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resources, foreign direct investment (FDI), and institutions. Specifically of inter-
est is assessing whether FDI to natural resource rich developing countries may be
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determinants in a large amount of data, and resolving the consequent instrument
proliferation by the principal component analysis. It also explicitly models the
heterogeneity bias in a multilevel approach, so that temporal and cross-sectional
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the types of natural resources. The main findings of this study are that good institu-
tions do deter FDI from being channeled to resource rich developing countries, but
that this effect is, over 1976-2007, driven by fuel rich countries and not by mineral
rich countries. This explicit distinction is novel to the literature.
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Whilst there are many studies on the topic of FDI determinants, surprisingly little investigation
has been made into the relationship between FDI, natural resources and institutions; specifi-
cally when studying determinants of FDI to developing countries. Asiedu and Lien (2011) and
Asiedu (2013) have certainly provided the most relevant longitudinal studies in this regard,
analysing this precise relationship in a dynamic model using methodologies that account for
(expected) endogeneity of the lagged dependent variable only (GMM estimators) and includ-
ing in their model both resources and institutions, and interactions between them. From those
studies it was found that democracy only attracts FDI to developing countries in the case that
the value of the share of natural resources in total exports is less than some critical value. In
Asiedu and Lien (2011) it is also found that this effect does not adjust dependent on the type
of natural resource - specifically split by fuels and minerals. In addition, Asiedu (2013) finds
that this effect does not adjust dependent on the type of institutional variables considered.

In this paper, we interrogate these more granular findings - specifically trying the sensitivity
of such a model to the specificity of natural resource type and institutional type. In order to
further contribute to the literature, we also aim to improve on the methodology. Whilst we
find that the methodology of Asiedu and Lien includes minimal assumptions, we introduce
the required assumptions of inter alia heterogeneity and endogeneity. Starting with the base
model and dataset of Asiedu and Lien we introduce these assumptions and unprecedently
take full account of all endogeneity in our model - not only with regard for the lagged de-
pendent variable, but also with regard for all variables which may display reverse causality
in a developing country setting. This is specifically made possible by using the method for
principle component analysis as a tools for increase efficiency in the estimates with many con-
trols and also as a tools in reducing the problem of too many instruments (in Bontempi and
Mammi (2015)). This allows the study to exploit a large amount of data, whilst maintaining
the realistic assumptions of endogeneity between FDI and FDI determinants in developing
country settings. An additional point is distinguishing between the between and within vari-
ability in the quality of institutions of the host countries in determining FDI, according to the
types of natural resources. To do so, we use a multilevel approach in which the two sources
of variability are explicitly accounted for at both the modeling phase and the level of random
error components. Contrary to standard regression methods which ignore possible differences
between cross-country and within-country effects of the covariates in influencing FDI, we sep-
arately estimate between- and within-country effects. In other terms, our aim is to understand
whether the role of better institutions (according to the type of natural resources) is that of
increasing FDI when both a country increases her quality (the within-variation) and some
countries are permanently of a better quality.

The results of our investigation show, contrary to the literature, the type of resource does
matter. Specifically, we find that good institutions do deter FDI from being channeled to re-
source rich developing countries, but that this effect is, over 1975-2008, driven by fuel rich
countries and not by mineral rich countries. In addition, we test this theory using different
types of institutional interactions and again find that the relationship between resources, insti-
tutions and FDI attraction is highly specific to the indicators, in this case institutional, being
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considered.

Key policy implications from this study include that governments of developing countries
that wish to attract FDI should focus on their institutions, primarily they should ensure the
lessening of government expropriation risk, and the improvement of democracy. However, pol-
icy makers should be aware of the lessening (FDI) benefits of good institutions in the presence
of fuel intensive developing countries. Further studies may consider this at a country level,
specifically for those developing countries that may wish to balance the existence of good local
institutions with FDI interest in their economy.

This paper is structured as follows: Section 2 discusses the importance and complexity of
FDI to developing countries; Section 3 reviews the literature in the field of FDI determinants;
Section 4 discusses our dataset, and the related hypotheses and descriptives; Section 5 explains
our methodology, particularly relating to the application of GMM estimators and principal
component analysis; Section 6 presents the empirical implementation and consequent results;
and Section 7 concludes.

� ��� ���������� ��� ���������� �� ��� �� ����������

���������

The study of FDI to developing countries has received a great amount of attention for valid
reasons. The level of global FDI flows is significant, as is the effect that a FDI injection can have
on a country’s trajectory. In 2015 global FDI flows were at the level of US$1.76 trillion, US$766
billion of which was for greenfield projects. FDI flows to developing countries reached US$765
billion, continuing the recent trend, in which FDI flows to developing countries came close
to and in some instances even exceeded those to developed countries. Other notable trends
include that among the top ten FDI recipients in the world in 2015, five were developing coun-
tries. Asia remained the largest recipient region in the world, accounting for near one third
of the total. At the same time, developing countries’ outflows reached US$378 billion, indicat-
ing, inter alia, the continued prevalence of south-south finance (UNCTAD, 2016). These trends
beg the question of how a developing countries can create a macroeconomic and institutional
setting that can attract a share of these substantial FDI flows, specifically doing so as part of a
sustainable development plan.

Researchers who are interested in the developmental effects of FDI look to two measures -
the level of FDI and the relative importance of FDI in the economy studied. Across countries
in the 20th century both measures displayed a high level in the early part of the 20th century,
a low level in the middle part, and high and growing levels toward the end (Te Velde, 2006:2).
This ‘high and growing level’ may be partially explained by concerted efforts for mobilisation.
Despite the lack of a multilateral framework for FDI, “unilateral, bilateral and regional efforts
towards the liberalisation of national FDI frameworks have led to a remarkable level of de facto con-
vergence of government policy approaches towards FDI among countries from all regions” (UNCTAD,
1994:286). Particularly in latter decades of the 20th century, governments overall became more
liberal toward FDI. Developing countries began competing for FDI, offering incentives to multi-
and trans-national corporations (MNCs and TNCs) such as subsidies and fiscal privileges; and
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source countries started facilitating outflows through guarantee funds and matchmaking.

Over the same period the understanding that FDI alone is not a sufficient condition for
growth (and may even negatively affect growth in the long term) became recognised. Some
highlighted historical examples that contributed to this understanding include FDI to Nigeria
over 1970-1990 that negatively exploited natural resources in a period of weak local governance;
and FDI to Latin America in the 1970s and early 1980s that negatively ‘crowded out’ local ca-
pabilities (te Velde, 2006:4-5). These and similar illustrations highlighted that whilst FDI may
contribute to the growth of real income in the host country via skills and technology transfer,
as well as augmentation of domestic savings and further stimulation of domestic investment,
it is unlikely to have an independent effect on economic growth. Rather, it was determined
(Carkovic and Levine, 2002) that its effect is strongly linked to initial country conditions, in-
cluding those related to economic and institutional factors. For example, a country may be less
able to sustainably exploit the benefits of FDI if they have a distorted regulatory and hence
incentive framework (UNCTAD, 2007). Such a case may play out in many ways, including sit-
uations where FDI promotes monopolisation and a resulting enclave economy, wherein local
investors are deterred from investing and reliance on foreign capital inflows may result in a
path toward stagnation and limited distribution of income.

In this paper we focus on FDI determinants and not FDI effects, but we argue that these
considerations must be taken into account, particularly in a country’s ambitions for FDI and
institutions, and most prominently in the case of a fuel intensive country. This has been the
focus of limited study to date, as is further discussed in the next section.

� ���������� ������

Over the last decade there have been many insightful papers on the topic of FDI determinants
at a cross-country macroeconomic level, each with somewhat appealing and unique results.
Whilst this literature on FDI determinants may be considered broad, it may easily be broken
down when considering the evolution of estimation techniques relied on, as well as the deter-
minants of interest.

Regarding estimation techniques, many papers on the topic of FDI determinants (e.g. Asiedu,
2002; and Lautier and Moreaub, 2012) have focused on OLS estimation. This is less appealing
for many reasons, including the fact that OLS estimates cannot control for unobserved depen-
dent variables, consequently leading to less likely proof of causality in such regressions. Other
papers have resolved this issue by using panel data and working with fixed effects (Mathur
and Singh, 2013; Mohamed and Sidiroupolos, 2010; Ndikumana and Verick, 2008; and Asiedu,
2006) and/or random effects models (Mohamed and Sidiroupolos, 2010). These models as-
sist in resolving the aforementioned issue, but nevertheless leave open the issue of the lagged
dependent variable (if introduced into the model) being correlated with the error term, as
well as, importantly, endogeneity of other dependent variables that are expected to simulta-
neously display reverse causality in a FDI regression. For these reasons a few researchers
of FDI determinants have turned to GMM estimators (Naude and Krugell, 2007; Asiedu and
Lien, 2011). These estimators are designed to resolve the endogeneity issues, for the lagged
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dependent variable and any other regressor considered to be endogenous. Notwithstanding
this improvement, many researchers have been limited in their application of GMM estima-
tors, often assuming only one or two variables of interest as endogenous and restricting the
instruments used in arbitrary ways so as to to avoid instrument proliferation. Per illustration,
Naude and Krugell (2007) set five independent variables as endogenous, but appear to con-
sider only the first lag of their variables as instruments in their dynamic one-step difference
GMM estimation. Asiedu and Lien (2011) set only two independent variables as potentially
endogenous, additionally truncating the number of lags used as instruments.

Regarding the determinants of interest, only a few studies on the topic of FDI determinants
(e.g. Mathur and Singh, 2013; Naude and Krugell, 2007; Busse and Hefeker, 2005; Asiedu, 2006;
Asiedu and Lien, 2011 and 2013) have interrogated the issue of institutional determinants of
FDI (in addition to macroeconomic determinants). Of these only Asiedu and Lien (2011) and
Asiedu (2013) have pursued the question (using a global panel dataset of developing countries
over multiple decades) of how natural resources, particularly fuels and minerals, interact with
institutions to attract FDI to developing countries. More specifically, from those studies it was
found that democracy only attracts FDI to developing countries in the case that the value of
the share of natural resources in total exports is less than some critical value. In Asiedu and
Lien (2011) it is also found that this effect does not adjust dependent on the type of natural
resource - specifically split by fuels and minerals. In addition, Asiedu (2013) finds that this
effect does not adjust dependent on the type of institutional variables considered.

Following on from the above, we choose the study of Asiedu and Lien (2011) as our start-
ing point to investigate how institutions and resources interact to attract FDI. Their findings
contribute to clarify the relationship between FDI and democracy, but some specification and
estimating choices can have determined an excess of statistical significance. We aim to extend
the literature under many aspects.

· The specific question of the link between FDI and institutions is of interest also in our
study, and, in comparison with Asiedu and Lien’s estimation, we further investigate this
across different types of institutions as well as different types of resources.

· We pass, from the linear model with few macroeconomic regressors whose parameters
are assumed to be poolable, to nonlinear relationships with a greater number of explana-
tory variables. Linearity and slopes’ poolability are strong assumptions when the disper-
sion of observed cases is large, and neglected heterogeneity/non-linearity may lead to
biased estimates, especially in presence of potential leverage points.

· We unprecedently take account of endogeneity for all the covariates, due to their re-
lationship with the target FDI through classical macroecnomic links. The consequent
instrument proliferation is resolved by a frontier method for principal component anal-
ysis (Bontempi and Mammi, 2015). This allows the study to exploit a large amount of
data, whilst maintaining the realistic assumptions of endogeneity between FDI and FDI
determinants in developing country settings.

· We show how outliers in FDI, together with less outliers in explanatory drivers, lead
to highly heteroscedastic model residual’s distribution. The fail to account for such
heteroscedasticy may underestimate the uncertainty of parameters’ estimates, leading
to an excess of apparent significance. We employ consistent estimates of the variance-
covariance matrix of parameters to better measure the parameters’ uncertainty.
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· A final extension is to take into consideration the role of institutional quality as both
increasing over time and being usually higher in specific countries.

[noitemsep]

� ������� , ���������� ��� ������������

As discussed above, the same data of Asiedu and Lien (2011) are used as a starting point and
then extended with additional variables as well as additional time periods. Their dataset covers
121 developing countries over the period 1982-2007. For the final regression of interest, where
more variables are introduced, the dataset narrows down to 72 developing countries. The Table
8 in the Appendix contains the list of the countries, for both initial and final regressions. The
World Bank classifies all low to middle income countries as developing, however highlighting
that classification by income does not necessarily reflect development status. We also extend
the temporal period starting from 1979, when possible. Note that all data are averaged over
three year periods, as usual in this literature. The motivation for this is to smooth out cyclical
fluctuations, however it may lessen the opportunity to understand the persistence of this se-
ries for each country and may cause measurement error. The variables are described in Table 1.

insert Table 1 here

The dependent variable, as is standard is the literature is FDI (FDI/GDP(%)), sourced from
the World Bank Development Indicators (WBDI) (2009). FDI data measure different concepts
depending on the source. This study follows the concept of the World Bank measurement,
where FDI is defined as the net inflows of investment to acquire a lasting management interest
(10% or more of voting stock) in an enterprise operating in an economy other than that of
the investor. Therefore it represents the sum of equity capital, reinvestment of earnings, other
long-term capital, and short-term capital as shown in the balance of payments (World Bank,
2013). It has been confirmed by the World Bank that this data include greenfield investment
as well as investment for mergers and acquisitions. The independent variables then include
macroeconomic variables also taken from the WBDI (2009), a democracy variable taken from
Freedom House, and institutional/risk variables taken from the International Country Risk
Guide (ICRG) and Park (2008). Each variable’s definition is concisely explained below.

The Democracy index ranges from 0 to 10, where a higher rating implies higher levels of
democracy. For ease of use this variable has been normalised to lie between 0 and 1, with a
higher number implying greater democracy. Similar democracy data were also sourced from
Polity IV and ICRG. These data sources however provide fewer observations. Furthermore the
summary mean democracy scores from the latter sources are higher than that from Freedom
House. For these two reasons - availability and conservatism - the Freedom House democracy
data is chosen for use. The FDI, institutional, and political risk variables are also normalised
to lie between 0 and 1 and are always to be interpreted such that a higher score means less
risk and a lower score means more risk. Most of these variables are provided for 43% of the
complete sample (some less), explaining the narrowing down of countries used for the final
regressions (from 151 to 72). The Table 8 in the Appendix contains further information on this
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data availability by country.

As indicated in Table 1, variables such as education and taxation have also been considered
for inclusion in the dataset, as factor market indicators. These variables are often included
in studies of shorter periods covering smaller samples. However, for the sample at hand it is
not possible to collect comprehensive data for these variables that are considered comparative
between countries and unquestionable in accuracy for the whole sample over the whole pe-
riod. Specifically, Literacy, a proxy for education, is available for only 15.76% of the sample,
whilst Tax, a proxy for the global taxation rate applied to the private sector, is available for only
21.44% of the sample. Due to this minimal and sporadic data both variables are excluded from
the regressions as explanatory variables, but are included as instruments when extracting the
principal components (see Section 6). In place of the above-mentioned factor market variables
here it is chosen to focus on gross fixed capital formation, GFCF, as an indicator of factor
markets. GFCF includes both public and private domestic investment. It is hypothesised that
a strong GFCF record acts as a signal of high returns to capital and adequate public infras-
tructure (through high public investment), which can ease the cost of doing business, raising
the marginal return to FDI (Ndikumana and Verick, 2008:3). Other macroeconomic variables,
suggested by Asiedu and Lien (2011) are trade and income, inflation, infrastructures; we also
add credit to take into consideration the facilities fof FDI furnished by a developed financial
sector. Aa measures of a country’s quality, we include indeces, normalized to lie between zero
and one, for the level of corruption within the political system, the effectiveness of the rule of
law, the institutional strength and quality of the bureaucracy, the cross-border conflicts and the
political violence within the country. We also add an index for intellectual property protection
that, in principle, could be attractive for FDI.

In addition to our interest in each of these variables independently, we are also interested
in the interaction of institutional and natural resource variables, mainly in the relationship be-
tween FDI, resources (which we later split into fuels and minerals) and institutions. Therefore,
we are mainly interested in the signs and significance of the institutional and natural resource
variables. A priori we would expect these variables to be positive. This is due to the fact that
natural resource rich developing countries may be expected to incur a significant amount of
international interest as lucrative investment markets. Similarly, developing countries with
good institutions may be considered as providing a significant degree of business confidence
to foreign countries wishing to invest. Notwithstanding these expectations, it is possible that
neither of these effects would prevail in the case that, for example, FDI is purely path de-
pendent (following the theory that agglomeration effects make clustering more effective and
efficient). In this case the lagged dependent variable will dominate. For this reason, we again
emphasize that whilst we are mainly interested in the relation between resources, institutions
and FDI, it is necessary to also understand (and report) the results for the extended dynamic
model.
In this extended dynamic model we believe in an additional role for the interaction of institu-
tional and natural resource variables. This follows on from the fact that, beyond the variables
discussed above, it is realistic that FDI may not be attracted by particular determinants, but
rather by nonlinear combination of determinants. This may be less appealing theoretically as
it dismisses clear-cut solutions to a FDI path. Furthermore, it may be less appealing practically
as it may suggest combinations of variables in an economy that may or may not be comple-
mentary for other purposes beyond FDI attraction. In this study it is chosen to investigate
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the interaction terms of Democracy*Resources, FDIrisk*Resources, and Govstability*Resources. It is
believed that the interactions Democracy*Resources and FDIrisk*Resources are to have negative
coefficients and the interaction Govstability*Resources is to have a positive coefficient. MNCs
and TNCs may be more willing to risk government expropriation and restraints on profit repa-
triation if their desired investment is in a high worth industry, such as minerals and fuels.
And MNCs and TNCs may prefer government longevity over democracy if the investment is
in minerals and fuels, as this lowers the risk of policy reversal and strengthens property right
protection (Li, 2009).

A panel data summary of relevant variables for the sample of developing countries (all time
periods considered) is provided in Table 2. The country between effects consider, at each date,
the position of each country, on average, with respect to the overall average value in the sample:
for example, FDI of country i averaged across all periods t = 1, ..., T less the mean FDI for all
country i = 1, ...,N over all the sample periods (FDI

i. -FDI..). The time between effects embody
the aggregated, macroeconomic variations, common to all the individuals: for example, the
mean FDI for period t less overall sample mean of all countries over all periods (FDI.t - FDI..).
The “within" residual variability then remains once both country and temporal heterogeneity
has been taken into account and it takes into account for the role of deviations of FDI of coun-
try i in period t respect to the country-specific averages (FDI

it

- FDI
i. - FDI.t + FDI..). It is

clear that country between effects dominate variation for many of the variables (although both
country and time between effects are always significant). The case of the dependent variable
is interesting as the residual is high, highlighting an optimal setting for this study.

insert Table 2 here

As figures 1, 2 and 3 show, the data are characterized by high heterogeneity across coun-
tries and over time. In particular, FDI seem to be affected by most outliers than explanatory
variables such as democracy and risk of expropriation. Also, resources are not able to capture
such different patterns.

insert Figure 1, 2, 3 here

The presence of many FDI outliers, together with less outliers in explanatory drivers, leads to
highly heteroscedastic model residuals’ distribution. The fail to account for such heteroscedas-
ticy may underestimate the uncertainty of parameters’ estimates, leading to an excess of appar-
ent significance. By referring to multilevel approach, we better analyze the FDI’s heterogeneity
in specifications that gradually control for higher (country) and lower (period) levels effects.
The most extended version, among the ones we estimated, of the mixed-effects regression for
FDI is:
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and slope for each period (level 1). Hence, averages in FDI are combinations of the overall
mean (in the fixed component of the mixed model), and random departures from the overall
mean due to the i

th country or to the t

th period (in the random component of the mixed
model); by the same spoken, trends in FDI are combinations of the overall trend (in the fixed
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component of the mixed model), and variations of that trend for each country or for each pe-
riod (in the random component of the mixed model). Estimates of a mixed model with gradual
levels of heterogeneity are presented in Table 3.

insert Table 3 here

Results show that FDI increased over the 1971-2007 period, that both by-country and by-
period heterogeneity is present, at least on average, and that between variability is the main
part of the total variability of FDI when the role of time is adequately considered, both in the
explicit part of the model and as component of the random error. The estimating methods
for the full model (with covariates added back) should consider, at least in principle, common
and stochastic trends, and a role for the between variability which is larger than the one
for the within variability. The preferred estimation method, hence, should be based of random
effects in which the endogeneity due to the heterogeneity bias (the correlation between country-
specific effects and the explanatory variables of the model) is explicitly modeled.1

Moreover, as discussed above, in the forthcoming empirical analysis we would like to asses
the role of better quality of institutions in attracting FDI in the host countries according to the
entity of natural resources (eventually separated by Minerals and Fuels). Hence, three inter-
actions will be included. Figure 4 provides a visual example of the first interaction term of
interest, the one between FDI and Democracy, where the size of the scatter points (the bubbles)
indicates the relative level of natural resources. This visual indicates the ‘natural resource’ may
curse relationship between FDI, Resources and Democracy with a great amount of heterogene-
ity. An increase in Democracy seems to be beneficial in few areas only (Eastern Europe and
Latin American-Caribbean) and only when Resources are minimal (this is particularly true in
Eastern Europe). The larger bubbles on the upper left hand side of the graph for Eastern Eu-
rope prominently represent Azerbaijan, and Russian Federation. Chad and Equatorial Guinea
are other two countries (in the Sud-Saharan Africa) containing major fuel industries with large
ownership stakes by foreign investors. The main message from the 4 is that area has not a
clear role in identifying the link between FDI, Democracy and Resources, because inside each
area still there is pretty high heterogeneity.

insert Figure 4 here

Another type of heterogeneity to be considered is that related to the type of resources. Fig-
ure 5 show the link between fuels and minerals. The two bar represent the 9decile for fuels
(71.87% of export) and for minerals (34.93% of export). The picture clearly shows four quad-
rants: up-left with very high fuels and low minerals and the opposite in the bottom-right part;
the most mass of data in the bottom-left part, characterized by both low fuels and minerals
(the coefficient of correlation is 43.95%); cases with only one type of resources or with both
types both at very high percentages are very rare. For this is quite important to take into
consideration for the simultaneous presence of the two types of resources.

insert Figure 5 here

1 The inclusion of country averages in the random effects specification can resolve the omitted heterogeneity bias
problem. Grilli and Rampichini (2011) note that the use of the sample level2 mean in place of the population level2
mean entails a measurement error that yields biased estimators for both the slopes and the variance components. They
propose simple post-estimation corrections for this measurement error biases.
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The next three Figures 6 represent the relationship between FDI and Democracy (FDIrisk
and Govstability) according to the type of resources (fuels or minerals) and the entity of the
share over export (low or high according to the fact that percentages are below or above the
9 decile). Independently from the type of indicator used to measure quality of the country
(respect of human rights to decide, ownership rights and political stability), the figures seem
to suggest that the relationship between FDI and institutional quality is positive if and only if
the resources are represented by minerals. In conclusion, slopes’ poolability seems to be a very
strong assumption, given the large dispersion of observed cases. The next Section 5 presents
our methodology and estimates of this heterogeneous and nonlinear relationship.

insert Figure 6 here
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In a very compact way your model can be written as:
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represents the idiosyncratic error, supposed to be possibly heteroskedastic
and autocorrelated. The dependent variable is FDI as a percentage of GDP and the lagged de-
pendent variable as our first regressor in X is endogenous by definition, due to the correlation
with country-specific effects.
The explanatory variables W

0
it

are those described in Table 1, and can be thought as ideally
separated in two groups: W 0

it

= (E 0
it

, I 0
it

), where E

0
it

includes macroeconomic indicators (GDP
per capita, Trade, Inflation, Gross fixed capital formation, Infrastructure, Credit, Resources),
while I

0
it

includes institutional indicators (Democracy, FDI risk, Government stability, Bureau-
cracy, Corruption, Effectiveness of the rule of law, External and Internal conflicts, Intellectually
property protection).

In the first set of estimates of model (2), we extend the methodology of the Asiedu and Lien
(2011) reference study as follows:

· The model includes time effects, at least for taking into consideration the period before
the economic crisis (2006-2008).

· The model also includes much more indicators for the institutional quality of the host
countries (such as human capital among the economic variables, and enforcement of
laws and regulations, or private property protection among the institutional covariates),
because this allows for better capturing the role of a general level of democratization on
FDI.

· Even if important in order to avoid bias in the estimates, many institutional indicators can
increase collinearity problems and the standard errors of the estimated parameters. To
preserve efficiency, the principal component analysis is employed to reduce the number
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of control variables in our model. In particular, the institutional indicators different from
Democracy, FDI risk and Government stability (see the discussion below) are condensed
in a unique indicator able to capture, when increasing, better institutions. Also the
macroeconomic variables will be condensed by principal components.

· Unprecedentedly, all regressors are set as endogenous and estimated by GMM: together
with the lagged dependent variable, other control variables can be affected by shocks to
FDI, or can be measured with errors, particularly in the case of the institutional variables.
As far as the link between democracy, FDI, income and trade, many authors have tackled
the issue (see, among others, Acemoglu et al. (2008)).

· In GMM the use of (too) many (possibly weak) instruments can produce an over-rejection
problem of the Hansen test, usually faced by arbitrary lags-truncation. We reduce the
instruments count by applying the extracted principle components from the GMM-style
instruments set, following the methodology and the procedure proposed by Bontempi
and Mammi (2015). In particular, we tested the robustness of our results to the use
of two principal components (extracted from the lags of the dependent variable and
the lags of all the other variables) or three principal components (taking distinguished
macroeconomic and continuous variables from limited indicators); the last one is our
preferred choice.

· The inference is based on one-step robust standard errors, so as to avoid the bias in the
two-step standard errors noticed by Windmeijer (2005). Moreover, one-step estimates are
specified for the reason that authors such as Bond, Blundell, and Windmeijer (2000) have
advocated the reliability of one-step estimates for finite samples, especially if results
show minimal difference between one-step and two-step results, as is found from our
preliminary results.

More details on the Methodologies used to avoid the instruments’ proliferation are in the
Appendix ??.

Among the control variables of equation (2) , our focus is on the relationship between FDI,
one of the economic controls (Resources) and three institutional indicators (Democracy, FDI
risk and Government stability). Whilst the reference literature considers how natural resources
in host countries alter the relationship between democracy and FDI, this paper focuses on
the fact that democracy alone could not be the only responsible in determining more or less
attractiveness for FDI. In order to provide further evidence on the issue, this paper extends the
main model (2) to take the explicit form as follows:
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where also political stability and FDI risk in host countries can exert a role on FDI and this
role can be affected by natural resources. The inclusion of these additional interactions should
allow for a better distinction among the role of democracy and the role of other measures of
the quality of the institutional context.
Moreover, whilst the reference study then considers the resource split between minerals and
fuels only in their robustness check (with the finding that the type of resource does not mat-
ter), this paper focuses on this distinction, so actually we will estimate some parameters more:
�

3m

and �

3f

for minerals and fuels, as well as the three �

5

s split between the two types of
resources, �

5mgg

and �

5fgg

.
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At a first glance, in order to be sure of replicating the base model results of Asiedu and
Lien (2011), we apply the standard GMM estimates to equation (2). When we do that, the
slopes are uninterpretable weighted averages of the within and between processes; since the
between effect is omitted, the variance that is left unaccounted for will be absorbed into the
error term. Actually, and for example, an increase in democracy (the within-group regression
coefficients or, in the GMM approach, the coefficients associated to the first-differences) may
have a different effect to generally being an historically more democratic country (the between-
group regression coefficients), and this difference may be due to some historical attribute, such
as climate and colonialism, and to the cultural, social, normative environment. To improve our
model specification in this direction, we can think to our equation (2) as if it were a random
effect model where the random part of the model is ✓

i0

+ ⌫

it

. It consists of country-specific
residuals, ✓

i0

, allowing for different intercepts/slopes, and of ⌫
it

, which is the idiosyncratic
shocks affecting country i in period t.2 Among the random effects’ assumptions, the non
correlation of covariates with the country-specific effects is the least reliable in the present
context: particularly institutional indexes, such as Democracy, are affected by endogeneity
due to heterogeneity bias meaning that they have to do with the specific countries under
analysis. The heterogeneity bias can be explicitly modeled according to the Mundlak (1978)’s
formulation:
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(4)

where X

i. equal T-1

P
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it

and account for the between effect.3 This model can be seen as
a random intercept multilevel model, in which the intercept is divided into two elements: ✓

00

is the overall intercept, u
i0

is the random part denoting country i’s departure from the overall
intercept due to unobserved country characteristics, and X

0
i.⇡ is the assumed specification for

country i’s departure from the overall intercept due to observed country-specific variables (it
is the fixed component of the model). This combines to form
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where � is the estimate of the within effect (the role of a change along time of X), while ⇡

captures the contextual effects, i.e. the additional role of the historical attributes of a country
in explaining the total effect of the covariates on FDI. A more convenient expression is
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where ⇡

1

=�+⇡. Here the within- and between-group regression coefficients are separately es-
timated (Snijders and Berkhof, 2008), the collinearity among explanatory variables of equation
(5) is reduced, sluggish or slowly changing variables (such as GDPC or Resouces) can be better
estimated. The final step is to extent model (6) as to include also random slopes and cross-level
interactions:
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, leading to the final expression:
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2 The idiosyncratic shock could be ⌫
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0
i.), a possible expression for heteroskedasticity at the

level 1.
3 We use T instead of T

i

because our panel is balanced. The use of all the available temporal data to compute averages
may better capture population averages and imply less collinearity.
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In equation (8) the �

1

parameter is able to capture, for example, how much the effect on FDI
of an increase over time in Democracy varies when we pass from resource-poor to resource-
rich countries (on average). The same reasoning can be applied to other indicators of the
institutional quality, as well as can be reversed to consider how a temporal change in natural
resources can affect FDI in going from usually-low to usually-high democratic regimes.

� �������������� ��� �������

INCOMPLETE & VERY PRELIMINARY

�.� Model specifications and extension

We begin by identically replicating the base model results of Asiedu and Lien (2011) for period
1983-2007, in Column 1 of Table 4. In the following columns we then adjust the specifications
and extend the model, also to test for robustness of the main specification and the core of the
economic and institutional explanatory variables. Column 2 adds an extra period of data (1980-
1982), given that this is available in our dataset. Column 3 then tests the sensitivity of results
to the use of one-step (over two-step) GMM. To control for expected and tested heterogeneity,
Column 4 and Column 5 then repeat Column 2 and Column 3, but with the addition of robust
standard errors. To control for time effects, Column 6 then adds to this time effects for the main
financial crisis periods, with these again being driven by test statistics. At this point we choose
to continue with robust one-step rather than two-step GMM, as substantiated in Section 5. In
Column 7 we then increase our endogeneity assumptions, assuming all variables as potentially
endogenous (as earlier discussed); instruments are the standard lags of the explanatory vari-
ables. In Column 8 we extend the model to include a range of additional variables, as well as
the three institutional-resource interaction variables of interest. This extension is motivated by
the fact that the lagged dependent variable was not in the expected range (between OLS and
FE estimates) previously. Going forward we pursue the analysis with the specifications and
model presented in Column 8 of Table 4. The final column of the Table (Column 9) replicates
the reference model of Asiedu and Lien (2011) in the same sub-sample of countries for which
all the explanatory variables of our model in Column 8 are available.

insert Table 4 here

Pooled models are of course parsimoniuos, and this constitutes a big pro in favor of their
use, with the significance of the parameters often given for granted when degrees of freedom
are enough. But two cons are relevant. The first one is parameters’ uncertainty underesti-
mation. If the target variable is very noisy, while the explanatory are less noisy, the effect
will be that of errors affected by highly heteroscedastic variances. This effect will be inflated
by constant slopes, as the entire variability of the dependent variable can be accounted for
by the individual effects only, and, consequently goes in the residuals. If such variability of
residuals is badly estimated (for example assuming constant conditional variances of errors),
parameter uncertainty will be unavoidably underestimated. As a result, a false impression
of significance will emerge. The second cons is biased average estimates. If parameters are
subject to breaks (nonlinearity), the resulting pooled estimates are biased as they are a sort of
weighted averages of the genuine effects. A first warn in Asiedu and Lien results comes from
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the estimated dynamics of adjustment: with a negative parameter, they obtain an overshoot of
the FDI target, rather than a monotonic convergence towards the target, as shown in Figure 8.
As a consequence, the short run (impact effect) of all the FDI determinants is larger than in the
long run.

insert Figure 8 here

In our sub-sample the finding of a positive parameter for the lagged dependent variable
is due to the exclusion (due to missing extra information) of only 49 observation of some
countries (mainly from Eastern Europe) where the dynamics is in the limit of a negative (non-
stationary) oscillatory process due to a heavy randomness of FDI profile, signaling structural
breaks in their DGPs. As such, these data (that devise a strong leverage point, as they explain
the sign of the pooled negative estimate of lagged FDI) cannot be considered poolable with
the others. Therefore, either we have to exclude from the sample or to break the lagged FDI
parameter by interacting it . Moreover, these countries are characterized by a significant role of
macroeconomic variables only (trade positive and inflation negative), as well as by a negative
parameter for internal conflicts and a pretty large positive parameter for FDIrisk (negative
when interacted with resources).4 As far as the other results is concerned, the main facts
are: trade always matters; democracy and FDIrisk are significant, but also interactions with
resources are significantly different from zero; dynamics are more conventional.

4 Results available upon request. The main role of macroeconomic indicators can be also assesed in the light of the
Statistical Capacity Indicator which provides an overview of the capacity of a country’s national statistical system
based on a diagnostic framework thereby assessing three dimensions: Methodology, Source Data, and Periodicity and
Timeliness (Source: World Bank). Many countries of this area have a high index compared to other areas.
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�.� Instrument reduction

As described, the problem with introducing endogeneity is instrument proliferation, which
causes over identification and concern of instrument validity. Accordingly we make an in-
vestigation into the sensitivity of results to different instrument reduction techniques. Table
5 follows on from the final column of Table 4 and highlights one of the reasons that GMM
estimators have received skepticism, not because of GMM per se, but rather because of sen-
sitivity of results to the instrument reduction techniques used to apply it. Referring to Table
5, Column 1 uses no instrument reduction meaning that all lags of endogenous regressors are
considered as instruments. Column 2 collapses the instrument matrix horizontally, a common
method used, but one that causes information loss. Column 3 uses the pca option of the Stata
user written command xtabond2 of Roodman (2009). Column 4 through Column 7 use the PCA
technique of Bontempi and Mammi (2015). All four columns apply the Stata command pca2
to the second and third lags of all endogenous variables. Column 4 and Column 5 then perform
pca2 by retaining all eigenvalues greater than the average eigenvalue, first with PCA applied
to the variables in two subset groups (the lagged dependent variable and all other variables)
and then three subset groups (the lagged dependent variable, the economic or continuous vari-
ables, and the institutional or discrete indicators). Column 6 and Column 7 columns repeat in
the same manner, except that here pca2 is performed by retaining all eigenvalues that explain
more than 90% of the variance.

insert Table 5 here

The first and second columns use techniques that are sub-optimal as the first uses too many
instruments and the second causes information loss. PCA is more optimal as no information
is lost and the procedure is data driven. Moreover the method of Bontempi and Mammi
improves on the method of Roodman by allowing for more specifications that depend on the
data and the theory being used. Of the various ways in which the PCA method of Bontempi
and Mammi is applied, we choose to use that presented in the final column of Table 4. Using
the variance (as opposed to the average) criterion and applying PCA to groups of variables
according to their data type is more statistically founded.
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�.� Central results with interactions

Search for specification is in Table 6 Column 1 is equal to Column 7 of table 5 and is intended to
show how results differ with different model specifications. All the estimates apply PCA2 to
the second and third lags of all endogenous variables by retaining all eigenvalues that explain
more than 90% of the variance, with PCA2 applied to the variables in three subset groups
(LDV, macroeconomic variables and indicators). Column 2 put constrains on some not sig-
nificant variables (test statistic chi2C) and Column 3 provocatorily uses principal components
instead of macroeconomic and qualitative variables (EX1 and EX2); Column 4 escudes time
dummies. Column 5, Column 6 and Column 7 split resources and interactions in fuels and min-
erals. Due to the fact that the interactions are continuous, one can only quantify the coefficients
achieved by selecting levels of the shift variable (Resources). Accordingly it is chosen to quan-
tify the magnitude of the interactions at the first and third quartile (q1 and q3) of Resources.
This is shown in Table 7 (following on from Column 2 of Table table 6), listing the interaction
term for each institutional variable at Resources q1 and q3 and then the difference.

insert Table 7 here

Table 6 (first column) and 7 show that:

· A 1% point increase in lagged FDI/GDP is expected to increase current FDI/GDP by
about 0.3% points.

· A 1% point increase in trade is expected to increase FDI/GDP by 0.05% points.

Interestingly these are the only two macroeconomic variables for which we could find con-
sistent significance. Focussing then on the institutional variable results, it was found that:

· A change in democracy from the worst to best level is expected to increase FDI/GDP
by 5.16% points at the first quartile of resources, and by only 1.02% points at the third
quartile of resources (with this latter effect lacking significance).

· A change in risk of government expropriation from the worst to the best level is expected
to increase FDI/GDP by 12.36% points at the first quartile of resources, but by 4.74%
points at the third quartile of resources (again, with the latter effect lacking significance).

The last two points indicate that good institutions can attract FDI, but that this positive ef-
fect is reduced in the presence of natural resources. One interpretation of this is that when
investing in natural resources in developing countries, investors prefer more autocratic govern-
ments, as this may strengthen property rights and reduce the chance of policy reversal. These
countries may thus face a dynamic tradeoff between good institutions and foreign investment,
both of which are somewhat desired for long term development. The third interaction, that
between government stability and resources was not significant and shows low magnitude.

�.� Central results with interactions and split by fuels and minerals

A final point has to do with considering different slopes according to the movement of Democ-
racy (or other indicators like FDIrisk and Govstability). If we believe in a reverse version of
the ‘modernization hypothesis’ 5, countries that become more democratic should attract more

5 trade and financial liberalization encourages developing countries to become more democratic, see Rudra (2005).
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FDI. Some examples are Pakistan, Peru, Venezuela, Zimbabwe. But there also countries vacil-
lating between expanded and contracted political freedom, such as India, Guatemala, Ghana,
Thailand, Argentina, Turkey. For this reason, the role of Democracy and resources could be
different according to either an increase over time of Democracy or a ‘persistently’ higher level
of Democracy. Figure 7 show the role of Democracy on FDI according to the level of Resources
and the within and between deviation of Democracy.

insert Figure 7 here

High fuels present a negative relationship between FDI and Democracy when we observe an
increase over time in democracy. On the opposite, high minerals present a negative relation-
ship between FDI and Democracy when we observe countries always (in our temporal span)
characterized by a level of Democracy above the sample average.

� ����������

This study aimed to further what is known about the relationship between natural resources,
foreign direct investment (FDI), and institutions. Specifically of interest was whether it is
correct that FDI to natural resource rich developing countries may be deterred by good insti-
tutions, and whether the answer changes dependent on the type of resource (fuels or miner-
als). In addition this paper extended the literature by unprecedently taking full account of
endogeneity in the regressions, resolving the consequent instrument proliferation by a fron-
tier method for principal component analysis (Bontempi and Mammi, 2015). This allowed the
study to exploit a large amount of data, whilst maintaining the realistic assumptions of endo-
geneity between FDI and FDI determinants in developing country settings.

The main findings of this study are that good institutions do deter FDI from being chan-
neled to resource rich developing countries, but that this effect is, over 1975-2007, driven by
fuel rich countries and not by mineral rich countries. This explicit distinction is novel to the
literature. More specific to this, our findings suggest that a) increasing democracy (and concur-
rently, government turnover, generally associated with this) deters fuel-related FDI from being
channeled to fuel-rich developing countries; and that b) fuel-based FDI is often associated with
increasingly risky economies.

The literature (for example, Asiedu and Lien, 2011: 100) already discusses that investors
may prefer government longevity when investing in resource-rich countries, be it relating to
fuels or minerals. This is because resource-based investments generally require a significant
amount of investment, a degree of investment uncertainty, and long gestation periods. In this
case, government longevity, often associated with less democratic regimes, may be preferable
to the investors, providing more policy certainty and better aligning the investors’ and the
governments’ time horizons. Other theories have to do with the fact that firms in extractive
industries care foremost about minimizing what they have to pay to access resources (in order
to also maximize their return). Often such deals are more likely arrived at with higher-risk,
non-democratic governments that wish to reduce budget deficits, also operating within lim-
ited regulatory frameworks and therefore not penalizing investors for any environmental or
other costs that they may inflict (Humphreys et al., 2007: 14) The broader literature further
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highlights that foreign capital generally reinforces existing institutional regimes, particularly
in resource-rich economies (Bayulgen, 2011: 362-364). If this is the case, the trajectory, from
foreign investors’ preference for certain institutional settings, to reinforcement of that setting
via aligned incentives between local governments and foreign investors, provides support for
the empirical finding that increasingly non-democratic and risky economies further attract FDI
to resource-rich countries.

Our findings however lead us to the question of why this would be more so for fuel-based
economies than for mineral-based economies. Evidently, the data used for our analysis does
not observe these motives, and so the discussion that follows serves as preliminary consider-
ations for future research. Whilst there are some papers looking into this type of FDI related
natural resource curse related to, for example, oils, surprisingly little research thus far stresses
the actual distinction in effect between fuels and minerals, i.e. that less democratic type institu-
tions deter FDI to natural resource-rich countries but that this effect is more significantly driven
by fuel-rich economies and not mineral-rich economies. Almost all papers, when discussing
the relationship between institutions, natural resources and investment, in fact generalize the
resource type (Humphreys et al., 2007: 3).

Fuel-based investments, with research often focusing on oil and gas, but also to some extent,
coal, are however generally characterized by a distinct set of factors, including: high capital
intensity, high levels of risk, complex tradeoffs between capital and operating expenditures,
significant time spans before a return on investment is received, lack of correlation between
the magnitude of expenditures and the value of any resulting reserves, high levels of regula-
tion, and often complex taxation rules. Many of these may also characterize mineral based
investments, but this is often the case to a much lesser degree.

Against this background there may be a few main reasons to support that more democratic
type institutions deter FDI, specifically to fuel-rich economies (and relative to mineral-rich
economies). Firstly, the majority of fuel investments are significantly more enclave in nature
than mineral investments. Investors, both as represented by the host government and by the
foreign investor, therefore do not require (and in the case of expected negative social and envi-
ronmental costs, may actually not prefer) broader involvement by the host country. Secondly
and coupled with this enclave nature of most fuel investments, lesser amounts of labor (relative
to mineral operations) are required. This again suggests that a more decentralized economy
is not required, and may indeed not be preferred. Thirdly, fuel investments are often signifi-
cantly more capital intensive that mineral investments. Investors, again both foreign and local,
may therefore require significantly more certainty, which is in turn offered by countries secur-
ing and displaying government longevity (Karl, 2007: 663-665). And finally, fuel, relative to
minerals, is often considered a strategic good that essentially requires a secured supply, given
its everyday demand and liquid investment nature. This again suggests that a secure and
long-term supply, more likely to be found with non-democratic regimes, is required (Copaken,
1995).

Whilst these are yet a few points, they highlight the many ways in which fuel-based in-
vestments are characterized by key factors distinct to those that characterize minerals, and
importantly that are aligned with and reinforce settings that are often seen in less democratic,
longer-standing governments with increasingly high-risk broader economies. Evidently, the
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data used for our analysis does not observe these motives, and so these serve as yet a few
preliminary considerations for future research. Further research into the distinction uncovered
by this paper would be valuable and could account for the type (fuels/ minerals), value chain
stage (upstream/ downstream), history (exploratory/ greenfield/ later), and deterrence dy-
namics (driven by investors/ host countries) of investment into fuel-based economies versus
mineral-based economies. The degree of risk on the part of the investor, and hence the result
for the landscape of FDI flows, is expected to be combined function of all of these points as
well as the many others that we have analyzed in this study.

Key policy implications from this study include that governments of developing countries
that wish to attract FDI should focus on their institutions, primarily they should ensure the
lessening of government expropriation risk, and the improvement of democracy. However, pol-
icy makers should be aware of the lessening (FDI) benefits of good institutions in the presence
of fuel intensive developing countries. Further studies may consider this at a country level,
specifically for those developing countries that may wish to balance the existence of good local
institutions with FDI interest in their economy.
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Table 1: The variables of interest

Variable Source Purpose Definition Availability

Macroeconomic variables (E)

FDI WBDI (2009) Dep. Var. Net inflows of FDI over GDP (%), 1971
both in current US dollars

lagged FDI Agglomeration effects Lag of Dep. Var. 1971
indicator

IGDPC Market size indicator Log of GDP per capita 1971
in constant 2000 US dollars

SqlGDPC A change in lGDPC Square of IGDPC 1971
may depend on the
magnitude of the initial lGDPC

Trade Trade openness indicator Sum of exports and imports over GDP (%) 1971
Inflation Macroeconomic stability indicator Annual consumer price index (%) 1971
GFCF Local domestic investment indicator Gross fixed capital formation over GDP (%) 1971
Infrastructure Infrastructure development indicator Log of number of telephone lines per 100 people 1974
Resources Natural resource endowment Share of fuel, minerals, and ore in total 1971

indicator merchandize exports (%)
Credit Financial sector development Domestic credit provided by the banking 1980

indicator sector over GDP (%)
Tax Global tax rate applied to the Tax revenue over GDP (%) 1992

private sector indicator
Literacy Human capital indicator Literacy rate (%) of people with ages 15 and above 1980
Institutional variables (I)

Intproperty Park (2008) Institutional risk indicator Measure of intellectual property protection index based on: 1980
related subject matter coverage, duration of coverage,
international treaty membership, enforcement provisions,
and measures that cause the loss of protection, index of 0-1

Democracy Freedom House (2009) Democracy indicator Measure of openness and competitiveness of the political process 1971
as well as the presence of institutions that foster political partecipation

FDIrisk ICRG (2009) FDI risk indicator Measure of risk of expropriation and government 1983
constraints on profit repatriation, index of 0-1

Bureaucracy Institutional risk indicator Measure of institutional strength and quality of bureaucracy, 1983
index of 0-1

Corruption Institutional risk indicator Measure of corruption within the political system, index of 0-1 1983
Laworder Institutional risk indicator Measure of effectiveness of the rule of law, index of 0-1 1983
Govstability Political risk indicator Measure of ability of government to stay in power, index of 0-1 1983
Extconflict Political risk indicator Measure of average of external conflict 1983

(such as cross-border conflicts), index of 0-1
Intconflict Political risk indicator Measure of average of internal conflict 1983

(such as political violence within the country), index of 0-1
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Table 2: Variables descriptives

Variables mean median iqr sd sum of squares decomposition NT N
between between within

country %(a) period %(a) “residual"

FDI 3.0229 1.242 3.380 7.072 33.36 2.80 63.84 1422 136
Trade 74.354 66.590 54.300 38.957 77.45 3.44 19.12 1506 144
lGDPC 6.875 6.922 1.747 1.107 94.05 0.93 5.02 1557 143
SqrlGDPC 48.495 47.911 23.858 15.250 94.08 1.08 4.83 1557 143
Inflation 23.845 8.877 12.023 69.521 26.77 5.68 67.56 1323 133
GFCF 21.802 20.647 9.440 8.625 56.22 1.52 42.26 1411 143
Infrastructure 1.437 1.331 1.834 1.045 79.16 14.12 6.73 1603 148
Resources 27.193 12.638 41.717 32.107 86.06 0.79 13.15 1028 139
Credit 41.792 34.112 35.638 36.334 69.74 0.82 29.44 1178 141
Tax 15.192 14.710 8.229 6.948 92.64 0.78 6.58 419 109
Literacy 72.651 79.992 36.374 23.960 93.16 4.59 2.25 308 132
Democracy 0.442 0.333 0.611 0.339 66.00 4.85 29.16 1683 145
FDIrisk 0.529 0.512 0.261 0.180 35.85 32.38 31.76 844 102
Bureaucracy 0.403 0.500 0.250 0.235 62.81 2.47 34.72 844 102
Corruption 0.429 0.500 0.167 0.170 50.91 13.06 36.03 869 127
Laworder 0.508 0.500 0.333 0.204 56.72 12.09 31.20 844 102
Extconflict 0.765 0.813 0.229 0.189 42.88 22.79 34.34 844 102
Intconflict 0.666 0.703 0.294 0.216 51.21 16.10 32.69 844 102
Govstability 0.600 0.611 0.302 0.189 19.72 57.40 22.88 844 102
Intproperty 0.420 0.387 0.206 0.159 33.41 42.59 24.00 824 89

(a) Obtained by Bontempi (2017) user written Stata’s xtsum2 command. Country and period effects are always significantly different
from zero.
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Table 3: Heterogeneity in FDI from mixed models

Variables No time effect Time effect
Intercepts Intercepts Intercepts Intercepts Intercepts Intercepts

& trend & trend & trend & trend
& slopes & slopes & slopes & slopes

Fixed components:

cons 3.292*** 0.832 0.811 1.716*** 1.672*** 2.492***
(0.3793) (0.5248) (0.5217) (0.4404) (0.4352) (0.4014)

period 0.306*** 0.308*** 0.172*** 0.177***
(0.0465) (0.0469) (0.0372) (0.0386)

Random components:

Level 2 (country)
var(cons) 15.714*** 14.800*** 14.344*** 18.257*** 17.548*** 18.291***

(2.3609) (2.2362) (2.5803) (2.5481) (2.5550) (2.6711)
var(period) 0.006 0.014 0.024

(0.0210) (0.0199) (0.0213)
Level 1 (period)
var(cons) 36.969*** 35.988*** 35.933*** 2.582*** 2.471*** 2.243***

(1.4581) (1.4196) (1.4410) (0.5029) (0.5001) (0.4832)
var(period) 0.520*** 0.521*** 0.532***

(0.0267) (0.0269) (0.0272)
VPC
Level 2 (country) 29.83% 29.14% 28.53% 87.61% 87.66% 89.08%
Level 1 (period) 70.17% 70.86% 71.47% 12.39% 12.34% 10.92%
NT 1422 1422 1422 1422 1422 1422
Log-likelihood -4697.087 -4675.667 -4675.649 -4544.549 -4544.417 -4554.626
LR 204.8 42.84 0.04 262.24 262.50 242.08
LRpval 0.0000 0.0000 0.8492 0.0000 0.0000 0.0000
LRdf 2 1 1 1 2 1

NOTE: * p<0.10, ** p<0.05, *** p<0.01. The error terms, among levels, are supposed to be independent. The likelihood ratio (LR) tests
the null hypothesis of no difference in fit between the simpler (nested) and more complex models: model in column 1 is compared
with OLS; model in column 2 is compared with model in column 1; models in columns 3-6 are compared with model in column 2.
“VPC" (the variance partitioning coefficient, also known as ICC, the intra-class correlation) measures the proportion of the total
variance that lies at each hierarchical level: for example, at level 2: VPCi = �

2
i /(�

2
i +�

2
t).
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Table 4: Model specifications and extension
(1) (2) (3) (4) (5) (6) (7) (8) (9)

L.FDI -0.251*** -0.263*** -0.257*** -0.263 -0.257 -0.265 0.009 0.452*** 0.410***
(0.0072) (0.0107) (0.0585) (0.2615) (0.2352) (0.2436) (0.1988) (0.1142) (0.0817)

Trade 0.023*** 0.022*** 0.021** 0.022** 0.021** 0.018* 0.022** 0.004 0.020*
(0.0011) (0.0013) (0.0090) (0.0100) (0.0100) (0.0105) (0.0106) (0.0076) (0.0109)

lGDPC -5.439** -5.650** -8.463* -5.650 -8.463 -5.721 -9.344* -2.606 -4.063
(2.5623) (2.2531) (5.0850) (7.8711) (7.3429) (7.2350) (5.3419) (5.0957) (6.6382)

SqlGDPC 0.262 0.296** 0.463 0.296 0.463 0.207 0.533 0.151 0.254
(0.1658) (0.1489) (0.3473) (0.5248) (0.4966) (0.4716) (0.3425) (0.3784) (0.4823)

Inflation -0.005*** -0.006*** -0.005*** -0.006** -0.005* -0.005* -0.004** -0.001 -0.002**
(0.0008) (0.0008) (0.0019) (0.0028) (0.0027) (0.0027) (0.0019) (0.0010) (0.0008)

GFCF 0.237*** 0.211*** 0.219*** 0.211** 0.219** 0.228** 0.158** 0.071*** 0.104***
(0.0059) (0.0052) (0.0283) (0.0955) (0.0994) (0.1053) (0.0739) (0.0267) (0.0320)

Infrastructure 2.201*** 2.025*** 1.996*** 2.025** 1.996** 1.841** 0.892* 0.037 0.895**
(0.1209) (0.1387) (0.3803) (1.0158) (0.9073) (0.7505) (0.4721) (0.5158) (0.4280)

Credit 0.008
(0.0068)

Resources -0.032*** -0.029*** -0.036*** -0.029 -0.036 -0.041* -0.050** -0.010 -0.028*
(0.0043) (0.0046) (0.0108) (0.0266) (0.0232) (0.0232) (0.0233) (0.0215) (0.0146)

Democracy 1.616*** 1.592*** 1.722** 1.592 1.722* 1.608* 0.845 1.653 1.802
(0.1474) (0.1509) (0.6994) (1.1513) (0.9588) (0.9651) (0.7666) (1.2878) (1.2086)

Democracy_IX -0.048**
(0.0232)

FDIrisk 3.323**
(1.3016)

FDIrisk_IX -0.013
(0.0308)

Govstability 0.205
(0.9505)

Govstability_IX 0.020
(0.0238)

Bureaucracy -1.052
(0.8500)

Corruption 1.319
(0.8877)

Laworder 0.358
(0.8654)

Extconflict 1.323
(1.0186)

Intconflict -0.734
(0.9821)

Intproperty 1.055
(1.3136)

NT 566 599 599 599 599 599 631 405 405
N 106 106 106 106 106 106 107 72 72
Tmin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0
Tavg 5.3 5.7 5.7 5.7 5.7 5.7 5.9 5.6 5.6
Tmax 9.0 10.0 10.0 10.0 10.0 10.0 11.0 8.0 8.0
ar1 -0.97 -0.86 -3.99 -0.59 -2.37 -2.66 -2.76 -3.39 -2.43
ar1p 0.333 0.387 0.000 0.554 0.018 0.008 0.006 0.001 0.015
ar2 0.44 0.55 2.11 0.49 0.95 1.02 1.00 -0.21 -0.55
ar2p 0.662 0.582 0.035 0.622 0.340 0.310 0.318 0.832 0.579
sarganp 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
hansen 66.07 70.38 70.38 70.38 71.22 93.10 50.54 58.69
hansenp 0.3383 0.2726 0.2726 0.2726 0.2502 1.0000 1.0000 0.4871
hansen_df 62 64 64 64 64 524 379 59
#Z 71 73 73 73 73 76 536 403 68
#X 9 9 9 9 9 12 12 24 9
IVr 1.49 1.45 1.45 1.45 1.45 1.39 0.20 0.18 1.06
chi2 9581.90 8721.98 183.15 37.48 40.65 60.79 128.51 536.19 95.33
chi2p 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
TDp 0.049 0.096 0.023

We begin by identically replicating the base model results of Asiedu and Lien (2011) in Column 1. In the following columns we then
adjust the specifications and extend the model. Column 2 adds extra periods of data (1976-1981), given that this is available in our
dataset. Column 3 then tests the sensitivity of results to the use of one-step (over two-step) GMM. To control for expected and tested
heterogeneity, Column 4 and Column 5 then repeat Column 2 and Column 3, but with the addition of robust standard errors. At this
point we choose to continue with one-step robust rather than two-step GMM, as substantiated in Section 5.1.1. To control for time
effects, Column 6 then adds to this time effects for the main financial crisis periods, with these again being driven by test statistics. In
Column 7 we then increase our endogeneity assumptions, assuming all variables as potentially endogenous (as earlier discussed). In
Column 8 we extend the model to include a range of additional variables, as well as the three institutional-resource interaction variables
of interest. Finally, in Column 9 we estimate, with one-step robust, the Asiedu and Lien (2011) model in the same sample of Column
8. The null of the autocorrelation test is Cov(�"it,�"it-2) = 0, meaning that there is no autocorrelation, so it is hoped to fail to
reject this. The null of the Hansen test is E(Z0

i�"i) = 0, meaning joint validity of all the identifying restrictions, so it is hoped to
fail to reject this. It may be noted that both of these relevant test statistic p-values are in the ideal range. IVr is the instrument ratio,
given by the number of countries divided by the number of instruments. Robust standard errors are in parentheses; *** means p<0.01,
** means p<0.05, * means p<0.10.
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Table 5: Instrument reduction methodology
(1) (2) (3) (4) (5) (6) (7)

L.FDI 0.452*** 0.413*** 0.303* 0.332* 0.387** 0.235* 0.314***
(0.1142) (0.1276) (0.1835) (0.1819) (0.1571) (0.1244) (0.1169)

Trade 0.004 0.030* 0.031 0.040 0.016 0.047*** 0.054***
(0.0076) (0.0165) (0.0321) (0.0295) (0.0318) (0.0177) (0.0177)

lGDPC -2.606 -14.130 -8.926 -3.405 -0.335 -3.034 5.851
(5.0957) (8.6892) (16.7587) (21.5061) (26.9528) (15.3423) (16.5305)

SqlGDPC 0.151 0.825 0.836 0.518 0.528 0.188 -0.311
(0.3784) (0.5777) (1.0198) (1.3554) (1.6634) (1.0095) (1.0707)

Inflation -0.001 -0.006*** -0.005 -0.005 -0.006* -0.002 -0.003
(0.0010) (0.0020) (0.0032) (0.0036) (0.0030) (0.0024) (0.0018)

GFCF 0.071*** 0.065 0.118 0.185* 0.102 0.135* 0.005
(0.0267) (0.0492) (0.0960) (0.0960) (0.0878) (0.0707) (0.0700)

Infrastructure 0.037 -0.065 -1.762 -0.558 -1.779 -0.146 -0.603
(0.5158) (0.8706) (1.7237) (1.6193) (1.8029) (1.0203) (1.0226)

Credit 0.008 0.013 0.013 -0.008 0.013 -0.015 -0.013
(0.0068) (0.0104) (0.0160) (0.0176) (0.0158) (0.0146) (0.0126)

Resources -0.010 -0.006 -0.075 0.025 0.026 0.015 0.057
(0.0215) (0.0330) (0.0625) (0.0533) (0.0653) (0.0517) (0.0426)

Democracy 1.653 3.078** -0.129 3.314 5.231* 2.425 6.069***
(1.2878) (1.4630) (4.3600) (3.4243) (2.7715) (1.6787) (2.1478)

Democracy_IX -0.048** -0.061* 0.003 -0.080 -0.080 -0.074 -0.128***
(0.0232) (0.0338) (0.0792) (0.0538) (0.0626) (0.0521) (0.0461)

FDIrisk 3.323** 5.985*** 6.965 8.712** 9.861** 8.371*** 9.430***
(1.3016) (2.0647) (4.5987) (4.2011) (4.1676) (2.8914) (3.0215)

FDIrisk_IX -0.013 -0.076 -0.129 -0.248*** -0.314*** -0.189*** -0.228***
(0.0308) (0.0513) (0.0844) (0.0876) (0.1132) (0.0727) (0.0741)

Govstability 0.205 -0.574 2.442 -0.795 -2.251 -0.644 -1.887
(0.9505) (1.6013) (3.2332) (3.1176) (2.7538) (2.2049) (2.0317)

Govstability_IX 0.020 0.038 0.004 0.041 0.104 0.038 0.091**
(0.0238) (0.0408) (0.0591) (0.0736) (0.0762) (0.0472) (0.0460)

Bureaucracy -1.052 -1.171 -0.069 -2.504 -6.386** -1.852 -2.560
(0.8500) (1.2025) (2.8100) (2.5550) (3.2049) (2.1877) (1.8604)

Corruption 1.319 3.987** 1.672 6.887 12.687* 3.158 5.726
(0.8877) (1.6661) (2.9547) (4.7552) (6.9033) (3.4154) (4.3024)

Laworder 0.358 1.390 -0.986 0.747 2.140 3.456 4.002
(0.8654) (1.7804) (4.2425) (5.0450) (5.1763) (2.6751) (2.8261)

Extconflict 1.323 1.700 -0.632 -5.355 -1.534 -4.470** -3.055*
(1.0186) (1.3178) (3.3335) (3.3928) (3.4248) (1.9975) (1.7608)

Intconflict -0.734 -2.092 -0.463 -2.558 -5.019 -2.061 -4.254*
(0.9821) (1.3558) (2.6821) (3.6071) (3.1426) (1.9353) (2.1730)

Intproperty 1.055 -0.307 -1.869 1.277 4.837 0.893 0.641
(1.3136) (1.7301) (3.5097) (3.5355) (5.0290) (2.9727) (2.7558)

NT 405 405 405 405 405 405 405
N 72 72 72 72 72 72 72
Tmin 1.0 1.0 756.0 1.0 1.0 1.0 1.0
Tavg -5.6 5.6 5.6 5.6 5.6 -5.6 5.6
Tmax 8.0 8.0 756.0 8.0 8.0 8.0 8.0
ar1 -3.39 -3.50 -1.93 -2.89 -2.65 -2.44 -2.86
ar1p 0.001 0.000 0.054 0.004 0.008 0.015 0.004
ar2 -0.21 0.02 -0.59 -0.24 -0.36 -0.36 -0.08
ar2p 0.832 0.981 0.554 0.811 0.720 0.718 0.937
sarganp 0.0000 0.0000 0.1197 0.4898 0.8765 0.0795 0.3346
hansen 50.54 50.20 38.24 31.40 28.78 44.93 46.70
hansenp 1.0000 1.0000 0.7159 0.5470 0.8850 0.9388 0.9819
hansen_df 379 133 44 33 39 61 69
#Z 403 157 68 57 63 85 93
#X 24 24 24 24 24 24 24
IVr 0.18 0.46 1.06 1.26 1.14 0.85 0.77
chi2 536.19 233.75 174.05 171.13 150.39 164.98 209.45
chi2p 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
TDp 0.023 0.027 0.240 0.761 0.928 0.312 0.198

This table follows on from table 4 and is intended to show how results differ with different instrument reduction techniques. Column
1 uses no instrument reduction meaning that all lags of endogenous regressors are considered as instruments. Column 2 collapses the
instrument matrix horizontally, a common method used, but one that causes information loss. Column 3 uses the PCA technique of
Roodman. Column 4 through Column 7 use the PCA technique of Bontempi and Mammi (’PCA2’). All four columns apply PCA2 to
the second and third lags of all endogenous variables. Column 4 and Column 5 then perform PCA2 by retaining all eigenvalues greater
than the average eigenvalue, first with PCA2 applied to the variables in two subset groups (LDV and all other variables) and then
three subset groups (LDV, all other continuous, and discrete). Column 6 and Column 7 columns repeat in the same manner, except that
here PCA2 is performed by retaining all eigenvalues that explain more than 90% of the variance. The second order autocorrelation
test and Hansen test are shown here. The null of the autocorrelation test is Cov(�"it,�"it-2) = 0, meaning that there is no
autocorrelation, so it is hoped to fail to reject this. The null of the Hansen test is E(Z0

i�"i) = 0, meaning joint validity of all the
identifying restrictions, so it is hoped to fail to reject this. It may be noted that both of these relevant test statistic p-values are in
the ideal range. IVr is the instrument ratio, given by the number of countries divided by the number of instruments (N/#Z). Robust
standard errors are in parentheses; *** means p<0.01, ** means p<0.05, * means p<0.10.
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Table 6: Central results with interactions and split by fuels and minerals
(1) (2) (3) (4) (5) (6) (7)

L.FDI 0.314*** 0.296** 0.302*** 0.214* 0.314** 0.296** 0.232*
(0.1169) (0.1239) (0.1057) (0.1101) (0.1236) (0.1297) (0.1225)

EX1 0.318**
(0.1607)

Trade 0.054*** 0.055*** 0.059*** 0.051*** 0.052*** 0.055***
(0.0177) (0.0158) (0.0166) (0.0183) (0.0173) (0.0183)

lGDPC 5.851 3.336 -2.821 3.919 1.282 -3.050
(16.5305) (15.8481) (11.1586) (16.1628) (15.6435) (10.6974)

SqlGDPC -0.311 -0.303 0.185 -0.145 -0.137 0.249
(1.0707) (1.0853) (0.7932) (1.0337) (1.0720) (0.7613)

Inflation -0.003 -0.003* -0.002 -0.002 -0.002 -0.002
(0.0018) (0.0015) (0.0018) (0.0021) (0.0017) (0.0022)

GFCF 0.005 0.009 0.047 0.018 0.019 0.052
(0.0700) (0.0706) (0.0682) (0.0691) (0.0707) (0.0693)

Infrastructure -0.603 -0.675
(1.0226) (1.0568)

Credit -0.013 -0.014
(0.0126) (0.0135)

Resources 0.057 0.036 0.046 0.040 0.063 0.034 0.052
(0.0426) (0.0421) (0.0410) (0.0433) (0.0449) (0.0415) (0.0461)

Democracy 6.069*** 5.493*** 6.492*** 4.925*** 6.178*** 5.417*** 5.126***
(2.1478) (1.8501) (1.8887) (1.8321) (2.3005) (2.0155) (1.9587)

Democracy_IX -0.128*** -0.121*** -0.148*** -0.120***
(0.0461) (0.0417) (0.0377) (0.0436)

Democracy_IM -0.122 -0.096 -0.075
(0.0860) (0.0831) (0.0896)

Democracy_IF -0.132*** -0.128*** -0.139***
(0.0485) (0.0426) (0.0454)

FDIrisk 9.430*** 9.487*** 10.032*** 8.352*** 9.651*** 9.708*** 9.236***
(3.0215) (3.1384) (3.0856) (3.1250) (3.0202) (3.1514) (3.0302)

FDIrisk_IX -0.228*** -0.206*** -0.267*** -0.186**
(0.0741) (0.0741) (0.0875) (0.0789)

FDIrisk_IM -0.308* -0.325* -0.343*
(0.1751) (0.1715) (0.1924)

FDIrisk_IF -0.219*** -0.181** -0.163**
(0.0812) (0.0787) (0.0823)

Govstability -1.887 -2.840 -3.780* -3.252 -1.880 -2.619 -3.765*
(2.0317) (2.3381) (2.1649) (2.2082) (2.1219) (2.3996) (2.2136)

Govstability_IX 0.091** 0.102** 0.129** 0.093*
(0.0460) (0.0499) (0.0568) (0.0545)

Govstability_IM 0.195 0.189 0.312*
(0.1615) (0.1507) (0.1835)

Govstability_IF 0.068 0.085 0.052
(0.0527) (0.0556) (0.0569)

EX2 0.148***
(0.0570)

Bureaucracy -2.560 -2.904
(1.8604) (1.9787)

Corruption 5.726 6.248
(4.3024) (4.2160)

Laworder 4.002 3.808 5.712** 4.410 3.742 6.268**
(2.8261) (2.9367) (2.6006) (2.9191) (2.9377) (2.6177)

Extconflict -3.055* -2.553* -4.116** -3.396** -2.819* -4.717***
(1.7608) (1.4756) (1.6228) (1.7092) (1.4875) (1.7705)

Intconflict -4.254* -3.089 -3.036* -4.408** -3.110* -3.035*
(2.1730) (1.9266) (1.7042) (2.1682) (1.8871) (1.6912)

Intproperty 0.641 -0.623 0.167 0.404 -1.090 -0.366
(2.7558) (2.4116) (2.2448) (2.9117) (2.4625) (2.4059)

NT 405 405 405 405 405 405 405
N 72 72 72 72 72 72 72
Tmin 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Tavg 5.6 5.6 5.6 5.6 5.6 5.6 5.6
Tmax 8.0 8.0 8.0 8.0 8.0 8.0 8.0
ar1 -2.86 -2.62 -2.78 -2.12 -2.81 -2.60 -1.92
ar1p 0.004 0.009 0.005 0.034 0.005 0.009 0.054
ar2 -0.08 -0.15 -0.53 -0.81 -0.26 -0.30 -1.02
ar2p 0.937 0.877 0.598 0.416 0.793 0.763 0.309
sarganp 0.3346 0.1691 0.2147 0.0195 0.2894 0.1361 0.0426
hansen 46.70 59.42 65.07 58.55 51.68 54.39 58.11
hansenp 0.9819 0.8741 0.8867 0.8905 0.9016 0.9155 0.8441
hansen_df 69 73 80 73 66 70 70
#Z 93 93 93 90 93 93 90
#X 24 20 13 17 27 23 20
IVr 0.77 0.77 0.77 0.80 0.77 0.77 0.80
TDp 0.198 0.029 0.169 0.350 0.037
chi2C 2.57 9.01 2.80 8.47
chi2Cp 0.6322 0.0291 0.5925 0.0373
chi2_df

Column 1 is equal to Column 7 of table 5 and is intended to show how results differ with different model specifications. All the estimates
apply PCA2 to the second and third lags of all endogenous variables by retaining all eigenvalues that explain more than 90% of the
variance, with PCA2 applied to the variables in three subset groups (LDV, macroeconomic variables and indicators). Column 2 put
constrains on some not significant variables (test statistic chi2C) and Column 3 provocatorily uses principal components instead of
macroeconomic and qualitative variables (EX1 and EX2); Column 4 escudes time dummies. Column 5, Column 6 and Column 7 split
resources and interactions in fuels and minerals. Robust standard errors are in parentheses; *** means p<0.01, ** means p<0.05, * means
p<0.10.
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Table 7: Evaluating interactions: summary
Interaction effect Total effect Interaction effect Total effect Difference in total effect

Resources q1 Resources q1 Resources q3 Resources q3 Resources q1 and q3

Short run

Democracy -0.394** 5.100** -5.428** 0.066 5.034**
FDIrisk -0.672** 8.815** -9.273** 0.214 8.601*
Govstability 0.331* -2.508 4.571* 1.732 -4.240*

Long run

Democracy -0.559* 7.248* -7.714* 0.093 7.155*
FDIrisk -0.956* 12.528** -13.180* 0.304 12.224*
Govstability 0.471 -3.565 6.497 2.461 -6.026

This table follows on Table 6 Column 2 and Column 5. The long run effects are obtained by dividing the short run estimates by the
estimate of 1-⇢, with ⇢ the parameter of lagged FDI. Robust standard errors are in parentheses; *** means p<0.01, ** means p<0.05, *
means p<0.10.

Figure 1: heterogeneity
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Figure 2: heterogeneity 1



REFERENCES 31

Figure 3: heterogeneity 1
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Figure 4: heterogeneity 2

Figure 5: Relation between type of resources
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Figure 6: Relation between FDI and country’s quality
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Figure 7: Relation between FDI and Democracy, a further point

Figure 8: The role of dynamics over FDI
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insert Table 8 here

Table 8: Countries in the sample
1-Western Europe 5-Central Asia 7-Sub-Saharan Africa 9-Latin America/Caribbean

Turkey Kazakhstan Nigeria Honduras
2-Eastern Europe Kyrgyz Republic Rwanda Jamaica
Albania Tajikistan Sao Tome and Principe Mexico
Armenia Turkmenistan Senegal Nicaragua
Azerbaijan Uzbekistan Seychelles Panama
Belarus 6-South Asia Sierra Leone Paraguay
Bosnia and Herzegovina Afghanistan Somalia Peru
Bulgaria Bangladesh South Africa St. Kitts and Nevis
Croatia Bhutan Sudan St. Lucia
Czech Republic India Swaziland St. Vincent and the Grenadines
Estonia Maldives Tanzania Suriname
Georgia Nepal Togo Trinidad and Tobago
Hungary Pakistan Uganda Uruguay
Latvia Sri Lanka Zambia Venezuela, RB
Lithuania 7-Sub-Saharan Africa Zimbabwe
Macedonia, FYR Angola 8-Middle East/North Africa

Poland Benin Algeria
Romania Botswana Djibouti
Russian Federation Burkina Faso Egypt, Arab Rep.
Serbia Burundi Iran, Islamic Rep.
Slovak Republic Cameroon Iraq
Ukraine Cape Verde Jordan
3-East Asia/Pacific Central African Republic Lebanon
Cambodia Chad Libya
Fiji Comoros Morocco
Kiribati Congo, Dem. Rep. Oman
Lao PDR Congo, Rep. Syrian Arab Republic
Marshall Islands Cote d’Ivoire Tunisia
Micronesia, Fed. Sts. Equatorial Guinea West Bank and Gaza
Moldova Eritrea Yemen, Rep.
Mongolia Ethiopia 9-Latin America/Carib

Myanmar Gabon Argentina
Northern Mariana Islands Gambia, The Barbados
Palau Ghana Belize
Papua New Guinea Guinea Bolivia
Samoa Guinea-Bissau Brazil
Solomon Islands Kenya Chile
Timor-Leste Lesotho Colombia
Tonga Liberia Costa Rica
Vanuatu Madagascar Cuba
Vietnam Malawi Dominica
4-East Asia Mali Dominican Republic
China Mauritania Ecuador
Indonesia Mauritius El Salvador
Korea, Dem. Rep. Mayotte Grenada
Malaysia Mozambique Guatemala
Philippines Namibia Guyana
Thailand Niger Haiti

NOTE: Italic implies that data availability allowed it to be included in the final regressions.

�������� ��

app2) As introduced in Section 5, it is common that when using multiple lags of endogenous
variables as instruments and doing this for multiple regressors - as is done here - the instru-
ment matrix becomes very large. The unfortunate result is that we are then not certain of
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instrument validity and the appropriate tests for this are also weakened by instrument pro-
liferation. Ideally we want to then reduce the dimension of the instrument matrix, but in a
non-arbitrary way. The principle component analysis (PCA) method aims to achieve this. If
we can imagine an instrument matrix Z with p columns one can extract p eigenvalues from
the covariance matrix of Z, in order of largest to smallest, thereafter attaining the correspond-
ing eigenvectors (or principal components) and reweighting the instrument matrix accordingly.
This methodology of instrument reduction is preferable to the alternatives of arbitrarily trun-
cating the lag depth and/or collapsing the instrument matrix. By truncating lag depth, lag
information is lost. By collapsing the instrument matrix, restrictions are imposed on the co-
efficients of subsets of instruments so that only a single instrument for each lag is generated,
which then removes within variability.

Due to the above concerns a third method is considered - PCA. Compared to the methods
of lag truncation and collapsing, the PCA methods have the most important advantages of
being more data-driven and preserving all information in the original instrument set. PCA is
performed by extracting the principal components from the instrument matrix. In brief, the
rationale of this procedure is to use linear combinations of the original instruments properly
weighted according to PCA loadings: no available lag is dropped, but its influence may be
rescaled after the PCA. As the original instruments are orthogonal to the error term, a linear
combination of the original instruments achieved by PCA will also be orthogonal to the error
term. Practically, given a Z instrument matrix as above with p columns, one can extract p
eigenvalues from the covariance matrix of Z, in order of largest to smallest, thereafter attaining
the corresponding eigenvectors (principal components): u

1

,u
2

,u
p

. The instruments to be used
then are the scores from PCA that are defined as:

s

k

= Zu

k

for k = 1, . . . ,p (9)

It is not ideal to retain all of the principal components (we are trying to reduce the data)
so one can choose the principal components according to some criterion. Stata’s existent op-
tion pca inside the xtabond2 user written Stata command was created by Roodman in 2012 in
response to Merhoff’s response to Roodman’s 2009 paper. This method follows the intuition
described above and uses the average criterion to choose principal components; only eiegnval-
ues greater than the average eigenvalue are retained. Also note that this method extracts the
components from all the lags of all the variables put together.

A potentially improved method for PCA has more recently been set forth by Bontempi and
Mammi (2015), specifically the pca2 Stata command. The advantage of the pca2 over the op-
tion pca is that pca2 allows for specifications including keeping eigenvalues that explain a
certain amount of the variance rather than the existing method of keeping those eigenvalues
greater than the average eigenvalue; performing PCA with all endogenous variable’s instru-
ments together, separately, or in subset groups based on the assumptions about interrelation
of variables; and performing PCA on an already transformed instrument matrix, for example,
one that already restricts the lag depth.

For the study at hand we explore and compare all methods discussed above for instrument
reduction: lag truncation, collapsing, pca option, and pca2. The latter is explored with its
different forms, use of average or variance criteria. More important, from the point of view of
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the characteristics of our model’s specification, is the possibility to extract the principal com-
ponents separately for different types of explanatory variables (and hence of instruments). For
the final regressions it is chosen to use pca2 by the variance criterion (variance level 90%) with
the instrument matrix truncated and estimating all possible variables, but in three groups (due
to the expected interrelation of variables within these three subsets): the lagged dependent
variable, the economic variables, and the institutional indicators.

Having now improved and extended the model and specifications, and ready with an instru-
ment reduction technique, the central results are presented in Table 9. The first column is a
continuation from the previous table, but the following columns drop less significant variables
in a stepwise fashion, culminating in the simultaneous removal of all of these less significant
variables in the final column. The model proves stability.

insert Table 9 here

The robustness of the model is now checked against different types of natural resources. The
model is re-run, forming the three interactions previously discussed separately with respect
to fuel and mineral resources. var_IM always represents the variable being interacted with
mineral resources, whilst var_IF always represents the variable being interacted with fuel
resources. Table 10 presents the results. The results are again stable. However it is found that
the interaction of democracy and minerals is not significant whilst the interaction of democracy
and fuels is always significant. The same is true of the FDI Risk variable interaction. From this
it is found that the model is stable and that fuels, rather than minerals, are the driving force
behind the FDI related natural resource curse.

insert Table 10 here
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Table 9: Central results with interactions
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

L.FDI 0.314*** 0.305*** 0.314** 0.315*** 0.304*** 0.319*** 0.301** 0.288** 0.351*** 0.343*** 0.316*** -0.386 -0.372
(0.1169) (0.1125) (0.1230) (0.1167) (0.1117) (0.1205) (0.1174) (0.1194) (0.1152) (0.1149) (0.1195) (0.2817) (0.4067)

Trade 0.054*** 0.054*** 0.049*** 0.057*** 0.051*** 0.054*** 0.058*** 0.052*** 0.050*** 0.046*** 0.053*** 0.047* 0.024
(0.0177) (0.0179) (0.0186) (0.0171) (0.0165) (0.0171) (0.0171) (0.0171) (0.0174) (0.0165) (0.0177) (0.0249) (0.0187)

lGDPC 5.851 7.696 7.038 4.011 4.621 7.224 4.738 7.524 4.708 7.145 -33.994*
(16.5305) (17.0089) (15.5946) (15.2576) (16.0114) (16.6291) (16.7806) (16.5804) (17.1469) (16.4559) (18.3642)

SqlGDPC -0.311 -0.379 -0.432 -0.262 -0.230 -0.473 -0.361 -0.396 -0.204 -0.477 1.801
(1.0707) (1.0917) (1.0468) (1.0346) (1.0475) (1.0969) (1.1198) (1.0731) (1.1066) (1.0656) (1.2059)

Inflation -0.003 -0.003* -0.004* -0.003 -0.004** -0.002 -0.001 -0.003 -0.003 -0.002 -0.006*
(0.0018) (0.0017) (0.0020) (0.0019) (0.0016) (0.0019) (0.0022) (0.0020) (0.0018) (0.0019) (0.0032)

GFCF 0.005 0.018 0.010 0.012 0.014 -0.007 0.007 0.018 0.006 0.010 0.345***
(0.0700) (0.0648) (0.0714) (0.0654) (0.0668) (0.0754) (0.0711) (0.0696) (0.0680) (0.0720) (0.1273)

Infrastructure -0.603 -0.335 -0.889 -0.579 -0.577 -0.486 -0.277 -0.504 -0.958 -0.201 0.644
(1.0226) (0.7137) (1.0358) (1.0172) (0.9930) (1.0219) (0.9598) (1.0660) (1.0029) (1.0006) (1.0651)

Credit -0.013 -0.013 -0.021* -0.015 -0.013 -0.016 -0.014 -0.013 -0.010 -0.015 0.000
(0.0126) (0.0124) (0.0119) (0.0130) (0.0134) (0.0129) (0.0124) (0.0126) (0.0116) (0.0129) (0.0170)

Resources 0.057 0.056 0.058 0.060 0.057 0.052 0.044 0.044 0.049 0.054 0.045 -0.007 -0.015
(0.0426) (0.0422) (0.0398) (0.0434) (0.0415) (0.0421) (0.0422) (0.0405) (0.0416) (0.0416) (0.0417) (0.0582) (0.0472)

Democracy 6.069*** 5.796*** 6.439*** 5.904*** 5.909*** 5.836*** 6.147*** 5.845*** 6.205*** 5.743*** 5.889*** 2.624 5.483**
(2.1478) (1.9453) (2.1587) (2.0324) (1.9473) (1.9891) (2.1399) (2.0877) (2.1108) (2.0964) (2.1462) (2.4034) (2.3511)

Democracy_IX -0.128*** -0.122*** -0.134*** -0.125*** -0.125*** -0.122*** -0.129*** -0.131*** -0.137*** -0.117** -0.136*** -0.067 -0.099**
(0.0461) (0.0434) (0.0459) (0.0467) (0.0439) (0.0437) (0.0437) (0.0447) (0.0441) (0.0480) (0.0432) (0.0559) (0.0490)

FDIrisk 9.430*** 9.452*** 9.262*** 9.870*** 10.177*** 9.508*** 8.873*** 9.787*** 8.574*** 9.354*** 9.404*** 13.332*** 12.950***
(3.0215) (2.9636) (2.9231) (2.9164) (3.2155) (3.0380) (2.9036) (3.1292) (2.9217) (2.9880) (3.0438) (4.2882) (4.6726)

FDIrisk_IX -0.228*** -0.223*** -0.224*** -0.237*** -0.237*** -0.230*** -0.204*** -0.218*** -0.228*** -0.239*** -0.223*** -0.216** -0.183**
(0.0741) (0.0714) (0.0764) (0.0725) (0.0717) (0.0760) (0.0741) (0.0718) (0.0727) (0.0762) (0.0733) (0.0999) (0.0743)

Govstability -1.887 -1.751 -1.740 -2.186 -2.468 -1.872 -2.228 -2.875 -1.251 -1.829 -2.502 -1.979 -3.415
(2.0317) (1.7381) (2.0006) (1.8611) (2.1618) (2.0360) (2.1661) (2.3480) (1.9415) (2.0470) (2.0197) (2.9193) (2.6094)

Govstability_IX 0.091** 0.087* 0.091* 0.093** 0.096** 0.093** 0.097** 0.099** 0.092** 0.098** 0.098** 0.008 0.071
(0.0460) (0.0494) (0.0470) (0.0460) (0.0460) (0.0453) (0.0487) (0.0504) (0.0442) (0.0491) (0.0450) (0.0680) (0.0523)

Bureaucracy -2.560 -2.467 -2.014 -2.634 -2.447 -2.837 -0.440 -2.318 -2.459 -1.944 -3.395
(1.8604) (1.9523) (1.8138) (2.0325) (1.8716) (1.9496) (1.3417) (1.8142) (1.8493) (1.8023) (2.6662)

Corruption 5.726 5.224 4.684 5.783 5.057 5.873 2.588 5.792 5.310 3.558 0.840
(4.3024) (4.1767) (4.3538) (4.3004) (4.1169) (4.3889) (3.0525) (4.2880) (4.3555) (3.8563) (5.1871)

Laworder 4.002 4.210 4.060 3.758 3.811 4.061 3.650 4.067 3.298 0.945 8.268**
(2.8261) (2.7782) (2.8337) (2.7176) (2.8286) (2.8622) (2.8066) (2.8909) (2.6976) (2.1774) (3.9722)

Extconflict -3.055* -3.070* -2.372 -3.124* -3.401** -2.698 -2.951* -2.766* -2.556 -4.276** -5.658**
(1.7608) (1.8044) (1.8277) (1.8137) (1.7042) (1.6731) (1.6948) (1.6489) (1.6448) (1.8640) (2.4901)

Intconflict -4.254* -4.149* -4.237* -3.754 -3.847* -4.485** -3.707* -2.954 -2.387 -5.306** -3.283
(2.1730) (2.1317) (2.1819) (2.3211) (2.1096) (2.1879) (2.0817) (1.9905) (1.6033) (2.3407) (2.8432)

Intproperty 0.641 0.228 0.871 0.769 -0.042 0.533 0.202 -0.307 0.367 1.050 0.244
(2.7558) (2.4565) (2.7857) (2.7612) (2.5223) (2.6602) (2.7475) (2.6495) (2.7019) (2.7001) (2.7805)

tau11 -0.309 -0.261 -0.348 -0.316 -0.357 -0.310 -0.465 -0.498 -0.431 -0.350 -0.416 1.340* 0.260
(0.4617) (0.4654) (0.4592) (0.4444) (0.4689) (0.4620) (0.4390) (0.4462) (0.4259) (0.4509) (0.4521) (0.7813) (0.5095)

tau12 0.063 0.167 -0.037 0.039 -0.013 0.060 -0.211 -0.361 -0.193 0.076 -0.385 1.947* 0.381
(0.7141) (0.6402) (0.7222) (0.6906) (0.7259) (0.7061) (0.7063) (0.6808) (0.6668) (0.7151) (0.6607) (1.1007) (0.6522)

tau13 1.059 1.243* 0.942 1.061 1.079 1.053 0.932 0.924 0.872 1.134 0.766 3.087** 1.764**
(0.8418) (0.7383) (0.8989) (0.8477) (0.8366) (0.8118) (0.8613) (0.8757) (0.8493) (0.8587) (0.8791) (1.2146) (0.8623)

NT 405 405 411 408 411 406 405 405 405 405 405 454 485
N 72 72 72 72 72 72 72 72 72 72 72 86 89
Tmin 1.0 1.0 1.0 0.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.0
Tavg 5.6 5.6 5.7 5.7 5.7 5.6 5.6 5.6 5.6 5.6 5.6 5.3 5.4
Tmax 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
ar1 -2.86 -2.78 -2.87 -2.90 -2.65 -2.90 -2.66 -2.63 -2.90 -2.91 -2.72 -0.44 -1.62
ar1p 0.004 0.005 0.004 0.004 0.008 0.004 0.008 0.009 0.004 0.004 0.006 0.663 0.105
ar2 -0.08 -0.06 -0.45 0.04 -0.04 -0.04 -0.19 -0.25 0.17 -0.09 0.03 -1.29 -1.48
ar2p 0.937 0.952 0.656 0.971 0.967 0.971 0.851 0.800 0.866 0.928 0.974 0.198 0.140
sarganp 0.3346 0.3358 0.3375 0.3973 0.3872 0.3033 0.2198 0.1868 0.2824 0.2996 0.1774 0.0003 0.0000
hansen 46.70 53.72 52.13 47.82 59.07 49.50 58.60 60.03 49.15 48.79 57.26 64.20 76.40
hansenp 0.9819 0.9371 0.9457 0.9804 0.8210 0.9700 0.8326 0.7965 0.9724 0.9748 0.8627 0.6728 0.6238
hansen_df 69 71 70 70 70 70 70 70 70 70 70 70 81
#Z 93 93 93 93 93 93 93 93 93 93 93 93 93
#X 24 22 23 23 23 23 23 23 23 23 23 23 12
IVr 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.92 0.96
TDp 0.198 0.113 0.218 0.182 0.115 0.192 0.083 0.034 0.148 0.161 0.110 0.037 0.028
chi2 209.45 203.69 191.13 210.64 217.77 226.52 210.38 201.46 201.06 194.84 197.56 131.58 66.30
chi2p 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

The first column is a continuation of Table 4. The following columns drop less significant variables in a stepwise fashion, culminating in the
simultaneous removal of all of these less significant variables in the final column. Standard errors are in parentheses. *** means p<0.01, **
means p<0.05, * means p<0.10. The second order autocorrelation test and Hansen test are shown here. The null of the autocorrelation test
is Cov(�"it,�"it-2) = 0, meaning that there is no autocorrelation, so it is hoped to fail to reject this. The null of the Hansen test is
E(Z0

i�"i) = 0, meaning joint validity of all the identifying restrictions, so it is hoped to fail to reject this. It may be noted that both of these
relevant test statistic p-values are in the ideal range.
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Table 10: Central results with interactions and split by fuels and minerals
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

L.FDI 0.314** 0.307** 0.316** 0.318*** 0.304*** 0.319** 0.300** 0.287** 0.352*** 0.346*** 0.316** -0.374 -0.365
(0.1236) (0.1198) (0.1306) (0.1233) (0.1182) (0.1276) (0.1245) (0.1255) (0.1208) (0.1198) (0.1250) (0.2869) (0.4106)

Trade 0.051*** 0.053*** 0.046** 0.055*** 0.048*** 0.051*** 0.055*** 0.050*** 0.047*** 0.043** 0.051*** 0.048** 0.025
(0.0183) (0.0185) (0.0197) (0.0176) (0.0170) (0.0178) (0.0180) (0.0181) (0.0177) (0.0176) (0.0180) (0.0237) (0.0196)

lGDPC 3.919 5.496 5.991 1.429 2.860 5.184 2.854 4.888 2.893 5.585 -35.236**
(16.1628) (16.8709) (15.3313) (15.0142) (15.5713) (16.6695) (16.6960) (16.1475) (16.8731) (15.7112) (17.4842)

SqlGDPC -0.145 -0.200 -0.331 -0.065 -0.069 -0.309 -0.206 -0.200 -0.063 -0.343 1.933*
(1.0337) (1.0692) (1.0187) (1.0136) (1.0024) (1.0898) (1.1080) (1.0291) (1.0747) (1.0091) (1.1387)

Inflation -0.002 -0.003 -0.004 -0.003 -0.004** -0.001 -0.001 -0.002 -0.003 -0.002 -0.006
(0.0021) (0.0020) (0.0023) (0.0021) (0.0018) (0.0021) (0.0023) (0.0022) (0.0021) (0.0021) (0.0035)

GFCF 0.018 0.026 0.025 0.025 0.025 0.004 0.017 0.030 0.015 0.021 0.346***
(0.0691) (0.0660) (0.0718) (0.0642) (0.0661) (0.0759) (0.0713) (0.0690) (0.0671) (0.0711) (0.1217)

Infrastructure -0.675 -0.309 -0.932 -0.626 -0.673 -0.533 -0.334 -0.506 -0.994 -0.256 0.663
(1.0568) (0.7141) (1.0839) (1.0676) (1.0521) (1.0648) (1.0018) (1.1133) (1.0406) (1.0284) (1.0763)

Credit -0.014 -0.014 -0.022* -0.015 -0.014 -0.015 -0.013 -0.014 -0.010 -0.015 -0.002
(0.0135) (0.0134) (0.0124) (0.0141) (0.0146) (0.0135) (0.0128) (0.0136) (0.0126) (0.0137) (0.0165)

Resources 0.063 0.060 0.065 0.064 0.062 0.056 0.043 0.044 0.050 0.057 0.049 0.010 -0.011
(0.0449) (0.0442) (0.0433) (0.0439) (0.0443) (0.0439) (0.0418) (0.0407) (0.0425) (0.0436) (0.0415) (0.0678) (0.0490)

Democracy 6.178*** 5.905*** 6.602*** 6.006*** 6.080*** 5.838*** 6.164*** 5.833*** 6.364*** 5.860*** 5.948*** 2.791 5.581**
(2.3005) (2.1722) (2.2665) (2.2275) (2.1343) (2.0832) (2.3098) (2.2351) (2.2702) (2.2405) (2.2722) (2.5784) (2.4026)

Democracy_IF -0.132*** -0.122*** -0.135*** -0.130*** -0.125*** -0.129*** -0.134*** -0.137*** -0.137*** -0.117** -0.141*** -0.068 -0.103**
(0.0485) (0.0444) (0.0489) (0.0489) (0.0463) (0.0468) (0.0444) (0.0459) (0.0469) (0.0512) (0.0441) (0.0607) (0.0523)

Democracy_IM -0.122 -0.123 -0.135* -0.117 -0.130 -0.104 -0.117 -0.115 -0.142* -0.121 -0.127 -0.090 -0.102
(0.0860) (0.0853) (0.0805) (0.0897) (0.0832) (0.0800) (0.0887) (0.0871) (0.0816) (0.0831) (0.0828) (0.1112) (0.0962)

FDIrisk 9.651*** 9.935*** 9.562*** 10.135*** 10.388*** 9.692*** 9.037*** 9.954*** 8.755*** 9.496*** 9.587*** 12.541*** 12.321***
(3.0202) (3.0042) (2.9384) (2.9448) (3.2515) (2.9981) (2.8916) (3.1374) (3.0066) (2.9934) (3.0588) (4.2694) (4.1510)

FDIrisk_IF -0.219*** -0.213*** -0.218*** -0.224*** -0.224*** -0.215*** -0.184** -0.198** -0.210*** -0.231*** -0.214*** -0.238** -0.188**
(0.0812) (0.0806) (0.0823) (0.0778) (0.0799) (0.0814) (0.0803) (0.0788) (0.0775) (0.0842) (0.0778) (0.1021) (0.0880)

FDIrisk_IM -0.308* -0.297* -0.300 -0.322* -0.322* -0.323* -0.305* -0.316* -0.327* -0.301* -0.294 -0.108 -0.100
(0.1751) (0.1728) (0.1904) (0.1824) (0.1699) (0.1725) (0.1757) (0.1766) (0.1829) (0.1696) (0.1885) (0.1922) (0.2124)

Govstability -1.880 -2.088 -1.841 -2.297 -2.485 -1.766 -2.085 -2.725 -1.181 -1.826 -2.488 -1.850 -3.236
(2.1219) (1.8520) (2.0987) (1.9725) (2.3044) (2.1180) (2.2581) (2.4407) (2.0678) (2.1522) (2.1040) (2.8406) (2.4236)

Govstability_IF 0.068 0.068 0.067 0.075 0.072 0.070 0.079 0.081 0.071 0.083 0.079 -0.007 0.070
(0.0527) (0.0586) (0.0541) (0.0520) (0.0525) (0.0517) (0.0546) (0.0561) (0.0520) (0.0560) (0.0520) (0.0640) (0.0596)

Govstability_IM 0.195 0.190 0.200 0.194 0.208 0.194 0.190 0.189 0.198 0.177 0.185 0.002 0.036
(0.1615) (0.1593) (0.1700) (0.1636) (0.1555) (0.1533) (0.1621) (0.1589) (0.1650) (0.1544) (0.1666) (0.1878) (0.2234)

Bureaucracy -2.904 -2.632 -2.491 -2.766 -2.750 -3.052 -0.446 -2.420 -2.648 -2.175 -4.260
(1.9787) (2.0728) (1.9348) (2.1362) (2.0035) (2.0383) (1.3762) (1.8946) (1.9175) (1.8949) (2.9807)

Corruption 6.248 5.474 5.394 6.051 5.551 6.192 2.601 5.985 5.603 3.871 1.854
(4.2160) (4.1557) (4.2766) (4.2241) (4.1336) (4.2482) (2.9773) (4.2348) (4.2421) (3.7654) (5.1991)

Laworder 4.410 4.494 4.418 4.074 4.079 4.398 3.702 4.150 3.403 1.179 8.961**
(2.9191) (2.9203) (2.9662) (2.8440) (2.9197) (2.9170) (2.8516) (2.9980) (2.7886) (2.2639) (4.0084)

Extconflict -3.396** -3.426* -2.613 -3.409* -3.693** -3.036* -3.145* -2.970* -2.721* -4.592** -6.042**
(1.7092) (1.7614) (1.8132) (1.7885) (1.6977) (1.6166) (1.6556) (1.6317) (1.5978) (1.8527) (2.4269)

Intconflict -4.408** -4.156* -4.432** -3.825 -4.004* -4.598** -3.775* -3.017 -2.489 -5.469** -3.457
(2.1682) (2.1516) (2.1594) (2.3266) (2.1149) (2.1601) (2.0095) (1.9298) (1.5823) (2.3371) (2.8929)

Intproperty 0.404 0.081 0.630 0.496 -0.353 0.237 -0.180 -0.676 -0.011 0.865 0.012
(2.9117) (2.5816) (2.9753) (2.8540) (2.6622) (2.8052) (2.8048) (2.7236) (2.7801) (2.8711) (2.8857)

tau11 -0.159 -0.174 -0.187 -0.233 -0.221 -0.190 -0.402 -0.436 -0.345 -0.260 -0.302 1.505** 0.293
(0.4506) (0.4878) (0.4432) (0.4511) (0.4660) (0.4420) (0.4248) (0.4428) (0.4067) (0.4308) (0.4491) (0.7429) (0.5304)

tau12 0.265 0.284 0.188 0.157 0.193 0.217 -0.112 -0.269 -0.045 0.217 -0.242 2.122** 0.393
(0.7027) (0.6717) (0.7033) (0.7006) (0.7361) (0.6792) (0.7069) (0.6987) (0.6411) (0.6836) (0.6352) (1.0541) (0.6511)

tau13 1.153 1.305* 1.065 1.108 1.226 1.111 1.007 0.985 1.010 1.237 0.828 3.039** 1.680**
(0.8810) (0.7882) (0.9318) (0.9018) (0.8912) (0.8300) (0.9054) (0.9127) (0.8738) (0.8835) (0.8974) (1.2069) (0.8286)

NT 405 405 411 408 411 406 405 405 405 405 405 454 485
N 72 72 72 72 72 72 72 72 72 72 72 86 89
Tmin 1.0 1.0 1.0 0.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.0
Tavg 5.6 5.6 5.7 5.7 5.7 5.6 5.6 5.6 5.6 5.6 5.6 5.3 5.4
Tmax 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
ar1 -2.81 -2.72 -2.84 -2.91 -2.60 -2.86 -2.63 -2.59 -2.89 -2.90 -2.71 -0.53 -1.70
ar1p 0.005 0.007 0.005 0.004 0.009 0.004 0.008 0.010 0.004 0.004 0.007 0.600 0.089
ar2 -0.26 -0.17 -0.55 -0.12 -0.14 -0.26 -0.31 -0.37 0.08 -0.15 -0.09 -1.29 -1.51
ar2p 0.793 0.865 0.583 0.901 0.889 0.792 0.756 0.711 0.939 0.884 0.929 0.198 0.131
sarganp 0.2894 0.2858 0.2984 0.3396 0.3375 0.2572 0.1688 0.1386 0.2458 0.2369 0.1332 0.0001 0.0000
hansen 51.68 52.72 45.47 48.55 55.12 44.48 48.55 50.94 45.62 44.64 46.20 63.01 77.08
hansenp 0.9016 0.9139 0.9797 0.9563 0.8497 0.9846 0.9564 0.9276 0.9789 0.9839 0.9754 0.6155 0.5081
hansen_df 66 68 67 67 67 67 67 67 67 67 67 67 78
#Z 93 93 93 93 93 93 93 93 93 93 93 93 93
#X 27 25 26 26 26 26 26 26 26 26 26 26 15
IVr 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.92 0.96
TDp 0.350 0.176 0.398 0.307 0.192 0.322 0.108 0.056 0.206 0.260 0.172 0.049 0.038
chi2 211.13 214.64 182.67 221.71 225.55 226.61 201.86 192.27 198.48 191.43 216.74 143.10 70.81
chi2p 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Standard errors are in parentheses. *** means p<0.01, ** means p<0.05, * means p<0.10. The previous model is regressed again, but now natural
resources are split by fuels and minerals. Specifically, now var_IX always represents the variable being interacted with mineral resources, whilst
var_IY always represents the variable being interacted with fuel resources. It is seen that the model is again robust and that the “resources curse”
is again present in two interactions, but in both cases is driven by fuel resources. The second order autocorrelation test and Hansen test are shown
here. The null of the autocorrelation test is Cov(�"it,�"it-2) = 0, meaning that there is no autocorrelation, so it is hoped to fail to reject this.
The null of the Hansen test is E(Z0

i�"i) = 0, meaning joint validity of all the identifying restrictions, so it is hoped to fail to reject this. It may be
noted that both of these relevant test statistic p-values are in the ideal range.
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