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Abstract

In countries where oil revenue is a major source of government revenue, oil price changes
are shocks to the public budget. This thesis looks at the large and sudden changes in oil
prices over the last three decades as natural experiments for understanding the factors that
determine expenditure, taxation and government saving levels. The first chapter develops
a forecasting model of the real price of crude oil applying Hamilton’s Markov regime
switching model on a 127 year long series of the real price of oil. The model provides
strong statistical evidence favoring the presence of changes in regime. As a forecasting
tool, the model outperforms both linear reduced-form models which do not consider
structural change and DOE price forecasts. Finally, it is shown how the model can be
applied to the measurement of the wealth effect of oil price shocks.

The second chapter measures the expenditure and taxation response to oil shocks over the
last 25 years. The key findings, based on an empirical analysis of a panel data set of 13
petroleum exporting countries, are: 1) the sum of non-oil tax cuts and spending increases
does not exceed the annuity value of oil shocks, 2) most of the response occurs through
increased government expenditure, indicating the presence of "fly-paper" effects, 3) there
is no significant evidence of asymmetries in the response to negative and positive shocks,
and 4) there are significant cross-country differences in the way governments respond to
oil shocks. The third chapter is an empirical essay in political economics. Its purpose is to
assess the effects of politics and institutions on fiscal policy, by looking at the response to
oil shocks. The main finding of the third chapter is that the more autocratic a government
is, the more moderate the expenditure response to an oil shock: democracies exhibit an
over-spending tendency. A second finding is that "left-wing" governments tend spend
more than "right-wing" ones after a windfall.
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Title: Mitsui Professor of Economics

Thesis Supervisor: Rudiger Dornbusch
Title: Ford Professor of Economics and International Management

2



Table of Contents

Acknowledgments

Introduction

Chapter 1. The Long-run Forecast of Oil Prices: A Regime Switching
Approach
Introduction
1.1 The case for structurai breaks
1.2 A Model of Markov Regime-switching
1.2.1 Data
1.2.2 Model estimates
1.2.3 Specification diagnostics
1.3 Forecasting
1.4 Application: measuring the wealth impact of oil shocks
1.5 Conclusions

References

Chapter 2. The Fiscal Response to Oil Shocks
Introduction
2.1 Previous literature and theoretical framework
2.1.1 The budget identity: how can governments respond
to oil shocks
2.1.2 A normative theory: how should governments
respond to oil shocks -
2.1.3 Positive theories: what to expect from governments
2.2 Measuring the value of oil shocks
2.2.1 Discovery shocks
2.2.2 Price shocks

2.3 Country selection and public finance data

3

15
16
17
19

26
29

34

45

46
48

63

73



2.3.1 Country selection

2.3.2 Expenditure and non-oil tax variables
2.4 Results

2.4.1 Panel data estimates

2.4.2 Country-by-country regressions
2.5 Conclusions

References

Chapter 3. Oil shocks, Institutions and Fiscal Policy
Introduction
3.1 Potential roles for institutions and politics
3.1.1 Political opportunism
3.1.2 Dispersion of power
3.1.3. Heterogeneous political preferences
3.2 Institutional data
3.3 Sample selection and empirical specification
3.4 Results
3.5 Conclusions

References

78

84
86

97
98
100

104
110
113
118
119



Acknowledgments

The following dissertation would not exist without the support and advise of
many people. I am especially grateful to my two thesis advisors, Jim Poterba and Rudi
Dombusch. I do not think anybody can have a better thesis committee. Despite being
incredibly busy people, their commitment to their many students is exceptional; both Jim
and Rudi have had tremendous personal and professional influence on me. Ever since he
called me to Mexico City four years ago, Jim has been an unconditional source of
guidance and friendship. A superb teacher, he took me step-by-step through the whole
program: from choosing courses, to getting funding; from every excruciating detail of the
thesis, to the job-market. In the toughest moments Jim was there providing motivation,
practical help and countless hours of his time. Rudi Dornsbusch is an incredible man, and
few experiences were more rewarding than the many times I walked into his office. A
caring friend, he always asked the right questions and provided sound advise, all with
great sense of humor. Virginia and I will always remember Rudi’s generosity and warm
support in difficult times. No matter where in the world he happens to be, he is always
close.

This thesis has also benefited from comments and help from many others. Jaume
Ventura provided hard-headed advise when it was most needed, and I'll never forget his
incredible support in the job-market process. Roberto Rigobén, first a fellow student and
later a faculty member, was always a teacher to me. My good friend Florencio Lopez de
Silanes played a fantastic coaching job more than once. I also thank the advice of Morris
Adelman, Jushan Bai, Denny Ellerman, Jon Gruber, Rail Livas, Mike Lynch, Knut Mork
and Bob Pindyck, as well as comments from participants at the department of economics
public finance lunch, international economics breakfast and public finance seminar, the
MIT Center for Energy and Environmental Policy Research conference, the Latin
American and Caribbean Economic Association 1997 conference in Bogota, the
University of Chicago, the Inter American Development Bank and the World Bank. I am
grateful to Morris Adelman, Rafael Gémez Tagle, Mauricio Herndndez, Helge Kvalbein,
Norman Loayza, Florencio Lépez de Silanes, Bob Pindyck, Bernardo Salas, Emesto
Stein, the library of PEMEX and the Secretaria de Energia of México for their provision
of data.

Being at MIT has been one the best things that ever happened to me, and I am
thankful to the people and institutions that made it possible. First and foremost, I thank
Carlos Sales Sar-apy. Carlos believed in me from the very first day, and without his
friendship, advise and support - before and during my Ph.D. — I simply could not be
writing this today. Pedro Aspe has been a source of inspiration and I am very thankful for
his continuos support, which has gone far beyond economics and MIT. I am especially
grateful to Jesis Reyes Heroles for his outstanding support. Jesis gave me the initial
motivation to study the complex relationship of oil and fiscal policy, and helped me get
the resources to do it. More important, Jesis is a true and caring friend, who is always
willing to share some of his very busy time. I also thank Asldn Cohen, Jaime Corredor,



Arturo Ferndndez, Rail Livas, Armando Pérez Gea, Alfredo Navarrete, Carlos Noriega,
Manuel Rarnos Francia, Ricardo Samaniego and Félix Vélez for helping me get into and
through a doctorate in economics. I gratefully acknowledge the financial support provided
by CONACYT, the Ford and MacArthur Foundations, the MIT Center for Energy and
Environmental Policy Research and the Secretaria de Hacienda y Crédito Piblico of
México.

My time in Boston has been great very much due to the friends with whom I had
the chance to share it. I especially thank Jaime Ortega and Andrea Repetto for being great
classmates and true friends. I also thank Arturo Aguilar, Andrés Antonius, Ana Paula
Arocha, Guillermo Babatz, Mauricio Bailén, Helen Berg, César Canavati, Andrés
Conesa, Marcela Cortina, José Marfa de la Torre, Daniel Dulitzky, Regina Garcia Cuellar,
Patolin Gonzélez, Juan Alberto Leautaud, Magdalena Lopez, Fernando Manzanilla,
Rafael Martinez, Lorenza Martinez, Adriana Méndez, Miguel Messmacher, Alejandro
Ortega, César Pérez, Francisco Pérez, Susana Pliego, Alvaro Rodriguez, Gabriel Sod,
Maridn Valdés and Arturo Zorrilla for being here. I very especially thank Fernando
Aportela, Gerénimo Gutiérrez and Femando Pérez Gavildn for their continous
encouragement and friendship.

Luis Videgaray Alzaga once told me MIT was the best engineering school in the
world: I hope he is not disappointed I came here to do economics. I thank him for being
the greatest father in the world; his loving memory is always a source of inspiration. I
thank Guadalupe Caso, who through her work and love made me who I am; she has given
me life, the tools to be successful and the pride of being her son. Eduardo Menéndez was
the most generous human being I have known, and I thank him for being Tiyin -
something hard to describe. Thanks to Elena and Eduardo Videgaray Caso for their
friendship, and to Virginia Bush for her love and support. I thank Javier Gémez del
Campo Lépez for his unbounded generosity, for his unique ability to make me feel at
home, for all the fun, for all the love. We miss you every day. And I very especially thank
Fausto Rico, the best Godfather there is, who not only delivered on his promise of getting
me through graduate school, but has given me countless guidance and support since long
before the doctorate. I truly admire his integrity and generosity.

Above all, I thank my wife Virginia Gémez del Campo. Her endless patience
while waiting for me to leave the computer alone, her words of encouragement and love
every single day, the joy of sharing life in our wonderful apartment in Watertown, the
opportunity to see her smile and laugh together —these are the kind of things that made the
last three years the best of my life. As I tun back, what I like to remember are not
lectures, problem sets or regressions; my best memories are about walking with Virginia
somewhere around Boston, or playing in the snow, or just being together. I look forward
to spend the rest of my life with her, which will very soon feature the joy of having a
baby. That lucky boy will have the most beautiful mother in the world. With all my
gratitude, I dedicate this thesis to Virginia, the love of my life.



To Virginia



Introduction



After decades of stability, during the past 25 years the price of oil has shifted
back-and-forth from historical lows to unprecedented highs, taking along the fortunes of
countries for which oil is a significant source of government revenue. While for
importing countries the largely unexpected price increases of the 1970s led to recession
and economic turmoil, for oil exporting nations the shocks meant new riches and
opportunity ~which in most cases did not come true. Then, when the shocks were
reversed in the 1980s, oil exporting countries faced very large negative wealth shocks that
severely darkened their prospects of economic growth and prosperity. Today, as the price
of oil is down to its lowest level in the 1990s and importing nations enjoy the boost of
cheap energy, exporters are forced once again to adjust their government budgets and

revise downward growth expectations.

To petroleum exporting nations, oil price shocks affect their economies first and
foremost through the fiscal channel, as a very large fraction (or all) of oil generated
revenues accrue to the government. The way in which governments adjust their
expenditure and revenue policies is, therefore, a key element in the transmission
mechanism of these shocks into the rest of the economy. The main objective of this
dissertation is to improve our understanding of the way in which the fiscal policy of
nations that produce and export crude oil responds to changes in value of their petroleum
assets. The three essays that follow address four main issues which are key to
understanding how this mechanism operates: What has been the size (present value) of
the shocks? How should governments respond to oil shocks? How have governments
responded to oil shocks over the last 25 years? Do political institutions determine the
fiscal response to oil shocks? By providing answers to these questions, this dissertation
contributes to our understanding of links between oil price fluctuations and fiscal policy,

and more broadly, to the response of fiscal policy to public wealth shocks in general.

Economists have many theories that try to explain fiscal policy and the size of

government but oniy very limited ways to test them. Because government activity



influences almost every economic variable that we observe, the empirical identification of
the determinants of revenue and expenditure policies is an elusive goal. Oil shocks in
exporter countries are good natural experiments that serve this purpose for several
reasons. First, they are essentially exogenous for many countries that do not play a role in
price determination. Second, the shocks are quite large: the value of the shocks in a year
was as high as 1.2 times GDP for Venezuela, half GDP for Norway and Tunisia, and a
third of GDP for Indonesia —just to name some examples. The budgetary impact of these
shocks is considerably larger than that of the shocks to the public budget commonly
studied in the public finance literature, like aid and grants to state and local governments.
An important finding of those studies is the so-called “fly-paper” effect: when state and
local governments receive a windfall, they tend to spend most of it themselves —as
opposed to transferring it to society. The experiment in this thesis is a powerful tool to
look after the fly-paper effect in the national governments level. Third, oil shocks have
been both positive and negative. This fact allows tests on the possible asymmetries in
government behavior. Finally, there is rich diversity in the characteristics of the countries
suitable for this study. Oil exporting nations are different along many economic, political
and institutional dimensions, and this variation can be a powerful tool for understanding

the determinants of fiscal behavior.

The first essay (chapter 1) examines the long-run statistical properties of the price
of crude oil. It develops a forecasting model of the real price of crude oil based on two
principles. The first is reduced-form analysis. Instead of trying to explain and predict the
behavior of the real price of crude oil in terms of the underlying supply and demand
structures as done in structural modeling, a reduced-form time-series mode} looks only at
the statistical properties of the history of the oil price over more than a century in order to
draw conclusions about the underlying law of motion. The second modeling principle is
allowing for structural change to take place over time. The motivation relies on the
historical record of events in the international oil market, in particular those that have

taken place starting in 1973. To many observers it appears that the workings of the
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international oil market were significantly altered in the decade of the 1970s, when
market control shifted early in the decade from oil companies to producing nations, who
eventually raised prices. The argument in chapter 1 is that these events introduce non-
linearities (structural breaks) in the stochastic process of the oil price which should be a
feature of any complete univariate description of the process. Both principles are
achieved by applying Hamilton’s Markov regime switching model to a long annual series
of the real price of crude oil. The model provides strong statistical evidence favoring the
presence of changes in regime, indicating that over the last 127 years the price of oil has
switched back-and-forth between a "low-mean/low-variance/high-persistence” regime
and a "high-mean/high-variance/low-persistence” regime. The model yields a rational
expectations forecasting tool, which outperforins both linear reduced-form models that do
not consider structural change, as well as the annual price forecast published by the U.S.
Department of Energy (DOE). The model is then applied to the measurement of the
wealth effect of oil price shocks, defined as the change in the present discounted value of
oil revenues. The resulting estimates of the wealth effects of price shocks are smaller than
those obtained in the previous literature, which typically assumes oil prices follow a
random walk with drift —as opposed to the mean-reverting Markov-switching process

featured here.

The essay in chapter 2 starts by asking: How should governments respond to oil
windfalls? An intuitive answer to this normative question is that governments should
distribute the annuity value of the shock between reduced non-oil taxes and increased
government spending, in provortions consistent with the social preferences for private
and government goods. The chapter presents a stylized neoclassical model of government
spending and taxation that confirtns this intuition, but which also shows that in the
presence of distortionary taxation of non-oil income an oil shock reduces the relative
price of any level of government spending. The resuiting substitution effect predicts an

increase of the share of government provided goods and services in the economy. After
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some simplifying assumptions the model is calibrated to obtain a benchmark against

which the observed response can be compared.

Chapter 2 then looks at the actual fiscal response to oil shocks. The
contemporaneous wealth value of the shocks — that is, the value of the shocks as
perceived when they happened — is measured using price expectations generated with the
Markov- switching model of chapter 1, as well as the annual DOE forecast. These two
alternative measures of wealth change are used as explanatory variables in panel data
regressions in which non-oil tax revenue and government expenditure are the dependent
variables. Within this framework I can test for differences in the response across
countries, for asymmetries in the response to positive and negative shocks, and for the
interaction of the response with other economic and institutional variables. The key
findings, based on annual data from 13 countries over the 1970-1995 period, are the
following. First, the total magnitude of the fiscal response does not exceed the annuity
value of oil shocks. Second, there is evidence of fly-paper effects as most of the response
occurs through increased government expenditure. These two results are consistent with
the findings of previous case studies on the effects of positive oil shocks in exporting
economies. Third, I find no evidence of asymmetries in the response to negative and
positive shocks. Finally, there are significant cross-country differences in the way

governments respond to oil shocks.

Chapter 3 is an empirical essay in political economics. Traditionally positive
economic analysis of public finance policy has mainly focused on the effects of
alternative expenditure and revenue actions on the economy. Recently, however,
economists have expanded the set of questions in order to investigate why governments
choose particular policies. The field known as political economics, with its emphasis on
the role that politics and institutions play in the definition of policies, is among the most
active branches of economics. The purpose of the essay is to contribute to our

understanding of the effects of politics and institutions on fiscal policy, by looking at the
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response of public expenditure, taxation and saving to oil shocks. Changes in the oil price
offer a good context in which to explore the effects of institutions and politics on fiscal
policy mainly because we can identify a relevant source of exogenous variation in the
government’s budget of an oil exporting country. Knowing that a public wealth shock
occurred, it is then possible to compare the response of countries with different
institutions. The institutional variables employed are indicators of several aspects of
democracy, geographical centralization, the quality of institutions and the political
orientation of the government in office. The main finding is that the more autocratic a
government is, the more moderate the expenditure response to an oil shock: democracies
appear to exhibit an over-spending bias. A closer examination indicates that the two
aspects of democracy that induce spending are competition in the access to power and
institutional constraints on the authority of the executive. A second finding is that “left-

wing” governments tend spend more than “right-wing” ones after a windfall.

The findings of this dissertation imply that the actual fiscal response to oil shocks
deviates from what would be predicted as optimal in a stylized neoclassical model, in the
sense that an expenditure-bias is detected. Moreover, this tendency appears positively
correlated with the presence of democratic institutions. This leads to the conclusion that,
from a normative perspective, the relevant issues are not only about which policies are
better, but about the workings of the institutions that will put them in practice. If
democratic governments have indeed a tendency to over-spend, the case for budgetary
procedures and rules designed to counteract this effect — !ike balanced-budget rules or a

strong finance minister — becomes stronger.

The three essays presented here open a research agenda. A first extension would
be to augment the sample to include more countries and other sources of exogenous
wealth variation. The methodology followed here is readily applicable to a broader sets of
natural experiments; by doing so it would be possibie to test the robustness of the results

shown here and to add power to the tests on the effects on institutions. A second

13



extension can L. to focus on more specific institutional features, such as budgetary rules
and procedures. In order to advance in this direction it will be necessary to generate
variables that describe such institutions in a comparable way. More broadly, there
remains a whole set of questions surrounding the presence of oil revenue in the
government’s budget that are worth stud:i::: such as the effects of alternative fiscal
systems on the oil industry, the intergeneration.:i istribation of oil shocks, or the role and

effects of government hedging against oil shocks.
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Chapter 1

The Long-run Forecast of Oil Prices:
A Regime Switching Approach



Introduction

The price of crude oil has been one of the most important economic variables in
the world economy throughout the 20" century, and is likely to remain so in the
foreseeable future. This has led energy sector firms, economic analysts, governments, and
speculators to be interested in better understanding and predicting its behavior. Although
the full dynamics of the oil price are beyond the reach of our current analytic capabilities,
the relevance of the topic is such that efforts to improve our knowledge do not cease. This
chapter presents a reduced-form model that allows for structural breaks in the long-run
stochastic process of the price of crude oil. The model provides strong statistical evidence
favoring the presence of regime shifts, indicating that over the last 127 years the price of
oil has switched back and forth between a “low-mean/low-variance/high-persistence”
regime and a “high-mean/high-variance/low-persistence” regime. Moreover, the model
yields medium and long-run oil price forecasts superior to those achieved by other,

commonly used, models.

The econometric approach developed in this chapter is an application of the
Markov-switching regime model developed by James Hamilton (1989, 1990). Instead of
trying to explain and predict the behavior of the real price of crude oil in terms of the
underlying supply and demand structures as done in structural modeling, the reduced-
form time-series model below looks only at the statistical properties of the history of the
oil price over more than a century in order to draw conclusions about the underlying law
of motion. As Pindyck (1997) argues, a structural approach is unlikely to be useful for
long-run forecasting; the results in this chapter reinforce this view by showing that the
reduced-form forecasting model presented here significantly outperforms one of the

leading structural models, constructed by the U.S. Department of Energy (DOE).
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1.1 The case for structural breaks

Previous reduced-form analysis of the stochastic process of the oil price has
generally been studied using a linear approach in which the price is normally assumed to
follow some form of autoregressive specification and no breaks are considered. Under
this framework, the main issue of interest has been whether a unit root is present or not in
the process: is the oil price best modeled in the long-run as a random-walk or as mean-
reverting? In order to answer this question numerous authors have made the assumption
that spot prices of exhaustible resources follow a geometric Brownian motion with drift
(see Lund (1993) for references). Although it is usually not made explicit, the justification
for this assumption is largely theoretical and related to the Hotelling (1931) model, in
which a unit of resource is very much treated as a financial asset'. The prevalence of the
Brownian motion with drift in the finance literature has therefore led to their widespread
adoption in the modeling of exhaustible resource prices. However, the assumption has
been contested, both on empirical and on theoretical grounds. From an empirical point of
view, unit roots tests are not conclusive. While Slade (1988), is not able to reject the unit
root hypothesis for the oil price using data from 1906 to 1973, Dixit and Pindyck (1994)
and Pindyck (1997) do reject it using a longer sample of annual data. Their conclusion is
that the oil price is mean reverting, but the rate of mean reversion is very slow. Therefore,
only tests on very long series have enough power to reject the null. From a theoretical
point of view, Lund (1993) argues that the geometric Brownian motion with drift is
hardly an equilibrium price process, if resource deposits have different extraction costs

and each resource owner follows an optimal extraction strategy.

The main hypothesis of this article is that the stochastic process of the oil price
can not be modeled correctly if structural breaks are not considered in the analysis. The

motivation relies on the historical record of events in the international oil market, in

! The theory of exhaustible resources in the tradition of Hotelling’s model is presented in Dasgupta and
Heal (1979). Altemnative views appears in Adelman (1993) and Stevens (1995).

17



particular those that took place starting in 1973. After decades of stability and relatively
low prices, in 1973 the price of a barrel of crude oil sky-rocketed, leading to a pericd of
higher prices and volatility which seriously affected the world economy. To observers it
appeared that the workings of the market were significantly altered in the decade of the
1970s, when market control shifted early in the decade from oil companies to producing
nations, who eventually raised prices and caused the so-called “oil-shocks™?. While the
analysis of the structure of this very complex international oil market is beyond the scope
of this chapter, the argument presented here is that these events introduce non-linearities
(structural breaks) in the stochastic process of the oil price which should be a feature of

any complete univariate description of the process.

The empirical literature that deals explicitly with structural breaks in the oil price
process is quite scarce. One exception is Akarca and Andrianacos (1995), who conduct
tests of structural change on a second order autoregressive model (AR(2)) using monthly
data for the 1974-1994 period. They find evidence that the stochastic process changed
after January 1986, resulting in a more volatile process in which shocks are less
persistent. A second example — more closely related to the work reported below — is
Green, et. al (1994), who apply an extended version of variance-change and outlier-search
techniques to oil price annual data for the 1860-1989 period. These authors find that
movements in the price of crude oil are not all of the same kind: while “norma!” changes
are well described W a stationary AR(1) model, some infrcquent changes are larger than
usual, but quite persistent. While both Akarca and Andrianacos and Green et. al. provide
strong evidence in favor of the presence of structural breaks in the oil price process, they
fail to model the process driving the breaks. By treating the breaks as exogenous events,
the usefulness of both models is limited, as they are unable to estimate historic price
expectations or provide forecasts that include the possibility of future breaks. In contrast,
the econometric method applied here models the process of structural change in a simple

yet powerful way: regime dynamics follow a first order Markov chain. This feature

2 A comprehensive analysis of this events is offered in Adelman (1995).
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enables the model to provide price forecasts which turn out to be better over the medium

and long-run than those previded by a simple aatoregression.

The rest of the chapter is organized as follows. Section 1.2 introduces the model
Markov-switching model, shows the estimates and reports the results of several
specification tests. Section 1.3 reports both within-sample and out-of -sample forecasts of
the model, and compares them with forecasts from a linear model and from the U.S.
Department of Energy. Section 1.4 shows how the model can be used to measure changes

in oil wealth due to changes in oil prices, and section 1.5 concludes.

1.2 A Model of Markov Regime-switching

In this section a regime-switching model is applied to the estimation of the
process followed by the real price of oil. According to this formulation, the stochastic
process is represented as a non-linear combination of dynamics: the price is assumed to
follow one of two alternative regimes, depending on the value of a discrete variable that
indicates which regime (also known as state) is in place at each point in time. This
“regime-indicator” variable follows itself a stochastic process. The particular model

estimated below is given by’:

1 Ye—Hs, =0 (Yo — M5, )T Es,
& ~ N(0,0%),

S( =1,2.

3 Several other formulations were tried, including a simple-switch (as opposed to Markov switching), and
Markov-switching models either excluding the within regime autoregressive components or including time
trends. All of these alternatives proved to be inferior in both specification tests and forcasting.
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where y, is the real price of crude oil, and §; is the discrete unobservable variable that

indicates the regime the process is in at time ¢. ¢ is an autoregressive term in regime S
and J is the mean under regime S;. The number of states is arbitrarily set to two, with

the purpose of testing if a relatively simple model is able to approximate the process.
However, augmenting the number of states would increase the computational complexity
of estimation by maximum likelihood and would significantly reduce the number of
observations available to estimate coefficients within each state. The distribution of S,
defines the type of switching. A special case of Hamilton’s (1989,1990) Markov regime-

switching model (from here on “MS") arises if the distribution of S is given by

) P[S, = 1IS.,.= 11 =p,
P[S;=2IS.=11=1-p, where 0< p<1,
P[S, = 2IS..;=2] = ¢q, and
P[S,=1IS;.,=2]=1-g¢, where 0< g <1.

Therefore, the states follow a Markov chain, where the probabilities of being in one
regime next year depend on the regime in place this year. Hamilton’s Markov switching
model is explained in Hamilton (1993, 1994) and has been applied successfully to many
economic and financial time series, including interest rates [Hamilton (1988), Sola and
Driffill (1994)], aggregate output [Hamilton (1989), Lam (1990), Goodwin (1993),
Diebold and Rudebusch (1994)], exchange rates [Engel and Hamilton (1990), Engel
(1994)], stock returns [Schwert (1989), Turner, Startz and Nelson (1989), Hami'ton and
Susmel (1993), van Norden and Schaller (1993), Kim and Kim (1996)], and mergers and
acquisitions [Town (1992)].
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1.2.1 Data

This chapter’s focus is on the long-run behavior of the price of crude oil. For that
purpose I use a 127 year long series of annual average producers’ price of crude oil in the
United States®. The data -deﬂatc& with the U.S. Producer Price Index for all commodities
(1982=100)- is shown in figure 1. Table 1 presents descriptive statistics. This long series
is used as a proxy for the world oil price during the period. However, this data is not free
of problems, as barriers to trade were in place during some periods and a single price may
be hard to define in some others’. While these problems are very real, here I make the
assumption that the available data provides useful information for us to learn something
about the stochastic process of the real oil price. Nevertheless, any interpretation of

results should keep these problems in sight.

1.2.2 Model estimates

The model was estimated by maximum likelihood using the procedures written by
van Norden and Vigfusson (1996)°. These models are highly non-linear, and several local
maxima were found. The results reported in table 2 were obtained after maximizing the
likelihood function employing several hundred starting values for the parameter vector;
the model was estimated both for the full sample (1870-1996) and for a shorter sample
(1937-1996). The estimates indicate that the stochastic process followed by the real price
of crude oil is characterized by two clearly different regimes. In the first regime (when
S=1), both the mean and the variance appear to be smaller than in regime 2 (when §=2),
while the autoregressive coefficient is higher in regime 1. This suggests that the price of
oil has switched back and forth between a “low-mean/low-variance/high-persistence”

regime and a “high-mean/high-variance/high- persistence” regime. All but one of the

4 The data used for the estimates presented here was generously provided by Robert Pindyck. I also tried
other international markers -provided by Morris Adelman- and results are quite similar.

5 I am in debt to Morris Adelman for highlighting these and other data problems to me.

¢ Both models were also estimated using procedures written by James D. Hamilton, and identical or very
similar results were obtained. Both sets of procedures are Gauss programs made publicly available by the
authors over the Internet.
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parameters are estimated quite precisely, as the standard errors in table 2 indicate; the
exception is Py Due to this fact, the Wald test for equal means -reported also in table 2,
can not reject the null hypothesis; in contrast, the Wald test for equal means strongly

rejects the null.

The MS model presented here assumes global stationarity. This assumption is in
line with the evidence showing that once the structural breaks are taken into account, the
presence of a unit root is strongly rejected in the remaining process7. Here I can test the
presence of a unit root within the regimes. ¢, is estimated at 0.88, and the t-statistic for
the null ¢; = 1 is -6.0, signaling no evidence of a unit root within regime 1, although the
reversion to the mean is slow. In state 2, the within-regime autoregressive coefficient is
lower -estimated at 0.77-, which implies a more rapid mean reversion; however, this
coefficient is estimated more imprecisely and the t-statistic for the unit root hypothesis
within the regime is only -1.8. The reason why the standard errors on the estimates of
both |1, and ¢; are relatively larger and therefore the power of the tests is lower seems to
be the fact that the model allocates relatively few observations into regime 2; this implies
that only a relatively small fraction of the information in the sample is used for the

purpose of estimating the parameters of regime 2.

The estimates of the transition probabilities p and g imply that regime 1 expected
duration is 11.1 years, while regime 2 is only expected to last 4.5 years. Finally, the last
row in the table shows a Wald test for the null p = 1 - g; the strong rejection reinforces
implies that the state-switching dynamics can not be captured properly by a simple
switch, therefore making a case for a more complex specification, such as the Markov

transition probabilities employed here.

7 Green, et. al (1994). In an exercise not shown here, using the techniques developed by Perron (1989) and
Perron and Vogelsang (1992a), I find that the inclusion of a single mean break into a linear AR(1) process
with trend is enough to substantially weaken the evidence in favor of a unit root, even in relatively smail
samples.

22



Hamilton’s method allows us to estimate the probability that the regime was in
either regime for every period of time. Figure 2 shows the “filtered” probabilities of being
in state 2 at time ¢, in which only the observations up to time ¢ are used to make the

inference:
(3) P[SI = 2'}’:: Yi-1 vee0 Xty e]!

where 6 is the vector of maximum likelihood parameter estimates. These estimated

probabilities are quite useful for modeling rational expectations in this model®. Figure 3

shows “smoothed” probabilities®, which use information in the whole sample:

@ P[S: = 2iyr, yr1 »..15 6],

where T is the sample size. Figures 2.1 and 2.2 show the filtered and smoothed
probabilities respectively obtained from the full sample'o, and table 6 presents the years

in which the smoothed probability of being in regime 2 is larger than 0.5.

_ Using both filters, state 2 is estimated to prevail in only 24 out of 126 years. Table
3 shows the estimated years under regime 2 obtained using the smoothed probabilities.
First, the 1870’s decade is estimated to be under the high-mean/high-variance state
(regime 2). Next, there are a series of bursts into regime 2 at the end of the 19" century,
and at the beginning of the 1920’s and 1930’s. After that, a 51 year “period of calm”
takes place. From the perspective of this model, this long period of stability is an

anomaly, since regime 1’s expected duration is only 11.1 years. It is interesting to note

8 See Hamilton (1988).

% Smoothed probabilities were obtained by exploiting a result that appears in Kim (1994), incorporated into
the procedures of van Norden and Vigfusson (1996).

1% Filtered and smoothed probabilities obtained with the 1937-1996 sample (not shown) are very similar to
those obtained with the full sample.
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that during this lapse the international oil market was dominated by the so-called “Seven
sisters”'!. Then, after 1973, the process switches more frequently. The spikes in 1974 and
1979 coincide with the two oil shocks, although the estimated duration of this episodes is
short; the period 1986-1990 -which includes the oil price drop of 1986 and the Guif War-
is estimated to be under the more volatile state. This particular result is consistent with
Akarca and Andrianacos (1995), wio find that after 1986 the process reverts more rapidly
to the mean and is more volatile; also, Bessembinder, et. al (1995) -looking at futures
contracts for the period 1983-1991- find evidence of mean reversion, while Lee, Ni and
Ratti (1995) find larger volatility after 1986 using a GARCH(1,1) model. Finally, the
1990’s are estimated as being in the low-mean/low-variance regime. In general, the dating
provided by this model seems to emphasize the changes in volatility and does not look

inconsistent with the history of the oil market.

1.2.3 Specification diagnostics

The first question we should ask about this kind of model is if there is in fact
statistical evidence of the existence of two regimes versus just one. This happens to be a

non-standard testing set-up since under the null hypothesis of one regime
&) Ho: s = 12, ©) = G2, and ¢;=¢2,

the statistics from Wald or likelihood ratio (LR) tests do not have standard distributions
because the probability p is not identified. Score tests (Lagrange multiplier tests) based on
the linear model are not available either, since the scores with respect to the mean or
variance parameter of interest are identically zero if the probability of staying in regime 1
is either 0 cr 1. In this non-standard context, two closely related tests have been

suggested. First, Hansen (1992) proposes a bound test that is valid under these conditions.

' For an analysis of the oil market in those days see Adelman (1972,1993,1995). Sampson (1975) provides
a history of the rise of the “Seven Sisters”.
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Hansen’s test draws on empirical process theory to view the LR statistic as the sum cf a
limit function and an empirical process under the null. The test statistic is therefore
chosen to be the supremum of the LR over the entire space of (12,02,92,p); since the
empirical process is dependent on the “nuisance” parameters (here W, oy and ¢;) the LR
must be standardized for interpretation. The test is computationally intensive since the
likelihood function has to be maximized with respect of the nuisance parameters for every
point in a large grid in the space of (1206202 p). An alternative approach appears in
Garcia (1995) who treats the transition probabilities as nuisance parameters. Based on
another result by Hansen (1992), the likelihood ratio test statistic for the null hypothesis
of one state is then defined as the supremum over all admissible values of the transition
probabilities. The asymptotic distribution has been tabulated by Garcia (1995) for a
model like this. The likelihood ratio statistic and its corresponding p-value are reported in
the first row of table 4, and indicate a clear rejection of the hypothesis of one state.
Therefore, there is very strong evidence in favor of the switching specification, and

therefore, the presence of structural change in the oil price series.

However strong the evidence may be in favor of the two-regimes formulation, a
satisfactory model should also capture all salient features in the data. The rest of the rows
in table 4 show tests statistics for the presence of three other effects that may not be fully
captured by the model: higher-order Markov switching effects, higher order within-
regime autoregressive components, and within-regime first order autoregressive
conditional heteroskedasticity (ARCH(1)) effects. The tests are White (1987) dynamic
score tests, which are based on previous results by Newey (1985) and Tauchen (1985).
These tests examine the null hypothesis that the score statistics (the derivative of the
conditional log-likelihood of the #-th observation) are serially uncorrelated, which should

be the case if the model is correctly specified. Hamilton (1996) and van Norden and




Vigfusson (1996) show how White’s tests can be applied to switching models'?; here I
apply a finite-sample correction suggested by Hamilton (1996). The test statistics in table
4 show that the MS specification employed here captures a great deal of the dynamics of
the oil price, but also indicate there are some further complexities in the process which
escape the model. When the model is estimated using the whole sample, there is no
evidence of ARCH effects, and no evidence of AR(1) remaining in regime 1. However,
the model is not capturing some remaining autoregressive components under regime 2,
and higher order Markov effects may be present. This last result suggests that the
dynamics of switching are in reality more complex than assumed here, and that a first
order Markov chain is just an approximation. Despite this limitation, in the next section it
is shown how the model provides significantly better medium and long-run forecasts than

alternative linear models, which do not model structural change itself.

1.3 Forecasting

Although the two-state description that comes out of the model may be a valuable
insight into the historical workings of the international oil market, the main purpose of
such a model is to provide good forecasts. In this section it is shown that the reduced-
form MS model outperforms in the medium and long-run reduced-form linear models, as

well as a leading structural model.

In order to evaluate the forecasting capabilities of the model, a benchmark should
be defined. For this purpose, after Box-Jenkins identification (results not shown here),
two AR(1) models -with and without a linear time trend- were estimated (coefficients are

shown in table 5). Since the time trend appears significant, the comparison shown below

12 The asymptotic distribution of the tests is only valid at interior conditions, such as 0 < p < 1. See
Hamilton (1996), p.133. In this model, the validity of the asymptotic distributions used for the tests requires
also that ¢; < 1 for i=1,2.
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is made against the AR(1) with trend model, although the outcome is similar when the
no-trend AR(1) model is used as benchmark. The AR(1) model is also the alternative
hypothesis in Dixit and Pindyck (1994) and Pindyck (1997), where the null hypothesis of
a unit-root is clearly rejected in sufficiently long samples. Comparisons are made between
both within-sample and out-of-sample forecasts, and are based on the root mean squared
error (RMSE) criteria, which is a measure of hov: far from the actual values the forecasts
turn out to be -the model with the smallest RMSE is considered a better forecasting tool.

For any model, the m-periods ahead within-sample RMSE is given by:

1 T-m

(6) RMSE™ =Jm;[yum—E(ynmlyr""yl;é;')]z

where the forecast (the expected value) employs the vector of parameter estimates é,
obtained from estimating the model over the full sample of size 7. In the MS model, the
parameters in the vectoré, are the means and the AR(1) coefficients of each state, plus
the two transition probabilities; in the AR(1) with trend model, the parameters are the
mean, the time trend coefficient and the AR(1) coefficient. Hamilton (1993) shows how
the forecasts are obtained. Table 6 presents a comparison of the within-sample RMSE of
the two models over 1 to 15 years ahead horizons. While the AR(1) with trend does a
better job in forecasting the prices in the short-run (1 and 2 years), the MS model looks
better in the medium and long-run (5 years and more). This is indicative that including
the possibility of regime-switching pays-off by enhancing the predictive power of the

model.

The comparison of within-sample forecasts is nothing else than an additional way
to evaluate the specification of the model, since in practice the econometrician can not
make use of future observations to estimate parameters. In contrast, the out-of-sample
RMSE compares more accurately the forecasting ability of the models, since only current

information is used to make the forecasts of future values. For this purpose, both the MS
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model and the AR(1) models were reestimated over the 1870-1980 sub-sample, and then
the values for the period 198!-1996 were forecasted and compared. The out-of-sample

RMSE for a given base year ¢ (here 1980) is based on the average forecast error across

different horizons:

1

H a
0] RMSE*, = J;I-Z[ym. - E(ym.ly,,---y.:@)]z .
k=1

where H is the number of years in the sample not used for reestimation (here 1981-1996),
and é is the vector of reestimated parameters. As before, the model with the smallest

out-of-sample RMSE is considered the best forecasting tool. Given that all post-1980
information is excluded in forming the forecasts with both the MS and the AR(1) models,
we can also compare their RMSE with that of other forecasts made back in 1980. Here I
also present the 1981-1996 RMSE of the 1980 U.S. Department of Energy (DOE) crude
oil price forecast'?; back in 1980, the DOE predicted the real oil price would grow at an

average annual rate of 1.9%.

Figure 4 shows the three foiecasts made only with information available in 1980
(labeled “DOE”, “MS mede!l” and “AR(1)"), along with the actual price. There are
several things to highlight from this chart. First, both reduced-form models (AR(1) and
MS) do much better in the medium and long-run than the DOE forccast. The key factor
here is the mean reversion built into the MS and AR(1) models, which contrasts with the
steady growth assumption underlying the DOE as well as tiie majority of structural
forecasts of the time (Lynch, 1994). As the prices collapsed in 1986 and then did not go
back into the high early-cighties levels, the 2% annual increase DOE forecast yielded very
inaccurate forecasts. Behind the relative success of the reduced-fonn forecasts is the long-

lasting conflict between two ways of looking at the oil market: the one which favors the

13 Lynch (1994) shows that by 1980 the DOE prediction was already a representative of the forecasting
consensus.
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immediate applicability of the Hotelling tradition and pushes the notion of increasing
prices in  world dominated by imminent oil exhaustion, vs. the one which believes
history will repeat itself with higher prices and new technologies enabling the discovery
of new reserves and repeatedly postponing exhaustion. The events in the 1981-1996
period strongly favor the “historical” view; not surprisingly, the models built only from
historical price data do a better forecasting job in this lapse. Their continuing success in

the future depends very much on whether oil market history will continue to repeat itself.

Second, the MS model has the smallest RMSE, 16% lower than the AR(1), and
61% lower than the DOE prediction. This implies that the MS model, with its built-in
non-linear switching, is likely to be a better forecasting tool than linear reduced-form
models linear. Third, as in the within-sample comparison, the MS model forecasts are
worse in the short run, but better after four years or more. The RMSE of the MS over the
1986-1996 period is 57% smaller than the RMSE of the AR(1) model over the same
lapse. As the forecasting horizon grows longer, the MS model becomes a better crude oil

price forecasting tool.

1.4 Application: measuring the wealth impact of oil shocks

The analysis of the forecasting capabilities of the MS model indicates that its
relative strength is in the formation of long-run price expectations. This feature is
particularly useful in the valuation of the wealth a government (or a private agent) holds
in the form of oil rights -which clearly depends on the prices that are expected to prevail
in the future. Since the MS model provides a tool for obtaining long-run price
expectations, it can be used as an input in the task of measuring oil wealth. An alternative
application would be to the valuation of oil companies stock. In this section I briefly
show how the price expectations that come out of the MS model can be used to assess the

wealth consequences of oil price shocks. The values shown below are considerably
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smaller than those obtained by Boskin et. al. (1985, 1987) where prices are expected to

follow the Hotelling rule.

The value of wealth in the form of oil rights at any point in time is given by the
expected net present value (NPV) of the flows coming out of the property. Leaving aside

for simplicity any heterogeneity in costs and quality, “oil wealth” in year ¢ (Wr) can be

defined as:
(8) Wl = i_-L[At+hq:+hE(y:+h|Q: )]' s.t.
o 1t
H
(9) anh = Rl

h=0

where H is the number of production years, r, is the discount rate, g+ is the number of
barrels planned to be produced in year r+h, A.h € [O,l] is the fraction of the price y;.x that

constitutes net revenue to the field owner, €, is the information available in year ¢ -which
is the basis for the price forecasts-, and R, is the number of economically recoverable
barrels in reserve in year . Expression (8) means that W, is the NPV of the government’s
take in gross revenue, as expected in year ¢. If the owner of the field is the government,
and the field is leased, the term A,.; summarizes the fraction of the price that is paid to
the government in the form of royalties, taxes, bonuses, etc. in year t+h. Finally,
expression (9) simply states that production is constrained by the amount of reserves. It
should be noted that this measure refers to contemporaneous wealth, that is, as perceived
in year 1. The objective here is to measure the change in W, that happens as a result of oil

price changes.

The relationship beiween the paths of price, production, reserves and even the
government's take is a complex one. As price variation occurs, production plans are

modified, the assessment of economically recoverable reserves is adjusted, and the share

30



of the government also changes -either through a non-linear tax structure or due to tax
system adjustments. Obtaining a measure of all these effects would be necessary to
construct an accurate figure of wealth change; if this is not feasible, some assumptions
should be made. Here I make the unrealistic assumption that all variables are independent
of the price path. Moreover, I also assume that annual production is always a constant
share of remaining reserves. These two assumptions imply that the percentage change in
oil wealth can be conveniently measured as the percentage change in the expected present

value of a one barrel of oil annuity (Y;), which is defined as:
= |
(10 Yr =%l+’.’ E(ynhlgl)'

With the MS model is straight forward to calculate Y, for any given discount rate
(Hamilton, 1993). Table 7 shows the estimated percent change in Y, for real discount rates
of 1 and 3 percent for the period 1980-1996. These measures of oil wealth percentage
change are significantly smaller than those appearing in Boskin, et. al. (1985, 1987),
where it is assumed that the real price will rise at the rate of real interest (as in the
Hotelling model); such an assumption implies that the change in the Y, is simply equal to
the change in price, which is shown in the last column of table 7. The reason why the MS
estimates are smaller is the mean-reversion feature of the model, which projects
deviations to gradually erode. In contrast, the Boskin, et. al. approach treats price
movements as shifts in the base level from which thereafter price is expected to rise at the
interest rate; therefore, observed price changes are assumed permanent. As Lynch (1994)
shows, this assumption has been the rule in oil price forecasting during the last two
decades; however, applying the MS model to this issue shows how this common

assumption leads to a significant overstatement of the wealth impact of price shocks.
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1.5 Conclusions

This chapter develops a forecasting model of the real price of crude oil based in
two principles. The first one is reduced-form analysis, which implies making the
estimation based solely on the history of oil prices; the second is allowing for structural
change in the series. Both principles are achieved by applying Hamilton’s Markov regime
switching model on a 127 years long series of the real price of oil. This exercise yields a

stylized description of oil price history and provides a potentially useful forecasting tool.

The model provides strong statistical evidence favoring the presence of changes in
regime, indicating that the price of oil has switched back and forth between a two AR(1)
regimes. Although this is a crude simplification of the process -as some of the
specification tests reveal- it still provides valuable insights into the medium and long-run
dynamics of the oil price, by suggesting that in “normal” times (more than 80% of the
sample) the price moves around a relatively low mean, volatility is low and the
persistence of disturbances is high; however, there are recurrent episodes (every 11 years
in average) in which the price moves around a much higher mean, volatility is very high
but persistence of disturbances is relatively low. These episodes last on average between

4 and 5 years.

As a forecasting tool, the model performs better than linear reduced-form models
which do not consider structural change, and better than the DOE price forecast. The key
to the forecasting success reported here is that oil price history so far repeats itself,
enabling a model based on the statistical description of past behavior to provide good
quality expectations. Should this model should be used to forecast prices out of the
sample depends on whether we believe or not that the future of the oil price will be in
some sense similar to its past. Although that is an issue which may never be settled, the

use of the MS model in this chapter shows that even the notable events of the 1970’s and
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1980’s are not so different from those that took place during the first century of oil

exploitation.
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Table 1. Descriptive Statistics

Average 13.53
Median 12.12
Standard Deviation 6.61
Minimum 5.76
Maximum 43.50

Note: The units are U.S. dollars of 1982 per
barrel of crude oil.

Table 2. Markov switchitg model estimates

Parameter Maximum likelihood = Maximum likelihood
estimates estimates
(1871-1996) (1937-1996)
W 10.78 11.61
(2.83) (2.89)
Th 18.15 25.85
(11.61) (16.17)
G, 1.24 0.55
(0.19) (0.07)
S, 5.70 5.83
(0.92) .11
¢ 0.88 091
(0.02) (0.02)
('Y 0.77 0.76
(0.13) (0.17)
P 091 0.90
(0.29) (0.26)
Expected duration of
state 1 (years) 11.1 10.0
q 0.76 0.69
(0.33) (0.40)
Expected duration of
state 2 (years) 4.5 32
| Log likelihood -281.94 -103.03
Wald test for 1.29 2.07
Ho: 1y« M2 OC(1))
Wald test for 28.07 16.27
H,: 0, =6: (1)) . .
Wald test for 4.34 437
Hy: p=1-q(*(1)) -

Note: Sample is 1870-1996. Covariance matrix of the parameters
obtained as the inverse of the computed hessian. *** and ** indicate
significance at the 1% and 5% levels respectively.
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Table 3. Estimated years for the high mean-high
variance state according to the Markov switching
model II

Start End
1 1871 1879
2 1895 1899
3 1920 1921
4 1931 1932
5 1974 1974
6 1979 1981
7 1986 1990

Note: This are the years for which the smoothed
probability of being in state 2 is larger than 0.5, according
to the Markov switching model with autoregressive
component estimated on the full sample (1871-1996).

Table 4. Specification diagnostics of the

Markov switching model
1870-1996 1937-1996
LR test for the hypothesis
of only one state 94.72 102.66
(0.00) (0.00)
White tests (F(1,T-1))
The null hypothesis is:
Higher order Markov 23.10 48.92
effects in regime 1 (0.00) (0.00)
Higher order Markov 8.96 1.51
effects in regime 2 (0.00) 0.22)
No AR(1) in regime 1 0.01 10.61
(0.92) (0.00)
No AR(2) in regime 1 8.4 16.91
(0.00) (0.00)
No ARCH(1) effects 2.70 21.11
in regime 1 (0.10) (0.00)
No ARCH(1) effects 0.67 458
in r_egime 2 (0.66) (0.04)

Note: P-values in parenthesis. T is the sample size. A finite-sample
correction proposed by Hamilton (1996) was applied to White tests
statistics; therefore, the critical values are obtained from the F
distribution instead of the x°.
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Table 5. Estimates from AR(1) models

No time trend With time trend
Mean 12.79 6.00
(4.57) (3.83)
Autoregressive coefficient 0.86 0.82
(0.04) (0.05)
Time trend - 0.02
(0.01)

Standard errors in parenthesis. Estimates were obtained using the full
sample (1870-19%6).

Table 6. Within-sample RMSE comparison

Horizon MS model AR(]1) model* % improvement over
the AR(1) model
1 3.20 3.00 -6.9%
2 4.56 4.39 -3.8%
3 5.18 5.20 0.4%
4 5.34 5.65 5.6%
5 5.50 6.14 10.3%
6 5.68 6.54 13.1%
7 5.84 6.89 15.2%
8 5.96 7.20 17.2%
9 6.04 7.45 19.0%
10 6.12 7.68 20.4%
11 6.16 7.87 21.8%
12 6.16 8.03 23.3%
13 6.21 8.17 24.0%
14 6.25 8.30 24.6%
15 6.31 8.41 25.0%

*AR(1) model includes linear time trend.
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Table 7. Estimates of contemporaneous changes
in oil wealth due to oil price variation*

MS model Hotelling model
n=1% rn=3% (price variation)
1980 14.4% 17.2% 48%
1981 13.6% 15.7% 35%
1982 -24% -2.5% -11%
1983 -1.6% -1.6% -9%
1984 -1.2% -1.4% -4%
1985 -2.3% -2.6% 1%
1986 -22.5% -26.3% -46%
1987 5.1% 6.2% 20%
1988 -1.9% -9.4% -27%
1989 4.8% 5.9% 21%
1990 5.2% 6.2% 20%
1991 -0.9% -1.0% -12%
1992 0.9% 1.2% -6%
1993 -2.2% -2.7% -11%
1994 -0.6% -0.7% -3%
1995 0.8% 1.0% 4%
1996 1.2% 1.4% 16%

*Assumes production plans, reserves and government’s
take are independent of the price path, and that
production is planned as a constant fraction of reserves.
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Figure 1

The Real Price of Crude Oil
1870-1996
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Figure 2

Markov Switching model
Filtered probabilities of being in staie 2
1871-1996
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Figure 4
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Chapter 2

The Fiscal Response to Oil Shocks



Introduction

Economists have many theories that try to explain fiscal policy and the size of
government but only very limited ways to test them. Because government activity
influences almost every economic variable that we observe, the identification of the
determinants of revenue and expenditure policies is an elusive goal. This chapter looks at
the large and sudden changes in oil prices over the last three decades as a natural
experiment for understanding the factors that determine tax and expenditure levels in

countries where oil revenue is a major source of government revenue.

Oil shocks offer a good natural experiment to study fiscal behavior for several
reasons. The value of the shocks in a year was as high as 1.2 times GDP for Venezuela,
half GDP for Norway and Tunisia, and a third of GDP for Indonesia —just to name some
examples. The budgetary impact of these shocks is considerably larger than that of the
shocks to the public budget commonly studied in the public finance literature, like aid
and grants to state and local governments [Wyckoff (1991) and Hines and Thaler (1995)
survey and discuss this literature]. Second, oil shocks have been both positive and
negative. This fact allows tests on the possible asymmetries in government behavior. And
third, there is rich diversity in the characteristics of the countries suitable for this study.
Oil exporting nations are different along many economic, political and cultural
dimensions, and this variation can be a powerful tool for understanding the determinants
of fiscal behavior. In addition to its appeal as a natural experiment, the fiscal response to
oil shocks is by itself of great interest to oil exporting nations, as oil shocks operate first

and foremost through the fiscal channel.

How should governments respond to oil windfalls? An intuitive answer to this
normative question is that governments should distribute the annuity value of the shock
between reduced non-oil taxes and increased government spending, in proportions

consistent with the social preferences for private and government goods. I present a
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simple normative model of government spending and taxation that confirms this intuition,
but which also shows that in the presence of distortionary taxation of non-oil income an
oil shock reduces the relative price of any level of government spending. The resulting
substitution effect predicts an increase of the share of government provided goods and

services in the economy.

How do we expect governments to respond to oil shocks? Will they consume
more than the annuity value of the shock? Will they cut taxes or increase expenditure?
Will the response be symmetric to positive and negative shocks? Different theories of
government yield different answers. From Barmro’s (1979) tax-smoothing model, to
Brennan and Buchanan’s (1980) Leviathan, and from Alesina and Drazen’s (1991) war-
of-attrition to Becker and Mulligan’s (1997) model of inefficient taxes and the size of
government, each theoretical point of view predicts a particular pattern of adjustment of
taxes and expenditure in response to wealth shocks. This chapter provides an empirical

answer to these questions.

My empirical approach starts by measuring the present discounted value of oil
shocks, as perceived at the time of the price change. The critical inputs are the
expectations about the oil price that we assume were held in the past. T use two alternative
measures of expectations. In the first one I suppose the price was expected to behave as
forecasted annually by the U.S. Department of Energy. In the second measure I model the
long-run price of oil as a two-stage Markov-switching autoregressive process, as in
Hamilton (1988, 1989). This approach provides rational expectations forecasts that allow
structural breaks in the stochastic process. Once I have measures of wealth change, I use
them as explanatory variables in panel data regressions in which non-oil tax revenue and
government expenditure are the dependent variables. Within this framework I can test for
differences in the response across countries, for asymmetries in the response to positive
and negaiive shocks, and for the interaction of the response with other economic and

institutional variables.
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The key findings, based on annual data from 13 countries over the 1970-1995
period, are the following. First, the total magnitude of the fiscal response dces not exceed
the annuity value of oil shocks. Second, there is evidence of “fly-paper” effects [Hines
and Thaler (1995)], as most of the response occurs through increased government
expenditure. These two results are consistent with the findings of Gelb’s (1988) case
studies on the effects of positive oil shocks in exporting economies . Third, I find no
evidence of asymmetries in the response to negative and positive shocks. Finally there are

significant cross-country differences in the way governments respond to oil shocks.

The chapter is organized in five sections. In section one I discuss the normative
and positive frameworks to think about the fiscal response to oil shocks. Section two
describes the method of oil shocks valuation. Section three describes the data sample.
Section four presents the empirical results, and section five offers conclusions and

suggestions for further research.

2.1 Previous literature and theoretical framework

Petroleum is a fundamental part of public finances for many oil exporting nations
around the globe. In these countries governments hold substantial claims on the oil wealth
of their land, and either through taxation of private oil firms or through direct state
ownership, oil related revenues constitute a very important fraction of total government
revenues (see table 1.1). This fact suggests that oil wealth and oil revenues may play a
very important role in the determination of the overall government fiscal behavior: for
these nations, oil shocks are.fiscal shocks. The objective of this chapter is to find out how
the expenditure and taxation policy of oil exporting nations responded to the large oil

shocks — positve and negative — that have occurred in the last 25 years. By
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investigating this response we aim to shed some light into the more general question of

what determines fiscal policy.

Table 1.1 Oil revenue

Percentage of total government
revenuss in selected countries

T L T TR S S P Y GRS
Iran (1993) 619
Ecuador (1994) 50.7
Venezuela (1992) 435
Mexico (1995) 39.0
Cameroon (1992) 13.6
Gabon (1991) 19.2
Trinidad Tobago (1994) 8.3
UK. (1994) 5.2

Source: IMF. Government Finance
Statistics Yearbook, 1995.

The interest in the fiscal effects of oil price movements in oil exporting nations is
not new. In 1988 a group of researchers led by Alan H. Gelb of the World Bank published
a volume of case studies about the economic impact of oil windfalls in six exporting
countries (Algeria, Ecuador, Indonesia, Nigeria, Trinidad and Tobago, and Venezuela).
The title of the book, “Oil Windfalls: Blessing or Curse?”, is indicative of its main theme.
Oil windfalls, concludes the study, were in general turned into a curse mainly due to
inadequate government policy. The fiscal response to the positive oil shocks of the 1970s

reported in Gelb (1986, 1988) can be summarized as follows:

1. Oil price hikes were mainly converted into increased fiscal revenues, in part due

to a rapid upward adjustment of tax and royalty rates on the oil industry.

2. The primary destiny of the additional revenue was increased expenditure, mainly
on large industrial prijects with low productivity, and to a lesser degree on

government consumption.

3. Governments did not transfer their windfalls to the private sector by sharply
cutting non-oil taxes, although in some cases non-oil tax efforts slackened.
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4. The composition of non-oil tax revenue changed. Taxes on international trade
increased their share (as imports grew substantially) while taxes levied on

domestic goods and services declined in importance.

5. Governments tried to insulate domestic consumers from the effects of higher oil

prices by holding domestic oil prices at or near former levels,

Although Gelb’s empirical approach is quite different from mine, the results I
present below are iu line with his main findings: although far from uniform, we also
detect a significantly stronger response in government expenditure than in non-oil tax
fevenue. This pattern of results prompts various questions. First, how should
governments respond to an oil shock? How much should they save and how much should
they spend? Is it possible for an expenditure-biased outcome to be optimal? Second, what
do we expect governments actual response to the windfalls to be? What do our theories of
government fiscal behavior predict about the direction, magnitude and cross-country
differences of the responses? This section is dedicated to these questions. After laying out
the intertemporal budget identity of the government, I present a very simple normative
model. The model shows the basic effects that play into a socially optimal fiscal response
to oil shocks and provides a qQuantitative benchmark to evaluate our empirical results.
Then I discuss some positive theories that try to explain actual government fiscal
behavior.

2.1.1 The budget identity: how can governments respond to oil

shocks

A government that receives a windfall in the form of increased value of its oil
assets can basically respond by taking one or more of the following three fiscal actions: a)
change its expenditure, b) transfer the windfall to the Private sector and c) change its net

asset position. For example, expenditure changes can be done on the government’s
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provision of goods and services, or on public capital formation; transfers to the private
sector can take the form of changes in tax revenue, subsidies and/or transfers; and finally,
the net asset position may be altered by changing the level of government indebtedness or
by acquiring/divesting real assets. These three broad categories are summarized in the

following simplified version of the intertemporal government budget identity:

(1.1)  ¢W=G-1Y-NPA

In this equation the letters W, G and Y represent the present discounted value (PDV) of oii
income available to the economy as a whole (W), government expenditure (G) and non-
oil income in the economy (Y). T is a uniform and time-invariant tax rate imposed on non-
oil income, so tY stands for the PDV of non-oil government revenue, (which in equation
(1.1) is only composed of non-oil income tax revenue). Equivalently, ¢ is a tax rate
imposed on petroleum income, so ¢W is the value of public oil wealth. Finally, NPA,

stands for net non-petroleum government assets'*. Equation (1.1) can be translated into a

dynamic (or cash-flow) budget constraint:

(1.2) Ow, = g - T + rNPA,.;+ ANPA,

where w,, g, and y, are respectively the current values of petroleum income, government
expenditure and non-oil income, and r is the rate of return earned (or paid) on net non-oil
government assets. Equation (1.2) states that current government oil income will be equal
to the primary deficit (g, - Ty,) plus the return earned (or paid) on net non-oil assets, plus

the change in these assets.

' Equation (1.1) also assumes that the government will not violate its intertemporal budget constraint (i.e.
no Ponzi games) and that prices remain constant.
51



2.1.2 A normative theory: how should governments respond to oil

shocks

Budget identities (1.1) and (1.2) define, in a simplified fashion, the set of options
available to a government that faces a change in the value of its petroleum assets.
However, they provide no insight into what the particular policy mix should or will arise.
In order to evaluate and predict the fiscal response to oil shocks we need a theory of
government fiscal behavior. Although the main objective of this chapter is to empirically
identify what this response has been in the last 25 years in several oil exporﬁng nations,
here I briefly discuss some theoretical ideas that try to explain government’s fiscal

behavior.

Start by asking a normative question: what should a government do with an oil-
windfall? Even without the aid of a formal model we can broadly outline an intuitive
answer. First, the government should only spend — either through increased outlays or
reduced revenue collection — a fraction of the cash windfall equivalent to the annuity
value of the shock; the rest of the cash windfall should be saved, increasing the net asset
pusition of the public sector. Second, the fraction of the shock that is not saved should be
spent on government expenditure and on reduced taxation in proportions that correspond,
at least roughly, to the relative social preference for public and private goods. I now
formalize these notions using a normative model, closely related to Barro’s (1979) tax

smoothing model.

Assume for simplicity that social preferences can be represented by the utility
function of an infinitely lived representative agent, who derives utility from two goods,

private consumption (c) and government expenditure (g):
(1.3) U=Y B'uc,.s),
1=0
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where 0 < B < 1 is a discount factor. The utility function u satisfies the usual concavity
conditions, with 8:w/8c, > 0, dudg, > 0, and is assumed to be homogeneous of degree less
than one and homothetic'>. The endowment of this economy is given by streams of oil
income (w) and non-oil income (y), assumed to be known with certainty. Following
Barro, I assume there is an increasing cost of taxing non-oil income (y), which I attribute
to administrative costs of collection and/or dead-weight loss. For every dollar taxed the
collection cost is given by a function f(7), where f’>0and f’ >0 if 7>0 or zero

otherwise. We know from Barro’s tax smoothing result that the constancy of the tax rate

(which I assume) will be part of the optimal policy.

I also assume that if there is any cost of taxing oil-income (w), it is considerably
lower than the cost of non-oil income taxation. The reasons behind this assumption are,
first, that most taxes on oil income are taxes on a Ricardian resource rent, and therefore
less likely than ordinary taxes to distort behavior. Second, administraiive costs are also
iikely to be lower given the scale of operations of the oil industry. The result of assuming
this difference in the cost of taxation across types of income will be that in the optimal
solution oil income will be more heavily taxed than non-oil income. To simplify the
exposition, I assume that the cost of taxing oil income is zero (this will yield a corner

solution).

Given these assumptions, the optimization problem is to maximize the
intcrtemporal utility function (1.3) with respect to ¢, and g, for all t=0,1,..., subject to the
following endowment restrictions:

(1.4a) C+G=W+(1-f(1)Y,

(1.4b) G=0W+1Y¥,

15 The homogeneity of degree less than one is introduced to obtain consumption smoothing of both goods.
Equation (1.3) also implies no population growth.
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with 0<7<1,and 0<¢<1.

As before, capital letters denote PDV values (obtained by using the discount factor 3). By
stating the endowment restrictions in PDV values I am implicitly assuming an unlimited
ability to borrow and lend, so that it is the PDVs of the endowments, and not their

specific time paths, the ones that restrict the optimal paths of g, and c,.

The optimal solution will depend on the value of W relative to the value of G. If W
is large enough, it should be able to completely finance G, avoiding any tax collection
costs by setting the non-oil tax rate (1) to zero. In what follows I assume that W is small
enough as to guarantee an optimal 1 that is strictly positive. Under these assumptions, the

first order conditions are:

(1.5a) o=1,
G-W
(1.5b) ==y
u(c.g,)
(1.5¢) “ =1 +f(1) for t,j=0,1,2...
u(c;.8;) f /
(1.5d) u(c.8) _, for £,j=0,1,2..., and
uc(cjlgj)
u,(c,,g,)
(1.5¢) e MALILA for £,j=0,1,2...,
u,(c;,8;)



The set of first order conditions (1.5) and the endowment restriction (1.4a) jointly
determine the optimal levels of public consumption as well as oil and non-oil taxes.
Condition (1.52) indicates that (when W is small enough) we have a comer solution
regarding the taxation of oil income. Since the taxation of oil income generates no cost,
oil income should be completely devoted to the financing of government consumption in
order to minimize the loss associated with collecting non-oil taxes. In consequence
condition (1.5b) — which defines the tax rate on non-oil income — states that Y should
be taxed only to the extent necessary to cover the gap between oil wealth and the present
value of desired government spending. Equation (1.5¢c) is the familiar condition which
states that the marginal rate of substitution between government and private goods should
be equal to the marginal rate of transformation between these same goods, which in this
case is one plus the marginal cost of collection of non-oil taxes. The fact that W appears
in condition (1.5b) and therefore in condition (1.5c) makes clear that a change in oil
wealth will not only induce an income effect, but also a substitution effect: a larger W
means a lower implicit price of government goods relative to private consumption.
Finally, conditions (1.5d) and (1.5e) yield consumption smoothing over time of both

private and government goods.

Based on conditions (1.5) we can do comparative statics to get an answer to the
normative question we made before: what should a government do with oil windfalls? In
order to get a precise answer we would need to describe more specifically functions u(c,g)
and f{t). We can get a simple quantitative approximation if we assume that the marginal
collection cost f(t) is positive (so tax smoothing is preserved) but small, so that we can
ignore it at this point (we return to it below). Since the utility function is homothetic, a
negligible () implies a negligible substitution effect. This means that any endowment
will be allocated into private and government expenditure in fixed proportions, because
the cost of government spending relative to private consumption will be nearly constant
for any value of W; any changes in government and private consumption will be due to

the income effect of the oil shock. We denote ot as the fraction of total income devoted to
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government spending. Given that we already know that the tax rate on oil income (9) is

set to one, we focus on the tax rate on ncn-oil income () and on the level of government
consumption (which we know will be smoothed over time). Under these particular

assumptions the problem is linear so ccmparative statics are given by:

B Ao
(1.6a) Aw—a(l P g*, and
At
(1.6b) (A_W)—/;:=(l—a)(l_ﬁ)

where A is the first difference operator and y is permanent non-oil income. Conditions
1.6 indicate that an increment of one dollar in oil wealth (W) should lead to an increase of
a(l-B) in government spending. Also, an increase of oil wealth the size of y* should
induce a reduction of (1-ct)(I-B) in the tax rate. Table 1.1 shows these values for two
discount rates (12% and 20%) and three values of o ( 0.2, 0.3 and 0.4)'6. The figures in
the table indicate that, under this rough benchmark, the optimal increase in the level of
government spending is between 2 and 7 cents on the dollar of wealth increase, while the
optimal reduction in non-oil tax collection is between 6 and 13 cents on the dollar'’
(these numbers correspond to the optimal response to changes in the value of oil wealth,

not to changes in current oil income).

16 The average value of a in the sample of countries we use in the empirical analysis is 0.29.
1 Because tax smoothing is optimal, the appropriate comparative statics are based on the tax rate, not on 'ax
revenue. o interpret the results obtained for the tax rate as results about tax revenue we need to assume

that current income is at its permanent level.
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Table 1.2 Optimal fiscal response to a one
dollar increase in the value of oil wealth*

Government expenditure
Discount rate a=0.4 0=0.3 0=0.2
12% 0.04 0.03 0.02
20% 0.07 0.05 0.03

Non-oil tax revenue
Discount rate a=0.4 a=0.3 a=0.2
12% -0.06 -0.08 -0.09
20% -0.10 -0.12 -0.13

* Assuming small non-oil tax collection costs.

The model implies, as mentioned before, that only the annuity value of a change
in wealth will be consumed the year in which the shock occurs. Therefore, if the shock is
not perceived as permanent, it follows from the dynamic budget constraint (1.2) that a
portion of the current shock should translate into a change in net assets (NPA). The
magnitude of the optimal non-spent fraction of the cash-flow shock will depend on the
expected behavior of the price of oil after the shock, an issue that is critical for the

empirical analysis and that we discuss in the next section.

The figures in table 1.2 were obtained assuming negligible collection cost of non-
oil taxation, therefore ignoring the substitution effects that may be present as an oil shock
occurs. While the impact of collection costs in developed countries may not be significant
enough as to make the optimal fiscal response very different from what we just
calculated, this can not be said about developing countries. In many developing
economies, a large fraction of income originates in the informal economy and may be
costly to tax. Moreover, the taxation technology in low income countries may yield high
taxation costs. In such a context, the values of table 1.1 may underestimate the optimal
expenditure response and overestimate the optimal non-oil tax revenue response. As we
noted already, when the cost of taxing oil income is lower than the cost of taxing non-oil
income, an oil shock is not a pure windfall, since the price of government spending

relative to private consumption (/+f’(1)) changes, inducing a substitution effect. A
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positive (negative) oil shock, makes public consumption relatively Iess (more) expensive.
It may even be optimal, in an economy in which the marginal cost of non-oil taxation is
very high, to dedicate all of a positive oil shock to government spending. From an
empirical perspective, the effect of different collection costs on the fiscal response can

potentially be tested if we can get a measure of (1+f(1)).

The model just shown is only intended to provide a basic framework to think
about the problem, and there are at least two relevant issues not mentioned so far. First,
the model rules out uncertainty and therefore the role of hedzing against oil shocks as part
of the optimal policy (the analysis we made is comparative statics in a certainty
environment). Under uncertainty about the future values of oil income, however, a risk
averse society can find some form of hedging to be optirnal. If the government is able to
completely hedge against oil price fluctuations, an oil shock should not originate an
observable fiscal response. In the empirical analysis that follows we do find a fiscal
response, which is then evidence against the presence of complete hedging. This lack of
smoothing of consumption across states of nature may be explained by incomplete
markets and high costs of carrying out a hedging strategy through the available

instruments.

A second issue left out of the model is the possible covariance of the PDV of oil
income (W) and the PDV of non-oil income (Y). If this covariance is not zero, the change
in W is an incorrect measure of the wealth shock. The covariance between W and Y can be
posiiive if the economy is not automatically on the production possibility frontier (PPF);
then a positive shock can increase non-oil output, at least temporarily, through the effect
of aggregate demand (fueled by the wealth effect). Conversely, a negative shock can bring
the economy inside the PPF. If this mechanism is relevant then the true change in wealth
is larger than the change in W, and the numbers in table 1.1 understate the optimal
response of both government expenditure and tax revenue. However, an increment in the

international oil price can also have a negative effect on non-oil output. Petroleum is an
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important input to production, so (without price controls) a rise in the oil price is a
negative supply shock to the rest of the economy. Moreover, the negative impact of an oil
shock in oil importing nations means that the demand for non-oil exports from those
countries diminishes. Therefore, ex-ante, we can not predict the sign of the covariance
between W and Y. A conjecture is that a negative covariance is more likely to exist in the
economies in which the oil sector is relatively smaller. Mork, Olsen and Mysen (1994)
show evidence supporting this view, as they find that the correlation between the change
in GDP and the change in the oil price has been negative in Canada and the United
Kingdom (where the oil sector accounts for approximately 3 percent of GDP) and

positive in Norway (where the oil sector is about 12 percent of GDP).

2.1.3 Positive theories: what to expect from governments

The model just outlined provides a simple normative theory of how govermments
should behave. However, there is ‘a wealth of theoretical and empirical literature that
suggests that fiscal policy may not be determined in order to maximize social welfare. By
examining the fiscal response to oil shocks we may be able to learn something about how
governments behave in reality. Before doing so, I briefly discuss some positive theories of
fiscal behavior that may explain the observed response of taxation and expenditure to

windfalls.

2.1.3.1) Benevolent government: the representative agent model as a positive
theory. A representative agent model of the kind shown above may be not only a
normative theory, but also a positive description of how governments behave. Under this
view, government is a benevolent agent that acts in the best interest of society. The
prediction derived from this view is that government spending and taxes should respond
to an oil shock approximately like the normative model of section 1.2 prescribes. Barro
(1979, 1986, 1987), Sahasakul (1986) and Hercowitz (1986) have found at least partial

evidence in support Barro’s tax smoothing model as a positive theory of taxes and
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government debt. However, as Alesina and Perotti (1994) argue, the tax smoothing model
is unable to explain the large build-up of public debt observed in several OECD nations
after 1970, suggesting that there must be important elements of government fiscal

behavior that escape this class of models.

2.1.3.2) The Leviathan and the “voracity” effect. An opposing view, put forth by
Brennan and Buchanan (1980), argues that government’s objective is to exploit its
citizenry through the maximization of tax revenue. The government is not an agent acting
on behalf of society, but a self interested entity. Under this paradigm, there is no reason
why a “Leviathan” would reduce tax rates in the presence of a windfall. This view
predicts that the fiscal response to oil shocks will be through increased spending or asset
net accumulation, without tax cuts or other transfers to society. The Leviathan hypothesis
has been the subject of intense debate and it does not always find support in the empirical
literature [Oates, 1985]. A more complex version of this view of government has been
developed by Tornell and Lane (1996). In their model, fiscal power is divided among a
few rent-seeking groups. They show how a dynamic problem of the commons may arise -
- the “voracity” effect -- leading to a negative net change in social wealth after a positive
windfall. A testable implication of this model is that governments will consume more

than the annuity value of a positive oil shock.

2.1.3.1) Political and budget institutions matter. The benevolent and the
Leviathan views of government are extreme positions. Perhaps a more realistic view is
that fiscal policy is the outcome of a complex political process. Under this view, agents
representing different segments of society interact to determine tax end expenditure
levels. Since policy making takes place under a set of specific institutions and rules, these
institutions and rules may determine the fiscal outcome. Alesira and Perotti (1994, 1996)
and Poterba (1997) offer surveys of the growing theoretical and empirical literature that
focuses on the role of political and fiscal institutions. The evidence emerging from these

studies is that rules and institutions do play a role in determining fiscal policy. Here I
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mention four hypothesis with testable implications affecting the fiscal response to a

windfall.

a) Political competition and the size of government. Based on Becker (1983),
Becker and Mulligan (1997) model the formation of fiscal policy as a process of
political competition between taxpayers and the beneficiaries of subsidies. Their
model implies that a more efficient taxation leads to bigger government, and that a
windfall should increase the size of government in the presence of inefficient
taxes. They argue that the observed enlargement of government (relative to GDP)
in oil producing countries after the oil shocks of the 1970s is evidence in favor of

their theory.

b) Political cycles. Political calendars can affect the timing of fiscal policy,
particularly in countries with alternating governing parties. Rogoff (1990) predicts
expansionary policies to occur the years before elections and Alesina (1987)
predicts expansicnary policies after the elections; Bizer and Durlauf (1990) show
how political cycles have influenced the timing of taxes in the U.S. Differences in
the fiscal response to oil shocks along the electoral cycle would support this line

of thought.

c) Decentralization. A policy making process in which the benefits of government
expenditures are more concentrated than their costs may induce a bias toward
government expenditure, as argued by Weingast, Shepsle and Johnsen (1981). If
this is the case, we expect to find that the greater the degree of decentralization in
the making of the budget, the more biased toward expenditure the response to an
oil shock will be.

d) Fragmented governments. Divided governments are be deficit prone. Roubini

and Sachs (1989) have found that, after 1975, coalition governments tend to
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accumulate higher debt. A theory that may explain this finding is the war of
attrition model of Alesina and Drazen (1991), in which two political rival groups
delay a fiscal stabilization in an attempt to bear the smallest fraction of the
adjustment cost. An implication of this theory is that fragmented government may
show an asymmetric response to positive and negative oil shocks, as the

adjustment to a negative wealth shock would be sluggish

d) Budget rules. The rules and regulations according to which budgets are drafted,
approved and implemented have been found to influence fiscal behavior. Focusing
on American States, Poterba (1994), Alt and Lowry (1994), Bayoumi and
Eichengreen (1995) and Bohn and Inman (1995) provide support to the view that,
at least in the short run, the stringency of budget rules affects the response io
shocks. Von Hagen (1992), Von Hagen and Harden (1994) and Alesina et. al.
(1996) reach similar conclusions in cross-country comparisons (although in an
international context it is quite possible that the correlation found is due to
omitted political, social or preference variables) If budget rules matter, we may
expect to find different fiscal responses to oil shocks across countries with

different fiscal rules.

2.1.3.4) Behavioral phenomena and the flypaper effect. Numerous empirical

studies have investigated the effect on spending of various types of grants to states and

local governments, and found that spending grows by much more than the normative

theory predicts. This fact is known as the “flypaper effect”, since the money that the

government receives “stays where it hits”. Hines and Thaler (1995) offer a short survey of

this literature and suggest an explanation: agents in the economy don’t treat funds as

fungible. That is, taxpayers don’t frame the policy choice as expenditure vs. tax cuts, but

as a decision on what to do with the extra money within the government. Hines and

Thaler argue that if the explanation of the flypaper effect is behavioral, it should also be

found in the private sector. The findings of Blanchard, Lopez-de-Silanes and Shleifer
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(1994) offer evidence in favor of this view, as they show how managers of firms that
receive large windfalls keep the money inside the firm'®. If a behavioral mechanism is at
work in the fiscal response to oil shocks, we would expect to see the windfall allocated

largely within the public sector.

2.2 Measuring the value of oil shocks

In the aftermath of the oil shocks of the 1970s economists showed considerable
interest in measuring the value of oil rights held by governments. Perhaps the best known
articles in the resource accounting literature are those published in the mid-1980s by a
team led by Michael Boskin on the value of the federal government’s mineral rights in the
United States [Boskin et. al. (1985, 1986), Boskin and Robinscon (1987)]. Other important
studies are those of Landefeld and Hines (1982) and Soladay (1980). These papers
present several wealth valuation methodologies, all of which are based in the PDV of the
stream of net revenues the government receives from its oil assets (denoted W in the
previous section). In any given year, the amount of oil revenue a government gets is a
function of the quantity of barrels sold, the price of the barrel, and the “government’s
take” —the fraction of the barrel price the government receives. Therefore, we can identify
two basic sources of potentially exogenous variation in oil wealth: changes in known
reserves and changes in current and expected future oil prices (it should be noted that
changes in the extraction path and in the government’s take can not be taken as
exogenous, as both are likely to be set or influenced by government policy). In this
section I describe my approach to measuring exogenous changes in the PDV of
government oil revenue. First, I explain how data limitations prevent the measurement of
random changes in reserves. Then I discuss the expected behavior of oil prices and

present alternative valuations of oil price shocks.

'8 This interpretation is due to Hines and Thaler (1995). Blanchard, Lopez-de-Silanes and Shieifer (1994)
do not make the point in favor of a behavioral view of the world. They interpret their findings as evidence

supporting the agency model of managerial behavior.
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2.2.1 Discovery shocks

If the objective is to identify and measure sources of truly exogenous variation in
oil wealth, nothing would fit better than oil wealth changes brought by random
discoveries. Unfortunately, there is no reliable registry of such truly random discoveries,
(also known as wildcats). The international oil induspry, dominated by sovereign
governments, is widely recognized as secretive, which makes empirical research difficult
[Stevens (1995)]. The only measure of crude oil reserves held by a country are those
published at the end of every year by The Oil and Gas Journal (OGJ), and correspond to
“proved reserves”, defined as the volume of crude oil that could be recovered from oil
fields in the future under existing economic and operating conditions. Proved reserves are
essentially those confirmed and ready for extraction. However, reserves are classified as
proved only toward the end of an exploration process that occurs in stages. It takes money
and time in order for a potential or probable field to be classified into proved reserves.
Therefore, annual variations in OGJ reserve data are more related to investment decisions
than to random discoveries. The true randoin discovery (if there is such thing) can not be
known, while changes reported in the OGJ data are very likely to be affected by

government policy.

In addiiion, the quality of OGJ reserves data is questionable. Table 2.1 shows the
percentage of years over the period 1965-1996 with implicit “negative discoveries” for a
group of oil producing nations. A negative discovery is implied when the sum of the
change in reserves and crude oil extraction in a given year is negative. The high
percentages in the table are an indication of bad quality in the reserves data. While the
OG]J figures may provide a reasonable approximation to the level of proved reserves, they
can be misleading for measuring changes in proved reserves. We can only speculate on
the explanations behind the “disappearing reserves” phenomena illustrated in table 2.1.
One reason is that reserve figures are kept unchanged during long spells, probably due to

a slow and incomplete updating by producer countries; since production is positive, the
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implicit discovery is automatically negative in a year in which reserves are not reported to
change. A second contributing factor is the occurrence of negative revisions, due to initial
overstatements of the size of new fields. In summary, the potential endogeneity and lack
of reliability of the existing reserves data prevents the measurement of truly exogenous

“discovery shocks”.

Table 2.1
Percentage of years showing implicit “negative
discoveries” in OGJ* proved crude oil reserves data

Tunisia 35% Peru 23% Argentina 12%
Mexico 31% Syria 23% Gabon 12%
Norway 31% Trinidad & Tobago  23% Nigeria 12%
Bolivia 27% Angola 19%  Cameroon 8%
Colombia 27% Canada 19%  Oman 8%
United Kingdom 27% Egypt 19% Papua New Guinea 4%
Congo 23% Indonesia 19% Venezuela 4%
Ecuador 23% Malaysia 15%

*The Oil and Gas Journal, various year-end issues. “Discovery” is the sum of the change in
reserves and crude oil extraction in a given year.

2.2.2 Price shocks

In the task of wealth valuation no assumption is more important than the expected
price path. Changes in current and expected future prices can yield large variations in
wealth values. However, defining the expected path of future crude oil prices is not
trivial. The stochastic process of the oil price has been a topic of intense debate over the
past 25 years. While our understanding of the matter has improved, no consensus has
been achieved. At this point it is important to keep in mind that the focus is on the
contemporaneous valuation of oil wealth, that is, as perceived at the time when revenue
and expenditure decisions were made based on these valuations. I am looking for past

values of oil wealth as perceived in the past, not in the present.

2.2.2.1) The stochastic process of the price of crude oil. There is a voluminous
literature, produced both by economists and by the oil industry, on the nature of the

process the price of crude oil follows. As noted by Lund (1993), a very widespread
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practice is to assume that the crude oil price, as well as other non-renewable resources
prices, follow a Brownian motion with drift. Although it is not always explicit, the
justification for this assumption is largely theoretical and related to the Hotelling (1931)
model, which predicts that, under competitive equilibrium, the margin of price over
marginal cost of a unit of a resource in limited supply should rise over time at the
discount rate; if suppliers have some degree of monopoly power, it is the difference
between marginal revenue and marginal cost which should rise at the discount rate
[Dasgupta and Heal (1979)]. In this framework, all of the observed price changes are
considered to be permanent shifts of the base from which the price is expected to
increase. Therefore, the Hotelling modeling tradition predicts the oil price should follow a
random walk with trend, or its continuos-time equivalent, a geometric Brownian motion
with drift. As noted by Lynch (1994), the Hotelling modeling tradition has been the
theoretical foundation for the majority of oil price forecasts published since the late
1970s. However, the Hotelling modeling tradition has been contested, both on theoretical

and empirical grounds.

From a theoretical perspective, the presence of a significant potential for
exploration and reserve additions can make unclear the shape of the trajectory of the price
of a resource. As shown by Pindyck (1978), exploration and reserves additions can result
in a U-shaped time pattern instead of the always ascending path predicted in the Hotelling
modeling tradition. Adelman (1993) shows that reserve additions have played a major
role in the determination of the price of crude oil, in particular in preventing oil price to
rise steadily after the oil price crash of 1986. Moreover, Lund (1993) argues that the
geometric Brownian motion with drift is hardly an equilibrium price process, if resource
deposits have different extraction costs -- which seems plausible -- and each resource

owner follows an optimal extraction strategy.

From an empirical point of view, unit roots tests are far from conclusive. While

Slade (1988), is not able to reject the unit root hypothesis for the oil price using data from
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1906 to 1973, Dixit and Pindyck (1994) and Pindyck (1997) do reject it using a longer
sample of annual data; their conclusion is that the oil price is mean reverting, but the rate
of mean reversion is very slow. Furthermore, there is both anecdotal and econometric
evidence about the presence of non-linearities in the process. Green, et. al (1994) find that
movements in the price of crude oil are not all of the same kind: while “normal” changes
are well described by a stationary AR(1) model, some infrequent changes are larger than
usual, but quite persistent. In a similar fashion, chapter 1 of this thesis — applying the
method developed by Hamilton (1988, 1989) to a 127 years sample — presents strong
statistical evidence in favor of a non-linear Markov-regime switching in the oil price

stochastic process.

The description of the oil price process in chapter 1 is particularly useful for the
purpose of oil wealth valuation, since the Hamilton framework provides a method to
calculate rational expectations price forecasts made with information available at any
base year ¢=1,...,T. According to this model, the price of crude oil is expected to follow a
switching process between two alternative linear first order autoregression regimes. The
regime is itself determined by a discrete variable, which follows a first-order two-state
Markov process. This implies that the expectation at year t about the price in year t+h is

given by:

(21) E[p“,, - ﬂs,,. |Ql] = E[¢S,,,, (yl+h-| - luS,,,,_. )IQI ] ’

where p,. is the real price of a barrel of crude oil, S;.» =1,2 is the discrete indicator of the

regime the process is in at year r+h. g, and ¢  are the estimated mean and

autoregressive coefficients under regime S..». The process of the regime variable is

assumed to follow a first-order Markov chain of the form:

(2.2) P[Siin = ISih1=11=m,

P[Sisn=284p1=11=1-m, where 0<sm<1,
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P[Sien = 2USp4h1 = 2] =n, and
P[Sisn = 11Sup1=2]=1-n, where 0sn<l.

The Hamilton algorithm also yields estimates of the probabilities that in any given year

the process is under either regime,
(2.3) P[S{ = il}’[, Di-1 +--0P1y 0], i=l,2, Vte [I,T] N

where 0 is the vector of maximum likelihood parameter estimates of i, ft2, ¢, 92, m, and
n. With probabilities (2.3), equations (2.1) and (2.2) can be iterated forward starting from

each value of p, Vt €[1,T] in order to calculate every price rational expectation series
E(p1:4!Q:) Vhe[0,00). These price expectations can then used to measure the

contemporaneous PDV of oil revenue.

2.2.2.2) Three measures of price shocks. Given the discrepancies in tne literature
surrounding the stochastic process of the oil price and the difficulties in measuring
reserves, I use three measures of oil price shocks. The first measure is based on the PDV
of oil revenue with price expectations giver by the U.S. Department of Energy annual
forecasts; the second measure is also based on the PDV of oil revenue, but with price
expectations given by the two-state Markov-switching first-order autoregression
described above; and finally, a third measure is based on the cash flow derived from

current oil production.

A. DOE forecasts. Most forecasts made during the last two decades have followed the
Hotelling (1931) tradition by assuming that oil prices would increase at a constant rate'?,
The first measure of contemporaneous wealth change used here assumes oil prices were
expected to follow the U.S. Department of Energy (DOE) annual forecasts, which after
1978 followed the Hotelling tradition [Lynch (1995)). The fact that many of these



jl

!
forecasts tumed out to be dramatically wrong is not necessarily a problem for our
purpose, since we are looking for price path contemporaneous expectations. The DOE

shock measure is given by:

(2.4) AWP% = ¢ R, (vF —v2F),
where ¢ is the government’s marginal take on oil gross revenue, R, is the amount of
reserves known at the beginning of the year, and v is the expected PDV of gross oil

revenue derived from a barrel of oil in reserve when expectations are given by the DOE

forecast:

oo DOE
2.5) yooe =% E " (pu!?)

h=0 (1+")h

(1-9)q".

r denotes the discount rate and (1-g) is a fixed percentage of reserves extracted every

year.

B. Markov-switching expectations. The second measure of wealth change is based on
estimates of the two-state Markov-switching first-order autoregression obtained in
chapter 1. Price expectations are assumed to be formed according to (2.1)-(2.3). As noted
already, the Markov-switching model provides rational expectation forecasts, in the sense
that in every year ¢ agents are assumed to know the model’s true parameters but to only
observe the price series up to year f. Since we know ex-post that the model estimated in
chapter 1 yields a better statistical representation of actual price behavior than the
Hotelling tradition models, using the Markov switching estimates is closer to assuming
that agents knew the ex-post price process when assessing wealth changes. The Markov

switching shock measure is given by:

19The valuation of U.S. federal mineral rights by Boskin et. al. (1985) was made under the assumption that
prices would grow at a constant rate, as in the Hotelling (1931) model.
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(2.6) AWM = ¢ R, (v} —v]),

where v is the expected PDV of gross oil revenue derived from a barrel of oil in

reserve when price expectations are given by (2.1)-(2.3) :

o FMS(p To) )
vMS = t+h "7t
e’

(2.6) - Q) (1-9)q".

C. Cash flow shocks. The third measure of gcvernment’s wealth change is based in the

cash flow from current production:

(2.7) A‘Vrcr = ¢ zr-l(p: - pl-l)’

where z, is the observed crude oil production in year £. This measure implicitly assumes
all price changes were perceived as strictly temporal, with no effects after year .
Although this assumption is unrealistic, there are three arguments in favor of the
inclusion of such a measure. First, a cash-flow shock may be the relevant variable that
affects government revenue and expenditure, if the government faces liquidity
constraints. Liquidity constraints probably play a more important role in less developed
countries, who are likely to have a nore restricted access to international capital markets.
Second, this measure provides a reasonable lower bound for the wealth shock. Third, this
measure is not affected by the size of reserves (R;), which we can only measure using the
OGJ data.

In order to compute these three shock measures I need specific values of the
government’s marginal take (9), and -- for AW,”** and AWM - the extraction rate (g)
and the discount rate (r). I assume a government’s marginal take equal to one. This
assumption is based on abundant evidence describing how petroleum fiscal systems
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impose very high marginal tax rates, mainly in the form of windfall taxes or through the
reform of the tax system as a response to the oil price variations as governments attempt
to capture any positive difference between oil prices and costs [Adelman (1993), Gelb
(1988), Johnston (1996), Kemp (1987)]. Assuming ¢ = 1 makes sense as long as the price
of oil stays above its long-run marginal cost, which has been the relevant scenario after
1973. The extraction rate is set equal to 4 percent, the average in the sample, and I use a
real rate of discount of 12 percent, which is close to the average rate used by private oil

producers to discount industry projects [Adelman (1993))%°.

Table 2.2 illustrates the quantitative differences between the three oil price
processes assumed. The first column is just the change in the price of oil, in 1996 dollars.
The next three columns are the change in the PDV of one barrel of crude oil in reserve,
according the three alternative measures just described. As expected, using DOE forecasts
we obtain larger measures of wealth change than with the switching model. The
difference is due to the mean reversion assumed in the switching process, in contrast with

the Hotelling assumption underlying the DOE forecasts.

2 Adelman (1993) argues that the risk faced borne by governments holding oil assets is higher than the risk
private companies face, due to most governments inability to diversify their portfolio (inability to divest oil
assets), high leveraged positions and political instability; according to his calculation, the appropriate
discount rates for oil producing governments is of 20 percent or higher.
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Table 2.2 Change in the PDV of one barrel of crude oil in reserve*

US Dollars of 1996
Change in value**
Price change DOE Switching model Cash flow
1974 6.19 2.68 .33 0.25
1980 13.33 8.15 2.17 0.53
1931 14.2€ 3.35 2.32 0.57
1986 -18.58 -3.03 -3.61 -0.74
1990 4.65 0.59 0.55 0.19

*WTTI. Prices are assumed to remain above long-run marginal cost. **Assumes 4% of
reserves extracted each year and a 12% discount rate.

Table 2.3 shows the minimum, maximum, and average positive and average
negative shocks, according of each of the three wealth measures, for each of the 13
countries in the sample (country selection is explained in section 4). The figures show the
ratio of change in oil wealth to trend GDP?'. Since oil prices are denominated in U.S.
dollars and the rest of the variables (including GDP) are expressed in national currencies,
some conversion rate must be used. There is a risk that by using the spot exchange rate
we may introduce endogeneity, as the exchange rate is a variable influenced by
government policy. Therefore I converted currencies using a purchasing power parity
equilibrium rate obtained from GDP deflators. The numbers in table 2.3 indicate that oil
shocks have been quite large. The average positive shock, excluding Oman (that has
faced particularly large shocks), has been 13 percent of trend GDP according to the DOE
forecasts measure, and 4 pefcent according to the Markov switching model measure;
average negative shocks have been 11 and 3 percent respectively. However, the real
magnitude of oil shocks is evident when we look at extreme realizations for each country.
Except for Canada, Colombia and the U.K., the absolute value of the shocks has reached
80 percent of trend GDP or more (using the DOE measure) or 20 percent of trend GDP or
more (using the Markov switching measure). Even cash flow shocks have been large, as
10 out of 13 countries have faced changes in oil cash-flows of 8 percent of trend GDP or

larger.

2! Bor each country, trend GDP is obtained by assuming a uniform growth rate equal to the average growth
rate over the sample period, using the average of the first three years as initial value.
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Table 2.3 Wealth shocks measures
Change in oil wealth as a fraction of trend GDP

Average Average [Largest  Largest
positive negative  positive  negative

DOE Forecast
Canada 0.02 -0.01 0.13 -0.09
Colombia 0.03 -0.02 0.19 -0.10
Ecuador 0.21 -0.11 2.04 -0.69
Egypt 0.10 -0.07 0.59 -0.36
Indonesia 0.18 -0.11 1.4 -0.67
Malaysia 0.10 -0.08 0.81 -0.48
Mexico 0.15 -0.21 1.36 -1.39
Norway 0.10 -0.13 0.82 -0.77
Oman 2.20 -151 11.57 -8.98
Trinidad & Tobago 0.30 -0.17 1.86 -0.95
Tunisia 0.21 -0.14 2.01 -0.82
United Kingdom 0.02 -0.02 0.23 -0.14
Venezuela 0.36 -0.49 2.57 -2.53
Mean* 0.13 -0.11

Switching Model

Canada 0.01 0.00 0.03 -0.04
Colombia 0.01 -0.01 0.06 -0.09
Ecuador 0.07 -0.03 0.93 -0.41
Egypt 0.03 -0.02 0.20 -0.22
Indonesia 0.05 -0.03 0.30 -0.31
Malaysia 0.03 -0.02 0.21 -0.24
Mexico 0.05 -0.06 0.48 -0.70
Norway 0.03 -0.04 0.20 -0.51
Oman 0.61 -0.44 5.27 -5.07
Trinidad & Tobago 0.09 -0.05 0.85 -0.49
Tunisia 0.06 -0.04 0.49 -0.47
United Kingdom 0.01 -0.01 0.06 -0.07
Venezuela 0.12 -0.14 0.66 -1.27
Mean* 0.04 -0.03

Cash-flow shocks

Canada 0.00 0.00 0.03 -0.02
Colombia 0.01 0.00 0.03 -0.03
Ecuador 0.03 -0.01 0.17 -0.16
Egypt 0.02 -0.01 0.11 -0.11
Indonesia 0.03 -0.01 - 0.20 -0.11
Malaysia 0.01 -0.01 0.08 -0.08
Mexico 0.01 -0.01 0.08 -0.09
Norway 0.01 -0.01 0.07 -0.09
Oman 0.26 -0.14 1.31 -1.45
Trinidad & Tobago 0.08 -0.04 0.51 -0.37
Tunisia 0.01 -0.01 0.09 -0.07
United Kingdom 0.00 0.00 0.02 -0.03
Venezuela 0.06 -0.02 0.33 -0.19
Mean* 0.02 -0.01

* Excluding Oman. Sample period is 1970-199:



2.3 Country selection and public finance data

In this section I describe the selection criteria of the 13 countries included in the

sample and present the public finance variables used in the empirical analysis.

2.3.1 Country selection

According to the Energy Information Administration (EIA) of the U.S.
Department of Energy, 105 countries produced some form of hydrocarbons in 1994. In
principle, all these countries are candidates to be considered for this study. However,
there are several restrictions that limit the sample to 13 countries. The selection of
countries was based on there criteria: net exporter status, plausibility of the exogeneity of

price shocks assumnption, and data availability.

3.1.1) Net exporter status. Only countries showing a positive oil international trade
balance are considered. The: rationale for leaving out net importers of oil is that for those
countries an increase in the price of oil may not be a windfall, as the terms of trade they
face are negatively affected; therefore the net effect on the intertemporal budget constraint
of the government is ambiguous. According to EIA data, in 1993 only 35 oil producing
countries qualify as net exporters. It should be noted that some important oil producers,
like the U.S., are not included (the U.S. has not been an oil net exporter since the 1930s).

Most nations which meet the status are non-OECD countries.

3.1.2) Exogeneity of price shocks with respect to the fiscal process. The key identifying
assumption in the empirical analysis that follows is the exogeneity of oil price shocks
with respect to fiscal policy. The exogeneity assumption would be violated if a country is
not a price taker in the international oil market and its oil market strategy is dependent on
the country’s taxation and expend:ture policy. The exogeneity condition is less stringent
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than price-taking by itself because, even if the country has market power in the
international oil industry, its pricing behavior may still be independent of its own fiscal
policy. If, for example, there is a strategy that maximizes the PDV of net revenues, it may
be followed regardless of the profile of non-oil taxes and expenditure. Nevertheless, 1
excluded from the sample those countries more likely to have played a major role in the

formation of international oil prices.

The existence of a cartel of oil exporting nations in and around OPEC is widely
recognized, although there is much debate on the extent of its past and present influence.
Currently 11 nations belong to OPEC, and two others have recently dropped out (Ecuador
in 1992 and Gabon in 1995). However, market power is not distributed evenly within the
organization. On one side, there is a group of countries like Indonesia, Nigeria, Ecuador
and Gabon who have formally participated in OPEC but who may have no real ability to
affect prices on their own, due to their relatively small share of international reserves and
production. On the other side, Saudi Arabia — the owner of nearly 25% percent of proved
reserves in the world -- plays a prominent role in price determination as the cartel leader. I
left out of the sample Saudi Arabia, plus Kuwait, Iraq and Iran, in order to avoid a

possible endogeneity bias. This reduced the potential sample to 31 countries.

3.1.3) Data availability. The final cut to get a sample of 13 nations is availability of data
on public sector finances from candidate countries. In order to perform the analysis, it is
necessary to obtain annual series on oil and non-oil related government revenue and
expenditure. The primary source for international data on government finance is the
IMF’s Government Finance Statistics Yearbook (GFS), which provides only limited
information about oil related government finance. Only for five countries (Ecuador,
Mexico, Norway, Oman, and Venezuela) GFS provides long enough series on oil related
government revenue, while oil related government expenditure can not be determined
from GFS data alone for any country. The years of coverage of GFS are heterogeneous,

with all country series starting in or after 1970.

74



There may be several reasons why the GFS does not report data on oil related
government revenue and expenditure. First, oil revenue and expenditure may not be
reported in the source country publications. This would occur if, for example, oil related
revenues were labeled under a broader revenue source, like the corporate income tax or
the property tax. Second, in the case of a government owned oil industry, information
may be lost by a “netting” practice in the GFS: the receipts and operating expenditures of
departmental enterprises (industrial or commercial units within government) are first
netted against each other, and then operating surpluses are included in the figures for
government revenue and operating deficits are labeled as government expenditure. This
practice may “hide” part of the revenue and expenditure of state-owned oil companies.
Third, the GFS data refers only to “central government” (defined as all units representing
the territorial jurisdiction of the central authority throughout a country), and a publicly
owned oil industry may not belong in that classification. The availability of public finance
data led a 13 countries sample, listed in table 3.1. The nations included in the sample are
different along many dimensions; table 3.1 gives some general institutional and economic

information about the sample countries.
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2.3.2 Expenditure and non-oil tax variables

I use two alternative measures of government spending and two estimates of non-
oil tax rates. The first measure of spending is total government expenditure (as reported
in the GFS), less interest payments and social security transfers; this variable is available
only for 8 countries (142 observations). This measure, however, can be misleading in
countries in which the oil industry is part of the public sector. If a change in the price of
oil affects investment in the oil industry, this may show up as a change in total
government spending. Therefore I also use government consumption (from national
accounts), which excludes all (oil and non-oil) capital formation; this measure is available
for 13 countries (259 observations). The true value of non-oil government spending is

most likely bounded by these two measures.

As mentioned before, GFS provides information on oil related government
revenue only for five countries. We can, however, use the average tax rate on private
consumption as an approximation for the average tax rate on non-oil income. I calculate
the average tax rate on private consumption as the ratio of consumption tax revenue (from
GFS) to private consumption (from national accounts). This measure is available for 13
countries (259 observations). I also use the ratio of non-oil tax revenue to trend GDP for
the group of countries that have information on non-oil tax revenue in GFS (5 countries,
119 observations). However, the usefulness of this measure is limited because deviations
of GDP from trend are correlated with oil price movements. If the denominator stays
constant as the price of oil increases, we are likely to detect a positive response of taxes to
oil shocks, not because fiscal policy changes, but due to an enlargement of the tax base?2.
Table 3.2 shows the average values of the four public finance variables over the sample

period.

22 This problem will be avoided by using a measure of non-oil GDP in the denominator instead of trend
GDP.



Table 3.2 Public finance variables
Country averages over the available sample period

Gov expenditure/GDP Average tax rate
Total* Gov. consumption  Consumption tax__Non-oil tax**
Canada 0.13 0.20 0.06 na
Colombia na 0.10 0.04 na
Ecuador na 0.12 .04 0.10
Egypt 0.42 0.17 0.06 na
Indonesia na 0.10 0.05 na
Malaysia 0.23 0.16 0.09 na
Mexico 0.13 0.10 0.10 0.12
Norway 0.25 0.20 0.33 0.40
Oman na 0.29 0.01 0.35
Trinidad & Tobago na 0.16 0.05 na
Tunisia 0.32 0.18 0.11 na
United Kingdom 0.24 0.21 0.16 na
Venezuela 0.22 0.12 0.02 .0.08

* Total expenditure less interest payments and social security transfers. Calculated using trend GDP.
“na” indicates long enough series not available.

2.4 Results

The empirical results that describe the fiscal response to oil shocks were obtained
from panel data and country-by-country regressions where either the first difference of the
estimated tax rate or the first difference of government expenditure are the dependent
variables, and with one of the estimates of oil wealth change among the explicative

variables. The basic form of these regressions is:

A AW
@4.1) B, =y* y.‘ +ytX, +€&f,and
AW
(4.2) At, =y ——+y'X, +¢,

!
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where Ag, is the first difference of government expenditure and AT, is the first difference
of the tax rate, obtained as explained in section 3.2. For all specifications I show results

using the DOE forecasts wealth shock measure (AW, ), the Markov switching measure
(AW™) and the cash-flow measure (AW,""). Both the shock and government
expenditure are normalized by trend GDP (y,) in order to make the coefficients y* and

7' comparable with the comparative statics coefficients (1.6) of the normative model and
the benchmark of table 1.2. X, is a set of controls including lags of the wealth shocks, first
lags of both tax and expenditure variables first differences, the first lag of the first
difference of private consumption, a constant, a time trend, and country fixed effects (in

some specifications). £f and &, are stochastic disturbances.

Results are shown in tables 4.1 through 4.8. Tables 4.1-4.4 show pooled estimates
and tables 4.5-4.8 show country-by-country results. The key findings shown in these
tables can be summarized as: 1) the net change of non-oil tax cuts and spending increases
does not exceed the annuity value of oil shocks, 2) most of the response occurs through
increased government expenditure, indicating the presence of “fly-paper” effects, 3) there
is no statistical evidence of asymmetries in the response to negative and positive shocks,
and 4) there are significant cross-country differences in the way governments respond to
oil shocks. I comment first on the panel data estimates and then on the country-by-country

regression.

2.4.1 Panel data estimates

Table 4.1 shows the aggregate response of total government expenditure {less
interest payments and social security transfers) in eight countries to the three alternative
measures of oil wealth shocks described above. For each shock measure the table shows
results with and without country fixed effects, and also estimates allowing the response to
positive and negative shocks to be different. All the coefficients of the shock variables in

the symmetric specification are positive and significant, and quite robust to the inclusion
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of country fixed effects?. I showed in table 2.1 that an optimal response of expenditure,
when the discount rate is 12 percent and government expenditure is around 30 percent of
GDP, would yield a coefficient of approximately 0.03. The coefficients obtained
assuming the oil price was expected to evolve as predicted by the U.S. Department of
Energy are below that mark, implying there is no evidence of governinents spending more
than they should. If we look at the coefficients obtained assuming Markov switching
expectations, the point estimates are higher than prescribed by the normative model, but
still lower than the annuity value of the shock (approximately 0.10). These esitmates are
consistent with an argument made by Gelb (1988), where he pointed out that if oil prices
were expected to behave as in the Hotelling model, the case studies show no evidence of
increased spending exceeding the permanent value of the shock. The fact that
governments did not spend by themselves the whole value of the wealth shock goes
against the Leviathan view of govermnment (Brennan and Buchanan (1980) and the

presence of the “voracity” effect [Lane and Tomell’s (1996)].

The coefficients obtained using the cash flow value of the shock are also quite
small, implying that less than a fifth of the increase (or decrease) in the value oil
production was channeled into government expenditure. Where did the rest of the money '
go? According to the dynamic budget identity (1.2), the other two possible destinies are
transfers to the private sector or a positive change in net assets. Since the response of non-
oil taxes was negligible (as shown below), the change in the value of current production
had to be reflected in a changed net asset position or in other form of transfers that do not

show up in the data, like domestic sales of oil at controlled prices“.

Table 4.1 also shows the statistics for tests on differences in the response to
wealth changes across countries, and for asymmetric response. The symmetry null
hypothesis can not be rejected --although the response to negative shocks is insignificant,

while the response to positive shocks is significant. In contrast, the homogeneous cross-

B Other specifications tried were GLS with cross-country heteroskedasticity and within-country
autocorrelation, and random effects. Results are quite similar.

80



country response null hypothesis is rejected under the symmetric specification with the
DOE and cash-flow measures, and with all measures when asymmetry is allowed>. The
significance of cross-country differences suggest that joint estimates do not tell the whole

story.

The measure of expenditure used in table 4.1 has two problems. First, it may
include oil related expenditure in some countries where the oil industry is government
owned. Second, because capital formation is included, we are not really capturing an
increase in the permanent level of government consumption. I therefore show results
using government consumption in table 4.2. The change of variable also allows the
inclusion of five additional countries. As before, coefficients under the symmetry
specification are positive, significant and robust to the inclusion of fixed effects. As
expected, coefficients are smaller. We reject the symmetry hypothesis only with the
Markov switching measure of wealth change. Again, only the response to positive shocks
is significant. The homogeneous cross-country response hypothesis is rejected using the

Markov switching and cash flow measures.

Table 4.3 and 4.4 look at the response of non-oil taxation to oil shocks. The
dependent variable in table 4.3 is the estimated average consumption tax rate. The shock
coefficients have the expected negative sign, but are small and not statistically sigrificant.
In table 4.4 the dependent variable is the estimated average tax rate on non-oil income.
The coefficients are now positive but still non-significant. The lack of a response in the
tax side is in principle evidence against the tax smoothing [Barro (1979)] positive view of
government. In summafy, panel data estimates show that the fiscal response to oil shocks
was to increase government spending, but within the limits of the annuity value of the
wealth shock. This expenditure bias is in line with the findings of the “fly-paper” effect

literature [Hines and Thaler (1995)]: extra money given to governments “sticks where it

2 The coefficients can also be small due to measurement error of the cash-flow variable.
B The F-statistics for cross-country homogeneity were obtained from Chow tests. Since in the presence of
heteroskedasticity the Chow test may lead to incorrect rejections, I also perfomed the tests using a weighted
least squares estimator, obtaining the same rejections.
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hits”. Although the expenditure response is only significant for positive shocks, I find no

statistically significant evidence of asymmetries.

2.4.2 Country-by-country regressions

The panel data estimates indicate that the way in which nations respond to shocks
is not homogeneous. Tables 4.5-4.8 show the estimated shock coefficients obtained in
country-by-country regressions. The set of controls was thc same as in the panel
regresions. Given the limited size of each country sample (25 annual observations or
less), non-significant controls were excluded from the regressions reported here. The
pattern revealed by these results is very interesting. According to the significance of their
response we can classify countries in four groups, shown in table 4.9. In the first group
(Indonesia, Malaysia and Trinidad and Tobago) I found a statistically significant response
of both expenditure and non-oil taxation. Indonesia stands out as the only country for
which the response of non-oil taxation is larger than the response of expenditure; in fact
the estimates for Indonesia (0.05 and -0.09) are very much in line with the prescribed
coefficients of table 1.2. Indonesia looks like a “Barrovian” country. Malaysia, on the
other hand, shows a very strong expenditure response, far in excess of the estimated

annuity value of the PDV shock and even greater than the cash-flow value of the shock.

The second and largest group (Canada, Ecuador, Oman, Tunisia, UK, Venezuela)
conforms to the pattern found in the panel regressions: significant response of
expenditure but no response of non-oil taxation. Canada and the U.K. show very large
expenditure coefficients, which suggest over-spending. There is however, an alternative
explanation. As noted by Mork, Olsen and Mysen (1994), both Canada and the UK.
show negative correlations of GDP growth and oil price changes. Therefore, I might be
picking up a counter-cyclical adjustment of fiscal policy, rather than the response to
changes in government wealth. The other four countries show expenditure coefficients

within the range of the annuity value of the shock.
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The third group (Colombia and Mexico) shows the opposite pattern, no
expenditure response but a significant response of non-oil taxation. Finding Mexico in
this group is puzzling, as it is frequently cited as an example of a country where the oil
chocks led to public expenditure booms. If we look at table 4.5 we see that the response
of expenditure in Mexico is only significan: for negative shocks; the cash-flow measure
coefficient irdicates that the reduction of total expenditure after negative shocks was
almost equivalent to the current value of the shock. Finally, I found no significant
response in either margin in Egypt and Norway. There are three possible explanations.
First, the bulk of response could have occured through transfers not recorded in the
figures reported by the GFS. This is likely to be the case of Norway. Second, there might
be some kind of hedging of the shocks. Third, the quality of GFS data is questionable.

Table 4.9 Cross-country pattern of the fiscal response

| Expenditure Response

Significant Non-significant
Non-oil Significant Indonesia* Colombia
taxation Malaysia Mexico
response** ‘ Trinidad & Tobago*

Non-significant | Canada Egypt

Ecuador* Norway

Oman*

Tunisia

United Kingdom

Venezueia

Based in the Markov switching shock measures. *Response of government
consumption. ** Estimated consumption tax rate.

In summary, I interpret these pattern of variation as evidence that any “extreme”
view of government, either as a benevolent agent that maximizes social welfare or as a
self interested Leviathan, are unable to explain the pattern of observed fiscal behavior
triggered by oil shocks. The immediate next research step is to explain the observed

differences in the way governments respond to shocks.
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2.5 Conclusions

The topic of this chapter is the role of oil revenue and wealth in oil producing
countries’ fiscal policies. Given the size of public oil wealth in many nations, analyzing
how governments respond to variations in oil wealth is a powerful tool to understand
fiscal behavior in general. The concrete objective of the chapter was to identify the
response to oil shocks of both non-oil tax revenue and government expenditure in oil
producing countries. I first addressed the issue from a theoretical perspective by laying
out a simple normative model, useful to show the main effects that play into the optimal
response to wealth shocks. The model highlights the presence of both income and
substitution effects brought by changes in oil wealth, the latter due to increasing marginal
costs of non-oil tax collection. With the aid of some simplifications, I calculated a
numerical normative benchmark. Then I discussed some of the predictions of alternative
positive theories of government. The second issue I addressed was the measurement of oil
wealth and oil wealth changes. I showed why the changes in reserves can not be used as a
source of exogenous variation, and then developed three alternative measures of price
shocks, based on three different assumptions about price path expectations. The
regression resuits in section 4 show that overall, govemments respond to shocks mainly
through increased expenditure, with little or no change of taxes. I interpret this as
evidence of fly-paper effects. There are, however, important exceptions. Indonesia
responded close to what the normative model prescribed, and Colombia did the
adjustment mostly through reduced taxation. Also, I find no evidence of countries
spending more than the annuity value of the shocks and no evidence of asymmetries

between positive and negative shocks.



Perhaps the most provocative finding in this chapter is the rich variation in the
way governments respond to shocks. Explaining these differences is the next research
step, which might lead to a better understanding of the determinants of fiscal policy. In
particular, studying the effects of alternative fiscal rules and institutions on the way
governments respond to wealth shocks is a promising way to learn more about the
effectiveness of such institutions. A second extension of this chapter is to augment the
sample to include more countries and other sources of wealth variation. More broadly,
there remains a whole set of questions surrounding the presence of oil revenue in the
government’s budget that are worth studying, such as the effects of alternative fiscal
systems on the oil industry, the intergenerational distribution of oil shocks, or the role and

effects of government hedging against oil shocks.
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Chapter 3

Qil shocks, Institutions and Fiscal Policy



Introduction

Traditionally positive economic analysis of public finance policy has mainly
focused on the effects of alternative expenditure and revenue actions on the economy.
Recently, however, economists have expanded the set of questions in order to investigate
why governments choose particular policies. The field known as “political economy”,
with its emphasis on the role that politics and institutions play in the definition of
policies, is among the most active branches of economics [see for example Poterba
(1997) or Persson and Tabellini (1997)]. The purpose of this chapter is to contribute to
our understanding of the effects of politics and institutions on fiscal policy, by looking at

the response of public expenditure and taxation to oil shocks.

The large oil shocks of the last 25 years offer a good context in which to explore
the effects of institutions and politics on fiscal policy mainly because we can identify a
relevant source of exogenous variation in the germment’s budget of an oil exporting
courtry. Knowing that a public wealth shock occurred, it is then possible to compare the
response of countries with different institutions. In chapter 2 I have shown that oil shocks
have induced a significant response of public expenditure with little or no movement of
non-oil tax revenue. Moreover, I have also found significant cross-country differences in
the way that governments respond to oil shocks, which suggest that institutional

heterogeneity may play a role.

Alesina and Perotti (1994, 1996) and Poterba (1997) offer surveys of the growing
theoretical and empirical literature that focuses on the role of institutions on budget
outcomes. The evidence emerging from these studies is that budget rules and institutions
do play a role in determining fiscal policy. Focusing on American States, Poterba (1994),
Alt and Lowry (1994) and Bohn and Inman (1995) provide support to the view that, at
least in the short run, the stringency of budget rules affects the response to unexpected

fiscal shocks. Von Hagen (1992), von Hagen and Harden (1994) — focusing on the OECD
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-- and Alesina et. al. (1996) — focusing on Latin America -- reach similar conclusions in
cross-country comparisons. These cross-country studies highlight the importance of
centralization of budget-making authority and transparency of the process as a key to

fiscal stability.

Given the limited availability of data describing budget rules and institutions in
many oil exporting nations, in this chapter I focus on broader aspects of institutions?.
The institutional variables used in this chapter are indicators of several aspects of
democracy, geographical centralization, the quality of institutions and the political
orientation of the government in office. The main finding is that the more autocratic a
government is, the more moderate the expenditure response to an oil shock: democracies
exhibit an over-spending tendency. A closer examination indicates that the two aspects of
democracy that induce spending are competition in the access to power and institutional

constraints on the authority of the executive. A second finding is that “left-wing”

governments tend spend more than “right-wing” ones after a windfall.

The chapter is organized as follows. The first section briefly outlines three reasons
why the institutional variables used in this chapter may affect the fiscal response to
wealth shocks: political opportunism, dispersion of power and heterogeneity of political
preferences. The second section describes the institutional variables and discusses their
predicted effect on the fiscal response to shocks. The third section explains describes the
sample, the non-institutional variables and the specification approach. The fourth section

presents results and a fifth one concludes.

26 The lack of information on specific budget rules and procedures exists because the majority of oil
exporting countries are outside the regions that have been the focus of previous papers (the European
Communities in von Hagen (1992), Latin America in Alesina et. al. (1996)) for which descriptive variables
are available.
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3.1 Potential roles for institutions and politics

For an oil producing and exporting country, an oil shock is mainly a wealth shock
to public resources. As with any other kind of windfall, from a normative perspective we
expect the government to spend (or cut, if the shock is negative) only the annuity value of
the change in wealth. Current consumption of the windfall car occur through an increase
in public spending, or by a transfer to the private sector in the form of tax reduction. The
optimal distribution between increased expenditure and tax reduction will depend on
social preferences an on the relative cost of public and private goods; as a first
approximation, the share of the windfall devoted to public goods should be similar to the

share of government provided goods in the economy’ .

The evidence I present in Chapter 2 suggests, however, that governments do not
behave in such a way. While there is no evidence that the overall fiscal response exceeds
the annuity value of the shock, it seems clear that most of the windfall is devoted to
government expenditure. Nonetheless, some countries”® appear closer to the normative
benchmark than others. Can institutions or politics explain the differences? In this section
I outline three channels through which an interaction of institutions and shocks may
operate. The purpose of this discussion is to provide a framework to interpret the
empirical results While the following potential explanations are not the only possibilities,
they are perhaps the most frequently mentioned in the political economy literature of

fiscal policy.

27 In Chapter 2 I develop this intuition formally and discuss several reasons why an optimal distribution of
the windfall may deviate from the rough benchmark suggested here.

2 Malaysia and speciaily Indonesia.
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3.1.1 Political opportunism.

Political opportunism arises when an incumbent government defines its policy
with the objective of increasing its chance to remain in power . Persson and Tabellini
(1997) and Alesina and Roubini (1997) offer surveys of the theoretical and empirical
literature on political opportunism —which may explain the presence of political business
cycles and aggregate demand manipulation before elections. Political opportunism may
take place if three conditions are met. First, politicians should value holding office per-se.
Second, there must be competition in the access to power: if the incumbent perceives its
hold on power unlikely to be challenged, there can not be much benefit from policies that
deviate from social optimality. In a country with no elections -- or in one in which
elections are gimmicky — there is little need for window-dressing. Third, the electorate
should be either backward-looking, or rational but imperfectly informed. If voters are
rational and can perfectly observe the competence of the incumbent government and its
actions, policy can not be effective to affect electoral outcomes. There is substantial
evidence on the presence of “retrospective voting” (citizens show a tendency to re-elect
governments that have brought high growth rates), suggesting that agents are not fully
rational or not fully informed or both [Fair (1978), Fiorina (1981), Lewis-Beck (1988)].
In Nordhaus (1975) and the rest of the earlier literature on political business cycles
obtained retrospective voting by modeling backward-looking agents; Buchanan and
Wagner (1977) suggest that opportunistic politicians take advantage of voters that do not
understand the intertemporal budget constraint of the government. The more recent
literature --Rogoff and Siebert (1988), Rogoff (1990) for example -- explains

retrospective voting based upon rational agents that have imperfect information®.

The existing evidence on political opportunism has been obtained by looking at

the behavior of policy (and economic performance) around the electoral calendar. In this

% In these models opportunistic behvior has an impact on voters behavior because it is part of a separating
equilibrium in an adverse selection setup. A “competent” government can effectively signal its higher
quality by being willing to deal with the costs of opportunistic policies.
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chapter I take an alternative route, based upon the fiscal response to wealth shocks. I
assume that the first and third conditions are met (governments like power and citizens
can be impressed) and then test if the fiscal response to a public wealth shock is affected
by how competitive access to power is. If there is effective political competition,
incumbents may have the incentive to impress the public by having an excessive
expenditure response after an oil windfall. A testable implication is that in regimes with

more political competition we should observe larger expenditure responses to oil shocks.

3.1.2 Dispersion of power

Decision-making power within the government is often dispersed among several
political actors. This lack of power centralization may give rise to suboptimal fiscal
policies, in the sense that a Pareto-superior is achievable if agents coordinate themselves.
This suboptimality may be due to both static and dynamic effects. In a static context,
when each decision maker fully internalizes the benefits of public spending but only a
fraction of the cost, the result can be over-spending -as argued by Weingast, Shepsle and
Johnsen (1981). This is a “‘common pool” problem, analog to that occurring in natural
resources exploitation. Levhari and Mirman (1980). If the common pool problem arises,
we expect to find that the greater the degree of power dispersion, the more biased toward
expenditure the response to an oil shock will be. In a dynamic context, myopic behavior
may emerge: each political actor wants to spend sooner rather than later in order to avoid
resources being appropriated by others in the future. As before, this effect implies that a
windfall will be more rapidly spent. The dynamic common pool problem was first applied
to fiscal policy by Tabellini (1987) in a dynamic game of monetary and fiscal policy
coordination, and more recently by Tomell and Lane (1996) and Velasco (1996). The
existing evidence reinforces the perception that dispersion of power leads to over-
spending and deficits. Roubini and Sachs (1989) and Alesina and Perotti (1993) have
shown that coalition governments in OECD countries accumulate more debt. Poterba
(1994) shows that U.S. states in which the executive and legislative branches are held by
different political parties are less effective in reacting to negative fisca! shocks.
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In essence, a “‘common pool” problem arises due to a budget-making process in
which decision-makers are given authority over part of the budget, but none is fully
responsible of the aggregate outcome. Therefore, the rules and institutions that govern the
making of the budget are likely to have an effect on the outcome. There is empirical work
that suggests that this is the case. Alesina and Perotti (1994, 1996) and Poterba (1997)
offer surveys of the growing theoretical and empirical literature that focuses on the role of
political and fiscal institutions. The evidence emerging from these studies is that rules
and institutions that make the budgeting process more centralized — by giving strong
authority to the executive or the finance minister — lead to smaller primary deficits. In this
chapter I look at the effect on the fiscal response to oil shocks of alternative constraints

on executive authority.

3.1.3. Heterogeneous political preferences

It is hard to argue against the claim that political groups do not share
homogeneous preferences about what the proper economic role of is widely
acknowledged. The economics literature has exploited the heterogeneity in preferences to
build theoretical models that address some observed facts about fiscal policy [Alesina and
Tabellini (1990), Persson and Svensson (1989) are examples of models in which an
intertemporal game is played between groups with different political preferences]. A
frequent characterization [as in Persson and Svensson (1989)] is that of two groups
disputing power: one, “the right”, dislikes big government, while the other, “the left”,
promotes public sector involvement in economic activity. If such characterization is valid,
we expect the fiscal response to wealth shocks to depend on which group is holding
offfice. A left-wing government will take advantage of a positive shock to increase the
size of government, while a right-wing one might rather distribute the windfall in the
form of reduced taxes. In section four I will use an indicator of political orientation to test

this claim.
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3.2 Institutional data

Institutions are hard to measure. For starters, they are qualitative. Any
quantification of a institutional or political particular feature is highly subjective and even
arbitrary. Moreover, institutions are multi-dimensional. The thing we call democracy is a
composite of many attributes ~like open and fair elections, freedom of speech, liberty to
participate, a set of checks and balances, etc. Any attempt to measure such a thing
involves adding up measures of each dimension, and the weights we use to sum them are
again subjective and arbitrary. In consequence, in order to interpret the results of any
research based upon numeric descriptors of institutions, the variables used should be
carefully examined and understood. For this purpose here I describe the institutional
variables employed in the chapter, which refer to four categories: autocracy/democracy,
geographical centralization, the quality of institutions and the political orientation of the

government in office.

a) Autocracy/Democracy. The first group of variables were obtained from the
Polity I database (P3). Carried out under the auspices of the Data Development for
International Research (DDIR) project, Polity I was designed to develop longitudinal
indicators of political structures and regime change. The Polity Project has evolved since
the 1970s and has become a widely used source of cross-national, longitudinal data on the
authority characteristics of nations. It is most widely used for its assessments of the
degree of democracy and autocracy in the political structures of modern countries. P3 is
the third version of the database, which now covers 177 countries and the time period
1800-1994%. In this chapter I use the democracy and autocracy aggregate indices, as well

as their individual components. The definitions of variables is based on Gurr (1997).

3 The institutional variables utilized in this paper were made available by the Inter-university Consortium
for Political and Social Research. The data for POLITY III: Regime Change and Political Authority, 1800-
1994. were originally collected and prepared by Jaggers and Gurr (1996). Neither the collector of the
original data nor the Consortium bears any responsibility for the analyses or interpretations presented here.
The data is publicly available at www.colorado.edw/IBS/GAD/spacetime/data/Polity.html.
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Autocracies are defined in P3 as those regimes that restrict or suppress
competitive political participation. Their chief executives are chosen in a regularized
process of selection within the political elite, and once in office they exercise power with
few institutional constraints. The autocracy variable is an aggregate index of several other
more specific indices, which are: i) the competitiveness and openess of executive
recruitment, ii) the constraints on the chief executive, and iii) the competitiveness and
regulation of political participation. Each individual variable will be taken into account
only if its values are within a certain range considered to be autocratic. The index is on a
0-10 scale; the higher the score, the more autocratic a regime is considered. Democracy,
on the other hand, is defined by the presence of institutions and procedures through which
citizens can express effective preferences about alternative policies and leaders, the
existence of institutionalized constraints on the exercise of power by the executive and
the guarantee of civil liberties to all citizens in their daily lives and in acts of political
participation. As with the autocracy variable, democracy is an aggregate index of
measured also in a 0-10 scale (a high value indicates a highly democratic regime). The
difference between the autocracy and democracy variables is the criteria used to include
or not the values of the components and the weights attached to each of them. Therefore,
the variables are not simple the inverse of each other. However, the correlation between
them is high and therefore I will not use them simultaneously in any regression. The
individual components of the autocracy and democracy variables that I use in this chapter

are the following.

i) Competitiveness of executive recruitment. Competitiveness refers to the extent
that outsiders (individuals and groups) have equal opportunities to access power.
For example, selection of chief executives through elections matching two or
more viable parties or candidates is regarded as competitive. The index is coded in
a 1-3 scale. A value of I is assigned if chief executives are determined by

hereditary succession, designation, or by a combination of both, as in countries
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whose chief minister is chosen by king or court. Examples are rigged, unopposed
elections; repeated replacement of presidents before their terms end; recurrent
military selection of civilian executives; selection within an institutionalized
single party; recurrent incumbent selection of successors; repeated election
boycotts by the major opposition parties, etc. Competitiveness is coded 2 in the
cases of dual executives in which one is chosen by hereditary succession, the other
by competitive election, or in transition circumstances. Finally, a value of 3 is
given if chief executives are typically chosen in or through competitive elections
matching two or more major parties or candidates (elections may be popular or by
an elected assembly). As mentioned before, compétitive access to power is a
necessary condition for political opportunism to take place. In consequence, the
significance of the interaction of this variable with an oil shock can be interpreted
as an indirect test on the relevance of opportunism in the determination of fiscal

policy.

ii) Institutional (de jure) constraints on the executive. Also referred to as
“monocratism” (one-man rule) this 1-5 index focuses on the structural character
distinguishing between pure individual and collective executives. The first
category refers to “Pure Individual Executive”, where the executive is a single
individual, not dependent either formally or informally for his position or
authority on a cabinet, council or junta. An executive who is a "front man" for a
strong man" behind the scenes is also coded here. Monarchs are almost always
“pure individual executives”, presidents and dictators usually are as well.
Category 2 is an intermediate. Category 3 refers to “Qualified Individnal
Executive”, where the executive is formally a cabinet, supreme council, or junta,
but one member is first among equals” and holds substantially more effective
authority than the other members. Most parliamentary, junta, and Communist
regimes are of this sort. Category 5 (after a second intermediate) refers to

“Collective Executive”. In the sample I use, all values are 1 to 3. This variable is

106



included as a test for the dispersion of power hypothesis, focusing on the

dispersion within the executive authority.

iii) Operational (de facto) constraints on the executive. This variable refers to the
extent of institutionalized constraints on the decision-making powers of chief
executives, whether individuals or collectivities. Such limitations may be imposed
by any “"accountability groups". In Western democracies these are usually
legislatures. Other kinds of accountability, groups are the ruling party in a one-
party state; councils of nobles or powerful advisors in monarchies; the military in
coup-prone polities; and in many states a strong, independent judiciary. The
concern is therefore with the checks and balances bet the various parts of the
decision-making process. A seven-category scale is used. This variable is included
with the purpose of testing the dispersion of power hypothesis, but focusing on the

dispersion between the executive authority and some other instance of power.

iv) Competitiveness of Participation. The competitiveness of participation refers
to the extent to which alternative preferences for policy and leadership can be in
the political arena. Political participation is measured on a five-category scale:
suppressed, restricted, factional, transitional, and competitive. This variable gives
a measure on the constraints that groups and individuals outside of power may

impose on policy, that is, a third dimension of dispersion of power.

b) Geographic Centralization. The degree in which power is dispersed

geographically may also affect the fiscal response to wealth shocks, in particular if
representatives of local constituencies enjoy the benefits of spending programs financed
with national-level revenues. Persson and Tabellini (1993) have shown that different
federalist arrangements have important implications for fiscal stabilization. Therefore, I
include a variable — also obtained from P3 -- that describes the degree of federalism. The

index has three categories. The first is centralized or unitary state, where no more than
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moderate decision-making authority is vested in local or regional governments (many
nominally "federal” systems in fact centralized in this sense). After an intermediate
category, the third one refers to decentralized or federal states, where local and/or
regional governments have substantial decision-making authority. Switzerland, Canada,
and the United States are contemporary examples of effectively-decentralized

governments.

¢) Quality of institutions. Often formal laws and institutions are quite separate
from actual practice. In general, democracy is associated with a better “quality of-
institutions”. In order to incorporate this dimension, I use an average of the ICRG
indicators of the quality of institutions. The ICRG database was assembled by IRIS
(University of Maryland) from hard copies of the "International Country Risk Guide" a
monthly publication of Political Risk Services. The database includes five longitudinal
measures: i) government repudiation of contracts, ii) risk of expropriation, iii) corruption,
iv) law and order tradition ("rule of law") and v) bureaucratic quality. The variable
“ICRG” used in the regressions is a simple average of these variables (after 0-1 -
normalization); a high value indicates good quality of institutions. The data covers the

years 1982-1995.

d) Political Orientation. The final variable is an index of the political orientation
of the government, along the right-left spectrum. Its purpose is to test for the
heterogeneous political preferences hypothesis. The indicator used here was assembled
upon the descriptions presented in the comparative politics compendium by Derbyshire
and Derbyshire (1996). This is a 1-3 variable that classifies governments as being on the

political right (1), center- left (2) or left (3).

Table 1.1 shows the means and standard deviations of the nine institutional
variables for each country in the sample (the selection of countries is explained in the

next section). The first thing to notice is that or most variables show no variation in the
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majority of countries, as bottom row indicates. The variables with less within country
variation are centralization, institutional constraints on the executive and competition in
the access to power. Only the ICRG variable shows within-country variation in all
countries, but the degree of variation is small, as shown by standard deviations. Even the
political orientation variable remains constant in eight out of fourteen countries. Seven
countries (China, Egypt, Indonesia, Malaysia, Mexico, Norway and the U.K. show
variation only in one or two variables other than ICRG. This lack of within-country
variation is a relevant consideration in the specification of the empirical model ~including
fixed country effects will likely diminish the explanatory power of the institutional

variables.

A second point is that there is significant cross-country variation. In the majority
of the variables we observe the two extreme possible scores. This variation is a good sign
that we may be able to learn something about the effects of institutions on countries
facing similar shocks. A final thing to highlight from table 1.1 is the that no patterns of
variation across variables and countries are obvious. While autocracy and democracy
exhibit a pattern of inverse correlation, this is less clear among the rest of the variables.
As an example compare China and Mexico, both countries with a very low score on
democracy. China has relatively high scores on institutional and operational constraints
on the executive, but the lowest possible mark on political participation. In contrast,
Mexico shows the lowest score on institutional constraints on the executive (therefore can
be labeled as “monocratic’) but its scores on operational contraints and participation are
in the middle of the scale. Moreover, there is no patterr relating lack of democracy and
political orientation. While Argelia, China, Egypt and Tunisia are left-wing autocracies,

Indonesia — a zero-democracy nation as well—is a right-wing regime.

The pattern of co-variation between institutional variables is further examined in
table 1.2, which presents correlations in the sample. As expected, autocracy and

democracy are highly correlated among themselves, and with their components. For this
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reason, autocracy and democracy should not be in the same regression specificaction, and
should be excluded if the components are in; otherwise, multi.cllincarity is likely to arise.
The democracy components are also correlated, but in an uncven way: while
competitiveness and operational constraints are highly correlated, there is no correlation
between institutional constraints and political participation. Finally, neither centralization

nor pelitical orientation show high correlations with other variables.

3.3 Sample selection and empirical specification

The empirical analysis reported in this chapter was performed on annual data of
fourteen oil producing countries in a 26 year period (1970-1995). The fourteen countries
in the sample are chown in figure 1. Three criteria were applied on its selection®'. First,
they had to be exporters of a non-trivial amount of its oil production (20 percent or more).
This meant excluding large oil producers -like Canada and the U.S.—that are not
important exporters and reducing the number of observations for some others to avoid the
years in which the coutry did not met the status (examples are Mexico, Norway and the
U.K. in the early 1970s). The second criteria was to exclude nations suspected to have the
ability to consistently affect the international price of crude oil by themselves. The
purpose of this requiremcnt is to avoid those countries for which an oil shock may not be
truly exogenous. The main concern here was Saudi Arabia, but also Irak, Iran and Kuwait
were excluded. Finally, data availability problems on public finance figures also limi‘ed

the number of nations.

The basic model specification is a regression in which the dependent variable is

the first difference of a fiscal policy variabic, and the regressors include both a measure of

the oil shock and the interaction of the shoclk with one or more of the institutional

3! Country selection closely follows Chapter 2, where a more detailed discussion can be found.
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variables. By adding the interaction term we can test the null hypothesis of no significant
differences in the fiscal response between governments with different institutions by
looking at the significance of the interaction coefficicut. Formally, the regressions are of
the form:

(1 AF, = AW, + 7, X

itttV X, + QAW,I,J.,+...+6;‘AVl’,.,1“,

where AF;, is the change of the fiscal policy variable in question in country i at year f,
AW, is the oil shock, X; is a m-vector of control variables and I, is a k-vector of
institutional variables (which were all normalized into a 0-1 scale). The null hypothesis of
interest is that the coefficients on the interactions between the oil shock and the
institutional variables (parameters 0,,...0;,) are zero; the alternative hypothesis, therefore,

is that institutional and political variables do affect fiscal policy.

The variables as defined as follows:

a) Fiscal variables. Three dependent fiscal variables are studied, with the purpose of
looking at the expenditure side, the revenue side, and the overall outcome. These
varaibles are:

1) government consumption (over trend GDP),

ii) thz average consumption tax rate, measured as the ratio of consumption tax

revenue to private consumption, and

iii) consolidated central government saving, defined as current revenue minus

current expenditure (over trend GDP).

It should be noted that although variables i and ii refer each to a different side of the
budget identity, by subtracting them we do not get the budget deficit. This is because
government consumption is only a fraction of total government consumption, and

consumption taxes are only a fraction of total government revenue. The selection of these
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two indicators of fiscal policy was determined by data availability’?. Nonetheless, if there
is any effect of institutions on government consumption and on consumption tax revenue,
it is likely to show up in the overall fiscal balance as well. For this reason I have included
as a third dependent variable the consolidated central government saving, obtained from

(unpublished) World Bank data Loayza, Lépez, Schmidt-Hebbel and Servén (1998).

b) Oil shock. The oil shock is measured as:

(2) AWi = [ qie-i(pi - pr1) 1/ y*i

where g;,.; refers to lagged crude oil production in country i, p; is the price of crude oil,
expressed in local currency and y*; is trend GDP*. This measure of the value of the
shock refers only to the current “cash-flow” value of the shock, therefore ignoring the
impact of a change in current price on the value of the stream of oil revenue after year ¢.
Clearly, a full assessment of the wealth value of a price shock should be made upon oil
reserves data and expected price paths. Except for the case in which the prices are
expected to fully revert to their previous level in the immediate next year (no persistence
at all), the cash-flow measure of the shock is likely to under estimate the wealth effect of
an oil price change. In chapters 1 and 2 I built several present discounted value (PDV)
measures of the oil shocks and used them to assess the fiscal response of countries. Here I
report only the cash-flow measure due to three reasons. First, the focus here is not on the
absolute size of the oil shock coefficient, but on the significance of the interaction of the
shock and the institutional variables, as well as on the size of the interaction effects
relative to the size of the shock coefficient. Second, the cash flow measure needs no

assumptions about oil price expectations, a controversial topic [see Chapter 1]. Finally,

32 The source of private consumption, government consumption and GDP information is national accounts
data (through the IMF’s International Finance Statistics); consumption tax revenue was obtained from the
Government Finance Statistics Yearbcok (GFS).

33 Currency conversion was made through a purchasing power parity exchange rate, assuming PPP
equilibrium in the year 1970
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the results using PDV measures (which I do not report here) are basically the same,
except for the size of the estimates; this is confirmed by the findings in Chapter 2, where
the use of alternative assumptions about the expected stochastic process of the price of oil
makes little difference on the observed pattern of the fiscal response to oil shocks. Table
2 shows the average extreme and average values of the cash-flow shocks for each

country.

c) Control variables. If oil shocks are truly exogenous, they are likely to be orthogonal to
the rest of the variables affecting expenditure and taxation policies. If this is the case,
controlling for other factors affecting fiscal policy should not have an effect on the
coefficients. In fact, the estimates of the shock and interaction coefficients are quite
robust to alternative sets of controls. Nonetheless, I report the estimates obtained with the

following set of controls:

i) Lagged change in the dependent variable.

ii) Lagged change in output gap, defined as the ratio of actual GDP to trend-GDP.
iii) A dummy variable for wars and major natural catastrophes.

iv) A dummy variable for election years.

v) A constant (not reported).

iv) Fixed country-effects, in some specifications (the country coefficients are not

reported).

3.4 Results

Tables 3 through 8 present the coefficient estimates of particular specifications of
model (1). The first two tables (3 and 4) show regressions where the expenditure variable

(government consumption) is the dependent variable. Then, tables 5 and 6 show the
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estimated coefficients of regressions where the dependent variabie is from the revenue
side — the consumption tax rate. Finally, tables 7 and 8 show the estimates of
specifications where government saving is on the left-hand side. I first discuss the results
of the expenditure regressions. Table 3 shows OLS estimates of regressions including
shock interactions with the institutional and political variables. The standard errors
reported are robust to heteroskedasticity. Column 1 shows the benchmark estimates,
obtained without institutional interactions. The shock coefficient is positive, significant
and quantitatively very similar to the obtained in Chapter 2% It implies that five cents on
the oil shock dollar are spent on increased government consurnption. Lagged change in

the output gap and catastrophes are also significant and positive.

Columns II to VII in table 3 focus on autocracy, democracy and their components
individually. It should be noted that all coefficients have the expected sign. However,
only the coefficients on the interactions with autocracy (I) and with competitive access to
power (IV) have small enough standard errors as to reject the null hypothesis of no effect
of institutions on expenditure policy. These results imply that the more autocratic a
government is, the smaller the expenditure response is to an oil shock. Accerding to the
point estimate in column I, a fully autocractic government (a 10 in the scale) increases
expenditure in only a third of what a non-autocrat (0 in the scale) does. Column VII
shows the coefficients of the four components of democracy obtained jointly. These
coefficients, which differ change in a significant way from those in the previous columns,
are very likely affected by severe multicollinearity. Although the institutional variables
are not all highly correlated, once they are interacted with the shock the correlation

among them rises, increasing the likelihood of colinearity among the regressors.

Column IX to XI show estimates of the interactions of the shock with
centralization, “quality-of-institutions” (ICRG) and political orientation. The coefficient

of ICRG and political orientation have the correct sign, whereas centralization is

3 Results are not identical due to slight changes in the sample and differences in the controls used.
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negative. Only political orientation is significant. The point-estimate of the political
orientation interaction coefficient in column IX suggests that left-wing governments
increase expenditure after an oil shock more that five times of what right-wing
governments do. Column XII presents a specification that includes both autocracy and
political orientation. Both interactions are nearly significant; the coefficient on autocracy
is very similar, and the coefficient on political orientation is larger. Finally, columns XTI
and XIV show two specificaction with several institutional variables estimated jointly. As
in column VIII, the large differences in the magnitude of the coefficients, as well as the
considerably larger standard errors, indicate these regressions are plagued by

multicollinearity.

In summary, the results reported in table 3 indicate that the null hypothesis of no
effects of institutions on fiscal policy is clearly rejected. In particular, autocracy and
political orientation appear to be the most important factors. It is interesting to note at this
point that in country-by-country regressions in Chapter 2 I found that the nation whose
response more closely follows the normative model is Indonesia. Looking at table 1 we
can see that Indonesia has been governed by a long-lasting highly autocractic right-wing
regime. About the components of autocracy/democracy, column IV shows that in
countries where access to power is competitive public consumption increases nearly two
thirds more than countries in which executive recruitment is not competitive. Political

opportunism and a dynamic common pool problem are both candidate explanations.

Table 4 shows the same specifications as table 3, except for the inclusion of fixed
country effects. Given the lack of within country variation of the institutional variables,
this approach is likely to obscure the effects of institutions. In general, this is confirmed
by larger standard errors. Nonetheless, the autocracy and political orientation interactions

still have small standard errors, therefore strengthening the results form the OLS
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regressions. In similar fashion, the interactions with competitive access and institutional

constraints are significant.

In tables 5 and 6 the dependent variables shifts from the expenditure side of the
budget to the revenue side using the average consumption tax rate as the left-hand side
variable. It should be noted that the sample has been reduced from the previous tables due
lack of data. Algeria, China and Nigeria do not appear anymore, and the available years
for other countries are fewer. In Chapter 2 I found that the fiscal response to oil shocks is
heavily biased toward expenditure, implying little or no response at all from the non-oil
tax side. Column I in table 5 confirms this result: while the shock coefficient has the
expected sign, it is small and non-significant. Column II, however, shows that the
interaction of autocracy is negative and significant. The implication is that autocracies do
cut taxes in the aftermath of oil windfalls. Unfortunately, this result disappears when
other variables are included, or when fixed country effects are considered, as in table 6.
The rest of the results in tables 5 and 6 show that the individual components of autocracy

and democracy have little or no explanatory power.

Combined, the results in tables 3 through 6 suggest that the institutional variables
considered here are useful to explain cross-country differences in the magnitude of the
expenditure response, but not to explain the expenditure bias —that is, the lack of response
in the tax revenue margin. In general it appears that autocratic regimes show more
moderate spending expansions after oil windfalls, suggesting that both political
opportunism and dispersion of power may play a role in the making of fiscal policy in
democratic nations. Moreover, the governing ideology also appears to influence the
strength of the expenditure response. While the dependent variables in tables 3-4
(government consumption) and tables 5-6 (consumption taxes) are far from being the
only elements in the budget identity, still the pattern revealed so far should be reflected in
the budget balance. In order to explore this issue tables 7 and 8 present the estimates of

regressions where the dependent variable is government saving.
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Tables 7 and 8 show that most of the institutiona! interactions have the expected
sign, but most of them have relatively large standard errors. As expected, the more
autocratic a government is, the larger the response of government saving after a windfall
(column II), whereas competitive access to power (IV) and institutional constraints on the
executive (V) appear to reduce government saving. The coefficient on political
orientation (XI) is positive, suggesting that left-wing governments tend to save less after a
shock; however, the standard error on the coefficient is not small enough to reject the null
hypothesis. The rest of the columns in table 7 refer to specifications where more than one
interaction is included. Column XII shows that the effect of autocracy remains constant
once we control for political orientation; the rest of the specifications suffer from the

multicollinearity problem discussed above.
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3.5 Conclusions

The findings of this chapter suggest that democratic governments have a tendency
to over-spend. Although the results shown above do suggest that the lack of political
competition and the concentration of power that prevail in autocracies may contribute to a
less myopic and more responsible policy, a generalization can not be made. In first place,
the evidence presented here is based upon a relatively small sample: only 14 countries
over 25 years. Much more evidence is needed. Second, the fiscal policy dependent
variables I used may draw a partial picture given its limited scope. Unfortunately, limited
availability of data forbids the use of wider measures of fiscal expenditure and taxation
policies. Finally, the institutional descriptors I employed are probably too wide to focus
on the specific mechanisms at work. Developing variables that describe in detail the rules
and institutions that govern the making and implementation of the public budget® is a

necessary condition to understand the determinants of fiscal policy.

The main conclusion of this chapter is that institutions and politics matter. If this
factor is not included in the analysis of fiscal policy, economists work in a vacuum. From
a normative perspective, the relevant issues are not only about which policies are better,
but about the workings of the institutions that will put them in practice. If democratic
governments have indeed a tendency to over-spend, the case for budgetary procedures
and ruies designed to counteract this effect — like balanced-budget rules or a strong

finance minister — becomes stronger.

35 von Hagen (1992) for the European Communities and Alesina (et. al.) for Latin America are two
pioneering steps in this direction.
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Table 1.1 Descriptive statistics of institutional variables

Variable Autoc. | Democ.| Comp |Ins. Con.|Op. Con.| Part. Cent. ICRG | Pol. Or.

Scale 0-10 0-10 1-3 1-5 1-7 1-5 1-3 1-6 13

Argelia Mean 7.9 0.3 1.0 1.8 1.1 1.2 1.0 2.6 3.0
Std. Dev. 2.3 (1.0) ©.5) ©.7) (0.3) ©.7 (0.0) ©4) (0.0)

Obs. 26 26 26 26 26 26 26 14 2

China Mean 7.0 0.0 1.0 3.0 3.0 1.0 1.0 3.0
Std. Dev. (0.0) (0.0) 0.0) (0.0) 0.0) (0.0) 0.0) 0.0)

Obs. 14 14 14 14 14 14 14 0 14

Colombia Mean 0.0 8.1 2.8 1.4 6.3 4.0 1.0 2.7 1.8
Std. Dev. (0.0 ©.7) 04) 0.5) (0.5) (0.0 0.0 ©.1 (04)

Obs. 18 18 18 18 18 18 18 10 18

Ecuador Mean 1.5 6.2 21 1.0 5.1 34 1.0 34 1.8
Std. Dev. 2.3) @.1) (1.4) (0.0) @ 0.9) 0.0) ©.) ©.1

Obs. 24 %4 % % 24 24 %4 14 %

Egypt Mean 52 0.0 1.0 1.0 3.0 2.0 1.0 2.5 3.0
Std. Dev. 04) (0.0) (0.0) 0.0) (0.0) (0.0) (0.0 (0.8) (0.0)

Obs. 19 19 19 19 19 19 19 14 19

Indonesia Mean 7.0 0.0 1.0 1.0 20 2.0 1.0 1.7 1.0
Std. Dev. (0.0) (0.0) (0.0 (0.0 (0.0) 0.0) (0.0) (1.0) (0.0)

Obs. 2% 26 26 2 26 26 26 14 26

Malaysia Mean 0.4 8.0 3.0 3.0 10 3.0 3.0 4.0 2.0
Std. Dev. ©.5) (0.0) 0.0) 0.0) (0.0) 0.0) (0.0) (0.6) 0.0)

Obs. 20 20 20 20 20 20 20 14 20

Mexico Mean 4.0 1.0 1.0 1.0 3.0 3.0 3.0 3.0 1.3
Std. Dev. (0.0 (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) 0.2) ©.5)

Obs. 18 18 18 18 18 18 18 14 18

Nigeria Mean 56 17 0.6 2.6 23 1.6 2.1 1.9 2.0
Std. Dev. 2.4) G2 (1.2) 0.8) (2.4) 0.8) (0.6) (0.6) 0.0)

Obs. 26 26 26 26 26 26 26 14 26

Norway Mean 0.0 10.0 3.0 3.0 7.0 5.0 1.0 5.8 1.8
Std. Dev. (0.0) 0.0 0.0) 0.0) (0.0) (0.0) (0.0) 0.2) (0.4)

Obs. 20 20 20 20 20 20 20 14 20

Trinidad & Tobago Mean 0.0 8.2 3.0 3.0 7.0 3.2 2.0 3.2 22
Std. Dev. (0.0) 04) (0.0) (0.0) (0.0) 04) ©9 0.2) (04)

Obs. 26 2 2 26 26 26 2% 14 26

Tunisia Mean 73 0.1 1.0 1.0 1.7 1.7 1.0 2.9 3.0
Std. Dev. 1.9) ©0.3) 0.0) 0.0 (1.0) 0:6) 0.0 0.3) 0.0

Obs. 26 26 26 26 26 26 26 14 26

United Kingdom ~ Mean 0.0 10.0 30 3.0 10 5.0 1.0 5.5 1.0
Std. Dev. (0.0) (0.0) (0.0) 0.0) 0.0) 0.0) (0.0) ©3) (0.0)

Obs. 14 14 14 14 14 14 14 14 14

Venezuela Mean 0.0 8.8 3.0 1.0 6.0 438 3.0 3.2 1.6
Std. Dev. (0.0) 04) (0.0) 0.0 0.2) 04) 0.0) 0.3) (0.5)

Obs. 26 26 26 26 26 2 2 14 26

Countries without variation 8 7 10 11 8 8 12 1 8




Table 1.2 Correlations between institutional variables

Significance levels in parenthesis

Autoc. | Democ. | Comp |Ins. Con.|Op. Con.|] Part. Cent. | ICRG | Pol. Or.
Autoc. 1.00 [
Democ. -0.94 1.00
(0.00)
Comp -0.90 0.96 1.00
(0.00) | (0.00)
Ins. Con. 023 0.30 0.20 1.00
(0.00) | (0.00) | (0.00)
Op. Con. -0.95 0.96 0.95 0.30 1.00
(0.00) | (0.00) { (0.00) | (0.00)
Part. -0.90 0.89 0.83 0.06 0.83 1.00
(0.00) | (000) | (0.00) | (0.33) | (0.00)
Cent. -0.36 0.29 0.28 0.04 0.30 0.27 1.00
0.00) | (0.00) | (0.00) | (0.50) | (0.00) | (0.00)
ICRG -0.61 0.66 0.59 0.51 0.62 0.70 -0.06 1.00
(0.00) | (0.00) | (0.00) | (0.00) | (0.00° | (0.00) | (041)
Pol. Or. 0.40 037 -0.29 0.04 033 | -051 024 | -024 1.09
_(0.00: 1 (000 | (000 )




Table 2. Size of the oil shocks

"Cash-flow" shock as percentage of trend GDP

Average Average Largest  Largest
positive  negative  positive  negative

Argelia 6.0% -2.5% 38.7% -25.6%
China 0.1% -0.1% 0.7% -0.5%
Colombia 0.6% -0.2% 2.5% -1.7%
Ecuador 3.0% -1.5% 17.0% -16.0%
Egypt 2.0% -1.5% 10.9% -11.4%
Indonesia 3.2% -1.1% 20.0% -11.0%
Malaysia 1.4% -1.0% 8.0% -8.0%
Mexico 1.3% -1.2% 8.2% -9.0%
Nigeria 4.5% -1.5% 29.7% -15.6%
Norway 1.3% -1.2% 1.3% -8.5%
Trinidad & Tobago 8.4% -3.8% 50.7% -36.7%
Tunisia 1.5% -0.7% 9.4% -6.9%
United Kingdom 0.2% -0.5% 0.7% -3.1%
Venezuela 5.8% -2.0% 33.0% -19.1%

Mean* 2.1% -1.0%
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