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Abstract 

We establish the different determinants of resource FDI and non-resource FDI using a new and 

extensive dataset of outward FDI at the sector level. Our empirical estimates yield five insights. First, 

subsoil assets exert a positive influence on resource FDI, but a negative influence on other FDI, giving 

further support to the view that resources can be a curse to development. This corroborates the insights 

of our three-sector trade model with intra-sector capital mobility. Second, institutional quality (e.g., 

little expropriation risk) has no effect on resource FDI, but is important for attracting other FDI. Third, 

resource FDI is much less influenced by several traditional FDI determinants such as distance from the 

home market, human capital and surrounding market potential. Fourth, the spatial lag of FDI is negative 

for resource FDI and positive for non-resource FDI. The evidence thus suggests that resource FDI is of 

the vertical or export-platform variety whereas remaining FDI is of the export-fragmentation variety. 

Finally, both types of FDI are similar in that both are positively influenced by market potential proxied by 

GDP per capita and population size, and by trade openness. The robustness of our results are 

investigated by examining various measures of resource reserves. We also correct for the possible 

endogeneity of host market potential and institutional quality and for possible sample selection bias by 

allowing for both the external and internal margin in FDI. 
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1. Introduction 

Natural resources can have many important effects on economic development. The most famous one is 

the so-called natural resource curse, which states that natural resource exports have an adverse effect 

on growth performance. The pioneering study on the curse uses cross-country evidence to suggest that, 

even after controlling for the effects of initial income per capita, human capital, investments, trade 

openness and institutional quality on economic growth; natural resource exports harm growth 

prospects (Sachs and Warner, 1997). However, the resource curse is not necessarily cast in stone. In 

countries with good quality of institutions the curse can be turned into a blessing, whereas in countries 

with a bad rule of law natural resource dependence typically harms growth prospects (Mehlum, et al., 

2006). The curse is particularly severe for those resources that are more easily appropriable such as oil, 

gas, gold or diamonds (Boschini, et al., 2007). Furthermore, commodity prices are notoriously volatile 

and volatility seems to be the quintessence of the natural resource curse so that a well developed 

financial system helps to turn the resource curse into a blessing (van der Ploeg and Poelhekke, 2009).  

Although there is thus plenty of cross-country evidence for the effect of natural resources on growth 

performance and the interaction of this effect with institutions, financial development and trade 

openness, this evidence is subject to the critique that natural resource exports are not exogenous. 

Brunnschweiler and Bulte (2008) find that if natural exports dependence is instrumented by natural 

resource abundance, as measured by a World Bank (1997) estimate of sub-soil assets (based on the net 

present value of a finite future stream of rents observed in 1994), and by institutional and constitutional 

variables, the resource curse turns out to be a “red herring” in the sense that natural resource exports 

have no effect while resource abundance has a significant positive effect on growth performance.
3
 This 

result still holds if resource dependence is instrumented with the actual 1970 value of mineral reserves 

(van der Ploeg and Poelhekke, 2009b), although they cannot dismiss the negative effect that 

instrumented resource dependence has on growth via growth shocks induced by volatile world 

commodity prices.
4
 
5
  

                                                             
3
 Interestingly, using a detailed dataset on oil for Brazilian municipalities, there seems to be no evidence for any 

effect of oil discovery and exploitation on non-oil GDP albeit that industry GDP contracts somewhat and services 

GDP expands (Caselli and Michaels, 2008). The advantage of such single-country studies compared with cross-

country and panel studies is that one does not have to grapple with variations in institutional, cultural and policy 

explanatory variables. 
4
 Cross-country evidence also suggests that natural resources fuel war and conflict (e.g., Collier and Hoeffler, 1998, 

2004, 2005; Reynal-Querol, 2002; Ross, 2004; Ron, 2005; Fearon, 2005). However, once natural resource 

dependence is instrumented for, this effect disappears but resource abundance does seem to be associated with a 

reduced probability of the onset of war while conflict seems to increase dependence on natural resources 

(Brunnschweiler and Bulte, 2009). Detailed evidence for Columbia suggests that increases in the price of capital-

intensive commodities like oil lower wages and fuel conflict whereas increases in the price of labor-intensive 

commodities such as coffee or banana boost wages and dampen conflict (Dube and Vargas, 2007). 
5
 Natural resources also seem to impact on social conditions. For example, exploiting variations in world 

commodity prices to identify resource booms, panel data evidence for 90 countries between 1965 and 1999 
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Our main objective is to assess the importance of subsoil assets as a determinant of foreign direct 

investment (FDI) and to test whether there is evidence for a curse on non-resource FDI. Specifically, we 

test the hypothesis that a large amount of subsoil assets has a positive effect on the inflow of resource 

FDI but a negative effect on the inflow of other FDI. This hypothesis is consistent with our theoretical 

analysis of a three-sector trade model with intra-sectoral capital mobility. Using sectoral data on FDI 

outflows from the Netherlands, we find strong evidence for such a curse on non-resource FDI. 

Our second objective is to investigate whether resource FDI is different in nature than non-resource FDI. 

Spatial econometric studies on the determinants of FDI indicate that, apart from the usual effects of 

host market potential, population size, distance, quality of institutions, trade openness, etc., there is a 

positive effect of surrounding FDI and a negative effect of surrounding market potential on FDI in the 

host country (e.g., Blonigen, et al., 2007; Baltagi, et al., 2007; Poelhekke and van der Ploeg, 2009). This 

suggests that FDI is mostly of the complex-vertical fragmentation variety. However, in practice, 

aggregate FDI will be of various different types and characterization of the type of FDI makes more 

sense at the sectoral level. Our empirical results suggest that the spatial lag of FDI is negative for 

resource FDI and positive for other FDI while surrounding market potential has an insignificant effect on 

resource FDI and a negative effect on non-resource FDI. Our evidence thus suggests that resource FDI is 

of the pure vertical variety whereas other FDI is of the complex-vertical fragmentation variety.  

We also investigate whether there are any other differences in the determinants of the two types of FDI. 

Our conjecture was that perhaps the ruling elite of a country would form a coalition with foreign 

resource companies at the expense of the people. One could envisage that this may be possible given 

that information on resource exploration and exploitation and the returns to the companies and the 

government are not very transparent
6
 and thus that it is easy for the ruling elite to appropriate part of 

the natural resource rents. We thus want to test the hypothesis whether resource sectors attract more 

FDI in badly governed countries. We do not find support for this hypothesis; our empirical evidence 

suggests that institutional quality has no significant effect on resource FDI but is important for attracting 

other FDI.  

Our empirical results also suggest that distance from the Netherlands, human capital and surrounding 

market potential are much less forceful determinants of resource FDI than non-resource FDI. Both types 

of FDI are positively influenced by market potential proxied by GDP per capita and population size, and 

by trade openness. We also find some evidence for substitution between unrestricted trade and FDI.  

Our paper also offers several technical innovations. First, although subsoil assets are deemed exogenous 

with respect to both types of FDI, this is not the case for institutional quality and market potential as 

measured by income per capita in the host country. We thus also offer panel estimates of our 

econometric model for the two types of FDI and replace institutional quality with its initial value in every 

five-year period and we lag market potential by one year. This does not alter the qualitative nature of 

                                                                                                                                                                                                    
suggests that inequality falls immediately after a boom and then gradually returns back to its original level (Goderis 

and Malone, 2009). 
6
 In fact, predatory governments may induce corporations to become less transparent and less efficient, especially 

in industries whose profits are highly correlated with oil prices (Durnev and Guriev, 2007). 
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our main conclusions. Second, sectoral FDI data sets contain zeroes as, say, the Netherlands does not 

have FDI outflow to every sector of every country in the world. Borrowing insights from the econometric 

literature on sample selection bias as a specification error (Heckman, 1979) and the recent literature on 

estimating trade flows allowing for the number of trading partners (Helpman et al., 2008), we offer two-

stage estimates of the determinants of both the external and the internal margin in FDI. Third, we allow 

for the first time for spatial dependence in both the selection and the main equation. Correcting for this 

sample selection bias does not alter our qualitative conclusions either. 

The outline of the paper is as follows. Section 2 puts forward a simple three-sector trade model with 

intra-sectoral capital mobility to show that subsoil assets can have a negative effect on non-resource FDI 

and suggests a first specification of the econometric model to be estimated. Section 3 discusses how the 

different types of FDI imply different effects of surrounding market potential and surrounding FDI and 

suggests an improved econometric specification. This allows us to test whether resource FDI and non-

resource FDI are different, that is whether they are of the horizontal, vertical, export platform or vertical 

fragmentation type. Section 4 discusses in some detail the unique dataset on FDI outflows from the 

Netherlands collected by De Nederlandsche Bank. Section 5 discusses the problem of obtaining reliable 

data on sub-soil assets. Section 6 presents our core econometric results on the different determinants of 

resource and other FDI, and performs some robustness tests to correct for the endogeneity of 

institutional quality and host market potential. Section 7 examines the robustness of our results by using 

detailed data on oil/gas/coal reserves and the price of crude oil as determinants of the two types of FDI. 

Section 8 corrects for sample selection bias by providing estimates of the external and internal margin of 

FDI. Section 9 concludes with a summary of our main findings. 

 

2. A model of resource and other FDI 

2.1. A three-sector trade model with intra-sectoral capital mobility 

Building on a simple model of international trade, we investigate the determinants of resource and 

other FDI.7 Suppose that output of tradeables, non-tradeables and natural resources are given by, 

respectively, F( , ),  ,  and G( , ),T T T N N R RY K L Y L Y K R= = = where , , ,  and T T N RK L L K R denote 

capital and employment used in traded goods production, employment in non-traded goods production, 

and capital and subsoil assets used in natural resource production, respectively. We assume that the 

production functions F(.) and G(.) exhibit constant returns to scale. Prices of non-tradeables and natural 

resource output are, respectively, p and q*, the wage rate is denoted by w, and the interest rate is 

denoted by r*. Tradeables are the numeraire, so that the price of tradeables is unity. The interest rate 

and the price of natural resources are set on world markets and are denoted by an asterisk. Capital used 

in the traded and resource sectors is imported and can be seen as foreign direct investment.  

                                                             
7
 We allow for intra-sectoral mobility of all factors of production, so do not focus on movements in the real 

exchange rate (Neary, 1988) but on movements in capital use in the various sectors of the economy. 
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Profit maximization with respect to labor use requires that the wage equals the price of non-traded 

goods, w = p, and the marginal productivity of labor in the traded sector equals the cost of labor, 

F ( , ) .T T
L K L p= This implies that the conditional demand for labor is a decreasing function of the wage, 

( ), ' 0.T TL K p= Φ Φ < Profit maximization with respect to capital use demands F (1, ( )) *K p rΦ =  and 

*G ( , ) *.R
Kq K R r= It follows that the world interest rate pins down the real exchange rate via the 

factor price frontier, p = p(r*) ≡ p* , p′<0, and the labor-capital ratio in the traded sector, Φ(p) = Φ*, and 

that conditional demand for capital in the resource sector declines with the world interest rate and 

increases with the world price of natural resources,  

(1)            ( * / *), ' 0.RK R q r= Ψ Ψ >   

Resource output is thus proportional to the resource endowment and increase in the world price of 

natural resources, that is ( )G ( * / *),1 .RY R q r= Ψ  With an exogenous amount of labor supply, labor 

market clearing implies that 
N TL L L= + , so that national income can be written as: 

(2)       F(1, *) *( * ) *G( ( * / *)) Y( , , , *, *),T T TY K p L K q q r R R L K p q
++ + + +

= Φ + − Φ + Ψ ≡  

where  * *Y * / , Y *, Y *,  and Y .T

R N R
R L p qK

q Y R p r Y L Y= = = = =   

Together with this GNI function and the unit-expenditure function E(p), E′>0, we can write the 

equilibrium conditions for the markets for tradeables and non-tradeables as follows: 

(3)   Y( , , , *, *) E( *) * ( * / *)T TR L K p q p u r K q r R = + + Ψ   

(4)       *Y ( , , , *, *) E '( *) ,T
p R L K p q p u=  

where u denotes real consumption (‘utility’). Total differentiating (3) and (4) and abstracting from price 

effects p* and r* allows one to solve for real consumption and capital use in the traded sector: 

(5)   
( )d d * d *

E( *)d *d (1 ) * 1 * , , *
* *

YR
R R R

R

R q q
p u p L q Y r K u u R L q

R q q

εα
α

++ +    = + − + + − ⇒ =    
    

 

(6)            
( )

T

d d * d *
*d (1 )d (1 ) 1 *

* * *

K , , * ,

YR
T R R

R

T

R q q
K L r K

p R q q

K R L q

θ εθ α θ
α

−− +

  
Φ = − − − + − −  

   

 
⇒ =  

 

 

where 0 < θ  ≡ p*E′/E < 1 denotes the share of non-tradeables in the consumption basket, 

0 * / * 1R R Rr K q Yα< ≡ <  is the share of capital in resource value added, and ' / 0YR RR Yε ≡ Ψ > is 
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the supply elasticity of natural resource output. Conditional demand for capital in resource production is 

more price elastic than resource output, especially if the share of capital in resource production is 

relatively small, that is / .KR YR R YRε ε α ε= >  

We thus see from (5) that a bigger value of the endowment of natural resources or labor (higher q*R or 

L) boosts real consumption, especially if the share of capital and rents are high in the resource sector 

and if the share of non-tradeables in the consumption basket is high. Apart from via this endowment 

effect, a higher world price of natural resources also has an output effect boosting real consumption and 

a substitution effect reducing it. The output effect dominates if the price elasticity of the demand for 

capital in the resource sector is less than one (i.e., if εKR
 < 1). Both the output and the substitution effect 

are bigger if the share of capital in resource production and the share of non-tradeables in consumption 

are large. 

We note from (6) that more labor attracts more FDI in the rest of the economy. If natural resource 

production would also require labor, more labor would also attract more resource FDI. This labor force 

determinant of FDI results from abundance of labor rather than market potential. Equations (1) and (6) 

indicate that a bigger value of the stock of subsoil natural assets (indicated by higher q*R) attracts 

resource FDI, but leads to less FDI elsewhere in the economy. The idea is that more subsoil assets 

induces a bigger natural resource industry and thus leads to a reallocation of resources from the traded 

goods to the resource sector. In both cases the effects are more substantial if resource rents 

( )* *R Rq Y r K− are substantial and non-tradeables constitute a bigger fraction of the consumption 

basket. On top of this endowment effect, we see from (6) that higher world price of natural resources 

has an extra output and substitution effect on non-resource FDI which is negative (positive) if the price 

elasticity of the conditional demand for capital in the resource sector is smaller (larger) than unity. 

Furthermore, (1) indicates that higher world prices of natural resources boost resource FDI. We thus aim 

to econometrically test for the differential impact of natural resource endowment and prices of resource 

products on resource and other FDI. 

 

2.2. Econometric specification 

This analysis suggests the following econometric specification for resource FDI and other FDI: 

(7)       ( )2
0 1 2 3 4' , N 0,R R R R

it it it it it it it if s q n xα α α α α ε ε σ= + + + + + �  

(8)         ( )2
0 1 2 3 4' , N 0, ,O O O O

it it it it it it it if s q n xβ β β β β ε ε σ= + + + + + �  

where 
R

itf and 
O

itf denote, respectively, resource FDI and other FDI going to country i at time t, sit are 

the subsoil assets of country i at time t, q it are the world commodity prices corresponding to the export 

basket of these subsoil assets in country i at time t, n it is the population size (supposed to be a proxy for 

the labor force) of country i at time t,  xit indicates the vector of other explanatory variables in country i 
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at time t (controls such as income per capita, distance, institutional quality and trade openness), and 
R
itε  

and 
O
itε are the stochastic error terms for the resource FDI and other FDI equations with zero means and 

variances 
2R

iσ  and 
2O

iσ , respectively. Our null hypothesis based on equations (1) and (6) for the effect 

of subsoil assets is α1 > 0 and β1 < 0. We also expect higher world commodity prices to lead to a surge in 

resource FDI and a fall in other FDI, so that our null hypothesis for the effect of the world price of 

natural resources on the two types of FDI is α2 > 0 and β2 < 0. Our null hypothesis based on equations (1) 

and (6) for the effect of population size on the two types of FDI is that α3 = 0 and β3 > 0. However, if the 

resource sector uses some labor as well, one may expect a positive effect of population size on 

mineral/mining FDI as well, α3 > 0. If population size also captures part of host market potential, it will 

have an additional positive impact on FDI. 

We discuss in sections 5 and 6 how to modify our econometric specification (7)-(8) to correct for 

possible endogeneity bias of institutional quality and host market potential and in section 7 we discuss 

how to correct for sample selection bias. 

   

3. Different types of FDI and spatial determinants of FDI 

It is useful to distinguish different types of FDI, since resource FDI may well be different from FDI 

elsewhere in the economy. First, there is vertical FDI which occurs if multinationals chop up their 

production chains into skill-intensive headquarters and R&D is home countries abundant in high-skilled 

labor and into production in countries abundant in low-skilled labor. This type of offshoring is driven by 

exploitation of cost and factor price differentials. Since production is shipped back to be sold at home, 

this leads to trade (Helpman, 1984). Second, horizontal FDI is focused at reducing transportation and 

trade costs. Multinationals are quite willing to set up expensive production and distribution overseas in 

order to economize on trade costs (Markusen, 1984, 2002). Third, multinationals may engage in export-

platform FDI where they use horizontal FDI to sell in the host market and sell in neighboring countries 

using the host country FDI as an export platform (Ekholm, et al., 2007; Baltagi, et al., 2007). Fourth, 

export-fragmentation FDI allows fragmentation of the production process where different 

intermediaries of the final good are produced in different countries, assembled in a third country, and 

then shipped back to the parent or another country (Yeaple, 2003). 

 

To gain a better understanding of the different types of FDI, we extend our econometric specification by 

including surrounding market potential and surrounding FDI as explanatory variables (cf., Blonigen, et 

al., 2007; Baltagi, et al., 2007; Poelhekke and van der Ploeg, 2009): 

(7′)     ( )2
0 1 2 3 4 5 6' , N 0,R R R R R

it it it it it it it it it if s q n x m fα α α α α α α ε ε σ= + + + + + + + �  

(8′)      ( )2
0 1 2 3 4 5 6' , N 0, ,O O O O O

it it it it it it it it it if s q n x m fβ β β β β β β ε ε σ= + + + + + + + �  
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where itm and 
R

itf denote, respectively, surrounding market potential and surrounding resource FDI of 

countries neighboring country i at time t, and 
O
itf denotes surrounding non-resource FDI. 

 

At the aggregate level all these different types of FDI are present. However, by studying FDI at the sector 

level, we may hope to distinguish between the various types of FDI. One way of doing this is to look at 

the signs of the coefficients on the spatial lag of FDI and of surrounding market potential (e.g., Blonigen, 

2007; Poelhekke and van der Ploeg, 2009). The gravity model emphasizes trade and transportation costs 

and is important for horizontal FDI which allows production in multiple locations close to the market. It 

suggests that market size of the host country, proxied by income per capita and population size of the 

host country, and distance from parent company are important determinants of FDI. If exports to third 

countries are unattractive, a zero coefficient on the spatial lag of FDI and a zero coefficient on market 

potential in surrounding countries (e.g., β5 = 0 and β6 = 0 for non-resource FDI) suggest evidence for 

horizontal FDI. In contrast, a negative coefficient on the spatial lag of FDI and a zero coefficient on 

surrounding market potential (e.g., β5 = 0 and β6 < 0) provide evidence for purely vertical FDI driven by 

multinationals seeking the lowest cost destination. Effectively, FDI in one country harms FDI in 

neighboring countries if multinational seek out the best regional location. Export-platform FDI has the 

proximity benefits of horizontal FDI without the costs of setting up affiliates in surrounding countries. If 

trade protection between destination markets is less than frictions between parent and destination 

countries, export-platform FDI makes sense and one would expect a negative coefficient for the spatial 

lag on FDI and a positive coefficient for surrounding market potential (i.e., β5 > 0 and β6 < 0). However, 

with intermediate levels of border costs between the host country and its neighbors and a large 

peripheral (not centrally located within the group of neighboring countries) host market, surrounding 

market potential may have a negative effect (Blonigen, et al., 2007). With complex-

verticalfragmentation FDI one expects a positive coefficient for the spatial lag on FDI  (β6 > 0) as more 

suppliers, ports, and other agglomeration advantages in surrounding countries make fragmentation FDI 

more attractive. A negative effect of surrounding GDP per capita suggests support for the border-cost 

hypothesis (β5 < 0). 

 

By examining the signs of the coefficients on the spatial lag of FDI and surrounding market potential, 

one can establish what type of FDI is prevalent in the resource and in the other sectors. Evidence for 

aggregate FDI suggests a positive coefficient on the spatial lag of FDI and a negative coefficient for 

surrounding market potential, which points in the direction of complex-vertical fragmentation FDI and 

the border-cost hypothesis (Blonigen et al., 2007; Poelhekke and van der Ploeg, 2009). Our prior is that 

we expect most non-resource FDI to be of this sort. However, if resource FDI is of the vertical or export-

platform variety one would expect a negative coefficient on the spatial lag of FDI.  

 

Because of the terms α6 and β6, we cannot estimate equations (7') and (8') by OLS. We use maximum 

likelihood estimation instead, as explained in detail in Appendix 1. 
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4. FDI from the Netherlands 

To test our hypotheses, we use data on outward FDI from the Netherlands, collected by the De 

Nederlandsche Bank (Dutch central bank). All Dutch firms are legally required to report their current-

account transactions, including foreign investment flows and positions, stating the balance sheet current 

euro value of FDI stocks and the value of new investment flows. The aggregate level of investment is 

available through the central bank’s website in addition to disaggregated FDI data on the level of several 

broad sectors and large countries.8 At the more detailed level of specific countries and sectors, the data 

is confidential and accessible only through special permission. This level of access to the data gives us 

the unique opportunity to assess the full population (as opposed to a sample) of investments done by 

multinationals in the natural resource sector in as many as 183 countries for nineteen years from 1984 

to 2002.
9
 133 countries receive positive non-resource FDI and 100 countries receive positive resource 

FDI. Out of 1602 observations, constrained by limited data availability of regressors, 358 are lost by 

taking logs of resource FDI.  

The natural resource sector includes extraction of oil, natural gas and other minerals, processing 

industry of oil, coal, and fissionable material, and the base metal industry. DNB uses the Eurostat 

classification of FDI, which means that FDI outward stocks are classified according to the activity of the 

non-resident enterprise. The key advantage is that we can identify in which sector investments are 

made and their value to the firm. For our purpose this definition is likely to be more useful than 

measuring the amount of FDI by the level of sales done by the non-resident enterprise. Measuring FDI 

by sales volume makes sense if FDI is of the horizontal type, i.e., if multinationals invest locally to sell in 

the local market, but earlier evidence suggests that horizontal FDI may not be very prevalent (Blonigen 

et al., 2007; Poelhekke and van der Ploeg, 2009). For vertical FDI local sales may be zero, because the 

affiliate is a link in a longer product chain and sales are made in third or in home countries. Sales within 

a vertically integrated MSA are also not traded which makes it unclear how the price is determined. The 

stock of FDI (book value) can be a more accurate reflection of actual investment, for example in the 

resource sector and other vertical industries. For the case of natural resource extraction it is quite 

unlikely that extracted resources are all sold to third parties by the affiliate directly. Royal Dutch/Shell 

for example, a large oil and gas company, extracts oil in one place, but then ships the oil to refineries 

closer to markets where the actual sales are made. The balance sheet value of investments captures the 

value of investments made more precisely for natural resource FDI. 

Among all countries, 149 countries had a positive level of natural resource investment, showing the 

wide geographical scope of Dutch FDI.10 Among the top ten of largest destination countries for resource 

FDI in 2002 are the United Kingdom, Canada, Nigeria and Brazil. The latter two countries were not in the 

top ten in 1984, then ranking below Malaysia and Saudi Arabia. Top non-resource FDI destination 

                                                             
8
 See http://www.statistics.dnb.nl/index.cgi?lang=uk&todo=Balans, Table T12.6.2. 

9
 A change in the way FDI was reported caused a break in 2003. Before this date, all data was reported through the 

Dutch banking system, since they collect balance sheet data for loan purposes and perform the actual transactions. 

After April 2003, a new system was introduced based on direct reporting by resident parent companies, although 

since then a sample is used based on gathering about 95% of the total value of capital stocks and flows.  
10

 There are currently 203 de facto states in the world. 
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countries in 2002 include the United States, Germany, Belgium and France. China only ranks 31
st
 among 

all countries in terms of non-resource FDI flowing out of the Netherlands, below Turkey. Interestingly, 

total FDI to China is less than total FDI to Nigeria.  

Figure 1 shows the relative size of natural resource FDI versus all other FDI. Although resource FDI has 

declined as a share of total FDI, it amounted to $ 21 billion in 1984 and over $ 34 billion in 2002.  

                                  Figure 1: Total outward FDI from the Netherlands 
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Table 1 offers some stylized facts on FDI flowing from the Netherlands. About 85-100 percent of 

resource FDI flowing out of the Netherlands consists of oil, gas and coal, so that minerals and metals 

constitute a relatively small fraction of resource FDI. Although total resource FDI constituted as much as 

72.3 percent of non-resource FDI in 1984, it fell substantially to 14.5 percent of non-resource FDI in 

2002. Effectively, non-resource FDI has grown much more during this period (13.7 percent per year on 

average) than resource FDI (4 percent year). Although resource FDI towards the US has almost halved, 

FDI flows from the Netherlands towards other parts of the world, including Europe, have grown 

significantly. 
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Table 1: FDI outflows from the Netherlands (stocks, 2000 $ millions) 

region Total resource FDI 

of which oil and 

coal processing 

industry and oil 

and gas 

extraction 

Total non-resource 

FDI 

 2002 1984 2002 1984 2002 1984 

East Asia & Pacific 5,095 624 92.7% 88.1% 18,603 1,722 

Eastern Europe & Central Asia 1,269 86 94.8% 100.0% 8,957 46 

Latin America & Caribbean 3,877 955 97.9% 92.7% 13,023 3,751 

Middle East & North Africa 2,169 917 99.9% 99.8% 1,506 251 

North America 8,006 15,016 94.5% 99.2% 74,296 9,504 

South Asia 553 16 99.2% 100.0% 642 52 

Sub-Saharan Africa 3,414 298 96.4% 78.7% 1,486 247 

Western Europe 20,350 4,048 84.4% 90.1% 188,995 14,814 

           

Total 44,733 21,960 90.4% 96.7% 307,509 30,387 

 

Table 2 gives the descriptive statistics of the dependent and the independent variables that are used to 

estimate our econometric model (7′) and (8′). 

 

Table 2: Descriptive statistics 

variable mean sd min max 

     

ln other FDI 3.894 3.168 -16.745 11.298 

ln resource FDI 2.820 3.254 -7.161 9.645 

ln population 9.330 1.577 5.475 14.062 

S&W openness 0.619 0.486 0 1 

ln human capital 1.489 0.691 -1.005 2.505 

ln distance from NL (Vincenty) 8.448 0.967 4.748 9.808 

ln GDP per capita (t-1) 8.527 1.138 5.139 10.445 

ln GDP surrounding market potential 6.564 0.495 5.456 8.128 

FTA with Netherlands 0.169 0.375 0 1 

GATT/WTO member 0.172 0.377 0 1 

Landlocked dummy 0.181 0.385 0 1 

Total resource dummy (t-1) 0.824 0.381 0 1 

Hydrocarbon resource dummy (t-1) 0.661 0.474 0 1 

Other mineral resource dummy (t-1) 0.728 0.445 0 1 

ln hydrocarbon resource value (t-1) 19.298 3.420 6.842 25.713 

ln other mineral resource value (t-1) 17.248 2.956 7.534 22.766 

ln hydrocarbon reserves in BTU (t-1) 9.027 2.552 0.842 14.225 

Oil price (constant 2008 USD) 31.655 9.915 17.320 58.270 

Institutional Quality 5-yearly 22.559 7.199 4.080 38.000 

Real exchange rate with NL based on GDP price 0.578 0.626 0.111 12.490 

Implicit tax rate (Government share of GDP*100) 20.307 8.545 2.463 58.139 

Note: Based on largest sample of country-years (reg. a of Table 5a). 
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5. Measuring sub-soil assets 

The first challenge posed by estimating (7’) and (8’) is the measurement of sub-soil assets sit. As noted by 

World Bank (2006, Appendix 1), there are three reasons why it is difficult to estimate the value of energy 

and mineral resources. First, the importance of the value of natural resources in national accounting has 

only recently been recognized, and most efforts to estimate these values are undertaken by 

international organizations (such as the UN or the World Bank). Second, there are no private markets for 

natural resource deposits which might convey information on their value. Third, reported reserves are 

only those that are economically worthwhile to extract at the time of determination and therefore 

depend on the prevalent price of resources and cost of extraction. Nevertheless, World Bank (2006) 

value the stocks of hydrocarbon resources (oil, gas and coal) using the reserves data from the BP 

Statistical Review of World Energy and the Energy Information Administration (EIA), and the stocks of 

ten metals and minerals (bauxite, copper, gold, iron, ore, lead, nickel, phosphate rock, silver, tin and 

zinc) for those countries that report production figures. In many cases actual reserves data is not 

available leading the World Bank to make the strong assumption that resources last another 20 years, 

regardless of the type or country, making reserves proportional to rents. Production costs themselves 

are often proxied by costs from other countries. Van der Ploeg and Poelhekke (2009) show that using 

this data can lead to biased results, because the reserve estimates are very sensitive to prices, time-to-

depletion, the social discount rate, and extraction costs (technology).  

Actual reserve data for non-hydrocarbon minerals is available from Norman (2009) who collected 

reserves for 1970 using a variety of sources. However, in this case past production was used to infer 

1970 reserves from observed reserves in 2002. The problem is that this estimate of reserves depends to 

a large extent on FDI used for exploration and production after 1970 and thus overestimates known 

reserves in 1970. Only using 1970 values would also make inefficient use of the time variation in FDI.  

Actual reserves data for oil, gas and coal measured in tons or cubic meters is available for a broad 

sample of countries and years from BP and the EIA. They report economically extractable reserves and 

production between (at most) 1965 and 2008.
11

 However, the data is internally inconsistent for many 

country-years. For example, a country may report production during a number of years, while reporting 

unchanging reserve levels during that period. This implies that either as much oil was discovered as was 

produced or that production and/or reserve data are not accurate. We may be willing to assume that 

reserve data is accurate if the level increased with respect to the previous year because new discoveries 

require updating of the data. Subtracting subsequent production data may then yield more precise 

reserve levels in those years where original reserve levels did not change. In some cases where reserve 

data shows little variation over time it then happens that production is high enough to yield negative 

implied reserve levels, casting doubt on the assumption that new discoveries are accurately recorded.  

                                                             
11

 Proven oil and gas reserves data starts in 1980, and coal reserves are only recorded for 2005, while oil, gas and 

coal production data starts in respectively 1965, 1970 and 1980. These refer to reserves ‘which geological and 

engineering data demonstrate with reasonable certainty [i.e., on the basis of successful pilot projects] to be 

recoverable in future years from known reservoirs under existing economic and operating conditions’ (BP). 
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To get around these issues we adopt different strategies for explaining resource FDI and explaining non-

resource FDI. In the latter case (8’) we will summarize the World Bank rents data into a dummy variable, 

taking the value 1 if rents for any of the minerals are positive and zero otherwise. We assume therefore 

that sub-soil resource levels are positive if rents are non-zero.
12

 Instead of measuring the effect of 

changing reserve levels, we therefore measure the effect of resource discovery. The discovery of 

resources should lead to factor allocation towards the resource sector and less FDI into other sectors.13 

An additional benefit is that we can also include those countries with zero reserves, which would 

otherwise not enter the sample after taking logs of reserve levels. In robustness regressions we will also 

experiment with taking the log of total rents as a measure of reserves, assuming that rents are 

proportional to the level of reserves. 

Making use of the fact that much resource FDI concerns the hydrocarbon sector we can be more precise 

for equation (7’). In that case we can distinguish resources between hydrocarbons and other minerals 

and create two dummy variables. In additional regressions we will also show the results for taking the 

oil, gas and coal reserve data from BP/EIA as given (where we convert all reserves to British Thermal 

Units and take logs). Although there may be measurement error in this variable, it does allow us to 

distinguish between the effects of reserve quantities and their price.  

 

                                                             
12

 We lag the variable by one year to avoid reverse causality. 
13

 In some cases rents were zero in some years and positive in later and earlier years because of (civil) war. During 

such periods any sub-soil resources are not economically extractable. The value of any resource FDI may well be 

zero in those years. 
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6. Empirical results: determinants of other and resource FDI 

Table: Panel unit root tests ln Resource FDI ln Other FDI 

Test Score Method Largest sample 

(1842 obs) 

N= 94; av. T= 14.2 

Sample Table 4, a. 

 

N = 85; av.T =  14.6 

Largest sample 

(1842 obs) 

N = 96; av. T =16.7 

Sample Table 4, d. 

 

N = 84; av.T = 14.2 

Fisher-type test 

Inverse 

normal Z 

ADF; 

unrestricted -4.215*** -4.139*** -0.171 -0.730 

Fisher-type test 

Inverse 

normal Z 

Phillips-Perron; 

unrestricted -5.021*** -5.150*** -5.151*** -5.828*** 

   Balanced panel 

N= 41; T= 19 

 Balanced panel 

N= 62; T= 19 

 

Hadri LM test Z 

unrestricted; 

Bartlett kernel 1 

lag 12.739***  15.680***  

*** p<0.01       
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Table 3a ln Other FDI 

VARIABLES (a: STAR) (b: STAR) (c: STAR) (d: STAR) (e: STAR) 

      

ln population 0.221*** 0.201*** 0.175*** 0.168*** 0.135*** 

 (0.075) (0.049) (0.042) (0.036) (0.030) 

S&W openness 0.117 0.080    

 (0.080) (0.073)    

ln human capital 0.409** 0.284*** 0.303*** 0.372*** 0.323*** 

 (0.163) (0.098) (0.087) (0.093) (0.105) 

ln distance from NED (Vincenty) -0.290*** -0.192*** -0.172*** -0.181*** -0.130*** 

 (0.107) (0.070) (0.050) (0.047) (0.037) 

trend 0.022* 0.010    

 (0.013) (0.009)    

ln GDP per capita (t-1) 0.131 0.182*** 0.163*** 0.099** 0.101** 

 (0.084) (0.068) (0.057) (0.043) (0.046) 

ln GDP surrounding market potential -0.529** -0.253** -0.197* -0.304*** -0.186** 

 (0.246) (0.126) (0.102) (0.098) (0.085) 

FTA with Netherlands 0.220 0.135    

 (0.163) (0.097)    

Real exchange rate with NL based on GDP price level -0.134*** -0.126*** -0.121*** -0.105*** -0.088*** 

 (0.048) (0.034) (0.032) (0.026) (0.027) 

Implicit tax rate (Government share of GDP*100) -0.017** -0.014*** -0.013*** -0.009*** -0.010*** 

 (0.007) (0.004) (0.004) (0.003) (0.003) 

Institutions 5-yearly 0.003 0.003    

 (0.005) (0.004)    

ln Total resource rents (t-1) -0.017*     

 (0.009)     

ln Hydrocarbon resource rents (t-1)  -0.019* -0.026** -0.021**  

  (0.011) (0.011) (0.009)  

ln Other mineral resource rents (t-1)  0.012 0.005   

  (0.010) (0.009)   

ln Hydrocarbon reserves in BTU (t-1)     -0.018* 

     (0.011) 

Oil Price (constant 2008 USD)     -0.006*** 

     (0.002) 

rho: dep. var. (i-1) 0.120*** 0.109*** 0.142*** 0.150*** 0.104*** 

 (0.045) (0.036) (0.039) (0.035) (0.034) 

dep. var. (t-1) 0.751*** 0.785*** 0.810*** 0.831*** 0.854*** 

 (0.091) (0.053) (0.045) (0.034) (0.031) 

Constant 2.857* 0.011 0.169 1.263 0.443 

 (1.475) (1.003) (0.915) (0.862) (0.847) 

      

Observations 1160 863 915 1085 939 

Log-likelihood -1420 -699.2 -771.7 -962.7 -797.6 

robust LM rho=0 4.143 6.430 13.07 19.00 11.47 

robust LM rho=0 p-value 0.0418 0.0112 0.000299 1.31e-05 0.000708 

robust LM lambda=0 0.547 2.067 1.747 5.125 0.228 

robust LM lambda=0 p-value 0.460 0.150 0.186 0.0236 0.633 

Variance Ratio 0.925 0.962 0.960 0.965 0.966 

Breusch-Pagan F-stat 5.934 19.29 23.74 22.43 10.90 

p-value 0 0 0 0 0 

error AR(1) -0.266 0.0204 0.0119 0.00464 -0.00662 

p-value 0.263 0.667 0.794 0.901 0.884 

Robust standard errors in parentheses      
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Table 3b ln Resource FDI 

VARIABLES (f: STAR) (g: OLS) (h: OLS) 

    

ln population 0.071** 0.070** 0.074** 

 (0.036) (0.033) (0.033) 

ln human capital 0.393** 0.365** 0.380** 

 (0.157) (0.147) (0.157) 

ln distance from NED (Vincenty) -0.151** -0.123*** -0.149** 

 (0.063) (0.038) (0.073) 

ln GDP per capita (t-1) -0.163* -0.123 -0.165** 

 (0.091) (0.079) (0.082) 

ln GDP surrounding market potential -0.083  -0.096 

 (0.130)  (0.137) 

Real exchange rate with NL based on GDP price level -0.055* -0.063** -0.063** 

 (0.031) (0.030) (0.031) 

Implicit tax rate (Government share of GDP*100) -0.008   

 (0.007)   

Institutions 5-yearly 0.020* 0.017* 0.020** 

 (0.011) (0.010) (0.010) 

ln Hydrocarbon resource rents (t-1) 0.048*** 0.031***  

 (0.013) (0.012)  

ln Other mineral resource rents (t-1) 0.000   

 (0.024)   

ln Hydrocarbon reserves in BTU (t-1)   0.029* 

   (0.016) 

Oil Price (constant 2008 USD)   -0.004 

   (0.005) 

rho: dep. var. (i-1) 0.083   

 (0.071)   

dep. var. (t-1) 0.831*** 0.852*** 0.847*** 

 (0.034) (0.029) (0.028) 

Constant 1.010 0.461 2.059 

 (1.596) (0.686) (1.905) 

    

Observations 716 803 729 

Log-likelihood -1003 -1110 -1053 

robust LM rho=0 0.0471   

robust LM rho=0 p-value 0.828   

robust LM lambda=0 1.460   

robust LM lambda=0 p-value 0.227   

Variance Ratio 0.863 0.871 (R2) 0.858 (R2) 

Breusch-Pagan F-stat 3.062 2.223 1.775 

p-value 0.000316 0.0240 0.0615 

error AR(1) -0.134 -0.133 -0.103 

p-value 0.177 0.161 0.254 

Robust standard errors in parentheses     

*** p<0.01, ** p<0.05, * p<0.1     
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Table 4, Robustness  ln Resource FDI ln Other FDI 

VARIABLES (a: SAR) (b: STAR) (c: OLS) (d: SAR) (e: STAR) (f: STAR) 

       

ln population 0.691*** 0.122*** 0.124*** 0.800*** 0.181*** 0.176*** 

 (0.059) (0.035) (0.033) (0.033) (0.057) (0.054) 

S&W openness 0.442** 0.189 0.161* 0.650*** 0.152** 0.163** 

 (0.207) (0.115) (0.088) (0.119) (0.073) (0.067) 

ln human capital 1.171*** 0.379*** 0.346** 1.379*** 0.355*** 0.345*** 

 (0.278) (0.141) (0.143) (0.163) (0.138) (0.129) 

ln distance from NED (Vincenty) -0.764*** -0.196** -0.067 -0.960*** -0.237*** -0.278*** 

 (0.156) (0.080) (0.045) (0.099) (0.074) (0.096) 

trend 0.080*** 0.005  0.115*** 0.015* 0.014* 

 (0.018) (0.008)  (0.012) (0.009) (0.009) 

ln GDP per capita (t-1) 0.506*** -0.056 -0.067 0.506*** 0.095 0.110 

 (0.164) (0.072) (0.078) (0.117) (0.067) (0.075) 

ln GDP surrounding market potential -0.312 -0.089 0.016 -2.090*** -0.364** -0.363** 

 (0.313) (0.158) (0.095) (0.220) (0.151) (0.154) 

FTA with Netherlands -0.141 -0.226  1.607*** 0.183  

 (0.354) (0.153)  (0.213) (0.148)  

GATT/WTO member 0.176 0.086  -0.179 -0.026  

 (0.276) (0.138)  (0.179) (0.105)  

Landlocked dummy -0.962*** -0.134  -0.549*** -0.065  

 (0.268) (0.178)  (0.138) (0.083)  

Real exchange rate with NL based on GDP price level -0.071 -0.090  -0.360*** -0.127*** -0.124*** 

 (0.060) (0.060)  (0.045) (0.038) (0.039) 

Implicit tax rate (Government share of GDP*100) -0.087*** -0.009  -0.083*** -0.016*** -0.016*** 

 (0.012) (0.007)  (0.008) (0.006) (0.006) 

Institutions 5-yearly 0.017 0.017** 0.016* 0.032*** 0.009** 0.008** 

 (0.018) (0.009) (0.009) (0.008) (0.004) (0.004) 

Hydrocarbon resource dummy (t-1) 0.729*** 0.196** 0.191**    

 (0.182) (0.089) (0.091)    

Other mineral resource dummy (t-1) -0.194 -0.223** -0.262***    

 (0.197) (0.112) (0.068)    

Total resource dummy (t-1)    -0.889*** -0.158** -0.133* 

    (0.123) (0.078) (0.070) 

rho: dep. var. (i-1) -0.147 0.012  0.230*** 0.101*** 0.105*** 

 (0.096) (0.065)  (0.070) (0.038) (0.038) 

dep. var. (t-1)  0.825*** 0.835***  0.766*** 0.773*** 

  (0.029) (0.031)  (0.081) (0.076) 

Constant -1.669 1.225 -0.535 10.317*** 1.922** 2.162** 

 (3.382) (1.752) (1.199) (2.434) (0.956) (1.010) 

Singapore dummy 2.950*** 0.666*** 0.680***    

 (0.444) (0.248) (0.155)    

clustered (by country) s.e. no no yes no no no 

Observations 1244 1114 1115 1462 1368 1368 

Log-likelihood -2795 -1625 -1631 -2624 -1626 -1628 

robust LM rho=0 7.697 0.0902  7.631 3.898 4.404 

robust LM rho=0 p-value 0.00553 0.764  0.00574 0.0483 0.0359 

robust LM lambda=0 5.760 0.0552  0.178 1.144 1.086 

robust LM lambda=0 p-value 0.0164 0.814  0.673 0.285 0.297 

Variance Ratio 0.468 0.867 0.866 (R2) 0.772 0.928 0.928 

Breusch-Pagan F-stat 6.370 4.037 1.989 5.468 5.992 6.863 

p-value 0 3.22e-08 0.0263 6.59e-11 0 0 

error AR(1) 0.815 -0.182 -0.184 0.759 -0.252 -0.254 
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p-value 0 0.0842 0.0764 0 0.264 0.261 

Robust standard errors in parentheses       

*** p<0.01, ** p<0.05, * p<0.1       

 

 

7. Two-stage estimation procedure: correcting for sample selection bias in outward FDI 

Although there is a large tradition in estimating internal and external margins of labor supply to avoid 

sample selection bias (Heckman, 1979), there have not many applications of this yet in international 

economics. Recently, the gravity equations to estimating bilateral trade flows (e.g., Tinbergen, 1962; 

Anderson and Wincoop, 2003) have been modified to correct for sample selection bias by allowing for 

external and internal margins in international trade (Helpman, et al., 2008). This leads to a two-stage 

estimation procedure that uses an equation for selection into trade partners in the first stage and a 

trade flow equation in the second stage. The main findings are that traditional gravity estimates are 

biased, and that most of bias is due to omission of the extensive margin rather than due to sample 

selection bias. The volume of trade between pairs of countries that trade with each other depends very 

much on the fraction of firms that engages in foreign trade, so that the intensive margin of trade was 

substantially driven by variations in the fraction of trading firms but not by new trade partners. The new 

gravity theory is able to explain the zeroes (i.e., that no firm may be productive enough to export from 

one country to another country) and also asymmetric bilateral trade patterns. 

The problem of zeroes is much less severe in outward FDI than in bilateral trade flows. For FDI outflows 

from the Netherlands, we have 20 percent zeroes in resource FDI and 5% zeroes in other FDI. This 

compares with, typically, 50 percent zeroes in bilateral trade flows or up to 90 percent zeroes in mergers 

& acquisitions data. To tackle the problem of zeroes in our FDI data, we decided to extend our 

econometric specification of resource and non-resource FDI to allow for the sample selection bias that is 

due to the omitted variables that measure the impact of the number of firms that engage in outward 

resource FDI to a particular country and similarly for non-resource FDI. To do this, we adopt an agnostic 

approach by specifying probit equations for the first stage to estimate the probability that the 

Netherlands engages in non-zero resource or other FDI to a particular country and using the predicted 

components of the first stage in the second stage to estimate the two types of outward FDI. Following 

Helpman et al. (2008), we use an index for common religion between the Netherlands and a potential 

host country i, denoted by cit, as a variable that can be used in the first stage and that satisfies the 

exclusion restriction. It is thus not used in the second stage. We thus estimate the following two-stage 

model of the resource and other FDI with the Heckman (1979) correction: 

(7a″)  ( )1 2 3 4 5 6 7Pr( 0 / , , , , , , ) 'R R R
it it it it it it it it it it it it it it itf c s q n x m f s q n x m f cγ γ γ γ γ γ γ> = Φ + + + + + +  

(7b″)   

( )2
0 1 2 3 4 5 6

E / 0, , , , , ,

' , N 0,

R R R
it it it it it it it it

R R R R R R R
it it it it it it i i it it it i

f f s q n x m f

s q n x m fα α α α α α α ρ σ φ ε ε σ

 > = 

+ + + + + + + + �
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(8a″) ( )1 2 3 4 5 6 7Pr( 0 / , , , , , , ) 'O O O
it it it it it it it it it it it it it it itf c s q n x m f s q n x m f cκ κ κ κ κ κ κ> = Φ + + + + + +  

(8b″)   

( )2
0 1 2 3 4 5 6

E / 0, , , , , ,

' , N 0, ,

O O O
it it it it it it it it

O O O O O O O
it it it it it it i i it it it i

f f s q n x m f

s q n x m fβ β β β β β β ρ σ φ ε ε σ

 > = 

+ + + + + + + + �

 

where Φ(.) indicates the cumulative normal density function and the coefficients 
M
iρ  and 

O
iρ indicate 

the correlation between unobserved determinants of decisions to start FDI and unobserved 

determinants of FDI once it has already started for resource and other FDI, respectively. The term 

φ(.) / [1 (.)]R
itφ = − Φ denotes the inverse Mills ratio for resource FDI, where ϕ(.) denotes the standard 

normal density function. This ratio is included in the second stage (7b″) to correct for sample selection 

bias in the explanation of resource and is the estimated parameters of the first stage (7a″). The term 
O
itφ  

is the inverse Mills ratio for other FDI. By including the inverse Mills ratios in the second stage and 

estimating the coefficients 7
R R

i i iα ρ σ≡  and 7
O O

i i iβ ρ σ≡ and realizing that the standard deviations 
R
iσ  

and 
O
iσ  cannot be zero, the null hypothesis that 7 0iα =  or 7 0iβ =  is equivalent to testing for sample 

selectivity (i.e., the null that 0R
iρ =  or 0O

iρ = ). The estimates thus generated correspond to a LIML 

estimator. To obtain the correct standard errors, one re-samples with a bootstrap. Inconsistent 

estimates are obtained if the error terms in (7b″) and (8b″) are not normally distributed. 
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Table 6: Testing for selection bias in other FDI 

  Other FDI dummy ln Other FDI 

VARIABLES 1st stage Benchmark 2nd stage bootstrapped se 

  (a: SAR)  (b: STAR) (c: STAR)  (d: STAR) 

ln population 0.158*** 0.176*** 0.182*** 0.178*** 

 (0.060) (0.042) (0.042) (0.050) 

ln human capital 0.331*** 0.352*** 0.387*** 0.375*** 

 (0.131) (0.094) (0.103) (0.110) 

ln distance from NED (Vincenty) 0.836*** -0.225*** -0.208*** -0.237** 

 (0.179) (0.069) (0.066) (0.095) 

trend 0.163*** 0.009 0.012 0.007 

 (0.028) (0.007) (0.007) (0.015) 

ln GDP per capita (t-1) 0.436*** 0.152** 0.167*** 0.151 

 (0.129) (0.061) (0.058) (0.093) 

ln GDP surrounding market potential 0.775** -0.359*** -0.320*** -0.350*** 

 (0.334) (0.125) (0.119) (0.128) 

Real exchange rate with NL based on GDP price 0.355*** -0.119*** -0.114*** -0.129*** 

 (0.171) (0.029) (0.028) (0.041) 

Implicit tax rate (Government share of GDP*100) -0.047*** -0.009*** -0.011*** -0.009 

 (0.009) (0.003) (0.004) (0.006) 

ln Hydrocarbon resource rents (t-1)  -0.020** -0.018** -0.018** 

  (0.009) (0.009) (0.008) 

Total resource dummy (t-1) 0.716***    

 (0.216)    

S&W openness 0.518*** 0.013   

 (0.187) (0.064)   

Landlocked dummy -0.685*** 0.016   

 (0.168) (0.084)   

Inverse Mill's ratio   0.588* 1.591 

   (0.353) (1.176) 

est. FDI probability    0.493 

    (0.732) 

est. FDI probability^2    -0.093 

    (0.169) 

est. FDI probability^3    0.006 

    (0.013) 

dep. var. (i-1) -0.276 0.110*** 0.106*** 0.107*** 

 (0.239) (0.037) (0.034) (0.028) 

dep. var. (t-1)  0.823*** 0.818*** 0.817*** 

  (0.039) (0.040) (0.040) 

Constant -16.636*** 1.514 0.860 0.747 

 (3.409) (1.090) (1.046) (1.921) 

     

Observations 1842 (6.8%=0) 1049 1049 1049 

Log-likelihood  -913.3 -910.4 -908.9 

robust LM rho=0  5.467 5.005 5.238 

robust LM rho=0 p-value  0.0194 0.0253 0.0221 

robust LM lambda=0  6.592 6.832 6.774 

robust LM lambda=0 p-value  0.0102 0.00895 0.00925 

Variance Ratio  0.965 0.965 0.965 

Robust standard errors in parentheses      

*** p<0.01, ** p<0.05, * p<0.1     
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Table 7: Testing for selection bias in resource FDI14 

  Resource FDI ln Resource FDI 

VARIABLES 1st stage Benchmark 2nd stage bootstrapped se 

  (e: Probit)  (f: OLS) (g: OLS)  (h: OLS) 

ln population 0.198*** 0.061* 0.050 0.029 

 (0.037) (0.031) (0.032) (0.033) 

ln human capital 0.317*** 0.325** 0.322** 0.304** 

 (0.112) (0.133) (0.142) (0.144) 

ln distance from NED (Vincenty) 0.103* -0.130*** -0.123*** -0.142*** 

 (0.060) (0.040) (0.038) (0.043) 

ln GDP per capita (t-1) 0.386*** -0.139* -0.110 -0.160** 

 (0.083) (0.082) (0.073) (0.080) 

Real exchange rate with NL based on 

GDP price level 

0.186** -0.051* -0.071** -0.085** 

 (0.085) (0.029) (0.031) (0.039) 

Institutions 5-yearly -0.002 0.014 0.013 0.014 

 (0.010) (0.009) (0.009) (0.009) 

ln Hydrocarbon resource rents (t-1)  0.038*** 0.031*** 0.034*** 

  (0.014) (0.011) (0.012) 

Hydrocarbon resource dummy (t-1) -0.194*    

 (0.115)    

S&W openness 0.235** 0.183   

 (0.105) (0.135)   

trend 0.061*** 0.002   

 (0.009) (0.006)   

Landlocked dummy -0.645*** -0.052   

 (0.112) (0.234)   

Implicit tax rate (Government share of 

GDP*100) 

-0.025*** -0.005   

 (0.005) (0.006)   

Inverse Mill's ratio   -0.342 -15.283* 

   (0.261) (8.248) 

est. FDI probability    -10.636* 

    (5.812) 

est. FDI probability^2    3.127* 

    (1.708) 

est. FDI probability^3    -0.299* 

    (0.167) 

dep. var. (t-1)  0.844*** 0.851*** 0.845*** 

  (0.032) (0.030) (0.031) 

Constant -5.533*** 0.723 0.777 13.578** 

 (0.976) (0.682) (0.682) (6.761) 

     

Observations 1601 793 793 793 

Log-likelihood -493.1 -1057 -1059 -1057 

R-squared 0.289 (PR2) 0.874 0.874 0.874 

Robust standard errors in parentheses     

*** p<0.01, ** p<0.05, * p<0.1     

 

 

8. Concluding remarks 

                                                             
14

 We found no evidence for selection bias for Resource FDI for a somewhat smaller sample when using ln 

Hydrocarbon Reserves in BTU (t-1) and the oil price instead of the ln Hydrocarbon Resource value (t-1). 



21 

 

 21 

 

References 

Anderson, J.E. and E. Wincoop (2003). Gravity with gravitas: a solution to the border puzzle, American 

Economic Review, 93, 170-192.  

Anselin, L. (1988). Spatial Econometrics: Methods and Models, The Netherlands, Kluwer Academic 

Publishers, Dordrecht. 

Baier, S.L. and J.H. Bergstrand (2007). Do free trade agreements actually increase members' 

international trade?, Journal of International Economics, 71, 72-95. 

Baltagi, B.H., P. Egger and M. Pfaffermayr (2007). Estimating models of complex FDI: are there third-

country effects, Journal of Econometrics, 140 (1), 260-281. 

Barro, R.J. and J.-W. Lee (2000). International data on educational attainment: updates and implications, 

Working Paper No. 42, Centre for International Development, Harvard University. 

Blonigen, B.A., R.B. Davies, G.R. Waddell and H.T. Naughton (2007). FDI in space: spatial autoregressive 

relationships in foreign direct investment, European Economic Review, 51, 1303-1325. 

Boschini, A.D., J. Pettersson and J. Roine (2007). Resource curse or not: a question of appropriability, 

Scandinavian Journal of Economics, 109, 3, 593-617. 

BP (2009). BP Statistical Review of World Energy 2009, BP, London, U.K. 

Brunnschweiler, C. and E. Bulte (2008). The resource curse revisited and revised: a tale of paradoxes and 

red herrings, Journal of Environmental Economics and Management, 55, 3, 248-264. 

Brunnschweiler, C. and E. Bulte (2009). Natural resources and violent conflict: resource abundance, 

dependence, and the onset of civil wars, Oxford Economic Papers, 61(4), 651-674. 

Caselli, F. and G. Michaels (2008). Resource abundance, development, and living standards: the case of 

Brazil, mimeo., London School of Economics. 

Collier, P. and A. Hoeffler (1998). On economic causes of civil war, Oxford Economic Papers, 50, 563-573. 

Collier, P. and A. Hoeffler (2004). Greed and grievance in civil wars, Oxford Economic Papers, 56, 563-

593. 

Collier, P. and A. Hoeffler (2005). Resource rents, governance, and conflict, Journal of Conflict 

Resolution, 49, 625-633. 

Dube, O. and J.F. Vargas (2007). Are all resources cursed? Coffee, oil, and armed conflict in Columbia, 

mimeo., Harvard University. 

Durnev, A. and S.  Guriev (2007). The resource curse: a corporate transparency channel, CEPR Discussion 

Paper No. 6547, Centre for Economic Policy Research, London. 

Ekholm, K., R. Forslid and J.R. Markusen (2007). Export-platform foreign direct investment, Journal of 

the European Economic Association, 5, 4, 776-795. 

Fearon, J. (2005). Primary commodities exports and civil war, Journal of Conflict Resolution, 49, 483-507. 

Florax, R.J.G.M., H. Folmer and S.J.Rey (2003). Specification searches in spatial econometrics: the 

relevance of Hendry's methodology, Regional Science and Urban Economics, 33 (5) 557-579. 

Goderis, B. and S.W. Malone (2009). Natural resource booms and inequality: theory and evidence, 

mimeo., University of Oxford. 



22 

 

 22 

Heckman, J.J. (1979). Sample selection bias as a specification error, Econometrica, 47, 153-161. 

Helpman, E. (1984). A simple theory of international trade with multinational corporations, Journal of 

Political Economy, 92, 3, 451-471. 

Helpman, E., M. Melitz and Y. Rubinstein (2008). Estimating trade flows: trading partners and trade 

volumes, Quarterly Journal of Economics, 123, 2, 441-487. 

Heston, A., R. Summers and B. Aten (2006). Penn World Table 6.2, Center for International Comparisons 

of Production, Income and Prices, University of Pennsylvania. 

International country risk guide (2006). Political Risk Services, Institutional Re- form and Informational 

Sector, 2006 and earlier years, East Syracuse, NY. 

Kelejian, H.H. and I.R. Prucha (1999). A generalized moments estimator for the autoregressive 

parameter in a spatial model, International Economic Review, 40 (2), 509-533. 

Lee, L.-F. (2004). Asymptotic distributions of quasi-maximum likelihood estimators for spatial 

econometric models, Econometrica, 72 (6), 1899-1925. 

LeSage, J.P. (2000). Bayesian estimation of limited dependent variable spatial autoregressive models, 

Geographical Analysis, 32, 19-35. 

LeSage, J.P. and R. K. Pace (2009). Introduction to Spatial Econometrics, Taylor & Francis, London. 

Markusen, J.R. (1984). Multinationals, multi-plant economies, and the gains from trade, Journal of 

International Economics, 16, 3-4, 205-226. 

Markusen, J.R. (2002). Multinational Firms and the Theory of International Trade, MIT Press, Cambridge, 

Mass. 

Marshall, M.G., K. Jaggers and T.R. Gurr (2007). Polity IV Project, Center for International Development 

and Conflict Management, University of Maryland. 

Mehlum, H., K. Moene and R. Torvik (2006). Institutions and the resource curse, Economic Journal, 116, 

508, 1-20. 

Neary, P. (1988). Determinants of the equilibrium real exchange rate, American Economic Review, 78, 1, 

210-215. 

Ploeg, F. van der and S. Poelhekke (2009a). Volatility and the natural resource curse, Oxford Economic 

Papers, 61(4), 727-760. 

Ploeg, F. van der and S. Poelhekke (2009b). The Pungent Smell of “Red Herrings”: Subsoil assets, rents, 

volatility and the resource curse, mimeo. 

Poelhekke, S. and F. van der Ploeg (2009). Foreign direct investment and urban concentrations: 

unbundling spatial lags, Journal of Regional Science, 49(4), 749-775. 

Reynal-Querol, M. (2002). Ethnicity, political systems, and civil wars, Journal of Conflict Resolution, 46, 

29-54. 

Ron (2005). Paradigm in distress: primary commodities and civil war, Journal of Conflict Resolution, 49, 

443-450. 



23 

 

 23 

Ross, M. (2004). What do we really know about natural resources and civil war?, Journal of Peace 

Research, 41, 337-356. 

Sachs, J.D. and A.M. Warner (1997). Natural resource abundance and economic growth, in G. Meier and 

J. Rauch (eds.), Leading Issues in Economic Development, Oxford University Press, Oxford. 

Wei, S.-J. (2000). How taxing is corruption on international investors, The Review of Economics and 

Statistics, 82 (1), 1-11. 

Tinbergen, J. (1962). Shaping the World Economy, The Twentieth Century Fund, New York. 

Vincenty, T. (1975). Direct and inverse solutions of geodesics on the ellipsoid with application of nested 

equations, Survey Review, 23, 176, 88-93. 

Wacziarg, R. and K.H. Welch (2008). Trade liberalization and growth: new evidence, World Bank 

Economic Review, 22, 2, 187-231. 

World Bank (1997). Expanding the Measure of Wealth. Indicators of Environmentally Sustainable 

Development, The World Bank, Washington, D.C.  

World Bank (2001). Growth Data Base, Global Development Network, World Bank, Washington, D.C. 

World Bank (2006). Where is the Wealth of Nations? Measuring Capital for the 21st Century, World Bank, 

Washington, D.C. 

World Bank (2007). Adjusted Net Savings Data, Environmental Economics and Indicators, World Bank, 

Washington, D.C. 

Yeaple, S.R. (2003). The complex integration strategies of multinational firms and cross-country 

dependencies in the structure of foreign direct investment, Journal of International Econoimcs, 

60, 293-314. 

 



24 

 

 24 

Appendix 1: Estimating spatial lags 

With N potential host countries and T years of observation, we estimate the baseline spatial 

autoregressive (SAR) specification of (7') and (8') with maximum likelihood, where: 

ln(market potential)it itm = W , 6 6 ln(resource FDI)R
it itfα α= W  and 6 6 ln(other FDI)O

it itfβ β= W  

1,2 ,1
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The block-diagonal matrix W corresponds to the spatial lag weighting matrix with each block along the 

diagonal corresponding to a single year, 6α  and 6β  stand for the spatial autocorrelation coefficients. 

The blocks along the matrix W depend on distances, so are identical for each year. The off-diagonal 

elements in each block contain the spatial inverse-distance weights between any two potential host 

countries, where the distances are the Vincenty differences in kilometers between country centroids 

and are normalized by the shortest distance between two host countries (the distance between 

Netherlands and Belgium, i.e., 115.4 km).  As an alternative to a spatial AR(1) process suggested by 

theory there may be statistical reasons to include a spatial MA(1) error term instead. We follow Florax et 

al. (2003) (see also Le Sage and Pace, 2009) and perform robust Likelihood Multiplier (LM) tests. 

Consistent with FDI theory, the LM tests almost always reject the null hypothesis of no spatial AR(1) 

correlation at the 99% confidence level. Although they often also cannot reject the null hypothesis of no 

spatial MA(1) correlation, the test statistics for MA(1) are nearly always smaller. We therefore always 

allow for spatial AR(1). 

Estimation of (7') and (8') is based on maximum likelihood (Anselin, 1988) and involves calculation of the 

determinant of large matrices. For example, the matrix W reaches a maximum dimension of 1602×1602 

within our sample. Moreover, Kelejian and Prucha (1999) warn that calculation of the eigenvalues of W 

may be hampered by lack of accuracy. Fortunately, all estimated eigenvalues of our matrices W for 

different samples had zero imaginary parts allowing standard methods of estimation. The properties of 

the weighting matrix may also violate consistency of the maximum likelihood estimates: the row and 

column sums should not diverge faster to infinity than the sample size N. Since W is an inverse distance 

matrix, it satisfies this condition (Lee, 2004). The spatial probit 1st stage to the Heckman selection model 

requires more involved Bayesian estimation (LeSage, 2000), but uses the same weighting matrix for 

spatially lagged binary variable of zero versus positive FDI.  
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Appendix 2: data definitions and sources 

   

 

 

Variable Description Source 

ln FDI value of Dutch outward foreign direct investment, see also text DNB (2008)  

ln population log of total population (in 1000s) 
PWT6.2, from Heston et al. 

(2006) 

S&W openness = 1 if open to trade, dummy Wacziarg & Welch (2008) 

ln human capital average years of schooling age 25+ Barro and Lee (2000)  

ln distance from NL (Vincenty) 
Vincenty distance in km from the Netherlands between country 

centroids 
CID data and Vincenty (1975) 

trend time trend - 

ln GDP per capita GDP per capita in constant PPP $ billions 
PWT6.2, from Heston et al. 

(2006) 

ln GDP surrounding market potential distance weighted GDP in constant PPP $ billions authors' calculation 

FTA with Netherlands 
=1 if a country has a free trade agreement with The Netherlands 

in year t 
Baier and Bergstrand (2007) 

GATT/WTO member =1 if a country is a member of the GATT or WTO in year t World Trade Organisation 

Landlocked dummy =1 if a country has no access to sea World Bank (2001) 

Total resource dummy (t-1) =1 if natural resource rents are non-zero World Bank (2007) 

Hydrocarbon resource dummy (t-1) =1 if natural resource rents of oil, gas or coal are non-zero idem 

Other mineral resource dummy (t-1) 
=1 if natural resource rents are non-zero, excluding oil, gas and 

coal 
idem 

ln hydrocarbon resource value (t-1) combined value of natural resource rents of oil, gas and coal idem 

ln other mineral resource value (t-1) 
combined value of natural resource rents excluding oil, gas and 

coal 
idem 

ln hydrocarbon reserves in BTU (t-1) total amount of oil, gas and coal reserves in BTUs BP (2009) 

Oil price (constant 2008 USD) World price of oil in constant 2008 US dollars idem 

Institutional Quality 

Sum of the following institution indices: Government Stability, 

Investment Profile, Corruption, Law and Order, Bureaucracy 

Quality 

International Country Risk Guide 

Polity IV autocracy (-10) – democracy (10) index of autocracy versus democracy Marshall et al. (2007) 

Common religion 

(% Protestants in country i · % Protestants in country j)+(% 

Catholics in country i %Catholics in countryj) + (% Muslims in 

country i · %Muslims in country j), where i = Netherlands 

Helpman et al. (2008) 

Entry time and procedures (sum-median) 
the sum minus median of the number of days and procedures 

necessary to form a business 
idem 

Entry cost relative to GDP/capita (cost-

median) 

the relative cost minus the median (as percent of 

GDP per capita) of forming a business  
idem 


