effect of nrx on the gini is reversed given the significant
coefficient of the interaction variable. These results suggest that economic complexity
considerably reduces the positive impact of natural resource dependence on income
inequality.

Looking at the control variables, the Kuznets’ hypothesis is confirmed with gdppc as
a measure of economic development. The projected gdppc coefficients have a positive
sign and are significant at the 5 per cent level, the coefficients of gdppc-sq are negative
and significant. The coefficients of financial development (dmcps) are positive and sig-
nificant, confirming the widening inequality hypothesis (Baiardi and Morana, 2018). In
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Figure 3. Resource intensity, economic complexity, and income inequality.
Notes: In the box plots of panel 1, the lower and upper hinges of each box display the 25th and 75th percentiles of the samples, the line in the box indicates the respective medians,
and the endpoints of whiskers mark the next adjacent values. EAP: East Asia and Pacific; ECA: Europe and Central Asia, LAC: Latin America and the Caribbean, MNA: Middle East and
North Africa; NAC: North America; SAS: South Asia, SSA: Sub-Saharan Africa. In all panels, the Gini index (measure of income inequality) is on the y-axis while commodities export
(nrx) is on the x-axis. We define the lower (upper) quantile of economic complexity as when a country’s average complexity across the study period is lower (higher) than the sample
median, i.e., 0.139.
Source: Authors’ construction.
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Table 1. Resource dependence, economic complexity, and income inequality: mains results

Panel A Panel B

Pooled OLS Pooled OLS FE GMM GMM GMM GMM
(1) (2) (3) (4) (5) (6) (7)

gini (lag) 0.995 0.994 0.995 0.996
(0.008) (0.008) (0.009) (0.010)

nrx 0.588 0.107 0.187 0.013 0.014 0.011 0.012
(0.051) (0.042) (0.031) (0.004) (0.004) (0.005) (0.005)

eci −0.277 −0.574 −0.077 −0.072 −0.071 −0.075
(0.146) (0.127) (0.021) (0.023) (0.019) (0.023)

nrx*eci −0.060 −0.119 −0.016 −0.015 −0.015 −0.015
(0.032) (0.028) (0.005) (0.006) (0.005) (0.006)

gdppc 0.663 0.609 0.090 0.099 0.109 0.098
(0.130) (0.150) (0.039) (0.038) (0.045) (0.041)

gdpc_sq −0.040 −0.041 −0.004 −0.005 −0.005 −0.005
(0.006) (0.009) (0.002) (0.002) (0.002) (0.002)

dmcps 0.024 0.047 0.018 0.018 0.018 0.018
(0.025) (0.011) (0.005) (0.005) (0.004) (0.005)

kofgi −0.052 −0.156 −0.044 −0.039 −0.041 −0.046
(0.186) (0.073) (0.013) (0.018) (0.014) (0.015)

wef 0.008 0.620 −0.023 −0.025 −0.023 −0.025
(0.003) (0.062) (0.014) (0.015) (0.012) (0.015)

constant 1.026 2.748 0.658 0.686 0.745 0.702
(0.011) (0.683) (0.193) (0.184) (0.244) (0.230)

Country/Year FE YES NO NO/YES YES/NO YES/YES

Obs. 111 109 1,852 1,650 1,650 1,650 1,650

R2 0.979 0.999 0.518

Country/Instr. 110/43 110/43 110/43 110/43

AR1 (p) 0.000 0.000 0.000 0.000

AR2 (p) 0.119 0.120 0.121 0.124

Sargan (p) 0.352 0.124 0.521 0.205

Hansen (p) 0.534 0.228 0.614 0.391

Notes: sGMM indicates the system generalized moments estimator. The dependent variable in all columns is the nat-
ural logarithm of the Gini index. The bold values refer to the coefficients which are needed to compute the marginal
effect of natural resources on income inequality given the level of economic complexity. The numbers in parentheses are
t-statistics and are based on robust standard errors.

columns (3) to (7), the coefficient of globalization (kofgi) is negative and significant, but
non-significant in column (2).

4.3 A matter of appropriability: point versus diffuse-source commodities
Considering the appropriability of natural resources (Boschini et al., 2007), we examine
the effect of point-source and diffuse-source commodity exports on income inequality
separately. Indeed, there is a lot of evidence on the fact that point-source resources are
more likely to cause ‘resource curse’ than diffuse-source resources. As such, point-source
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Table 2. Type of commodity, economic complexity, and income inequality: system-GMM results

(1) (2) (3) (4) (5) (6)

gini (lag) 0.999 0.995 0.991 0.989 0.995 0.997
(0.010) (0.007) (0.007) (0.010) (0.007) (0.005)

fuelx 0.012
(0.005)

or&metalx 0.008
(0.004)

pointnrx 0.013
(0.005)

agrix −0.011
(0.004)

foodx −0.015
(0.009)

diffnrx −0.019
(0.011)

eci −0.129 −0.073 −0.101 −0.023 −0.088 −0.139
(0.033) (0.019) (0.033) (0.008) (0.028) (0.039)

rx*eci −0.030 −0.018 −0.017 −0.013 −0.032 −0.039
(0.010) (0.008) (0.009) (0.006) (0.012) (0.018)

gdppc 0.504 0.307 0.352 0.045 0.093 0.182
(0.203) (0.099) (0.153) (0.026) (0.046) (0.097)

gdppc_sq −0.025 −0.016 −0.017 −0.003 −0.004 −0.009
(0.011) (0.005) (0.008) (0.001) (0.003) (0.005)

dmcps 0.039 0.036 0.038 0.015 0.043 0.065
(0.015) (0.009) (0.014) (0.006) (0.015) (0.024)

kofgi −0.115 −0.095 −0.154 −0.056 −0.124 −0.238
(0.059) (0.041) (0.059) (0.015) (0.035) (0.052)

wef −0.039 −0.015 −0.006 −0.025 −0.079 −0.042
(0.051) (0.007) (0.049) (0.019) (0.035) (0.062)

Constant 0.981 0.897 0.402 0.536 0.294 0.966
(1.053) (0.528) (0.853) (0.171) (0.344) (0.649)

Obs. 1,590 1,676 1,605 1,682 1,728 1,670

Country/Instruments 111/36 110/53 111/36 111/44 111/44 111/44

AR1 (p) 0.000 0.000 0.000 0.000 0.000 0.000

AR2 (p) 0.113 0.280 0.185 0.141 0.164 0.197

Sargan (p) 0.312 0.652 0.341 0.251 0.632 0.243

Hansen (p) 0.380 0.571 0.108 0.359 0.364 0.156

Notes: The dependent variable in all columns is the natural logarithmof theGini index. ‘rx’ indicates the type of commodity
considered. The bold values refer to the coefficients which are needed to compute themarginal effect of natural resources
on income inequality given the level of economic complexity. The numbers in parentheses are t–statistics and are based
on robust standard errors.

resources are relatively easy tomonitor and govern, and promote expropriation (Dauvin
and Guerreiro, 2017). We total the exports of fossil fuels, ores, and metals to calculate
point-source resources, whereas agricultural raw materials, food, and beverage exports
are considered diffuse-source resources. The results are shown in table 2.
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Table 3. Resource abundance, economic complexity, and income inequality: results

(1) (2) (3)

gini (lag) 0.989 0.990 0.981
(0.024) (0.026) (0.023)

totrentspc 0.008
(0.004)

oilrentspc 0.003
(0.001)

oil&gaspc 0.006
(0.002)

eci −0.235 −0.049 −0.138
(0.077) (0.015) (0.049)

rents*eci −0.018 −0.004 −0.012
(0.007) (0.002) (0.006)

gdppc 0.424 0.183 0.364
(0.146) (0.061) (0.131)

gdppc_sq −0.020 −0.009 −0.017
(0.008) (0.003) (0.006)

dmcps 0.043 0.016 0.037
(0.014) (0.006) (0.013)

kofgi −0.110 −0.035 −0.111
(0.042) (0.016) (0.041)

wef −0.034 0.001 −0.044
(0.058) (0.018) (0.038)

Constant 2.684 0.917 1.834
(1.166) (0.299) (0.640)

Obs. 1,775 1,850 1,851

Country/Instruments 111/39 111/32 111/31

AR1 (p) 0.000 0.000 0.000

AR2 (p) 0.116 0.131 0.107

Sargan (p) 0.559 0.472 0.348

Hansen (p) 0.343 0.683 0.679

Notes: The dependent variable in all columns is the natural logarithm of the Gini index. The bold values refer to the coef-
ficients which are needed to compute the marginal effect of natural resources on income inequality given the level of
economic complexity. The numbers in parentheses are t-statistics and are based on robust standard errors.

The coefficient of point resource exports (pointnrx) in column (3) is, as expected,
positive and significant at the 1 per cent level, whereas the coefficient of diffuse resource
exports (diffnrx) in column (6) is negative and non-significant. The results remain
the same when we disaggregate point and diffuse resources. The coefficients of fos-
sil fuels and gold and metals export are positive and significant at the 5 per cent level
(columns (1) and (2)). Agricultural rawmaterial exports, like food and beverage exports,
have a negative but non-significant coefficient. According to these findings, reliance
on point-source resources, rather than diffuse ones, has the greatest effect on income
inequality. The interaction term between resources exports and economic complexity
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Table 4. Heterogeneity and subsample results

OECD Ethnic fractionalization Democracy

No Yes High Low High Low
(1) (2) (3) (4) (5) (6)

gini (lag) 0.991 0.998 0.970 0.915 0.975 0.989
(0.009) (0.025) (0.035) (0.036) (0.010) (0.012)

nrx 0.006 0.029 0.019 0.013 0.024 0.022
(0.003) (0.027) (0.009) (0.009) (0.007) (0.008)

eci −0.056 −0.023 −0.149 −0.112 −0.097 −0.078
(0.019) (0.009) (0.045) (0.031) (0.039) (0.021)

nrx*eci −0.011 −0.038 −0.046 −0.030 −0.021 −0.014
(0.004) (0.019) (0.013) (0.009) (0.009) (0.005)

gdppc 0.056 0.493 0.139 0.417 0.064 0.051
(0.028) (0.228) (0.076) (0.153) (0.019) (0.018)

Gdppc_sq −0.003 −0.023 −0.008 −0.021 −0.005 −0.003
(0.002) (0.011) (0.004) (0.008) (0.001) (0.001)

dmcps 0.015 0.023 −0.011 −0.002 0.034 0.009
(0.003) (0.007) (0.012) (0.007) (0.006) (0.004)

kofgi −0.029 −0.021 −0.019 0.030 −0.055 −0.092
(0.009) (0.013) (0.024) (0.038) (0.019) (0.015)

wef −0.062 0.156 −0.008 0.088 0.029 −0.034
(0.016) (0.131) (0.040) (0.037) (0.010) (0.024)

constant 0.640 2.459 1.083 2.124 −0.102 0.692
(0.159) (1.324) (0.584) (0.733) (0.134) (0.146)

Country/Year FE Yes Yes Yes Yes Yes Yes

Obs. 1,230 511 847 910 826 911

Country/Instr. 79/48 32/19 53/38 58/35 55/32 56/39

AR1 (p) 0.010 0.000 0.003 0.003 0.047 0.000

AR2 (p) 0.267 0.308 0.512 0.183 0.550 0.520

Sargan (p) 0.215 0.487 0.625 0.274 0.326 0.214

Hansen (p) 0.111 0.656 0.522 0.527 0.223 0.173

Note: The numbers in parentheses are t-statistics and are based on robust standard errors.

Table 5. Marginal effects of natural resources on income inequality

Total resources Point resource Diffuse resource Total rent per
export export export capita

(1) (2) (3) (4)

Lower eci 0.048 0.053 0.072 0.050
(0.018) (0.022) (0.037) (0.019)

Average eci 0.008 0.010 −0.024 0.005
(0.004) (0.005) (0.013) (0.003)

Higher eci −0.032 −0.036 −0.132 −0.043
(0.015) (0.027) (0.060) (0.017)

Notes: eci is the economic complexity index, and the lowest (highest) value is considered as the worst (best) economic
complexity. Standard errors are in parentheses.

https://doi.org/10.1017/S1355770X2300013X Published online by Cambridge University Press

https://doi.org/10.1017/S1355770X2300013X


Environm
entand

D
evelopm

entEconom
ics

141

Figure 4. Average marginal effects of natural resources on income inequality.
Notes:Marginal effects of different measures of natural resources on income inequalities at different levels of economic complexity for the total sample (1995–2016). The upper and
lower bars are the upper and lower bounds of the 95% confidence intervals (CIs).
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(rx*eci) remains negative and significant at the 1 per cent level regardless of the type of
resource considered.

4.4 Resource abundance as an alternative measures of natural resources
Resource curse refers to the paradox that countries with abundant natural resources have
weaker socioeconomic and institutional development than their less endowed counter-
parts (Atangana Ondoa, 2019). A distinction must therefore be made between measures
of natural resources close to endowment or wealth and those of dependence or inten-
sity (previously used). Thus, we use the natural logarithm of resource rents per capita
(totrentspc) as an indicator of resource abundance and repeat ourmain estimations from
tables 1 and 2 in table 3.

In line with previous findings, the resource curse–income inequality nexus still holds
with resource rents per capita as an indicator of resource abundance. In column (1)
the coefficient of the natural logarithm of total resource rents per capita (totrentspc) is
positive and significant. This result remains the same when we consider oil rents per
capita (oilrentspc) and oil and gas rents per capita (oil&gaspc) separately. Furthermore,
economic complexity still plays its mitigating role in all cases. The coefficients of the
interaction terms (rents*eci) are all negative and significant at the 5 per cent level.

4.5 Dealing with heterogeneities: subsample analysis
Heterogeneity is one of the main challenges in the empirical analysis of the resource
curse. For example, our sample contains 111 countries with diverse economic policies,
institutions, and ethnic groups. We have, however, treated them as a single entity
thus far. We continue our robustness analyses while considering country-specific
characteristics. The results are presented in table 4.

We had mistakenly assumed that countries’ economic policies and progress were
all the same. Columns (1) and (2) present GMM estimates for non-OECD and OECD
countries, respectively. This exercise admits knowing whether a country’s economic
development matters. The estimated coefficient of the interactive variable (nrx*eci) is
negative, significant in the sample of non-OECD sample, but non-significant in the
OECD one. Note that the latter does not imply the absence of significant effects, but
rather highlights that structural change and technological level highlight heterogeneity
across countries by cancelling out on average. Thus, results obtainedwith the non-OECD
sample are consistent with the previous findings.

In columns (3) and (4) we distinguish between high and low ethnically divided coun-
tries using the ethnic fractionalisation index of Alesina et al. (2003). Results indicate
that economic complexity significantly mitigates the increasing effect of the resource
curse hypothesis on income inequality in highly fractionalised countries. Thus, ethnic
fractionation may limit not only the development of economic complexity but also its
mediating effect on the resource-equality relationship.

Columns (5) and (6) in table 4 detail a comparable experience with high and low
democratic countries. The latter ismeasured by the Polity2 index of political regime. The
index ranks countries on a scale of −10 (total autocracy) to +10 (complete democracy).
Not surprisingly, we find that the impact of the interaction term on income inequality
tends to be higher for countries with higher levels of democratization. Thus, democratic
countries are conducive to policies that generate resource-enhancing public goods and
services, relevant for economic complexity and income equality.
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4.6 Marginal effects of natural resources on income inequality
Table 5 provides a comprehensive overview of the previous sub-sections’ results (based
on tables 1–3) by calculating the marginal effects of natural resources at various lev-
els of economic complexity. According to the results in columns (1) and (4), a 1 per
cent increase in total commodities exports ratio (dependence), and total resource rents
per capita (abundance), would significantly increase income inequality by 4.8 per cent
and 5 per cent, respectively in countries with the lowest level of economic complexity.
On average, the impact is still positive, but the magnitude and significance are much
lower, at 5 per cent for total commodities exports and non-significant for resource
rents per capita. However, turning to countries with the highest level of economic
complexity, the coefficients of resource dependence and abundance turn negative and
significant at the 5 per cent level. All these marginal effects are graphically represented
in figure 4.

5. Conclusion
Based on the observation that income inequality is increasing heterogeneously in both
resource-rich and resource-poor countries, this study aims to assess the moderating role
of economic complexity. In a sample of 111 countries around the world, it uses the sys-
temGMM to conduct the empirical analyses. The results show that resource dependence
has a positive and significant influence on income inequality, but that this influence is
reversed when economic complexity increases. Indeed, considering the share of com-
modity exports in total goods, we prove in our empirical analyses that this moderating
effect of economic complexity remains robust when considering the point versus diffuse
resource distinction.

Economic complexity allows resource-dependent countries to diversify their
economies and break the curse. Economic complexity, in fact, measures a country’s
‘trade network,’ and its improvement leads to greater diversification of export part-
ners and products. It reduces the intensity of non-manufactured export concentration
by encouraging countries to make better use of their productive capacities (labour
force, human capital, innovation, and institutions). A resource-rich country promotes
good income redistribution and a prosperous society by allocating rents efficiently to
productive sectors and infrastructure.

The results of this study are of great importance to policymakers and scholars
worldwide. These results serve as a reminder to policymakers, particularly those in
developing countries, of the urgent need for structural reform to support the job cre-
ation required for egalitarian income transfer and effective management of resource.
The relevance for developed countries is a bit fuzzy, as certain countries, such as the
United States, Canada, and Japan, with highly complex economies and growing income
inequalities, would undoubtedly find a solution in effective automation and tax poli-
ciesmanagement rather than efficient resourcemanagement. For researchers, the results
reflect the current lack of knowledge of the causes of rising inequality in resource-rich
countries.

Other research could be conducted based on the results of this study. The liter-
ature indicates that there is still no consensus on the effects of economic complex-
ity and natural resources on income inequalities; an in-depth analysis could then
assess the joint influence of natural resources and economic complexity on income
inequalities by distinguishing wage inequalities from capital inequalities (Mohtadi and
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Castells-Quintana, 2021). Furthermore, where data is available, the influence of eco-
nomic complexity and/or natural resources on gender income inequality could also be
analysed.
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Appendix A

Table A1. List of countries

Albania Ghana Paraguay

Algeria Greece Peru

Argentina Guatemala Philippines

Armenia Guinea Poland

Australia Honduras Portugal

Austria Hungary Qatar

Azerbaijan India Romania

Bangladesh Indonesia Russia

Belarus Iran Senegal

Belgium Ireland Singapore

Bolivia Israel Slovakia

Bosnia and Herzegovina Italy Slovenia

Botswana Jamaica South Africa

Brazil Japan Spain

Bulgaria Jordan Sri Lanka

Burkina Faso Kazakhstan Sweden

Cambodia Kenya Switzerland

Cameroon Kyrgyzstan Tanzania

Canada Latvia Thailand

Chile Lebanon Togo

China Lithuania Trinidad and Tobago

Colombia Madagascar Tunisia

Costa Rica Malawi Turkey

Croatia Malaysia Uganda

Cyprus Mali Ukraine

Czechia Mauritania United Kingdom

Côte d’Ivoire Mauritius United States of America

Denmark Mexico Uruguay

Dominican Republic Moldova Venezuela

Ecuador Mongolia Vietnam

Egypt Morocco Yemen

El Salvador Mozambique Zambia

Estonia Namibia Zimbabwe

Continued.
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Table A1. Continued.

Eswatini Netherlands

Ethiopia Nicaragua

Finland Nigeria

France Norway

Georgia Pakistan

Germany Panama
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Table A2. Definition of variables, source and descriptive statistics
Label Definition Source Obs. Mean Std. Dev. Min Max

gini GINI index of income Inequality. Esti-
mate of Gini index of inequality in
equivalized (square root scale) house-
hold market (pre-tax, pre-transfer)
income, using Luxembourg Income
Study data as the standard.

SWIID 2,242 46.972 6.226 30.5 71.4

eci Economic complexity index (ECI). This
is the traditional economic complex-
ity index. It is based on the geogra-
phy of trade and captures the sophis-
tication of a country’s exports. Trade
ECI estimates a country’s ability to
produce and export complex products
that require a high level of knowledge
and skills.

Simoes et al. (2018) 2,427 0.141 0.975 −2.352 2.895

agrix Agricultural raw materials exports
(% of merchandise exports). Agricul-
tural raw materials comprise SITC
section 2 (crude materials except
fuels) excluding divisions 22, 27 (crude
fertilizers and minerals excluding coal,
petroleum, and precious stones), and
28 (metalliferous ores and scrap).

WDI 2,319 3.971 7.057 0 88.742

foodx Food exports (% of merchandise
exports). Food comprises the com-
modities in SITC sections 0 (food
and live animals), 1 (beverages and
tobacco), and 4 (animal and vegetable
oils and fats) and SITC division 22 (oil
seeds, oil nuts, and oil kernels).

WDI 2,319 19.491 19.403 0 91.546

Continued.
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Table A2. Continued.
Label Definition Source Obs. Mean Std. Dev. Min Max

fuelx Fuel exports (% of merchandise
exports). Fuels comprise the commodi-
ties in SITC section 3 (mineral fuels,
lubricants, and related materials).

WDI 2,302 14.7 23.435 0 99.656

ormetalx Ores and metals exports (% of mer-
chandise exports). Ores and metals
comprise the commodities in SITC sec-
tions 27 (crude fertilizer, minerals nes);
28 (metalliferous ores, scrap); and 68
(non-ferrous metals)

WDI 2,318 8.267 14.084 0.001 86.538

nrx Total commodity exports. This is the
sumof: Fuel exports+Ores andmetals
exports+ Food exports+ Agricultural
rawmaterials exports.

WDI 2,301 46.188 28.442 2.469 161.404

rentspc Resource abundance measured by
total rents per capita. Total natural
resources rents are the sumof oil rents,
natural gas rents, coal rents (hard and
soft), mineral rents, and forest rents.
Total population is based on the de
facto definition of population, which
counts all residents regardless of legal
status or citizenship. The values shown
are midyear estimates.

Authors’ calculation
based on WDI

2,440 75,946.263 331,975.39 10.518 6,348,408.5

Continued.
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Table A2. Continued.
Label Definition Source Obs. Mean Std. Dev. Min Max

gdppc GDP per capita (constant 2,015 US$).
GDP per capita is gross domestic prod-
uct divided by midyear population.
GDP is the sum of gross value added
by all resident producers in the econ-
omy plus any product taxes and minus
any subsidies not included in the value
of the products. It is calculatedwithout
making deductions for depreciation of
fabricated assets or for depletion and
degradation of natural resources. Data
are in constant 2015 U.S. dollars.

WDI 2,442 15,368.56 16,393.047 744.142 156,299

dmcps Domestic credit to private sector by
banks (% of GDP). Domestic credit
to private sector by banks refers to
financial resources provided to the pri-
vate sector by other depository cor-
porations (deposit taking corporations
except central banks), such as through
loans, purchases of nonequity secu-
rities, and trade credits and other
accounts receivable, that establish a
claim for repayment. For some coun-
tries these claims include credit to pub-
lic enterprises.

WDI 2,268 47.809 41.163 0 255.194

kofgi KOF index of overall globalization. The
KOF Globalisation Index measures the
economic, social, and political dimen-
sions of globalisation.

Swiss Economic Insti-
tute

2,440 63.024 14.646 22.771 91.313

Continued.

https://doi.org/10.1017/S1355770X2300013X Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S1355770X2300013X


152
PaulA

w
oa

A
w
oa

etal.

Table A2. Continued.
Label Definition Source Obs. Mean Std. Dev. Min Max

wef Index of economic freedom. It is calcu-
lated as the average of 6 components:
(A) Size of Government, (B) Legal Sys-
tem and Property Rights, (C) Sound
Money, (D) Freedom to Trade Interna-
tionally, (F) Regulation. The index grad-
ually changes from 0 to 10.

Fraser Institute 2,396 6.124 0.952 2.14 8.94

OECD Dummy variable taking the value 1 if
the country belongs to the Organisa-
tion for Economic Co-operation and
Development and 0 otherwise.

Author construction 2,442 0.288 0.453 0 1

Ethnic fractionalisation Probability that two randomly selected
individuals belong to the same ethnic
division.

Alesina et al. (2003) 2,420 0.423 0.248 0.020 0.0930

Democracy The POLITY score index computed by
subtracting the autocratic score from
the democratic score; the resulting
unified polity scale ranges from +10
(strongly democratic) to −10 (strongly
autocratic).

Marshall and Elzinga-
Marshall (2020)

2,410 5.130 5.653 −10 +10

SWIID, the Standardized World Income Inequality Database; WDI, the World Development Indicator.
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Table A3. Correlation matrix

Variables (1) (2) (3) (4) (5) (6) (7) (8) (9)

(1) GINI 1.00

(2) ECI −0.05 1.00

(3) NRX 0.10 −0.70 1.00

(4) NRA 0.05 −0.29 0.44 1.00

(5) GDPPC 0.02 0.74 −0.40 0.03 1.00

(6) GDPCsq 0.02 0.74 −0.40 0.03 1.00 1.00

(7) DMCPS 0.10 0.62 −0.43 −0.15 0.70 0.70 1.00

(8) KOFGI −0.06 0.71 −0.41 −0.06 0.81 0.81 0.72 1.00

(9) EFI −0.24 0.48 −0.30 −0.17 0.57 0.58 0.53 0.58 1.00

Cite this article: Awoa Awoa P, Atangana Ondoa H, Ngoa Tabi H (2024). Natural resources and income
inequality: economic complexity is the key. Environment and Development Economics 29, 127–153. https://
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