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Abstract

This paper examines the relationship between fossil fuel endowments and economic
growth rates. We find that countries with plausibly exogenous fossil fuel endowments
exhibit higher economic growth rates and convergence towards development, as in-
dicated by standard β- and σ-convergence tests. By contrast, when we restrict the
sample to countries without fossil fuel endowments we find no evidence of convergence.
Results suggest that fossil fuel endowments are generally beneficial for long-run eco-
nomic growth. However, significant heterogeneity exists across countries, particularly
for initially low-income countries.

∗We thank Areendam Chanda (LSU), Alex James (University of Alaska-Anchorage), Chandan Jha
(LeMoyne College), Tim Fitzgerald (Texas Tech), Chris Papegorgiou (IMF) and participates at the 85th

Annual Meetings of the Southern Economic Association for comments and feedback.
†School of Economics, Georgia Institute of Technology. Email: matthew.oliver@econ.gatech.edu
‡Center for Energy Studies, Louisiana State University. Email: gupton3@lsu.edu

1

 Electronic copy available at: https://ssrn.com/abstract=3414528 

gupton3@lsu.edu
gupton3@lsu.edu


Economic growth and its underlying causes rank among the most exhaustively researched

topics in the field of economics over the past century. It is difficult to overstate the importance

of growth, especially for developing countries. One of the more prominent veins within

the economic growth literature has been the study of convergence—the idea that poorer

countries tend to grow faster than richer ones, implying GDP per capita should converge

across countries over time.

This paper presents a simple yet compelling contrast in economic convergence pat-

terns across two distinct samples of countries: those with significant—and plausibly ex-

ogenous—fossil fuel (FF) endowments and those without such resource endowments. We

show that on average countries with FF endowments exhibited strong economic convergence

within our sample period, whereas countries without FF endowments did not. Our results (i)

suggest that FF endowments have been an important contributor to economic growth, and

(ii) potential resource curse and Dutch Disease effects on average do not outweigh economic

benefits received from FF resources. Our work contributes to two broad strands of literature.

Economic Convergence. As noted, the study of cross-country economic convergence

constitutes a robust literature. While too vast to summarize here, Johnson and Papageorgiou

(2019) provide a comprehensive review, citing over 280 papers. They note that the four most

cited papers alone account for almost 11,000 citations.

Starting from a standard neoclassical production function with diminishing marginal

returns to capital, it is straightforward to show that initial GDP per capita is inversely

related to subsequent GDP per capita growth (Solow, 1956). Johnson and Papageorgiou

(2019) warn, though, that when a broad sample of countries is considered, empirical evidence

of this predicted relationship between GDP per capita and subsequent growth rates may not

be observed (Baumol, 1986; Barrow, 1991; Dowrick, 1992). For instance, Pritchett (1997)

finds that from 1870 to 1990 the ratio of per capita incomes between the richest and poorest

countries increased by a factor of around five, and that the difference in income between the

richest country and all others had also increased by an order of magnitude. This is in direct

contradiction to the Solow growth model predictions.

In response to these critiques Mankiw et al. (1992) point out that the neoclassical model

does not predict absolute convergence, but instead, predicts convergence only after control-

ling for the determinants of the steady state. After including human capital into a country’s

production function, Mankiw et al. (1992) find that convergence occurs at approximately the

rate that the model predicts. This is referred to as the theory of conditional convergence.
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A broad strand of related literature has emerged regarding the importance of institutions

for economic growth. Perhaps this theory is most eloquently documented in Acemoglu

and Robinson (2012), Why Nations Fail. Citing hundreds of peer reviewed articles and

multiple historical examples, this comprehensive book argues that ‘inclusive’ institutions,

in which economic and political power are shared widely, are the key factor in determining

countries’ economic growth and development. By contrast, countries with extractive, corrupt

institutions that enrich only the economic and politically elite tend to have high barriers to

technological innovation and adoption, poorly defined property rights, and a lack of well-

developed credit markets, all of which can preclude entrance into the ‘convergence club’

(Howitt and Mayer-Foulkes, 2005; Aghion et al., 2016). Moreover, countries with significant

FF endowments might be naturally prone to the emergence of such extractive institutions

due to rent-seeking in resource markets. The largely global FF market—especially for oil

and gas, but perhaps less so with coal—may instead be a conduit for the transferal of more

inclusive institutional norms from more-developed to less-developed nations, fostering growth

and development. Our results suggest the latter plays a stronger role for development, on

average, than the former.

Energy, Economic Growth and the “Resource Curse” Modern-day economies re-

quire energy. The three largest sources of energy globally, namely oil, coal, and natural

gas (in that order), make up over 85% of global energy consumption.1 To put this into

perspective, hydro power (the largest renewable energy resource) makes up less than 7%

of energy consumption, while non-hydro renewables make up make up less than 4%.2 FF

endowments are also plausibly exogenous, in that their geographic dispersion is determined

more by ancient geologic history than by modern economic considerations. For this reason,

we focus on FF energy resources, with the goal of examining how areas that are exogenously

energy-endowed have experienced economic growth and convergence compared to countries

not endowed with FF energy resources.

A large literature has studied the importance of natural resource endowments—and

specifically FFs—for economic growth. Natural resource booms have been shown to pro-

vide stimulus to local economies, increasing employment and earnings (Feyrer et al., 2017;

Marchand, 2012), stimulating new business formation (Decker et al., 2018), and reducing

1BP Statistical Review of World Energy 2018. Primary energy: consumption by fuel. Page 9.
2We note that while energy production from these non-FF based fuel resources is increasing significantly,

especially in the developed world, FF resources have provided the vast majority of global energy in the
industrialized era, and especially over our sample period.
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financial delinquency (McCollum and Upton, 2018). Even though the specific employment

opportunities in these resource booms have been concentrated in specific sectors that attract

specific demographics of workers, earnings increases have been observed across many sectors

and worker demographics (Upton and Yu, 2019; Cascio and Narayan, 2017).

However, short-run stimulus from resource booms might be quite different from long-run

effects on economic growth. Some theories have suggested that in the long-run economic

dependence on natural resource development is associated with slower economic growth,

generally referred to as the ‘resource curse’ hypothesis. Based on early analyses of cross-

country data, this result had been considered “a reasonably solid fact” (Sachs and Warner,

2001). Subsequent studies, however, produced mixed empirical evidence, some generally

corroborating the resource curse hypothesis (Auty and Mikesell, 1998; Gylfason et al., 1999;

Lederman and Maloney, 2007), and others finding mixed or limited evidence (Brunnschweiler

and Bulte, 2009; Manzano and Rigobon, 2001).3 James (2015), using the value of crude oil

and gas production relative to GDP as a proxy for resource dependence, suggests the resource

curse is instead a “statistical mirage” that reflects only the slow growth of the resource sector.

Smith (2015) finds that major oil discoveries since 1950 have had significant positive impacts

on countries’ GDP per capita levels.

The resource curse has been explained to work through at least two plausible channels:

Dutch Disease and corrupt institutions. The Dutch Disease hypothesis posits that rapid re-

source development can lead to increases in domestic price levels due to the stimulus created

by the extraction of the resource, adversely affecting exchange rates. Natural resource ex-

ports have been shown to crowd out manufacturing exports in cross-country samples (Hard-

ing and Venables, 2016; Ismail, 2010), generally supporting this hypothesis. So, although

countries might enjoy temporary economic stimulus from a resource boom, the availability

of the resource can cause them to miss out on opportunities for long-term export-led growth

(Sachs and Warner, 1999, 2001).

The prevalence of natural resources might also create the opportunity for corruption,

especially in less-developed countries. Many studies have cited corruption as an explanation

for the resource curse (Gylfason, 2001; Guetat, 2006; Dietz et al., 2007; Bulte and Damania,

2008; Kalyuzhnova et al., 2009; Kolstad and Søreide, 2009; Rus, 2014; Wadho, 2014). Because

significant economic gain can be obtained through the extraction of natural resources, corrupt

institutions might encourage public officials to engage in rent-seeking. van der Ploeg (2011)

discusses the hypothesis that a resource boom might reinforce rent-seeking and civil conflict

3A full review is not warranted here.
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in countries with poor institutions, induce corruption especially in nondemocratic countries,

and keep in place bad policies. Collier and Goderis (2009) find that the resource curse is not

a problem in countries with sufficiently good institutions. Allcott and Keniston (2018) find

evidence against the resource curse among U.S. states, corroborating the hypothesis that

areas with high quality institutions can benefit from natural resources both in the short run

and the long run.

Despite the potential resource curse associated with natural resource dependence, energy

access has been almost universally cited as crucial for economic growth (S.Ouedraogo, 2013;

Liu et al., 2018; Nyasha et al., 2018; Hao et al., 2018; Benkraiem et al., 2019). Such analyses

also establish an unsurprising relationship between economic growth and energy usage, and

generally attempt to untangle the direction of causality. Regardless of the direction of

causality, energy usage and economic growth go hand-in-hand. Recently, the relationship

between economic growth and energy consumption has also been of interest due to concerns

about global climate change and whether measures to reduce reduce carbon intensity can be

achieved simultaneously with economic growth (Acheampong, 2018; Wesseh and Lin, 2018;

Hao et al., 2018).

Another channel through which natural resource endowments might benefit economic

growth is through foreign direct investment (FDI). FDI has been shown to be an important

vehicle for the transfer of technology, and has contributed to economic growth, but only

when a sufficient absorptive capability of the advanced technologies is available in the host

country (Borensztein et al., 1998). Further, advanced financial systems might be needed

to exploit FDI efficiency (Alfaro et al., 2004), thus it is unclear whether natural resource

induced FDI can jump-start low income countries onto the path to growth.

Taking all these factors into account, the net effect of resource endowments on long-term

growth is largely ambiguous. Further, while generally natural resource availability might

create economic benefits for already developed economies with high-quality institutions, it is

unclear whether developing countries with less-developed institutions and financial systems

will be able to benefit from these resources, or be subject to a resource curse.

The purpose of this research is not disentangle all of these channels, but simply to show

that standard tests indicate β- and σ-convergence among oil, natural gas, and coal endowed

countries and, by contrast, non-convergence among non-FF endowed countries. While our

results do not rule out the possibility for resource curse and Dutch Disease effects, we find

evidence that on average, these negative effects do not outweigh economic benefits from an

endowment of FF resources. Among low-income FF endowed countries, however, significant
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heterogeneity exists. This heterogeneity is likely dependent upon unobserved, potentially

time-varying factors such as institutions and financial markets.

2 Data

Our sample contains data for 127 countries over the interval 1970-2014. These countries

were selected based on data availability. The primary criterion was whether a country’s GDP

per capita and consumption per capita data were available for the full sample period. The

dataset was constructed from three primary sources. First, we obtain per capita real GDP

and consumption data from the Penn World Tables 9.0 (PWT). Second, we obtain data on

FF resource endowments from the 2018 BP Statistical Review of World Energy (BPStat).

Third, we obtain data for several control variables from Acemoglu et al. (2001). Summary

statistics are presented in Table 1. Appendix Table A1 provides source information and a

brief description of each variable.

Country Characteristics. Panel A of Table 1 presents some basic characteristics of the

countries in our sample. Of the 127 countries included, 56 are energy endowed, meaning we

have identified them as endowed with at least one of the three FF’s. The remaining 71 have

no significant FF endowment. A description of how countries are identified as having FF

endowments is provided below.

In total, these 127 countries constitute an overwhelming share of the global population

during our sample period. To see this, we take simple five-year averages of each country’s

population during two periods: one at the beginning (1970-74) and one at the end (2010-

14) of our 44-year sample. Throughout our analysis, we average over five-year periods to

mitigate concern that any single year’s observation may be driving results. During the 1970-

74 period, our sample encompasses over 88% of the global population, increasing to over 90%

by the 2010-14 period.4 Despite the energy-endowed countries making up less than half our

sample, they account for over three quarters of the world’s population. This is unsurprising

given that the world’s three most populous countries, China, India, and the United States,

account for a combined 40% of the world population, and each have FF endowments.

Table 1 also provides summary statistics for inclusion in the Organization for Economic

Cooperation and Development (OECD), whether a country is landlocked, and the continent

4World population data were obtained from the World Bank Development Indicators Database, as PWT
does not encompass all countries worldwide.
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on which it is located. These characteristics show significant heterogeneity across our sam-

ple—and across endowed versus non-endowed countries—in both geographic dispersion and

economic development. For instance, of the OECD countries, 18 have energy endowments

and 11 do not.

Resource endowments. Panel B of Table 1 shows summary statistics on resource en-

dowments, again using two five-year averages, over the periods 1985-89 and 2013-17. A list

of all energy-endowed countries in our sample is provided in Appendix Table A2. Of the

56 countries within our sample identified as having a FF endowment, we find significant

variation across the different FF resources: 37 have oil, 40 have natural gas, and 26 have

coal, where several countries have endowments of two or all three FFs.5 As expected, the

geographic dispersion of oil and gas endowments is highly correlated (although not perfectly

correlated), whereas the correlations between oil and coal endowments and between gas and

coal endowments are much lower (see appendix Table A3).

Sample countries identified as oil-endowed accounted for roughly 90% of global oil reserves

during both the 1985-89 and 2013-17 periods. Sample countries identified as gas-endowed

accounted for around 67% of world reserves over each of these two five-year periods.6 For

coal, reserves data were not available; we use cumulative production as a proxy. Sample

countries identified as coal-endowed accounted for nearly 80% of global coal extraction in

the 1985-89 period, and over 90% in the 2013-17 period.

These statistics illustrate two important points. First, the vast majority of the world’s FF

reserves are located in these 56 countries. Second, the geographic distribution is persistent

across time. In other words, the countries with large FF reserves 40 years ago are, for the

most part, the same countries as today. This second point is crucial, as it allows us to treat

the distribution of FF endowments as plausibly exogenous.

GDP and Consumption. We consider two outcomes of interest summarized in Panel

C of Table 1: average GDP per capita growth rates and average consumption per capita

5Note that not all countries listed in BPStat as having significant FF endowments are included in our
final sample. Some were omitted due to limited data availability for other key variables. In particular, our
dataset does not include the former Soviet republics, several of which hold large FF endowments. Data for
the individual republics is not available for periods prior to the dissolution of the USSR. We do not view
this as problematic for our analysis.

6Unlike oil and gas production, which is a measure of actual oil and gas extraction in an area, reserves refer
to the oil and/or natural gas known to be available for extraction using current technologies, regardless of
whether the extraction of those resources is economically profitable. In modern times, reserves are typically
known for years before they become economically viable to extract.
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growth rates. Both are sourced from Penn World Tables 9.0. As before, we compute five-

year averages of GDP per capita and consumption per capita over the 1970-74 and 2010-14

periods. We then compute the average annual growth rate over this roughly 40-year interval.

We stress the importance of considering not only GDP per capita, but also consumption

per capita, for the following reason. For resource endowed countries, a significant share of

GDP might represent the extraction of existing resources, not value added. In other words,

GDP per capita will likely be sensitive to changes in prices of FF commodities. It has

been argued, therefore, that standard growth models may not sufficiently capture economic

welfare considerations these countries. Mankiw et al. (1992), for instance, explicitly omit

oil-endowed countries from their sample in one specification for this reason. Thus, analyzing

consumption per capita avoids this complication and helps provide more insight into the

economic welfare of the citizens residing in these FF-endowed countries.

We highlight a few notable takeaways from Panel C of Table 1. First, energy-endowed

countries were significantly wealthier in the 1970-74 period than non-energy-endowed coun-

tries, both in terms of GDP per capita and consumption per capita. Energy-endowed

countries had roughly 3 times the GDP per capita and over 70% higher consumption per

capita compared to non-energy-endowed countries during this five-year period. Interestingly,

however, energy-endowed countries also grew faster than non-endowed countries. Energy-

endowed countries’ GDP and consumption per capita grew at an average rate of 5.2% and

5.1% respectively, while non-energy-endowed countries these growth rates were significantly

lower, at 3.4% and 3.0% respectively. Thus, the energy-endowed countries were both wealth-

ier in the 1970-74 periods and grew faster over the subsequent decades. This seemingly con-

tradicts the economic convergence hypothesis, which argues the countries that started out

poorer—that is, the non-energy-endowed countries—should have grown faster on average.

What is also notable is that this pattern is consistently observed across all three subsets of

energy-endowed countries (oil, natural gas, and coal). Despite relative incomes in the 1970-

74 period and subsequent average growth rates varying considerably across these groups, all

three groups started off wealthier in terms of GDP per capita and consumption per capita

than non-energy-endowed countries and grew at a faster rate over the next 40 years.

Other Control Variables. We include additional control variables sourced directly from

Acemoglu et al. (2001). Absolute value of latitude (i.e., distance from the equator) is scaled

from 0 to 1, where 0 is the equator. Average protection against appropriation risk from 1985-

95 is a proxy for the quality of institutions and is scaled from 0 to 10, where a higher score
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indicates lower risk. Energy-endowed countries have higher quality institutions on average,

but these differences are relatively small—less than one standard deviation for each group

(oil, natural gas, coal) from the non-energy-endowed average. We also include as controls (i)

an indicator variable for soil type, and (ii) the number of gold, iron, silver, and zinc mines.

We present results of specifications with these control variables both included and excluded.

3 Empirical Specification

β-Convergence. We implement the standard β-convergence test that has been the foun-

dation of the cross-country convergence literature for decades (Johnson and Papageorgiou,

2019). The β-convergence test is illustrated in equation (1):

log
( yit
yi,t−τ

)
= α + β ln(yi,t−τ ) + uit, (1)

where yit is GDP (or consumption) per capita and uit is a normally distributed, mean zero

random disturbance.

A test of the hypothesis β = 0 against the alternative β < 0 is constructed as a test

for convergence, as the neoclassical model predicts that β < 0. Accordingly, in our model

we regress the average annual growth rate of GDP (consumption) per capita over 1974-

2010 against log GDP (consumption) per capita in the 1970-1974 period, both with and

without the inclusion of additional control variables. We begin by conducting this test for

all countries in our sample. Next, we restrict the sample first to OECD countries only and

then to non-OECD countries only. This initial exercise illustrates that our overarching result

is consistent with the conditional convergence hypothesis.

Next, and novel to our analysis, we conduct separate β-convergence tests for (1) energy-

endowed countries only; (2)-(4) oil-, gas-, and coal-endowed countries, respectively; and (5)

non-energy-endowed countries only. This exercise provides the core insight of our analy-

sis—whether FF endowments have been instrumental, inconsequential, or detrimental to

countries’ growth paths, and whether these energy endowments have fostered or hindered

convergence.

σ-Convergence. Finding support for the empirical hypothesis that β < 0 can be thought

of as the necessary condition for cross-country convergence. But even as early as 1933,

Hotelling (1933) critiqued β-convergence tests from a purely statistical approach. Hotelling
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presented a graph showing the time series plot of the annual variance of GDP per capita

across countries, stating that a consistent diminution over time of variance across countries

is the “real test of a tendency to converge.” Over 60 years later, Friedman (1992) reiterated

this view in an article entitled “Do Old Fallacies Ever Die?” Friedman confirmed Hotelling’s

view that a more appropriate test—that is, a sufficient condition—for convergence over time

is indeed a downward trend in the coefficient of variation across countries over time. While

modern day studies have implemented such “σ-convergence” tests, this has typically been

the exception rather than the rule (Young et al., 2008; Evans, 1996).

Following Friedman (1992), we therefore calculate and plot the time series of the yearly

coefficient of variation for real GDP per capita and consumption per capita across countries

over our sample period.

4 Results

OECD versus Non-OECD Countries. The first set of results replicates the classic β-

convergence test, showing conditional convergence for all countries, OECD countries, and

non-OECD countries. Results are shown in Table 2.

Panel A shows the results for GDP per capita for (1) the entire sample, (2) OECD coun-

tries only, and (3) non-OECD countries only. Point estimates suggest that for the entire

sample, a 10 percent increase in GDP per capita in the 1970-74 period is associated with a

0.75% slower average annual growth rate over the subsequent four decades.7 For OECD coun-

tries, this estimate increases in magnitude to -2.3%, thus indicating β-convergence among

OECD countries. We also find evidence of convergence among non-OECD countries, but the

rate of convergence in GDP per capita is less than half that among OECD countries. When

controls are included, the magnitudes increase for the full sample (-2.6%), OECD subsample

(-4.2%) and non-OECD subsample (-2.3%). This corroborates the conditional convergence

hypothesis.

The results in Panel B indicate β-convergence in consumption per capita as well. Results

are similar, in that all six coefficient estimates are negative, but the β coefficient estimate

is not statistically significant at traditional levels of confidence when the full sample is used

without additional controls. With the additional controls, the point estimates indicate that a

10 percent increase in 1970-74 consumption per capita is associated with a 2.8-3.9% reduction

7Note that these point estimates should be interpreted as elasticities, and not as percentage-point reduc-
tions in growth rates.
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in average annual consumption per capita growth over the subsequent 40 years.

Broadly speaking, these results are consistent with prior literature. Next, we conduct a

similar exercise with subsamples based on energy endowments.

Energy Endowed versus Non-Energy Endowed. Results broken down by resource

type are shown in Table 3. In column (1), we show results for all energy-endowed countries.

Next, in Columns (2)-(4) we break out results by FF type. In column (5) we present results

for countries with no energy endowments. Again, Panel A presents results for GDP per

capita and Panel B for consumption per capita, both with and without the inclusion of

additional control variables.

We highlight a few key findings. First, in column (1), for both GDP per capita and

consumption per capita, and both with and without additional controls, we find a negative

and statistically significant estimate of β. Next, when we limit the sample by resource type

in columns (2)-(4), every estimate of β is negative and is statistically significant at 95% con-

fidence or greater in 9 of 12 models. When the sample is restricted to coal-endowed countries

and controls are included, we do not find statistical significance of at least 90% confidence.

In contrast to results for FF endowed countries, for non-energy endowed countries, of the

four coefficients (GDP | Consumption, No Controls | Controls), two are positive and two are

negative and none are statistically significant at conventional levels of confidence.

To get a sense of magnitudes for FF endowed countries, consider the β coefficient esti-

mates for the column (1) models with additional controls included. A 10-percent increase

in GDP per capita in the 1970-74 period is associated with a 2.84% reduction in the aver-

age annual growth rate among energy-endowed countries. Similarly, a 10-percent increase

1970-74 consumption per capita is associated with a 3.39% reduction in its subsequent aver-

age annual growth rate. This analysis provides evidence that developing countries without

resource endowments are less likely to join the path to convergence than relatively similar

developing countries without energy endowments.

Figure 1 shows a graphical representation of the unconditional convergence tests in Table

3.8 Upon visual inspection, a clear negative relationship exists between initial log real GDP

(consumption) per capita and subsequent annual average growth rates for energy-endowed

countries, but not for non-energy-endowed countries. In fact, for non-energy-endowed coun-

tries there is a visibly positive relationship between initial GDP and consumption per capita

and subsequent growth rates, although as Table 3 indicates this positive relationship is not

8A corollary figure for Table 2 can be found in Figure A1 in the Appendix.
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statistically significant.

Visual inspection reveals heteroskedasticity in these scatter plots, for both GDP per

capita and consumption per capita for energy endowed countries. In particular, there is

greater variation in subsequent growth rates for initially low-income countries, and by con-

trast we see relatively little variation in subsequent growth rates for initially high-income

countries. Although we do not address the underlying mechanism empirically, this observa-

tion suggests that while energy endowments can assist with jump starting a country towards

the path to convergence, the endowment by no means guarantees a path to convergence.

Rather, we interpret this to suggest that while we do not rule out the possibility for re-

source curse and Dutch Disease effects, these negative effects on average do not outweigh

economic benefits from an endowment of FF resources. This heterogeneity among initially

low income countries is likely dependent upon unobserved factors such as institutions and

financial markets.9

Next, we turn attention to the σ-convergence tests for energy-endowed versus non-energy-

endowed countries, presented in Figure 2.10 We highlight two key observations. First, for

non-energy-endowed countries, we find a general increase in the coefficient of variation (CV)

over the sample time period, for both GDP per capita and consumption per capita. The CV

across this subset of countries increased considerably over the sample period, but flattened

out since 1990. In the last few years of the sample, the cross-country variation in both GPD

and consumption declined somewhat, but still at a higher levels than its starting point in

1970. This corroborates results of the β-convergence tests that non-energy-endowed countries

have experienced a general divergence in both GDP per capita and consumption per capita

over the sample period.

For energy-endowed countries the story is clearly different. For GDP per capita, the CV

shows a steady decline in dispersion over time (with a few minor upturns). For consumption

per capita, however, the CV remained largely flat from 1970 until around 2000, at which

point the energy-endowed countries began to experience noticeable convergence. Moreover,

compared to non-energy-endowed countries, in the first year of the sample, 1970, the CV for

9As a robustness check, we test whether the β convergence test results are sensitive to the sample period
chosen. In order to address this, we split the sample into two periods; where “early sample” includes 1970-74
to 1990-94 and “late sample” includes 1990-94 to 2010-14. Results are show in Appendix Table A4. Of
the eight coefficient estimates presented for energy endowed countries (GDP per capita | consumption per
capita, early sample | late sample, no controls | controls), all are negative and six are statistically significant
at p = .05. Of the eight coefficients for non-energy endowed countries, four are positive and four are negative;
none are statistically significant at p = .1. Thus, the overarching result is not sensitive to the sample time
period used.

10Corollary figures for OECD and non-OECD countries are shown in Figure A2 of the Appendix.
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GDP per capita was higher for the energy-endowed sample than for the non-energy-endowed

sample, whereas the CV’s for consumption per capita were roughly identical across the two

groups. By the last year of the sample, 2014, the CV’s for GDP per capita and consumption

per capita among energy-endowed countries were each more than 40-percent lower than those

for the non-energy-endowed countries.

We draw two overarching conclusions from the σ-convergence tests. First, we corroborate

the key result of the β-convergence tests—that economic convergence has occurred among

energy-endowed countries, but not among those countries lacking energy endowments. Sec-

ond, among energy-endowed countries this convergence was especially strong during the last

15 years of the sample period, or roughly since the turn of the century. This result is con-

sistent with the Johnson and Papageorgiou (2019) observation that “[s]ince the early 1990s

the pace of growth of income per capita in many developing economies has accelerated to

unprecedented levels and is substantially above that in high income countries.” We have

shown that the increased speed of convergence since the 1990s has been driven by countries

with valuable FF endowments.

5 Conclusions

In this analysis, we assess the extent to which fossil fuel endowments have supported

economic convergence. Specifically, we employ traditional β- and σ-convergence tests to

ascertain whether countries with endowments of oil, natural gas, and coal converged in both

GDP per capita and consumption per capita, compared to countries without these energy

resource endowments.

We provide evidence of β-convergence among energy-endowed countries, but not among

non-energy-endowed countries. This result is consistent across the three fossil fuel resource

types—oil, natural gas, and coal—noting that the countries that make up these groups are

different. We then confirm that σ-convergence has occurred for the energy-endowed group,

but not for the non-energy-endowed group. Our σ-convergence tests also indicate that this

convergence has accelerated since 2000, especially the convergence in consumption per capita.

Our results suggest (i) that FF endowments have been an important determinant of

economic growth, and (ii) potential resource curse and Dutch Disease effects on average do

not outweigh economic benefits received from FF resources.

We acknowledge a two main limitations to our approach that can be addressed in future

research. First, the real prices of oil, natural gas, and coal fluctuate over time and across
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countries (Plante and Strickler, 2019). While oil prices have been somewhat global in nature,

natural gas and coal prices vary significantly across areas. Choosing a sample time period

with very different real prices of the commodity at the beginning and end years of the sample

risks picking up on business cycles induced by commodity swings, not long-term economic

growth. We attempt to mitigate this concern by (a) conducting a σ-convergence tests are,

by design, insensitive to starting and ending periods and (b) providing a robustness check

to a different starting time period.

Second, in this analysis we identify fossil fuel endowments based on whether countries

had significant oil and gas reserves and/or coal production. We show that the geographic

distribution of such endowments is largely persistent over time in terms of overall shares of

world reserves/production, but we do not consider the relative contribution to GDP of the

fossil fuel extraction industry for each country individually. For instance, the United States

has vast fossil fuel energy resources, but this industry still makes up less than one percent

of employment.11 This is in contrast to a small country like the United Arab Emirates

or Kuwait with a large share of natural resource exports as a precent of GDP (Sachs and

Warner, 2001). Differentiating countries with large fossil fuel extraction industries relative

to their economic activity might be important.

In closing, our results suggest that despite the salient concerns about pollution and CO2

emissions, fossil fuels have played a significant role in economic development over the sample

period under consideration. FF endowed countries have both experienced relatively fast

economic growth rates and have exhibited cross-country economic convergence within this

sample. Non-FF endowed countries have experienced on average slower growth rates and

have not exhibited a pattern of convergence.

11Source: Quarterly Workforce Indicators. Mining, quarrying and oil and gas extraction as a share of total
employment.
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Table 1: Summary Statistics

All Countries All Energy Oil Natural Gas Coal No Energy

Panel A: Country Characteristics
Number of Countries 127 56 37 40 26 71
OECD 29 18 8 12 13 11
% World Population 1970-74 88.15% 77.57% 63.76% 70.42% 66.28% 10.58%
% World Population 2010-14 90.68% 77.42% 64.86% 71.02% 63.51% 13.26%
Landlocked 21 3 0 1 2 18
Africa 45 10 8 3 2 35
Asia 29 22 14 19 9 7
Other Continent 4 2 1 1 2 2

Panel B: Resource Endowments

% World Oil Reserves 1985-89 90.30% 90.30% 90.30% 89.57% 24.38% 0.00%
% World Oil Reserves 2013-17 87.63% 87.63% 87.63% 86.26% 34.93% 0.00%
% World Gas Reserves 1985-89 67.19% 67.19% 63.47% 67.19% 20.26% 0.00%
% World Gas Reserves 2013-17 67.32% 67.32% 65.82% 67.32% 16.59% 0.00%
% World Coal Production 1985-89 77.81% 77.81% 58.34% 70.57% 77.81% 0.00%
% World Coal Production 2013-17 91.17% 91.17% 83.47% 85.99% 91.17% 0.00%

All Countries All Energy Oil Natural Gas Coal No Energy

Std. Std. Std. Std. Std. Std.
Mean Dev. N Mean Dev. N Mean Dev. N Mean Dev. N Mean Dev. N Mean Dev. N

Panel C: Variables of Interest

GDP Per Capita 1970-74 $9,716 $22,784 127 $15,535 $32,912 56 $19,057 $39,949 37 $19,097 $38,391 40 $8,491 $6,858 26 $5,125 $5,903 71
GDP Per Capita 2010-14 $18,159 $21,613 127 $25,289 $25,332 56 $27,405 $29,376 37 $28,996 $28,514 40 $21,179 $14,130 26 $12,535 $16,242 71
Average Growth Rate 4.2% 4.9% 127 5.2% 4.9% 56 5.4% 5.3% 37 5.5% 5.2% 40 5.8% 4.9% 26 3.4% 4.8% 71

Consumption Per Capita 1970-74 $5,409 $6,252 127 $7,150 $7,832 56 $7,658 $9,124 37 $8,129 $8,881 40 $6,184 $4,978 26 $4,037 $4,221 71
Consumption Per Capita 2010-14 $12,068 $11,155 127 $15,506 $10,777 56 $15,128 $11,124 37 $16,775 $11,259 40 $16,503 $11,127 26 $9,357 $10,762 71
Average Growth Rate 3.9% 4.1% 127 5.1% 4.4% 56 5.2% 4.9% 37 5.4% 4.7% 40 5.6% 3.5% 26 3.0% 3.6% 71

Panel D: Other Control Variables

Absolute Value of Latitude .264 .180 127 .312 .178 56 .267 .185 37 .313 .177 40 .354 .178 26 .226 .174 71
Protection Against Expropriation 7.13 1.79 108 7.36 1.72 55 7.18 1.79 37 7.37 1.73 39 8.11 1.23 25 6.89 1.81 53

Additional control variables are included in regressions including soil type categories and mineral mines. All sourced directly from Acemoglu et al. (2001).
Summary statistics not listed for brevity.
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Table 2: β-Convergence Test

(1) (2) (3)
Full Sample OECD Non-OECD

Panel A: Convergence of GDP Per Capita

β -0.00746∗ -0.0231∗∗ -0.0105∗

(0.004) (0.007) (0.004)
N 127 29 98
R2 0.032 0.206 0.044
Controls No No No

β -0.0259∗∗∗ -0.0415∗∗ -0.0228∗∗

(0.006) (0.012) (0.007)
N 107 28 79
R2 0.428 0.651 0.470
Controls Yes Yes Yes

Panel B: Convergence of Consumption Per Capita

β -0.00562 -0.0286∗∗∗ -0.00940∗

(0.004) (0.006) (0.005)
N 127 29 98
R2 0.019 0.567 0.032
Controls No No No

β -0.0287∗∗∗ -0.0394∗∗∗ -0.0281∗∗

(0.007) (0.004) (0.008)
N 107 28 79
R2 0.431 0.944 0.460
Controls Yes Yes Yes

Standard errors in parentheses. Control variables include indica-
tor variables for whether the country is landlocked, continent, soil
type, number of on gold, iron, silver and zinc mines, distance from
equator and average expropriation risk sourced from Acemoglu et
al. (2001).
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 3: β-Convergence by Resource Type

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

Panel A: Convergence of GDP Per Capita

All Energy Oil Natural Gas Coal No Energy
β -0.0236∗∗∗ -0.0254∗∗∗ -0.0249∗∗∗ -0.0336∗∗∗ 0.00260

(0.005) (0.005) (0.005) (0.008) (0.006)
N 56 37 40 26 71
R2 0.346 0.396 0.414 0.484 0.003
Controls No No No No No

β -0.0284∗∗∗ -0.0361∗∗ -0.0251∗∗ -0.0543 -0.0263
(0.007) (0.010) (0.007) (0.023) (0.020)

N 54 36 38 25 53
R2 0.631 0.729 0.711 0.946 0.455
Controls Yes Yes Yes Yes Yes

Panel B: Convergence of Consumption Per Capita

β -0.0243∗∗∗ -0.0288∗∗∗ -0.0280∗∗∗ -0.0228∗∗ 0.00502
(0.005) (0.007) (0.006) (0.006) (0.004)

N 56 37 40 26 71
R2 0.314 0.383 0.437 0.386 0.017
Controls No No No No No

β -0.0339∗∗ -0.0457∗∗ -0.0229∗ -0.0439 -0.0209
(0.011) (0.013) (0.010) (0.026) (0.013)

N 54 36 38 25 53
R2 0.505 0.675 0.663 0.904 0.560
Controls Yes Yes Yes Yes Yes

Standard errors in parentheses. Control variables include indicator variables for
whether the country is OECD, landlocked, continent, soil type and data on gold,
iron, silver and zinc mines, distance from equator and average expropriation risk
sourced from Acemoglu et al. (2001).
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Figure 1: β Convergence Graphs
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Figure 2: σ Convergence Graphs

19

 Electronic copy available at: https://ssrn.com/abstract=3414528 



References

Acemoglu, Daron and James Robinson, Why Nations Fail: The Origins of Power,

Prosperity, and Poverty, Currency, March 2012.

, Simon Johnson, and James A Robinson, “The Colonial Origins of Comparative

Development: An Empirical Investigation,” American Economic Review, 2001, 91 (5),

1369–1401.

Acheampong, Alex O, “Economic growth, CO2 emissions and energy consumption: What

causes what and where?,” Energy Economics, 2018, 74, 677–692.

Aghion, Philippe, Diego Comin, Peter Howitt, and Isabel Tecu, “When Does

Domestic Savings Matter for Economic Growth?,” IMF Economic Review, August 2016,

64 (3), 381–407.

Alfaro, Laura, Areendam Chanda, Sebnem Kalemli-Ozcan, and Selin Sayek, “FDI

and economic growth: the role of local financial markets,” Journal of International Eco-

nomics, 2004, 64 (1), 89–112.

Allcott, Hunt and Daniel Keniston, “Dutch Disease or Agglomeration? The Local

Economic Effects of Natural Resource Booms in Modern America,” Review of Economic

Studies, 2018, 85, 695–731.

Auty, Richard M. and Raymond Frech Mikesell, Sustainable Development in Mineral

Economies, Oxford University Press, 1998.

Barrow, Robert J., “Economic Growth in a Cross-Section of Countries,” Quarterly Journal

of Economics, 1991, 106, 407–443.

Baumol, William J., “Productivity Growth, Convergence, and Welfare: What the Long-

Run Data Show,” The American Economic Review, 1986, 76 (5), 1072–1085.

Benkraiem, Ramzi, Amine Lahiani, Anthony Miloudi, and Muhammad Shahbaz,

“The asymmetric role of shadow economy in the energy-growth nexus in Bolivia,” Energy

Policy, 2019, 125, 405–417.

Borensztein, Eduardo, Jose De Gregorio, and Lee Jong-Wha, “How does foreign

direct investment affect economic growth?,” Journal of International Economics, 1998, 45

(1), 115–135.

20

 Electronic copy available at: https://ssrn.com/abstract=3414528 



Brunnschweiler, Christa N. and Erwin H. Bulte, “Natural resources and violent con-

flict: resource abundance, dependence, and the onset of civil wars,” Oxford Economic

Papers, 2009, 61 (4), 651–674.

Bulte, Erwin and Richard Damania, “Resources for sale: Corruption, democracy, and

the natural resource curse,” The B.E. Journal of Economic Analysis & Policy, 2008, 8, 5.

Cascio, Elizabeth U. and Ayushi Narayan, “Who Needs a Fracking Education? The

Educational Response to Biased Technological Change,” NBER Working Paper, 2017,

(21359).

Collier, Paul and Benedikt Goderis, “Commodity Prices, Growth, and the Natural

Resource Curse: Reconciling a Conundrum,” Working Paper, 2009.

Decker, Ryan A., Meagan McCollum, and Gregory B. Upton, “Firm Dynamics and

Local Economic Shocks: Evidence from the Shale Oil and Gas Boom,” Working Paper,

2018.

Dietz, Simon, Eric Neumayer, and Indra De Soysa, “Corruption, the resource curse

and genuine saving,” Environment and Development Economics, 2007, 12, 33–53.

Dowrick, Steve, “Technological Catch Up and Diverging Incomes: Patterns of Economic

Growth 1960-88,” The Economic Journal, 1992, 102 (412), 600–610.

Evans, Paul, “Using cross-country variances to evaluate growth theories,” Journal of Eco-

nomic Dynamics and Control, 1996, 20 (6-7), 1027–47.

Feyrer, James, Erin T Mansur, and Bruce Sacerdote, “Geographic dispersion of eco-

nomic shocks: Evidence from the fracking revolution,” The American Economic Review,

2017, 107 (4), 1313–1334.

Friedman, Milton, “Do Old Fallacies Ever Die,” Journal of Economic Literature, 1992,

30, 2129–2132.

Guetat, Imène, “The effects of corruption on growth performance of the MENA countries,”

Journal of Economics and Finance, 2006, 30, 208–221.

Gylfason, Thorvaldur, “Natural resources, education, and economic development,” Euro-

pean Economic Review, 2001, 45, 847–859.

21

 Electronic copy available at: https://ssrn.com/abstract=3414528 



, Tryggvi Thor Herbertsson, and Gylfi Zoega, “A Mixed Blessing: Natural Re-

sources and Economic Growth,” Macroeconomic Dynamics, 1999, 3 (2), 204–225.

Hao, Yu, Ling’ou Wang, Lingyun Zhu, and Minjie Ye, “The dynamic relationship

between energy consumption, investment and economic growth in China’s rural area: New

evidence based on provincial panel data,” Energy, 2018, 154 (1), 374–382.

Harding, Torfinn and Anthony J Venables, “The Implications of Natural Resource

Exports for Nonresource Trade,” IMF Economic Review, 2016, 64 (2), 268–302.

Hotelling, Harold, “Review of The triumph of mediocrity in business,” Journal of the

American Statistical Association, 1933, 28 (184), 463–65.

Howitt, Peter and David Mayer-Foulkes, “R&D, Implementation, and Stagnation: A

Schumpeterian Theory of Convergence Clubs,” Journal of Money, Credit and Banking,

2005, 37 (1), 147–177.

Ismail, Kareem, “The Structural Manifestation of the ‘Dutch Disease’ : The Case of Oil

Exporting Countries,” IMF Working Paper 10/103, 2010.

James, Alexander G., “The resource curse: A statistical mirage?,” Journal of Develop-

ment Economics, 2015, 114, 55–63.

Johnson, Paul and Chris Papageorgiou, “What Remains of Cross-Country Conver-

gence?,” Journal of Economic Literature, 2019, Forthcoming.

Kalyuzhnova, Yelena, Ali M. Kutan, and Taner Yigit, “Corruption and economic

development in energy-rich economies,” Comparative Economic Studies, 2009, 51, 165–180.

Kolstad, Ivar and Tina Søreide, “Corruption in natural resource management: Implica-

tions for policy makers,” Resources Policy, 2009, 34, 214–226.

Lederman, Daniel and William F. Maloney, Natural Resources Neither curse nor

Destiny, Stanford University Press, 2007.

Liu, Da, Liang Ruan, Jinchen Liu, Huang Huan, Guowei Zhang, Yi Feng, and

Ying Li, “Electricity consumption and economic growth nexus in Beijing: A causal analy-

sis of quarterly sectoral data Author links open overlay panel,” Renewable and Sustainable

Energy Reviews, 2018, 82 (3), 2498–2503.

22

 Electronic copy available at: https://ssrn.com/abstract=3414528 



Mankiw, N. Gregory, David Romer, and David N. Weil, “A Contribution to the

Empirics of Economic Growth,” The Quarterly Journal of Economics, 1992, 107, 407–

437.

Manzano, Osmel and Roberto Rigobon, “Resource Curse or Debt Overhang?,” NBER

Working Paper, 2001.

Marchand, Joseph, “Local labor market impacts of energy boom-bust-boom in Western

Canada,” Journal of Urban Economics, 2012, 71 (1), 165–174.

McCollum, Meagan and Gregory B. Upton, “Local Labor Market Shocks and Res-

idential Mortgage Payments: Evidence from Shale Oil and Gas Booms,” Resource and

Energy Economics, 2018, 53, 162–197.

Nyasha, Sheilla, Yvonne Gwenhure, and Nicholas M Odhiambo, “Energy consump-

tion and economic growth in Ethiopia: A dynamic causal linkage Energy consumption and

economic growth in Ethiopia: A dynamic causal linkage,” Energy & Environment, 2018,

29 (8), 1393–1412.

Plante, Michael and Grant Strickler, “Closer to one great pool? Evidence from struc-

tural breaks in oil price differentials,” Working paper, 2019.

Pritchett, Lant, “Divergence, Big Time,” The Journal of Economic Perspectives, 1997, 11

(3), 3–17.

Rus, Horatio, “Corruption, conflict, and the management of natural resources,” Economics

of Governance, 2014, 15, 355–386.

Sachs, Jeffrey D and Andrew M Warner, “The big push, natural resource booms and

growth,” Journal of Development Economics, 1999, 59 (1), 43–76.

Sachs, Jeffrey D. and Andrew M. Warner, “Natural Resources and Economic Devel-

opment: The curse of natural resources,” European Economics Review, 2001, 45, 827–838.

Smith, Brock, “The resource curse exorcised: Evidence from a panel of countries,” Journal

of Development Economics, 2015, 116, 57–73.

Solow, Robert M, “A Contribution to the Empirics of Economic Growth,” The Quarterly

Journal of Economics, 1956, 70 (1), 65–94.

23

 Electronic copy available at: https://ssrn.com/abstract=3414528 



S.Ouedraogo, Nadia, “Energy consumption and economic growth: Evidence from the

economic community of West African States (ECOWAS),” Energy Economics, 2013, 36

(637-647).

Upton, Gregory B. and Han Yu, “Local Labor Market Shocks and Employment and

Earnings Differentials: Evidence from Shale Oil and Gas Booms.,” USAEE Working Paper,

2019.

van der Ploeg, Frederick, “Natural Resources: Curse or Blessing?,” Journal of Economic

Literature, 2011, 49 (2), 366–420.

Wadho, Waqar Ahmed, “Education, Rent-seeking, and the Curse of Natural Resources,”

Economics & Politics, 2014, 26, 128–156.

Wesseh, Presley K. and Boqiang Lin, “Energy consumption, fuel substitution, technical

change, and economic growth: Implications for CO2 mitigation in Egypt,” Energy Policy,

2018, 117, 340–347.

Young, Andrew T., Matthew J. Higgins, and Daniel Levy, “Sigma Convergence

versus Beta Convergence: Evidence from U.S. County-Level Data,” Journal of Money,

Credit and Banking, 2008, 40 (5).

24

 Electronic copy available at: https://ssrn.com/abstract=3414528 



A Online Appendix

Table A1: Data Description and Sources

Log GDP Per Capita, 1970-1974 and 2010-2014: Output-side real GDP at chained PPPs
(in mil. 2011USD). Penn World Tables 9.0. Population data also from PWT 9.0. Mean values
from 1970-74 and 2010-2014. These are the first and last 5 year period available.
Log Consumption Per Capita, 1970-1974 and 2010-2014: Real consumption of households
and government, at current PPPs (in mil. 2011 USD). Penn World Tables 9.0. Population data
also from PWT 9.0. A simple average of all countries for 1970-74 and 2010-2014 are taken. These
are the first and last 5 year period available.
Oil Reserves: 2018 BP Statistical Review of World Energy. All countries with BP tracked oil
reserves are included as oil endowed country regardless of level of reserves.
Natural Gas Reserves: 2018 BP Statistical Review of World Energy. All countries for which
BP tracked natural gas reserves are included as oil endowed country regardless of level of reserves.
Coal Production: 2018 BP Statistical Review of World Energy. All countries for which BP
tracked coal production are included as coal endowed country regardless of level of production.
Average protection against expropriation risk, 1985-1995: Risk of appropriation of private
foreign investment by government, from 0 to 10, where a higher score means less risk. Mean value
of all years from 1985 to 1995. Sourced directly from Acemoglu et al. 2001.
Soil quality: Dummies for steppe (low latitude), desert (low latitude), steppe (middle latitude),
dessert (middle latitude), dry steppe wasteland, desert dry winter, and highland. Due to limited
sample size, I categorize into steppe (low latitude), desert (low latitude), and other. This data
sourced directly from Acemoglu et al. 2001. Initially sourced from Parker (1997).
Dummy for landlocked: Equal to 1 if country does not adjoin the sea. Sourced directly from
Acemoglu et al. 2001. Initially sourced from Parker (1997).
Latitude: Absolute value of latitude of the country (i.e., a measure of distance from the equator)
scaled to take values between 0 and 1, where 0 is the equator. Sourced directly from Acemoglu et
al. 2001. Initially sourced from La Porta et al. (1999).
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Table A2: Sample countries with FF Endowments

Country Oil Natural Gas Coal

Algeria D D
Angola D
Argentina D D
Australia D D D
Bahrain D
Bangladesh D
Bolivia D
Brazil D D D
Bulgaria D
Canda D D D
China D D D
Colombia D D D
Congo, Rep. D
Denmark D D
Ecuador D
Egypt D D
Gabon D
Germany D D
Greece D
Hungary D
India D D D
Indonesia D D D
Iran D D
Iraq D D
Israel D
Italy D D
Japan D
Kuwait D D
Malaysia D D
Mexico D D D

Continued on next page
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Table A2 – continued from previous page

Country Oil Natural Gas Coal

Mongolia D
Myanmar D
Netherlands D
New Zealand D
Nigeria D D
Norway D D
Oman D D
Pakistan D D
Peru D D
Poland D D
Qatar D D
Saudi Arabia D D
South Africa D
Spain D
Sudan D
Syria D D
Thailand D D D
Trinidad & Tobago D D
Tunisia D
Turkey D
United Arab Emirates D D
United Kingdom D D D
United States D D D
Venezuela D D D
Vietnam D D D
Zimbabwe D
Number of Countries 37 40 26

Share of World Reserves | Production

1985-1989 90.3% 67.2% 77.8%

2013-2017 87.6% 67.3% 91.2%

Continued on next page
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Table A2 – continued from previous page

Country Oil Natural Gas Coal

Source: 2018 BP Statistical Report. Countries with no FF en-

dowments not listed. For coal, historical reserve data were not

available; thus cumulative production is listed as a proxy for re-

serves.
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Table A3: Correlation Matrix

(1)

Coal Natural Gas Oil OECD
Coal 1
Natural Gas 0.328∗∗∗ 1
Oil 0.233∗∗ 0.722∗∗∗ 1
OECD 0.328∗∗∗ 0.116 -0.0185 1
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Figure A1: β Convergence Graphs - OECD vs. Non-OECD Countries
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Figure A2: σ Convergence Graphs - OECD vs. Non-OECD Countries
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Table A4: β-Convergence Comparing Early and Late Sample Time Periods

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

Early Sample - 1970-74 to 1990-94 Late Sample - 1990-94 to 2010-14

Panel A: Convergence of GDP Per Capita

All Energy No-Energy All Energy No Energy
β -0.00936∗∗ 0.00342 -0.0331∗∗∗ 0.00162

(0.003) (0.005) (0.008) (0.003)
N 56 71 56 71
R2 0.138 0.007 0.340 0.005
Controls No No No No

β -0.0194∗∗∗ -0.0212 -0.0189 -0.00988
(0.004) (0.018) (0.018) (0.008)

N 54 53 54 53
R2 0.667 0.431 0.501 0.379
Controls Yes Yes Yes Yes

Panel B: Convergence of Consumption Per Capita

β -0.00657 0.00381 -0.0400∗∗ 0.00181
(0.004) (0.004) (0.013) (0.004)

N 56 71 56 71
R2 0.057 0.011 0.395 0.005
Controls No No No No

β -0.0211∗∗∗ -0.0204 -0.0495∗∗ -0.0151
(0.006) (0.014) (0.018) (0.009)

N 54 53 54 53
R2 0.510 0.450 0.611 0.406
Controls Yes Yes Yes Yes

Standard errors in parentheses. Control variables include indicator variables for
whether the country is OECD, landlocked, continent, soil type and data on gold,
iron, silver and zinc mines, distance from equator and average expropriation risk
sourced from Acemoglu et al. (2001).
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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