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Abstract
Botswana is typical of the countries that are endowed with abundant natural resources. Although it is commonly accepted that resource-rich economies tend to fail in accelerating growth, Botswana has experienced the most remarkable economic performance in the region. Using the latest cross-country data, this study empirically readdresses the question of whether resource abundance can contribute to growth. It finds that governance determines the extent to which the growth effects of resource wealth can materialize. In developing countries in particular, the quality of regulation, such as the predictability of changes of regulations, and anticorruption policies, such as transparency and accountability in the public sector, are most important for effective natural resource management and growth.
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I. INTRODUCTION
Botswana, which is one of the most resource-rich countries in the world, has experienced remarkable growth for several decades. Its abundance of diamonds seems to have contributed significantly to Botswana’s strong economic growth. The average growth rate since the 1980s has been 7.8 percent, about 40 percent of which can be explained by mining, though recent economic diversification has slightly reduced that contribution (Figure 1). However, it is commonly accepted that resource-abundant economies tend to grow less rapidly than resource-scarce economies—the phenomenon often referred to as the “resource curse.” This paper casts light on the question of whether and why Botswana has succeeded in transforming its diamond wealth into growth and development.
Figure 1. Botswana: Growth Contribution by Mining, 1980/81–2003/04
Source: Botswana authorities.
One of the pioneer studies addressing the relationship between natural resource richness and economic growth is Sachs and Warner (1995). They find that developing countries with abundant primary resources are likely to grow slowly when initial income levels and differences in macroeconomic policies are controlled. Papyrakis and Gerlagh (2004), focusing on the transmission channels through which resource richness affects economic growth, show that the indirect, negative effects through macroeconomic policies, such as trade openness and educational investment, outweigh the direct, positive resource effects. Leite and Weidmann’s evidence (1999) also supports the resource curse hypothesis. Capital-intensive resource industries tend to induce more corruption, hampering economic development.
Theoretically, however, abundant natural resources could promote growth, since resource richness can give a “big push” to the economy through more investment in economic infrastructure and more rapid human capital development. Therefore, any resource-rich country must attain higher growth rates (Sachs and Warner, 1999; Murphy, Shleifer, and Vishny, 2000).
Various reasons have been put forward for failures to effectively transform natural resources to growth. One of the most crucial, when attention is paid to the importance of governance in facilitating economic development, is that natural resource wealth sows the seeds of discord and conflict among domestic stakeholders, such as politicians, developers, local tribes, and citizens (also known as taxpayers).2 They are naturally motivated to seek unfair resource rents, quickly depleting natural resources and wasting resource revenue.
A model of political evolution for analyzing a resource-rich country shows that high resource dependency, concentration of government control over resources, and government’s ability to tax the opposition, such as private entrepreneurs, all inhibit the development of democracy and provoke insurrection. As the result, natural resources may impede economic growth (Shahnawaz and Nugent, 2004).3 One implication of this is that because of their high earnings from natural resources, resource-dependent countries have less need for tax revenues and are therefore relatively relieved of accountability pressures.
Resource rents tend to bring about not only conflict but also corruption. Leite and Weidmann (1999), modeling the effects of anticorruption policies, show that strengthened monitoring can reduce the steady-state shadow price of capital, producing a higher growth rate during the convergence.
From the viewpoint of government fiscal management, in developing countries large resource rents may have the same negative impact as massive foreign aid inflows. As described in the aid fungibility literature (e.g., Devarajan and Swarrop, 1998; Gupta and others, 2003), resource wealth may relieve governments of tax collection pressures and reduce fiscal discipline. It is natural that populists tend to pander to the insatiable wish of citizens to reduce taxes. Bacon (2001) mentions that oil-producing countries are likely to charge lower domestic gasoline prices, implying that natural resource rents obtained from upstream royalties are subsidizing domestic downstream consumption.
An intuitive but important policy implication from all this is that government resource management could catalyze resource endowment to produce economic prosperity. Resource abundance would be advantageous to any economy whose government has a sound long-term plan for extracting natural resources and an effective mechanism for spending revenues on the social and economic infrastructure needed for sustained growth.4 If governance is poor, resource earnings tend to be unevenly distributed and unfairly dissipated, leading the country into economic stagnation. In Latin America, in fact, high income inequality stemming from uneven distribution of resource returns has ended in failure to accumulate social and human capital, interfering with sustained growth and economic diversification (Leamer and others, 1999).5
From the economic perspective, the other possible reason for stagnation in resource-rich countries is the Dutch disease problem. In resource-exporting countries, sectors other than natural resources (typically manufacturing) are likely to suffer from real appreciation of the national currency, because natural resource earnings are in part absorbed by the domestic nontradable sector (e.g., Corden and Neary, 1982). In the context of slow growth in Africa, Sachs and Warner (1997) interpret the estimated negative growth impact of natural resources to be part of the dynamic Dutch disease syndrome. In general, however, it is rarely easy to see such a direct effect of large resource exports on the terms of trade—which is one of the major measures of external competitiveness (Figure 2), though there are other measures, such as factor costs, composition of exports, and national economic productivity.
Figure 2. Natural Resource Abundance and Terms of Trade, 1998-2002
Sources: Botswana authorities, World Economic Outlook database, and World Integrated Trade Solution database.
In addition, the natural resource sector is generally capital-intensive and asset-specific. Extraction of minerals requires large, durable, location-specific investments (often referred to as site specificity). Once sited, the assets are almost immobile. Such investments in facilities and equipment tend to be unique to a particular mine and region (Masten and Crocker, 1985; Joskow, 1987). Thus, natural resource development brings about few positive externalities to forward and backward industries (Sachs and Warner, 1995). For the same reasons, the learning-by-doing effect is not expected in this area, either.
Based on the viewpoint of political economy that natural resource abundance is linked with economic growth through governance, this paper examines whether Botswana has succeeded in escaping the resource curse. The Dutch disease syndrome is only partly taken into account. Section II illustrates the relationship between resource richness, growth, and governance, with particular attention to Botswana. Section III describes the empirical model and the data and econometric issues. Section IV presents the estimation results. Section V discusses the policy implications.
II. RECENT DEVELOPMENTS IN NATURAL RESOURCES AND GOVERNANCE IN BOTSWANA
A. Natural Resources and Growth
Total world natural resource exports in 2002 amounted to over US$ 700 billion; Botswana exported some US$ 2 billion of diamonds, nickel, copper, gold, and other resources—over 80 percent of its total exports (Figure 3).67 On a per capita basis, the distribution of world natural resource wealth is extremely skewed (see Figure 4).8 Botswana is the 18th largest resource exporter among 161 countries for which data are available.
Figure 3. Natural Resource Exports, 1990–2002 (In billions of U.S. dollars)
Sources: Botswana authorities and WITS database.
Figure 4. Natural Resource Exports per Capita, 1998–2002
(In U.S. dollars; period average)
Sources: Botswana authorities and WITS database.
Though Botswana has experienced strong growth thanks to this abundance of resources, such growth may not be sustainable. First, the capital-intensive mining sector does not provide many employment opportunities. While mining production contributed 40 percent to GDP (Figure 5), it absorbed only 4 percent of total employment (Figure 6).9 Regardless of the government’s efforts to diversify the economy, developing the nontraditional industries has been challenging (Figure 5).10 In that sense, as Sachs and Warner (1995) hypothesized, too specific and intensified capital investment in the primary sector has restrained Botswana from benefiting from forward and backward linkages and labor market externalities.11
Figure 5. Botswana: Mining Share of GDP, 1980/81–2003/04
Source: Botswana authorities.
Figure 6. Botswana: Employment Share by Industry, 2001
Source: Botswana authorities.
Second, geographical characteristics, such as lack of access to the sea, also make it harder to relate resource abundance to growth. Because natural resources are usually exported by sea, landlocked countries have extremely high shipping costs. Significantly, about one-third of sub-Saharan African countries, like Botswana, are landlocked (Sachs and Warner, 1997). Bloom, Canning and Sevilla (2003) indeed finds that the proximity of land to the coast has a positive impact on national income and a high air temperature has a negative impact. The empirical analysis that follows takes the landlocked factor into consideration.
Finally, it is debatable whether Botswana has suffered from the typical Dutch disease syndrome.12 Between 1998 and 2002, Botswana exported about US$ 1,200 of natural resources per capita; at the same time, it suffered a 16 percent deterioration in terms of trade. Yet in the first half of the 1990s, the terms of trade index improved by about 10 percent.
B. Governance
The reason Botswana has nevertheless achieved marked growth to date seems to be that it has sound institutions and good governance. As to how Botswana has been successful in developing a solid institutional structure, see Acemoglu, Johnson, and Robinson (2002). They point out that Botswana’s good institutions, particularly in the private property area, have stemmed from its precolonial political institutions, limited British colonialism, strong political leadership since independence, and the elite’s motivation to reinforce institutions.
According to the Governance Research Indicator Country Snapshot (GRICS) database developed by Kaufmann, Kraay, and Mastruzzi (2003), Botswana has enjoyed relatively good governance by global and regional standards (Table 1). The GRICS indices cover six dimensions of governance: voice and accountability, political stability, government effectiveness, regulatory quality, rule of law, and control of corruption. Here, each index is normalized between zero and one.13
Table 1. Governance Research Indicator Country Snapshot (GRICS), 2002
Source: Kaufmann, Kraay, and Mastruzzi (2003)
Four aspects of governance seem to be particularly important for natural resource management. First, voice and accountability, measured by the political process, civil liberties, and political rights, indicates the ability to discipline those in authority for resource extraction. Without monitoring by the citizens and a process by which those in power are selected and replaced, resource rents tend to be dissipated. Botswana has done particularly well on this aspect of governance; international observers praised as free and fair the 2004 national election, the first conducted under the Southern African Development Community (SADC) guidelines for democratic elections.
Second, government effectiveness, measured by the quality of public services and the competence of civil servants, also needs to be high. If the government cannot produce and implement good resource management policies, resource wealth will be overexploited and rapidly exhausted. In Botswana, use of mineral revenues has followed an implicit self-disciplinary rule, the Sustainable Budget Index (SBI), under which any mineral revenue is supposed to finance “investment expenditure,” defined as development expenditure and recurrent spending on education and health. Other recurrent spending is funded from nonmineral revenues. In addition, there is a government asset fund, the Pula Fund, where financial assets are invested only on a long-term basis in a transparent and accountable manner. Although the first rule has been broadly followed for decades, there has been some minor departure in recent years (Figure 7). Violation of the rule tends to have been accompanied by a large fiscal deficit, as in 2001/02 and 2002/03.
Figure 7. Botswana: Mineral Revenue and Investment Expenditure, 1985/86–2003/04
(In millions of pula)
Source: Botswana authorities and IMF estimates.
Third, because natural resource development must of necessity involve a long-term relationship with private parties, market-unfriendly policies like price controls and excessive regulatory burdens are undesirable. Contracts related to natural resources commonly extend for more than 10 years.14 The term for diamond-mining leases in Botswana is 25 years.15 The quality of Botswana’s regulation is generally acceptable. For instance, the Botswana Telecommunications Authority (BTA) of 1996 has been praised as one of the first independent regulatory authorities in Africa (ITU, 2001).16 However, there may remain some regulations that restrict labor mobility and business opportunities.17 In the mining sector, the government of Botswana retains 50 percent of the shares in Debswana, the largest diamond firm in the country, and the Ministry of Minerals, Energy and Water Resources has direct responsibility generally for natural resource regulation and management.
Finally, anticorruption policies are essential for fair and transparent distribution of resource benefits. In Botswana, corruption in the public sector is not a serious problem. The budgetary and procurement process is relatively transparent. An independent anticorruption authority established in 1994, the Directorate of Corruption and Economic Crime, has authority to report corruption cases directly to the president. The constitution also makes the attorney general independent of the government and politicians. This sound anticorruption framework is considered to be conducive to proper resource management in Botswana.
But do these governance factors really affect growth and natural resources? As shown in Figure 8, where the anticorruption indicator is taken as an example, the recent growth rate cannot simply be explained by natural resource abundance, even though there is a slight positive correlation between growth and governance, and resource abundance is positively associated with governance.
Figure 8. Natural Resources, Growth, and Anticorruption Policies, 1998–2002
Sources: Botswana authorities, WITS database, World Development Indicators, and Kaufmann, Kraay, and Mastruzzi (2003).
Economic growth has not been high in some other resource-abundant countries, such as Indonesia, Venezuela, and Nigeria, partly because of inadequate governance. On the other hand, resource-scarce countries have sometimes attained relatively high economic growth, like the Maldives, which has good governance. There are other anomalies: While Malaysia has abundant natural resources and good governance, it has low economic growth for this sample period. Albania is a resource-scarce country with poor governance that has somehow achieved marked growth. Therefore, not only governance but also other macroeconomic elements must affect the relationship between natural resource wealth and economic growth.
III. METHODOLOGY
A. Regression Models
To examine the relationship between natural resource wealth, growth, and governance, this paper follows the standard empirical growth literature (e.g., Mankiw, Romer, and Weil, 1992; Barro and Sala-i-Martin, 1995; Barro, 1997) and uses the following linear growth regression model:18
where g is the real per capita growth rate, MIN is a proxy of mineral resource abundance,19θ is one of the governance indicators, n is population growth, and r is the average tax rate. TRA is a proxy representing the degree of trade openness, and X includes exogenous variables to control for heterogeneity across countries.20 The equation has an interaction term between resource abundance and governance that allows us to address the primary question motivating this paper: whether and how natural resource richness and governance factors influence economic growth.
Of particular note: the average tax rate is supposed to capture the conventional effect of government intervention in the economy (e.g., Romer, 1996). If the tax rate is significantly high, economic growth is likely to stagnate. On the other hand, TRA is supposed to represent generally expected positive impacts of trade liberalization on growth.
When particular attention is paid to the Dutch disease syndrome, another equation can be estimated that incorporates the indirect terms of trade effect:
is obtained as a residual from the following transmission channel equation:
where TOT denotes a change in terms of trade.21
B. Econometric Issues
The most important econometric issue in estimating Equations (1) through (3) with aggregated cross-country data is how to deal with biases caused by measurement errors and endogeneity. In this analysis, growth is affected by governance and natural resource extraction; at the same time, resource exploitation and governance are likely to be determined systematically by the stage of economic development. Consequently, the independent variables may be contemporaneously correlated with the error term. To solve this problem, the analysis uses five-year lagged values of the independent variables as instrumental variables, because there is usually no correlation between the disturbance and the lagged values.22 The original variables for the period from 1998 to 2002 are instrumented by the lagged equivalents from 1992 to 1996.
Another important issue is how to treat potential outliers in data. As shown in Figure 4, the natural resource distribution is very skewed, so that resource-rich countries, though a main target of this research, tend to lie substantially outside the likely population. According to the conventional statistical test where outliers are defined observations lying outside the level of two per million for a normal population, the acceptable maximum of mineral exports per capita is estimated at US$ 1,312. In the current sample, 8 of 89 countries may be viewed as severe outliers. Fortunately, however, it has been found that the exclusion of outliers in terms of natural resource endowment has little effect on the estimation results. Therefore, no observation is excluded from the analysis.23
IV. EMPIRICAL RESULTS
A. Basic Regression Results
The Appendix describes the sample data. Six instrumental variable (IV) regressions are performed with data that include high-income countries. The results are shown in Table 2. There are several interesting findings:
Table 2. Estimation Results for All Countries 1,2,3
1The dependent variable is GDP per capita growth.
2The White-heterooscedasticity consistent standard errors are shown in parentheses.
3* 10% level significance; ** 5% level significance.
First, the coefficients of natural resources per capita tend to be negative when the interactive term of resource endowment and governance is included. For several models, those coefficients are statistically significant.24 This evidence supports the resource curse hypothesis found in earlier studies.
Second, the effects of governance are not statistically significant. This is not necessarily contradictory to certain expectations of the international donor community. It means that governance is less likely to matter for growth over the very short horizon of a few years, as modeled in this paper. More convincing evidence might be derived from very long-run regressions.
Third, the interaction terms between resource abundance and governance have significant positive coefficients, meaning that if the country has good governance, particularly in terms of voice and accountability, government effectiveness, the quality of regulation, and anticorruption policies, resource wealth is conducive to economic development. Because this result is statistically robust, it can be concluded that resource abundance does not guarantee faster growth, but with proper government resource management, growth can be generated from resource richness. In other words, the absence of the positive relationship between resource abundance and economic development is attributable to a lack of good governance.
As illustrated in Figure 9, when the other conditions are controlled, Botswana seems to have taken advantage of its relatively good governance institutions to maximize the catalytic effect and transform resource abundance into growth. The figure shows the relationship between unexplained growth and the interaction term between resource exports and the governance indicator.
Figure 9. Interactive Effect of Resource Abundance and Governance on Growth
Source: Author’s calculations.
As for other explanatory variables, an increase in the average tax rate has a negative impact on growth, as earlier growth studies found (see, e.g., Barro, 1990; Davoodi and Zou, 1998). This supports the conventional theoretical prediction that an increase in public purchases slows economic development.
The coefficients of trade openness are significant and positive. This evidence supports the conventional argument promoting trade liberalization. Contrary to expectations, on the other hand, the coefficients of the landlocked dummy variable are positive, though not significant. Statistically, the landlocked effect seems to be absorbed by the income group dummy variables, implying that slow growth in landlocked economies is attributable to more general economic and social disadvantages shared by low-income countries rather than to geographical constraints. The population growth coefficient is negative and significant in a statistical sense, consistent with earlier studies. Some systematic differences among regions are also observed.
B. The Dutch Disease Hypothesis
Table 3 shows the estimation results of the indirect effect of resource abundance on terms of trade. Paradoxically, resource richness improves terms of trade.25 With this indirect effect incorporated, the results of the IV regressions, presented in Table 4, are quite similar to those in Table 2. The indirect effect of terms of trade retrieved from the MIN coefficients in Table 3 and the coefficients in Table 4 is very small. This can be interpreted to mean that for this period the Dutch disease syndrome has little effect on the linkage between natural resource abundance and economic development.
Table 3. Indirect transmission channels1,2,3
1The dependent variable is the average change of terms of trade.
2The White-heterooscedasticity consistent standard errors are shown in parentheses.
3*** 1% level significance.
Table 4. Estimation Results Including Indirect Terms of Trade Effect 1,2,3
1The dependent variable is GDP per capita growth.
2The White-heterooscedasticity consistent standard errors are shown in parentheses.
3* 10% level significance; ** 5% level significance.
C. Robustness
One remaining econometric concern is that developing countries might not share the same growth structure as developed countries. Table 5 presents the estimation results for developing countries only. Although the statistical significance of some explanatory variables is changed, the main results hold. While the coefficients of natural resource abundance tend to be negative, only two governance indicators that interact with the resource variable retain significant coefficients: regulatory quality and control of corruption. Thus, in developing countries, sound government regulation and anticorruption policies are of particular importance for natural resource management.
Table 5. Estimation Results with Data on Developing Countries 1,2,3
1The dependent variable is GDP per capita growth.
2The White-heterooscedasticity consistent standard errors are shown in parentheses.
3* 10% level significance; ** 5% level significance; *** 1% level significance.
More formally, at the 1 percent significance level, the standard structural test tends to accept the hypothesis that all the coefficients except those associated with regional and income group dummy variables are the same for both high-income and developing countries. The Wald statistics are estimated at 1.10 to 3.08, depending on the governance indicators used. 26
In Table 5, the strong negative coefficients associated with initial GDP per capita imply that there is a conditional convergence in national incomes. Concurrently, however, the estimation results also indicate that low-income countries tend to record lower GDP growth rates. This means that even after the difference in income levels is controlled, there remains a systematic difference in nonincome growth between low- and middle-income countries. Low-income countries may face institutional and socioeconomic obstacles in achieving high economic development, such as political and macroeconomic instabilities and institutional weaknesses.
V. POLICY IMPLICATIONS
Given these findings, an important policy question is how to establish effective natural resource management mechanisms in developing countries.
IMF (2005) points out that it is important to introduce explicit fiscal rules for the treatment of mineral revenues. Any windfall should be deposited in a special account and used for designated economic and social development. Chad has actually passed a law to earmark oil revenue for debt service and spending in priority sectors. This type of political step may become a credible and irreversible commitment of the government.
Similarly, disclosure of the terms of contracts and profitsharing arrangements with natural resource developers and publication of independent external audits have the same effects for increasing transparency in natural resource management. Further, if resource-developing enterprises are privatized, resource extraction must be strictly regulated. Ahmad and Mottu (2002) emphasize the necessity of centralizing resource revenue control and supplementing it with predictable and transparent transfers from the center. Decentralized resource management reduces the capacity of the central government to run countercyclical fiscal policies and to arrange equalization transfers among regions.
Botswana has already established the prudent fiscal framework governing how to use mining revenue, but could take further steps to implement more precautionary saving policies for ensuring sustainable and stable growth over the long term. It cannot be overestimated that large market downturns and a depletion of the assets of stabilization funds are always possible (Katz and others, 2004). This is of particular importance for Botswana: because of the high prevalence of HIV/AIDS and the related health expenditures, which will increase over the medium term, the fiscal position is expected to tighten increasingly. It is also important to recognize that government mineral revenues are exposed to several uncertain factors. Decomposing changes in government mineral revenue R: exchange rate ER, international diamond priced, the quantity of diamond exports Q, and an average share of export earnings 6, yields the following:
An increase in mineral revenue in national currency terms can be explained by: (i) depreciation of the pula, (ii) an international price increase, (iii) enhancement of production capacity, and (iv) other remaining factors captured as changes in the average profit share ().27
As shown in Table 6, 28 percent of changes in mineral revenue are associated with changes in the exchange rate, and 21 percent are attributable to international prices.28 Both factors, which are unpredictable, are characterized as windfalls. Resource rents are vulnerable to exogenous shocks, and the necessity of managing resource rents deliberately under a rigid saving mechanism cannot be overemphasized.29
Table 6. Botswana: Contribution to Changes in Mineral Revenue, 1988-2003
(In percent)
Given these unavoidable uncertainties, the Botswana government, though having accumulated large assets under a self-disciplinary fiscal rule (e.g., SBI) through a series of national development plans, may be able to amplify the governance and resource effects on growth by more explicit insulation of fiscal expenditure from the volatility and uncertainty of mining revenues. For instance, one possible option may be to adopt a nondiamond deficit target rule to accelerate the revenue base diversification, and another is to reserve particular types of resource-related rents (e.g., windfalls based on a given medium-term projection of mineral prices) to leave future generations as well off as the current one. This can be complemented by special-account treatment of diamond revenue in the budget.
For increasing transparency, accountability, and predictability in natural resource management, it is in general useful to establish an independent mineral regulatory agency and to disclose and monitor the terms of reference for mining extraction and revenue sharing (Katz and others, 2004). Although the institutional system of the Botswana government appears robust, a more transparent and neutral regulatory agency could advance efficient governance further, with current virtues of good governance maintained. Indeed, the above evidence indicates that in resource management, regulatory quality—which calls on market-friendly competition policies and deregulation—is the most significant of all the dimensions of governance examined above. It is worth recalling that not all mineral projects in which the Botswana government has been extensively involved have been profitable (Gaolathe, 1997). Finally, it is important to keep strengthening anticorruption policies, demonstrably one of the keys to good natural resource management.
VI. CONCLUSION
This paper has cast light on the accepted notion that countries endowed with abundant natural resources grow more slowly than resource-scarce countries, for a number of possible reasons: a strong likelihood of discord and conflicts about resources, the Dutch disease, the lack of forward and backward linkages and learning-by-doing effects in the natural resource sector, and social lethargy stemming from the abundance of resources. The big push theory nevertheless predicts that natural resource richness must have a positive effect on economic growth because it provides sufficient financial resources for strengthening economic infrastructure and human capital.
As to the role of governance in transforming resource abundance into economic development, data from 89 countries reveal that an abundance of natural resources does not guarantee growth. What determines the degree to which natural resources can contribute to economic development is governance. Good governance—specifically a strong public voice with accountability, high government effectiveness, good regulation, and powerful anticorruption policies—tends to link natural resources with high economic growth. The last two dimensions of governance are especially important for natural resource management in developing countries.
Botswana has benefited from the coexistence of good governance and abundant diamonds to materialize growth. No clear evidence can be found that deterioration in the terms of trade would negatively affect economic development, as the Dutch disease model would hypothesize.
APPENDIX
Data
This paper uses data from 89 countries for which the latest macroeconomic statistics, including fiscal and trade data, are available.30 The data cover 18 low-income, 22 lower-middle-income, 19 higher-middle income, and 29 high-income countries; they also cover 19 countries in East Asia and the Pacific and 10 in sub-Saharan Africa. The sample period is from 1998 to 2002.31
The dependent variable is the average growth rate of real GDP per capita from 1998 to 2002. Taking the average values is intended to avoid measurement errors due to short-term economic fluctuations. Unless otherwise indicated, all the macroeconomic data used for this study were taken from the World Bank’s World Development Indicators.
Five endogenous variables are taken into account. First, natural resource richness is represented by average natural resource exports for the period, divided by total population. This is good proximity on the assumption that natural resources extracted are mostly exported abroad. The resource export data comes from the World Integrated Trade Solution (WITS) database of the World Bank. Natural resources basically cover oil, non-oil commodities, and precious stones, but not agriculture. Previously (see, e.g., Sachs and Warner, 1997; Papyrakis and Gerlagh, 2004), resource richness has been defined as the share of mineral exports or production in GDP, but this is not consistent with the standard growth theory.32 The figure of natural resource exports per capita seems more reasonable.
Second, the level of governance affecting resource management is measured by the six governance indicators provided by Kaufmann, Kraay, and Mastruzzi (2003). The indicators are calculated based on existing data sources representing some perceptions of the level of public governance as well as the quality of government policies; they are therefore generally consistent with the general level of governance. This paper uses the 2002 indices normalized between zero and one.33
Third, average tax rate is measured by government current revenues, excluding grants, divided by GDP.
Fourth, the extent to which trade circumstances are open and liberalized is measured by the ratio of total trade to GDP. Average population growth rate for the period is used for n.
Finally, for estimating the indirect growth effects of trade conditions, a terms of trade index (an export price index divided by an import price index), is employed, using the World Economic Outlook (WEO) database. TOT is defined as a percent change in terms of trade during the 5-year period.
The model includes three exogenous control variables. To control for the differences in initial state conditions across countries, this paper uses initial accumulation of human capital and GDP per capita just before the sampling period. The Hausman exogeneity test cannot reject the hypothesis that at minimum these two variables are exogenous.34 Initial human capital is measured by the percentage of gross secondary school enrolments compared to the official school age population in 1997; GDP per capita is in U.S. dollar terms for 1997. 35 Finally, the landlocked dummy variable is adopted to take geographical differences into consideration.
To control unobservable region-specific and income-group-specific characteristics, regional and income-group dummy variables are also included. This treatment is expected to be useful for mitigating the measurement problem inherent in any cross-country analysis.
Table A.2 shows the summary statistics. The average growth rate of the sample countries is about 1.8 percent, though there is significant variation, from −5 percent to over 10 percent. The natural resources per capita figure varies widely, from US$ 0.02 to over US$ 8,000; the mean is US$ 609. Population growth also differs considerably in the sample countries. While several countries have population growth of more than 5 percent, some developing countries, such as Bulgaria, have experienced a net reduction in population.
The average tax rate for the sample is about 25 percent. Trade openness differs from 24 percent to 270 percent, implying that some counties, such as Luxembourg and Malaysia, are highly involved in the international trade system and others are not. The initial conditions in terms of human capital and national incomes also show considerable variations. Finally, the sample includes 18 landlocked countries.
Table A.1. List of Sample Countries
Table A.2. Descriptive Statistics
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