The Economic Impact of Natural Resources®

Torben K. Mideksa®®
July 8, 2012

Abstract

This paper explores the economic impact of natural resource endowment using quantitative
comparative case study. Focusing on the Norwegian economy, due to availability of good
quality data, the paper thoroughly examines the impact of petroleum endowment. Although
the result suggests that the impact varies from year to year, it remains positive and very large.
On average, about 20% of the annual GDP per capita increase is due to the endowment of
petroleum resources such as oil, natural gas, natural gas liquids, and condensate.
Examinations based on sensitivity test, robustness test, dose-response test, and various
falsification tests suggest that the finding is robust to alternative explanations. (JEL Codes:
013, 014, Q3)

l. Introduction

What is the economic impact of natural resources? The answer to this question has attracted
considerable interest through decades of development economics, macroeconomics, resource
economics, and political economics research. Most of the existing empirical studies approach
this problem by aggregating heterogeneous natural resources and studying the experience of a
set of different countries, states, counties, etc. together. Since most economies with the
exception of countries such as Israel, Japan, and South Korea possess large endowments of at
least one valuable natural resource, it is very hard to interpret the results of many of the
existing studies in light of the fundamental question of how an economy would have evolved
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in the absence of natural resource endowments. To make progress, this paper takes a
radically different approach to the existing literature. Instead of confronting the most
complicated task of estimating the expected impact of all natural resources for a given set of
economies, it attacks the simpler problem of estimating the impact of a particular set of
natural resource endowments for a single economy. By focusing on a single economy and
isolating the impact of a particular set of natural resources, it provides a microscopic
perspective on the issue and offers complementary evidence to the existing literature.

One would expect, at least theoretically, that the discovery of natural capital would,
similar to other sources of increased wealth, raise national welfare and enable nations to
consume more goods and services. In the standard growth models, (Solow, 1956; Romer,
1990; and Aghion and Howitt, 1992), new discoveries of natural resource endowments shift
the aggregate production possibilities outward by expanding natural capital thereby raising
growth for a short period and the level of income for a long period. Sachs (2007) argues that
oil revenue can be an important resource for promoting economic development. Indeed, the
sustainability literature treats natural resources as wealth in the comprehensive national
income accounting. In green national income accounting, for example Weitzman (2003), the
discovery of natural resource endowments is interpreted as an increase in the nation’s wealth,
while activities, such as extraction and use that decrease the stock of this endowment, are
interpreted as depreciation of natural capital.

There is some empirical evidence supporting the view that natural resource
endowments are economic blessings. Focusing on the world economy at large and using
indirect valuation with the World Bank data, Weitzman (1999) concludes that running out of
all non-renewable minerals, i.e. crude oil, coal, natural gas, bauxite, copper, iron ore, lead,
nickel, phosphate, tin, zinc, gold, and silver would reduce world GDP by about 1% assuming
that historical prices correctly reflect scarcity values. In a cross-country study focusing on
robust determinants of economic growth, Sala-i-Martin et al. (2004) find that the fraction of
GDP in mining has a robust positive association with economic growth. The result is
consistent with recent empirical works by Brunnschweiler & Bulte (2008)* as well as Alexeev
and Conard (2009), who also suggest that a large endowment of oil and other mineral

resources is positively correlated with long-term average economic well-being.

van der Ploeg and Poelhekke (2010) argue that Brunnschweiler & Bulte (2008) used weak instruments. Using
better instrumental variables, they find that the results of Brunnschweiler & Bulte (2008) are not robust. Instead,
they find no evidence for a resource curse or blessings similar to Ding and Field (2005).



Nevertheless, another strand of the analytical and empirical literature has emerged
with the opposite conclusion: instead of raising wealth, natural resource endowments are
economic curses, which trap an economy in lower wealth equilibrium relative to the
equilibrium without natural resource endowments. This sub-literature can be classified into at
least six major categories on the basis of the main mechanisms of the economic curse.?

First, the extra income generated from sale of natural resources appreciates the real
exchange rate, and leads to a contraction of the tradable sector. This is the text-book Dutch
disease mechanism, which is consistent with no or little change in GDP in response to large
windfall gains of natural resources such as natural gas and oil. Second, natural resource
windfalls can result in sectoral misallocations and temporary loss of positive externalities of
knowledge from missed opportunities for learning by doing in contracting sectors. The
endogenous growth model of Matsuyama (1992) and its comparative static results in Rodrik
and Rodriguez (2001) suggest that natural resource-driven growth can trap an economy in a
dynamically inefficient equilibrium. This is because there could be loss of learning by doing
and other knowledge externalities associated with the more dynamic tradable sector. Third,
revenues from natural resources may misallocate talent since such revenues are prone to rent
seeking. Torvik (2002) shows that with aggregate demand externalities productive
entrepreneurs switch to rent seeking in response to a resource boom. Fourth, natural resource
windfalls tend to raise corruption. For example, Vicente (2010) uses Cape Verde as
comparison unit to S0 Tomé and Principe to show the rise of perceived corruption and the
presence of a political oil curse in response to the 1997-1999 natural experiment of Sao Tome
and Principe’s oil discovery announcements. In a model of multiple equilibriums, Andvig and
Moene (1990) show that a temporary increase of corruption can lock an economy into a
higher state of corruption. Fifth, the presence of natural resource rents raises the frequency of
armed conflict in weak states. Collier and Hoeffler (2004) and Fearon (2005) provide cross-
country evidence that there is a positive correlation between resource income and armed
conflict. Last, but not least, revenue from natural resource endowments tends to sustain bad
policies, which could not have been sustained without windfall income. Mansoorian (1991)
observed that resource rich countries tend to accumulate huge debts, which harms their
economy both in the short and long run. Manzano and Rigobon (2001) provided a suggestive

evidence of this mechanism.

2|t is beyond the scope of this paper to provide a complete review of the large literature on the resource curse.
The coverage here is selective, perhaps idiosyncratic; one is recommended to read Frankel (2010) and van der
Ploeg (2011) for a well-articulated, more comprehensive, and up-to-date synthesis of the literature.



There is also a large empirical literature supporting the hypothesis of the natural
resources curse. The first empirical evidence is from Sachs and Warner (1995). Hausmann
and Rigobon (2002) as well as Sala-i-Martin and Subramanian (2003) argue that that oil and
other minerals have a negative impact on growth. Sachs and Warner (2001) argue that
“empirical studies have shown that this curse is a reasonably solid fact.” van der Ploeg (2011)
presents a good synthesis of the literature, which offers suggestive evidence for most
mechanisms of the resource curse. At a greater disaggregation level, Papyrakis and Gerlagh
(2007) study variations within the US states and observe that resource-rich states tend to have
a comparative disadvantage in development relative to resource-poor states. James and
Aadland (2011) focus on US counties and test whether the resource curse is present at the
county level. Like Papyrakis and Gerlagh (2007) they find that natural resource earnings have
a statistically significant negative effect on county-level economic growth. In a similar vein,
Caselli and Michaels (2011) investigate the effect of resource windfalls on government
behavior using variations in oil output among Brazilian municipalities. They find significant
changes in expenditures on urban infrastructure, education, health services, and transfers; but
no increase in economic and social outcomes, which are supposed to respond to increased

spending on urban infrastructure, education, health services, and transfers. *

In general, the theoretical and empirical literatures on the economic impact of natural
resource windfalls are divergent. One strand emphasizes the opportunities, i.e. the additional
capital stock such a windfall brings to an economy; while the other strand emphasizes various
deleterious mechanisms through which income from resource windfalls can reduce
sustainable wealth.* Some empirical researchers find evidence for economic blessing, others
find evidence for economic blessing conditional on having good institutions, and many others
find evidence for an economic curse.

However, most empirical studies suffer from deeper analytical problems and the
statistical validity of the evidence mentioned in the literature is limited for the following
reasons. First, much of the empirical evidence is drawn from cross-country regression results.
Cross-country regression based evidence offers opportunities to understand the impact of

natural resource capital on national income across many countries. Since such evidence comes

® The fact that all the three, more disaggregated, studies point towards a resource curse instead of blessing, is
interesting in itself although the evidence is based on the experience of Brazil and the US.

* Mehlum et al. (2006) is an exception to the literature. According to Mehlum et al. (2006), these negative
mechanisms are effective only conditional on having poor political and economic institution at the time of
resource discovery. Mehlum et al. (2006) also present evidence for a positive economic impact of natural
resources when the quality of institutions is high.



from datasets with large numbers of observations from different countries, the evidence can
be generalized to a broad range of countries. Although evidence from cross-country
regressions is useful and, sometimes, the only source for reasonable answers to important
questions, the presence of contradicting empirical evidence about the impact of natural
resources suggests that such estimates are unlikely to be internally valid. In many cases,
controlling for an additional variable changes the sign of the estimate. One cannot be
confident that all relevant variables are included, largely because of data limitations. The
recommended solution is to apply instrumental variables, though its use is severely
constrained due to the difficulty of finding good instruments.

Second, the lack of an appropriate comparison unit poses challenges for impact
estimation. Since most cross-country studies on resource curse lack a relevant comparison or
control unit that describes how the economy would evolve in the absence of a particular
natural capital endowment, it is almost impossible to estimate the impact of natural resources
on national income. For example, many attribute Nigeria’s poor economic performance to its
oil endowment. Sala-i-Martin and Subramanian (2003) write “... all the oil revenues —
US$350 billion in total — did not seem to add to the standard of living at all... the main
problem affecting the Nigerian economy is the fact that the oil revenues ... lower the long-
term growth prospects.” However, without establishing how the Nigerian economy might
have evolved in the absence of the oil endowment, it is difficult to accept that an oil
endowment leads to poor economic performance. Although there are clear indicators that
Nigeria has not been using its oil revenue in the most efficient way, how can one rule out the
possibility that the economy might have performed even worse in the absence of the
endowment of oil?

One way of getting around the second problem is to use a comparison unit generated
by natural experiments. For example, Vicente (2010) uses natural experiments of the oil
discovery announcements in Sao0 Tomé and Principe in 1997-1999 to show that the perceived
corruption has increased, and that the political oil curse is present. However, natural
experiments are not a panacea. When natural experiments are found, the evidence they offer
often fails to capture general equilibrium effects at the economy level and may miss the main
impact of natural resources. General equilibrium effects are relevant because many of the

channels through which natural resources affect national welfare work at an aggregate level.

*For example, Sachs (2007) argues that windfalls from increases in commodity prices or natural resource
discoveries can finance investment that serve as a big push towards industrialization. Macroeconomists argue
about whether or not the revenues from natural resource exports affect the nature of fiscal policy, the pattern of
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This is why Acemoglu (2010) argues that “counterfactual analysis based on microeconomic
data that ignores general equilibrium and political economy issues may lead to misleading
conclusions.”

Third, in the absence of sufficient data characterizing the pre-natural resource
endowment economy, it is difficult to determine if the alleged performance with the
endowment of natural resources could have been driven by pre-existing differences in
variables other than natural resource endowment. For example, James and Aadland (2011)
compare Wyoming and Maine to establish the presence or absence of the natural resource
curse. Wyoming, which depends heavily on natural resources, is alleged to underperform
relative to Maine, which has a very low share of income from natural resources, due to the
natural resource curse. In the absence of data prior to Wyoming’s discovery and extraction of
natural resource endowments, how would one establish that the pre-existing differences of
income between Maine and Wyoming were not the driving factors behind the worse economic
performance of Wyoming?

Estimating the impact of all natural resources is very complicated due to the inherent
difficulty of estimating how an economy might have performed in the absence of the natural
resource. There are very few countries without significant endowments of natural resources
which can be used as a basis for comparison. The challenge is therefore to establish that
economies like Israel, Japan, and South Korea have fared very well precisely because they do
not have natural resource endowments.

Given the complexity of the research question the literature poses, this paper takes a
step back and approaches the estimation problem from a different and hopefully easier
perspective. To simplify the problem, it focuses on the petroleum endowment in Norway due
to availability of data and comparable countries suitable for application of the estimation
technique this paper adopts. By using good quality data from Norway, which discovered oil in
1971, it studies the impact of petroleum endowment. The results suggest that about 20% of
GDP per capita in Norway since the mid-1970s can be attributed to the petroleum
endowment.

The rest of this paper proceeds as follows: The next section estimates an optimal
comparison unit, which is the main input to arrive at the central results of the paper. Next, the

effect of petroleum endowment is estimated and its robustness is explored. A number of

equilibrium real exchange rates, etc. that determine the degree of competitiveness of the tradable sector through
the Dutch Disease. Political economists underline the deleterious impact of revenue from natural resources.



falsification tests of the main results are presented in the in the third section. The last section

presents discussion and concluding remarks.

I1. Constructing a Synthetic Norwegian Economy and Estimating the Impact

In a path-breaking comparative case study, Card (1990) studies the effect of the 1980 large
influx of Cuban immigration, called the Mariel Boatlift, on the labor market in Miami. The
author uses a weighted combination of cities in southern states as a comparison unit for
Miami. In another study, Card and Krueger (1994) examine the effect of an increase in New
Jersey's minimum wage on employment in fast food restaurants using eastern Pennsylvania as
a comparison unit. These comparative case studies approach suggest that measuring impacts
requires one estimates the counterfactual outcome in the absence of the intervention from

sufficiently similar comparison units.

Despite the insights, there is a key problem with early comparative case studies such
as Card (1990): the lack of an empirically rigorous and data-driven way of choosing the best
comparison unit when there is more than one option. Although economically similar countries
without oil in the pre- and post-treatment period can constitute the donor pool, the selection of
a comparison unit is not obvious. A potential solution is to take an “average of all countries”
to serve as a comparison unit. This may not be the best answer as some countries are more
similar to Norway than others, and, at least in principle, not all countries can have equal
weight as a comparison unit. Without a way to get around this choice of the best comparison
unit, the impact assessment task is problematic, especially if the selection of a comparison
unit is left entirely to researcher’s judgment since it might suffer from, what Rosenbaum
(2005) calls, “hidden bias.” However, this challenge is addressed by the synthetic control
method of Abadie and Gardeazabal (2003) and Abadie et al. (2010). Their strategy is
intuitive: in the same way as Mark Twain’s Tom Sawyer is a combination of different
individuals’ characters, the synthetic unit is a convex combination of potential comparison
units that often fares better than individual units in reproducing the outcome of the treatment

unit in the absence of the treatment.

Since the essence of this exercise is to estimate the impact of petroleum endowment on
national income, let us first construct a comparison unit, which involves the construction of a
synthetic control unit that resembles the national income of Norway before the petroleum
discovery, using potential predictors for GDP per capita of the donor pool. Abadie et al.

(2010) describe the analytics and empirical implementation of constructing a synthetic



economy in detail. To clarify the reasoning behind the mathematics of generating weights,
and the thus the synthetic control unit, suppose ] represents the number of countries in the
donor pool. The set of countries that constitute the donor pool for the Norwegian economy are
non-oil producing OECD nations.® To ensure similarity with Norway before the petroleum
discovery, the donor pool is limited to the OECD member countries before 1971.” Since the
best comparison unit is meant to approximate the counterfactual of the unit of interest without
the treatment, Abadie et al (2011a) emphasize the importance of limiting the donor pool to
units whose outcomes are driven by the same structural process as the outcome of the unit of
interest and that are not subject to structural shocks to the outcome variable in the sample

period of the study.®

Suppose k represents the number of variables that explain GDP per capita. Let X, be a
k x ] matrix representing the pre-treatment values of determinants of GDP per capita of the
donor pool countries, while X; is a k x 1 vector of pre-treatment values of determinants of
GDP per capita for the treated unit. These variables are: direct resources (i.e. labor force ratio,
years of schooling, and the share of private investment in GDP) and some policy indicators
(i.e. inflation and openness to international trade). The choice is made partly based on data
availability for the donor pool and partly following the economic growth literature, which is
summarized in Barro and Sala-i-Martin (2003).

Assuming T~ measures the number of time units before treatment, let Z, be aT~ x ]
matrix representing the pre-treatment values of GDP per capita of the donor pool countries
and Z; be a T~ x 1 vector representing the pre-treatment values of GDP per capita for the
treated unit. Similarly, assuming T+ measures the number of time units on and after
treatment, let Y, be a T+ x J matrix representing the post-treatment values of GDP per capita
of the donor pool countries and Y; be a Tt x 1vector representing the post-treatment values of

GDP per capita for the treated unit.

®Unless explicitly stated, the data is from Heston et al (2011) and schooling data is from Barro and Lee (2010).
"Australia joined the OECD club on June 7, 1971 - the same year Norway discovered oil. Since Australia’s
accession to the OECD has nothing to do with Norwegian economy’s treatment, this need not be a problem. In
the following sections, we conduct sensitivity test by excluding Australia and other countries from the donor
pool and show how the main result is sensitive to inclusion or exclusion of such countries from the donor pool.
®Test for structural shocks was performed and the results suggest that Ireland and Luxembourg need to be
excluded from the donor pool because the income from these economies possesses different structural processes
from the rest of the donor pool. Abadie et al (2011a) also exclude these two economies for their donor pool in
estimating the economic impact of reunification of Germany.
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Suppose also that w = (w4, wy, ..., w;) ~ is a vector of weights on the donor pool economies
in the construction of the synthetic control unit. The vector of optimal weights is defined
by w* = argminy,[X; — X, 0] " v[X; — X, 0]

subject to the constraints w; =0

and Z{zlwi = 1.vis any k X k diagonal matrix with non-negative elements. This implies
that the weights need to be chosen to fit the pre-treatment predictors of GDP per capita of the
synthetic unit with the treated unit. Since the optimal weight depends upon the diagonal
matrix (w* = w(v)), the value of v is chosen to fit the pre-treatment GDP per capita between

the treatment and comparison unit.’

The weights are generated not only based on pre-treatment similarity of the GDP per capita,
but also based on predictors of income such as investment rate, human capital, labor
participation, and policy indicators. Thus, the weights are generated through a data driven
approach with no personal judgment involved except on the choice of the donor pool, making
the process of choosing the best comparison unit from the donor pool rigorous and

transparent.

Table 1: Weights assigned to the donor pool in the construction of the synthetic unit.

Country Weight Country Weight

Australia 0.285 | Iceland 0.125
Austria O [ Japan 0
Belgium 0.437 | Portugal 0
Finland O [ Spain 0
France O [ Sweden 0
Greece O [ Switzerland 152

The weights that create the best synthetic Norwegian economy from the set of countries given
in the donor pool are estimated using the algorithm by Abadie et al. (2011b) and are presented
in table-1. The table also offers an interesting result, which may appear counterintuitive. Most
Northern European neighbouring countries are given zero weight and the synthetic version of

Norway is a convex combination of Australia, Belgium, Iceland, and Switzerland.™

*Technically, v* = argminye,[Z; — Zo w(v)] * v[Z; — Z, w(v)] subject to the condition that ||v*|| = 1 and thus
the optimal weights are generated according to the rule w* = w (V™).

%Since Denmark and Sweden have been used as a comparison group in the previous literature, for example
Larsen (2004), it is necessary to explore why this has happened. This is mainly due to the way that the synthetic
control technique works. In generating the synthetic unit, the weights in table 1 are chosen to fit the GDP per
capita before the treatment and the set of predictor variables for GDP per capita for the synthetic unit as well as
the treatment unit. In this sense, the synthetic economy mimics the real economy not only in terms of GDP per
capita but also in terms of the other variables which are potential predictors of GDP per capita. It is necessary
also to note that weights assigned on countries of the donor pool change in response to removing (including) an
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Once the weights are determined, the synthetic economy’s determinants of GDP per capita are
reproduced from the pre-treatment values of determinants of GDP per capita of the donor pool
X, using weights on the donor pool economies w*. To present this formally, let X;" bea k x 1
vector representing the pre-treatment values of determinants of GDP per capita for the
synthetic control unit. This value is generated using w* and the pre-treatment values of
determinants of GDP per capita for the donor pool according to the formula X;* = X, 0* .
Using the weights obtained entirely through a data-driven mechanism, the synthetic

Norwegian economy is generated and its economic characterics are given in table 2.

Table 2: Pre-treatment characteristics of the synthetic and the actual economy

Variables Treated Economy Synthetic Economy
Private investment's share of GDP (%) 30.6387 24.6118
Labor participation ratio 0.4139 0.4247
Average Years of Schooling 7.8258 7.6843
Openness to trade 44,9775 39.5490
Inflation Rate (%) 1.72 0.42

Non-trivial application of the synthetic control requires an acceptable resemblance between
the synthetic economy and the “to be treated economy” prior to the point of intervention.
According to the results in table 2, almost all characteristics of the Norwegian economy and
its synthetic replica are similar. The optimally chosen weights fit different characteristics very
well. In fact, with further assessment reflected in figure 1, the overall fit is acceptable for the
task at hand."*

economy from (to) the donor pool. This is not a problem in itself as long as the ultimate subject of such a study-
i.e. estimated treatment effect - is robust to such changes.

A formal hypothesis test of mean difference between the outcome of the synthetic and treated unit suggests that
there is no statistical difference between the income of the synthetic and actual Norway, with 0.1% significance
level, prior to the intervention.
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Figure-1: Evolution of GDP per capita of Norway and its synthetic version (with 99.9% confidence interval)
Prior to 1971

What is the economic impact of the petroleum endowment? How do the control and the
treatment units evolve after the point of treatment? By comparing the evolution of the variable
of interest in the control group with that of the synthetic control group, in the spirits of a
“before-after” approach, one can obtain a good prediction of the potential impact. Since the
comparison group lacks the treatment for the whole period of analysis, the difference in the
value of the variable of interest can be attributed to the impact of the treatment. The post
treatment values of GDP per capita of the synthetic unit is given by ¥;* = Y,w™* and thus the
absolute impact of the treatment for a given time is given by Y; — Y;*, whereas the relative
Yv;-Y1*
Y;

impact of the treatment is given by ——.

1
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Figure-2(Panel-B): The Estimated Impact Petroleum Endowment on Norwegian Economy

Figure 2 summarizes an answer to the central question of this paper. The panel A plots the
evolution of per capita income of the actual and the synthetic unit from 1951 to 2007; whereas

panel B plots the percentage difference of the GDP per capita between the treated and the
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synthetic unit.*> As can be seen from figure 2 (or footnote 11), the economy and its synthetic
counterpart are similar in terms of GDP per capita prior to the treatment. With such a good fit
for 18 consecutive years, it is plausible to assume that the synthetic unit can serve as a good

comparison unit.

The figure in panel A makes it clear that that the treated economy has perceptibly
departed from the synthetic economy once the treatment is applied in 1971. A formal
hypothesis test of mean equivalence rejected the equality of the mean of the two trends, after
the intervention, with 0.1% significance level. Therefore, endowment of petroleum has a

statistically significant effect on per capita GDP.

Table 3: The amount of Petroleum produced and its estimated impact on the national income

Years Average_Treatment_ Effect/year Average Annual Petroleum Production (1000
[Differences in %] Sm3)*
1971-1975 1.66 4201.50
1976-1980 10.95 34102.00
1981-1985 16.83 63039.00
1986-1990 19.82 102149.20
1991-1995 26.31 166867.00
1996-2000 37.38 231177.60
2001-2007 34.66 254190.14
1974-2007 23.76 132855.8611

* Petroleum production includes crude oil, natural gas, natural gas liquids, and condensates.

Source: Statistics Norway (http://www.ssb.no/aarbok/tab/tab-385.html).

Since the central question of this paper is quantitative, table 3 presents the quantitative
summary of the average impact over time presented in the right panel of figure 3. During
1976-1980, an average of 11% of annual GDP per capita can be attributed to the petroleum
endowment. In the following five years, the average impact increases to double digits. Over
the entire period, the average impact of petroleum on GDP per capita is roughly 20% per year

for an average of 1.3 million (1000 Sm3) of petroleum extracted per day.

The results also suggest that the impact of the petroleum discovery on GDP per capita
did not begin until 1974. This is due to at least two important factors. First, the amount of
petroleum extracted in the first two years was very small. According to data from the U.S.

Energy Information Administration (EIA), the daily extraction was less than 30,000 barrels

12 The vertical line denotes the year (1971) in which Norway begun extracting petroleum.
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per day (BPD).*® As documented in Austvik (1993), extraction from the first oil field,
Ekofisk, was shipped by boat and it did not have an impact until it was connected with the
mainland European pipelines of Teesside and Emden in 1975. Thus, the amount of petroleum
extraction was lower prior to 1975. Second, according to Norwegian Continental Shelf
Journal (2010), the use of the petroleum revenue was limited until the release and adoption of
the 1974 White Paper, which outlined how to develop petroleum operations in Norway and
how the government can use the revenue. Hence, it is reasonable to expect the impacts of the
treatment to lag by a couple of years until the revenue from the sector flows into the

economy.**

These results open up many questions which this paper cannot address fully. In the rest of this
section, the focus is limited to a set of issues related to the robustness of the results, i.e. to
what extent the magnitude of estimated impact remains robust to inclusion of additional
predictors of GDP per capita, and how sensitive the estimated impact is for sequentially
dropping countries with positive weight in the donor pool before proceeding to different

falsification tests.

A Robustness Test: A robustness tests involves examining to what extent the reported result
IS sensitive to using additional predictors of GDP per capita. To this end, a synthetic control
unit is generated by controlling for exchange rate, private consumption’s share of GDP,
government consumption’s share of GDP, in addition to the standard variables mentioned in
table 2. These are additional measures of international openness and aggregate demand, which
might affect GDP per capita at least in the short run. Figure 3 presents the result of these

robustness tests.

BThis number is very low when compared with the amount of extraction by the end of the decade, which was
close to 500,000 barrels per day.

“The result that the impact of oil did not significantly affected income until 1974 is also established in the
literature, using entirely different approaches. For example Larsen (2004) uses structural break approach and
finds that there was oil-induced sudden acceleration in 1974. Although it is difficult to tell exactly, the
simulation graphs of Bjgrnland (1998) using the var-approach suggests that the impact energy boom did not
occur immediately.
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Figure-3: Robustness test of controlling for additional variables on estimated GDP per capita gap.

In general, it is very hard to detect any difference in the pattern of the estimated impacts
between the estimated impact reported in figure-2 and the estimated impact for the robustness
test. The main message is that the estimated result is surprisingly robust to controlling for
these additional indicators.™ In general, the optimal weights generating the synthetic unit
change when conducting robustness test ( also sensitivity and robustness tests); but the
ultimate variable of interest i.e. estimated impact has not changed much in response to
controlling for these additional variables.

Sensitivity Tests: The following sensitivity test focuses on the implications of missing
regions or data for the main result. One cannot know, a priori, the potential effect of omission
of some countries from the donor pool on the estimated impact. Omission can happen for
various reasons such as unavailability of data. For example, Germany is not included in the
analysis because of missing data due to the reunification of Germany in 1990. Although
Germany may or may not have received positive weights, one might wonder if the omission
of potential regions from the donor pool affects the estimated impact. To this end, the paper
has conducted a series of tests sequentially removing the main countries used in the

construction of the synthetic unit. The results are summarized in figure 4.

1> The results are also robust to controling initial GDP per capita.

15



20 30 40
| |

Estimated Impact (in percent)
10

0
!

-10

T T T T T
1940 1960 1980 2000 2020
Year

— —— without Switzerland without Iceland
—---— without Australia without Belgium

Figure-4: Sensitivity Test of Sequentially Excluding Countries in the Synthetic Control Unit.

Figure 4 plots the treatment effect, in percent, of petroleum discovery given that a particular
country is excluded from the donor pool. By comparing the results from figure 4 with that of

figure 2, one can observe that the estimated impact is robust to these changes. °

I11. Some falsification tests

Both the robustness and sensitivity tests suggest that the main result is stable in response to
controlling for additional variables or sequentially excluding countries from the donor pool. In
this section, | employ dose-response and placebo intervention as a falsification strategy to

examine if the result is robust to alternative explanations.
A. Dose-response Test

A potential concern with the previous analysis is that the observed gap between the synthetic
and the treated unit could be driven by another factor or event, which occurred in 1974 or the
same year that the oil revenue was being used for the first time. Although there was no other
known significant intervention (or economically relevant event) in 1974, what amounts to a

significant policy is generally unknown (especially given that our understanding of the causes

®Excluding Australia from the donor pool provides a synthetic Norway that derives 59%, 17%, and 24% of its
weights from Belgium, Iceland, and Switzerland respectively. The synthetic Norway’s labor force ratio, years of
schooling, the share of private investment in GDP, inflation, and openness to international trade is 0.4307,
7.0721, 25.5334, 0.11%, and 47.32 respectively.
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of economic growth is still very limited). Strictly speaking, the fact that one does not know of
an intervention that might have happened in 1974, either from the literature or from history,
does not suggest that the “mysterious event” cannot be the main driver of the observed
impact. If an unknown intervention is the key driver, then the result might have been

incorrectly attributed to the country’s petroleum resource endowment.
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Figure-5: Annual petroleum production and estimated GDP per capita gap, which is the difference

between the treated and the synthetic unit’s GDP per calpita.17

A potentially insightful approach attempts to falsify the estimated impact in light of data not
used in the estimation. It is essential to note that the quantity of petroleum extracted and
exported has never been used in the estimation of the synthetic unit or the treatment effect. In
this section, | use this external information to examine if the estimated annual impact is
somehow related to the annual quantities of petroleum extracted. By linking the quantity of
petroleum extracted (the treatment) with the observed impact on national income (the
response), one can examine if the treatment can plausibly explain the alleged response, i.e. the
observed impact. If the estimated gap in GDP per capita is driven by something else, which is
unrelated to the extraction of petroleum, it is likely that the pattern of the estimated impact

7 The data for total petroleum production is from a table by Statistics Norway
(http://www.ssh.no/aarbok/tab/tab-385.html).
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cannot be correlated with the pattern of petroleum production year by year over a long period

of time.

To this end, figure 5 plots the impact on GDP per capita and annual petroleum extraction. The
X-axis measures years, the left y-axis measures the average amount of petroleum extraction
per year, and the right y-axis measures the absolute gap in GDP per capita between the
synthetic and treated units. The figure relates the observed gap between the synthetic and

treated units with the quantity of petroleum extracted for commercial purpose.

Figure 5 suggests that the estimated GDP gap closely follows the average annual
extraction of petroleum and the correlation between the two variables is clearly not random.
In fact, the pattern of the estimated impact is strikingly similar to the pattern of petroleum
production. Had the observed gap been driven by something else unrelated to petroleum
extraction, it would have been less likely that one could observe such a close connection

between petroleum production and the observed impact.

Although the quantitative connection between petroleum extraction and estimated impact
IS not random, it is legitimate to suspect that the reported impact might have been driven by
the approach’s failure to replicate the actual GDP per capita. To address this concern, the next
section examines if the reported impact is driven by the method’s inability to reproduce the
income trajectory of the treated economy in the absence of petroleum discovery - using
placebo tests of fictitious event of resource discovery.

B. Placebo tests

One can conjecture that the gap between the synthetic and the treatment units is caused by the
synthetic unit’s inability to replicate the treatment unit’s outcome. One way to deal with this
concern is to use placebo tests using fictitious event of resource discovery as a falsification
strategy, i.e. using outcomes known to be unaffected by the treatment as Rosenbaum (2005)
suggests. That is, by applying the technique on outcomes that have not received the treatment,
the result of fictitious treatment would shed some insight on whether the reported impacts are
driven by the method’s inability to replicate outcome in the absence of the intervention. If the
synthetic unit fails to replicate the observed performance for placebo treatment, then we
succeed in falsifying the claim that the estimated gap is driven by the intervention. On the
other hand, higher confidence can be attached to the results if it replicates the observed

performance in response to the fictitious treatment.
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In-time-Placebo: Since Norway did not discover oil before the early 70s, years prior to 1971
can be used to conduct a falsification test of our result. If this paper’s application of the
synthetic control approach is correct, estimating the impact of a placebo oil discovery before
the actual time of discovery would result in no substantive departure between the outcome of
the new synthetic unit and the treated unit. To test for these concerns, the study applies a
placebo treatment in 1960 and 1965, which are earlier than the assignment of the treatment to
the Norwegian economy. Figure 6 plots the result of the falsification exercises, which assign

placebo treatments to the Norwegian economy in 1960 and in 1965.

Placebo 1: Fictitious oil discovery in 1960 Placebo 2: Fictitious oil discovery in 1965
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Figure-6: The Impact of Placebo Treatments of oil discovery in 1960 and in 1965 on the Norwegian economy*®

As can be seen from both panels of figure 6, there is no significant divergence, at least in the
sense of what is observed in the presence of real treatment in figure 3, between the synthetic
unit and the treated unit in response to fictitious assignment of the treatment in 1960 or 1965.
In both cases, the synthetic unit has reproduced the treatment unit. Since there is no
perceptible difference between the synthetic economy and the placebo treated economy, i.e.
the synthetic unit reproduced the outcome of treated unit, for assignments of a placebo
treatment, the observed gap between the outcome of the synthetic and treated Norway as of

1971 cannot be attributed to the method’s failure to reproduce the outcome of the treated unit.

Across-space-Placebo: In addition to the falsification test using placebo treatment over time,
one can also conduct a falsification exercise using placebo treatment of countries unexposed
to the treatment. Since none of the members of the donor pool has oil endowment in the entire
time under study, examining the impact of a fictitious treatment of countries in the donor pool

would provide a reasonable falsification test to judge whether the estimated impact is large

¥The optimal weights generating the synthetic unit in the fictitious placebo is different from ones reported in
table-1. The data covers only up to 1970 i.e. the time range over which the economy has not received the
intervention.
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enough relative to impacts obtained for placebo treatment of similar countries without
endowment of petroleum. Abadie et al. (2011a) underline that this type of treatment is very
stringent in that its outcome would be affected by heterogeneities of shocks of GDP per capita
across countries. Nevertheless, the estimated impact of the actual intervention needs to be
larger than other country-specific placebo effects for one to assign greater confidence to the
alleged impact of the petroleum discovery.

To this end, countries in the donor pool were assigned a fictitious oil discovery in
1971 and the placebo impacts, i.e. the divergence between the synthetic and treatment unit,
are obtained for all members of the donor pool. The result of this iterative procedure provides

the distribution of estimated impact for countries without petroleum endowment.
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Figure 7: Distribution of absolute impacts of a fictitious treatment in 1971for countries in the donor pool whose
synthetic unit is able to reproduce pre-treatment outcome. The bold dash line is the gap for Norway.

Figure 7 illustrates different ways to compare the estimated impact of petroleum and other
placebo effects. Not all placebo effects are comparable to the case of Norway. This is
because a given synthetic unit cannot form a reasonable basis to make plausible comparison
when the synthetic unit is unable to reproduce the observed outcome prior to 1971(i.e. in
contrast to the synthetic Norway). In figure 7, comparison is made only among those
countries whose synthetic unit is able to reasonably replicate the outcome prior to the time of
intervention. The figure makes it clear that the estimated impact of petroleum on the
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Norwegian economy is very large relative to the effects of random placebo treatment assigned
to countries in the donor pool.

To sum up, the time-placebo test suggests that the synthetic control unit has been able
to replicate the actual evolution of national income in the absence of the treatment and the
space-placebo test suggests that the relative probability of observing a large estimated impact
as much as that of petroleum in Norway, given the random assignment of the placebo-
treatments, is very low. All the robustness test, sensitivity test, dose-response test, time-
placebo test, and space-placebo test suggest that the main result we observe for Norway could
not have come from the inability to reproduce the Norwegian national income in the absence
of the treatment. Thus, an economically significant event must have happened in 1971 and the
discovery, production, and export of petroleum appear to be the most sensible candidate.

IV. Concluding remarks

This paper’s approach has a number of advantages. First, Abadie et al. (2010) argue that the
synthetic control technique generalizes the standard Difference-in-Difference impact
estimator to the case in which the unobserved effect can be time varying. Hence, it does a
better job in reproducing the treatment unit, without treatment, controlling for observed and
time varying unobserved effects. They also show that under fairly standard assumptions, the
estimated impact is an unbiased estimate of the average treatment effect. Second, a common
problem in estimating impacts has to do with extrapolation bias and lack of a rigorous
approach for choosing similar comparison unit. Relative to the standard regression approach,
safeguards against extrapolation bias is an additional advantage. Relative to the early
comparative case studies, transparency and rigor of the choice of the best comparison unit is
an extra advantage. Third, by dividing countries into treatment, donor-pool, and non-
comparable units, the technique removes the need for a precise measure of the treatment.
Since only the unit of interest, and not units in the donor pool, is affected by the treatment,
one does not need to have an indicator of the intervention to estimate the impact of the
intervention. When precise measure of the intervention is available, one can use that
information to examine the pattern of estimated impact with the pattern of the intervention ala

dose-response test.

However, it is essential to note that it is not feasible or recommendable to use this
approach when one or more of the following conditions are the case. First, one needs to have

access to data of the outcome variable and its determinants for both the treated unit and units
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in the comparison group prior to the intervention to be able to generate the synthetic control
unit. For example, one cannot estimate the synthetic control unit for Venezuela to estimate the
impact of its petroleum endowment using a dataset that begins in 1950 as Venezuela was
extracting and exporting oil long before 1950. This is because one cannot know the nature of
the Venezuelan economy in the absence of the oil endowment without data from the pre-
intervention period. For the same reason, it is impossible to evaluate the impact of the oil
endowment using the synthetic control technique in those countries where extraction of the
endowment began before systematic data was available.

Second, sample size might be a problem. Although according to the World Energy
Council (2007), countries such as Libya, Nigeria, Norway, Sudan, United Arab Emirates, and
the UK have discovered major endowments of oil after 1950, it is not recommendable to
estimate the economic impact of oil endowment for Nigeria or United Arab Emirates since
they discovered petroleum in 1958 and one is left with only 8 pre-treatment years to estimate
the impact for 54 years, as the data set begins in 1950.

Third, it is challenging to estimate the impact of natural resources when a discovery of
an endowment is accompanied by other interventions that make it hard to isolate the impact of
a particular natural resource. For example, it is challenging to isolate and estimate the impact
of oil on Libya’s economy as the estimated impact of the endowment might be contaminated
with the effect of other factors such as economic and political sanctions. The same comment
applies to the case of Sudan since the estimated impact of the endowment might be
contaminated by the effect of the long lasting civil war that Sudan was undergoing until
recently.*

Fourth, the optimal synthetic control group has to satisfy a number of requirements
even when data is available for a given detectable and uncontaminated intervention. These
include (i) the synthetic unit has to reproduce the treated country’s outcome variable, and its
determinants, prior to discovery and extraction of the natural resource. Unless the synthetic
unit is able to reproduce the variable of interest and its determinants prior to the intervention,
it cannot serve as a good comparison unit that is able to reproduce the outcome in the absence
of the intervention. (ii) The estimated impact has to pass a number of falsification tests to

assess that the alleged impact is not driven by chance or by some other factor.

YThis would not make the estimation task impossible; but one would need a more elaborate cross-country data
base than commonly available.
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With these considerations taken into account, this paper attempts to provide a
guantitative case study of the economic impact of petroleum endowment. To answer the
central question, the paper estimates a synthetic economy whose pre-oil discovery per capita
GDP is very similar to Norway’s GDP per capita for the period 1953 — 1971, and which
differs from the Norwegian GDP per capita after the discovery of oil. The synthetic unit is
generated from the pool of OECD countries not endowed with oil, based on the assignment of
optimally generated weights. The assessment of the synthetic unit suggests it replicates the
GDP per capita from 1953 to 1971, the period before the first major discovery and extraction
of petroleum. Comparing the relative performance of the actual unit with the synthetic control
unit, this paper suggests that the impact on per capita income is very large. The results
indicate that, on average, about 20% of the increase in GDP per capita since 1974 is due to the
petroleum endowment. The estimated annual impact correlates well with the total quantity of

petroleum extracted.

The paper conducts a number of robustness tests to verify whether the result is driven
by some other unknown treatment. The first test is to see whether the results are robust to the
inclusion of additional variables. The second test is in the spirit of an “impulse-response” test
linking the gquantitative change in annual petroleum produced to the estimated annual impact
of petroleum extraction. The third test verifies that the observed impact is not driven by the
synthetic’s unit inability to reproduce the observed outcome by using the time-placebo and
space-placebo discovery of petroleum endowment. The fourth test assesses the sensitivity of
the estimated impact in response to excluding the countries with positive weight from the
donor pool. The results of the quantitative test and falsification tests indicate that the actual
output is reproduced in the absence of the real intervention; and, the observed impact is most
likely driven by the endowment of petroleum. The robustness and sensitivity tests show that
the estimated impact is robust to such concerns.

It is necessary to note that empirical evidence from Norway’s experience is interesting
but may be exceptional. It is interesting because it shows the enormous opportunities
endowments of natural resources entail for improving economic welfare. There are not many
policies that are able to deliver a 20% growth in GDP per capita for an economy. This result is
remarkable when gauged in light of Lucas’s (2003) estimate that the welfare benefits of most
ideal monetary and fiscal policies is about 1/20 of 1% of personal consumption. As the
discovery of oil took place after many countries had started collecting good quality data, it

provides an opportunity to learn from this experience. At the same time, Norway’s experience
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may differ from that of many countries in that its political and economic institutions have
remained mostly unchanged over the past decades. The country has been very forward-
looking by keeping the revenue from oil invested outside the country for the benefit of future
generations instead of consuming it through tax cuts or direct transfers. If indeed the
Norwegian experience is exceptional, this raises a set of potentially important research
questions: what are the factors behind Norway’s exceptionality? Can these factors be
replicated in other resource-rich areas? In addition, did other countries (for example the
Netherlands and the U.K.) benefit from the discovery and use of their petroleum endowment?
These are interesting questions whose answer cannot be extrapolated from the Norwegian
experience. A careful and detailed study of the factors behind Norwegian exceptionality and

the experience of other countries with resource endowment are left for future research.
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