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Chapter 1

Introduction

Abstract

In this chapter I present the objective of the dissertation and give an overview of the
contents and the contributions of the chapters to follow. I discuss alternative
definitions of the term political uncertainty and how political uncertainty may be
analyzed.
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1 Objective
My objective with this dissertation is to examine how political uncertainty', and especially

uncertainty regarding expropriation and taxation, influences the value of real investments and

investors' optimal decision making when managing these investments. Even though the

results presented are applicable to real investments in general, I have as a rule focused on

natural resource investments and investments in oil fields in particular. Besides being an

important sector by itself, the natural resource sector has the advantage that the finished

products often are traded on international commodity exchanges. This facilitates the use of

the contingent claims methodology when evaluating the investments, and in particular when

pricing the future sales revenue from the investment. Hopefully, the analyses presented in

this dissertation will capture the essence of the problem, and give insights into how political

uncertainty affects the value of assets and optimal decision making.

2 PoliticalUncertainty
The uncertainties studied in this dissertation belong mainly to the class of political

uncertainty. At a more generallevel, one might ask what political uncertainty is, and what it

is not. Jodice (1985) delineated political risk from other types of risk by stating:

"Political risk is distinguished from the customary economic risks of business
(marketing competition, availability of inputs) including macroeconomic trends that
affect business performance; and risk arising out of social changes (labor, unionism,
feminism, race relations) that are not an output of the political system. Of course, at
the margin, these putative economic and social factors may be political products (i.e.
laws governing collective bargaining) and at that point the distinctiveness of political
risk disappears. The interrelationship of these factors has inclined practitioners to
speak of country risk. Either way, one has to look at the political process in order to
shape judgements about the likelihood of nationalization or expropriation or changing
administrative behaviour."

l In Knight (1921) a distinction is made between risk and uncertainty. Risk refers to situations where
probabilities can be calculated, and uncertainty refers to situations where probabilities cannot be calculated. I
will not differ between these terms. As a rule I will use the term uncertainty. I use the term risk when it is
natural in the context, e.g., when established terms, like "country risk", are used.
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The almost all-encompassing meaning of the term political was also noted by Lax (1983),

"The adjective political carries a host of meanings. In its most narrow usage, it
denotes the organizational and decision-making process of governments. At its
broadest, the term can be used to encompass virtually all the interactions between the
units in a system (for example, people in a country or states in the international
community). To avoid the pitfalls of being either encyclopedic or myopic in scope,
we shall treat the term political as referring to the class of decisions and events that
concern the authoritative allocation of values and resources or that otherwise involve
issues of legitimacy, authority, or the use of force."

The quotations from Jodice (1985) and Lax (1983) are in the tradition ofpolitical science, and

not specifically offinance theory. In the political science tradition I also cite Jodice (1985)'s

definition of political risk, which concerns foreign investments.

"Changes in the operating conditions of foreign enterprises that arise out of political
process, either directly through war, insurrection, or political violence, or through
changes in government policies that affect the ownership and behaviour of the firm.
Political risk can be conceptualized as events, or a series of events, in the national and
international environment that can affect the physical assets, personnel, and operation
of foreign firms."

A point worth commenting on is the distinction between political stability and stability in

policy. A country may have an unstable political climate with frequent changes of

government, but still have a stable regulatory environment for investments. On the other

hand, a country may be politically stable, but change regulations affecting investments

frequently. In this paper I focus on situations where the policy regulating the investment may

change, i.e. instability in policy.

Political uncertainty may be grouped into three categories, which are:

1. Uncertainty in regulatoryframework, such as taxes, legal protection of property

rights, safety regulations, and other regulations based on one or several nations'

official authority.

2. Uncertainty related to behavior from the state, or politically controlled companies, in

the market place. An example ofthis is uncertainty regarding the volume of oil
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produced by OPEC or by Saudi Arabia.

3. Uncertainty caused by political conflict. This category includes external or internal

war, or other types of major upheavals affecting investments. Examples of such

upheavals are social unrest and the fall of communism,

Political uncertainty increases the complexity when analyzing investments. Factors, which in

more stable environments usually are treated as parameters, are turned into variables. Even if

one abstracts from the complexity and concentrates on one variable, which represents

political uncertainty, the question is the same: ''Which regulatory regime for the investment,

or political conditions affecting the investment, will be in place?" It is the qualifying term

"political" which makes political uncertainty different from other types of uncertainty. In this

dissertation, and in most formal analyses in finance theory, the situations studied are

simplified so there is little doubt concerning what the political uncertainty is. The focus of

the analysis determines how political uncertainty is included in the formal analysis. The

political uncertainty belonging to the three categories are created by decisions made by

governments, state companies, opposition groups, or other "political" decision makers. One

can say that political uncertainty is created by uncertain political decision making. One way

of categorizing analyses involving political uncertainty is according to the level of detail in

the modeling of the political decision making process, and to the extent, measured in number

Many

Thefocus is on Analyses with
the effect of high relevance,
interaction be- but often too
tween regime complexfor
variables analytical clarity

Analyses Thefocus is on a
focusing on the realistic
effectof description of
uncertainty political decision

making

Few

Low High

Level of specification of political
decision making is -

Figure 1 Focus of analyses including political
uncertainty .
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of regime variables, political uncertainty is included in the analyses. See Figure 1. The need

for clarity usually necessitates that one can expand the analysis in one of the dimensions only.

In this dissertation I study mainly the effects of political uncertainty on real investments. The

three categories cover most of what might be termed political uncertainty related to

investments in real assets. With a different focus, the term political uncertainty may have a

somewhat different, but related, meaning. If the focus is, e.g., to study political uncertainty

related to valuation of mainly fmancial assets, such as stocks and bonds, the term political

uncertainty would probably in most cases be used in connection with the possiblility of

shocks in the financial markets caused by some kind of "political event", e.g., a war or a

revolution".

Tax rates, indicator variables for the event of expropriation, and other regime variables are

determined by governments. In this dissertation I use different approaches when modeling

the dynamics of the regime variables. In chapter three and four, the regime variables are

exogenous, whereas in chapter five the government's decision making is determined as a part

of the solution. These approaches complement each other when trying to understand the

effect of political uncertainty on optimal decision making and the value of investments.

3 Overview of Chapters
In addition to this introductory chapter, the dissertation consists of four chapters. I have

2 When studying such shocks in financial markets, an important question is whether a risk premium is
required for assets influenced by political uncertainty. While political uncertainty related to one or more nations
vital to the world economy may be considered as systematic, political uncertainty. in a given country not vital to
the world economy is probably not. To an internationally well diversified investor holding a large portfolio of
stocks from many countries, this specific uncertainty may be considered to be diversifiable. In this respect,
political uncertainty would be comparable to other types of non-systematic event uncertainties, like. e.g., the
probability of a technical break-down or the probability of fire in a factory.

Political uncertainy may, however, be different from these types of uncertainties. Inmany situations the
probability of a given event, or shock, may vary considerably over time. The level and the dynamic behavior of
the political uncertainty is especially important in relation to the timing of investments. This is especially true
when the investment is irreversible. As an example, related to oil investments, by including the value of optimal
decision making related to when to invest, when to temporarily close down production, or when to abandon the
oil field, the value of the investment opportunity may be considerably increased as compared to value if no such
decision making were taken into account.
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aimed at making each chapter self contained, and there is therefore some overlap in contents

and discussion of issues. The aim has been to use consistent notation in the dissertation, but

because the chapters' contents and methodological approach vary this has not been

completely obtained. The use of symbols and notation therefore vary between the chapters. I

have provided lists of the most frequently used symbols as appendices to chapters three, four,

and five.

I start in chapter two by reviewing selected literature relevant to investors' optimal decision

making in the presence of political uncertainty. My search for literature revealed that there is

no homogenous body of literature related to valuation and decision making under political

uncertainty. It seems that at the end of the sixties and in the seventies the focus was on

analyzing and predicting events like expropriation and wars. The majority of analyses were

primarily not in the main stream of finance or financial economics, but more often in the

political science tradition. The review is primarily limited to literature explicitly dealing with

the problem of asset valuation under political uncertainty, and investors' decision making

implied from the solution to such valuation problems. In the introduction to the review, I

discuss general principles for analyzing political uncertainty in a formal way, and the meaning

of frequently used terms like country risk. I summarize the reviewed articles, and suggest

future research. Political uncertainty can broadly be analyzed in two ways, by explicitly or

implicitly including political uncertainty in the analysis. The simplest way is to look at

irreversible regime shifts. Some situations, like expropriation or default, are suited for

models with binary, irreversible regime shifts. In one-period models there is no distinction

between reversible and irreversible regime shifts. In an implicit modeling of political

uncertainty, it is assumed that total uncertainty includes political uncertainty. In such

approaches, there is a lack of specification when the effect of increased political uncertainty is

analyzed. The review chapter serves as a background for the following chapters, but I also

hope it may serve as a reference or starting point for other financial economists interested in

the topic.

In chapter three I address analytical and empirical issues related to the use of suitable risk

indices in the evaluation of investments affected by political uncertainty. I suggest a method
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whereby an unobservable state variable, governing the type of policy regime, can be deduced

from the risk indices. I show how this approach can be combined with the contingent claims

approach to price assets influenced byevents where the probabilities of the events are

functions of risk indices. I derive a set of closed-form valuation formulas which may, e.g., be

used to evaluate political risk insurance contracts and the value of investments under

expropriation risk. For a set of risk indices I also show how relevant parameters in the

indices' evolutionary equations may be estimated. To my knowledge, this is the first attempt

to include risk indices directly in the valuation of investments by using the contingent claims

methodology.

Whereas I in chapter three explain how risk indices can be used when evaluating investments,

chapter four may be regarded as an example of how this approach can be used when

analyzing specific problems. Occasionally situations arise where the operating conditions or

the regulations applying to an investment williargely depend on the outcome of events taking

place at a fixed future date. Examples of such "watershed events" are the first all-racial

election in South Africa and the hand-over of rule of Hong Kong from Great Britain to China.

In chapter four I study the investor' s incentive to wait until the date when the uncertainty is

resolved when there is a possibility of deferring the investment decision today until this future

date. I consider specifically the situation where either the numerical value of a royalty rate, or

an expropriation, will be determined at a future date. For a set of examples I show that the

incentive to wait in case of political uncertainty may be lower than the case with no political

uncertainty if the correlation between the risk index and the cash flow from the investment is

negative. It is therefore not necessarily so that increased political uncertainty will increase the

incentive to wait. This fact has been noted by other authors, but I am able to model this in a

new way due to the results developed in chapter three.

A government' s lack of credibility when promising future taxation and regulation of foreign

direct investments, is often regarded as an obstacle to foreign investment. As shown in

chapter five, the totallack of inter-period credibility does not necessarily prevent investment

from taking place. If the government in the host country is not able to undertake the

investment activity itself, both the government and the investor can benefit from negotiating a

7



series of agreements where the investor gets a share of the revenue generated from previous

investments against making new investments. This assumes that intra-period agreements are

respected by the parties. Based on an example, the conclusion is somewhat different than one

might expect. The investor' s utility from the investment, or net present value, when

considering to invest in a country with intra-period credibility only is never lower than the

utility from a similar investment opportunity in a country with inter-period credibility. I also

consider the effect of the investor' s possibility to defer production, or investment, on the

investor' s utility from the investment. Based on an example, I show that increased flexibility

to defer decisions does not necessarily increase the value of the investment project.
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Chapter2

Asset Valuation and Investors' Optimal Decision Making in the Presence of

Political Uncertainty: A Review of Selected Literature

Abstract

In this chapter I review selected literature relevant to investors' optimal decision
making in the presence of political uncertainty. The review is limited to literature
explicitly dealing with the problem of asset valuation under political uncertainty, and
with investors' decision making impliedfrom the solution to such valuation problems.
Political uncertainty can broadly be categorized in three groups: uncertainty in the
regulatory frameworkfor investments, uncertainty related to behavior from state or
govemmental market participants, and uncertainty caused by political conflict. In the
introduction to the review, I discuss general principles for analyzing political
uncertainty in a formal way, and the meaning of frequently used terms like country
risk. I summarize the reviewed articles, and suggest future research.
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1 Introduction
In this chapter I review selected literature analyzing effects of political uncertainty' on asset

values and on investors' optimal decision making.

I will distinguish between three categories of political uncertainty:

1. Uncertainty in regulatoryframework, such as taxes, legal protection of property

rights, safety regulations, and other regulations based on one or several nations'

official authority.

2. Uncertainty related to behaviorfrom the state, or politically controlled companies, in

the market place. An example of this is uncertainty regarding the volume of oil

produced by OPEC or Saudi Arabia.

3. Uncertainty caused by political conflict. This category includes external or internal

war, or other types of conflicts affecting investments.

When considering political uncertainty in general, some comments are appropriate regarding

how this type of uncertainty can be included in formal analyses. Perhaps the simplest

approach is not to specify the political uncertainty per se, but to assume that the political

uncertainty is included in the total uncertainty of an investment. As an example of this,

consider the uncertainty in the oil price. In the real options literature, the oil price, S, is

assumed to develop according to a pre-specified process, such as a geometric Brownian

motion with constant parameters of the form

(1)

where a and a are constants, and where dBt is the increment of a standard Brownian

motion.

l In Knight (1921) a distinction is made between risk and uncertainty. Risk refers to situations where
probabilities can be calculated, and uncertainty refers to situations where probabilities cannot be calculated. I
will not differ between these terms. As a rule I will use the term uncertainty. Ifthe term risk is used in the
referred literature, I will do the same. Risk is also used when treating established terms, like country risk.

11



I.~
Binary.!!

oQ.~
lo.~:;a.
".§

Multi-bo

"et: state

Which regime Will a regime
will be in place? shift occur?

Which regime Which regime
will be in place? will be in place?

The uncertainty in the oil price captured by such a process reflects total uncertainty, including

political uncertainty. For the oil price, all the three types of political uncertainty is clearly

relevant as explanatory variables. The role of OPEC and the effect of political conflicts in the

Arab Gulf has clear implications for the oil price. Type 1 uncertainty, like the possibility of

introduction of a tax on fuel in the USA, does also influence on the oil price. Increased

political uncertainty can then be included in the analysis by increasing the uncertainty in the

stochastic process for the oil price, which is achieved by increasing the volatility, i.e., the

numerical value of (J •

Reversible Irreversible

When the political uncertainty is included explicitly in a formal analysis, it must be done in

such a way that it captures the essence of the situation being analyzed. The specific inclusion

ofpolitical risk is often done in the form of regime shifts. The simplest regime shift models

are the "either-or" models, of which the irreversible shift models are the most simple. As an

example, consider a single variable X which is determined by political decision making, and is

thus assumed to capture the political uncertainty. If X describes an "either-or" situation, X

will be a binary variable, with possible numerical values Xo and Xl' If the regime shift is

irreversible, and Pt,s is the time t probability that Xl will be in place at a future date s» t, the

Regime shift is -

Figure 1.1 Main question capturing the political
uncertainty
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Figure 1.2 Focus of analyses including political
uncertainty .

political uncertainty regarding the future value of x is then characterized by Pt,s' xo' and

Ax =x} - xo' The uncertainty is highest when Pt,s =0.5, and the dispersion is increasing with

increasing IAxl. Many real-world situations can be analyzed within such a model. The best

example is perhaps expropriation of an investment, or the non-payment of a loan. In these

situations the question capturing the uncertainty is "Will a regime shift occur ?". Inmore

complex models, the question is which type of regime will be in place at a certain date, and

how the regimes will vary during a time period. In such models, it is not obvious what is

meant by the term "increased political uncertainty'".

The focus of the analysis also determines how political uncertainty is included in the analysis.

We see that the three types of political uncertainty are created by decisions made by

governments, state companies, opposition groups, or other "political" decision makers. One

can say that political uncertainty is created by uncertain political decision making. One way

of categorizing analyses involving political uncertainty is according to the level of detail in

the modeling of the political decision making process, and to the extent, measured in number

shifts.
2 See page 30 for a discussion of increased uncertainty when a Poisson process governs the regime
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of regime variables, political uncertainty is included in the analyses. See Figure 1.2. The need

for clarity usually necessitates that one can expand the analysis in one of the dimensions only.

At a generallevel, it is also worth pausing to consider the meaning of uncertainty in a formal

model. The absence of political uncertainty, i.e., political certainty, does not imply that the

regime variable will not change. Assume that the cash flow from an investment at a given

time t, 1tt, is modeled as a function of a set of state variables at time t, x., a set of decisions

the investor can make, gt' and a set of constants K,

(2)

Going from the certain to the uncertain case involves moving the tax rate from K to x.. This

means increasing the number of state variables, or the dimension of uncertainty. The total

dispersion in 1t t is a result of all three factors, but uncertainty in 1t t is usually linked to

exogenously specified uncertainty in the set of state variables x, Take as an example

uncertainty in a tax-rate. At a given time the investor is not certain which tax rule will apply

at a future date. If the tax rate is a deterministic function of x" time, or the investor's

decisions, the numerical value of the tax rate will change over time. In this case the tax rate

does not however increase the dimension of uncertainty. In this paper I will mainly study

literature where the uncertainty about political decisions increases the total dimension of

uncertainty. This mean that I do not include literature about valuation and decision making

under politically determined constraints.

One way to measure risk is by using ratings, or indices'. A rating, or index, is generallya

rule, or function, "', which to a set of characteristics in a set H assigns an element in an

ordered set "P. In case of a risk rating, the risk is assumed to increase, or decrease, with the

number in the order of the elements in "P. Country risk indices measure the risk for foreign

investors when investing in a given country. The term country risk is primarily used in cross-

border lending. When the borrower is a government, the credit risk is known as sovereign

risk, or sovereign credit risk. Credit risk is the risk that the borrower will not completely

fulfill the obligations in the loan agreement such that the credit provider, or lender, suffers

3 I will not distinguish between the use of the terms rating or index.
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losses. In the literature about cross-border lending, the term country risk can be given a

precise economic content. Consider the value of a one period discount bond issued by a

government with principal 1. If the loan is fully repaid, the holder of the bond will receive I.
l

If the country will not pay in full, the bond holder will only receive a fraction k. With a

default probability of p, the probability of payment in full is (l-p),the risk free interest rate is

r, and assuming that no risk compensation is required (the probability of default is non-

systematic), the present value of the bond is given by

I IkX =-(l-p) +-p ,
o l+r l+r (3)

or

I Ikr = [- -1] (l-p) + [- -1]p ,x, Xo
(4)

where the expressions in brackets are equal to the ex post rate of return in case of full or

fractional payment, respectively. If k =0, and the ex post return in case of no default is

z == [I1Xo -1], then the spread, i.e., the default risk premium, on the bond, s, is

s=z-r=L(l+r) .
l-p

(5)

With the assumptions made, the spread is directly related to the probability of default. The

spread should then increase with an index measuring the probability of default. Such a clear

economic interpretation for country risk indices is not always the case. I have in Figure 1.3

shown how the term country risk is, and can be, used for three types of foreign investment,

lending, equity investment and foreign direct investment (FD!). When the term country risk

is used, it is often meant to measure the possibility of loss only. The borrowers are

categorized into two groups, the government and government guaranteed borrowing, and

borrowing from private companies without public guarantee. Calverley (1990) distinguishes

between country risk for sovereign risk and what he calls generalized (non-sovereign) country

risk. He defines generalized country risk " ...the risk of country-wide factors, whether
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Figure 1.3 Use of the term country risk

economic or political, affecting the credit-worthiness of private sector borrowers" (p. 189). I

have used Calverley's term, and extended the definition of generalized country risk to cover

equity investment and FDI.

Calverley continues to propose a way of assessing the generalized country risk by considering

three characteristics of the country, namely, 1) General health of the economy, 2) Stability of

policy, and 3) Political stability. General health of the economy includes such factors as the

country's debt burden, liquidity position, and macro economic management. Stability of

policy means the stability in policy towards economic management and regulation of business

activities in the country. Political instability means major discontinuities such as revolution,

civil war, or war with other countries. The use of sub-criterions, or sub indices, are a typical

way of constructing a country risk index. As an example, The International Country Risk

Guide (ICRG) rating system is shown in Table A.2 in the Appendix, and the rating criterions

for the Institutional Investor Country Credit Rating are given in Table A.l of the Appendix.

The ICRG index consists of three sub indices: Economic Risk, Financial Risk, and Political

Risk, which again consists of sub indices. Notice that the Political Risk index cannot be

related to specific risks for investments. The investment specific risk is found in the

Financial Risk index. Relating this to Calverley (1990), the Political Risk index measures
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political stability, whereas the Financial Risk index measures policy stability.

There are many ways to structure a review article on political uncertainty. One could focus

on type of uncertainty, review literature where the primary concern is policy making, or focus

on the effect on private investors. I am concerned with decision making. In rational decision

making, the decision solves a specified problem. Persson and Tabellini (1994) grouped

political decisions into two groups: those solving an explicit choice problem, and those

maximizing an arbitrary popularity function. For investors, rational decision making is often

assumed to aim at maximizing the market value of an investment. By investors' decision

making I mean such decisions as whether to invest or not, to abandon investments, close

down operations temporarily, etc. In this review I will focus primarilyon literature where

optimal decisions are implied from the solution of a valuation problem. The valuation

problem is typically to determine the market value of the investment, conditioned on the

investor' s decision making. I will, however, also include literature where valuation only is

considered.

Decision making as such is the concern of many methodological frameworks. In game theory

the behavior of rational players is analyzed in situations where the players interact. The

interaction between the players are important because one player' s behavior affects the payoff

to the other players. The concern of game theory is often to describe, or predict, the players'

decision, but not to determine the market value of the investment or decisions. I have

therefore chosen as a general rule not to include game theory in this review. However, in

stochastic games, the real options approach has been used to value investments where the

payoff is determined by the outcome of the game. As these games involve the solution to a

valuation problem, they could be included. I am not aware of any literature dealing with such

games involving political uncertainty. The literature covering political risk analysis (PRA) is

mainly rooted in the political science tradition. Subramanian, Motwani, and Ishak (1993)

categorized research in the PRA tradition into four research streams. The first category is the

definition of political risk. The second one covers normative issues such as articles

advocating the importance of the political risk analysis function. The third one contains

conceptual models for risk assessment. Category four covers current practices in PRA. The
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PRA literature is a valuable source of information when trying to assess political uncertainty,

but because I am focusing on asset valuation and valuation-induced decision making, I do not

include this tradition either.

In the introduction to his book, Merton (1990) discusses the issues covered by modem

finance theory. According to Merton, the theory covers the area of financial management of

firms, financial management of households, intermediation, capital market, micro investment

theory, and most of economics ofuncertainty. The literature I have selected is in the finance

tradition. I have chosen not to include more macro-oriented literature covering uncertainty in

fiscal and monetary policy.

The reviewed articles are listed in Tables 1.1 and 1.2. The articles are listed in chronological

order.

ARTICLE UNCERTAINTY DECISION! VALUATION**

Ekern (1971) Tax rate

Shapiro (1978) Expropriation

Brennan and Schwartz (1982a) Regulation of regulated companies

Brennan and Schwartz (1982b) Regulation ofregulated companies

Brennan and Schwartz (1985) * Expropriation

Johnson and Stulz (1987)* Default

Mahajan (1990) Expropriation

Teisberg (1993) Regulation of regulated companies

Hassett and Metcalf (1993) Tax credit

Pindyck (1993) Regulation

Dixit and Pindyck (1994), chapter Tax credit
9.2B

Teisberg (1994) Regulation of regulated companies

Claessens and Penacchi (1996) Default

Lessard (1996) Country risk including political risk

Portfolio composition

Valuation

Invest

Invest

Invest, Open, Close, Abandon

Valuation

Invest, Structure the investment

Invest, Wait, Abandon

Invest, Wait, Choose scale of
investment

Invest, Wait, Abandon

Invest, Wait

Invest, Wait, Abandon

Valuation

Cherian and Perotti (1997) Taxation Invest, Valuation

Valuation

* The asterisk means that the article is not primarily dealing with political uncertainty, but political uncertainty is
included in the analysis, e.g., as an example.
**For literature mainly concerned with valuation, I have used the term''Valuation''.
Table 1.1 Overview of reviewed literature, mainly theoretical
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ARTICLE CONTENTI MAIN ISSUE

Testing trading strategy for equity investment when using the ICRG
political risk index.

The relationship between the ICRG political risk index (and its sub-
indices) and the bid-ask spread of foreign currencies.

Brunetti and Weder (1997) Testing the relationship between measures of "institutional
uncertainty" and investment rates.

Kobrin (1978)

Pindyck and Solimano (1993)*

Howell and Chaddick (1994)

Erb, Harvey, and Viskanta (1994)

Erb, Harvey, and Viskanta (1995)

Erb, Harvey, and Viskanta (1996a)

Erb, Harvey, and Viskanta (1996b)

Diamonte, Liew, and Steven (1996)

Melvin and Tan (1996)

Relationship between political stability and flow of foreign direct
investments.

Relationship between political stability and variance in the value of
output from a country.

Test of the predictive power of three risk indices.

The economic content of Institutional Investor' s country credit rating;
application to fixed income papers.

The economic content of Institutional Investor' s country credit rating;
application to equity investments.

The economic content of five risk measures; application to fixed
income papers.

The economic content of five risk measures; application to equity
investments. .

* The asterisk means that the article is not primarily dealing with political uncertainty, but political uncertainty is
included in the analysis, e.g., as an example.
Table 1.2 Overview of reviewed literature, mainly empirical
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2 Review of Selected Literature

2.1 Regulated Companies - Rate of Return Regulation

Regulated companies are often utilities, like water works, gas providers, or electric power

plants. The task for the regulator is to set output prices such that the regulated company earns

an appropriate rate of return for the shareholders. According to Brennan and Schwartz

(1982a) two criteria are used inUSA to regulate the output prices for these companies. The

criteria are the comparable earnings standard, and the capital attraction standard. The

comparable earnings standard means that the output prices should be set so that the earnings

for the regulated company are similar to the earnings of a comparable, unregulated, firm. The

capital attraction standard means that the return should be such that the company finds it

attractive to make new investments. According to popular beliefs, both standards require that

the allowed rate of return should be set equal to the cost of capital, which is defined as the

rate of return an investor should expect to earn on investment in other firms of equivalent

risk. The implicit justification of this view is that this approach will cause the market value

of the regulated company to be equal to the value of the rate base on which the return is

allowed. The point of Brennan and Schwartz is that this approach does not take into

consideration the regulatory uncertainty. They define (on page 509) a consistent regulatory

policy as " ..a procedure for determining the holding of a rate hearing and setting the allowed

rate of return at the hearing such that, when properly anticipated by investors, the procedure

causes the market value of the regulated firm to be equal to the value of the rate base at the

time the hearing is held."

In the article, they studied the effect of rate of return regulation of the return x on a firm' s rate

base B. Note that B is generally not the market value of the rate base, but reflects the level, or

size, of the rate base. The return x follows an Ito process of the form

dx = jl(x)dt + a(x)dz , (6)

where dz is the increment of a Brownian motion. The instantaneous earning rate is xB.

With a net payout rate to the owners of p(x), the increase in the rate base B is given by

dB =(x -p(x))Bdt . (7)
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The regulatory policy is defined as a rule for holding a regulatory hearing, represented by an

instantaneous probability that the hearing will be held during the next increment of time,

1t(x), and a rule for determining the outcome of the hearing, x *(x). x *(x) is the allowed

rate of return on the rate base. The market value of the firm, F(x,B), is determined in a

general equilibrium modellike in Cox, Ingersoll and Ross (1985), but where jumps governed

by a Poisson process are added. In the appendix, they state the assumptions, which are:

1. The investors have time-additive von Neuman-Morgenstern utility functions. The

utility functions are logarithmic, and defined over the rate of consumption of a single

consumption good.

2. There are no taxes or transaction costs in the economy, trading takes place

continuously, and the market is always in equilibrium.

3. The state of the economy is completely described by aggregate wealth and an s-

dimensional vector of state variables whose behavior is governed by a system of

stochastic differential equations, which are a combination of a standard Gauss-Wiener

process and a Poisson process.

In this model all financial assets must satisfy a fundamental partial differential equation. For

the regulated company, this partial differential equation is

1'202(x)F xx +J.l(x)F x +(x-p(x))BFB +p(x)B +1t(x)[F(x *(x),B) - F(x,B)] =rF +Ao (x)F x • (8)

The left hand side of (8) is equal to the expected return on the market value of the frrm. The

first three terms reflect the expected return due to the changes in x and B, the fourth term is

the net dividend to the owners, and the fifth term reflects the effect of regulation. The right

hand side of (8) is the required return in market equilibrium, where r is the constant risk free

interest rate and Ao (x) is the covariance between changes in x and the rate of return on

aggregate wealth. An increase in A means that the systematic risk increases".

4 In equilibrium the excess expected return on asset i is equal to the covariance between the rate of
return on asset i and the rate of return on aggregate wealth, i.e., a I- r = (J I,w' The required rate of return for asset
i is then: a 1=r +A (J I' where A is the standard deviation of the rate of return on aggregate wealth multiplied by
the correlation coefficient between the rate of return on asset i and the rate of return on aggregate wealth.
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After having established (8), Brennan and Schwartz define a new variable, y(x) == F(x,B)IB ,

which they name the normalized value of the firm. We see that the normalized value of the

firm is equal to the market value of the firm, given the current rate of earning and the level of

the rate base, divided by the level of the rate base. Equation (8) is then reformulated by

inserting y(x),

~ 02(X)yxx+y x(Il(X)-AO(X)) + (x-r-r(x))y +p(s) +1t(x)[y(x *(x))-y(x)] =0 . (9)

We see again that the influence of the regulatory policy on the value is captured in the last

term on the left hand side. Brennan and Schwartz note that ifax *lax =o and a1tlax =O, then
as 1t-oo, y(x)-y(x*). This represents a situation with a "policy of continuous" regulation

under which the firm always earns the allowed rate of return. In case of no regulation,

1t(x)=O.

Brennan and Schwartz state that for a consistent regulatory policy y(x*)=l, or F(x*,B)=B.

This means that if a hearing is held, and the allowed rate of return is x', the market value of

the firm at the time of announcement of x" is equal to the current value (or level) of the rate

base.

In an explicit model, they make three assumptions. The rate ofreturn process (6) has constant

parameters Il and o, the output capacity of the firm is proportional to the rate base, and the

firm is required to maintain capacity equal to potential demand which is growing at the

constant rate g. From (7), this means that the net payout rate is (x-g)B. With this specific

model, they value the firm in the case of no regulation and with two models for holding rate

hearings. The case with a constant probability of a hearing, 1t(x)=1t, is named stochastic

regulatory hearings. The second model for rate hearings is a model where hearings are held

when the rate of return x reaches pre-specified upper or lower bounds. This is named

deterministic regulatory hearings.

The article contains numerical examples for the case when o =0.005, Il =0.0, A = 0.14,
r = 0.08, and g = 0.06. I show the firm value for three cases inFigure 2.1. Under stochastic
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regulatory hearings 1t=O.l and x*=0.086. For deterministic regulatory hearings, the upper

trigger point, xu' is 0.18, and the lower trigger point, x., is 0.03. In this case x*=0.092.

For the unregulated case x~=O.099. In the case with stochastic regulatory hearings, the value

of the firm will rotate clockwise with increasing 1t. When 1t becomes large, the normalized

value of the firm will be parallel to the x-axis and will pass through 1.0. In case of

deterministic regulatory hearings, the normalized value of the firm will get closer to 1.0 as the

rate of return x gets closer to the upper and lower trigger levels.

y(x)

2.0 \
\

..... \
\
\1.0 1--+--.------++------'--

1.5 Stochastic regUlato?/
policy,1t::().lO.

i:

Deterministic regulatory
policy, xu=0.18, x.::().03.0.5

._ No regulation,
1t::().

0.05 0.1 0.15 0.20 xO

Figure 2.1 Normalized firm value for different
regulatory policies.
Source: Figure 1 in Brennan and
Schwartz (1982a)

The investment incentives for the regulated firm are evaluated by studying an investment of

size I, which will generate an instantaneous earnings rate pI, where p is assumed to be

described by the same evolutionary equation as the existing return xo' i.e., (6). The effect of

the investment on the rate of return is

xrfJ + pl
x(l) = B +1 ' (10)
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and

dF dx-=F -+y(x)
dl xdI ' (11)

where dB! dl = 1. By differentiating (11) with respect to I, and setting I =O, the gross present

value of a marginal investment is

dF =y(x) +y x(x)(p -x) .
dII=o

(12)

An investment will be undertaken if (12) exceeds unity. InFigure 2.2, the gross present value

of a marginal investment is shown for the three cases of regulatory policy when a low return

investment ( p=O.08) is considered. The corresponding values for a high return project

(p=O.2) are shown in Figure 2.3. The effect of regulation on investment incentives are

measured as the difference in the present value of the same investment project of a regulated

. and an unregulated firm.

The low return project will not be undertaken in case of no regulation or when hearings are

stochastic. In case of deterministic hearings, the incentive to undertake the investment

increases strongly as the return reaches the upper trigger point for the regulatory hearing. The

intuition is that the low return project is undertaken in order to reduce the probability of a

regulatory hearing which will reduce the return to x*. The high return project will always be

undertaken in the case of no regulation and with stochastic regulatory hearings. With

deterministic regulatory hearings, there is a strong disincentive to undertake the project as the

return x gets closer to the upper and lower trigger points.

Whereas the investment policy in the examples of Brennan and Schwartz (1982a) is

exogenous (g is a constant), the investment policy in Brennan and Schwartz (1982b) is

endogenous. Here the investors are allowed to determine the investment rate within upper

and lower bounds. The investment rate is treated as a policy control. The return on new

investments are, for illustration, supposed to be of the form
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a project with relatively low
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Source: Figur 2 (a) in Brennan and
Schwartz (1982a)
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p =a +bg cx , (13)

where b<O and co-O. The return on new investment is thus increasing with the rate of return

on the existing rate base and declining with the amount invested. In an example, Brennan and

Schwartz make the following assumptions: p=O.05-g+x, gE(-O.l,O.l), Aow =0.14 and

r=0.08. The regulatory policy is consistent with y(x·)=l, and 7t(x)=O.l or 7t(x)=2Ix-0.ll.

The value of the fum under the two alternatives for regulatory hearings are shown in Figure

2.4. We see that if the probability of a hearing increases when the return moves away from

the allowed rate of return, x·=O.l, the normalized market value will not diverge far away from

one. In Figure 2.5 we see the optimal investment rate, g, under the different rules for holding

a hearing.

y(x)

3.0 1t(x)=O.1

2.0
1t(x)=2Ix-0.11~-----

0.20 0.30 0.40-0.10 O 0.1 x

Figure 2.4 Normalized firm value.
Source: Figure 2 A) in Brennan and
Schwartz (1982b)
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Figure 2.5 Investment policy.
Source: Figure 2B) in Brennan and
Schwartz (1982b)

In Teisberg (1993) and (1994) the effect ofthree policies: cost allowance policy, financing

cost policy and abandonment policy, are evaluated with regard to the policies' effect on a

regulated company' s decision to invest, wait, or abandon an investment. The equilibrium

market value of an investment project, F(V,K), is a function of the current market value of a

completed project, V,and the costs of completing construction, K. The firm's decision

variable is the rate of investment, which is bounded upwards by k. Above an investment

threshold V * , it is optimal to invest at rate k. Below V * , the investment rate is zero. Below

a second threshold, VO, it is optimal to abandon the investment project.

The market value of a completed regulated investment project evolves according to the

following stochastic differential equation (equation (1) in the articles)

dV, = (Il-O(V,»V,cit + aV,ciZt ' (14)

where Il is the expected market return of a non-regulated company, o(Vt) is the "rate of
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foregone earnings", "rate ofreturn shortfall", or "net convenience yield", and dZt is the

increment of a Brownian motion. The cost allowance policy is described by Vt• Equation

(14) is assumed to reflect the uncertainty stemming from a review of the completed projects'

investment, together with rate of return regulation. The value of the completed project is

therefore uncertain. Note that this uncertainty is exogenously given by (14). The financing

cost policy is characterized by o (Vt) • There are three ways a regulator can treat the firm's

costs related to the investment: as expenses, as construction work in progress (CWIP), or as

an allowance for funds used during construction (AFUDC). She states that regulators can use

combinations of these three policies. If the firm expects partial AFUDC disallowance, then

O<o (Vt) < J.1. A higher fraction of disallowance corresponds to higher numerical value of

o(Vt) . It is assumed that d[o(Vt)]ldVt~ O, since "..regulators are less likely to allow further

increases in the value of a completed project as the value gets higher ...". The abandonment

policy, or salvage value (SAL) in case of abandonment, is characterized by the allowed

fraction z of previous used expenditures for the project which the firm recovers. This means

that if accumulated expenditures are K, then SAL(K)=zK.

We see that with deterministic o(Vt) and z, the only uncertainty is linked to the diffusion part

of equation (14). An explanation is not given for the difference between equation (14) and an

evolutionary equation for a similar non-regulated investment project, except that o(Vt) would

not have been included for a non-regulated project. In fact, Teisberg refers to a case with

constant o as a case with no profit restrictions. Would equation (14) reflect the value of a

completed non-regulated project if o (Vt) were not included, or if the o was a constant? If

yes, then the diffusion part of (14) is identical for a regulated and an unregulated company.

In numerical examples, the value of the project and the optimal decision are derived. This is

done for different assumptions about regulation. The article thus complements the original

article of Majd and Pindyck (1987). In the introduction to Teisberg (1994), she notes that the

analysis can apply for unregulated companies where the value of a completed project is

influenced by taxation or the possibility of nationalization.

Pindyck (1993) studies the implications of cost uncertainty for irreversible investment

decisions, and uses as an example investment in a nuclear power plant. He specifies two
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types of uncertainty relevant for costs, technical uncertainty and input cost uncertainty. In the

latter group he includes "unpredictable changes in government regulation" as a source for

cost uncertainty. Technical uncertainty can only be resolved by undertaking the project, while

input cost uncertainty is external to what the firm does. Pindyck assumes that the value of a

finished project, V, is certain, but that the cost of completing the project, K, is uncertain. The

payoff from completing the project is then comparable to the payoff of a put option, max [0,V-

Kl. The costs to completion follows a controlled diffusion process, where the investor

decides whether to invest at a given rate, or not invest. The effect of uncertain regulation on

the cost is not specified specifically. The technical uncertainty is treated as independent of

the overall economy, whereas this may not be the case for input cost uncertainty. The effect

of the two types of uncertainty is that technical uncertainty makes investment more attractive,

whereas input cost uncertainty makes investment less attractive.

2.2 Taxation

Ekern (1971) studied the effect of uncertain taxation of asset return in a one period model

with two assets, one with a risk free return and one with a stochastic return. A change in

political risk is defined " ... in terms of a corresponding change in a dispersion shift parameter

which indicates the stretching or compression of the probability distribution around its

expected value." He studied three problems. The effect of uncertainty in taxes on investors

choice between the risk free and the risky asset, if tax uncertainty disturb the market

equilibrium, and the effect of a change in political uncertainty on tax revenue and social

welfare in a country. Ekern assumes that the tax is stochastically independent of asset return.

For the general case, a clear relationship between increasing political uncertainty and

portfolio composition cannot be established. For a special case with quadratic utility

function, he finds that an increase in political uncertainty reduces the portion of wealth

invested in the risky asset.

Hassett and Metcalf (1994) analyze the effect of an uncertain tax credit 1t on the investment

threshold. With a pre-tax investment amount I, the after tax investment amount is 11t ,i.e., 1t

is the portion of the investment expenditure the investor has to pay. Because the tax credit is

uncertain, the investor does not know for certain the size of the tax credit at future points in
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time. The investment threshold, or hurdle, is the value which the investment project must

exceed in order for an investment to take place. In the model the firm chooses when to

undertake an investment project, and the amount of capital, K, employed in the project. The

number of units of output are given by the production function F(K), where F' >O, and F'<

O.The price of output, p, is a geometric Brownian motion with constant parameters. The

cost of capital, Pk' is also a geometric Brownian motion with fixed parameters. In principle,

these processes can be correlated. The cost of capital is the net present value of the costs.

Uncertainty regarding the tax credit is assumed to be captured by the diffusion part in the

stochastic differential equation describing Pk' The firm's problem is to find the ratio (P/pk)- ,

which describes the optimal time to invest. K will increase with this ratio. In this model, the

investmen threshold is increasing with increasing variance in output prices and/or cost of

capital. This effect is known from the literature.

With these results as a starting point, Hassett and Metcalf consider another model, in which

two tax credits, or policy regimes, are possible, 1to and 1t l' Since there is no uncertainty

related to the size of the tax credit per se, the uncertainty is related to which of the policy

regimes will be in place at a given time. The shift between the two states is modeled as

Poisson processes, where Aldt is the probability that the tax credit 1t 1 will be introduced at

the next increment of time given that the tax credit today is 1to' Similarly, Aodt is the

probability that the tax credit 1to will be introduced during the next increment of time if the

tax credit today is 1t 1• In this model the cost of capital, Pk' is constant. The after tax cost of

capital is (l-1t)Pk' The output price is given by a geometric Brownian motion.

Hassett and Metcalf provide a discussion of what increased uncertainty means in this context.

They would prefer to have a mean preserving spread. This can in principle be done in two

ways. The first method is to let the values of A's be given and adjust 1to and 1tl such that

the expected tax credit, E( re), is unchanged. The effect of the difference between 1to and 1t 1

is called "the spread between rate" effect. The second method is to vary one of the A'S and

adjust 1to and 1t 1 such that the mean is preserved. The effect of adjusting one or both of the

A' s , is called the "frequency effect". The uncertainty is however not necessarily increasing

with increasing A's. Let 1..0 =Al =A. Then, with a high A, the instantaneous probability of a
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switch between Oand 1 is close to 1. In such a situation the variation will be very high, but

there will almost be no uncertainty. Hassett and Metcalf state that in a continuous time

setting, there is highest uncertainty when there is a probability of transition from the current

state over the next year, equal to 0.5, which corresponds to a Å ofO.69. This number is found

by solving the equation

1 -e -A.l =0.5 . (15)

The left hand side of this equation is the cumulative distribution function for the exponential

distribution with argument one, i.e., the probability that at least one ''jump'' or "transition"

takes place in one year.

They first study (by running simulations) the effect of changes in frequency on the investment

threshold. They set ÅO = Ål = Å, let Å range from Oto 1, and consider the case where 1to =
O.OS and 1t I = 0.15. See Figure 2.6. In the case that no tax credit is in place, the trigger

price increases with increasing probability that an investment credit will be introduced. If an

investment credit is in place, the trigger price will first decrease when Å increases, but when

Å increases above 0.20 the trigger price starts increasing again. They then let ÅO = 0.33, and

vary Ål between Oand 1. In this case the trigger price is increasing with increasing Ål

whether or not a tax credit is in place at time O. The implication is that there is an increasing

incentive to wait when the probability that a tax credit is in place increases. They then let Å I

= 0.33, and vary ÅO between Oand 1. In this case the trigger price is decreasing with

increasing Ål' whether a tax credit is in place or not at time O. The implication is that there is

less incentive to wait when the probability that a tax credit is not in place increases.

Changing both ÅO and Ål have thus offsetting effects. They continue to study how mean

preserving spreads in the level of the taxcredit affect investment. In the example, the

increase in spread reduces the trigger price. Note that when the spread is changed, the

probabilities for type of regime in place will also change. Several effects are therefore

considered at the same time. Hassett and Metcalf conclude that whereas the effect of

increased uncertainty on the investment threshold in the initial model with geometric

5 Metcalf and Hassett write that lto = 0.05 (page 22 in the article), but this must be a misprint judged
from the following discussion.
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Figure 2.6 Price which triggers investment.
Source: Figure 1 in Hassett and
Metcalf (1994)

Brownians motions is increasing with increased uncertainty, the effect ofuncertainty in tax

regime when using Poisson processes is not that simple. It all depends on the form of policy

uncertainty .

Dixit and Pindyck (1994), chapter 9.2 B, use the same model as Hassett and Metcalf (1994),

where the change in tax credit policy is governed by Poisson processes. The amount of capital

is however fixed. The analysis on the effect on uncertainty on the investment threshold have

the same conclusions as Hassett and Metcalf.

Cherian and Perotti (1997) start by modeling an economy where the government is either of a

type imposing a tax on foreign investments or not. The model is game-theoretic, and the

investors base their expectations about the type of government by observing whether a tax is

introduced or not. They then state the theoretical model's implications for investment flows

and volatility of asset prices. The implications of the modelon asset prices are then tested by

examining a time series ofprices of options written on Hang Seng stocks, i.e., stocks listed on

Hong Kong's stock exchange.
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In the theoretical model, Cherian and Perotti assume a multi-period framework. The

government first announces, at time O, a favorable fiscal policy promoting foreign investment.

The government is either contrary (committed) or favorable (uncommited) to a future tax on

foreign capital. The government and the foreign investors are assumed to be risk neutral.

The committed government is averse to taxation, while the uncommited government

maximizes the expected stream of tax revenue, discounted at a rate (> per period. The

government is unable to credibly reveal its true type and the investors learn about the true

type of government only by observing its actual policy. At time zero the investor expects the

government to be committed with probability Po and uncommitted with probability (l-po)'

In general, P, is referred to as the government's credibility or reputation for commitment at

time t. The game is played over an infinite time horizon, and the government' s strategy for

each period is either not to impose a tax, or to impose a tax of size "t •

Capital investment is fully reversible, meaning that the investment can be costlessly scaled

down within one period. Or alternatively, the capital stock fully depreciates in one period.

The pre-tax cost of capital is a constant r. The production function, R(K), is twice

differentiable with positive, declining marginal productivity, i.e., R'(K»O, R'(O) =00, and,
R"(K)<O. The only source ofuncertainty in the model is the government's tax policy.

Cherian and Perotti then find the Perfect Bayesian Equilibrium, described for each period

t>O by:

a. The governments reputation Pt' which is computed from the prior Pt-I'

b. The optimal strategy for both types of governments. The governments are playing

mixed strategies, meaning that they randomize over the actions {O,«}, The

committed and uncommitted governments choose to tax with probability Åt and Jlt,

respectively, at time t. Byassumption, Åt is set equal to zero for all points in time.

c. An investment rule Kt for the investors, which is a function of the history of the game

and the investor's belief about the future tax policy.

In each period the investing firm chooses the optimal investment programme, Kt' such that
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max {Et[R(Kt) - (r+'tlt)Kt]} ,

{Kt}
(16)

where It is an indicator function equaling one if taxation is imposed at time t, and zero if not.

The investor maximizes the expected return in excess of the opportunity cost of capital, r, and

expected tax payment, 't' It. The expected numerical value of It at time t is et' where

(17)

The first order condition determining the amount of capital invested is:

R'(Kt)=r+'t'Jl,(l-pt)=r+'t'et· (18)

Cherian and Perotti analyze the solution to the game, i.e., how the game will be played. In

proposition one they state that an opportunistic government will choose to tax in all following

sub-periods after the first time the government introduces a tax. They state in proposition two

that a pure strategy of immediate taxation is not optimal and that the opportunistic

government will randomize between taxing now and waiting for at least one period before

introducing the tax. They establish the time Twhen an uncommited government will impose

a tax with probability one. An equilibrium path is developed where the government is

indifferent between imposing the tax at time t or at t+1. In proposition four they state that

"capital accumulation will increase while the hazard rate will decrease over time as long as no

taxation is observed". When the investors do not observe an introduction of the tax, they

increase their expectation of the government being of the committed type. Because of the

production function, this will increase the amount of capital invested.

Given the prior belief Pt' the government's reputation at time t+l is given by

_ Pr(no tax at time t I government is committed)Pr(committed) _ Pt
Pt+l - Pr(no tax at time t) - l-et (19)

After having analyzed the solution to the dynamic game, they then examine how financial

prices and conditional volatility evolves in an economy of the type modeled.

34



The ex-post realized profit at time tis 1t(Kt,[t) == R(Kt) - (r+"C]t)Kt, from (16). The price at

time t of a claim to the expected profit at time t+i is

(20)

where qt(i) is the probability at time t that the uncommited government does not tax untill

time t+1. The value of an equity claim is equal to " ..the discounted sum of the perpetual

stream of Pt.

The conditional variance of posterior beliefs P, is given by

(21)

The first term in (21), (Pt_l)2, is increasing in t,while the last term, 9/(1-9t), will decrease

with t and with the limit equal to zero. Cherian and Perotti state that the volatility of equity

prices will in principle correspond to o;, see Figure 2.7. At first the conditional volatility

will increase as the government's credibility increases, but then decrease as the credibility

converges to one. The empirical implication of the model is that " ...implied volatility, which

in an efficient market is the market' s conditional expectation of future volatility, would

reflect a policy risk component which tends to decline over time".

The implied volatility, derived by using the dividend yield adjusted Black-Scholes option

pricing formula, are examined for covered warrants, which are (despite of the name) standard

options with maturity of approximately two years. The sample includes thirteen warrants

written on eleven stocks listed on the Hong Kong Stock Exchange. The sample period is

1992-1994. Weekly price data were used.

The system of equations estimated was

(22)
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Figure 2.7 Conditional stock price volatility under
a production function of the type
R=Ko.s
Source: Cherian and Perotti (1997),
Figure 4

Sigma is the implied volatility and the trend variable is calendar time, T. The other variables

are the absolute difference between the value of the stock price and the value of the strike,

PV, historical volatility, HisVol, the warrant trading volume, Vim, and the beta of the stock

measured with respect to the Hang Seng Index.

The hypothesis is that the coefficient bl should be negative, meaning that the implication of

the theoretical model cannot be rejected. The regression resulted in a negative coefficient for

calendar time, significant at the five per cent level.

2.3 Expropriation

In Shapiro (1978) a traditional discounted cash flow approach is used to value foreign direct

investments. The investment project can be expropriated. It is assumed that the risk of

expropriation does not influence the rate of return requirement for the investment. The

argument is that international investments are to a large degree independent of national

investments. The result of this diversification is thus that the risk in the return on

international investments is unsystematic.
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In the seminal article of Brennan and Schwartz (1985), a mine is valued under optimal

decision making regarding when to open, close or abandon the mine. The cash flow of the

mine when open is modeled as a stochastic differential equation. Included in the cash flow

are two tax rates on the value of the mine, one when the mine is open and another when the

mine is closed. They state that these tax rates can be interpreted as the intensities of Poisson

processes governing the event of expropriation. With this interpretation they assume that

there is no risk premium associated withthe possibility of expropriation. Note that this

implies that the probability of expropriation when the mine is closed can be different than the

probability of expropriation when the mine is opened. In Figure 2.8 I have shown their

Figure 1, the value of a mine when resources are infinite. V is the value of an open mine and

W is the value of a closed mine. S is the spot price of the output from the mine. St- is the

spot price at which the mine is closed, and S2- is the spot price at which the mine is opened.

The cost of closing and opening the mine are kt and k2, respectively. The value of the mine

in Figure 2.8 does not include expropriation risk. If expropriation risk is introduced for the

mine when it is open only, this would shift the line V downwards, and therefore increase both

S; and S2-. If expropriation is possible when the mine is open, the incentive to keep the

mine closed is increased. If there is expropriation risk only when the mine is closed, this

would shift W down, and cause that both S; andS2- are lowered. In this case, the incentive is

v,w

/
/
/

S*l

Figure 2.8 The value of a mine.
Source: Brennan and Schwartz (1985)
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to keep the mine open.

InMahajan (1990) the net present value of an investment project under expropriation risk is

NPV· =NPV -C , (23)

where NPV is the value without expropriation uncertainty, and where C is the present value

of an option to expropriate the investment. The government's opportunity to expropriate a

given investment with market value S, is viewed as a call option on S with a stochastic

exercise price X. X is the cost to the government when expropriating the investment. The

total costs to the host government are consisting of three parts. The first part is direct and

indirect compensation paid to the investor. The second part is the difference between the

value of the investment before and after expropriation, i.e., the value to the government, and

not necessarily market value. The third part of the costs are reduced benefits from reduced

future inflow of direct investments, and direct penalties from the investor' s home

government.

Mahajan assumes that the market value of the equity develops according to a geometric

Brownian motion,

dS-=a dt+(J dzS S ss' (24)

and that the costs with expropriation also evolves according to a geometric Brownian motion,

(25)

The instantaneous coefficient of correlation between S and X is PSX' Mahajan simplifies the

analysis by assuming that the investment has a fixed time horizon, T. A fixed horizon is

typically the case for joint ventures and for projects involving licensing and other contractual

agreements. He further assumes that no dividends will be paid by the investment in the time

leading up to T. This assumption was necessary in order to obtain a closed form solution to

the valuation of the option to expropriate. With these assumption, it can be shown that it
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does not pay to exercise the call option before time T, as is the case for a European stock

option when the stock is not paying dividends.

The "hedge security", or "twin asset", which is perfectly correlated with X, is assumed to

develop according to equation (25), but with the exception that a x is replaced by rh' the

expected rate of return on the hedge portfolio. A political risk insurance contract which

compensates the investor fully for the market value of the project in case of expropriation,

will provide a perfect hedge. If only partial insurance is available, Mahajan claims that a

hedge can still be created by buying partial insurance and issuing bonds to the host country.

If the country expropriates, the investor will then default on its bonds. The closed form

valuation formula for the call option is (Mahajan's equation (7»

{
ln(s/X) + [rh-a +(02/2)]T} -(r -a)T {ln(s/X) + [rh-a -( o 212)]T}C =SN x - Xe h JC N x ,

ofi' ofi'
(26)

where 02 = o; -2psxosox+o;. We recognise this problem as the problem considered by

Margrabe (1978), i.e., finding the pricing formula for the value of exchanging one asset for

another", The expropriation risk is a function of the relationship SIX today, the volatilities

and covariance of the processes, and the time horizon T.

An important implication of (23) is that the investor should structure the investment such that

NPV* is maximized. The value of expropriation risk can be reduced, e.g., by reducing the

value of the investment to the government if expropriation takes place.

2.4 Default

Johnson and Stulz (1987) used option pricing techniques to value assets under default risk.

They model the repayment capacity for the writer of an option as a stochastic variable. In

section ID A, they give an example of a bond insurance, where it is assumed that a change in

government will cause default. The probability that the current government will be in place at

6 Equation (26) corresponds to the closed-form valuation formula, given in Hull (1993) p. 423, for the
value of the right to exchange one asset for another. In Hull's formula, ''yields'' or "dividends" are included.
Compared with equation (26), the ''yield'' on asset one (ql) is rh-lrx and the yield on asset two (q2) is zero.
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a future date T, is modeled by the exponential distribution, e -ÅT. It is implicitly assumed

independence between change of government and asset value (repayment capacity), and value

of the bond. The value of the bond insurance can be seen as the value of a put option, V(P).

Considering the effect of uncertainty regarding the type of government, the value of the put

option is V(P)(I-e -ÅT). They find that an increase in time to maturity has an ambiguous

effect. The present value of the promised payment falls, while the probability of a regime

change increases with time to maturity.

Claessens and Penacchi (1996) used the observed market prices of Brady bonds to estimate

the likelihood of Mexican default. There exist two types of Brady bonds. Both bonds have

an original maturity of thirty years, with the principals fully collateralized by thirty year VS

Treasury zero coupon bonds. Both bonds have oil recapture clauses, which gives the

creditors a share in Mexico' s oil export revenue if oil prices increase by a specified

percentage in the years 1997 and beyond. The bonds have also a rolling guarantee covering

up to eighteen months of interest payments. This rolling guarantee is collateralized by an

escrow account at the Federal Reserve Bank of New York. The bonds differ in rate of return

and size of the principal. One is a discount bond with a principal equal to sixty five per cent

of the original face value, and with a floating interest rate of LffiOR +13/16. The other is a

par bond with the principal equal to the original face value, and a fixed interest rate of 6.25

per cent.

The event of default on the interest payments is assumed to be governed by an unobservable

state variable Zt. It is assumed that z, follows the arithmetic Brownian motion process

dz, = Jl dt + a dq , (27)

where dq is a standard Wiener process. Claessens and Penacchi make the assumption that

the country' s default risk is diversifiable. This implies that z, contains no systematic risk and

is uncorrelated with the risk free interest rate. The rolling guarantee is covering 't periods of

interest payments. It is assumed that when non payment by Mexico occurs for the first time,

the guarantee is called upon in full. The time interval t2 is defined as the interval [t2, t2 + 't] ,

and the time interval t} is defined as the interval [(t2 - r), t2 = t} + 't]. The interest rate

40



guarantee is paid during time interval t2 if the non payment is announced, or made clear,

during the time interval tI' Let p be the stopping time p = {min p :Zp sO,Os p s T} , the first

time that the unobservable variable Z hits zero. Assume that an interest payment is due at

time t', which belongs to the time interval t2• The time Oprobability that the bond holder

will not receive this interest payment is

(28)

where the first term of the element on the right hand side of (28) is the probability that z, is
negative during the time interval (tl ,t2), and the last element is the probability that z, hits the

O-barrier for the first time during this interval. lir0(t2) is thus the time Oprobability that an

interest payment due during interval t2 will be received by the bond holder.

The valuation formulas for the time Ovalue of interest payment due at time t, It ' for the par

bond is given by

(29)

where Po(t) is the time Oprice of a default free zero coupon bond paying USD 1 at time t, and

lir 0(t2) is the time Oprobability that the bond holder receives the interest payment over the

interval t2• IfD is the level ofprincipal (e.g., 65% of original face value) and s is the spread

over the yield on a default free six month bond, issued six months prior to the interest

payment date (remember that the Mexican discount bond has a spread of 13/16 per cent over

LffiOR), the value of the discount bond's interest payment? is

7 This footnote contains the explanation of equation (30), and corresponds to footnote 7 in Claessens
and Pennacchio At time Othe investor can borrow Po(t) which will be repaid with the amount 1 at time t. At
time Othe investor invests exp(1/2s)po(t-l/2) in a bond maturing at time t - 1/2. The net expenditure at time O
is then exp(1/2s)po(t-l/2) - Po(t). At time t - 1/2 the cash flow from the second investment at time Ois
exp(1/2s). This cash flow can be reinvested in a bond at time t -1/2 which matures at time t. Making the
investment at time t -1/2 produces a cash flow at time t equal to exp(1/2s)exp(1/2R(t-l/2,1/2)) =
exp(1/2R(t-l/2,1/2)+s), where R(t-l/2,1/2)is the continously compounded yield on a six-month default-free
bond issued at time t - 1/2. The net cash flow at time t, after repayment of the borrowed amount, is
exp(1/2R(t-l/2,1/2)+s) -1 which is equal to the floating rate bond's semiannual coupon payment at time t. The
cost at time Oof producing this cash flow is, as we have seen, exp(1/2s)po(t-l/2) - Po(t). In order to exclude an
arbitrage opportunity, this must also be the time Ovalue of the floating rate bond' s semiannual coupon payment
at time t.
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(30)

Since (29) and (30) are nonlinear function of z,l a and Jl/ a only, Claessens and Penacchi

simplify by setting a = 1. In order to find Jl and z., they use the generalized Kalman filter.

The measurement equation is

(31)

where Vt is a vector of observed secondary market prices of debt at time t, and v t is the

vector of "true" debt prices. Et is a vector of measurement errors, which is assumed to be

serially uncorrelated and distributed N(O,R), where R is the covariance matrix. Equation (27)

is rewritten in discrete form as

(32)

where wt- N(O,~t). (32) is the transition equation in the Kalman algorithm.

The data consisted of time series for the period 1990-1995 of prices for the two Brady bonds,

and estimates of the prices of zero-discount bonds from a one-factor Vasicek (1977) bond

pricing model. Maximum likelihood estimates of Jl and R are first developed. Then

"smoothed" estimates of the zs are computed. This "smoothed" time series of z, is used to

evaluate other bonds not used directly in the estimation. Theoretical and actual prices for

Aztec bonds are provided. The comparison made is "visual", and the fit seems reasonably

close.

The contribution of this article is that it shows a procedure for evaluating the rolling interest

guarantee, and a procedure for estimating the unobservable state variable z, which then can

be used to price other assets influenced by this variable.

2.5 Risk Indices and Other Risk Measures

Erb, Harvey, and Viskanta (1996b) investigated the economic content of five risk measures of
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country risk. The five risk measures were the Institutional Investor' s country credit rating

(nCR), the International Country Risk Guide composite index (nCRC), as well as the sub

indices for political (ICRGP), financial (ICRGF), and economic (ICRGE) risk. For a

specification of these indices, see Table A.2 in the Appendix. The date consisted of time

series for 117 countries for the period 1984 to 1995. Developed countries had higher index

values (lower risk) than the emerging countries. During this period there was a tendency that

those countries with a high (low) risk index at the start of the period had a lower (higher) risk

index at the end of the period. Erb, Harvey, and Viskanta call this effect the "mean

reversion" in the risk levels. The mean reversion is especially evident for the ICRG financial

and composite indices for countries with equity markets. Least evidence for mean reversion

was found for the credit risk.

In Table 2.1 I refer the correlation between the five risk measures. This table corresponds to

Table 5 in the article. In the upper triangle, the correlation is between changes, and in the

lower triangle the correlation is between the levels of the risk measures. The highest

correlation is between the ICRG composite index and the three sub-indices. A high

correlation between the composite index and the sub-indices was to be expected because the

composite index is a weighted average of the sub-indices. Note that the correlation betwen

the level of the ICRG financial index and the credit rating is only 0.26, and based on changes,

0.03 only. This is approximately the same figures as for the correlation between the ICRG

political risk index and the financial risk index.

Source
nCR
ICRGC
ICRGP
ICRGF
ICRGE

I1CR ICRGC ICRGP ICRGF ICRGE
-0.03 0.01 0.03 -0.09

0.35 0.79 0.54 0.43
0.30 0.83 0.25 0.06
0.26 0.60 0.35 0.05
0.10 0.52 0.24 0.25

Table 2.1 Correlation of risk measures, levels (upper
triangle) and changes (lower triangle), semi-
annual observations, January 1984-July
1995.
Source: Table 7 in Erb, Harvey, and
Viskanta (1996b)
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In Table 7 in the article, they provide a correlation analysis between the risk measures and the

mean return, volatility of the return, and the beta against the world market portfolio. This

table is reproduced here as Table 2.2. The betas are against the Morgan Stanley Capital

International (MSC!) World Index and the return data are from MSCI and International

Financial Council (IFC). For all countries as a whole, the correlations between the risk

measures and beta are positive. This is contrary to what one should expect. Itmeans that

higher index values (lower risk) correspond to higher betas. The relationship is a result of the

fact that emerging markets have lower betas with respect to the world market portfolio than

developed countries, see Harvey (1995). We see from the table that for the emerging

countries, the correlation between the risk measures and the betas are consistently positive.

Concentrating on the emerging countries, increased risk indices (lowe.r risk) is negatively

correlated with geometric return and level of volatility. The onlyexception is for the ICRG

political risk measure, which is positively correlated with volatility.

Erb, Harvey, and Viskanta (1996b) also tested portfolio strategies based on upgrades and

downgrades of countries. The portfolios were rebalanced every six months, and if the index

did not change, the country was kept in the portfolio. The upgrade portfolios had higher

average returns than the downgrade portfolios. The ICRG political risk measure was never

the most important one. Financial, political, and credit risk were unable to distinguish

between high and low returns in the portfolio strategy. They also investigate the cross-

sectional relationship between the equity return and the risk measures, and the relationship

between the risk measures and fundamental variables such as book-to-price, dividend-to-

Country Sample nCR ICRGC ICRGP ICRGF ICRGE
All countries
Geometric return -0.23 -0.15 -0.13 -0.16 -0.16
Volatility -0.52 -0.45 -0.31 -0.49 -0.59
Beta-MSCI World 0.24 0.43 0.44 0.40 0.30
Developed countries
Geometric return 0.18 -0.15 -0.28 -0.08 0.21
Volatility -0.46 -0.41 -0.38 -0.47 -0.15
Beta-MSCI World 0.09 -0.15 -0.24 -0.04 0.06
Emerging countries
Geometric return -0.26 -0.06 -0.02 ~0.08 -0.12
Volatility -0.16 -0.08 0.20 -0.16 -0.45
Beta-MSCI World 0.03 0.42 0.46 0.35 0.20

Table2.2 Sample period correlation between average risk
measures and price moments.
Source: Erb, Harvey, and Viskanta (1996b)
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price, and price-to-cash ratios.

Erb, Harvey, and Viskanta (1995) contain similar analyses as the (1996b) article, but here

they use only the Institutional Investor country credit measure.

Diamonte, Liew and Steven (1996) used the ICRG political risk index to test trading

strategies in equity (represented by stock indices) in developed and emerging markets. The

data covered 21 developed countries and 24 emerging countries. The time period is from

1985 to 1989. There is a overlap between this article and Erb, Harvey and Viskanta (1996b).

While Diamonte et al. test ex-post strategies, Le. strategies based on information not available

at the point of trading, Erb et al. also tested ex-ante strategies.

Whereas Erb, Harvey, and Viskanta (1996b) dealt with the relationship between five country

risk measures and return on equity, Erb, Harvey and Viskanta (1996a) study the relationship

between the same five risk measures and fixed income return. They compare the rank

correlation between the four ICRG risk measures, the Institutional Investor' s country credit

rating and the country credit rating of Standard & Poor and Moody' s Investor service. The

results are shown in Table 2.3 (Exhibit 6 in the article). We see that the Institutional

Investor' s credit rating has a higher rank correlation with Standard & Poor' s and Moody' s

ratings than the ICRG indices, but that the ICRG financial risk index has a relatively high

correlation with the same ratings.

The data consist of return on fixed income from 20 developed countries, with data from the

Salomon Brothers World Government Bond Index. The time period is 1985-1995. When

Index/rating S&P Mo ICRGC ICRGP ICRGF ICRGE nCR
S&P
Mo
ICRGC
ICRGP
ICRGF
ICRGE

0.84 0.31 -0.03 0.68 0.26 0.92
0.45 0.21 0.78 0.21 0.85

0.83 0.17 0.62 0.38
0.46 0.20 0.01

0.38 0.71
0.35

Table 2.3 Rank correlation between country ratings/indices,
December 1995.
Source: Erb, Harvey, and Viskanta (1996a).

45



describing the data, they find that higher returns are generally related to higher risk (lower

index values). They use the risk measures in trading strategies for these fixed-income

securities. Portfolios based on risk levels show that the spread in raw returns is positive in

the unhedged case, and that this holds also for beta adjusted returns. For hedged portfolios,

the result is mixed. Portfolio strategies based on ex-post changes in risk, show that upgrade

portfolios uniformly perform better than downgrade portfolios. On an ex-ante basis, this still

holds.

The article also contains cross sectional analyses of returns where the risk measures are

explanatory variables.

In Erb, Harvey, and Viskanta (1994) similar analyses are done as in the (1994a) article, but

only for the Institutional Investor' s country credit measure.

Howell and Chaddick (1994) tested the predictive power of three methods for political risk

evaluation. The Economist' s approach was to categorize countries according to such

criterions as if they have "bad neighbors", "generals in power", etc. The BERI approach is

described in Coplin and O'Leary (1994), and the same is the Coplin O'Leary system of

Political Risk Services (PRS). A loss index reflecting losses to investors due to political

events was estimated for 36 countries. The estimation was based on reports from The

Overseas Private Investment Corporation (OPIC), but the authors adjusted the index to

properly reflect losses. The loss index ranged from O to 10, where 10 indicate high losses.

The time period covered was 1987-1992. The loss index for this period was then compared

to the risk indices made in 1986 for the countries, and according to the three approaches. The

coefficients of correlation are shown in Table 2.4, together with the levels of significance.

We see that the BERI and PRS approaches have the highest coefficients of correlation. For

both the PRI and PRS higher index values corresponds to less risk. For The Economist, the

opposite is true. The authors' do not comment upon whether this has been adjusted for when

estimating the coefficients of correlation.
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Coefficient Levelof
of correlation significance

The Economist
BER!
PRS

0.33 0.053
0.51 0.006
0.57 0.001

Table 2.4 Correlation between country risk
measures and actual Losses.
Source: Howell and Chaddick (1994)

Melvin and TI;lIl(1996) used the ICRG political risk index, see Table A.2 in the Appendix, as

an explanatory variable when modeling foreign exchange market bid-ask spreads. The

sample data covered thirty-six countries and currencies for the time period March 1987 to

August 1990. The thirty-six countries included both industrialized and emerging markets.

Monthly observations were used. The observations of percentage bid-ask spreads were the

average of daily bid-ask spreads for the month. Melvin and Tan ran first a cross-sectional

regression for each month. They state that the estimated coefficients of the risk indices were

larger for more recent months. Based on this, they assumed that a structural change happened

in June 1989, as a result of the unstability caused by the Tiananmen Square conflict in China,

and included a dummy variable for the period following June 1989. They do not report these

results beyond stating that the dummy variable was significant, They then report the results

from running the regression equation, a random effects model,

(33)

where v it is the bid-ask spread of country i in month t, (J it is the standard deviation of

changes in the daily bid-ask spread in country i in month t,CRit is the value of the political

risk measure (either the ICRG political risk index or one of its sub-indices) for country i in

month t, Eit is the observation-specific disturbance, and ui is a country-specific disturbance

" ...which could be viewed as the collection of factors not in the regression that are specific to

that country." The regression equation is reported separately for the period March 1987-May

1989 and the period June 1989-August 1990. For both the time periods, the estimated

coefficients reflecting the political risk measure (either the index itself or its sub-indices)
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were all negative, implying that a reduction in the risk measure, i.e., increased political risk,

increases the bid-ask spread. Many of the estimated coefficients were significant at a one per

cent level of significance. For the first time period R 2ranged from 0.10 to 0.26, and from

0.05 to 0.15 for the last time period. When all the sub-indices and the political risk index

were included in the same regressions, the signs of the estimated coefficients were both

negative and positive. This may be caused by colinearity between the different risk measures.

2.6 PoliticalStability and Country Risk

The aim of Pindyck and Solimano (1993) is to explore the empirical relevance of

irreversibility and uncertainty for aggregate investment behavior. In one of their analyses,

they investigate the relationship between political instability variables and the volatility in the

value of output of a country. The instability variables are probability of government change,

the average numer of assasinations, government crisis, riots, revolutions, and constitutional

changes per year. The time period was 1950-1985. The relationship betweeen these variables

and the volatility of output is weak. They conclude on page 286 that this analysis " ... suggests

that strikes, riots, revolutions and other forms of political turmoil ... may have little to do with

uncertainty over the return on capital, and, hence with investment."

The Pindyck and Solimano article can be compared to Kobrin (1978). Kobrin used indices

for political conflict, i.e., for turmoil, internal war and conspiracy, to study the relationship

between foreign direct investment and these indices. The article suggests that the only

significant relationship is a negative relationship between focused, generally covert, anti-

regime violence and foreign direct investment. The time period covered is 1964-1967.

Brunetti and Weder (1997) examined the effect of institutional uncertainty, represented by

indicators for government instability, political violence, policy uncertainty, and enforcement

uncertainty on yearly investment rates for the period 1974-89. The data covers sixty

countries, balanced across regions and across levels of development. They do not consider

private investment per se, but use data for total investment. They note that private and total

investments tends to be highly correlated. As the endogenous variable they use average rate

of total investment per unit GDP.
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The effect of the presented variables were all negative, meaning that the effect is to "reduce

the investment rate". The variables that were negative at ten per cent level of significance in

all model specifications are listed in Table 2.5. In the table is also listed the effect on the

investment rate of an increase in the uncertainty measure. As an example, an increase in the

number of changes in institution by one standard deviation would, ceteris paribus, reduce the

investment rate by 1.8 per cent.

Variable name

Effect of one standard deviation rise
in variable value on investment rate
in percentage points

* Government instability indicators
Number ofrevolutions -1.8
Number of coups -1.1
* Political violence indicators
Number of political executions -1.5
Number of war casualties -1.5
Violent Social Change -1.9
Terrorism -1.3
* Policy uncertainty indicators
Number of changes in institution -1.8
Volatility of the real exchange rate distortion -2.1
Volatility of the black market premium on -1.6
foreign exchange
* Indicators of uncertainty in enforcement
Corruption-ICRG -2.7
Low rule oflaw -2.8

Table 2.5 The effect of indicators showing a ten per cent
level of significance in all specifications.
Source: Box 1 in Brunetti and Weder (1997)

Lessard (1996) study how country risk can be incorporated in analyses of offshore projects.

By offshore projects Lessard primarily means foreign direct investments (FDI) and to a large

extent he focuses on FDI in emerging countries. Lessard's article is dealing with two issues.

The first is that a FDI should be structured such that the parties who participate in the FDI

should allocate specific risks of the project among themselves, such that each party bears the

risk where he has a comparative advantage in bearing the particular risk. According to

Lessard, comparative advantage in risk-bearing may be because 1) information is not equally

available to all investors, 2) investors may have different degrees of influence over outcomes,

and 3) investors may differ in their ability to diversify risks. Lessard notes that these three

reasons constitutes violation of the underlying assumptions of the CAPM and other
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"equilibrium-based" valuation approaches.

For a specific investment example, an investment in an Argentine independent power plant by

a Chilean investor, Lessard illustrates the specific risk types of the project and the type of

participants or investors in the project, see Table 2.6. The risk types are related to

construction, operations, demand, institutional, currency, country, and world market. By

institutional risk, Lessard means risk that " ...involves all of the uncertainties about how the

rules of the game are likely to change", meaning the rules set by regulators and other official

authorities. As possible participants/investors in the project, Lessard uses the following

categories: operator/ strategic investor, local strategic investor, local portfolio investor, local

public authority, international portfolio investor (i.e., the "market"), and international policy

lender (e.g., the World Bank).

The second issue Lessard is dealing with is the question of general principles regarding risk

and valuation of PDI. He specifies two general types of risk. Two-sided or "symmetric" risk

factors are factors with similar upside and downside. Examples of two-sided risks are

fluctuations in exchange rates or interest.rates. Downside or "asymmetric" risk are risks

whose potential downside impacts are greater than their potential upside impacts. Examples

of downside risks are expropriation and war damages.

Whereas an increase in downside risk reduces the expected cash flows, this is not necessarily

true for an increase in two-sided risks. In a discounted cash flow (DCF) valuation approach

with a use of a risk adjusted discount rate, it is the unconditional expected cash flow that

should be discounted according to the finance theory. An unconditional expected cash flow

Investor/participant inproject
Operator/strategic investor
Local strategic investor
Local portfolio investor
Local public authority
International portfolio investor
International policy lender

Should take on risk related to
Construction, operations, institutional
Construction, operations, demand, institutional
Institutional
Demand
Demand, curency, country, world market
Demand, country

Table 2.6 Types of investors/ participants in the project, and the types of risk they
have comparative advantage in bearing.
Based on Table 1 in Lessard (1996)
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in this context means " ...cash flows expected under each future scenario weighted by the

probability of that scenario". Lessard notes that the cash flow estimates used in practice are

based on the most-likely future scenario. When there is a substantial downside risk, the

unconditional expected cash flow is lower than the expected cash flow conditioned on the

most likely scenario. To illustrate this, consider an investment paying USD 1.- a year from

now. If there is a probability of ten per cent of the payment being expropriated, the

unconditional expected cash flow is USD 0.90. The expected cash flow based on the most

likely scenario, i.e., no expropriation, is however USD 1.-.

Lessard notes that if the structure of downside risk is simple and the impact is expected to

grow at a compund rate over time, the weighted average discount rate can be adjusted

according to the following formula:

Tadjusted =Tnormal + adjustment for downside risk (34)

Lessard refers to Appendix 15.1 in Levi (1990)8 for the specification of equation (34).

In order to find the cost of equity for offshore invetments, Lessard shows how a project beta

can be used. The market premium for systematic risk is assumed to be the same as in the

investor's home country. He simplifies and assumes that the offshore project has the same

risk as the local economy when compared to a project in the home country, i.e.,

offshore project beta = beta of comparable home country project x country beta. (35)

Having found the cost of capital, the value of the project can then be found by the DCF

approach. Lessard assumes that it is the expected cash flow conditioned on the most likely

scenario that is used in the DCF approach, but that expected cash flow is adjusted downwards

to take into account downside risk. This downside risk adjustment may be based on, e.g.,

bond risk premiums, political risk insurance premiums, and political risk ratings.

8 Less~d does not refer to a specific edition of Levi's book. The comparable appendix ofLevi (1990)
is appendix 15.2. In this appendix Levi considers the cash flow from an investment that may be completely
confiscated. The probability that a confiscation occurs in any year is a constant Å. The probability of receiving
a cash flow for year t is then (1 - Å)'. When the cash flow from the investment is a constant CF, and when the
life time of the cash flow is infinite, the value of the investment is CF(1-Å)/(DR~ +Å), where DRe is the
discount rate in case of no risk of confiscation.
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The contribution of Lessard' s article is that he analyzes the different types of risk for FDI,

including political risk, in a coherent way by using a standard CAPM-approach. He also

presents how practitioners analyze such investments.

3 Summary and Discussion
Political uncertainty can broadly be analyzed in two ways, by explicitly or implicitly

including political uncertainty in the analysis. For the multi-period models, I have

summarized the two approaches in Tables 3.1 and 3.2. In order to obtain analytical clarity,

the models must be simple. As seen from Table 3.1, many of the authors use a binary regime

variable. The simplest way is to look at irreversible regime shifts. Some situations, like

expropriation or default, are suited for models with binary, irreversible regime shifts. In one

period models there is no distinction between reversible and irreversible regime shifts. The

most elaborate model in the review with respect to the modeling of the political uncertainty,

is Brennan and Schwartz (1982a and b). In implicit modeling ofpolitical uncertainty, it is

assumed that total uncertainty includes political uncertainty. In such approaches, there is a

lack of specification when the effect of increased political uncertainty is analyzed.

Empirical research is hampered by the lack of data. Historical data for events like

expropriation and default, may also be considered obsolete for prediction purposes due to

changes in the political climate. This is especially true after the fall of the Berlin wall and

communism. The use of political risk indices seems promising. The challenge here is to link

these general indices to specific events which have a clear effect on the cash flow for

investments. Since these indices reflects judgement about political conditions which may be

hard to model explicitly for a financial economist, they may serve as a useful input to the

stringent mathematical models used in the finance literature.

I am not able to see any clear-cut and simple relationship between optimal decision making

and political uncertainty. Inmany cases, it is not obvious what is meant by terms like

increased political uncertainty, as the Hassett and Metcalf (1994)'s discussion shows. This

means that optimal decision rules must be determined from case to case, depending on the

type of asset and the type of political uncertainty.
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Article Future Regime Probability of Is probability of Is change of regime
Variable is Future Regime is regime independent variable ("size of

Modeled as of underlying eco- jump") independent
nomic variable(s) ? of underlying eco-

nomic variable(s) ?

Hassett and Binary, reversible Poisson process, Yes Yes
Metcalf (1994) constant intensity

Mahajan (1990) Binary, irreversible Relation between No Yes
two geometric
Brownian motions
at a given time

Brennanand Multi state, Poisson process, No No
Schwartz reversible stochastic intensity
(1982a)

Brennan and Multi state, Poisson process, No No
Schwartz reversible stochastic intensity
(1982a)

Johnson and Binary, irreversible Poisson process, Yes Yes
Stulz (1987) constant intensity

Brennan and Binary, irreversible Poisson process, Yes Yes
Schwartz constant intensity
(1985)

Claessens and Binary, irreversible Stopping time for Yes Yes
Penacchi arithmetic
(1996) Brownian motion

Cherian and Binary, reversible Binomial variable Yes, from investors' Yes
Perotti (1997) with Bayesian perspective

update of No, from the
probabilities government' s

perspective

Table 3.1 Explicit dynamic modeling of political uncertainty

Article Variable influenced by political
uncertainty

Modeling of uncertainty

Hassett and Metcalf Net present value of costs of investment
(1994)

Geometric Brownian motion

Pindyck (1993) Net present value of costs of investment

Teisberg (1993) and Value of completed project
(1994)

Geometric Brownian motion

Geometric Brownian motion

Table 3.2 Implicit dynamic modeling of political uncertainty
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Future research involving political uncertainty could focus on the effect of governmental

incentives to promote private investment in areas with high political uncertainty. Examples

of such incentives are guarantees and investment subsidies. Many governments also provide

political risk insurance. The effect of political risk insurance, public and private, could be

analyzed with respect to the incentive they create to invest. For an overview of political risk

insurance providers, see Hashmi (1995). Ifpossible, the use of risk indices or other

procedures to evaluate the actual risk, should be used in such analyses. In the same spirit, one

could investigate the risk that state-owned companies take on in areas with high political

uncertainty, and compare governments' decision making with the optimal decision making of

private investors. In order to focus on a better modeling of political decision making, the use

of stochastic game theory could provide useful insights into the problem of valuation and

optimal decision making from both investors' and policy makers' point of view.
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Appendix Risk Measures

OECD Emerging Rest of World
Factor 1979 1994 1979 1994 1979 1994
Economicoutlook 1 1 2 3 3 4
Debt service 5 2 1 1 1 1
Financial reserves!

current account 2 3 4 4 4 3
Fiscal Policy 9 4 9 7 6 6
Political outlook 6 6 7 9 8 9
Access to capital markets 6 6 7 9 8 9
Trade balance 4 7 5 5 5 5
Inflow of portfolio

investment 7 8 8 8 7 8
Foreign direct investment 8 9 6 6 9 7

Table A.l Ranking of critical risk factors in Institutional Investor' s
country credit ratings by rankings, 1979 and 1994.
Source: Erb, Harvey, and Viskanta (1996b).
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Chapter3

Modeling Political Uncertainty by the Use of Risk Indices: A Contingent

Claims Approach with a Focus on Oil Investments

Abstract

This chapter addresses analytical and empirical issues related to the use of suitable
risk indices in the evaluation of investments affected by political uncertainty. I
suggest a method whereby an unobservable state variable, governing the type of
policy regime, can be deduced from the risk indices. I estimate parameters of the
stochastic process characterizing the deduced state variable for a set of risk indices.
The deduced variable can be used directly when evaluating investments. I show how
this approach can be combined with the contingent claims approach to price assets
influenced by political uncertainty.

() I thank Campbell R. Harvey, Duke University and NBER, for letting me access his data on the risk
indices of International Country Risk Guide and the country credit ratings of Institutional Investor. I
also thank Delphi Economics, Oslo, for letting me access their time series covering the Morgan Stanley
Capital International World Index, Eurodollar interest rates and the Brent Blend oil price. I also thank
Statoil, Stavanger, for their data support.
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1 Introduction
When investing internationally, rather than domestically, the presence of political uncertainty

may create additional evaluation difficulties for the investor when analyzing the investment.

Political uncertainty in a foreign country can of course affect the profitability of investments

domestically as well, but the consequences of political uncertainty in the host country for the

investment has a more direct effect on the profitability of investments located in that country.

Political uncertainty increases the complexity when analyzing investments. Factors, which in

more stable environments usually are treated as parameters, are turned into variables. I will

use the term regime variables when describing variables representing political uncertainty. A

"regime" is a collection of on or more regime variables. Regime variables can, e.g., be a tax

rate, an allowed ownership share, or an indicator variable indicating whether repatriation

restrictions are in place for a country or not. Even if one abstracts from the complexity and

concentrates on one variable representing political uncertainty, the question is often the same:

"Which regime will be in place?" The natural way to answer this question is to specify the

possible types of regimes, and the probability of each regime. When the additional question

about valuation of a cash flow partially determined by the type of regime is raised, further

analysis is needed. This analysis may involve finding how the different regimes in a country

covary with, say, 'observable prices of tradet assets, or the world stock return. Country risk

indices, or sub indices of these indices, may assist the investor in both these tasks, that of

estimating which regime will be in place, and of determining a value for the cash flow.

In this chapter I want in particular to study how risk indices can be included in an evaluation

using a contingent claims approach. When using the arbitrage free valuation methodology,

specific requirements must be imposed on the stochastic processes in order to obtain a

solution to the valuation problem. It is therefore important to examine whether the stochastic

properties of the indices, or some function l of the indices, is of a form consistent with this

methodology. Such an examination requires an empirical analysis. Ideally, in such an

empirical analysis two relationships should be investigated. The first relationship is between

the indices and the regime variable, and the second is the relationship between theoretical

l The term ''function'', or transformation, will be made clear in section two.
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values and actual values of assets. The problem, or the challenge, with the first relationship is

to find data for regime variables. An analysis of the second relationship should include a risk

index as one of several explanatory variables determining the theoretical value of an asset.

The problems are to find values of foreign direct investments, to specify the regime variables,

and to properly describe the effect of the regime variable on the profitability of the

investment.

The empirical analysis I conduct in this paper is an investigation of the stochastic properties

of underlying, not directly observable, processes generating the indices themselves. This may

serve as a first step towards a more comprehensive empirical analysis. This paper will

hopefully give some answers to whether, and how, risk indices may be useful in the

evaluation of foreign investments.

In the next section I suggest a method for modeling the relationship between a risk index and

a regime variable. In section three I deal with the question of valuation of assets and in

particular questions related to risk indices and valuation. I have in Appendix 1 included a

summary of the main results from the theory of arbitrage free pricing, which is used in the

examples. Section four contains a study of the stochastic properties of a selection of risk

indices. I then show how the obtained results can be used, by presenting numerical examples,

in section five. In the final section I summarize and comment upon the main results.

2 The Relationship between Risk Indices and Regime Variables
I start by describing two approaches, termed the direct and the indirect approach, which may

be used to establish a relationship between a risk index and a regime variable. In sub-section

2.3 I then comment generallyon transformation of indices. I start by describing the direct

approach.

2.1 TheDirectApproach
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Assume that only two policy regimes are possible, termed "G" (Good) and "B" (Bad)2. The

reason for choosing a binary variable is that I then can represent the government's problem of

selecting regime as a binary choice problem. One way to analyze binary choice problems

empirically, has been to use index function models, or, random utility models', Index

function models can, e.g., be used to investigate consumers' decisions.

An Index' Function Model

As an examples, consider a consumer contemplating to buy a certain good. Let the indicator

variable for whether a good is bought at time t be Yt E {O,l}. The indicator variable equals I

if a purchase is made, and O if it is not. Before the consumer is deciding whether to buy the

good, she makes a cost benefit analysis of the purchase. The marginal net benefit from the

purchase, i.e., marginal benefits less marginal costs, is Yt•• A purchase is made if the net

benefit is positive, which implies that

y,={ ~ if y,·>O
ify,·~O.

(1)

Assume that an estimate, Yt, of Yt• is made. This estimate may, e.g., be the output of a

regression model. The relationship between Yt and Y,* is given by

(2)

where Et is noise at time t . Assume that Yt is an unbiased estimate, i.e. E(Et) =O, and that Et

is normally distributed with variance a;. The time t probability that a purchase will be

made at that date, or that y t·>O, is then

2 The regimes are named "Good" and "Bad" from the perspective of the investor. From the
government's perspective, the ranking may be opposite.

3 For an introduction to such models, see, e.g., Greene (1993) page 642 and 643.

4 The term "index" in this context does not refer to a risk index, it refers to a model of the type
presented here.

S This example is based on Greene (1993) page 642.
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P,=P(y,="l ")

=P(y,'>O) =P(E> -Y,).

Due to the symmetry of the normal distribution, we have that

P,=P(E,<Y,) , (3)

or,

b, z2
1 --

P, = J--e 2 dz=N(b,) ,
-<»{Fi

(4)

where N(b,) is the cumulative distribution function for the standard normally distributed

variable with argument b, and where

(5)

This example captures the essence of a binary choice situation, and the model can be

interpreted to characterize situations with other decision makers than consumers. Consider a

government deciding whether regime "G" or "B" shall apply at time t. The indicator

variable equals O if policy regime "B" is applying, and 1 if policy regime "G" is applying.

The government's net benefit from selecting regime "B,,6 is here y,'. For practical use we do

not have an estimate of Y, readily available from a regression model. However, Y, may be

obtained in a different way. It seems reasonable to assume that, in some cases, the probability

of type or regime can be found by conditioning on the level of a risk index for a country. The

numerical value of a country' s risk index expresses the degree of risk in that country. How

6 In order to make the presentation simple, I assume that it is a given government, or central planner,
that makes the decision. In a more realistic example, one could condition the decision making on which type of
government is in place, e.g., a "left wing" or a "right wing" government. Alternatively, one could consider the
citizens of a country as decision makers. They Will elect the government which then implements the policy. The
interpretation of the net benefits of making a decision, y,' , will depend on the assumption about the decision
maker. For the case with a central planner, y,' may represent the welfare level of the citizens if "G" is chosen,
less the welfare level if ''B'' is chosen.
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clearly the type of risk and the specification of risk is stated, varies between different risk

indices. The usefullness of a risk index in this paper is determined by the informational

content of the index, i.e., the degree of certainty regarding the probability of regime "G" that

can be obtained by conditioning on the level of the index. At one extreme no information

regarding the probability P, is obtained by conditioning on the level of the risk index. At the

other extreme Pt is completely determined by the risk index. I will make the critical

assumption that P, is a deterministic function, gt-), of the numerical value ofan observable

risk index, or rating at time t, lirt. The probability of regime "G" is then

pt=gCljIt) . (6)

We then have

gCljI t) =Pt = NCbt)
and

(7)

By making the standardizing assumption that (Je is one", we have from (5) that

f,=bt• (8)

Dynamic Policy Making

The policy making may be termed reversible" if the government, either continuously or at

given intervals, decides which regime variable will apply. At a given time t , before the

regime variable is announced, the investor will consider the regime variable as the outcome

7 The assumption that 0. = 1 is not critical. It is only the relationship between y and 0. that is
important.

8 An alternative is to model irreversible policy making. This may be analyzed in a slightly different
way than the case with reversible policy making. Assume that the present policy, at time t , is "G". In the time
period [t, T], the policy may change, if at all, to "B". The time the change occurs is r ,where
't;: {inf s: Ys·>O, t s: ss T}. A risk index might then be used to tind P('t E[t,T]), i.e., P('t E[t, T]) =f(1j1,), for
some function f(·). The analysis then proceeds as in the case of reversible policy making, but where y,. is used
instead of Y,. This approach assumes that there is no noise, E,.
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of a lottery, where the probability of regime "G" is Pt' The "success" probability is not

dependent on the type of regime at time (-1, only on the current level of the risk index, lJ1t'
or alternatively, the country's deduced marginal benefit from selecting "G", Yr Ifthe process

of Yt is known, the investor may estimate the 'success' probability in future lotteries.

A candidate for a process describing the evolution of Yt, is the arithmetic? Brownian motion

(9)

where dB t is the increment of a Wiener process and where Jly and o y are constants. From a

time series of numerical values of an index, lJ1 = { lJ1I' lJ12, •••, lJ1n } , a time series of the deduced,

unobservable, country's net benefit from choosing "G", Y = {YI'Y2' •••,yn} , can be obtained

and the parameters ay and o y may be estimated. Whether or not the parameters of a process

for Yt may be estimated depends on the function gf-), As an example, consider the case

where the probability of regime "G" is a constant PI if the index is below a critical index

level lJ1 and a constant P2 if not. If the index for a time period has been fluctuating, but

never crossed the critical index level lJ1, the deduced observations Y are identical for all

observations. In order to get observations of YtS that facilitate estimation, restrictions must

be put on the function gf-), It should preferably be continuous and monotonic in order to get a

one-to-one relationship between index observations and induced observations of Yr

Because it may be perfectly reasonable to assume a non-continous function gf-), I suggest an

extra step in the analysis. This extra step involves finding first an underlying process

generating the risk index itself. The function g(.) can then be applied in the second step, but

now restrictions may not be put on g(.) for empirical estimation concerns. I term the

procedure involving the extra step as the indirect approach.

2.2 The IndirectApproach

A risk index is typically bounded between a maximum and minimum numerical value.

Define a variable, qt' by

9 By using an arithmetic Brownian motion, Ylmay be negative. This is not the case for, e.g., a
geometric Brownian motion.
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ljrt _ljrMIN
q t == f( ljrt) == MAX MIN'

ljr -lIT
(10)

where ljrt is the numerical value of the index at time t , and where .",MAX and ljrMIN are the

respective maximum and minimum values of the index. Because the variable qt will be

between on and zero, qt may be interpreted as a probability. This probability is such that

(11)

i.e., the observation of the index at time t, ljrt' is the expected numerical value of a

(hypothetical) lottery which pays ljrMAXwith probability qt and ",MIN with probability (l-qt).

This is a "shadow lottery" of the index, defmed such that the expected payoff of the lottery at

a given time is always equal to the numerical value of the index. The announcement of the

levelofthe risk index is therefore tantamount to the announcement of the 'success

probability' qt. One way to interpret the probability q t is as the probability that the

government of the country is of " ljrMAX-type". A risk index is usually constructed such that

the highest value of the index refers to the situation with no risk and the lowest level of the

risk refers to a situation with highest possible risk. The producer of the risk index may then

consider the government of a country to be one of two types, a highest possible risk

government, i.e., a "",MIN -government", or a no risk government, i.e., a " ",MAX -government".

The analyst' s "willingnes" to categorize it as a "ljrMAX-govemment" at time t if the analyst

has perfect information is captured by the variable xt*. The indicator variable xt equals one if

the country's government is of" ",MAX_type"and zero if it is of" ljrMIN -type", i.e.,

X ={ 1
t O

if xt*>O
if xt* s O .

(12)

Due to lack oftransparency and the government's possible lack of credibility, it is likely that

the analyst cannot determine for certain the type of government. The analyst has probably

positive information about the government, i.e., information indicating that it is of a "",MAX_

type" , and negative information indicating that the government is of a "",MIN -type", The
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variable it may be regarded as the analyst's subjectively weighted stock of information at

time t. The weighting of the information is determined by the analyst' sassesment of the

information's importance and relevance. The relationship between x; and it is given by

(13)

where it is the analyst' s estimate, and, v is the noise, a normally distributed random variable

with zero mean and variance av2. The time t probability that x, is one is then

and k, =i/ av . Ifthe minimum numerical value of the index is zero, which is often the case,

we note that

(14)

With a time series of an index, "', the function from (11) and assumptions about a v ' a time

series i can be obtained, as for y in the direct approach. Iwill use the indirect approach in

section four, when deducing observations of it. Iassume that the evolutionary equation for

it is

(15)

where dBt is the increment of a Wiener process and where Jl,i and a,i are constants.

Equation (15) has an interesting interpretation. It represents the arrival of new relevant

information which is either positive or negative (dit is positive or negative). If Jl/ a,i for

one country is higher than for another, the future information the analyst receives is more

predictable for the first country.

Having applied the indirect approach first, the function g(.) may then be applied to find the
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probability, Pt' of a specific policy regime.

(16)

By inserting from (16), we get

(17)

An alternative to using the function gO is to relate Yt and xt directly, e.g., by an affine

transformation 10

(18)

for constants ~o and ~1. According to equation (18), the estimate of the country' s net

benefit of introducing regime "G" is a linear function of the index producer' s willingnes to

categorize the government as a "WMAX -government", or the estimated stock of weighted

information indicating the type of government. By inserting (18) in (2) we get

(19)

where we recall that Et is noise at time t with zero mean. I present in Figures 2.1 and 2.2

examples of the relationship between the probability P, and an index lir t E [0,100] where I

have used (18) and (19). If lIrMAX represents the no-risk situation, it may be reasonable to

assume that the probability of regime "G" increases with increasing values of the index. Note

that there is a continuous relationship between P, and Wt. In Figure 2.1 ~o =0 and ~1 = 1,

and the value of o e is varied. When the standard deviation is one, the relationship between

P, and Wt is linear, as implied from (10). In some cases it may be reasonable to assume that

the probability of regime "G" is high for index values just above 50, or low for index values

not far below 50. This is the case when the standard deviation is less than one.

10 A modelofthe type given by (18) and (19) may be preferable because, in some instances, closed
form valuations formulas can be found for claims where the payoff is a function of p" see sub-section five.
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As the standard deviation goes to zero, the curve relating P, to "'twill be zero for

'" t E [0,50] and equal to one for "'tE (50, 100]. When the standard deviation of the noise is

larger than one, the probability of regime "G" is relatively high only for high levels of the

index, or low probability for low levels of the index. When the standard deviation

approaches infinity, the curve will be flat, indicating a fifty-fifty chance of regime "G" being

chosen irrespective of the index level. InFigure 2.2 I show the relationship between P, and

'" t when ~ 1= 1 and where I vary ~o and aE· When the parameters are ~o = -2 and aE = 1

and , the probability of regime "B" is large for relatively low index values. When the noise

increases, the schedule goes toward a flat line at P, = 0.5. When the parameters ~o = 2 and

a E = 1are used, P, is relatively high only for high index values. And as for the previous case,

the curve will be flat at P, = 0.5 when the standard deviation approaches infinity. Figures 2.1

and 2.2 illustrate the point that, by selecting appropriate parameters of the noise in (19), a

wide range of possible relationships between the probability of policy regime and the level of

index can be modeled

2.3 Comments on Index Transformations

The reason why a transformation of an index should be considered, is that the transformed

index may better facilitate a solution to the problem of establishing the value of claims

contingent on the index. When the aim is, as in this chapter, to use the arbitrage free pricing

methodology when pricing such claims, the most intuitive approach is to let the transformed

index represent either a (ex-dividend) price process or the accumulated return from capital

appreciation from holding a hypothetical asset. If the aim is to solely rely on the absence of

arbitrage, the transformed index should be continuous. In the presence of jumps in the

process, the pricing must be based on equilibrium arguments.

For the general problem of transforming the index into a new variable, the question of a

government' s binary choice problem may not enter into the consideration at all. I am

however of the opinion that the intuitive explanation of the transformation when cast as a

binary choice problem, and the use of a probit model as in sub-sections 2.2 and 2.3, may be

preferred to an arbitrary transformation where the new (deduced) variable does not have a

logical or intuitive interpretation.
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3 Risk Indices and Valuation

3.1 Assumptions about Tradeable Assets

In order to use risk indices when finding the value of claims with payoff conditioned upon the

level of the index I first define an asset where the price at time t of the asset, Zt(X), is given by

(20)

The price of this (hypothetical) asset at time t is equal to the exponential of the numerical

value of the deduced variable at time t , it. The variable it is here interpreted as the

accumulated continuously compounding interest rate from price changes of asset Zt(X). The

prices of the asset at time T, t sT, is

(21)

The capital appreciation/depreciation of the asset is determined by the change in the deduced

variable, or implicitly by the change in the numerical value of the risk index, i.e.,

(22)

where h-10 is given by (14). The assumed evolutionary equation for it is given by (15). By

applying Ito' s lemma on (20) we get

(23)

a geometric Brownian motion with constant parameters and where dBt(l)is the increment of a

standard Brownian motion. The return of the hypothetical asset Z(X) is perfectly correlated

with the deduced variable i and thereby also with the risk index '" r Instead of using

equation (23) directly, I define Jli= (ai -0.5 a;), insert this new variable into (23) and get the

more traditional equation
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(24)

I will in section five demonstrate how the contingent claims pricing methodology can be used

to value assets where the payoffs are functions of a risk index. In particular I will study how

investments in oil assets can be priced. I assume that the evolutionary equation for the spot

price of crude oil, St' is given by

(25)

where as' as, and PS,i are constants. The standard Brownian motions B(1) and B(2) are

uncorrelated. The parameter pS,i may be interpreted as the coefficient of correlation 11

between the stochastic components of Zt(l) and St' i.e., pS,i E[ -1,1]. Observe that if r =B (1)

and v = P B (1) + .~p2 B (2) thenss V 1- fJss ,

(r, v) _N( (o) (t t PS,i]) .
o tPS,i t

The random variables r and v are normally distributed random variables where each variable

has a variance of t and where their coefficient of correlation is pss:

The solution to the stochastic differential equation (25) is

(26)

The processes used here are well known from the contingent claims literature.

3.2 Rate of Return Adjustment

If I want to use the processes (24) and (25) to describe the price processes of traded assets, it

Il This means that the type of regime variable and the oil price may be correlated.
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is important to be aware of the fact that these processes, or "securities", are not actually

traded. The expected gain from holding such "home made" securities must be adjusted by

including dividends. I will refer to the traded asset with price equal to the spot price of oil as

Zt(S). Assume that there is a constant proportional dividend yield, 0i' on Zt(l), i E {S,i}. The

received dividend for holding the asset over the next increment of time is deterministic and is

given by

(27)

When investors buy asset Zt(l) , the expected gain by holding the asset over the next increment

of time is

E [dZ(I) +dD (O]
Jl~') t t t

Z(I)
t

(28)

i.e., the expected appreciation of the asset and a dividend payment. If Jl~Ocan be determined,

e.g., from an equilibrium pricing modellike CAPM, then Jl~') and dZt(i) can be used in (28) to

determine the dividend process given by dDt(O. The term dDt(O serves as the drift, or, rate of

return adjustment.

It is important to be aware of the fact that if the contingent claims pricing methodology is

used for a state variable which is not the price of an asset traded in financial markets, or the

price of a commodity for which there exists a futures market, an equilibrium model such as

CAPM is needed to determine the required drift of the state variable's stochastic process". If

CAPM is used, and it is assumed that the correlation between the increments of the state

variable and the return on the market portfolio is zero, the required drift is equal to the

instantaneous risk free interest rate".

12 For an instructive discussion ofthis point, see, e.g., Schwartz (1994), particularly pages 1926 to
1928.

13 Compare footnote two on page five.
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In order to present the required expected incremental return in a CAPM -setting for the general

case where the ex-dividend price process of the asset is given by a geometric Brownian

motion, I proceed with a simple example. Assume that the dynamics on the return on the

market portfolio, M, is given by 14

au, (1)
--=aMdt+oMdBt 'u, (29)

The evolutionary equation for an asset Z is

(30)

We see that of the return in Zt' only a Z pz,M reflects the systematic risk, for which the holder

of the asset should be compensated. The risk a ti1- pb, is unsystematic. The same level of

systematic risk as Z, possesses can be obtained by holding a portfolio, P, with a portion, wof

P in the market portfolio and a portion (l-w) of P in the riskless asset. By holding the riskless

asset the investor will receive a risk free return of r. The incremental return on this portfolio

will be

dP (1)
_t =(l-w)rdt+w(aAflt+oMdBt ),
Pt

(31)

and by choosing the weight such that w = pz,M0 z'aM' we get

dP a -r
_t =(r+_M_p a )dt+o p dR (l)P a z,MZ Zz,M t·

t M

The expected required drift of this portfolio gives the required expected drift of asset Zt' a;,
such that the investors will hold the asset. In other words,

(32)

14 The standard, independent, Brownian motions B(l) and B(2)in (29) and (30) are not the same as in
equations (24) and (25).
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where Å =(aM-r)/oM. The required incremental return on the asset is equal to the risk free

interest rate added the price of market risk, Å, multiplied by the volume of market risk that

asset Z, possesses, Pz,M0z, The difference between the required and actual "expected

incremental return" is named the drift adjustment, oz» where oz = a; - a Z' If the drift

adjustment is positive, oz is known as the rate ofreturn shortfall, or convenience yield. A

positive oz expresses how much the investor must be compensated for the next increment of

time in addition to the expected capital appreciation inorder to hold the asset during that

period. A negative oz expresses what the investor is willing to pay in addition to the price of

the asset for receiving the expected capital appreciation.

We see that for an asset where the incremental return is given by (31), the corresponding

continuously compounded return over the time interval (T -t) is given by

= r+

or,

where

~z= Cov[(ln(ZIZ,),ln(MIM,)] = pz,MozoJT-t) = Pz,MOZ .

Var(ln(MIM,) o~T-t) a M
(34)

We see that the required expected continuously compounded return is equal to the risk free

return with the addition of a risk adjustment. This risk adjustment equals the market

premium multiplied by the beta for the asset. The beta is equal to the ordinary least squares

regressor between the continuously compounded return on the market portfolio and the
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hypothetical asset Zt' Note that (32) can be rewritten as

(35)

where the beta is the same as in (34). This offers a recipe for finding a; and az: Estimate

the parameters of the process Zt' then find beta by a regression analysis and use (35) to find

a; and from this deduce azo

4 Examining Selected Risk Indices for Oil Producing Countries

4.1 Introductory Remarks

I examine the indices of International Country Risk Guide and the Institutional Investor' s

country credit ratings. Some, or all, of these indices have been used in analyses by Erb,

Harvey, and Viskanta (1994, 1995, 1996a and b), by Diamonte, Liew, and Stevens (1996),

and by Melvin and Tan (1996). In addition to describing and presenting the indices, I want to

a) apply the approach presented in sections two and three on anempirical data set, and b)

estimate the parameters of the assumed processes. As a starting point, I summarize the

analysis' assumptions:

Al A country's risk index is a transformation of a, not directly observable, state variable.

By applying a "reverse transformation", the state variable can be obtained from

observations of the risk index.

A2 The "reverse transformation" in Al is given by "the indirect approach", described in

sub-section 2.2. I have chosen to use the "indirect approach", even though the "direct

approach" with different functions g(.) could have been used for different countries.

In my opinion the indirect approach seems reasonable with an intuitive interpretation,

and it is useful when comparing results across countries.

A3 The dynamic behavior of the state variable governing a given risk index is captured by
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an arithmetic Brownian motion with constant parameters.

A4 The spot price of crude oil is a geometric Brownian motion with constant parameters.

The state variable governing the risk index and the log of relative crude oil prices have

a constant correlation coefficient. In short, the evolutionary equations for a given risk

index and the spot price of crude oil are as described in section three.

A5 Assets are priced in accordance with the CAPM, as described in section three.

In sub-section 4.3 I use assumptions Al and A2 when finding the deduced variable xt for a
set of risk indices.

Two testable implications of assumption A3 are that the increments of the deduced variable

are normally distributed and independent. These implications are tested in sub-section 4.4. If

the testable implications are rejected, the reason may be that anyone of assumptions AI, A2,

or A3 are incorrect.

As mentioned in the introduction, I consider the research in this section as a first step towards

a more comprehensive analysis, e.g., where the deduced variable xt can be used as one of

several explanatory variables when explaining investment flows between countries or the

level of stock indices in different countries. I have therefore included in this section a rather

comprehensive presentation of results for individual countries. I have chosen not to search

for alternative stochastic processes for the deduced variable or the oil price, which may have

fitted the data better. The possibilities to reach a good fit for an individual country are many

when the direct approach and the function g(.) are combined with alternative stochastic

processes for the evolutionary development of Yt• I feel that such an approach may be

relevant when considering a select few number of countries, but not in a more standard

analysis of a large number of countries, as presented here. Inprinciple, each country could

have a specific function gO and a distinct stochastic process for s;

In sub-section 4.5 I estimate the parameters for the assumed stochastic processes given by
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equations (23), (25), and (27), i.e., aj' ai' PS'£' and OJ' i E {S,X}. The degree of systematic

risk in xt is found byestimating betas for different countries, as explained in sub-section

three. This has implications for the investor when calculating required risk premiums in

politically unstable countries when the investor applies a CAPM and the risk is measured by

the examined indices. Ex ante, I would expect that the betas are not significantly different

from zero for most countries, especially since I use a world market portfolio". If a high level

of xt corresponds to a situation with low political risk, a positive coefficient of correlation

between the deduced variable and the oil price, PS'£' indicates that an "oil-investor" is facing

low political risk when oil prices are high. If the coefficient of correlation is negative, the

opposite is true. The coefficient of correlation has important implications for the valuation of

oil investments, as we will see in sub-section five and in chapter four of the dissertation.

4.2 The Data

The forty-four countries specified in the BP (British Petroleum) Statistical Review 1997 are

listed in Table 4.1. The first columns contain the countries' oil production in 1995 and

remaining reserves at the end of 1995. The five largest oil producers in 1995 were Saudi

Arabia, USA, the Russian Federation, Iran, and China. The countries having the largest

proven reserves were Saudi Arabia, Iraq, The United Arab Emirates, Kuwait, and Iran. The

March 1996levels of the International Country Risk Guide's (ICRG) risk indices for political

risk (PR), financial risk (FR), economic risk (ER), and composite risk (CR) are then reported.

For a specification of the ICRG risk indices, see Table 4.2. The ICRG indices are weighted

sums of economic indicators andlor ratings of a set of characteristics of the country. The

ratings are made by ICRG-experts. For a detailed description of how the indices are made, I

refer to Coplin and O'Leary (1994). ICRG has not specified what constitutes "high" or "low"

risk, but a general classification in risk categories for the composite risk index has been

offered, see Table 4.3. Highllow levels of the ICRG risk indices corresponds to lowlhigh

levels of risk. An index level for the ICRG CR below fifty is considered as "very high risk."

The average of the countries' ICRG composite risk indices was 68.7. The countries with

highest composite risk, i.e., lowest CR, were Iraq, Angola, Algeria, Cameroon, and Congo.

15 See footnote two on page five.
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The countries with the lowest risk according to ICRG CR were Brunei, Denmark, Norway,

and USA. The important factors determining the Institutional Investor' s country credit rating

(TICCR) are reported in Table 4.4. The assessment of the countries are made by people

working in business. The factors considered to be important for a country' s credit rating

change over time, and differ between types of countries. Note especially the importance of

debt service. For the OECD countries debt service was ranked only as number five in 1979,

while it was ranked as number two in 1994, making debt service an important factor for good

credit ratings for all types of countries. As for the ICRG indices, high/low TICCR-values

corresponds to situations with lowlhigh risk. The average of the TICCR was 41.3. The lowest

rated countries were Iraq, Angola, Congo, and Uzbekistan. The highest rated countries were

USA, United Kingdom, Norway, and Denmark.

The purchase of political risk insurance for investments in a country is an indication of the

fact that investor regard political risk is a concern. The penultimate column in Table 4.1

indicates whether the country is a member of the Multilateral Investment Guarantee Agency

(MIGA) and the ultimate column shows how much ofMIGA's outstanding obligations at the

end of June 1996 were in the country. Of the forty-four countries listed in Table 4.1, six of

the countries were not members of MIGA. These were Australia, Brunei, Iran, Iraq, Mexico,

and Syria. Political risk insurance from MIGA had been purchased for investments in

sixteen of the countries, and these insurances constituted 52.4 per cent ofMIGA's total

outstanding liabilities. The standard premiums for MIGA's political risk insurance contracts

are reported in Table 4.5. The actual premiums paid may differ from the standard rates due to

specific risk-characteristics of the insured project. Note that the standard premiums are

highest for the oil and gas sector. The standard premium of 1.25% for insurance against

expropriation implies that ifUSD 100 is insured, the premium (per year) is USD 1.25.

For the spot price of oil I use prices of the Brent Blend crude oil. As the risk free interest rate

I use the six month Eurodollar rate. I use the Morgan Stanley Capital International World

Index (MSCIWI), measured in US dollars, to represent the market portfolio. MSCIWI is a

value weighted index reflecting reinvestment of dividends. The oil prices, the return on the

market portfolio, and the Eurodollar interest rate are all end of the month observations
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OilProduc-
tion(l) 1995

Reserves end '95<1)
Thousand mill. ICRG, March 1996(3)

March Memberl5l % of
'96, of liabili-

Country BlsldaY!Z) % Barrels % PR FR ER CR nCCR4 MIGA? ties (6)

Algeria 1,325 2.0 9.2 0.9 48 36 28.0 56.0 21.5 Y

Angola 630 0.9 5.4 0.5 SO 21 38.5 55.0 12.5 Y

Argentina 750 1.1 2.2 0.2 76 35 34.0 72.5 38.4 Y 5.4

Australia 575 0.9 1.6 0.2 80 44 36.5 80.5 71.0 N

Azerbaijan 185 0.3 1.2 0.1 NA NA NA NA NA Y

Brazil 715 1.1 4.2 0.4 64 34 33.0 65.5 35.8 Y 7.2

Brunei 175 0.3 1.4 0.1 82 47 48.0 88.5 NA N

Cameroon 105 0.2 0.4 0.0 52 29 31.5 56.5 18.5 Y

Canada 2,390 3.5 7.2 0.7 81 46 38.5 83.0 79.9 Y

China 2,990 4.4 24.0 2.4 68 38 38.0 72.0 56.4 Y 4.9

Colombia 590 0.9 3.5 0.3 58 39 35.0 66.0 46.7 Y

Congo 185 0.3 l.S 0.1 56 29 28.5 57.0 14.2 Y

Denmark 190 0.3 1.0 0.1 85 48 42.0 87.5 80.3 Y

Egypt 920 1.4 3.9 0.4 56 31 31.5 59.5 25.7 Y

Equador 395 0.6 2.1 0.2 60 40 38.0 69.0 34.0 Y 1.9

Gabon 355 0.5 1.3 0.1 59 34 35.0 64.0 25.1 Y

India 785 1.2 5.8 0.6 62 36 36.0 67.0 45.8 Y

Indonesia 1,575 2.3 5.2 0.5 65 39 37.0 70.5 51.8 Y 4.5

Iran 3,705 5.5 88.2 8.7 65 35 33.0 66.5 23.6 N

Iraq 545 0.8 100.0 9.8 37 19 12.5 34.5 8.4 N

Kazakhstan 440 0.7 5.3 0.5 NA NA NA NA 19.2 Y 0.8

Kuwait 2,105 3.1 96.5 9.5 71 43 43.0 78.5 54.1 Y 2.2

Libya 1,415 2.1 29.5 2.9 59 34 34.0 63.5 29.9 Y

Malaysia 735 1.1 4.3 0.4 75 43 41.0 79.5 68.4 Y

Mexico 3,065 4.5 49.8 4.9 66 40 33.0 69.5 41.2 N

Nigeria 1,890 2.8 20.8 2.0 54 23 24.0 50.5 14.8 Y

Norway 2,995 4.4 8.4 0.8 84 46 45.0 87.5 82.0 Y

Oman 870 1.3 5.1 0.5 70 42 40.0 76.0 52.5 Y

Papua New Guinea 100 0.1 0.4 0.0 63 35 38.0 68.0 33.0 Y 3.4

Peru 125 0.2 0.8 0.1 59 34 34.5 64.0 27.2 Y 6.9

Quatar 460 0.7 3.7 . 0.4 66 39 33.5 69.5 53.8 Y

Romania 140 0.2 1.6 0.2 72 36 30.0 69.0 30.9 Y

Russian Federation 6,200 9.2 49.0 4.8 58 29 42.0 64.5 19.9 Y 4.8

Saudi Arabia 8,885 13.2 261.2 25.7 65 43 38.0 73.0 55.1 Y 0.4

Syria 610 0.9 2.5 0.2 69 33 32.0 67.0 24.6 N

Trinidad & Tobago 145 0.2 0.5 0.0 63 37 37.5 69.0 36.4 Y 2.2

Tunisia 90 0.1 0.4 0.0 70 36 36.0 71.0 44.8 Y 2.9

United Arab Emirates 2,485 3.7 98.1 9.6 67 41 39.0 73.5 60.8 Y

United Kingdom 2,755 4.1 4.3 0.4 80 46 35.0 80.5 88.2 Y

USA 8,290 12.3 29.6 2.9 82 46 37.5 83.0 90.9 Y

Uzbekistan 175 0.3 0.3 0.0 NA NA NA NA 14.9 Y 2.2

Venezuela 2,840 4.2 64.5 6.3 65 33 31.0 64.5 30.1 Y 2.6

Vietnam 150 0.2 0.5 0.0 69 26 26.0 60.5 30.3 Y O.l
Yemen 335 0.5 4.0 0.4 67 3S 27.0 64.5 NA Y

Sum/Avg 66,385 98.3 1010.4 99.4 65.8 36.6 34.9 68.7 41.3 38Y,6N 52.4.. . .
(1) Source: BP Statistical Review of World Energy 19%. (2) Thousand barrels per day. (3) Intemattonal Country Risk Guide: PR= political risk,
FR=financial risk, ER=economic risk, and CR=composite risk. (4) Institutionallnvestor' s country credit rating. (5) Source: MlGA Annual
Report 1996. (6) Percentage of MIGA's total outstanding liabilities of USD 2.3 billion as per June 30 1996, according to MIGA Annual Report
19%.
Table4.1 Countrycharacteristics
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Composite Risk
00.0 - 49.5
50.0 - 59.5
60.0 - 69.5
70.0 - 84.5
85.0 -100.0

Risk Category
Very high risk
High risk
Moderate risk
Lowrisk
Very low risk

Source: Coplin and O'Leary (1994), p. 249.
Table 4.3 Risk categories for the ICRG composite risk

index

OECD Emerging Rest of World
Factor 1979 1994 1979 1994 1979 1994
Economic outlook 1 1 2 3 3 4
Debt service 5 2 1 1 1 1
Financial reserves!

current account 2 3 4 4 4 3
Fiscal Policy 9 4 9 7 6 6
Political outlook 6 6 7 9 8 9
Access to capital markets 6 6 7 9 8 9
Trade balance 4 7 5 5 5 5
Inflow of portfolio

investment 7 8 8 8 7 8
Foreign direct investment 8 9 6 6 9 7

Source: Erb, Harvey, and Viskanta (1996b)
Table4.4 Ranking of critical risk factors in Institutional Investor' s

country credit ratings, 1979 and 1994

MANUFACTURING/SERVICES NATURAL RESOURCES on, AND GAS

TYPE OF RISK CURRENT" STANDBY" CURRENT STANDBY CURRENT STANDBY

CURRENCY

TRANSFER 0.50% 0.25% 0.50% 0.25% 0.50% 0.25%

EXPRO-

PRIATION 0.60% 0.30% 0.90% 0.45% 1.25% 0.50%

WAR/CIVIL

DISTURBANæ 0.55% 0.25% 0.55% 0.25% 0.70% 0.30%
Source: MIGA's "Investment Guarantee Guide". a. Contract 18 runnmg b. Contract 18 on hold and not 8CUve

Table4.5 MIGA premium rates. Annual rates in per cent of insured amount
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measured in nominal units.

The estimation of the process parameters are based on the time period covering nine years,

from 1988 to 1996. One of the main events in the oil market during this period was the Gulf

War. Iraq invaded Kuwait on August 21990 and operation Desert Storm withdrew from

Kuwait on February 27 1991. Events affecting the political risk during this period was, e.g.,

the fall of the Berlin-wall and the opening-up in China with the establishment of free

economic zones.

4.3 Finding the Deduced Variable

Inorder to deduce the observations of xt' I first use the equation 16

(36)

to find kt• By assuming a constant CJ v ' I then deduce xt by computing

(37)

The assumption about CJ v has implications for the observed time series of xt• When xt
develops according to an arithmetic geometric Brownian motion, the increment is given by

(38)

where a x and CJx are the parameters when the standard deviation of the "noise", CJ v ' is one.

The effect of increasing the value of CJ v is that the absolute increment in the deduced

variable, dit' is increased.

The numerical values of the ICRG indices are integers. This means that the data is

"censored". The effect is that if the drift and the variance of the true process is small, we will

not expect to observe any changes in the risk index during a short time interval because the

expected change is not sufficiently large to make the index change from one integer to

16 For the ICRG indices and Institutional Investor's country credit rating, ",MIN is zero.
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another. With longer time intervals between observations, we would expect the censoring to

play a lesser role. In Figure 4.1 I show the schedule for a simulated time series of it'
assuming o v = 1, the corresponding time series of the index ljIt of the form given by (36)

where ljIMAX = 100, and the time series of it deduced from the index observations. Only

integer values were allowed for the risk index. The match between the simulated and

deduced time series of it seems rather good in this case. In Figure 4.2 I show the schedules

for the variable deduced from the index in Figure 4.1 for different assumptions about the

standard deviation of the noise, o v. A small, compared to a large, value of o v "smooths" the

observed time series of it. When o v is small, only a small change in it is needed to produce

a given change in the index. The effect of different numerical values of o v on the deduced

variable for Norway is shown in Figures 4.3 and 4.4. The indices for Norway during the

period was rather stable, except for the ICRG political risk index. We see the same effect of

increasing the numerical value of o v as in Figure 4.2, large numerical values of o v

"magnifies" it (which is obvious from equation (37)) and increases the absolute changes in

it if these are non-zero. I will for the remaining of this chapter assume that o v = 1 when

deducing the time series of it.

4.4 Properties of the Stochastic Processes

With the assumed process, the increments of it' z}i) = ij - ij_1 ' are normally distribution with

mean o/ax -O.50;)åt and variance o;(o;åt), where åt is the time interval between the

observations measured in years. With data consisting of n+ 1 observations of it' the

estimator for the mean of the increments is

(39)

and the estimator" for the variance of the increments is

(40)

17 For a description of estimation of volatility and drift of a standard process of the type presented here,
see, e.g., Campbell, Lo, and MacKinlay (1997), pp. 361-366.
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A negative mean of the increments of it' i.e., z<X1 <O, implies that the risk index at the end of

the sample period is lower than at the start of the period, i.e., the risk increased during the

sample period. A positive mean of the increments implies that the risk index increased over

the sample period. A mean significantly different from zero means that the hypothesis of "no

trend" in the deduced variable (and therefore also in the risk index) can be rejected. When

the change in the deduced variable during the sample period, i.e., i96 - iss' is interpreted as

the accumulated continuously compounded rate of capital appreciation from holding the

(hypothetical) asset Zt(x), z(X> can be thought of as the average percentage capital appreciation

over the time interval Ilt .

In order to determine whether to use monthly, quarterly, or bi-annual observations, I first

performed an analysis for the period 1984-1996, see Appendix 3 (especially Table 6 in the

appendix). Monthly observations are available for the ICRG indices, while the IICCR are

published twice per year. The hypotheses that the increments of the deduced variable are

normally distributed or that the incrments are zero-correlated can be rejected for almost all

countries based on monthly and quarterly observations. This may be caused by the

"censoring" due to integer index values. Based on bi-annual observations the hypotheses

could not be rejected for guite a large number of countries. For the rest of the analysis I

therefore use bi-annual observations of the risk indices. I further limit the analysis by

excluding the ICRG economic risk index. This index is based on economic and financial

measures, and as such does not concentrate on political uncertainty. These economic

measures are, however, included in the ICRG composite risk index.

I report in Tables 4.6.A-D summary statistics for the sample of increments of it deduced

from the ICRG PR, FR, CR, and, the IICCR for the period 1988-1996. Eight countries had an

estimated negative mean of the changes in the deduced variable for the ICRG PR. These

were Algeria, Brazil, Cameroon, Canada, Gabon, Mexico, United Kingdom, and Venezuela.

Six countries, Indonesia, Iran, Malaysia, Romania, Syria, and Vietnam, had a mean

significantly different from zero at a significance level of five per cent. Only Iran had a mean

different from zero at one per cent significance level. For the ICRG FR, the sample mean

was negative for two countries, Nigeria and USA. For Iran, Libya, Malaysia, and Romania

the mean was significantly different from zero at a significance level of five per cent. Iran,
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Libya, and Malaysia had a mean different from zero at one per cent significance level. United

Kindom had during the period an index value of fifty, i.e., no risk. The deduced variable is

then infinity, and the statistics for United Kindom are therefore not reported. For the

increments of xt deduced from the IeRG eR, only Algeria and United Kingdom had a

negative sample mean. Six countries, Argentina, Indonesia, Iran, Malaysia, Peru, and Syria

had a mean significantly different from zero at a significance level of one per cent. While the

means of the increments of the variables deduced from the IeRG-indices were predominantly

positive, a large number of estimated sample means of the variables deduced from the neeR

were negative. Eighteen countries had a negative sample mean. These countries, i.e., those

with a negative mean, were also the only ones with a mean significantly different from zero,

all at a significance level of five per cent.

A measure of the stability in xt during the sample period is obtained by dividing the mean of

the changes by the standard deviation of the changes. A high positive/negative value of this

measure indicates that the ''trend'' of the index during the period has been stable. A low

positive/negative value of this measure indicates either that the index changed little over the

period, i.e., the mean is close to zero, or that there was an ''unstable trend". This measure is

shown for the increments of xt deduced from the four indices in Figures 4.5-4.7. Those

countries with largest positive or negative mean, z(i), are those countries with the most

"stable trends". The standard deviation of the increments seems to be approximately the

same for all countries, because the visual impression is that there is an almost linear

relationship between z(i) and z<i)/ sx' This seems especially to be the case for the neeR.

Most of the countries had an increase in the risk indices during the sample period. This may

be an indication of positive correlation between the indices. By weighting the deduced

variables of the countries with equal weights and calculating coefficients of correlation, I find

that the IeRG indices were significantly positively correlated both when levels and changes

are considered, see Table 4.7. This is also true when the coefficients of correlation are

calculated directly from the risk indices, see Table 4.8. However, when comparing the

deduced variable from Institutional Investor' s country credit ratings with the variables

deduced from the IeRG indices, or the indices themselves, the correlation is negative based

on levels. The coefficient of correlation for the levels of IeRG FR and neeR is significantly
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Country
Coeff. of Excess

Mean t-value(l) Variance Skewness Kurtosis
ø-.J<2),

p-value
Studentized
range(3) p,(1),(4)

Algeria
Angola
Argentina
Australia
Azerbaijan
Brazil

Brunei
Cameroon
Canada

China

Colombia
Congo
Denmark

Egypt
Equador
Gabon
India
Indonesia
Iran

Iraq

Kazakhstan

Kuwait

Libya
Malaysia
Mexico
Nigeria
Norway
Oman

Papua New Guinea
Peru

Quatar
Romania

Russian Federation
Saudi Arabia

Syria
Trinidad & Tobago
Tunisia
United Arab Emirates

United Kingdom
USA
Uzbekistan

Venezuela
Vietnam
Yemen

-0.0227 -1.07 0.0017 -0.846 -0.298
0.0163 0.64 0.0111 -0.296 1.069
0.0308 1.73
0.0161 0.68

NA
-0.0016 -0.08
0.0142 1.31
-0.0030 -0.21
-0.0022 -0.14
0.0095 0.42
0.0044 0.34
0.0045 0.28
0.0053 0.31
0.0121 0.62
0.0238 0.95
-0.0030 -0.23
0.0255 0.81
0.0408 2.61·
0.0600 2.98 ••

0.0080 0.20
NA

0.0447 0.67
0.0314 1.18

0.0305 2.23 •
-0.0048 -0.23
0.0148 1.18
0.0000 0.00
0.0235 1.42
0.0094 0.61
0.0298 1.39
0.0288 1.32

0.0370 2.43 •
0.0221 0.84
0.0227 0.88
0.0426 2.51·
0.0170 1.12
0.0294 1.29
0.0395 1.64
-0.0071 -0.47
0.0066 0.34

NA
-0.0048 -0.17

0.0408 2.20 •
0.0485 1.26

0.0054
0.0097

0.0062
0.0020
0.0034
0.0044
0.0088
0.0029
0.0042
0.0048
0.0064
0.0106
0.0030
0.0168
0.0042
0.0069
0.0279

0.0749
0.0120
0.0032
0.0073
0.0027
0.0078
0.0047
0.0040
0.0078
0.0081
0.0039
0.0055
0.0113
0.0049
0.0039
0.0088
0.0099
0.0039
0.0066

0.0138
0.0058
0.0104

1.262 1.171
0.183 0.666

-0.937 0.071
1.296 3.656
-1.995 4.399
-0.717 1.158
-0.018 1.781
-0.018 -0.953
-1.823 6.248
0.778 0.635
0.155 -0.01
0.354 -0.537
0.971 3.702
0.964 1.707
0.051 0.546
0.813 -0.218
-0.373 0.308

-1.65 7.659
0.462 -0.622
0.625 0.79
-1.628 4.232
-0.093 -1.156
-0.679 0.622
0.219 0.311
-0.645 2.046
-1.065 2.074
0.782 -0.346
0.802 -0.104
-1.079 1.427
0.138
1.032
-0.902
1.179
2.424
-0.92
0.358

0.404
0.699
1.018
1.136
6.93

0.731
0.187

0.35
0.59
0.06
0.82

0.29
0.00 ••
0.00 ••

0.30
0.33
0.72
0.00 ••

0.37
0.97
0.76
0.00 .*

0.10
0.90
0.39
0.79

0.00 **
0.64
0.46
0.00 **
0.62
0.45
0.90
0.13
0.04 *
0.40
0.40
0.33
0.92
0.19
0.22
0.09
0.00 .*

0.25
0.82

0.00 *.

0.00 **
0.44

3.42 0.157
4.36h* 0.226
3.54 -0.265
4.27 0.507'"

3.051* -0.505 *
4.72h·* 0.013
3.96 -0.139
3.17 0.448
4.58 h* 0.277
3.36 0.341
4.63 h** 0.280
3.75 -0.339
3.87 -0.318
3.51 -0.151
4.53 h* -0.179
4.02 0.104
3.87 0.051
3.37
3.83

0.002

-0.039

-0.285
0.016
-0.099
0.106

-0.256
-0.023
-0.077
0.028
-0.239
0.150
0.121
0.147
-0.040
-0.690
-0.375
-0.029
-0.110
0.198
-0.102

-0.137
-0.099
-0.053
0.233
-0.090
-0.239
0.157
-0.139
-0.055
-0.084
-0.145
-0.326
-0.063
0.263
-0.073
-0.041
0.030
0.115
0.013

0.023
0.323
-0.472

-1.603
2.443

3.627
6.599

5.26h** 0.130
3.38 -0.064
3.90 0.401
4.34 h* -0.426
3.47 -0.245
3.86 0.357
3.95 -0.128
4.42h* 0.104
4.31 h* -0.338
3.34 -0.098
3.67 0.105
3.10 -0.340
4.05
3.73
3.83
3.74
4.11
3.67
3.94

0.013
0.081
-0.378
-0.080
-0.317
0.084
0.010

Table 4.6.A Statistics for sample of increments of xt deduced from the ICRG political risk
index. Time period: 1988-1996. Bi-annual observations

1.099 -0.913

90

4.18
4.19
2.35

-0.224
-0.232
-0.251



Country
Coeff. of Excess

Mean t-valne'" Variance Skewness Kurtosis
B-J<2),

p-value
Studentized
range(3) p,(l),(4)

Algeria
Angola
Argentina
Australia
Azerbaijan
Brazil

Brunei
Cameroon
Canada

China

Colombia
Congo
Denmark
Egypt
Equador
Gabon

India
Indonesia
Iran
Iraq

Kazakhstan
Kuwait
Libya
Malaysia
Mexico
Nigeria
Norway
Oman

Papua New Guinea
Peru

Quatar

Romania
Russian Federation
SaudiArabia

0.0372 1.90 0.0065 0.591 -1.146
0.0180 0.98 0.0057 1.133 1.585
0.0586 1.78
0.0237 1.25

NA
0.0126 0.39
0.0088 0.46
0.0030 0.23
0.0000 0.00
0.0266 0.76
0.0168 0.53
0.0391 1.59
0.0491 1.59
0.0299 1.08
0.0614 1.83
0.0132 1.46
0.0319 1.11
0.0614 1.36

0.0757 2.19•
0.0199 0.25

NA
0.0466 0.34

0.0550 2.45•
0.0662 2.18·
0.0420 1,14
0.0000 -0.00
0.0000 0.00
0.0405 1.34
0.0033 0.14
0.0687 1.83
0.0425 1.45
0.0651 3.99·"
0.0064 0.29
0.0665 1.76

Syria 0.0518 1.84
Trinidad & Tobago 0.0260 1.64
Tunisia 0.0504 1.41
UnitedArab Emirates 0.0657 2.07
UnitedKingdom
USA
Uzbekistan
Venezuela
Vietnam
Yemen

NR
-0.0178 -0.52

NA
0.0095 0.27
0.0485 1.68
0.0237 1.02

0.0184
0.0061

0.0174
0.0061
0.0030
O.oI13
0.0210
0.0167
0.0103
0.0162
0.0130
0.0191
0.0014
0.0140
0.0345
0.0204
0.1080

0.3230
0.0086
0.0157
0.0231
0.0051
0.0028
0.0156

. 0.0094
0.0241
0.0146
0.0045
0.0040

0.0242
0.0134
0.0043
0.0218
0.0171

0.0203

0.0211
0.0142
0.0038

0.156 0.848
0.741 1.020

-0.019 0.016
0.112 4.563
1.192 3.424
1.802 8.000
1.165 1.679
1.051 1.808
1.981 5.477
3.018 9.605
0.984 1.920
2.485 7.621
1.258
0.301
1.040
1.168
0.780

2.836
0.284
0.567
2.128
4.071

0.38
0.07

2.731·· -0.208
4.10 -0.109

0.75 4.05 0.265
0.32 3.97 0.398

1.00 3.80 -0.136
0.00 •• 5.12h·" 0.286
0.00 .... 4.57h" 0.050
0.00 ...

0.05
0.07
0.00 ....
0.00 ...

0.07

5.18h.... 0.144
4.07
4.02
4.54h·
3.85
4.30

0.531·
0.428
0.009
0.111
-0.124

0.00 ... 4.49h· 0.182

0.202
0.399
0.302
0.027

0.033
-0.013
0.357
0.391
0.119
0.123
-0.157
-0.028
0.024
0.209
-0.090
0.281
0.320
0.284
-0.048

0.015
0.125
0.471
-0.001
0.124
0.000
0.416
0.039
-0.509..
0.367
0.250
0.005
-0.117
0.015
-0.114
-0.101
0.147

-0.032

-0.190
0.430
-0.437

. -2.172
1.042
0.143
-0.926
-0.136
0.000

8.705
0.194
0.141
0.973
0.604

8.000

0.01 ...

0.85
0.19
0.03 ..
0.00 ....

0.00 ...

0.21
0.96
0.21
0.86
0.00 ...

4.81h"· -0.090
3.98 -0.045
3.66 0.613··
4.20 0.166
4.9Oh·" 0.126

5.09h.... -0.155

3.46 0.266
3.91 0.669··
3.95 -0.006
4.20 -0.071
5.67h·" 0.000

0.00 ... 4.41h" 0.034
0.12 3.82 0.461
0.01 .. 4.64h.... -0.017
0.00 ... 4.73h·" 0.071
0.37 3.12 -0.040
0.94 3.16
0.00 ... 4.05
0.00 ••
0.00 .
0.00 ..
0.00 .

0.402
0.114

4.49h" 0.149
4.73h·· 0.030
4.19 -0.108
4.20 0.196

0.00 ... 4.91h·· -0.532

0.39 4.27
0.00 •• 3.94

0.66 2.59

-0.104
-0.189
0.333

Table 4.6.B Statistics for sample of increments of xt deduced from the ICRG financial
risk index. Time period: 1988-1996. Bi-annual observations

2.389 7.124
-0.831 1.807
-0.972 2.897
2.049 6.643
0.809 -0.472
-0.306 0.154
2.103 4.298
3.018 10.403
1.183 3.807
3.037 10.233
2.572 7.868

-0.253 4.187

0.518 1.257
1.831 3.011
0.755 -0.748
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Country
Coeff. of Excess

Mean t-value'" Variance Skewness Kurtosis
Studentized
range(3) p/l),(4)

Algeria

Angola

Argentina

Australia

Azerbaijan

Brazil

Brunei

Cameroon

Canada

China
Colombia

Congo

Denmark

Egypt

Equador

Gabon

India

Indonesia

Iran

Iraq

Kazakhstan

Kuwait

Libya

Malaysia

Mexico

Nigeria

Norway

Oman

Papua New Guinea

Peru

Quatar

Romania

Russian Federation

Saudi Arabia

Syria

Trinidad & Tobago

Tunisia

United Arab Emirates

United Kingdom

USA

Uzbekistan

Venezuela

Vietnam

Yemen

-0.0038 -0.25 0.0040 -0.578 -0.391

0.0059 0.35

0.0442 2.18 *

0.0138 0.98

NA
0.0108 0.66

0.0194 2.02

0.0007 0.06

0.0000 0.00

0.0142 0.57

0.0091 0.59

0.0149 1.10

0.0168 1.97

0.0203 1.50

0.0356 1.53

0.0047 0.43

0.0262 1.12

0.0387 2.44 *

0.0602 2.86 *

0.0041 0.13

NA
0.0348 0.43

0.0368 1.66

0.0343 2.51 *

0.0135 0.69

0.0037 0.24

0.0105 0.78

0.0278 1.66

0.0090 0.48

0.0422 2.23 *

0.0262 1.33

0.0272 1.72

0.0208 0.83

0.0301 1.37

0.0415 2.74 *

0.0190 1.46

0.0346 1.78

0.0354 1.61

-0.0132 -1.24

0.0037 0.28

NA
0.0047 0.19

0.0443 2.42 *

0.0358 1.04

0.0047

0.0070

0.0034

0.0045

0.0016

0.0029

0.0018

0.0103

0.0040

0.0031

0.0012

0.0031

0.0092

0.0021

0.0093

0.0043

0.0076

0.0173

0.1130

0.0083

0.0032

0.0065

0.0040

0.0031

0.0048

0.0060

0.0061

0.0066

0.0043

0.0050

0.0082

0.0039

0.0029

0.0064

0.0082

0.0019

0.0030

0.0105

0.0057

0.0083

0.111

0.907

-0.420

-0.010

1.236

0.982

-0.172

-0.503

0.429

-1.999

-0.026

0.253

1.059

-0.044

0.400

0.867

0.785

-0.462

-0.045

0.970

-0.280

-0.737

1.597

3.384

0.696

1.055

-0.261

6.339

-0.757

-0.469

0.692

-1.321

0.463

0.513

-0.530

-0.764

-2.673 10.450

0.407 -0.739

0.638

-2.173

0.303

0.325

1.123

-1.892

-1.693

0.186

-0.566

-0.833

2.108

0.431

0.616

1.359

2.565

-0.116

0.067

1.013

6.611

0.654

0.588

0.502

3.986

3.854

1.081

-0.221

-0.518

7.000

-0.589

4.262

2.335

8.710

-0.314

-0.810

-0.738 1.612

2.064 4.752

-1.060 0.890

0.59

0.98

0.22

0.76

0.82

0.05 *

0.00 **

0.81

0.47

0.75

0.00 **

0.82

0.84

0.17

0.54

0.74

0.31

0.38

0.60

0.00 **

0.65

0.39

0.00 **

0.75

0.76

0.15

0.00 **

0.00 **

0.63

0.62

0.60

0.00 **

0.68

0.00 **

0.01 *
0.00 **

0.95

0.79

0.18

0.00 ..*

0.46

3.47 0.122

3.63

3.94

3.60

3.12

3.79

4.47h*

4.28

4.13

3.62

4.49h"

3.42

3.77

3.65

3.08

3.84

3.82

3.11

3.19

0.480

-0.117

-0.579*

-0.380

-0.153

-0.225

0.612"*

0.282

0.229

0.258

-0.261

-0.354

0.043

-0.017

0.120

0.460

-0.037

0.079

5.09 h"* -0.072

3.39 -0.047

4.26

4.47h*

4.27

3.95

3.33

3.88

0.268

-0.064

-0.020

0.333

-0.159

0.305

4.10 -0.167

4.32 h* -0.024

3.67 0.009

2.681** -0.111

4.53h* 0.177

3.36 0.162

5.03 h** -0.328

4.13 -0.166

4.42 h* -0.123

3.64 -0.045

3.28 -0.309

4.20 -0.143

3.98 -0.325

2.85h** -0.231

-0.390

-0.181

-0.079

0.101

-0.213

-0.060

0.148

0.157

-0.090

0.338

-0.160

0.164

0.085

-0.066

-0.327

0.119

0.121

0.189

-0.234

-0.008

0.042

-0.156

-0.323

0.208

-0.308

0.146

0.053

-0.099

0.228

-0.319

-0.236

-0.127

0.385

-0.042

-0.105

-0.027

0.038

0.181

0.065

0.492*

-0.604

Table 4.6.C Statistics for sample of increments of xt deduced from the ICRG composite
risk index. Time period: 1988-1996. Bi-annua! observations.
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Country
Coeff. of Excess

Mean t-value(l) Variance Skewness Kurtosis
B.J(2), Studentized

p-value range(3) etM4) ea(lM4)

Algeria

Angola

Argentina

Australia

Azerbaijan

Brazil
Brunei

Cameroon
Canada

China

Colombia

Congo

Denmark
Egypt
Equador

Gabon
India

Indonesia

Iran

Iraq

Kazakhstan

Kuwait

Libya

Malaysia

Mexico

Nigeria

Norway

Oman

Papua New Guinea

Peru

Quatar
Romania

Russian Federation

Saudi Arabia

Syria

Trinidad & Tobago

Tunisia

United Arab Emirates

United Kingdom

USA

Uzbekistan

Venezuela

Vietnam

Y

-0.0329 -3.33·· 0.0017 -0.495 0.622

0.0021 0.18

0.0235 1.58

0.0017 0.25

NA
0.0144 1.72

NA
-0.0310 -4.57··

-0.0150 -2.14·

-0.0117 -0.95

0.0114 0.97

0.0021 0.31

0.0150 2.56·

0.0060 0.64

0.0198 2.81·

-0.0136 -2.09

-0.0053 -0.44

0.0133 2.62 •

0.0129 1.03

-0.0168 -0.82

0.0041 0.22

-0.0057 -0.16

0.0086 0.81

0.0205 4.39 ••

0.0218 1.85

-0.0118 -1.31

0.0062 0.44

0.0037 0.49

-0.0071 -1.01

0.0327 2.16·

-0.0018 -0.18

-0.0038 -0.39

-0.0092 -0.48

-0.0078 -1.00

0.0132 1.91

-0.0006 -0.05

0.0189 2.55 •

0.0074 0.69

0.0040 0.45

-0.0011 -0.08

-0.0025 -0.17

-0.0061 -0.51

0.0574 5.20··

0.0022

0.0038

0.0008

0.0012

0.0008

0.0008

0.0026

0.0024
0.0008

0.0006

0.0015

0.0008

0.0007

0.0025

0.0004
0.0027

0.0072

0.0029

0.0213

0.0019

0.0004
0.0024

0.0014

0.0034

0.0010

0.0008

0.0039

0.0016

0.0016

0.0029

0.0010

0.0008

0.0022

0.0009
0.0019

0.0013

0.0028

0.0017

0.0024

0.0011

-0.144

-0.355

-0.596

-0.318

-0.499

-1.773

-1.991

-0.342

-0.380

-0.909

-0.069

0.373

-1.541

1.221

0.134

0.336

-0.153

0.325 -0.226

-0.752

0.217

3.759

4.965

0.370

0.529

0.502

-0.785

0.538

4.079

1.128

0.115 -0.903

-1.687 3.562

. -1.524 3.773

-3.720 14.826

-0.629

-0.857

-1.896

0.493

0.840

-0.314

-0.437

-Q.408

-2.328

-0.747

-1.034

-0.889

0.957

-0.870

-0.961

. -2.364

-1.652

-0.853

0.300

0.619

5.398

-0.536

3.049

0.772

1.006

-0.972

8.236

0.920

1.084

2.371

2.194

1.066

1.267

8.309

3.935

0.211

-1.070 2.384

0.672 0.240

-0.491 -1.150

0.62 3.93 -0.208 0.358

0.96 4.04 .0.060 0.132

0.80 4.07 0.654·· 0.659·*

0.60 3.55 0.456 0.288

0.85 3.77 0.487 * 0.548 *

0.71

0.69

0.00 .*

0.00 .*

0.81

0.74

0.28

0.80

0.74

0.00 **

0.08

0.74

0.00 **

0.02 *
0.00 .*

0.55

0.31

0.00 **

0.64

0.01 *

0.70

0.53

0.57

0.00 **

0.34

0.40

0.04 *

0.05 *

0.23

0.15

0.00 *.

0.00 **

0.35

0.18

0.52

0.65

3.22

3.80

3.94

3.91

3.93

4.15

3.90

3.44

4.09

4.19

3.82

0.356

0.274

0.571·

0.096
-0.189

0.159

0.727**

0.396

0.319

0.470

0.168

0.250

-0.123

0.156

0.157

0.257

0.437

0.534*

0.264
-0.040
0.331

0.360

0.514 *

0.106

-0.133

-0.205

-0.201

0.033

0.373

0.358

0.083

0.025

0.120

0.493 *

-0.185

0.366

0.545

-0.152

-0.235

0.465

0.126

-0.197

-0.550*

0.017

0.468

0.207

-0.307

3.67 0.513 *

4.25 0.149

3.33 -0.795 *

4.66h** -0.081

3.87 -0.308

3.63 0.459

4.33 h· 0.291

3.50 -0.001

4.62h·· -0.171

4.15 0.106

4.13 -0.074

3.20 0.494·

4.74 h·· 0.098

3.96 0.549*

3.14 -0.475

4.33h· 0.176

4.19 -0.137

3.83 0.472

3.92 -0.126

4.77 h*· -0.103

4.41 h· 0.042

3.62 0.258

3.36 -0.019

3.65 0.379

3.021· 0.503

The number of observations are 17 for all countries, except for the Russian Federation (8), Yemen (7), Kazakhstan (8), Uzbekistan (8), and
Vietnam for the HCCR index (8). (1). and •• indicates whether the estimate is significantly different from zero, using a two sided test and a
significance level ofO.05 and 0.01, respectively. (2) The p-value of the Bera-Jarque test ofnonnality, based on the statistic
J =n(coeff. of skewnessl/6 + (excess kurtosis)zl24]. In case of normality, J is xZ -distributed with two degrees of freedom. The reported
p-value is the probability of observing a J statistic equal to or lower than the sample statistic J. (3) h· and h·· indicates that in a normal
distribution with n observations, the probability of the observed studentized range being this high is less than 0.05 and 0.01, respectively.
Similarly, l· and l·· means that in a normal distribution with n observations, the probability of the observed studentized range being this low
is less than 0.05 and 0.01. (4) Coefficient of correlation between observations, where one observation is lagged one or two periods.

Table 4.6.D Statistics for sample of increments of xt deduced from the Institutional
Investor's country credit ratings. Time period: 1988-1996. Bi-annual
observations
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ICRGPR

ICRGFR

ICRGCR

IICCR

Table 4.7

ICRGPR

ICRGFR

ICRGCR

IICCR

Table 4.8

ICRGPR ICRGFR IICCRICRGCR

0.981 **

0.982**

-0.292

-0.579*

-0.434

0.934**

0.539*

0.750**

0.234

0.783**

-0.358 0.047
• Significantly different from zero at significance level 0.05 .•• Significantly different from zero
at significance level 0.01

Correlation between average values (equally weighted) of deduced
observations, Xt' level (upper right triangle) and changes (lower left triangle).
Time period: 1988-1996. Bi-annual observations

ICRGPR ICRGFR IICCRICRGCR

0.984**

0.988**

-0.318

-0.562*

-0.446

0.952**

0.596*

0.765**

0.173

0.783**

-0.331 0.020
• Significantly different from zero at significance level 0.05 .•• Significantly different from
zero at significance level 0.01

Correlation between average index values (equally weighted), level (upper
right triangle) and changes (lower left triangle). Time period: 1988-1996. Bi-
annual observations
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Country ICRGPR

Algeria

Angola ./
Argentina

Australia ./
Azerbaijan NA

Brazil ./
Brunei ./
Cameroon ./
Canada

China ./

ICRGFR ICRGCR IICCR

./

NA

./
NA

./

./

./

./

./

./

./

NA

./
NA

./

.~QJgm\lj.A••••••••••••••••••_••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••{. •••••••••••••••••••
Congo ./ ./ ./

Denmark ./
Egypt ./

Equador

Gabon

India

Indonesia

Iran

Iraq

Kazakhstan

./

./
./

NA

./

./

./
NA NA

./

./

./

.K\l.\'{!Y.~ _ {. (. {. {. .
Libya

Malaysia

Mexico

Nigeria

Norway

Oman

Papua New Guinea

Peru
Quatar

Romania

./
./

./

./
./

./

./ ./
./

./

./

./
./
./
./

.&Yli~iiw.f.~.Qn _ {. .
Saudi Arabia ./
Syria ./
Trinidad & Tobago ./
Tunisia ./
United Arab Emirates ./
United Kingdom NR

USA ./
Uzbekistan NA NA

Venezuela ./
Vietnam ./ ./
Yemen
Sum./(l) 15126 26/14

./ ./
./

./

./

./ ./
./

NA

./

./
17124

./
NA

20/21
A mark "./" is inserted if the hypothesis of the increments of f, being normally distributed and/or the coefficient of correlation between
lagged increments is zero can be rejected based on the tests reported in Table 4.6A-D using a significance level of five per cent.
(I) Number of countries with ./ -marks! number of countries, for which data are available or reported, with no ./ -marks.

Table 4.9 Summary of results for the tests of whether the increments of the deduced
variable xt are normally distributed and uncorrelated. Time period: 1988-1996.
Bi-annual observations.

97



different from zero. The estimated coefficient of correlation between the changes in ICRG

FR and IICCR, or between the variables deduced from these indices, is negative but not

significantly different from zero. Figure 4.9 shows that from 1988 to 1992 the IICCR was

steadily increasing, while the ICRG FR was decreasing.

The coefficients of skewness, the excess kurtosis, and the studentized range are reported in

Tables 4.6A-D in order to indicate if the changes in it are normally distributed. The

coefficient of skewness measures the asymmetry of the distribution and the excess kurtosis

indicates the thickness of the tail of the distribution. For the normal distribution, the expected

value ofboth statistics is zero. Ialso report the p-value of a Bera-Jarque test of normality

based on the coefficient of skewness and excess kurtosis. The studentized range is defined as

the difference of the largest and smallest observation divided by the sample standard

deviation. Finally Ireport the coefficient of correlation between lagged increments, where

pk is the coefficient of correlation between z/X) and z/:i. According to the process

assumptions, the coefficient of correlation between lagged increments should be zero.

Table 4.9 contains an overview ofthose countries where the reported tests resulted in a

rejection of the hypothesis of normality and/or the hypothesis of zero correlation betweeen

lagged increments. Those countries where the tests showed significant rejection of the

hypotheses, at a five per cent significance level, are marked with a .t-symbol. A.t -mark

indicates that the hypothesis of an arithmetic Brownian motion with constant parameters can

be rejected, and that further analysis is needed, e.g., by selecting a different stochastic

process. Table 4.9 shows that there were more .t-marks for the ICRG FR and the IICCR than

for the ICRG PR and CR. Based on this, the arithmetic Brownian motion process is less

likely to describe the dynamic behavior of a variable deduced from the ICRG FR or IICCR

than of a variable deduced from the ICRG PR or CR. Note that for quite a large number of

countries the hypothesis about the underlying stochastic process cannot be rejected, even

though the rather simple model presented in section two, the "indirect approach", is used to

deduce the variables.

For the change in the state variable governing the Brent Blend oil prices, Iuse the observation

z}S) =ln(S/Sj_l)' i.e., the logarithm of relative prices where the time period between price
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observations is A. t. The estimators for the mean and variance of z}S)· are given by (39) and

(40), but where z}S) replaces z}X>. The statistics for the sample period are reported in Table

4.10. For the whole period, the coefficient of correlation, either lagged one or two periods, is

significantly different from zero at one per cent significance-level, and the test based on the

studentized range statistic indicates that the hypothesis of normally distributed increments can

be rejected. By excluding the period for the Gulf War, only the coefficient of correlation

between the lagged increments for quarterly data are significantly different from zero.

Statistics are also reported for the period before and after the GulfWar.

Coeffof Excess B-J(1), Studentized
Period Observations N Mean t-value(l) Variance Skewness Kurtosis I!:value raD2e(3) el(1),(4) e;(1),(4)

Whole period Bi-annual 17 0.0239 0.29 0.1170 0.252 2.340 0.13 4.65h** -0.546 * 0.090

Quarterly 35 0.0079 0.21 0.0520 1.848 7.331 0.00 ** 5.831** -0.190 -0.417 *

Monthly 105 0.0026 0.28 0.0095 0.645 3.988 0.00 ** 7.37h** 0.237 * -0.017

- e xcI. GulfWar Bi-annual 15 0.0225 0.42 0.0427 0.967 1.635 0.13 4.02 -0.485 0.029

Quarterly 32 0.0032 0.13 0.0194 0.339 -0.591 0.58 3.95 -0.091 -0.401 *

Monthly 98 0.0029 0.39 0.0054 -0.102 -0.224 0.83 5.01 0.018 -0.115

Pre GulfWar Montlhly 31 0.0022 0.14 0.0083 0.089 -0.442 0.86 4.06 0.090 -0.212

Post Gulf War Monthly 67 0.0032 0.41 0.0042 -0.314 -0.449 0.44 4.15 -0.043 -0.041

Whole period: 1988-1996. Gulf War: August 1990-February 1991. (I) * and ** indicates whether the estimate is significantly different from
zero, using a two sided test and a significance level of five and one per cent, respectively. (2) The p-value of the Bera-Jarque test of normality,
based on the statistic J =n[(coeff. of skewnessi/6 +(exeess kurtosisil24]. In case of normality, J is X2-distributed with two degrees of
freedom. The reported p-value is the probability of observing a J statistic equal to or lower tllan the sample statistic J. (3) h* and h*· indicates
that in a normal distribution witll n observations, tlle probability of the observed studentized range being this high is less than 0.05 and 0.01,
respectively. Similarly,l. and 1** means tllat the probability of the observed studentized range being this low is less than 0.05 and 0.01. (4)

Coefficient of correlation between observations, where one observation is lagged one or two periods.

Table 4.10 Statistics for sample of the logarithm of relative Brent Blend oil prices

4.5 Estimates of Process Parameters

In order to estimate the drift adjustment, ox' I first perform a regression analysis to estimate a

beta according to a traditional CAPM. For the return on the world market portfolio, M, I use

the observation z}M> = In(M1~-I) where the time period between observations, A. t, is a half

year. As mentioned in section 4.2, I use the Morgan Stanley Capital International World

Index, measured in US dollars, as the market portfolio. For the risk free interest rate I use the

observation of the six month Eurodollar interest rate, rfobs, and convert it to a continuously

compounded rate for a half year, i.e., rj = In{1+rfobs12). I find the ordinary least squares

(OLS) estimate for beta, øx' by running the regression equation
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(41)

where uj is the error term. The left hand side of equation (41) is equal to the change in the

deduced variable over the time interval At, i.e., the rate of capital appreciation from holding

asset Z,(X>, in excess of the risk free interest rate.

A positive beta means that high excess return on the market portfolio corresponds to high

expected excess return from holding the asset Z,(X>. If the interest rate was constant over the

sample period, a positive beta would mean that high excess return on the market portfolio

would correspond to an increase in the risk index, i.e. lower risk, and a negative beta would

imply the opposite: a high market return would correspond to an increase in risk as measured

by the index. For most countries we would expect a beta close to zero. The important fact to

be aware of is that the variables deduced from the indices are not related in any clear way to

prices of actually traded assets. A priori, it does not seem clear to me that the estimated betas

should be different from zero, unless perhaps for the big countries like USA. For large

countries influencing the world economy, we would probably expect that decreasing levels of

risk corresponds to high levels of market return i.e., a negative beta.

I report in the first part of Table 4.11.A-D the results from running the regression-equation

(41) for the ICRG PR, FR, CR, and the IICCR. Very few of the estimated betas are

significantly different from zero. For the ICRG PR, only the beta for Papua New Guinea

(positive) is significant, at one or five per cent level of significance. For the ICRG FR the

estimated beta for Australia was negative and significant at a one per cent level. The

estimated betas for Papua New Guinea and Trinidad and Tobago were positive and significant

at a one and five per cent level, respectively. For the ICRG CR the only significant negative

beta was for Argentina (one per cent level). Papua New Guinea and Trinidad and Tobago had

significant positive estimated betas at, respectively, one and five per cent level of

significance. For the IICCR, China and Papua New Guinea had positive betas, both

significant at the five per cent level. For all indices the reported R2 is low. .For most of the

countries, the hypothesis that beta is zero cannot be rejected. According to the CAPM, a beta
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equal to zero implies that the required expected rate of return from holding the assetZt(X} is

equal to the risk free interest rate. The implication is that for most of the countries, the risk

measured by the indices may be considered as non-systematic.

The results of the regressions reported in Table 4.ll.A-D are, however, based on the

assumption that the standard deviation of the noise, CJv ' is equal to one. The OLS-estimator

of beta is

li (.i:o =1) (M) / 2
tJx=Cov(CJvZ y -r,Z -r) SM ' (42)

wherez(.i:Oy
=l) is the increment in the deduced variable when CJv is equal to one. lithe risk

free interest rate r is a constant, an increase in CJv would increase the beta estimate due to

scaling effects. Because the risk free interest rate is not a constant, the effect on the beta from

selecting different values of CJv is not obvious. I report in Table 4.12 estimates ofbetas for

different assumptions about CJv for five countries: Iraq, Nigeria, Norway, United Kingdom,

and USA. For all of the countries except Nigeria, the absolute value of the estimated beta

increases with increasing values of CJv' but none of the estimated betas became significantly

different from zero. The explained variance, as measured by R2 , showed only minor changes.

It therefore seems, based on these results, that selecting values of CJv different from one will

not improve the fit, as measured by R2
, or the level of significance of the estimated beta.

Because CJv and å t are constants, the estimator for ai. is

z(X} 1 2
eX =--+-CJ a.
i. CJ åt 2 v y

v
(43)

and the estimator for the parameter CJi. is

(44)

Equation (43) is derived by solving equation (39) with respect to a.f and equation (44) is
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equal to equation (40) solved with respect to a:f.

Based on the estimates from the regression, an estimate of the rate of return adjustment, given

assumptions about r and aM' may be found by using the equation

(45)

The logarithm of the relative oil prices, z}S), is

(46)

where mj = psiB?) -Bj?f) + J 1 - p~jB?) -Bj~f). The estimator of the covariance between the

state variable governing the oil price and the variable deduced from the risk index is

Cov = _l_~ (z.(:i) -z(:i)(z.(S) -z(S»
S,i n-l ~ 'J 'J '

(47)

and the sample coefficient of correlation is

(48)

According to the process assumptions, z}:i) and z}S) are distributed according to a bivariate

normal distribution, i.e.,

(z.(:f),z.(S» - N
'J 'J

where Cov s.s = Pss a va:fa sil t. Note that the coefficient of correlation between the deduced

variable xt and the logarithm of relative oil prices is not affected by the choice of av. Also
. (I) (I) (1) (I) r;-::2 (2) (2)note that If cj =Bj -Bj_I, and mj = psiBj - Bj_l) +V l-PsjBj - Bj_I), then
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(49)

I (.f) 1(8). 12
Wegetthat Cj =Zj and mj =Zj by letting ai=ov(cxi--oi)åt, bi=ovOi'

2
as =(cxs-.!.oi) åt, and, bs= os. The estimator for PS,.f is therefore given by

2

fJS,.f='S,.f • (50)

A positive coefficient of correlation between the deduced variable and the state variable

governing the oil prices means that the risk, as measured by the index, is reduced when the oil

price increases. When the coefficient of correlation is negative, an increase in the oil price is

likely to occur together with an increase in risk. There are some intuitive explanations for

why the correlation should be positive or negative. If the country is mainly dependent on the

production and sale of oil for its revenue, a reduction in the oil price may lead to political

turmoil, i.e., increased risk (positive correlation). A large drop in the oil revenue combined

with a lack of willingness to cut back on public spending may reduce the country' s credit

rating. If the country is a major oil producer, a political uncertain situation in the country may

lead the participants in the oil market to believe that there is a chance for a reduction in the

supply of oil. This can cause the oil prices to rise. In this instance the risk indices and the oil

price are negatively correlated. A negative coefficient of correlation may also be expected if

the country is a large net importer of oil. An increase in the oil price will increase the cost of

an important input factor and may cause the economy to slow down. This may again lead to

political instability due to, e.g., unemployment. The credit rating of
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Country
Regression
a t-value(l)

Estimated process parameters
nW2) 5% 1% "s./) tlR OJ A/3)

Algeria

Angola
Argentina
Australia
Azerbaijan
Brazil
Brunei
Cameroon
Canada

China

Colombia
Congo
Denmark
Egypt
Equador
Gabon
India

Indonesia
Iran

Iraq

Kazakhstan
Kuwait
Libya
Malaysia
Mexico
Nigeria
Norway
Oman

Papua New Guinea
Peru

Quatar
Romania
Russian Federation
Saudi Arabia
Syria
Trinidad & Tobago
Tunisia
United A. Emirates
United Kingdom
USA
Uzbekistan
Venezuela
Vietnam
Yemen

-0.0563 -2.51 *
-0.0140 -0.53
-0.0012 0.06
-0.0133 -0.51

NA
-0.0279 -1.50
-0.0176 -1.62
-0.0354 -2.45 *
-0.0340 -2.02
-0.0201 -0.82
-O.0257 -1.99
-0.0295 -1.80
-0.0259 -1.46
-0.0033 -0.13
-0.0184 -0.90
-0.0360 -2.49 *
-0.0024 -0.07
0.0099 0.62
0.0304 1.50
-0.0257 -0.59

NA
-0.0020 -0.03
0.0046 0.17
0.0024 0.19
-0.0370 -1.72
-0.0165 -1.27
-0.0340 -1.53
-0.0050 -0.30
-0.2920 -2.34 *
-0.0002 -0.01
-0.0005 -0.02
0.0099 0.66
-0.0546 -1.25
-0.0108 -0.41
0.0113 0.61
-0.0169 -1.09
0.0001 0.00
0.0103 0.41
-0.0420 -2.57 *
-0.0261 -1.22

NA
-0.0410 -1.46
0.0063 0.32
-0.0727 -1.53

0.1940 0.71
-0.0652 -0.20
-0.1190 -0.52
-0.1370 -0.43

-0.3730 -1.64
0.0473 0.36
0.1030 0.58
0.0506 0.25
-0.1160 -0.39
-0.0770 -0.49
0.2150 1.08
0.0012 0.01
-0.3200 -1.03
-0.0500 -0.20
0.1400 0.79
-0.2550 -0.62
-0.0201 -0.10
-0.1200 -0.49
0.1970 0.37

1.2040 1.51
-0.3450 -1.05
-0.2400 -1.49
0.0748 0.28
0.0133 0.08
0.2200 0.81
-0.2070 -1.01
0.5760 3.77·*
-0.0898 -0.32
-0.1450 -0.52
-0.3150 -1.72
1.2090 1.47
0.1790 0.55
0.0207 0.09
0.2130 1.12
-0.1430 -0.49
-0.1510 -0.49
0.2870 1.44
0.1180 0.45

0.3940 1.15
0.2620 1.08
2.3590 2.53

0.032 1.606
0.003 1.467
0.018 2.336
0.012 2.274

0.153 2.720
0.008 2.040
0.022 1.970
0.004 1.039 +
0.010 1.371
0.016 1.423
0.071 1.447
0.000 2.567
0.066 2.095
0.003 2.516
0.040 2.276
0.025 1.504
0.001 2.070
0.015 1.975
0.009 2.027

0.132 1.701
0.068 2.164
0.129 1.286
0.005 2.551
0.000 2.465
0.042 1.249
0.064 2.447
0.486 1.862
0.007 2.581
0.017 2.196
0.165 1.578
0.264 2.341 NR NR
0.020 1.945
0.001 1.707
0.078 2.537
0.016 1.844
0.016 2.532
0.121 1.652
0.013 1.951

-0.21
-0.07
0.38
-0.06

0.39
-0.26
-0.12
0.16
-0.15
0.06
0.14
0.34
-0.09
-0.33
-0.25
0.22
0.26
-0.35
-0.17

-0.54 *
-0.27
0.42
0.19
-0.34
0.17
-0.12
-0.34
0.08
-0.14
0.35
0.05
-0.30
-0.37
-0.60 *
-0.42
-0.43
-0.55 *
0.48

0.080 2.420 0.11
0.072 2.170 -0.01
0.561 2.820 NR NR -0.42

-0.0376
0.0437
0.0670
0.0419

0.0030
0.0303
-0.0025
0.0000

0.0279
0.0118

0.1240
0.1491
0.1040
0.1391

0.1112
0.0629
0.0822
0.0937
0.1328
0.0758

0.0131 0.0917
0.0154 0.0980
0.0307 . 0.1132
0.0581 0.1453
-0.0031 0.0780
0.0678 0.1832
0.0857 0.0913
0.1269 0.1176
0.0439 0.2363

0.1642
0.0747
0.0642
-0.0024
0.0323
0.0078
0.0516
0.0227
0.0674
0.0657
0.0779
0.0497
0.0566
0.0900

0.0379
0.0675
0.0890
-0.0103
0.0198

0.3870
0.1547
0.0797
0.1204
0.0734
0.1247
0.0966
0.08%
0.1246
0.1272
0.0887
0.1050
0.1501
0.0987
0.0886
0.1324
0.1409
0.0886
0.1150

0.1063
0.0165
-0.0086
0.0160

0.0471
0.0335
0.0682
0.0640
0.0306
0.0480
0.0562
0.0470
0.0212
0.0026
0.0699
-0.0138
-0.0241
-0.0685
0.0249

-0.0625
-0.0236
-0.0097
0.0672
0.0305
0.0617
0.0040
0.0584
-0.0080
-0.0082
-0.0259
0.0521
0.0116
-0.0270
0.0314
-0.0099
-0.0316
0.0820
0.0463

0.0042 0.1658 0.0710
0.0874 0.1081 -0.0165
0.1074 0.1444 0.0320

Table 4.11.A Results for the regression to estimate beta when the variable xt is deduced
from the IeRG political risk index, and estimates of parameters in the
evolutionary process for xt• Time period: 1988-1996. Bi-annual observations
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Country
Regression
a t-value(l) t-value'" nw2) 5%1%

Estimated process parameters
A (l) ei a S(3)~s; 1 f 1

Algeria
Angola
Argentina

Australia

Azerbaijan
Brazil
Brunei
Cameroon
Canada

China

Colombia
Congo
Denmark

Egypt
Equador

Gabon
India
Indonesia
Iran

Iraq
Kazakhstan

Kuwait
Ubya
Malaysia
Mexico
Nigeria
Norway
Oman

Papua New Guinea
Peru
Quatar

Romania
Russian Federation
Saudi Arabia
Syria
Trinidad & Tobago
Tunisia
United A. Emirates

United Kingdom
USA
Uzbekistan

Venezuela
Vietnam
Yemen

0.0091 0.47
-0.0146 -0.76
0.0344 1.06
0.0004 0.04

NA
-0.0105 -0.34
-0.0229 -1.23
-0.0280 -1.99
-0.0320 -1.25
-0.0048 -0.13
-0.0141 -0.44
0.0043 0.17
0.0204 0.62
0.0338 0.98
0.0001 0.00
-0.0174 -1.74
0.0043 0.14
0.0400 0.95
0.0490 1.41
-0.0138 -0.17

NA
-0.0199 -0.15
0.0283 1.26
0.0403 1.43
0.0124 0.33
-0.0315 -1.87
-0.0307 -2.33 *
0.0087 0.27
-0.0393 -2.18 *
0.0384 0.98
0.0183 0.64
0.0352 2.22 *
-0.0277 -0.68
0.0439 1.18
0.0265 0.95
-0.0111 -0.82
0.0262 0.72
0.0429 1.43

NR
-0.0470 -1.31

NR
-0.0278 -0.80
0.0143 0.47
-0.0364 -1.02

-0.2350 -0.98
0.1120 0.48
-0.5450 -1.38
-0.6130 -3.96 **

-0.6210 -1.65
0.0428 0.19
-0.0147 -0.09
0.0690 0.22
0.0226 0.05
-0.0203 -0.05
0.2820 0.89
-0.1900 -0.47
-0.2800 -0.67
-0.1060 -0.31
-0.0428 -0.35
-0.2740 -0.74
-0.7550 -1.47
-0.3480 -0.82.
0.1980 0.19

2.7450 1.70
-0.3450 -1.26
-0.4090 -1.19
-0.1190 -0.26
0.0275 0.13
-0.0326 -0.20
0.0521 0.13
0.8890 4.04 **
-0.0697 -0.15
-0.5400 -1.56
-0.0958 -0.49
0.2470 0.32
-0.6670 -1.47
-0.4540 -1.34
0.4560 2.75.*
-0.5400 -1.22
-0.6450 -1.76

-0.1510 -0.34

0.4770 1.13
0.2360 0.64
0.8730 1.25

0.061 2.624
0.015 1.856
0.112 1.477
0.510 1.500

0.154 2.179
0.002 1.514
0.000 1.795
0.003 1.822
0.000 0.902 +
0.000 0.976 +
0.050 1.862
0.015 1.640
0.029 1.682
0.006 2.384
0.008 1.438
0.035 1.823
0.126 1.106 +
0.043 1.809
0.002 1.749

0.161 2.264
0.095 1.331
0.086 0.890 +
0.004 2.012
0.001 1.523
0.003 1.498
0.001 1.877
0.521 1.290
0.001 2.127
0.139 1.953
0.016 2.305
0.017 0.954 NR NR
0.126 1.275
0.107 1.630
0.335 1.541
0.090 1.942
0.171 1.684

0.008 2.398

-0.35
0.04
0.22
0.43

0.49*
0.02
0.24
0.37
-0.09
-0.23
0.14
-0.15
-0.29
-0.19
-0.07
0.24
0.30
-0.34
0.01

-0.68 **
-0.01
0.29
0.29
-0.11
0.12
-0.27
-0.33
-0.03
-0.14
0.34
0.43
-0.05
-0.15
-0.69 **
-0.19
-0.26

-0.06

0.078 1.607 0.01
0.026 1.881 0.04
0.238 1.551 NR NR -0.01

0.0810
0.0416
0.1355
0.0535

0.0426
0.0237
0.0090
0.0113
0.0743
0.0502
0.0884
0.1145
0.0727
0.1419
0.0278
0.0778
0.1573
0.1717
0.1477

0.4162
0.1186
0.1480
0.1071
0.0051
0.0028
0.0966
0.0161
0.1614
0.0995
0.1348
0.0169
0.1572
0.1170
0.0562
0.1227
0.1486

-0.0153

0.1141
0.1068
0.1920
0.1105

0.1863
0.1106
0.0774
0.1501
0.2050
0.1828
0.1432
0.1801
0.1612
0.1954
0.0529
0.1671
0.2627
0.2017
0.4648

0.8037
0.1309
0.1772
0.2150
0.1009
0.0748
0.1764
0.1371
0.2194
0.1706
0.0953
0.0894
0.2199
0.1638
0.0926
0.2090
0.1850

0.2016

-0.0263
0.0243
-0.0910
-0.0112

-0.0005
0.0400
0.0529
0.0533
-0.0112
0.0114
-0.0168
-0.0584
-0.0195
-0.0830
0.0331
-0.0245
-0.1196
-0.1208
-0.0789

-0.2642
-0.0676
-0.0991
-0.0486
0.0581
0.0585
-0.0326
0.0753
-0.1014
-0.0548
-0.0756
0.0535
-0.1166
-0.0695
0.0210
-0.0780
-0.1073

0.0727

0.0401 0.2052 0.0378
0.1113 0.1685 -0.0412
0.0512 0.0873 0.0396

Table 4.11.B Results for the regression to estimate beta when the variable xt is deduced
from the ICRG financial risk index, and estimates of parameters in the
evolutionary process for xt• Time period: 1988-1996. Bi-annual observations
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Country
Regression
a t-value(l) t-value(l) nw2) 5% 1%

Estimated process parameters
A (l) ei {} sel)
t'S,R i .i R

Algeria
Angola
Argentina
Australia
Azerbaijan
Brazil
Brunei
Cameroon
Canada

China
Colombia
Congo
Denmark
Egypt
Equador

Gabon
India
Indonesia
Iran

Iraq
Kazakhstan
Kuwait
Libya
Malaysia
Mexico
Nigeria
Norway
Oman

Papua New Guinea
Peru

Quatar

Romania
Russian Federation
Saudi Arabia
Syria
Trinidad & Tobago
Tunisia
United A. Emirates

United Kingdom
USA
Uzbekistan
Venezuela
Vietnam
Yemen

-0.0353 -2.17 * 0.0030 0.15

-0.0249 -1.48
0.0199 1.07
-0.0156 -1.03

NA
-0.0153 -0.99

-0.0128 -1.27

-0.0289 -0.14
-0.5310 -2.35 *
-0.1300 -0.70

-0.3940 -2.09
0.0789 0.64

-0.0304 -2.27 * 0.0023 0.01
-0.0323 -3.02 ** 0.0918 0.70
-0.0141 -0.55

-0.0213 -1.39
-0.0201 -1.52

-0.0144 -1.43
0.0078 0.32

-0.2210 -0.70
-0.0576 -0.31
0.2920 1.81
0.0043 0.03
-0.2650 -0.90

-0.0110 -0.78 0.0109 0.06.
-0.0264 -2.30 * -0.0035 -0.03
-0.0031 -0.12
0.0091 0.61
0.0032 1.49
-0.0291 -0.86

NA
-0.0202 -0.26
0.0092 0.41
0.0065 0.52

-0.0171 -0.85

-0.0270 -1.79
-0.0236 -1.73
-0.0021 -0.12

-0.1420 -0.45
-0.1180 -0.65
-0.2150 -0.83
0.1560 0.38

1.8480 1.97
-0.2780 -1.02
-0.2560 -1.68
-0.0408 -1.66
-0.0392 -0.21
0.2250 1.35

-0.1010 -0.48
-0.0324 -2.52 * 0.7920 5.05 **
0.0085 0.43
-0.0030 -0.15

-0.0012 -0.08
-0.0557 -1.31

-0.0006 -0.03
0.Q117 0.75
-0.0169 -1.51
0.0066 0.33
0.0085 0.38
-0.0457 -3.85
-0.0279 -1.92

NA
-0.0282 -1.13
0.0104 0.53
-0.0069 -0.11

0.1970 0.82
-0.1530 -0.61

-0.2110 -1.06
1.2040 1.50

-0.0372 -0.13
-0.0983 -0.51
0.3670 2.67 *
-0.2440 -1.00
-0.3260 -1.21

** 0.0993 0.68
0.0305 0.17

0.1350 0.44
0.2140 0.90
0.4510 0.36

0.002 1.684
0.001 0.987 + I
0.269 1.913
0.032 2.565

0.225 2.480
0.027 2.187
0.000 2.470
0.032 0.884 +
0.031 1.302
0.006 1.592
0.179 1.340 I

0.000 1.944
0.051 1.689
0.000 2.511
0.000 1.958
0.013 1.467
0.027 1.337 I

0.043 2.102
0.009 1.786

0.206 2.154
0.065 2.130

0.159 1.615

0.002 2.126
0.003 2.307
0.109 1.111 +
0.015 2.380

0.629 1.217
0.043 2.322
0.024 2.079
0.069 1.612
0.272 2.099 NR NR
0.001 1.467
0.017 1.675
0.322 2.428
0.063 2.066
0.089 2.129
0.030 1.932
0.002 2.325

-0.13
-0.04
0.44
-0.01

0.48
-0.15
0.03
0.14
-0.06
-0.31
0.02
0.22
-0.11
-0.45

-0.13
0.21
0.29
-0.28
-0.24

-0.68 **
-0.14
0.46
0.22
-0.34
0.06
-0.13
-0.54 *
-0.33
-0.24
0.31
-0.03
-0.22
-0.27
-0.74 **
-0.33
-0.31
-0.34
0.45

0.013 2.180 0.13
0.051 1.800 0.01
0.026 2.509 NR NR -0.70

-0.0035 0.0896 0.0659
0.0165 0.0974 0.0448
0.0954 0.1183 -0.0504
0.0311 0.0825 0.0270

0.0261 0.0951 0.0233
0.0404
0.0044
0.0018
0.0387
0.0223
0.0328
0.0348
0.0436
0.0803
0.0116
0.0617
0.0817
0.1279
0.0255

0.1826
0.0819
0.0718
0.0335

0.0114
0.0241
0.0604
0.0239
0.0905
0.0589
0.0587

0.0466
0.0683
0.0870
0.0408
0.0755
0.0791
-0.0246
0.0103

0.0560
0.0760
0.0595
0.1438
0.0898
0.0788
0.0496
0.0788
0.1356
0.0643

0.0245
0.0580
0.0636
0.0164
0.0381
0.0390
0.0277
0.0100
-0.0177
0.0507

0.1363 -0.0040
0.0926 -0.0232
0.1229 -0.0726
0.1862 0.0419

0.4754
0.1292
0.0797
0.1139
0.0895

0.0787
0.0977
0.1093
0.1103
0.1147
0.0924
0.1002
0.1279
0.0884
0.0759
0.1131
0.1280
0.0621
0.0776

-0.0599

-0.0287
-0.0179
0.0275

0.0497
0.0456
-0.0014
0.0643
-0.0217
-0.0016
-0.0033
0.0551
-0.0072
-0.0279
0.0335
-0.0212
-0.0274
0.0901
0.0530

0.0199 0.1446 0.0469
0.0943 0.1066 -0.0250
0.0800 0.1289 -0.0029

Table 4.11.C Results for the regression to estimate beta when the variable xt is deduced
from the ICRG composite risk index, and estimates of parameters in the
evolutionary process for xt• Time period: 1988-1996. Bi-annua! observations
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Country
Regression
a t-value'" !3 t-value'"

Estimated process parameters
ps.(!) e, 6. A.(3)

Algeria
Angola
Argentina
Austtalia
Azerbaijan
Brazil

Brunei
Cameroon
Canada
China

Colombia
Congo
Denmark

Egypt
Equador
Gabon
India
Indonesia
Iran

Iraq

Kazakhstan
Kuwait
Libya
Malaysia
Mexico
Nigeria
Norway
Oman

Papua New Guinea
Peru
Quatar
Romania
Russian Federation
Saudi Arabia
Syria
Trinidad & Tobago
Tunisia
United A. Emirates
United Kingdom
USA
Uzbekistan
Venezuela
Vietnam

-0.0650 -0.66··
-0.0287 -2.70·
-0.0091 -0.52
-0.0304 -3.08··

NA
-0.0192 -2.00

NA
-0.0639 -7.60··
-0.0474 -6.18··
-0.0480 -3.92··
-0.0229 -1.79

0.0749 0.62
-0.0316 -0.24
0.1110 0.52
0.0733 0.73

0.1840 1.57

0.1360 1.33
0.0938 1.00

0.4000 2.68 •
0.2470 1.58

-0.0282 -3.45·· -0.0645 -0.65
-0.0172 -2.21 • 0.0786 0.83
-0.0131 -1.50 0.1380 1.28
-0.0267 -2.33·
-0.0459 -5.34··
-0.0379 -2.77·
-0.0183 -4.30··
-0.0162 -1.44
-0.0452 -2.13·
-0.0142 -0.39
-0.0275 -0.79
-0.0207 -1.88

0.1140 0.81
0.0862 0.82
0.1140 0.68
0.0374 0.72
-0.1530 -1.11
-0.2120 -0.82
-0.1090 -0.16
-0.7250 -1.71
-0.1450 -1.08 .

-0.0101 -1.97 -0.0457 -0.73
-0.0076 -0.64 -0.1380 -0.95
-0.0423 -4.40·· -0.0501 -0.43
-0.0261 -1.70
-0.0276 -3.09··
-0.0413 -0.59··
0.0012 0.07
-0.0313 -2.98·

0.0870 0.46
0.0067 0.06

0.2310 2.71 •
0.0298 0.14
-0.1260 -0.95

-0.0353 -3.12·· 0.0281 0.20
0.0026 0.09 -0.7890 -1.41
-0.0382 -0.42·· -0.0636 -0.57
-0.0180 -2.06
-0.0350 -2.39·
-0.0132 -1.61
-0.0210 -1.90
-0.0277 -2.62·
-0.0352 -2.54·
-0.0023 -0.10
-0.0371 -2.90·
0.0434 2.11

Yemen NA

0.0087 0.08
0.0593 0.36
0.0732 0.73
-0.2170 -1.61
0.0392 0.30
0.2290 1.35
-0.5280 -1.18
-0.0170 -0.07
-0.2250 -0.55

0.025 2.133
0.004 2.153
0.017 0.654 + +
0.034 1.016 +

0.141 1.010 +

0.105 1.018 +
0.063 1.348
0.323 0.923 +
0.143 1.728
0.027 1.331
0.043 1.000 +
0.099 1.021 +
0.042 0.484 + +
0.043 1.135
0.030 0.903 +
0.033 2.274
0.Q75 1.397
0.043 1.474
0.004 2.273 NR NR
0.164 1.497
0.072 2.293
0.035 0.672 + +
0.057 1.607
0.012 1.916
0.014 2.215
0.000 1.433
0.329 1.999
0.001 0.796 + +
0.057 1.202
0.003 0.660 + +
0.248 1.317 NR NR
0.021 1.168 I
0.000 1.798
0.008 0.924 +
0.035 2.184
0.147 1.398
0.006 1.585
0.108 1.589
0.189 2.000 NR NR
0.000 1.206
0.042 0.928 +

0.08 -0.0641 0.0576 0.1289
0.17 0.0063 0.0665 0.0550
-0.20 0.0507 0.0868 0.0153
0.06 0.0042 0.0398 0.0605

-0.03 0.0299 0.0488 0.0384

0.37
-0.15
-0.21
-0.03
-0.09
0.04
-0.04
-0.11
-0.23
-0.03

-0.34
-0.08
0.50·
0.05
0.49·
-0.27
-0.22
-0.12
-0.07
-0.23
0.07

-0.53 •
-0.13
0.28
0.25
0.65
0.16
-0.36
0.03
-0.00
0.31
0.45
-0.03

0.20
-0.34
-0.16

-0.0612
-0.0292
-0.0208
0.0252

0.0395
0.0410
0.0718
0.0688

0.0050 0.0396
0.0305 0.0340
0.0134 0.0543
0.0404
-0.0266
-0.0081
0.0271
0.0286
-0.0264
0.0112
0.0099
0.0192
0.0414
0.0460
-0.0222
0.0159
0.0084
-0.0134
0.0693
-0.0019
-0.0059
-0.0154
-0.0146
0.0273
0.0010
0.0387
0.0168
0.0093
0.0006

-0.0033
-0.0098
0.1159

0.0411
0.0380
0.0709
0.0296
0.0732
0.1199
0.0765
0.2064
0.0621
0.0272
0.0686
0.0525
0.0826
0.0444

0.0411
0.0884
0.0567
0.0571
0.0766
0.0458

0.1280
0.0946

0.0962
0.0452
0.0553
0.0344

0.0534
0.0256
0.0917
0.0742
0.0365
0.0288
0.0818
0.0476
0.0287
0.0384
0.0194
0.0118
0.0829
0.0493
0.0542
0.0833
-0.0060
0.0602
0.0692
0.0520
0.0748

0.0405 0.0353
0.0665 0.0633
0.0432 0.0260
0.0623 0.0385
0.0513 0.0543
0.0742 0.0692
0.0590 0.0484
0.0698 0.0716
0.0468 -0.0610

The number of observations are 17 for all countries, except for the Russian Federation (8), Yemen (7), Kazakhstan (8), Uzbekistan (8), and
Vietnam for the IICCR index (8). (I). and •• indicates whether the estimere is significantlydifferent from zero, using a two sided test, at a
significance level of five and one per cent, respectively. (2) Conclusions for the Durbin Watson statistic are presented, where the levels of
significance are five and one per cent. "+" and "-" indicates that the hypothesis of no first order serial correlation can be rejected for the
alternative hypothesis of, respectively, positive and negative serial correlation. "I" means that the test is inconclusive and "NR" means not
reported. (3) Computed based on the assumption that, aM =0.095, r=0.06232, and the estimated beta.

Table 4.11.D Results for the regression to estimate beta when the variablex, is deduced from
the Institutional Investor' s country credit ratings, and estimates of parameters
in the evolutionary process for xt• Time period: 1988-1996. Bi-annual
observations



Country a t-value'" t·value(l) Dwe2) 5% 1%

Iraq

Std. deviation "noise" = 0.5

Std. deviation "noise" = 1.0

Std. deviation "noise" = 2.0

Std. deviation "noise" = 10.0

Nigeria

Std. deviation "noise" = 0.5

Std. deviation "noise" = 1.0

Std. deviation "noise" = 2.0

Std. deviation "noise" = 10.0

Norway

Std. deviation "noise" = 0.5

Std. deviation "noise" = 1.0

Std. deviation "noise" = 2.0

Std. deviation "noise" = 10.0

UK
Std. deviation "noise" = 0.5

Std. deviation "noise" = 1.0

Std. deviation "noise" = 2.0

Std. deviation "noise" = 10.0

USA
Std. deviation "noise" = 0.5

Std. deviation "noise" = 1.0

Std. deviation "noise" = 2.0

Std. deviation "noise" = 10.0

-0.0286 -1.28

-0.0257 -0.59

-0.0198 -0.23

0.0274 0.07

-0.0241 -3.61 **
-0.0165 -1.27

-0.0015 -0.06

0.1190 0.91

-0.0328 -2.87 *
-0.0340 -1.53

-0.0364 -0.82

-0.0555 -0.25

-0.0368 -4.09 **
-0.0420 -2.57 *
-0.0524 -1.68

-0.1350 -0.90

-0.0288 -2.57 *
-0.0261 -1.22

-0.0205 -0.49

0.0238 0.12

0.1150

0.1970

0.3590

1.6610

0.0237

0.0133 0.08

-0.0074 -0.02

-0.1730 -0.11

0.1270

0.2200

0.4060

1.8920

0.1610

0.2870

0.5410

2.5670

0.0758

0.1180

0.2010

0.8690

0.42

0.37

0.34

0.32

0.29

0.91

0.81

0.75

0.70

1.46

1.44

1.42

1.39

0.55

0.45

0.39

0.35

0.012

0.009

0.008

1.960

2.027

2.059

0.007 2.084

0.006 2.356

0.000 2.456

0.000 2.459

0.001 2.425

0.052 1.242

0.042 1.249

0.036 1.244

0.032 1.236

0.125 1.423

0.121 1.652

0.118 1.778

0.114 1.882

0.020 1.844

0.013 1.951

0.010 1.995

0.008 2.023

(1) * and ** indicates whether the estimate is significantly different from zero, using a two sided test, at a significance
level of five and one per cent, respectively. (2) Conclusions for the Durbin Watson statistic are presented, where the levels of significance are
five and one per cent. "+" and "-" indicates that the hypothesis of no first order serial correlation can be rejected for the alternative hypothesis
of, respectively, positive and negative serial correlation. "I" means that the test is inconclusive and "NR" means not reported.

Table 4.12 Results for the regression to estimate beta when the variable xt is deduced
from the ICRG political risk index for different assumptions about the
standard deviation of "noise", a v ' Time period: 1988-1996. Bi-annual
observations

the country may also drop. For the sample, we would expect that the coefficient of

correlation, PS,x' is negative for both Iraq and Kuwait due to the GulfWar.

The second part of Table 4.11.A-D contains the estimated coefficients of correlation between

the log of the relative oil prices and the increments of the deduced variable, estimates of the

parameters (Xi' ai' and &i for xt deduced from the ICRG PR, FR, CR and nCCR.

For Kuwait, the coefficient of correlation is significantly different from zero at five per cent

level of significance, and negative, for all cases except for the nCCR. For Iraq, p ss is

negative for the ICRG PR and CR, but positive for the ICRG FR and the nCCR. For Norway
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the estimated coefficient of correlation is positive for the IeRG-indices, but negative for the

IleeR. The estimated coefficient of correlation for USA is positive for the IeRG PR and

eR, but negative for the IeRG FR and IIeeR. For all the IeRG indices, the variable deduced

for Trinidad and Tobago is significantly different from zero at five per cent significance level.

The reported rate of return adjustments, the ois, are computed by using the estimated betas

and by assuming an instantaneous return on the market portfolio equal to 9.5 % and a risk

free interest rate of 6.23%. The return on the market portfolio is estimated based on sample

data and the risk free interest rate is the average, annualized, six month Eurodollar interest

rate for the sample period. If the estimated expected increase in the price of the asset Zt(X) is

zero", i.e., ai =O, the drift adjustment is equal to the risk free interest rate. Note that all

estimated parameters of the processes are in nominal terms, i.e., they include inflation.

InTable 4.13 I report the results of the regressions to estimate the beta for the Brent Blend oil

price process. The estimated beta for the log of relative oil prices is negative when data for

the whole sample period is used. When monthly observations are used, the estimated beta is

significant at the one per cent level. On of the regressions includes an indicator variable

equaling one during the Gulf War. When running the regression on data for the time before

or after the GulfWar, the estimated betas are positive, but not significantly different from

zero.

InTable 4.14 I report the estimated market return and the parameters of the oil price process.

The estimated drift adjustment, os' is negative for all cases, except when monthly data is

used for the period from 1988 until the start of the Gulf War. The drift adjustment is

computed by using liM' the annualized average risk free interest rate, and the estimated beta

for each sample. Note that the drift adjustment is therefore not a direct estimate of the

parameter Os for the sample period. It is an estimate of the required drift adjustment given

assumptions about a M and r. In the real options literature when, e.g., analyzing the value of

waiting, it is usually assumed that the convenience yield is positive. A negative convenience

18 Standing at time t, the expected value of the assetat time T, ts/T, is Z,(£)exp(a.iT-t)) because Zif) is
log-normally distributed.
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yield would, in a standard analysis, never make the alternative to invest more valuable than

the value of deferring the investment decision. The drift adjustment, or convenience yield, is

usually estimated by using observations of spot oil prices and prices of futures contract on the

same oil price. By using a general equilibrium modellike CAPM the estimate may be

different from the estimate based on futures prices. The price of a futures contract on one

barrel of oil at time t maturing at time T, t s T, has a theoretical price of Stexp( -5S<T-t))

when 5 s is a constant. A situation where the convenience yield is positive corresponds to a

situation with backwardation in the futures market, i.e., the price of the futures contract is

lower than the price of the spot price of oil. When the convenience yield is negative, there is

a situation with contango in the futures market.

Brennan (1991) estimated the convenience yield for NO.2 heating oil traded at the New York

Mercantile Exchange (NYMEX). Based on data for the period September 1980 to December

1994 he used spot and futures prices and derived a maximum likelihood estimate of

convenience yield equal to 0.06588 (6.588%) per year. Gibson and Schwartz (1991) also

used futures prices when estimating convenience yield for the West Texas Intermediate

(WTI) oil price. They used a term structure of convenience yield. Note that when the

convenience yield, 5 s: is assumed constant, the implied term structure of convenience yield

is flat. They used weekly data from November 1986 to November 1988. For this period the

mean of the one month forward convenience yield, annualized, ranged from 11.55% for two

months ahead to 7.45 % for eight months ahead. Gibson and Schwartz (1991) presented an

estimate of the term structure at August 1988, in their Table 2. At this date the forward

convenience yield is increasing with number of periods, but the forward convenience yields

one and two months ahead are negative, as most of the estimates in Table 4.14.

The estimates of the volatility parameter for the Brent Blend oil price, (J s: range from 0.23 to

0.48, and the highest estimate is for the whole period with bi-annual observations. With

quarterly and monthly observations, the effect of the Gulf War on the estimates of the

volatility is reduced. Gibson and Schwartz (1991) also estimated the implied volatility of

spot prices of the WTI based on put and calls traded at NYMEX. The average implied

volatility was 0.33.
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Based on these articles, the estimated convenience yield presented in Table 4.14 seems to

have wrong signs according to what we would expect, but that the estimates of the volatility

seems to be more in line with previous findings.

The estimated annualized market premium range from 3.2 % for the whole sample period

based on bi-annual observations, to 4.6 % based on monthly data. This seems low. The

highest estimated market premium, 5.6 %, is found for the period after the GulfWar when

using monthly data.

Period Observations N a t-value'" ~ t-value(l) Indicator Rl DW(l) 5% 1%

Whole Period Bi-annual 17 0.0129 0.161 -1.564 -1.60 0.146 2.97

Monthly 105 -0.0004 -0.042 -0.643 -2.64 ** 0.063 1.562 +

Whole Period, Bi annual 17 O.oI75 0.198 -1.578 -1.56 -0.0375 0.147 2.984

Indicator Monthly 105 0.0004 0.041 -0.647 -2.64 ** -O.01l6 0.064 1.567 +

PreGulfWar Monthly 31 -0.0053 -0.316 0.125 0.30 0.003 1.700

Post Gulf War Monthly 67 -0.0017 -0.205 0.231 0.87 0.012 2.074

(1) '" and * '" indicates whether the estimate is significantly different from zero, using a two sided test, at a significance
level of five and one per cent, respectively. (2) Conclusions for the Durbin Watson statistic are presented, where the levels of significance are
five and one per cent. "+" and "-" indicates that the hypothesis of no first order serial correlation can be rejected for the alternative hypothesis
of, respectively, positive and negative serial correlation. "I" means that the test is inconclusive and "NR" means not reported.
Table4.13 Results of the regressions to estimate beta for the oil price process.

Average
annuali- Market

Observations eXM OM zid inte- premium eXs Os • 5 (1)Period N as s
rest rate

Whole Period Bi-annual 17 0.0947 0.1l48 0.0623 0.0323 0.1648 0.4837 0.01l7 -0.1531

Quarterly 35 0.0802 0.1l40 NR NR 0.1019 0.3951 NR NR

Monthly 105 0.1070 0.1321 0.0606 0.0464 0.0891 0.3385 0.0308 -0.0583

Exel GulfWar Bi-annual IS 0.0949 0.0903 0.0594 0.0354 0.0876 0.2921 0.0040 -0.0836

Quarterly 32 0.0858 0.0917 NR NR 0.0388 0.2411 NR NR

Monthly 98 0.1110 0.1172 0.0592 0.0517 0.0677 0.2556 0.0260 -0.0417

PreGulfWar Monthly 31 0.1294 0.1422 0.0859 0.0435 0.0767 0.3154 0.0913 0.0146

Post GulfWar Monthly 67 0.1025 0.1048 0.0469 0.0557 0.0641 0.2254 0.0598 -0.0044

(I) The drift adjustment is calculated based on the estimated aM' the annualized average risk free interest rate,
and the estimated beta for each sample.
Table 4.14 Estimated parameters for market return and the oil price process
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5 Asset Valuation - Examples
This section contains examples of how future regulatory regimes can be modeled by using

risk indices and how investments, where the cash flow is influenced by future regulatory

regimes, can be priced. I have limited the examples to those where I am able to present

closed-form valuation formulas.

5.1 State Prices

The most general result, which facilitates a wide range of applications, is the derivation of

state prices, where the "states of the world" is determined by combinations of levels of an oil

price and a risk index. The first contingent claim I consider is a claim with a payoff at time T,

ziC1) , equal to

if ljIT<!; ljI and ST<!; S
otherwise

(51)

where K is a constant. The payoff is conditioned on the risk index and the oil price both

being equal to, or above, criticallevels ljI and S. The second contingent claim will at time T

have a payoff, ziC2) , equal to the oil price, but conditioned on criticallevels of the oil price

and the risk index, i.e.,

Z(C2) ={ ST if ljIT<!; ljI and ST<!; S
T O otherwise

(52)

If the risk free interest rate is constant, the processes of the hypothetical asset, zf>, and the

oil price are given by equations (24) and (25), and the index is given by

(53)

closed-form solutions can be found for the value of these contingent claims. These formulas

are derived in Appendix A2. The formulas are derived by finding the expected future payoff

under an equivalent martingale measure, as explained in Appendix 1. The value of the first
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contingent claim at time t , t s T, is

Z(Cl) _ v -r(T-t)N( I )t - ne at,a t' PS,£ ,

where

and

- 1 2
In(S/S)+(r-oS-2"°s)(T-t)

a'=-------------------t
°sV(T-t)

The parameter Z is defined by the (unique) value of zi.£) which makes the equation

(54)

(55)

hold, and N(..., p s,£) is the bivariate normal distribution with coefficient of correlation p S'£.

The value of theclaim is dependent on the risk index, or equivalently, Zt(.£), and the spot price

of oil, both at time t. Note that the value of the claim is also dependent on the coefficient of

correlation between the deduced variable and the oil price, pS'£. Ifwe let Z be equal to zero,

the value of the claim at time t is equal to the second term in the Black and Scholes' option

pricing formula, when the underlying asset pays constant proportional dividends. By letting

S be equal to zero, the claim is only dependent on Zt(.£),or the risk index today, in a similar

way.

The value of the second contingent claim is

(C2)-S -6s(T-t)N(b b'· )Zt - te t' t'PS,£ ,
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where

(X) - 1 2
ln(Zt 1Z)+(r-tJi+ps,x0 sOi-"20x)(T-t)

bt ---------------------------
°iV(T-t)

and

- 1 2ln(S; S)+(r-tJs+-o s)(T-t)
b' = 2

t asV(T-t)

The parameter Z is defined by equation (55). Note that if we let Z be equal to zero, the

valuation formula is equal to the first term of the familiar Black and Scholes' option pricing

formula with constant proportional dividends.

Table 5.1 contains the estimated value, at the end of September 1996, of a claim maturing at

the end of September 2000 with a payoff of one usn or one barrel of oil, depending on the

future level of the ICRG composite risk index. The September 1996 levels of the ICRG CR,

Wt, are listed in the table. For the twenty-four countries included, the hypothesis that the

deduced variable it develops according to an arithmetic Brownian motion could not be

rejected in section four, see Table 4.9. The parameters used are based on the estimates for the

period 1988 to 1996, reported in section four. When computing the state prices, I use the

valuation formulas (54) and (56), where I let S be equal to zero. The six and one month

Eurodollar rates at end of September 1996 were 0.0567 and 0.0531. I assume that the risk

free interest rate is constant and equal to 0.05354 (ln(1.055». The market premium is set to

0.03, and the Brent Blend oil price at September 1996 was 23.8. The beta for the oil is

assumed to be -0.6, which with exs =0.03 gives tJs =0.00554. The volatility of the oil price

as is set to 0.25. The processes for the deduced variables are assumed to be as reported in

Table 4.11. The sum of the state prices for the claim paying one usn is 0.81, i.e., the

present value of one usn discounted with the risk free interest rate for four years. The sum

of the claims paying one barrel of oil is usn 23.28 which is equal to the present value of the

sales revenue of one barrel of oil at September 2000 given the assumed drift adjustment.
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State Prices(3), in usn
SOJ:"'y<60 60J:"'y<70

Country 6.(1) _jr,<2) lUSD lBL lUSD lBL lUSD lBL lUSD lBL 1 USD lBL

Algeri~ 0.057 57.0 0.17 4.40 0.42 11.96 0.21 6.44 0.01 0.47 0.00 0.00
Angola 0.036 51.0 0.28 7.95 0.38 11.00 0.14 4.07 0.01 0.26 0.00 0.00
Argentina -0.058 73.0 0.00 0.00 0.00 0.03 0.01 0.62 0.40 13.28 0.39 9.35
Brazil 0.016 65.0 0.00 0.15 0.06 2.73 0.35 11.23 0.39 9.13 0.00 0.04
China 0.008 73.0 0.00 0.09 0.03 0.81 0.14 3.87 0.50 14.56 0.13 3.94
Colombia 0.029 63.0 0.01 0.17 0.14 3.32 0.44 12.38 0.21 7.40 0.00 0.01
Denmark 0.019 88.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.81 23.23
Egypt 0.002 67.5 0.00 0.00 0.00 0.12 0.17 4.57 0.63 18.40 0.01 0.18
Equador -0.026 63.0 0.01 0.15 0.06 1.24 0.22 5.33 0.46 14.42 0.05 2.13
Gabon 0.042 66.0 0.00 0.00 0.05 1.27 0.53 14.88 0.23 7.13 0.00 0.00
India -0.012 69.0 0.00 0.13 0.03 1.10 0.15 4.97 0.52 14.64 0.10 2.44
Indonesia -0.032 72.0 0.00 0.00 0.00 0.01 0.02 0.63 0.60 18.00 0.20 4.63
Iran -0.081 72.0 0.00 0.00 0.00 0.00 0.01 0.17 0.33 8.23 0.47 14.88
Iraq 0.033 34.0 0.69 19.29 0.08 2.79 0.03 0.99 0.01 0.21 0.00 0.00
Libya -0.037 64.5 0.00 0.06 0.03 0.78 0.17 4.46 0.53 15.45 0.08 2.52
Malaysia -0.026 82.0 0.00 0.00 0.00 0.00 0.00 0.00 0.10 4.14 0.71 19.14
Nigeria 0.041 50.0 0.34 8.35 0.38 11.53 0.09 3.28 0.00 0.12 0.00 0.00
Norway 0.036 90.0 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.68 0.79 22.60
Romania -0.011 66.0 0.00 0.01 0.01 0.50 0.18 6.24 0.60 16.22 0.02 0.31
Syria -0.036 67.0 0.00 0.00 0.00 0.02 0.06 1.25 0.69 19.73 0.06 2.28
United Kingdom 0.081 81.0 0.00 0.00 0.00 0.00 0.02 0.45 0.77 22.36 0.01 0.47
USA 0.044 85.0 0.00 0.00 0.00 0.00 0.00 0.01 0.35 12.16 0.46 11.10
Venezuela 0.038 65.0 0.06 2.10 0.18 5.38 0.29 8.39 0.26 7.12 0.01 0.29
Vietnam -0.034 70.5 0.00 0.00 0.00 0.05 0.04 1.22 0.59 17.06 0.17 4.95

General assumptions: The SIX and one month Eurodollar mterest rates at end of September 1996 were 0.0567 and 0.0531. I assume that the
risk free interest rate is constant and equal to 0.05354 (ln(1.055». The market premium is set to 0.03, and the Brent Blend oil price at
September 1996 was 23.8. The beta for the oil is assumed to be -0.6, which with "s=O.03 gives 6s=O.00554. Os is set to 0.25. (I) Drift
adjustment, calculated based on general assumptions, estimated betas for the countries, and the other process parameters reported in Table
4.11.C. (2) The September 1996level of the ICRG composite risk index, (3) Estimated prices at the end of September 1996, time t, ofa claims
paying either one USD or a barrel (BL) of oil at year 2000, time T, conditioned on level of ljrT.

Table 5.1 Estimated state prices dependent on the levelofthe ICRG composite risk
index at September 2000, as of September 1996

For Nigeria, which had an index level of 50, the estimated state prices are highest if the future

index level is between 50 and 60 at year 2000. For Norway, the highest state prices are for an

index level above, or equal to 85. Comparing Norway and Denmark, we see that while the

index level is 90 for Norway and 88.5 for Denmark in September 1996, the state prices for a

future index value equal to, or higher than 85 is highest for Denmark. From Table 4.ll.C we

see that the coefficient of correlation between the deduced variable and the oil price is

positive for both Denmark and Norway and that the volatility of the deduced variable is

higher for Norway than for Denmark. The drift adjustments are positive for both countries,

but higher for Norway. Table 5.1 clearly demonstrates that a ranking of countries based on

current index levels does not necessarily carry over to some ranking based on state prices.
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5.2 Valuation of Oil Investments

Consider an oil investment in a country, where the government will choose between two

royalty rates which will leave the investor with a fraction yG or yB of the sales revenue. The

corresponding royalty rates are (l-y G) or (l-y B)' where YjE[O,I], i E{G,B} and yB~ YG'

Assume that the probability at time T of the government selecting the royalty rate (l-y G) is

PT' The after-tax expected cash flow from the sale of one barrel of oil, standing at time T just

before the royalty rate is announced, is equal to ziC3) , where
(57)

The probability is given by

PT =N(ln(Z:7»/o e) (58)

where In(Zi>'J)=YT' Iassume that Yt can be written as a linear transform of xt' as in equation

(l9). For this example I assume that the parameters of the transform are: ~o =0 and ~1 = 1,

i.e.,

(59)

In this case ay, ay' and PS,y are the same as the parameters for the process of xt• The value

at time t of this asset is

(60)

where

Note that at time T, N(cT) =PT' and (60) is equal to (57), as required. Ihave in Appendix 2

indicated how this formula is derived. Note in particular that when the numerator in ct is
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positive, the value of the expected after-tax cash flow from the sale of oil is, ceteris paribus,

reduced when the index value today is reduced, when the coefficient of correlation is changed

from positive to negative, and when the standard deviation of the noise is increased. When

ae increases to a high level,' c, will be close to zero and there will be a fifty-fifty chance of a

good or bad royalty rate, irrespective of index levels. A positive coefficient of correlation,

Ps" indicates that a situation with low royalty rate and high oil price is more likely to occur,y

than a situation with a high royalty rate and high oil price, which would be the case if the

coefficient of correlation was negative.

5.3 PoliticalRisk Insurance

Assume that an investment is made in a country where there is a possibility that the

government may expropriate the investment at a future date T. The probability that the

investment will not be expropriated at time T is Pr' The expected payoff of an insurance

contract paying one dollar at time T,just before the government announces whether to

expropriate, is

(61)

The probability Pr is defined according to equations (58) and (59). The value of the claim at

time t, i.e., the insurance premium for insurance covering the loss of one USD due to

expropriation at time T, is

(62)

where

Equation (62) is derived in Appendix 2.
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Table 5.2 contains the implied level of noise, o E' making a one year claim equal to the

standard premium rates of MIGA. I use the ICRG composite risk index and the standard

deviation of the noise is derived by solving equation (62) with respect to oE' For countries

where there is no solution, i.e., where the implied value of o; is negative, I have used the

letters "NO" in the table. The value of the claim is calculated standing at the end of

Natural Resources (3) Oil & Gas(3)
Currency Expropr. War Currency Expropr. War

Country a (1) W,(l) 0.5% 0.9% 0.55% 0.5% 1.25 % 0.7%t

Algeria 0.057 57.0 NO NO NO NO NO NO
Angola 0.036 51.0 NO NO NO NO NO NO
Argentina -0.058 73.0 0.253 0.281 0.257 0.253 0.299 0.268
Brazil 0.016 65.0 0.133 0.150 0.135 0.133 0.162 0.142
China 0.008 73.0 0.208 0.235 0.212 0.208 0.252 0.222
Colombia 0.029 63.0 0.104 0.119 0.106 0.104 0.130 0.112
Denmark 0.019 88.5 0.478 0.522 0.485 0.478 0.551 0.502
Egypt 0.002 67.5 0.179 0.198 0.182 0.179 0.211 0.190
Equador -0.026 63.0 0.079 0.104 0.083 0.079 0.119 0.093
Gabon 0.042 66.0 0.151 0.167 0.154 0.151 0.178 0.160
India -0.012 69.0 0.167 0.191 0.170 0.167 0.207 0.180
Indonesia -0.032 72.0 0.242 0.266 0.245 0.242 0.283 0.255
Iran -0.081 72.0 0.248 0.275 0.252 0.248 0.294 0.263
Iraq 0.033 34.0 NO NO NO NO NO NO
Libya -0.037 64.5 0.121 0.143 0.124 0.121 0.157 0.133
Malaysia -0.026 82.0 0.378 0.414 0.383 0.378 0.438 0.397
Nigeria 0.041 50.0 NO NO NO NO NO NO
Norway 0.036 90.0 0.499 0.545 0.506 0.499 0.576 0.524
Romania -0.011 66.0 0.160 0.178 0.162 0.160 0.191 0.170
Syria -0.036 67.0 0.185 0.205 0.188 0.185 0.219 0.196
United Kingdom 0.081 81.0 0.325 0.355 0.329 0.325 0.375 0.341
USA 0.044 85.0 0.399 0.436 0.404 0.399 0.461 0.419
Venezuela 0.038 65.0 0.048 0.081 0.054 0.048 0.099 0.068
Vietnam -0.034 70.5 0.217 0.241 0.221 0.217 0.257 0.230

General assumptions: The six and one month Eurodollar interest rates at the end of September 1996 were 0.0567 and 0.0531. I assume that
the risk free interest rate is constant and equal to 0.05354 (ln(1.055». The market premium is set to 0.03. The processes for the deduced
variables, y, are assumed to be as reported in Table 4.11.C. "NO" indicates that there is no rational solution. (1) Drift adjustment, calculated
based on general assumptions and estimates reported in Tables 4.11.C. (2) The September 1996level of the ICRG composite risk index. (3)

The MIGA standard premium rates for investments in the natural resource sector for insurance against currency losses, expropriation, and,
losses due to war or civil disturbance, are 0.5%, 0.9%, and, 0.55% of the insured amount, respectively. The reported figures are the level of
o, which makes the calculated price at the end of September 1996, time t, ofaclaims paying one USD at September 1997, time T, where the
probability of expropriation at time T is set to N<Y-r'o,).
Table 5.2 Level of noise, o E' which makes the price of claim paying a fixed usn

amount in case of expropriation equal to the standard MIGA premium rates
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September 1996, and the claim is maturing at the end of September 1997. Note that when the

numerical value of a; is reduced, N(c:) is increased, provided that the numerator of c: is

positive, and the value of the insurance premium is increased. See Figure 2.1 in section two

for the relationship between the index value and the probability of no expropriation when a E

is less than one. A reason for purchasing an insurance contract may that the buyer considers

the insurance premium to be lower than the theoretical market value of the contract. This

corresponds to a situation where the investor perceives aE as being higher than those reported

in Table 5.2. The insurance provider will be willing to sell insurance contracts as long as the

perceived standard deviation of the noise is not higher than the level reported in Table 5.2.

6 Summary
In this paper I suggest a method for using risk indices when modeling political uncertainty.

The approach is easy to combine with established results from the theory of arbitrage free

pricing. I deduce time series for state variables governing the countries' risk indices. For

many countries, based on the empirical research presented in the paper, I am not able to reject

the hypothesis that these state variables develop according to arithmetic Brownian motions.

This approach enables us to find state prices in terms of levels of the risk indices and possibly

other state variables, e.g., the spot price of oil. For the majority of the countries we could not

reject the hypothesis that the risk measured by the risk indices represents unsystematic risk.

The estimated betas for the deduced variables when using the Morgan Stanley Capital World

Index as the proxy for the world market portfolio, was not significantly different from zero.

State prices in terms of the level of the index can, e.g., be used in capital budgeting when

valuing investments for which the cash flow of the investment is contingent upon the level of

the index. I present examples involving expropriation and taxation. I have also shown that

when the relationship between the probability of an event, e.g., expropriation, and the index

can be modeled in a specific way, closed-form valuation formulas may be derived.
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Appendix 1 Arbitrage Free Valuation

This appendix serves as a background for section three and for the derivation of pricing

formulas presented in section five and Appendix 2. I present the main results for pricing of

securities and contingent claims when the pricing is based on the argument of absence of

arbitrage. I have used chapter five and six of Duffie (1992) extensively and to some degree

chapter zero of Karatzas (1997).

A Model of a Market for Traded Securities

I present a model of a market, M, for traded assets or securities. I take as fixed a Brownian

motion B = (B (1), B (2») in JR?, restricted to a time interval [O,T]. B (1) and B (2) are

independent. B is defined on a complete filtered probability space (!l,g-,P,F). The filtration

is F = { .9'"" O s t ~T} , the sigma algebra generated by B, satisfying the "usual conditions". An

adapted process X is a function X: !l x [0,11-+JR such that X(t) Eg-t V tE [0,11 .

Assume there exists three' traded assets. Of these, two are given by the pairs of ex-dividend

price processes and cumulate dividend processes', Z = «Z »» (Y'),(Z(1t),D (1t»)). The risk free

asset is p. The tradeable securities are thus A = (P, Z). The evolutionary equations for the

assets are

(y, _ (j) (j) (1) (y, (2)az; -a.-iZt ,t)dt+ot-iZt ,t)dBt +02yCZt ,t)dBt ' (1)

(2)

l The number of assets and the sources of risk, B, are chosen so as to get a complete market.

2 The top script y indicates that this asset may be interpeted as a function of the variable y deduced
from a risk index, while asset 1t represents the profit, or sales revenue from one unit of production from an
investment, e.g., the spot oil price.
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dZ(7t) = IV C·Z(7t) t)dt + a CZ(7t) t)dB (1) + a CZ(7t) t)d'B (2)t .....7t t ' I7t t' t 27t t' t' (3)

dl) (n) = a Cz(7t) t)dt
t 7t t' , (4)

and

dPt=rtp,dt. CS)

Inorder for the evolutionary equations to be well specified, we need that the coefficients

(Xl;), and al;) belong to the class L1
, and aijC·;) belong to class L2, where i={ 1,2},j={ 1t,y}

and where

t

L 1 = {adapted and Jlxslds<oo a.s. for every t }

o

t

L2={adapted and Jxs
2ds<oo a.s. for every t }

o

I have, as implied by the notation, assumed that the coefficients are deterministic functions.

An investor buying an asset j at time zero and holding it until time t,will have a total gain,

equal to Gt(/), where

t t

G (J) = fdZ (/)+ fdD (J)
t ss'

o o
(6)

The total gain consists of capital appreciation and accumulated dividend payments.

A dynamic trading strategy 6 is an adapted process. The process 6 =C6(P),6(Y',6(7t» specifies

for every t and (a) the number of units of the securities A to hold. An admissible trading

strategy is a dynamic trading strategy 6 in 3{2, where
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T

~-(2= {x EL 2 : E(J Xt
2dt)<oo}

o

Let the value of a portfolio at time t be Vt, where

v = e(~) A + e(y' Z<Y>+ e(1t)z(1t)
t t Pt t t t t • (7)

The differential of the portfolio Vt is

dV =e(~)r A dt+e(Y'dG<Y> +e(1t)dG(1t)
t t t ....t t t t t· (8)

A self financing trading strategy is an admissible trading strategy e which makes (9) hold.

e(~)A + e(y'z(y' + e(1t)z(1t) = e(~)A + e<Y>z(y'+ e(1t)z(1t) +
t ....t t t t t o Po o o o o

t t t

J
e(~)r A ds +Je<Y>dG <Y>+Je(1t)dG(1t)

s s ....s s s s s
o o o

(9)

By using the self financing trading strategy e, the value of the holdings of securities at time t

is equal to the purchase price of the securities at time zero plus the gains from holding the

securities and using strategy e during the period. Note that this implies that the dividend is

reinvested in the portfolio.

An arbitrage is a self financing strategy e where either eoAo::o.:;;O and erAT>o, or eoAo <O

and erAT~O. The first case represents the situation, where by following the strategy e, the
value today of the portfolio is equal or less than zero, but where the payoff is strictly positive

at time T. In the second case, the value of the portfolio today is strictly less than zero but the

value at the future date is equal to or larger than zero.

A deflator is a strictly positive Ito process. A regular deflator X is a deflator for which the

admissible strategies for the deflated price process Z , 3-Ø(XZ), belongs to the same space of

admissible strategies for the undeflated price process, 3-Ø(Z). Let the regular deflator be
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I

11i" 1/ ~ t' where ~ t = exp(f rsds). It is assumed that r, is bounded. I normalize by letting
o

11o~ 0== 1. When asset Z(J) is deflated by this deflator, it means that (TJ)Z,(J)= 11~,(J)= Z,(J)/ ~ I.

The deflated tradeable assets are (TJ)A= (1, (TJ)Z). The deflated value of the portfolio at time t

is (TJ)V where
I'

(10)

The differential of this portfolio is

(11)

This means that the trading strategy is self fmancing for the deflated portfolio if

I I

(TJ)V= (TJ)V: + f6(j) d(TJ)G(yj + f6(Tt) d(TJ)G(n)
tO S S ss·

o o
(12)

Note that the differential of a deflated gains process for an assetj is, by Ito's lemma,

1 o (Z(J) t) o (Z(J) t)d(TJ)G(J) = _ (a .(Z(J) t) + o .(Z(J) t) - Z(J)r )dt + lj I ' dB (1) + 2j I ' dB (2) (13)
I ~, J I' J I' I I ~, t ~t I'

where the risk free interest rate is deducted in the dt-term.

Numeraire Invariance Theorem.

Suppose Y is a regular deflator. Then a trading strategy fl is self-financing with respect to X

if and only if fl is self financing with respect to YX.

A proof is found in Duffie (1992) page 97.
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Theorem.

If the gains process ('1)G(J) admits an equivalent martingale measure, then there is no

arbitrage.

The proof is found in Duffie (1992 ), page 101. Besides technical conditions, the proof uses

the self financing condition and that ('1)G(J) is a martingale under an equivalent martingale

measure (EMM) Q. According to the self financing condition

T T

E Q( ('1)y ) = ('1)y +E Q(f6<Y> d('1)G (y) + f6('It) d('1)G ('It»
t TOt s s ss'

o o
(14)

or

('1)y = E Q( ('1)y )
OtT (15)

because ('1)G is a martingale under the Q measure. It therefore follows that the value of an

asset at time t paying Z7) at time T,can be found by using the strategy

6 =(~(~)=O,6(y)=I,6('It)=O). Inserting this strategy in (14) gives

T gJ -rudu T J -rudu
Z<Y>=E Q[et dZ(y) + fe t dD(j)]
t t T s '

(16)

which states that the value of asset Zt<Y>is equal to the value of the asset at the future date T

and the value of accumulated dividends, discounted by the risk free interest rate.

If an equivialent martingale measure Q can be found, then this is a sufficient condition for

using (16) as a valuation equation when the market is arbitrage free. For the existence of an

EMM, I use Girsanov's theorem. First I state Novikov's condition. A process 6=(61,62, •• ,6d)

in L2 a.s. satisfies Novikov's condition if

IT
E(exP("2f6s6sds) ) < 00 •

O

(17)
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Girsanov's Theorem.

Let X be an Ito process in RN of the fonn

t t

Xt=x+ fJlsds+ fOsdBs, Os.ts.T.
o o

(18)

Suppose v = (v l, ••, V N) is a vector of processes in L l such that there exists some 8satisfying

Novikov's condition with

(19)

Then there exists a probability measure Q equivalent to P such that

t

Bt=Bt+f6sds, Os.ts.T.
o

(20)

defines a standard Brownian motionb in Rd on (O,.<T,Q) adapted to the same standard

filtration F. The process X defined by (11) is also an Ito process with respect to (n,Y,Q,F),
and

t t

Xt=x+ fVsds+ fOsdBs ' Os.ts.T .
o o

(21)

For any random variable W such that E2( IWI)< ~

(22)

where

(23)
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For the market model M, equation (19) is equal to

(y,
°2/Z?',t) a,/Z?',t) O/Zt<Y>,t) Zt<Y>rt0t/Zt ,t)

(:~) = -( :;). (24)

+ ---
J3t J3t J3t J3t J3t
(7t) ) °27t(Zt(7t),t) a,7t(Z?),t) o (Z(7t) t) Z(7t)

0t7t(Zt ,t
+ 7t t ' t rt

J3t J3t J3t J3t J3t

Suppose I want to find the value of a newasset, Zt(C), with a payoff at time Twhich can be

written as a function of the traded asset in M. Let the payoff at time T for this new asset be

ziC) =C(J3T'zf),zi7t»), i.e., a function of the value of the traded assets at time T. Ifthis

payoff can be replicated by a trading strategy e, meaning that ziC) is redundant, then

Z(C) = e(P) A + e<Y>z<Y>+ e(7t) z(7t)T T PT T T TT' (25)

or with the deflated assets,

(26)

From (15), the value at time t, t :5: T,of this contingent claim is

(27)

If r is a constant, equation (27) can be simply be written as

Z(C) = e -r(T-t)E Q[Z(C)]
t tT' (28)

i.e., the value of the contingent claim at time t is equal to the expected value at time Tunder

the Q measure discounted by the risk free interest rate. This is the general pricing principle

which I will apply in section five and Appendix 2.
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Appendix2 Deriving Pricing Formulas
In this appendix I show first how the value of the contingent claim Zt(C2) is derived. The value

of the contingent claim Zt(Cl) may be derived by applying the same principles. I then derive

the value of the contingent claim Zt(C4).

A2.1 Deriving the Valuation Formula for Z ,(Cl)

Standing at time t, Z!!, ST' and the Radon Nikodym derivative ~T are random variables

given by'

and

(3)

Define x =Bil) - B?) and u =B?) - B?) , then x and u are independent random variables,

normally distributed with zero mean, and both have a variance of (T-t). I want to find the

value at time t of a contingent claim, Zt(C2) , paying ST at time T if ST~ K and Z~") ~A where

I I have dropped the subscript for the coefficient of correlation p in order to simplify the notation.
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A and K are constants.

According to the general pricing formula, equation ( 28) in Appendix 1, the price of the

contingent claim at time t is equal to the expected payoff at time T under the probability

measure Q, discounted by the risk free interest rate, i.e.,

(4)

Note that Z!! is equal to, or larger than, A if

1 . 12-
x~ -[1n(AlZ/) -(cx.--oy.)(T-t)] =x .

o. y 2
y

(5)

In order for both ST~ K and Z!!~A we must have that

u z 1 (In(KISt)-(CXs-.!.o~)(T-t» - p x=u :
0sVI-p2 2 VI-p2

(6)

Because x and u are independent and normally distributed, (4) is equal to

.... x2 u2

Z(C2) =e-r(T-t)ff 1 e-2(T-t) - 2(T-t) S ~ dudx .
t __ 27t(T-t) T T

xu

(7)

By inserting for ST and ~T in (7), moving exp(-r(T-t» under the integral, multiplying and

dividing by

Os 1 2exp(p-(cx .+a .-r)(T-t) __ p2oSCT-t»
o. y y 2
y

and arranging terms, we get that (7) is equal to

.. .. (x _~x)2 (u_~u)2

Z(C2) = Se-Os(T-t)ff 1 e- 2(T-'t) - 2(T-t) dudx
t t __ 27t(T-t) ,

xu

(8)
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where

(9)

and

(10)

X-Il u-Il
By defining new variables v = x and g = u ,inserting these in (5) and (6), we get

V(T-t) V(T-t)

the expressions for v and g. Due to symmetry of the normal distribution,

(l-N(v,g:c=O» =N( -v, -g:c=O)where N(·,;c) is the bivariate normal distribution with

coefficient of correlation c. We can now write (8) as

(C2) -6 (T-t) --Zt =Ste S N(-v,-g;c=O), (11)

where

(12)

and,

p v.
,f1-p2

(13)

Define a new variable h = pv +,f1-p2g, then h and v are normally distributed with coefficient

of correlation p, and
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g = 1 h - P v.
V1-p2 V1-p2

By using this, we get

(14)

where

(15)

•
A2.2 Deriving the Valuation Formula for Z /C4)
The payoff at time T is given by

(16)

I want the argument in the cumulative distribution function to be equal to the argument in the

valuation formula for ziC]) paying one usn, where S is zero, maturing at time T > T , see

equation (54) in section five. In order to obtain equality the equation

(17)

must be satisfied. By letting

In(K) = (r-o A-.!.ay~)(T·-7)
y 2 (18)

and
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(19)

(17) will be obtained. From (19) we get that (T* -T) = o~1o~. By inserting (18) and (19) in

the formula for the value at time t,maturing at time 1', rearranging terms, and noting that (1'-

t) = ((1'-T)+(T-t» , we get the valuation formula at time t for the contingent claim, i.e.,

(20)

where

•
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Appendix3 List of Symbols

Symbols Related to Indices

'" t Index level at time t

",MAX Maximum level of index

",MIN Minimum level of index

•Yt

Yt
Yt
Et

A government! central planner' s net benefit from selecting regime G at time t

Indicator variable equaling one if regime G is chosen at time t

An estimate of Yt·

Noise in the estimate Yt
Standard deviation of the noise Et

Probability that regime G will be chosen

Drift parameter in stochastic process for Yt
Volatility parameter in stochastic process for Yt

Pt

•xt

Vt

An analyst's "willingness to categorize a government as a no risk government

Indicator variable equaling one if the government is a no risk government

An estimate of x.. serves as a state variable

Noise in the estimate xt
Standard deviation of the noise v t

Drift parameter in stochastic process for xt
Volatility parameter in stochastic process for xt

Xt

Xt

Symbols Related to Valuation

Instantaneous risk free interest rate

Price of hypothetical asset which is a function of the state variable xt
Drift parameter in stochastic process for Zt(X)

Drift adjustment for Z/X)

Oil price at time t

Drift parameter in stochastic process for St

r
Z(.£)
t
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as Volatility parameter in stochastic process for St

Os Drift adjustment for St' i.e., rate ofretum shortfall

ps,£ Coefficient of correlation between Zt(£> and St

Zt(C> Value of a contingent claim at time t
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Appendix4 Statistical Tables

Table
LA
LB
l.C

Contents
ICRG political risk index, monthly observations, 1984-1996
ICRG political risk index, quarterlyobservations, 1984-1996
ICRG political risk index, bi-annual observations, 1984-1996

2.A
2.B
2.C

ICRG financial risk index, monthly observations, 1984-1996
ICRG financial risk index, quarterly observations, 1984-1996
ICRG financial risk index, bi-annual observations, 1984-1996

3.A
3.B
3.C

ICRG economic risk index, monthly observations, 1984-1996
ICRG economic risk index, quarterly observations, 1984-1996
ICRG economic risk index, bi-annual observations, 1984-1996

4.A
4.B
4.C

ICRG composite risk index, monthly observations, 1984-1996
ICRG composite risk index, quarterly observations, 1984-1996
ICRG composite risk index, bi-annual observations, 1984-1996

5 Institutional Investor's country credit ratings, bi-annual observations 1984-
1996

6 Summary of results for the tests of whether the increments of the deduced
variable xt are normally distributed and uncorrelated. Based on Tables 1-5.

(In all tables I have used a standard deviation of the "noise" equal to one when deducing the
unobserved variables.)

Explanation to Tables:

(1) * and ** indicates whether the estimate is significantly different from zero, using a two sided test and a
significance level of 0.05 and 0.01, respectively. (2) The p-value of the Bera-Jarque test of normality, based on
the statistic J =n[(coeff. of skewnessi/6 +(excess kurtosisil24]. In case of normality, J is x2-distributed with two
degrees of freedom. The reported p-value is the probability of observing a J statistic equal to or lower than the
sample statistic J. (3) h* and h** indicates that in a normal distribution with n observations, the probability of the
observed studentized range being this high is less than 0.05 and 0.01, respectively. Similarly, 1* and 1**means
that in a normal distribution with n observations, the probability of the observed studentized range being this low
is less than 0.05 and 0.01. (4) Coefficient of correlation between observations, where one observation is lagged
one or two periods.
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Country
Coeff. of Excess

Mean t-value(l) Variance Skewness Kurtosis
Studentized
range(3) e/1M4)

Algeria
Angola
Argentina
Australia
Azerbaijan
Brazil

Brunei

Cameroon
Canada
China

Colombia
Congo
Denmark
Egypt
Equador
Gabon
India
Indonesia
Iran

Iraq

Kazakhstan

Kuwait
Ubya
Malaysia
Mexico
Nigeria
Norway
Oman

Papua New Guinea
Peru
Quatar

Romania
Russian Federation
Saudi Arabia
Syria
Trinidad & Tobago
Tunisia
United Arab Emirates
United Kingdom

USA

Uzbekistan

Venezuela

Vietnam

Yemen

-0.0017 -0.65 0.0010 -0.958 4.052
0.0019 0.64
0.0044 1.72
-0.0003 -0.12

NA
0.0015 0.64
0.0016 1.36
-0.0002 -0.10
-0.0013 -0.58
-0.0002 -0.08
-0.0012 -0.55
0.0002 0.09
-0.0023 -0.92
0.0002 0.09
0.0013 0.50
0.0002 0.10
0.0007 0.20
0.0036 1.94
0.0071 2.67••

0.0036 0.88
NA

0.0045 0.75
0.0048 1.42
0.0002 0.11
-0.0002 -0.06
0.0010 0.55
-0.0028 -0.82
0.0029 1.60
0.0005 0.28
0.0025 0.75
0.0029 1.05
0.0022 1.09
0.0029 0.62
0.0022 0.63

0.0071 2.56•
0.0016 0.79
0.0041 1.67
0.0046 1.62
-0.0024 -0.76
-0.0045 -1.61

NA
0.0015 0.50

0.0053 2.25•
0.0075 1.07

0.0012
0.0010
0.0010

0.0009
0.0002
0.0004
0.0008
0.0009
0.0007
0.0005
0.0010
0.0005
0.0011
0.0005
0.0019
0.0005
0.0013
0.0026

0.0055
0.0017
0.0006

0.0016
0.0005
0.0018
0.0005
0.0005
0.0017
0.0011
0.0006

0.0011
0.0018
0.0012
0.0006

0.0009
0.0012
0.0015
0.0012

0.0014
0.0007
0.0022

2.042 16.708
0.934 3.043
1.676 8.296

-0.479 1.267
3.589 18.74
-1.767 12.777
-0.52 5.254
0.946 6.641
0.367 13.578
-3.971 43.507
0.214 4.671
0.595 8.277
-0.145 3.758
3.507 27.419
1.147 9.03
1.236 7.436
1.795 7.856
0.504 10.539

-1.51 32.449
4.249 36.553
0.221 3.215
-0.233 19.715
-0.353 3.697
0.395 13.829
2.676 15.356
-0.46 19.12
-1.385 12.239
3.387 19.583
1.921 8.602
-1.423 9.438
1.717 9.476
2.531 12.224
-0.302 11.553
3.356 22.871
6.434 57.905
0.211 2.158
-0.777 6.376

-2.286 24.92
4.834 40.271
0.045 8.088

0.00 ••
0.00 ••
0.00 ••

7.24h·· 0.007
10.53h·· 0.051
7.53h·· -0.065

0.00 •• 8.07h·· -0.040

0.00 ••
0.00 ••
0.00 ••
0.00 ••
0.00 ••
0.00 ••
0.00 ••
0.00 ••
0.00 ••
0.00 ••
0.00 ...
0.00 ••
0.00 ••
0.00 ••
0.00 ••

0.00 ••
0.00 ••
0.00 ••
0.00 ••
0.00 ••
0.00 ••
0.00 ••
0.00 ••
0.00 ••
0.00 ••
0.00 ••
0.00 ••
0.00 ••
0.00 ••
0.00 ••
0.00 ••
0.00 ••
0.00 ••
0.00 ••

5.43 0.102
8.17h·· -0.014
10.12h·· 0.068
7.71h·· -0.057
7.98h·· 0.076
11.23h·· -0.105
12.86h·· 0.017
7.45h·· -0.073
9.93h·· 0.177·
7.05h·~ 0.128
10.68h·· 0.013
9.67h·· -0.012
9.27h·· 0.102
8.18h·· 0.137
10.29h·· 0.197·

13.23h·· 0.239··
11.86h·· -0.049
7.22h·· 0.134
12.55h·· -0.222··
7.20h·· 0.058
11.07h·" 0.083
9.10h·· 0.048
11.15h·· 0.006
9.57h·· -0.073
9.16h·· -0.007
8.49h·· 0.052
7.48h·· -0.030
8.64h·· 0.070
8.49h·· 0.068
9.81h·· -0.190·
10.24h·· 0.082
12.06h·· 0.037
6.69h·· 0.038
8.61h·· 0.034

0.00 •• 11.92h·· 0.103
0.00·· 11.54h·" -0.082
0.00 •• 6.98h·· -0.021

0.077
-0.066
-0.038
0.113

0.139
0.429··
0.019
0.054
0.171·
-0.014
-0.034
-0.031
-0.136
0.174·
0.068
0.075

0.165•
-0.024
0.042

0.133
0.014
0.135
0.056
0.101
-0.236··
0.077
0.019
-0.014
-0.034
0.226·"
-0.078
-0.110
-0.097
0.130
-0.047
-0.045
0.049
0.056

0.090
0.130
0.044

The number of observations are 152 for all countries, except for the Russian Federation (53), Yemen (45), Qatar
(145), Romania (145), Oman (146), Papua New Guinea (148), Angola (131), Brunei (131), Vietnam (131),
China (141), and Congo (137).
Table 1.A Statistics for sample of increments of xt deduced from the ICRG political risk

index. Time period: 1984-1996. Monthly observations
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Country
Coeff. of Excess

Mean t-value(l) Variance Skewness Kurtosis
Algeria
Angola
Argentina
Australia

Azerbaijan
Brazil
Brunei
Cameroon
Canada

China

Colombia
Congo
Denmark
Egypt
Equador

Gabon
India
Indonesia
Iran
Iraq

Kazakhstan
Kuwait
Libya
Malaysia
Mexico
Nigeria
Norway
Oman

PapuaNewGuinea
Peru

Quatar
Romania
RussianFederation
SaudiArabia
Syria
Trinidad& Tobago
Tunisia

-0.0051 -0.59 0.0037 -1.462 3.287
0.0058 0.60
0.0130 1.97
-0.0019 -0.22

NA
0.0047 0.59
0.0049 1.37
-0.0005 -0.09
-0.0032 -0.45
-0.0006 -0.08
-0.0031 -0.60
0.0000 0.00
-0.0056 -0.84
0.0005 0.08
0.0040 0.48
0.0005 0.10
0.0031 0.28
0.0108 1.81
0.0234 2.70**
0.0109 0.79

NA
0.0137 0.68
0.0145 1.37
0.0013 0.20
-0.0028 -0.37
0.0050 0.95
-0.0086 -0.79
0.0088 1.48
-0.0006 -0.10
0.0076 0.74
0.0086 1.09
0.0063 0.88
0.0060 0.48
0.0067 0.70
0.0222 2.86**
0.0048 0.75
0.0135 1.77

UnitedArabEmirates 0.0140 1.68
UnitedKingdom -0.0085 -0.81
USA -0.0138 -1.69
Uzbekistan
Venezuela
Vietnam
Yemen

NA
0.0036 0.35
0.0155 2.21*
0.0226 1.07

0.0041
0.0022
0.0038

0.0031
0.0005
0.0014
0.0024
0.0030
0.0013
0.0017
0.0022
0.0020
0.0035
0.0014
0.0062
0.0018
0.0038
0.0097

0.0205
0.0056
0.0022
0.0028
0.0014
0.0059
0.0017
0.0015
0.0052
0.0030
0.0024
0.0027
0.0046
0.0030
0.0020
0.0029
0.0035
0.0055
0.0034

0.0053
0.0021
0.0067

0.301 2.515
0.424 0.093
0.594 1.149

0.079 -0.36
1.759 3.787
-1.837 6.158
-0.905 1.906
0.27 0.313

-0.906 0.765
-2.196 13.205
0.179 1.276
1.209 4.88
0.547 2.067
1.31 6.671

0.919 4.404
1.143 2.468
1.052 1.146
-0.512 3.674

-3.516 22.794
1.551 5.951
0.351
-1.284
0.372
1.659
1.537
-0.406
-1.732
1.926

1.188
6.401
1.502
9.028
4.065
6.627
6.855
5.241

0.00 **
0.00 **
0.47
0.06

5.10 0.085
5.50h* -0.138
4.50 0.011
4.87 -0.042

-0.055
0.319*
-0.275
-0.108

0.85 4.33 0.038 -0.352*
0.00 ** 4.71 0.418** 0.039
0.00 ** 6.08b** 0.072 -0.034
0.00 ** 5.06 0.131 -0.066
0.68 4.41 0.368* 0.114
0.02 * 4.16 0.312* 0.256
0.00 ** 7.28b** 0.000 0.123
0.16 5.35 0.193 -0.204
0.00 ** 6.32h·* -0.045 -0.093
0.00 ** 5.94b** 0.133 -0.083
0.00 ** 6.59h** 0.158
0.00 ** 6.48h** 0.246
0.00 ** 5.43b* 0.230
0.00 ** 4.73 0.127
0.00 ** 6.00b** 0.062

0.00 ** 8.18b** 0.262
0.00 ** 6.54b** -0.014
0.14
0.00 **
0.05
0.00 *.
0.00 **
0.00 **
0.00 **
0.00 **

5.32 0.172
7.02h** 0.056
5.63h* -0.123
7.27b** -0.101
5.57h* 0.064
7.23b** 0.030
6.11b** -0.243
5.45b* -0.005

0.00 ** 6.11b** 0.228
0.08 4.46b* -0.027
0.56 5.03 -0.026
0.00 ** 5.66h* 0.094
0.00 ** 5.80b** -0.233
0.00 ** 6.10b** 0.103
0.00 **
0.78
0.00 **

6.63b*· -0.043
4.73 0.004
5.00 0.400**

0.00 ** 6.84h** 0.123
0.00 ** 6.08b** 0.030
0.24 2.35 -0.168

-0.108
0.072
0.071
-0.300*
0.067

-0.002
-0.107
0.231
-0.327*
-0.006
0.104
-0.058
0.102
-0.038
0.005
0.019
-0.145
-0.098
0.191
-0.204
-0.062
-0.204
0.004
0.074

-0.214
-0.091
-0.066

1.473 4.834
-0.84 2.064
0.007 0.751
1.121 2.787
0.427 2.736
1.814 5.797
3.856 19.188
-0.169 0.354
-0.854 1.607

-2.034 9.96
2.627 11.151
-0.494 1.904

The number of observations are 50 for all countries, except for the Russian Federation (17), Yemen (15), Qatar
(48), Romania (48), Oman (48), Papua New Guinea (49), Angola (43), Brunei (43), Vietnam (43), China (47),
and Congo (45).
Table 1.B Statistics for sample of increments of xt deduced from the ICRG political risk

index. Time period: 1984-1996. Quarterly observations
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Country
Coeff. of Excess

Mean t-value'" Variance Skewness Kurtosis
B-J(l),

p-value
Studentized
range(3) p,(1),(4)

Algeria
Angola
Argentina
Australia
Azerbaijan
Brazil
Brunei
Cameroon
Canada

China

Colombia
Congo
Denmark
Egypt
Equador
Gabon

India
Indonesia
Iran

Iraq
Kazakhstan
Kuwait

Libya
Malaysia
Mexico
Nigeria
Norway
Oman

Papua New Guinea
Peru

Quatar
Romania
Russian Federation
Saudi Arabia
Syria
Trinidad & Tobago
Tunisia
United Arab Emirates
United Kingdom
USA
Uzbekistan
Venezuela
Vietnam
Yemen

-0.0101 -0.62 0.0067 -0.822 0.212
0.0132 0.64 0.0090 -0.214 1.797
0.0260 1.97
-0.0038 -0.20

NA
0.0093 0.60
0.0115 1.31
-0.0010 -0.08
-0.0063 -0.40
-0.0025 -0.14
-0.0061 -0.56
-0.0012 -0.09
-0.0111 -0.82
0.0011 0.08
0.0081 0.41
0.0010 0.09
0.0063 0.24
0.0216 1.63
0.0467 2.95**
0.0218 0.68

NA
0.0273 0.61
0.0289 1.40
0.0026 0.18
-0.0056 -0.33
0.0101 0.93
-0.0171 -0.%
0.0177 1.46
-0.0011 -0.10
0.0152 0.93
0.0173 1.09
0.0125 0.85
0.0221 0.84
0.0134 0.70
0.0444 2.68*
0.0095 0.83
0.0270 1.65
0.0279 1.59
-0.0170 -0.85
-0.0276 -1.28

NA
0.0073 0.31
0.0306 1.89
0.0485 1.26

0.0044
0.0087

0.0061
0.0016
0.0035
0.0063
0.0075
0.0030
0.0034
0.0046
0.0047
0.0098
0.0032
0.0164
0.0044
0.0062
0.0256

0.0510
0.0107
0.0057
0.0069

1.176 1.736
0.402 0.613

-0.503 0.704
1.584 5.116
-1.198 2.281
-0.347 0.354
0.267 1.788
-0.132 -0.327
-1.592 6.292

0.7 0.914
0.595 0.955
0.176 0.156
0.897 1.578
0.369 2.281
0.291 -0.08
0.868 0.267
0.167 1.368

-1.639 10.314
0.399 -0.48
-0.477 1.022
-0.834 2.661

0.0029 -0.367 -0.67
0.0080 . -0.042 -0.459
0.0035 0.487 1.093
0.0034 -0.3 1.478
0.0067 -0.71 1.183
0.0061 1.227 0.963
0.0052 0.524 -0.277
0.0055
0.0093
0.0068
0.0033
0.0067
0.0077
0.0100
0.0117

0.0135
0.0055
0.0104

-1.079
0.408

. 0.739
-0.54
1.2

2.668
-0.094
-0.973

1.427
0.568
0.202
0.506
1.63

8.618
1.145
2.937

0.24
0.22

0.01 *
0.59

3.80 0.205
4.85h** 0.226
4.40 0.254
4.51 -0.248

0.46 4.36 -0.365
0.00 ** 5.22h** 0.029
0.00 ** 4.74h* -0.124
0.73 4.05 -0.037
0.19 4.97h** 0.295
0.91 4.19 0.315
0.00 ** 5.14h** 0.292
0.23 4.27 -0.125
0.30
0.93
0.05
0.05
0.84
0.20
0.36

4.53 -0.Q35
4.34 -0.258
4.40 -0.025
4.76h* 0.051
3.78 0.193
-4.17 0.074
4.56 0.029

0.00 ** 6.38h** 0.141
0.64 3.76 -0.081
0.36
0.01 **
0.60
0.89
0.34
0.28
0.17

0.03 *
0.56
0.33
0.60
0.31
0.48

0.01 *
0.00 **
0.50
0.00 **

4.52 0.262
5.04h** -0.282
3.68 -0.234
3.80 0.384
4.55 -0.081
4.77h* 0.102
4.64 -0.234
3.85 -0.055
3.90 0.250
3.10
4.47
3.99
4.17
4.27
4.68
4.60
4.91h*

-0.340

-0.066
0.333
-0.317
-0.023
-0.245
0.105
0.047

0.00 ** 5.16h** -0.262
0.00 ** 4.97h** -0.215
0.44 2.35 -0.251

-0.316
0.015
-0.082
0.213

-0.247
-0.012
-0.215
-0.161
-0.186
0.101
0.119
0.079
-0.048
-0.004
-0.320
0.013
0.119
0.210
-0.083

-0.124
-0.141
0.133
0.194
-0.239
-0.136
0.166
0.017
-0.012
-0.039
0.128
-0.326
-0.039
0.196
0.020
-0.054
0.057
0.143
0.211

0.054
0.354
-0.472

-0.714 3.026
2.26 6.741
1.099 -0.913

The number of observations are 25 for all countries, except for the Russian Federation (8), Yemen (7), Qatar
(24), Romania (24), Oman (24), Papua New Guinea (24), Angola (21), Brunei (21), Vietnam (21), China (23),
and Congo (22).
Table l.C Statistics for sample of increments of it deduced from the ICRG political risk

index. Time period: 1984-1996. Bi-annual observations
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Country
Coeff. of Excess

Mean t-value(l) Variance Skewness Kurtosis
Studentized
range(3) p/l),(4)

Algeria
Angola
Argentina
Australia
Azerbaijan
Brazil

Brunei
Cameroon
Canada

China

Colombia
Congo
Denmark
Egypt
Equador
Gabon
India
Indonesia
Iran

Iraq
Kazakhstan

Kuwait
libya
Malaysia
Mexico
Nigeria
Norway
Oman
Papua New Guinea
Peru

Quatar
Romania
Russian Federation
Saudi Arabia
Syria
Trinidad & Tobago
Tunisia
United Arab Emirates
United Kingdom
USA
Uzbekistan
Venezuela
Vietnam
Yemen

0.0030 0.89 0.0017 0.11 5.79
0.0015 0.56 0.0010 0.36 10.89
0.0073 1.76 0.0026 -0.92 6.27
0.0015 0.51 0.0012 0.18 5.18

NA
0.0047 1.49
-0.0000 -0.00
0.0003 0.17
0.0015 0.45
0.0009 0.23
0.0026 0.85
0.0034 1.03
0.0047 1.18
0.0013 0.30
0.0060 1.60
0.0023 1.28
0.0029 1.11
0.0060 1.73
0.0068 1.89
0.0018 0.24

NA
0.0045 0.31
0.0058 1.75
0.0047 1.65
0.0070 1.70
0.0022 0.74
0.0005 0.17
0.0054 1.51
-0.0004 -0.15
0.0057 1.03
0.0050 1.43
0.0030 0.95
0.0010 0.12
0.0044 0.89
0.0057 1.60
0.0034 1.25
0.0056 1.47
0.0038 1.01
-0.0046 -0.58
0.0007 0.13

NA
0.0037 0.93
0.0039 1.00
0.0037 1.15

0.0016
0.0009
0.0006
0.0017
0.0020
0.0014
0.0014
0.0024
0.0031
0.0022
0.0005
0.0010
0.0018
0.0020
0.0086

0.0327
0.0017
0.0012
0.0026
0.0014
0.0014
0.0019
0.0011
0.0047
0.0018
0.0014
0.0037
0.0037
0.0019
0.0011
0.0022
0.0022
0.0059
0.0042

0.0025
0.0020
0.0005

0.18
0.00
0.34
4.02
3.24
-0.59
2.26
6.79
-5.35
4.03
2.00
0.91
1.00
2.50
2.43

4.77
33.31
20.81
42.89
19.13
6.19
18.26
65.86
51.75
41.62
21.57
8.20
5.43
21.07
37.93

0.00 **
0.00 **
0.00 **
0.00 **

0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 *.
0.00 .*
0.00 .*
0.00 **
0.00 **
0.00 **
0.00 *.
0.00 *.

0.00 **
0.00 **

0.00 **
0.00 *.
0.00 **
0.00 *.

0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 *.
0.00 *.

0.00 **
0.00 **
0.00 **
0.00 **
0.00 *.
0.00 **
0.00 **
0.00 .*

0.00 *..
0.00 *.
0.00 *.

7.89h .... -0.145
10.11h*· 0.041
8.43h"* 0.101
6.89 h"* 0.039

7.62h.... 0.064

13.08h*· 0.241 **
12.33h*· -0.015
13.40h** -0.009
8.24h** 0.099
7.79h"* 0.122
10.53h** 0.124
13.04h*· -0.028
12.30h*· 0.065
13.14h·· 0.056
12.04h** -0.284"*
9.28 h*" 0.055
7.68h** 0.109
11.30h*· 0.117
13.28h*· 0.168*

14.70h*· 0.028
10.30h·* -0.060
7.77h** 0.283··
10.04h** 0.147
8.93h** 0.039
11.13h*· 0.040
12.70h*" 0.015
10.05h*" 0.000
10.47h.... -0.132
13.56h** -0.003
8.23 h** -0.131
9.03 h*:t' -0.305 *
13.46h** -0.107
11.92h*· 0.023
11.87h*" -0.233 **
13.07h** 0.040
12.32h** -0.005
9.51 h** 0.120
10.81h*· 0.051

8.28h** 0.111
10.45h** -0.155
7.42h** -0.031

-0.060
0.021
0.097
0.017

-0.001
0.000
-0.136
-0.002
0.054
0.169 *
0.023
-0.010
0.074
0.083
-0.046
0.171*
0.359**
0.125
-0.010

-0.005
0.022
0.220**
0.154
0.018
-0.071
-0.014
0.103
0.118
0.006
0.007
-0.063
0.090
-0.037
-0.078
-0.052
0.144
-0.006
0.003

0.071
0.055
-0.031

-6.17
3.97
-0.23
-1.64
-0.48
2.23
7.74
-0.81
-0.49
7.30
2.16
2.09
1.60
7.78
-0.50
8.64
5.16
-3.26
-0.00

78.13
25.37
5.04
13.61
7.31
25.04
77.08
15.31
11.18
74.51
11.26
19.51
28.92
79.02
20.39
91.54
45.75
22.80
21.41

The number of observations are 152 for all countries, except for the Russian Federation (53), Yemen (45), Qatar
(145), Romania (145), Oman (146), Papua New Guinea (148), Angola (131), Brunei (131), Vietnam (131),
China (141), and Congo (137).
Table 2.A Statistics for sample of increments of it deduced from the ICRG financial

risk index. Time period: 1984-1996. Monthly observations

-0.85
4.68
3.16

6.23
34.89
16.08
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Country
Coeff. of Excess

Mean t-value'" Variance SkewnessKurtosis
B-J(l),

p-value
Algeria

Angola

Argentina

Australia

Azerbaijan

Brazil

Brunei

Cameroon
Canada
China

Colombia

Congo

Denmark

Egypt

Equador

Gabon

India

Indonesia

Iran

Iraq

Kazakhstan

Kuwait

Libya

Malaysia

Mexico

Nigeria

Norway

Oman
Papua New Guinea

Peru

Quatar
Romania

Russian Federation

Saudi Arabia

Syria

Trinidad & Tobago

Tunisia

United Arab Emirates

United Kingdom

USA
Uzbekistan

Venezuela

Vietnam

Yemen

0.0086 0.90 0.0046 -0.10 0.75
0.0047 0.51 0.0036 0.90 3.90
0.0233 1.59
0.0052 0.59

NA
0.0144 1.33
-0.0000 -0.00
0.0010 0.19
0.0065 0.66
0.0026 0.23
0.0078 0.79
0.0136 1.32
0.0151 1.27
0.0051 0.37
0.0173 1.46
0.0071 1.35
0.0083 0.96
0.0188 1.46
0.0234 2.21·
0.0044 0.16

NA
0.0122 0.28
0.0171 1.87
0.0153 1.41
O.ot73 1.28
0.0089 0.92
0.0016 0.16
0.0144 1.33
-0.0037 -0.49
0.0185 1.13
0.0150 1.44
0.0090 0.93
0.0030 0.21
0.0134 0.79
0.0182 1.69
0.0093 1.38
0.0172 1.51
0.0101 0.77
-0.0147 -0.58
0.0021 0.13

NA
0.0119 0.88
0.0119 1.15
0.0111 1.16

0.0107
0.0039

0.0059
0.0029
0.0014
0.0049
0.0063
0.0049
0.0048
0.0071
0.0097
0.0071
0.0014
0.0038
0.0083
0.0056
0.0358

0.0954
0.0042
0.0058
0.0091
0.0047
0.0047
0.0056
0.0028
0.0133
0.0053
0.0045
0.0035
0.0143
0.0058
0.0023
0.0064

0.0085
0.0190
0.0139

0.0091
0.0046
0.0014

-0.73
0.01

1.83
4.17

0.53
0.00 ••
0.00 ••
0.00 ••

0.74
0.00 ••
0.00 ••

0.00 ."

4.73 -0.165
6.15h·· 0.011
5.22 0.067
6.39h·· -0.093

4.95 0.127
7.43h·· 0.241
6.72h·· -0.069
7.86h·· 0.113

-0.015
-0.066

0.085
0.334"

-0.060

0.000

0.096
-0.009

0.00 •• 4.92 0.321• 0.506··
0.00 •• 5.57h· 0.451·" 0.198
0.00 ••
0.00 ••

0.00 .'"
0.00 ••
0.00 ••

0.08

6.64h·· -0.041
7.61h""" -0.018
7.41h·'" 0.105
7.25h·· 0.078
7.24h·· -0.346·
5.20 0.242

0.039
0.124
-0.133
0.214
-0.041
0.007

0.00 •• 5.59h· 0.508·· 0.456··
0.00 •• 6.69h"'· 0.288'"
0.00 .'" 8.51h"'· -0.013

0.159
0.072

0.00 .'" 8.39h""" 0.107 -0.256

0.00 .'" 4.95 -0.026 0.027
0.06 5.38h· 0.412""" 0.420·"
0.00 •• 5.55h· 0.256 -0.043
0.10 4.81 0.027 0.182
0.00 .'"
0.00 ••
0.00 ••
0.00 ••
0.00 ••
0.00 ••

0.03 •
0.00 ••
0.00 ••
0.00 ••
0.00 ••

0.00 ."
0.00 ••
0.00 ••

0.00 ••
0.00 ••
0.00 ••

6.68h·· -0.254
7.38hU 0.004

6.19h·· 0.342'"
5.81h·· -0.035
7.86h·· -0.002
5.36h· 0.239
4.57h· -0.343
7.95h·· -0.124
6.84h·" -0.072
6.68h·· -0.271
7.11h·· 0.144
7.59h·· 0.108
5.30 0.318
6.45h·· 0.001

5.87h··
5.46h·
4.32h*

0.180
0.291
0.047

0.094
0.046

0.176
-0.086
0.080
0.310·
0.638*
0.204
0.007
0.175
-0.122
0.076
0.425*
-0.628**

-0.022
-0.059
0.207

-0.11 0.48
0.00 9.72
1.20 6.12
2.40 14.17
1.72
0.69

4.32
2.09

The number of observations are SOfor all countries, except for the Russian Federation (17), Yemen (IS), Qatar
(48), Romania (48), Oman (48), Papua New Guinea (49), Angola (43), Brunei (43), Vietnam (43), China (47),
and Congo (4S).
Table 2.B Statistics for sample of increments of xt deduced from the ICRG financial

risk index. Time period: 1984-1996. Quarterly observations

2.89 13.13
3.90 21.28
-2.89 15.98
1.89 10.32
0.99 6.70
0.51 1.19
0.95 2.25
1.54 5.81
1.56 14.87

-4.21 28.57
2.13 5.14
0.08 1.66
-0.87 2.54
-0.40 1.25
0.78
4.43
-0.68
-0.17
4.05
0.57
1.01
1.15
4.23
0.32
5.24
3.09
-1.69
0.47

6.44
25.13
4.68
2.52

23.46
2.29
2.43
10.19
23.31
5.39
32.17
16.73
5.44
6.53

0.29
1.69
1.46

2.22
4.75
3.63
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Country
Coeff. of Excess

Mean t-value'" Variance Skewness Kurtosis
Algeria
Angola
Argentina
Australia
Azerbaijan
Brazil

Brunei
Cameroon
Canada
China
Colombia
Congo
Denmark
Egypt
Equador
Gabon
India

Indonesia
Iran

Iraq

Kazakhstan

Kuwait
Libya
Malaysia
Mexico
Nigeria
Norway
Oman

Papua New Guinea
Peru
Quatar

Romania
Russian Federation
Saudi Arabia
Syria
Trinidad & Tobago
Tunisia
United Arab Emirates
United Kingdom
USA
Uzbekistan

Venezuela
Vietnam
Yemen

0.0173 0.34 0.0080 0.209 -0.282
0.0171 0.28 0.0050 1.086 1.774
0.0466 0.15 0.0248 -0.169 0.868
0.0104 0.55

NA
0.0288 0.26
0.0000 1.00
0.0020 0.85
0.0130 0.52
0.0027 0.92
0.0156 0049
0.0232 0.28
0.0303 0.20
0.0102 0.75
0.0347 0.20
0.0142 0.07
0.0166 0.45
0.0377 0.25
0.0467 0.08
0.0088 0.87

NA
0.0244 0.80
0.0341 0.05
0.0305 0.25
0.0346 0.28
0.0178 0.38
0.0032 0.87
0.0287 0.20
-0.0076 0.68
0.0369 0.28
0.0301 0.16
0.0180 0.39
0.0064 0.78
0.0267 0043
0.0363 0.09
0.0187 0.15
0.0343 0.18
0.0201 0047

0.0052 0.91
0.0042 0.90

NA
0.0237 0.43
0.0293 0.27
0.0237 0.35

0.0073

0.0157
0.0061
0.0027
0.0099
0.0185
0.0124
0.0096
0.0134
0.0241
0.0175
0.0014
0.0116
0.0257
0.0165
0.0732

0.2170
0.0069
0.0165
0.0242
0.0099

0.0097
0.0114
0.0081
0.0274
0.0105
0.0100
0.0040

0.0281
0.0107
0.0039
0.0154
0.0184
0.0303
0.0284

0.0222
0.0139
0.0038

-0.277 1.979

-0.077 -0.213
0.000 3.712
0.927 2.278
1.565 5.905
1.310 2.330
1.095 2.518
1.736 5.860
2.787 10.580
-1.992 80481

1.912 7.273
0.768 1.120
0.608 0.503
1.406 2.014
1.540 3.296
1.022 6.684

. -2.362 12.069

1.480 1.693
0.211 -0.002
-0.583 0.230
0.449 0.797
0.517 1.910
2.862 100420

-0.731 1.661
-0.408 0.769
2.608 10.202
-0.231 0.091
-0.306 0.154
0.594 4.379
2.965 11.832
0.944 30495

3.680 15.279
1.662 6.419
-1.551 3.924
0.302 1.979

0.483 0.724
1.685 3.504
0.755 -0.748

0.88

0.03 *
0.64
0.11

0.96
0.00 **

0.01 •
0.00 ••

0.00 *.
0.00 .*
0.00 ••
0.00 ••

3.59 -0.135
4.40 -0.119
4.38 0.030
4.92h· 0.266

3.99 -0.050
5.13h·· 0.269
4.85h· 0.040
5.52h·· 0.105
4.34 0.530·
4.67 0.389
5.10h·* 0.058
5.53h·* 0.137

0.082
0.338
0.361
0.138

-0.063
0.000
0.224
0.315
0.134
0.049
-0.097
-0.047

0.00 ** 5.73h** -0.208 -0.038
0.00 .* SAS h·* 0.215· 0.303
0.15 4.74h· -0.354 0.135
0041 4.37 -0.032 0.210
0.00 •• 4.24 0.605** 0.331
0.00 .* 4.67 0.195 0.320
0.00 ** 5.95h·* 0.126

0.00 *. 6.20h** -0.147
0.00 ** 3.85
0.91 3.89
0.48 4.05

-0.047

0.020
0.334 0.216
0.564** 0.554*.
0.061 0.042

0.47 4041 0.120

0.09 4.68 -0.092
0.00 .* 5.15h** 0.049
0.09 4.12 0.412
0.52
0.00 **
0.90
0.94
0.00 **

4.35 0.003
5.56h·* 0.102
4.20 0.545**
3.16 0.402
5.67h** 0.084

0.00 ** 5.51h·* 0.202
0.00 *. 4.99h· 0.082
0.00 **
0.00 .*
0.00 ••

0.11

0047 4.16

0.00 ** 4.42
0.66 2.59

0.060

-0.349
0.421
0.097
-0.308
0.390
0.658**
0.005
0.019
0.054
-0.032

s.oon- -0.069 -0.066
5.53h** 0.416· 0.295
4.03 -0.210 -0.096
4.51 -0.633** 0.287

0.022
-0.042
0.333

-0.236
00418
-0.437

The number of observations are 25 for all countries, except for the Russian Federation (8), Yemen (7), Qatar
(24), Romania (24), Oman (24), Papua New Guinea (24), Angola (21), Brunei (21), Vietnam (21), China (23),
and Congo (22).
Table 2.C Statistics for sample of increments of xt deduced from the ICRG financial

risk index. Time period: 1984-1996. Bi-annual observations
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Country Mean t-value(l) Variance
Coeff. of Excess
Skewness Kurtosis

B-12),
p-value

Studentized
range(3) p,(lM4)

Algeria
Angola
Argentina

Australia
Azerbaijan
Brazil
Brunei
Cameroon
Canada
China

Colombia
Congo
Denmark
Egypt

Equador

Gabon
India

Indonesia
Iran

Iraq

Kazakhstan

Kuwait

Libya
Malaysia
Mexico
Nigeria
Norway
Oman

Papua New Guinea
Peru
Quatar
Romania
Russian Federation
Saudi Arabia
Syria
Trinidad & Tobago
Tunisia
United Arab Emirates

United Kingdom
USA
Uzbekistan

Venezuela
Vietnam
Yemen

0.0005 0.11 0.0030
-0.0031 -0.43 0.0068
0.0071 1.27 0.0047
-0.0002 -0.08 0.0010

NA
0.0056 1.05
0.0074 0.87
0.0012 0.23
-0.0000 -0.00
0.0018 0.28
0.0041 0.91
0.0017 0.38
0.0021 0.74
0.0044 1.03
0.0029 0.52
-0.0031 -0.56
0.0035 1.11
0.0033 0.90
0.0029 0.57
0.0000 0.00

NA
-0.0007 -0.06
0.0037 0.57
0.0019 0.50
0.0025 0.54
-0.0003 -0.05
0.0030 1.02
0.0039 0.60
0.0032 0.57
0.0044 0.84
0.0009 0.15
-0.0010 -0.17
0.0107 0.68
0.0020 0.28
0.0027 0.62
0.0006 0.15
0.0021 0.46
0.0007 0.13
0.0000 0.00
-0.0007 -0.16

NA
0.0002 0.03
0.0055 1.34
0.0046 0.23

0.0044
0.0095
0.0044
0.0006
0.0060

0.0030
0.0027
0.0012
0.0027
0.0047
0.0046
0.0015
0.0020
0.0039
0.0148

0.0169
0.0063
0.0022
0.0033
0.0063
0.0013
0.0062
0.0047
0.0041
0.0044
0.0054
0.0131
0.0079
0.0028
0.0023
0.0032
0.0045
0.0007
0.0029

0.0042
0.0022
0.0181

0.83 5.41
-0.88 5.56
-0.47 4.26
0.38 3.88

0.35
2.95
1.79
0.40
-0.95
0.01

0.64
0.51
0.27
-2.75
-0.86
0.98
-0.13
1.04
-1.25

12.87
43.18
15.29
4.68
6.31
2.64
8.01
2.85
1.75

34.81
8.17
5.43
9.17
6.77
18.70

0.00 **
0.00 **
0.00 **
0.00 **

0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **

0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **

7.46b** -0.171 *
7.4Ob** -0.021
7.71 b** -0.023
8.10b** -0.124

1l.22b** -0.158
13.95b** -0.323 **
9.83 b** -0.054
8.02b** -0.039
8.03b** -0.063
6.74b** -0.111
8.89b** -0.108
7.18b** -0.207 *
6.14 -0.068
13.43b** -0.165'**
8.84b** -0.097
7.66b** 0.083
10.25b** -0.150
8.18b** -0.022
10.35b** -0.160

9.32b** 0.129
11.49b** -0.256 **
9.91 b** -0.069
7.98 b** -0.025
9.20b** -0.082
6.40 b* -0.221 **
9.39 b** -0.050
10.65b** -0.104
8.23b** -0.016
9.15b** -0.084
9.14b** -0.061
6.90 b** -0.012
9.36b** -0.164*
8.43b** -0.073
8.19b** -0.052
12.09b·· -0.320·*
9.07 b*· -0.231 **
8.61b·* -0.100
14.18b** -0.395 **

0.00 ** 7.39b** -0.086
0.00 ** 11.30b·* -0.147
0.00 ** 6.24b·* -0.275

-0.062
0.037
-0.025
-0.012

0.057
-0.051
0.058
-0.027
0.009
0.080
0.004
-0.098
-0.109
0.007
-0.056
-0.179 *
0.048
-0.028
-0.008

-0.047
0.074
-0.088
-0.127
-0.003
0.021
0.036
-0.109
0.174 *
-0.015
-0.185 *
-0.006
0.010
0.077
-0.109
0.095
-0.007
0.053
0.002

0.043
0.087
0.018

-2.16
1.88

1.26
0.79
0.69
0.36
1.86

-2.85
0.83
0.37
-1.38
-0.08
-0.12
0.59
0.35
0.11
1.52
-0.23
-0.15

14.91
19.57
10.76
4.09
7.85
2.01
11.70
23.69
6.33
7.15
11.73
4.71
9.39
7.53
5.04
16.92
8.85
4.60
32.84

The number of observations are 152 for all countries, except for the Russian Federation (53), Yemen (45), Qatar
(145), Romania (145), Oman (146), Papua New Guinea (148), Angola (131), Brunei (131), Vietnam (131),
China (141), and Congo (137).
Table 3.A Statistics for sample of increments of xt deduced from the ICRG economic

risk index. Time period: 1984-1996. Monthly observations

0.92 5.33
5.86 48.56
1.09 5.21
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Country
Coeff. of Excess

Mean t-value(1) Variance Skewness Kurtosis
Studentized
l'8Il2e(3) el (1).(4)

Algeria

Angola

Argentina

Australia

Azerbaijan

Brazil

Brunei

Cameroon

Canada

China

Colombia

Congo

Denmark
Egypt
Equador

Gabon

India
Indonesia

Iran

Iraq

Kazakhstan

Kuwait
Libya

Malaysia

Mexico

Nigeria

Norway

Oman

Papua New Guinea

Peru

Quatar

Romania

Russian Federation

Saudi Arabia

Syria

Trinidad & Tobago

Tunisia

United Arab Emirates

United Kingdom

USA
Uzbekistan

Venemela

Vietnam

Yemen

0.0010 0.09 0.0067 0.05 0.84
-0.0094 -0.39
0.0233 1.31
-0.0006 -0.09

NA
0.0149 1.15
0.0225 1.83
0.0022 0.13
0.0007 0.13
0.0054 0.29
0.0108 0.83
0.0056 0.45
0.0064 0.89
0.0138 1.15
0.0083 0.67
-0.0076 -0.56
0.0097 1.03
0.0100 1.13
0.0083 0.51
0.0013 0.05

NA
-0.0010 -0.03
0.0117 0.81
0.0023 0.21
0.0046 0.35
0.0000 0.00
0.0098 1.25
0.0071 0.42
0.0097 0.61
0.0139 0.80
0.0026 0.17
-0.0042 -0.26
0.0409 0.74
0.0050 0.26
0.0071 0.61
0.0018 0.15
0.0069 0.75
0.0029 0.20
-0.0006 -0.09
-0.0021 -0.34

NA
0.0026 0.16
0.0168 1.40
0.0138 0.30

0.0245
0.0158
0.0024

0.0083
0.0064
0.0131
0.0014
0.0157
0.0086
0.0069
0.0026
0.0072
0.0077
0.0093
0.0045
0.0039
0.0132
0.0305

0.0631
0.0102
0.0064
0.0085
0.0137
0.0031
0.0167
0.0125
0.0149
0.0113
0.0125
0.0517
0.0182
0.0080
0.0072
0.0042
0.0106
0.0022
0.0018

0.0135
0.0062
0.0320

-2.33 10.50
-0.26 1.05
0.76 2.09

0.47
0.00 ••

0.24
0.00 •• 5.12

0.06
0.00 ••
0.00 ••

0.46
0.00 ••

0.98
0.66
0.00 ••

0.50
0.37
0.00 ••

0.86

0.04 •
0.00 .*
0.00 **

0.00 **
0.00 **
0.01 *
0.49
0.28
0.67
0.00 .*

0.00 **
0.00 .*
0.23
0.01 *
0.07
0.00 *.

0.00 **
0.03 *
0.71
0.44

0.00 *.

0.06

0.37

4.90 -0.197
6.39b** -0.111
5.18 -0.394 **

-0.203

5.59 b* -0.065
6.60b** 0.110
6.11 b** -0.053
5.07 -0.297 *
5.19 -0.010
4.65 -0.191
4.80 -0.130
5.70b· -0.101
4.83 -0.329 *
4.91 0.199
6.21 b** -0.197
5.08 -0.015
5.29 0.013
5.32 -0.351*
6.81 b** 0.009

7.32b*· -0.105
5.93 b*· -0.157
5.73 b* -0.010
4.76 -0.272
5.38 b* -0.061
4.50 -0.212
5.73b·* -0.064
6.80 b** -0.092
5.48 b* 0.139
5.45 b* -0.084
5.28 -0.027
4.18 0.113
6.01 b** -0.288·
6.05 b*· -0.070
5.89 b*· -0.261
4.33 -0.307 *

4.38 -0.329 •
6.81 b** -0.178
5.59b* -0.113

4.82 0.063
0.00 ** 6.74b** -0.048

-0.152

0.249
0.066

0.272
-0.092

-0.231
-0.088
-0.033
-0.158
-0.048
-0.316 *
-0.017
-0.013
-0.083
-0.051
0.094
0.124
-0.258
0.067
-0.071

-0.153
-0.159
-0.017
0.022
-0.122

0.327 •
0.001
-0.140
-0.365 *
0.022

0.026
-0.201
-0.038
0.030
0.136
0.093
0.090

-0.132
0.019

0.043
0.102
-0.254

0.32
1.44
0.81
-0.00
-1.11
0.05
0.06
0.68
0.28
-0.21
-0.43
0.09
-0.38
1.17
-1.67

1.52
6.02
4.28
0.86
2.14
0.08
0.65
1.81
0.59
0.89
3.24
0.33
1.60
3.03
8.91

0.77 3.30

The number of observations are 50 for all countries, except for the Russian Federation (17), Yemen (15), Qatar
(48), Romania (48), Oman (48), Papua New Guinea (49), Angola (43), Brunei (43), Vietnam (43), China (47),
and Congo (45).
Table 3.B Statistics for sample of increments of xt deduced from the ICRG economic

risk index. Time period: 1984-1996. Quarterly observations

-3.72
0.67
0.48
0.34
0.21
-0.31
1.19
-1.83
1.06
0.19
-0.30
-0.88
-0.50
1.02
0.01
-0.22
0.44

-0.39
-0.38

21.56
3.61
1.81
0.47
1.02
0.09
3.25
9.34
2.94
1.15
2.02
2.11
2.51
4.16
1.80
-0.38
0.11
3.60
1.48

0.35 0.69
3.54 16.67
0.18 -0.85
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Country
Coeff. of Excess

Mean t-value(l) Variance Skewness Kurtosis
Algeria

Angola
Argentina
Australia
Azerbaijan
Brazil
Brunei
Cameroon
Canada

China
Colombia
Congo
Denmark
Egypt

Equador

Gabon
India
Indonesia
Iran

Iraq

Kazakhstan

Kuwait

Libya
Malaysia
Mexico
Nigeria
Norway
Oman

Papua New Guinea
Peru
Quatar

Romania
Russian Federation
Saudi Arabia

Syria
Trinidad & Tobago
Tunisia
United Arab Emirates
United Kingdom
USA
Uzbekistan

Venezuela
Vietnam
Yemen

0.0020 0.93
-0.0193 0.69
0.0467 0.17
-0.0012 0.92

NA
0.0298 0.29
0.0460 0.10
0.0043 0.89
0.0014 0.90
0.0071 0.86
0.0216 0.39
0.0115 0.67
0.0128 0.35
0.0276 0.15
0.0166 0.52
-0.0153 0.49
0.0195 0.30
0.0199 0.30
0.0166 0.57
0.0026 0.96

NA
-0.0019 0.98
0.0233 0.44
0.0047 0.84
0.0093 0.64
0.0000 1.00
0.0196 0.19
0.0155 0.70
0.0198 0.52
0.0278 0.49
0.0051 0.87
-0.0084 0.81
0.0364 0.72
0.0099 0.79
0.0154 0.57
0.0035 0.87
0.0137 0.40
0.0057 0.82
-0.0012 0.92
-0.0041 0.73

NA
0.0053 0.87
0.0343 0.17
0.0187 0.86

0.0129
0.0477
0.0276
0.0036

0.0189
0.0152
0.0256
0.0030
0.0340
0.0153
0.0159
0.0045
0.0087
0.0159
0.0120
0.0085
0.0087
0.0209

0.0619

0.1090
0.0225
0.0138
0.0095
0.0241
0.0052
0.0388
0.0219
0.0393
0.0223
0.0300
0.0746
0.0344

0.0180
0.0118
0.0064
0.0156
0.0032
0.0035

0.0262
0.0123
0.0703

0.442 0.920
-3.092 11.797
-0.066 -1.201
0.319 -0.624

0.459 -0.352
1.150 3.415
-0.237 1.786
0.283 0.289
-0.712 1.030
-0.097 -0.965
0.602 0.161
1.188 1.785
0.343 -0.958

. 0.335 0.874
0.354 -0.177
0.154 -0.850
-0.579 0.418
0.493 0.547
-1.488 4.392

-2.949 13.448
0.349 0.382
0.155 1.574
0.138 -0.903
0.467 0.431
-0.108 -0.430
0.655 0.512
-2.040 6.692
1.001
0.524
-1.413
-0.994

0.508
0.754
3.779
3.016

0.43 4.66 0.021
0.00 ** 4.72h* -0.098
0.47 3.311* -0.230
0.66 3.68 -0.201

0.60
0.00 **
0.17
0.81
0.23
0.60
0.51
0.01 *
0.49
0.53
0.76
0.65

3.93 -0.537**
5.03h** -0.102
4.87h* -0.198
4.20 -0.431
4.51 -0.099
3.48 -0.387
3.80 -0.014
4.20 0.094
3.321* -0.542**
4.44 0.325
3.92 -0.154
3.68 0.195

0.45 4.07 -0.319
0.52 4.43 -0.036
0.00 ** 4.99h* -0.025

0.00 **
0.72
0.26
0.63
0.58
0.89
0.37
0.00 **
0.11

0.43
0.00 **
0.11

0.89
0.01 **
0.49
0.56
0.78
0.63
0.75

s.ooa= -0.168
4.20 -0.239
5.10h** -0.209
3.48 -0.252
4.31 -0.089
4.02 0.174
4.01 0.045
5.06h*· -0.179
3.88
4.41

-0.374
0.059

5.03h·* -0.009
3.55 0.133
4.47 -0.510*
5.29h*· -0.015
4.88h* -0.069
3.87 -0.096
3.93 -0.298
4.39 -0.191
4.06 0.098

0.21 4.45 -0.014
0.00 *. 4.77h* 0.069
0.73 2.75 -0.665

-0.333
0.025

-0.481•
0.198

0.145
-0.069
-0.028
0.348
0.217
0.128
-0.226
-0.262
0.141
0.041
0.048
-0.045
-0.036
-0.045
-0.056

0.048
0.080
0.014
-0.163
-0.105
0.007
-0.272
0.160
-0.088
-0.100
-0.100
0.403
0.126
-0.091
-0.241
-0.131
0.099
-0.064
0.231

0.161
-0.012
0.008

0.010 0.462
0.426 2.955
-0.105 1.159
-0.517 -0.247
-0.342 -0.058
-0.265 0.769
-0.353 -0.227

-0.590 1.266
2.253 6.807
-0.647 -0.706

The number of observations are 25 for all countries, except for the Russian Federation (8), Yemen (7), Qatar
(24), Romania (24), Oman (24), Papua New Guinea (24), Angola (21), Brunei (21), Vietnam (21), China (23),
and Congo (22).
Table 3.C Statistics for sample of increments of xt deduced from the ICRG economic

risk index. Time period: 1984-1996. Bi-annua! observations
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Country Mean t-value'" Variance
Coeff. of Excess
Skewness Kurtosis

Studentized
rangel]) p,(1),(4)

Algeria
Angola
Argentina
Australia
Azerbaijan
Brazil
Brunei
Cameroon
Canada

China

Colombia
Congo
Denmark
Egypt
Equador

Gabon
India
Indonesia
Iran

Iraq

Kazakhstan
Kuwait
Libya
Malaysia
Mexico
Nigeria
Norway
Oman

Papua New Guinea
Peru

Quatar
Romania
Russian Federation
Saudi Arabia
Syria
Trinidad & Tobago
Tunisia
United Arab Emirates
United Kingdom
USA
Uzbekistan
Venezuela
Vietnam
Yemen

0.0000 0.00
0.0006 0.24
0.0057 2.54 *
0.0001 0.07

NA
0.0032 1.57
0.0024 1.28
0.0002 0.09
-0.0004 -0.21
0.0005 0.21
0.0010 0.52
0.0003 0.13
0.0005 0.27
0.0015 0.72
0.0028 1.34
0.0002 0.11
0.0019 0.80
0.0040 2.24 *
0.0062 2.52 *
0.0021 0.58

NA
0.0035 0.48
0.0046 1.76
0.0016 0.87
0.0023 0.92
0.0010 0.46
-0.0004 -0.18
0.0037 1.70
0.0008 0.41
0.0038 1.38
0.0029 1.14
0.0015 0.78
0.0043 0.96
0.0026 0.86
0.0054 2.64 **
0.0018 1.05
0.0040 1.82
0.0034 1.30
-0.0013 -0.64
-0.0020 -0.82

NA
0.0017 0.64
0.0050 2.65 **
0.0059 1.07

0.0245
0.0277
0.0277
0.0216

0.0252
0.0213
0.0230
0.0244
0.0299
0.0242
0.0248
0.0220
0.0262
0.0259
0.0207
0.0298
0.0220
0.0303
0.0457

0.0900

0.0324
0.0225
0.0305
0.0268
0.0261
0.0262
0.0249
0.0339
0.0305
0.0237
0.0328
0.0372
0.0254
0.0209
0.0273
0.0320
0.0258
0.0302

0.0327
0.0215
0.0366

-0.55 2.02
0.10 4.08
-0.69 3.87
0.59 1.93

-0.28 1.76
1.36 24.81
0.11 5.20
0.09 8.01
0.05 6.94
-0.80 6.68
-2.62 21.62
1.55 11.70
-0.66 5.85
1.61
0.03
0.72
0.76
2.01
-1.21

9.11
4.84
6.62
3.62
10.32
10.22

0.00 **
0.00 **
0.00 **
0.00 **

0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **

0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **

6.13 0.060
7.23h** -0.024
7.59h** O.oI5
6.94 h** 0.028

6.75 h·* 0.059
12.69h·* -0.268 ....
7.84h** -0.063
9.82 h** -0.152
9.36h** 0.100
9.09h** -0.083
10.90h·* -0.032
9.10 h** -0.089
8.78 h** 0.047
8.50h** 0.209 **
8.22h** -0.019
8.72h** 0.124
6.81 h** -0.009
8.58 h*" 0.138
8.98 h** 0.066

13.67h** 0.252 **
10.18h** -0.130
6.21 h* 0.037
9.50h*" 0.039
7.10h*" 0.044
8.80 h** 0.029
8.80 h** 0.012
8.83 h** -0.068
8.26h*" -0.015
10.50h** -0.084
7.59h*" -0.020
5.79h" -0.173
9.95 h** -0.047
7.88 h** -0.027
7.66h** -0.145
11.36h*" 0.051
11.57h"* -0.018
8.16h** 0.042
7.94 h** -0.209 *

0.00 ** 9.79 h** 0.164 *
0.00 ** 8.38h** 0.005
0.00 ** 6.56h** -0.212

-0.051
-0.040
-0.062
-0.050

0.137
0.097
-0.060
-0.118
0.138
0.163 *
-0.042
-0.120
0.004
0.157
-0.083
0.048
0.182 *
-0.022
0.005

0.047
0.056
0.039
0.152
0.059
-0.144
-0.072
-0.025
0.068
0.008
0.142
-0.116
0.027
-0.022
-0.013
-0.056
0.010
0.073
0.041

0.148
0.286**
0.019

-3.50
3.06
0.25
-1.41
-0.07
0.53
3.06
-1.17
-0.52
3.72
0.01
-0.95
3.27
1.97
-0.27
4.70
6.27
-0.01
0.23

46.42
21.53
2.60
10.16
2.64
6.25
16.94
9.21
4.28
26.81
3.44
4.26
22.31
9.11
5.19

41.66
58.92
3.47
5.04

The number of observations are 152 for all countries, except for the Russian Federation (53), Yemen (45), Qatar
(145), Romania (145), Oman (146), Papua New Guinea (148), Angola (131), Brunei (131), Vietnam (131),
China (141), and Congo (137).
Table 4.A Statistics for sample of increments of xt deduced from the ICRG composite

risk index. Time period: 1984-1996. Monthly observations

-1.16 11.48
3.54 17.04
0.41 4.88
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Country
Coeff. of Excess

Mean t.value(l) Variance Skewness Kurtosis
Studentized
range(3) p,(1),(4)

Algeria

Angola

Argentina

Australia

Azerbaijan

Brazil
Brunei

Cameroon
Canada

China

Colombia

Congo

Denmark
Egypt

F.quador
Gabon

India

Indonesia

Iran

Iraq

Kazakhstan

Kuwait
Libya

Malaysia

Mexico

Nigeria

Norway

Oman

Papua New Guinea

Peru

Quatar
Romania

Russian Federation

Saudi Arabia

Syria

Trinidad & Tobago

Tunisia

United Arab Emirates

United Kingdom

USA
Uzbekistan

Venezuela

Vietnam

Yemen

-0.0005 -0.25
0.0017 0.35
0.0178 2.18·
0.0004 0.98

NA
0.0092 0.66
0.0072 2.02
0.0005 0.06
-0.0004 0.00
0.0016 0.57
0.0031 0.59
0.0045 1.10
0.0024 1.97
0.0021 1.50
0.0081 1.53
0.0005 0.43
0.0059 1.12

0.0122 2.44•
0.0194 2.86·
0.0065 0.13

NA
0.0105 0.43
0.0141 1.66
0.0048 2.51
0.0038 0.69
0.0051 0.24
-0.0012 0.78
0.0098 1.66
0.0009 0.48
0.0115 2.23
0.0087 1.33
0.0041 1.72
0.0135 0.83
0.0074 1.37
0.0171 2.74··
0.0049 1.46
0.0128 1.78
0.0103 1.61
-0.0040 -1.24
-0.0061 0.28

NA
0.0052 0.19

0.0149 2.42•
0.0176 1.04

0.0022
0.0024
0.0026
0.0015

0.0019
0.0006

0.0017
0.0010
0.0031
0.0014
0.0012
0.0011
0.0026
0.0026
0.0011
0.0032
0.0015
0.0029
0.0072

0.0336
0.0029
0.0017
0.0026
0.0021
0.0020
0.0017
0.0017
0.0038
0.0027
0.0019
0.0026
0.0037
0.0020
0.0015
0.0022
0.0033
0.0022
0.0012

0.0043
0.0020
0.0034

-1.42 2.87
-0.52 1.48
-0.02 0.13
0.08 -0.12

0.06 -0.58
1.05 2.77
0.03 0.56
-0.18 1.08
-0.04 0.93
-0.55 1.38
-0.27 3.02
0.25 1.10
-2.29 11.90
1.28
0.24
0.45
0.12
1.20
-0.80

3.97
1.96
2.42
0.82
1.73
2.21

0.00 ••

0.05
0.98
0.96

0.70
0.00 ••

0.72
0.26
0.43

0.04 •
0.00 ••

0.22
0.00 ••

4.91 -0.075
5.16 -0.025
4.86 -0.166
4.64 0.021

4.34 0.150
5.92b·· 0.162
4.90

5.37b·
5.01
5.55b·
5.77b··
5.51b·

-0.284·
0.101

0.355•
0.176
0.057
-0.046

0.00 •• 6.07b·· 0.238
6.65b·· -0.055

0.101
0.176
0.111
-0.124

-0.309·
-0.026
0.147
0.077
0.124
0.074
0.216
-0.249
-0.186
0.138

0.01 • 5.92b·· -0.119 0.024
0.00 •• 5.80b·· 0.260 0.159
0.47 5.20 0.523·· 0.313·
0.00 •• 5.18 0.054 -0.095
0.00 •• 5.30 -0.046 0.125

0.00 ••
0.00 ••

0.52

8.29b·· 0.121
5.98b·· 0.068
4.80 0.245

0.00 •• 6.06b·· 0.197

0.71
0.00 ••
0.00 ••
0.00 ••
0.00 ••
0.00 ••

0.06
0.32
0.00 ••

0.03 •
0.00 ••
0.00 ••
0.00 ••
0.00 ••

0.98

0.00 ••
0.00 ••
0.00 •• 3.96

-0.164
-0.105
0.182
-0.083
-0.103
-0.180
0.044

0.243
-0.179
0.015
0.241
-0.377
0.179
0.183
0.051
-0.095
-0.006
-0.039
-0.074

-0.090

-0.020
0.157

-4.70 31.34
1.41 4.70
0.21 0.68
-1.65
0.18
1.37
1.37
-1.07
-0.69
1.69
0.70
-0.89
1.46
0.83
0.21
2.76
3.66
-0.53
-0.05

6.14
0.45
6.46
2.65
4.16
2.53
8.77
0.90

0.31
6.12
0.82
2.61
12.64
20.00
2.65
0.12

4.61 0.061
6.74b·· -0.015
4.84 0.010
6.02b·· 0.322·
5.68b· -0.051
7.27b·· -0.121
5.06 0.119
3.52 0.042
6.11b·· -0.012
4.93 -0.057
5.99b·· -0.277
6.43b·· 0.068
7.54b·· -0.142
5.72b· 0.037
4.97 0.263

5.36b· 0.215
6.10b·· 0.112

-0.195

The number of observations are 50 for all countries, except for the Russian Federation (17), Yemen (15), Qatar
(48), Romania (48), Oman (48), Papua New Guinea (49), Angola (43), Brunei (43), Vietnam (43), China (47),
and Congo (45).
Table 4.B Statistics for sample of increments of it deduced from the ICRG composite

risk index. Time period: 1984-1996. Quarterly observations

-0.57
2.78
-1.48

2.00
10.43
3.43
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Country
Coeff. of Excess

Mean t-value(l) Variance Skewness Kurtosis
B_J(Z), Studentized

p-value range(3) p,(l),(4) Pl(l),(4)

Algeria
Angola
Argentina
Australia
Azerbaijan
Brazil
Brunei
Cameroon
Canada

China
Colombia
Congo
Denmark
Egypt
Equador
Gabon
India
Indonesia
Iran

Iraq
Kazakhstan
Kuwait
Ubya
Malaysia
Mexico
Nigeria
Norway
Oman
Papua New Guinea
Peru

Quatar
Romania
Russian Federation
SaudiArabia
Syria
Trinidad & Tobago

-0.0010 -0.08 0.0038 -0.404 -0.712
0.0060 0.44 0.0039 0.109 0.495
0.0357 2.49*
0.0008 0.07

NA
0.0184 1.32
0.0157 1.82
0.0010 0.10
-0.0008 -0.08
0.0013 0.06
0.0062 0.52
0.0075 0.65
0.0048 0.64
0.0042 0.29
0.0161 0.88
0.0011 0.13
0.0118 0.63
0.0243 1.83
0.0387 2.43*
0.0131 0.51

NA
0.0211 0.38
0.0282 1.72
0.0096 0.69
0.0076 0.48
0.0101 0.75
-0.0024 -0.19
0.0197 1.50
0.0018 0.13
0.0230 1.39
0.0175 1.23
0.0082 0.60
0.0208 0.83
0.0148 0.88
0.0341 2.74*
0.0098 0.95

Tunisia 0.0255 1.83
UnitedArabEmirates 0.0206 1.25
UnitedKingdom
USA
Uzbekistan
Venezuela
Vietnam
YeJnen

-0.0081 -0.66
-0.0122 -1.05

NA
0.0104 0.48
0.0310 1.93
0.0358 1.04

0.0051
0.0034

0.0049
0.0016
0.0026
0.0023
0.0093
0.0036
0.0029
0.0014
0.0052
0.0085
0.0017
0.0088
0.0044

0.0064
0.0161

0.0762
0.0067
0.0048
0.0062
0.0045
0.0038
0.0041
0.0045
0.0068
0.0049
0.0045
0.0050
0.0071
0.0039
0.0027
0.0048
0.0067
0.0037
0.0034

0.0119
0.0054
0.0083

1.183 2.376
-0.125 -0.702

-0.059 -0.985
0.884 1.662
0.654 2.085
-0.288 -0.142
-0.310 0.703
0.173 -0.105
-1.402 3.623
0.051 -0.564
-1.662 6.041
0.865 1.503
0.200 -1.141
0.178 0.782
0.541 0.806
1.192 0.673
-0.560 -0.550

-2.933 14.150
0.557 -0.303
-0.124 0.617
-1.602 3.571
0.091 0.083
0.049 0.112
1.045 1.037
-1.668 4.188
-0.738 0.124
0.543 2.175
-0.022 -1.097
-0.833 -0.518
1.970 6.817
0.224 -0.491
0.727 3.026
1.607 3.785
2.401 9.945
1.339 3.577
0.040 -0.256

-0.307
2.102
-1.060

0.474
5.280
0.890

0.55 3.56 0.132 -0.461*
0.88 4.01 0.458* -0.171
0.00 ** 4.60* -0.117 -0.053
0.75

0.60
0.08
0.04 *
0.83
0.66
0.93
0.00 **
0.84
0.00 **
0.06
0.47
0.68
0.39
0.04 *
0.44

3.58

3.30
4.29
4.70
3.96
4.36
4.19
4.61
3.74
5.26
4.57
3.41
4.26
4.53
3.76*
3.31

-0.179

-0.342
-0.135
-0.154
0.124
0.221
0.099

0.177
0.069
-0.183
0.213
0.053
0.150
0.432*
0.070
0.125

0.00 ** 6.20 -0.066
0.50 3.79 -0.056
0.79 4.46 0.204
0.00 ** 4.57 0.076
0.98 4.02 -0.036
0.99 4.06 0.308
0.07 3.88 -0.037
0.00 ** 4.50 0.297
0.32 3.88 -0.098
0.05 5.01 0.000
0.55 3.57 0.213
0.60 2.68 -0.595
0.00 ** 4.87 0.202
0.79 3.70* 0.311
0.00 ** 5.22 -0.144
0.00 ** 4.74
0.00 ** 5.72
0.00 ** 4.58
0.96 4.13

0.73
0.00 **
0.46

4.04
4.35
2.85

-0.103
-0.064

0.135
-0.052

-0.141
-0.134
-0.231

0.202

-0.267
-0.068
0.075
-0.055
0.023
0.232
-0.078
0.164
0.027
0.075
-0.282
0.043
0.200
0.288
-0.199

-0.002
0.099

0.189
-0.213
-0.027
-0.220
0.079
0.079
-0.067
0.255
-0.015
-0.236
-0.077
0.367
-0.052
-0.068
0.021
0.046
0.197

0.078
0.543*
-0.604

The number of observations are 25 for all countries, except for the Russian Federation (8), Yemen (7), Qatar
(24), Romania (24), Oman (24), Papua New Guinea (24), Angola (21), Brunei (21), Vietnam (21), China (23),
and Congo (22).
Table 4.C Statistics for sample of increments of xt deduced from the ICRG composite

risk index. Time period: 1984-1996. Bi-annua! observations
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Country
Coeff. of Excess

Mean t-value(l) Variance Skewness Kurtosis
Studentized
range(3) p,(1),(4)

0.177
0.093

Algeria
Angola
Argentina
Australia
Azerbaijan

Brazil
Brunei
Cameroon
Canada
China
Colombia
Congo
Denmark
Egypt
Equador
Gabon
India
Indonesia
Iran
Iraq

Kazakhstan
Kuwait
Libya
Malaysia
Mexico
Nigeria
Norway

Oman
Papua New Guinea
Peru

Quatar

Romania
Russian Federation
Saudi Arabia
Syria
Trinidad & Tobago
Tunisia
United Arab Emirates
United Kingdom
USA
Uzbekistan
Venezuela
Vietnam
Yemen

-0.0343 -4.25 *. 0.0016 -0.464 0.228
-0.0004 -0.04
0.0157 1.38
-0.0167 -1.90

NA
0.0091 1.01

NA
-0.0216 -3.55 *.
-0.0117 -2.04
-0.0067 -0.71
-0.0024 -0.23
-0.0024 -0.33
0.0142 2.69 *
0.0012 0.17
0.0031 0.33
-0.0100 -1.37
-0.0013 -0.14
0.0025 0.47
0.0087 0.96
-0.0197 -1.39
0.0041 0.22
-0.0112 -0.46
-0.0063 -0.67
0.0006 om
0.0056 0.48
-0.0229 -3.13 **
-0.0044 -0.35
0.0046 0.72
-0.0065 -1.23
0.0073 0.53
-0.0028 -0.42
0.0156 1.49
-0.0092 -0.48
-0.0184 -2.38·
0.0099 1.52
-0.0125 -1.41
0.0003 0.04
0.0003 0.04
-0.0010 -0.14
-0.0171 -1.37
-0.0025 -0.17
-0.0062 -0.70
0.0574 5.20 **

NA

0.0020
0.0033
0.0019

0.0020

0.0009
0.0008
0.0022
0.0027
0.0013
0.0007
0.0014
0.0022
0.0013
0.0021
0.0007
0.0020
0.0051
0.0029
0.0146
0.0022
0.0015
0.0035
0.0013
0.0038
0.0010
0.0007
0.0046
0.0011
0.0027
0.0029
0.0015
0.0011
0.0020
0.0016
0.0017
0.0014
0.0039
0.0017
0.0019
0.0011

-0.193 -0.005
-0.054 -0.052
-0.965 0.605

-0.378 0.604

0.065 0.578
-0.400 -0.132
-1.605 3.549
-1.209 0.934
-0.756 0.172
0.155 -0.345
-0.577 -0.239
-1.023 0.720
-0.064 -0.121
-1.319 4.501
-0.024 1.013
0.322 -0.324
-1.702 4.823
-1.524 3.773
-4.045 18.708
-0.216 -0.761
-1.097 0.619
-1.324 1.534
0.691 0.088
0.068 2.524
-0.295 0.176
-0.142 1.308
0.038 -1.228
-2.417 10.100
0.134 0.335
-1.034 1.084
-0.921 0.931
-0.251 1.761
-0.290 0.113
. -0.365 -0.707
-1.805 5.326
-0.882 0.817
-0.519 -0.972
-1.070 2.384
0.759 0.612
-0.491 -1.150

0.62
0.93
0.99
0.12

0.61

0.83
0.71
0.00 **
0.03 *
0.30
0.89
0.49
0.09
0.98
0.00 **
0.59
0.76
0.00 **
0.02 *
0.00 **
0.67
0.07

0.01 *.
0.37
0.04 *
0.82
0.39
0.45
0.00 *.
0.91
0.40
0.11
0.17
0.83
0.58
0.00 **
0.14
0.35
0.18
0.25
0.65

3.% 0.044
4.29 0.083
4.38
4.10

0.623 *. 0.527
0.647 ** 0.373

4.23 0.360 0.053

0.382
-0.084
0.186
0.255
0.080
0.229
0.355
0.349
0.116
0.229
0.449
0.411
0.109
-0.133
-0.208
0.042
0.547*·
0.363

0.471 •
0.089
0.073
0.063
0.584 .*
-0.192
0.471*
0.545
-0.060
-0.186
0.464·
0.393
-0.143
0.335
0.078

0.468
0.122
-0.307

4.27 0.473·
3.84 0.307
4.46 0.575 **
3.63 0.383
3.85 -0.035
3.80 0.054
4.02 0.657 **
4.04 0.678**
4.10 0.501 *
5.07 h** 0.462
4.08 0.534 **
4.23 0.465*
5.06h*· 0.142
3.33 -0.795 *
5.62h** -0.070
3.60 0.149
3.87 0.734·*
3.89 0.511 *
3.84 0.246
5.33 h*· -0.103
4.08 0.225
4.52 -0.037
3.38 0.615·*
5.62h*· 0.102
4.41 0.694·*
3.14 0.723
4.14 0.315
5.19h·* -0.033
4.04 0.446·
3.79 0.444*
5.10h··
4.31
3.211*
3.36
4.10

0.030
0.014
0.427*
-0.019
0.315

The number of observations are 25 for all countries, except for the Russian Federation (8), Kazakhstan (8),
Uzbekistan (8), and Vietnam for (9).
Table 5 Statistics for sample of increments of xt deduced from the Institutional

Investor's country credit risk index. Time period: 1984-1996. Bi-annual
observations
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Country JCRGPR JCRGFR JCRGER JCRGCR

Algeria ./1./1- ./1-1- ./1-1- ./1./1./

Angola ./1./1- ./1./1./ ./1./1./ ./1-1./

Argentina ./1-1./ ./1./1- ./1./1./ ./1-1./

Australia ./1-1- ./1./1./ ./1./1- ./1-1-

Azerbaijan NA NA NA NA

Brazil -1-1- ./1-1- ./1./1./ ./1./1-

Brunei ./1./1./ ./1./1./ ./1./1./ ./1./1-

Cameroon ./1./1./ ./1./1./ ./1./1./ ./1./1./

Canada ./1./1- ./1./1./ ./1./1- ./1./1-

DCCR

./

./
NA

NA

./

China ./1./1./ ./1./1./ ./1./1- ./1./1- ./

.f:&JQm'9i1lt {.{{.!.; •••••••••••_ •••••••••{.b(.{{.. ••••••••••••••••{.!.;!;•••••••••••••••••••{.{{.!.;•••••••••••••••••••••••••••:!..•.••.•........
Congo ./1./1./ ./1./1./ ./1-1- ./1./1-

Denmark ./1-1- ./1./1./ ./1./1./ ./1./1./

Egypt ./1./1- ./1./1./ ./1./1- ./1./1- ./
Equador ./1./1- ./1./1./ ./1-1- ./1./1- ./
Gabon ./1./1- ./1./1./ ./1./1- ./1./1- ./
lndia ./1./1./ ./1./1./ ./1-1- ./1./1- ./
Indonesia ./1./1- ./1./1./ ./1./1- ./1./1./ ./
Iran ./1./1- ./1./1./ ./1./1- ./1./1./ ./

Iraq ./1./1- ./1./1./ ./1./1./ ./1./1- ./
Kazakhstan NA NA NA NA ./

.K.P.w.W.t..••..••.•••.••••••••••••••••••••• {.L{.{{.. •••••••••••••••••••••{.L{.{{. •••••••••••••••{.!{.!.{. •••••••••••••••••{.L{.{.f.:.••••••••••_••••••••••••••:!. .

./

./

./

.&w..~iP!}.f.wJr.rPP..Qn •••••••••••••••••• {.{{.!.;•••••••••••••••••••••••{.{:!.!;...•..•.•..•..... {.!;!; ....•.•.•......•••. :!.!;(:..•......•.•...•............. :.•....•.........
Saudi Arabia ./1-1- ./1./1./ ./1./1./ ./1./1./

Libya ./1./1- ./1./1./ ./1./1- ./1./1-

Malaysia ./1-1- ./1./1./ ./1./1./ ./1-1-

Mexico ./1./1./ ./1./1- ./1-1- ./1./1./

Nigeria ./1./1- ./1-1- ./1./1- ./1-1-

Norway ./1./1- ./1./1- ./1./1- ./1./1-

Oman ./1./1- ./1./1./ ./1./1- ./1./1-

Papua New Guinea ./1./1./ ./1./1- ./1./1./ ./1./1./

Peru ./1./1- ./1./1- ./1./1- ./1./1-

Quatar ./1./1./ ./1./1./ ./1./1- ./1./1-

Romania ./1./1- ./1./1./ ./1./1./ ./1-1-

./

./

./

./

Syria ./1./1- ./1./1./ ./1./1./ ./1./1./

Trinidad & Tobago ./1./1- ./1./1./ ./1./1./ ./1./1./

Tunisia ./1./1./ ./1./1./ ./1./1- ./1./1./

United Arab Emirates ./1./1./ ./1./1./ ./1./1- ./1./1./

United Kingdom ./1-1- NR ./1./1- ./1./1./

USA ./1./1./ ./1./1./ ./1./1- ./1-1-

Uzbekistan NA NA NA NA

Venezuela ./1./1./ ./1./1- ./1-1- ./1./1-

Vietnam ./1./1./ ./1./1./ ./1./1./ ./1./1./

Yemen ./1-1- ./1./1- ./1./1./ ./1./1-
Sum "./"(0) 40133/15 40137129 41/33/16 41/33/17
Sum u_,t(O) 1/8/26 0/3/11 0/8125 0/8124

./

./

./

./

./

NA

27
14

A mark "./" is inserted if the hypothesis of the increments of f, being nonnally distributed and/or the coefficient of correlation between
lagged increments is zero can be rejected based on the tests reported in Tables 1-5 in Appendix ,3 using a significance level of five per cent.
The mark "-" is inserted when the hypothesis cannot be rejected. The classification is done according to: monthly datal quarterly datal bi-
annual data. For the IICCR, only bi-annual data are available. (O) Number of countries with "./"-marlcs or "-" marks.

Table 6 Summary of results for the tests of whether the increments of the deduced
variable xt are normally distributed and uncorrelated. Based on Tables 1-5.
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Chapter4

The Value of Deferring Investment Decisions for Oil Investments Under

Regulatory Uncertainty: A General Valuation Model and Numerical

Examples

Abstract

When investing in long-term projects, the operating conditions or the regulations
applying to the investment willlargely depend on the outcome of events taking place
after the investment period is started. This may especially be the case if the host
country of the investment is politically unstable. Occasionally situations arise where
these future unstable conditions willlargely depend on the outcome of events taking
place at a fixed future date. Examples of such «watershed events" was the first all-
racial elections in South Africa and the hand-over of rule of Hong Kong from UK to
China. In this paper I study the investors' incentives to wait for such long-term
projects when there is uncertainty regarding future regulations. I develop first a
general valuation model. I simplify by allowing only two possible regulatory regimes,
a «good" and a «bad" one. I then study situations where either the royalty rate is
uncertain or the investment may be expropriated.
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1 Introduction
In this paper I examine how political uncertainty influences the decision of whether to invest

in a real asset today or to wait before a final investment decision is made. Several authors'

have analyzed the value of investments and optimal investment policies, either with price

uncertainty only, or with price and cost uncertainty. The effects of political uncertainty

represented by uncertain regulations on decision making and values have, e.g., been analyzed

by Brennan and Schwartz (1982 a and b), Hassett and Metcalf (1994), and Teisberg (1993

and 1994l

It is optimal to wait if the value of the deferred investment opportunity is nonnegative and

higher than the value of investing today. It is optimal to invest if the value of investing is

nonnegative and not lower than the present value of the investment opportunity at future

point(s) in time. In order to determine the optimal investment policy, it is therefore necessary

to determine the value of the project ifthe investment is made today, and today's value of the

investment opportunity at later points in time.

The uncertainty regarding future regulation is linked to the possibility of several alternative

regulatory regimes during the life time of the investment. I have simplified by allowing only

to possible regimes, termed a "good" regime, G, and a "bad" regime, B. A "good" regulatory

regime is assumed to give the investor a higher cash flow from the investment than a "bad"

regime. With only two possible regimes, the uncertainty is then not related to the type of

regime per se, but to which of the regimes will apply at a given time. The stability in

governmental policy is represented by the number of shifts between the two types. At one

extreme the government may choose continuously between regime G and B. At the other

extreme the government can select the regime only once. The latter is usually the case for

l Brennan and Schwartz (1985), Paddock, Siegel, and Smith (1988), Ekern (1988), Bjerksund and
Ekern (1990), Dixit and Pindyck (1994), McDonald and Siegel (1986), and others. For an overview article, see,
e.g., Trigeorgis (1993).

2 See chapter two of this dissertation.

152



expropriation', Regarding taxation, a more realistic model is that the government selects

among the possible regimes at regular fixed intervals, or, e.g., when the profitability of the

investment reaches upper or lower bounds, as in Brennan and Schwartz (1982a).

Even though the approach presented here can be applied to many types of regulations, I have

chosen to analyze specifically an uncertain royalty rate and the possibility of expropriation.

Expropriation may be a real possibility inmany emerging markets. In some cases it may be

relevant to reinterpret the royalty rate as the payment for use of pipe lines to transport the oil

out of the host country, or more generally, as the sum of all taxes and costs caused by

government regulations expressed as a fraction of sales revenue. A royalty rate, or sales tax,

expresses the fraction of sales revenue that is paid to the government by the investor. The

reader should, however, be cautioned that the actual regulation considered may have specific

implications on the values of the investment opportunity and hence on the optimal investment

decision. The conclusions reached in this chapter are therefore only valid for the specific

regulations presented.

In this chapter I focus on situations where the regulatory regime, when determined by the

government, will apply for the remaining life time of the project. Even though this is a

simplification, I feel that this simplification is relevant when describing many real-world

situations. Inmany instances investors face "watershed events" which are linked to certain

fixed calendar dates, and at these dates it may be determined under what type of investment

environment the investor will operate. Examples of such "watershed events" was the

transferral of rule of Hong Kong from UK to China, the first all-racial elections in South

Africa, or the (possible) reelection of Mr. Jeltsin as president in Russia for the second term.

In case of expropriation, it may be plausible to assume that the government will decide

whether to expropriate the investment when the investment period is completed and

production may start. An expropriation at an earlier date means that the government itself, or

a state owned company, would have to complete the investment stage.

3 In some cases the government may reconsider and give the company back to the initial owners, or pay
damages.
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I further concentrate on modeling situations where the investor can defer the investment

situation to a fixed future date. This means that the valuation of the deferred investment

opportunity can be compared to the valuation of a European financial option. This approach

enables me to use mainly closed-form valuation formulas when valuing the investment

opportunities.

I start by describing the investment opportunity in section two. I then suggest a general

valuation model in section three, which is applied when considering the numerical examples

in section four.

2 The Investment Opportunity

2.1 The Project

I consider a simplified investment in an oil field. If the investment decision is taken at time t,

i.e., the development of the oil field starts at time t, the production starts at time Tp1t' The

length of the development period is therefore (Tp1t - t) years. The investment expenditure is

It' the production costs KT ,and, the produced quantity will be sold at the prevailing spot
Pit

price of oil, ST . I simplify by letting the production volume be one unit", being produced
Pit

4 In the absence of regulatory considerations, this is not a critical assumption. It is straightforward to,
e.g., introduce a constant production rate of remaining reserves, as in Bjerksund and Ekern (1990). With a
produced quantity at time t equal to q" the production discounted at the rate of return shortfall, see sub-section
3.2, is

Till'

A = J que -6j.u-Tpl,) du, where TEllis the date when production ends and lis is rate of return shortfall for the oil
Tpl,

price. My simplifying assumption can alternatively be restated as A=1. Alternatively, the oil for the whole
production period may be sold forward at time Tpll by using the forward identity: F"T = S,e -6,-T-I). F"T is the
forward price at time t for one oil to be delivered at time T.

Till'

In a similar way, if K, is the production cost at time t, then KT = J K e -t(u-Tpl,) du, i.e, the present value of
PI' u

Tpl,
production costs discounted to the time when production starts.

If the investment rate at time t is h, then
Tpl,

I,= J hue -t(u-I)du.
I

When different regulatory regimes are considered, the assumption of a production volume of one is more critical,
see footnote 8.
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instantaneously. The before-tax sales revenue if the project is initiated at time t, is then ST .
Pit

I assume further that the investment expenditure is paid in full when the investment is

initiated, that the production cost is paid in full when the production occurs, and that there is

no uncertainty regarding the investment expenditure or production costs.

The investor can either invest today, at time t, or defer the investment decision to a given

future date Tw. I assume further that (Tp1t - t) = (TpITw - Tw)' i.e., the development time if the

investment decision is made today is equal to the development time if the investment decision

is deferred.

2.2 The Investment Environment

2.2.1 The Economic Investment Climate

The economic investment climate is completely described by the instantaneous risk free

interest rate, r, and the spot price of oil. The instantaneous risk free interest rate is assumed

constant. The spot price of oil is assumed to develop according to a geometric Brownian

motion,

(1)

where St is the oil price at time t, dBt(S) is the increment of a standard Brownian motion, and

(X s and Os are nonnegative constants. The oil price is deterministic if Os =O.

2.2.2 The Political Investment Climate

The political investment climate is characterized by the diversity in competing regulatory

regimes, the uncertainty regarding which regulatory regime will apply, and the degree of

expected learning by waiting.

The regulatory regime is completely described by a royalty rate, a "scaling factor" of

investment expenditures, y (I) , and of production costs, y(K). Under regime I the investor

keeps a fraction 'tj, 'tjE[O,I], of the revenue and pays (1-'tj) to the government as royalty.
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The actual investment expenditure for the investor will be [y~l), and the actual production

costs will be KY~K), where Y?)EJR, j = [,K. A scaling factor of one means that the

governmental policies does not influence on the investment expenditure or the production

costs. A scaling factor larger than one means that the investment expenditure or the

production costs are increased because of, e.g., stricter environmental requirements involving

a more expensive development, special taxes, or requirements for investments in

infrastructure not necessarily linked to the development of the oil field. A scaling factor less

than one can be caused by subsidizing by the government. A scaling factor of zero may, e.g.,

be used when modeling expropriation.

There are two possible regimes, or governmental policies, 1t = {1tG' 1tB } , where the sub script

refers to a "good" or a "bad" regime. A regime [is a combination of the parameters 't i' y~l),

and y~K),i.e., 1t i = { 't i' y~l),y~K)} , i =G,B. Note that it is the combination of policy

parameters which is either termed "good" or "bad", not each parameter individually.

I assume that the risk index, lj1, is of a type presented in section two of chapter three of this

dissertation. The underlying state variable governing the risk index, xt' develops according to

the arithmetic Brownian motion process

(2)

where dBt(X) is the increment of a standard Brownian motion and (X x and o x are constants.

The Brownian motions B?) and B?) are not necessarily independent, meaning that

dBt(X)dB?) = pdt, where p may be interpreted as the coefficient of correlations between the

state variable governing the risk index and the spot price of oil.

I introduce a hypothetical asset with price at time t equal to Zt' where"

S H, as in chapter three, Bt(SJ= pB/1) +b -p2Bt(2) and BtOO=Bt(I), where Bt(l) and Bt(2)are independent

standard Brownian motions, then, by Ito's lemma, dBt(SJdBt(~ = pdt. The increments of Bt(SJ andBt(~ between

time T and t, t5. T, will be normally distributed with zero mean and variance T-t.

6 Equation (3) is comparable to equation (20) on page 72. In order to simplify the notation, I drop the
top script (i) here.
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xZ =e t
t '

(3)

i.e., the exponential of the numerical value of the state variable xt• Instead ofusing the risk

index to deduce the variable xt' the deduced value of the hypothetical asset can be derived

directly by using the formula

'" t =h(ln(Zt» = ",MAXN[ln(Zt)/o v] , (4)

where o v is the standard deviation of the "noise" , ",MAX is the maximum numerical value of

the index, and N[·] is the cumulative distribution function for the standard normal variable.

In order to obtain equation (4), it is assumed that the minimum level of the index is zero 7•

By applying Ito's lemma to (3), we get that

(5)

i.e., the price process of the hypothetical asset is given by an ordinary geometric Brownian

motion with constant parameters.

Assume that the regulatory regime for the investment will be determined at time TD ("D" for

disclosure), and that at this time TD the following events happen in sequence: first the level

of the index is observed by the investor and then the government declares whether regime G

or B will apply. In order to derive valuation formulas in section three, it is a critical

assumption that the investor knows the index level at time TD before the actual regime is

disclosed.

The time of disclosure may be a fixed calendar date or may, e.g., be linked to a given stage of

the project. An example is that the government decides the royalty rate when production

starts. I assume that (5. TD5. Tp1t and TD5. TpITw' i.e., the regulatory regime will not be

7 Equation (4) is comparable to equation (14) on page 68.
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determined after production starts and not before the investment decision has been made

today, i.e., at time t. This assumption is made in order to study relevant cases. With an

assumed production volume of one unit, a change in policy after the point in time when

production occurs will not influence on the projects. If the policy regime is already

determined, at time t, there will be no uncertainty related to the regulatory regime.

Whether it is possible to wait to a date later than the date of disclosure depends on the actual

situation. If the date of disclosure is equal to the date when production occurs, this is not

possible. If the date of disclosure is a fixed calendar date, perfect information regarding the

regulatory regime may be obtained by waiting.

The probability of the type of regime can be conditioned on the level of the index at time TD'

i.e.,

{
PH

PT (1t·=1tG)=
D'· PL

(6)

The probability of a good regime conditioned on the fact that the index is equal to, or higher

than, a criticallevel lIT is PH (the sub script H refers to a high level of the index), and the

probability of a good policy regime is PL ifthe numerical value of the index is below the

same critical level". If PH =PL' then no information regarding the type of regime can be

S The assumption about a production volume of one simplifies the exposition considerably. With a
production period with a flow of oil, a change in regulatory policy during the production period will affect the
remaining portion of the revenue and production costs. Even though allowing for TD>Tp11 and
TD> TplT together with a production period is straightforward, the analysis becomes involved and complex.
This app;'oach was used in an earlier version of this chapter, but I decided to use the simplifying assumption of a
production volume of one unit. The added complexity did not outweigh the additional insights.

The assumption that the investment expenditures are paid in full when the investment decision has been made
has similar implications when studying the effects of policy changes during the development period. When all
investment expenditures are paid up-front, a change in policy during the development period, e.g., an
expropriation, will not influence on I. The assumption of up-front payment of expenditures is not critical when
assuming that, e.g., expropriation may take place at the end of the development period.

9 The critical index level is estimated by the investor together with PH and PL' In some cases critical
level(s) may be provided by the company producing the index. See, e.g., Table 4.3 on page 83 for the ICRG
composite risk index.
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obtained by observing the levelofthe index. If PH= 1 and PL =0, then there is no remaining

uncertainty at time TD. If so, the type of regime is completely determined by the level of the

index.

3 Valuationof InvestmentOpportunities

3.1 Overview

In this section Idevelop a general model for valuation of the investment opportunity. Ifind

the value of the project if the investment is made today and today' s value of the deferred

investment opportunity. At the future date when the investor may reconsider to invest, the

regulatory regime applying to the project may be known. This is the case when T w:?:.T D.

When T w<TD the investor does not know which regime will apply.

I also consider two specific cases, see Figure 3.1. In the first case only the royalty rate is

An Uncertain
Royalty Rate
Only

Specific case I
Regime parameters: y t<O'-i= 1, YGO)=y B0)= 1, j = I, K

sub-section 3.3.1: No learning" before time To,
i.e., p.r= PL=P :

sub-section 3.3.2: No remaining uncertainty at
time To, i.e., p.r=l, PL=:=O

Possibility of
Expropriation
Only

Specific case II :
Regime parameters: y t<O~ 1,YB(I)=y B(K)='t' B=O and

Y <O_y (K)_ ... -1G - G -~G-

sub-section 3.4.1: No learning" before time To,
i.e., p.r= PL=P

sub-section 3.4.2: No remaining uncertainty at
time To, Le.,p.r=l,PL~

known,
i.e., Tw:?:.Tn

notknown,
i.e., Tw<Tn

• "learning" means that the
probability of type of regime is
updated before the government's
announcement at time TD

At the future date when the investor may
reconsider to invest, the policy regime is -

Figure 3.1 Overview of specific cases I and TI
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uncertain and in the second case only expropriation is considered. Cases I and ITare obtained

by selecting a given combination of the regime parameters, see the parameter specifications

given in Figure 3.1. For both cases I focus on the situations where either the investor does

not obtain any information about the type of regime by observing the level of the risk index,

or the situation where the regulatory regime is completely determined by the level of the risk

index.

3.2 A General Model

3.2.1 Commitment Value Today, Time t

Let the required rate of return from holding an asset with dynamic ex-dividend price behavior

given by equation (1) for the next increment of time be Jltit. The present value at time t of
a payment equal to the oil price at time T, t 5. T, is then

(7)

The difference between the required rate of return and the actual drift of the asset is known as

the drift adjustment, net convenience yield, or rate of return shortfall, os' where Os= Jls- as.

For the case of a common stock, a positive convenience yield corresponds to a constant pay-

out rate of dividends proportional to the stock price. If the oil price is deterministic, i.e.,

as =0, the drift adjustment is 0s= r-as. The required gain from holding the asset (sum of

capital appreciation and dividend payment) would have been equal to the risk free interest

rate. The drift adjustment for the hypothetical asset Zt' ox' is defined in exactly the same

way, i.e., 0x= Jlx-ax' where Jlx is the required rate ofreturn from holding the hypothetical

asset and a:£ is the drift parameter of the underlying unobservable state variable.

The value at time TD of the revenue from the project at time Tp1t, TD5. Tp1t, when the index

level is known, but before the regulatory regime is announced, is

(8)

160



The future oil revenue is discounted at the rate of return shortfall for the oil price to time TD

and then weighted by the probability of a good or bad policy regime conditioned on the index

level. I assume that the remaining uncertainty, represented by PH and PL' is unsystematic and

does not require any risk compensation beyond the risk free interest rate. Similarly, the value

of the production costs at time TD when the index level is known, but before the specific

policy regime is announced, is

(9)

The value at time t of a claim paying the oil price at time TD' t s TD' if and only if the risk

index at time TD is equal to, or higher than the critical index level tir, is

S,e -6S<TD-t~[a(tIr t' tir, TD)]' where" 11

- 1 2In(Z/Z) +(r-o£+ po£os--o£)(TD-t)
- 2a(tlrt, tir, TD) = ------------

o~
(10)

The price of the hypothetical asset at time t, Zt' is found by applying equation (4), i.e., the

price is deduced from a risk index by assuming a numerical value of the parameter o v. The

value of the hypothetical asset making the index equal to the criticallevel tir is Z.

The value at time t of a claim paying one unit of money at time TD if the index is not below

the critical index level, and zero otherwise, is e -r(TD-t)N[b(tlrt, tir, TJ], where'? 11

(11)

10 These formulas are derived in Appendix 2 of chapter three in this dissertation.

Il It is an abuse of notation to use the index level "', on the LHS of the equation while the price of the
hypothetical asset, Z, is used on the RHS. I have settled for this notation in order to emphasize the importance
of the level of the directly observable risk index in the pricing formulas.
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The commitment value of the investment at time t, Ct, is the value of the investment without

any operational flexibility, such as the option to temporarily stop production, and without the

option to abandon the investment. The value at time t of the investment commitment is

derived by finding the value of the production costs and sales revenue at time TD given by

equations (8) and (9) and by assuming that the scaling of the investment expenditure at time t
. (I).
IS Y t ,I.e.,

where

(13)

and

G(K)(,1r ,I. (K) - (K) ( (K)_ (K) «K) _ (K)(P _ ) N[b(,I. ,I. T )]
t 'f' t' 'f' ,p,Y - YB + Y G Y B IJ'L + Y G YB H PL 'f' t' 'f" D • (14)

The functions F, and G~K) represent the political investment climate at time t. From equation

(12), the break-even spot price of oil is StBE, where

(15)

We see that the break-even spot price is conditioned on the risk index at time t. The

investment rule when the choice is whether to invest today, i.e., at time t, or never, is to invest

if Ct~ O. Alternatively, because C, is monotonically increasing as a function of St' the

investor will invest if St ~StBE• When the investor has the opportunity to decide whether to

invest today or to defer the investment decision to a given time Tw' the value maximizing

investment rule is to invest at time t if the value of investing is at least as high as the value of

waiting, i.e., Ct~ Wt, where Wt is the current value of the deferred investment opportunity. If
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Wt is an increasing function of the oil price such that Wt>Ct for St<StW and

Wt<Ct for St>StW , the optimal investment policy may be reformulated in terms of the oil

price. When the oil price reaches a certain level, the value of investing now will be equal to

the value of the deferred investment opportunity. The optimal investment policy is then to

invest at time t if St~ StWwhere StW is the break-even price making C, = Wt.

The relative difference between StW and StBE is a measure of how much the price of oil must

exceed the break-even price for immediate accept/reject in order for investment to take place,

where

SW _SBE
H == t t

t BE
St

(16)

Other terms used in the literature expressing the relationship between StW and StBE are

"investment threshold", "investment hurdle", or "flexibility factor?".

3.2.2 Value Today of the Deferred Investment Opportunity when Tw~TD

The investor may now defer the investment decision to a date when the political uncertainty is

resolved, i.e., Tw~ TD. The commitment value at time TW is then dependent on the type of

regulatory regime which has been chosen by the government., i.e., CT E {CT
G, cf}, where

w w w

c: --1 (1)_ -r(TpITw-Tw)K (K) S -6,s(TpITw-Tw) ·-GB (17)
Tw- T 'Vi e T 'Vi + T e 'ti' 1- , .W PITw W

The corresponding break-even price for oil, S:E,i, is also dependent on the regime of type I,
w

(18)

. Note that the levelofthe risk index is not directly included in (17) or (18). The investor will

12 The flexibility factor in Bjerksund and Ekern (1990) p. 74, is equal to S,W/S,BE.
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choose to invest at time Tw if the value of the investment commitment is nonnegative, i.e.,

the value of the investment opportunity at time Tw is

wi =Max[ci ,O], i=G,B.w w (19)

The value at time t of an asset with value given by (19) is

I=G,B, where

(21)

and

(22)

The term in brackets on the right hand side (RHS) of (20) is the familiar formula for the value

of a European call option with exercise price S:E,i and where the underlying asset is paying a
w

constant proportional rate of dividend.

At time TD' when the level of the index is known but the type of regime is not announced, the

value of the wait-alternative is given by

(23)

i.e., the value is conditioned on the level of the index. The value at time t of an asset with

payoff at time TD equal to WiD if the index value is not lower than the criticallevel of the
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index, and zero otherwise, is

ilIjrTD~iji_ -5S<TpITW-TW) -5S<Tw-t) - BE,i._
Wt - 'tie [S,e N2[a(vt, V,TD),c(St,STw ,T w)' A]

-r(Tw-t)SBE,iN [b(,1r ,Ir T ) deS SBE,i T ). xn .- GBe Tw 2 'I't''I'' D' t' Tw' W'/\. ,l- , ,

(24)

where N2[·,. ;A] is the distribution function for the bivariate standard normal distribution with

coefficient of correlation A, given by:

(25)

The valuation formula is derived in Appendix 1. The value of an asset at time t paying W;
D

at time TD conditioned on the index being lower than the critical index level V is, by value

additivity,

(26)

By combining equations (20), (23), (24), (26), and by rearranging terms, we get the value at

time t of the investment opportunity at time Tw:

(27)

3.2.3 Value Today of the Deferred Investment Opportunity when Tw <TD

The investor may now defer the investment decision to a date where the political uncertainty

is not resolved, i.e., Tw<TD• The commitment value CT will be now be given by (12),
w

where Tw replaces t. The value of the wait-alternative is

WT =Max[CT ,O] ,
w w (28)
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i.e., the value of the deferred investment opportunity is not conditioned on the type of regime

(no superscript I appears in (28)). The value today, i.e., at time t, of the alternative to defer

the investment decision cannot generally be given by a closed-form valuation formula,

because eT is determined by two variables: the oil price and the risk index. With a low
w

index level relative to the criticallevel of the index, i.e., a relatively high probability of a bad

regime, the oil price must be high for the commitment value to be nonnegative. If the

opposite is the case, i.e., the index level is relatively high, the break-even spot price of oil is

reduced. An example is shown in Figure 3.2. If it is certain that the "bad" regulatory regime

will apply, the break-even price is SO*. With an increasing level of the risk index, a "good"

regulatory regime becomes more probable and the break-even price is reduced. When it is

certain that the "good" regulatory regime will apply, the break-even price is SO.

Closed-form formulas can, however, be obtained if PH=PL =p (the index is uninformative

regarding the future regime) or when the oil price is deterministic.

If no information about the type of regime can be obtained by observing the risk index, the

closed-form valuation formula can be found by using expected regulation and deriving a

formula, which now will be depend only on the oil price.

Figure 3.2 Example of the relationship between
the risk index and the break -even spot
price of oil, P~ 1,PL=O
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If the oil price is deterministic, i.e., as =O, the value of the deferred investment opportunity is

(a -r)(TpIT -t)" -
e W StF( 1fTt' tfr, 1fT,p;r) ,

where

l\(1fT t' tfr, 1fT,p;r) = (tB +( 'tB -'t G)PL)N[b(1fT r tfr, T w)] +

('tG-'tB)(pH-PL)N2[b(1fTt, 1fT,TD),b(1fTt, tfr,T w)J·] ,

Gt(1fT t' tfr ,1fT ,p,y(K) = (y~K)+(y~ -y~K)PL)N[b(1fTt' tfr, T w)] +

(y~ -y~K)(pH-PL)N2[b(1fT t' 1fT, TD),b(1fT t' tfr, Tw); Å] ,

and,

The valuation formula is derived in Appendix 1. The index level which makes the

investment commitment nonnegative at time Tw is tfr. The corresponding value of the

hypothetical asset, i; is found by applying equation (4).

167

(29)

(30)

(31)

(32)

(33)



3.3 Specific Case I: An Uncertain Royalty Rate Only

3.3.1 NoLearning Before Time TD

By inserting for PH=PL =P and 'Y~I)='Y~ ='Y~) = I for j =I,K in (12), we find the value of the

investment commitment at time t:

(34)

When Tw~ TD, the break-even spot price for oil at timeT w when the royalty rate is known is

(35)

and the value of the option to wait, from (27) is

(36)

When Tw<TD' the value of the option to wait is: (comparable to equation (20) with a royalty

rate equal to E[ 't iD

(37)

where (from (34) where Tw replaces t)

-r(T -T \
1 PITW "s:
T +e TS BE,E['tj] = W PITW

Tw -Os(TpIT -Tw)e w E['t il
(38)
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•

Proposition 1 For the model with no political uncertainty, i.e., p =0 or p = 1, when

TD~ Tp1t and TD~ TpITw' the investment threshold n, is not influenced by the level of the

royalty rate (1-'tj),/or 'tjE(O,l].

Proof. Because p =O or p = 1, it does not matter whether Tw~ TD or Tw<TD. Equation (35)

is equal to (38) and (36) is equal to (37). Assume that the royalty rate today is (1-'t;). By

proposition Al in appendix 2, StW is the unique spot price of oil making the equation

hold. The value with waiting on the LHS is given by (36), i.e., by (20) because p =O or p = 1.

The commitment value on the RHS is given by (34). I divide this equation by e -6S<Tp1t-t) 'tj'

use the assumption that (Tp1t - t) = (TplTw - Tw), and use the definition of StBE given by (15)

to get

If a new royalty rate, :t,is considered where :t= 't /k for a positive constant k, the new break

even price at time t will be S:E = S/Ek and the new break even price at time Tw is

SBE=kSBE:
Tw Tw

1
1
-'tok I

By inspecting the equation where Wt = Ct' we see that it is sufficient for this equation to hold

that the prices, StW and S:E, on the LHS and the RHS is multiplied by k (only the relativew

relationship between StWand S:E matters in c(·,.,.) and d(·,.,.)), i.e.,
w
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A change in 't'i will of course affect both StBE and StW, but H, will be unchanged, see

equation (l6).

•

Proposition 2 For the model with no learning before time TW and where Tw~ TD' the

investment threshold when there is uncertainty regarding the royalty rate (p E (O, 1)) is not

lower than the investment threshold when there is certainty (p=O or p= 1).

Proof. Assume that t =pt: G + (l-p)'t' B' Let v (St,A,T w) be the value at time t of a European

call option on the spot price of oil with current oil price equal to St' strike equal to A, and

maturity at time Tw. Consider now a situation with no uncertainty regarding the future

royalty rate. The royalty rate will be (1- t). Let St be the break-even price making the value

of investing now equal to the value of waiting, i.e.,

(39)

where S:E,t is the break-even price for the investment opportunity at time Tw. According to
w

proposition one, the investment threshold H, in this situation is the same as if it were certain

that royalty rate (l-'t' G) or (l-'t' B) would apply. If the value of waiting in case of

uncertainty, i.e., when p E (0,1) , is strictly higher than the LHS of (39), the implication would

be that St is lower than StW, the break-even price in case ofuncertainty. According to

equations (36) and (20), the value of the wait-alternative is

or
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where q =pr: GI t. Note that

Note further that S:E,t =qS:E,G + (l_q)S:E,B, i.e., the break-even price at time Tw if royalty
w w w

rate (1 - t) applies is a weighted sum of the break-even prices in case of royalty rates (1 - r:G)

or (l-r: B)' respectively, where the weights are determined by q. We know" that

i.e., the values of three identical call options with three different exercise prices are such that

the weighted sum of the values of the two call options with extreme exercise prices is not

lower than the value of the call option with the middle exercise price, where the weights q
and (l-q) are such that S:E,t =qS:E,G +(l_q)S:E,B.

w w w

•
3.3.2 No Remaining Uncertainty at Time TD

By inserting for PH = 1, PL =O, and y ~l)= y ~ = y g) = 1for j = I, K in (12), I find the

commitment value at time t

When Tw~ TD' the value of the option to wait, from (27), is

(41)

When Tw<TD, the value of the option to wait is

Wt =V t[Max[ c; ,O]] ,
w (42)

13 See proposition 2.c on page 133 in Cox and Rubinstein (1985).
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where V t[·] is the value operator at time t. If the oil price is deterministic, i.e., as =O, the
valuation formula is, from (29),

(43)

3.4 Specific Case fl: Possibility of Expropriation Only

3.4.1 No Learning Before Time To

By inserting for PH =PL =p, y~l) = y~K)= 't B =0, and, y~l) = y<;] = y<;> = 'tG = 1in (12), we find

the value of the investment commitment at time t:

C = -] - -r(Tplt-t)K +S -tJj..Tplt-t)
t teT p,e P .

Pit
(44)

When Tw~ Tv' the break-even spot price for oil at timeT w ' ifno expropriation occurs, is

(45)

and the value of the option to wait, from (27), is

GWt=Wt p , (46)

i.e., the value of a call option multiplied by the probability p. Note that the value of the

investment opportunity if expropriation occurs is zero.

For the case when Tw<Tv' the value of the deferred investment opportunity is
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where

-r(T I -T)
I PTW "s:+e p

S BE = Tw TplTw
Tw -6s(TpIT-Tw)e w p

(48)

Equation (48) is found by inserting Tw for tin (44), letting eT be equal to zero and solving
w

for ST .w

Proposition 3 For the case with a possibility of expropriation and no learning before time

TD' if TD = Tp1tV t, It = IT ' and KT =KT ' the investment threshold H, is not influencedw PI' PITw
by the probability of expropriation for p E (0,1] .

Proof. The proof follows the same line of argument as the proof of proposition one.

Uniqueness of StW is given by proposition A3 in appendix 2. Suppose p is reduced such that

StBE is increased by a multiplicative factor k. The spot price of oil making the value of

waiting equal to the value of investing can be increased by a factor equal to k, and the

investment threshold, Ht' is therefore not changed.

•
3.4.2 No Remaining Uncertainty at Time TD

Here I assume that PH = 1 and PL =O. The commitment value at time tis

C - -I - -r(Tpl,-t)K N[b( - T)] S -6s(Tp!,-t),.T[ -)]t - teT ljTt' ljT, D + ,e .N a( ljTt' ljT, TD
PI'

(49)

When Tw~ TD' the value of the option to wait, from (27), is

(50)

i.e., the value of a call option conditioned on the future level of the risk index.
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When Tw<TD' the value of the option to wait when the oil price is deterministic is

(51)

4 Numerical Examples

4.1 Overview of Examples

Figure 4.1 summarizes the examples to be considered. I look at the special cases where there

is uncertainty regarding the royalty rate and where the investment may be expropriated. In the

latter case Ionly consider the situation where the government's decision to expropriate is

made when the investment period is finished. For the cases with an uncertain royalty rate I

consider the situation where the royalty rate is determined at a fixed calendar date. -Ifurther

Uncertain
royalty rate

Sub-section 4.2.1 Sub-section 4.2.2
The date (To) when the The date (To) when the
political uncertainty is political uncertainty is
resolved is a fixed resolved is a fixed
calendar date calendar date

Sub-section 4.3.1 Sub-section 4.3.2
The date (To) when the The date (To) when the
political uncertainty is political uncertainty is
resolved is the date resolved is the date
when production starts when production starts

Possibility of
expropriation

No learning"
is possible

No remaining
uncertainty
atTD

• "learning" means that the
probability of type of regime is
updated before the government's
announcement at time TD

Figure4.1 Overview of examples.
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Political and oil price uncertainty
r=0.02 ",MAX = 100
0s=O.04 'tG=l
CJs=0.245 1=5
0.£=0.0 K=6
~=0.1 TD-t=4
'" =50 Tp1t -t =5 for all t

Political uncertainty only
CJ =0s
a =0s
Ils =r =0.02
0s=lls - as =0.02

Table 4.1 Assumptions for the reference examples

look at situations where the investor cannot condition the probability of type of regime on the

index level, and at situations where the type of regime is completely determined by the future

index level. The purpose of the examples is to examine how the presence of political

uncertainty influences the investment threshold in some relevant decision situations and to

demonstrate the use of the general valuation model developed in section three. I have treated

the case with an uncertain royalty rate more comprehensively than the case of a possible

expropriation. This is done in order to focus on the effect of "watershed events" taking place

at fixed calendar dates.

The assumptions of the examples are listed in Table 4.1. The royalty rate 'tB will be varied.

The drift adjustment of the process for the deduced variable, 0.£, is zero and the criticallevel

of the index is fifty. I have assumed that the standard deviation of the noise, CJ v' is one. A

price of the hypothetical asset equal to one will correspond to an index level of fifty". The

development time is five years. For the cases where the political uncertainty is resolved at a

fixed calendar date, the date is four years ahead, i.e., one year before the development period

is completed if development starts today. In some examples I let the volatility of the oil price

be equal to zero, i.e., the oil price is deterministic. In these cases I assume that the drift of the

oil price is zero, i.e., as =O, and the rate of return shortfall is then equal to the risk free

interest rate.

4.2 Waiting with an Uncertain Royalty Rate Only

4.2.1 No learning before time TD

14 From (4): lOON[ln(1)/l] =50.
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Consider first the situation where the investor waits until the fixed calendar date when the

uncertainty regarding the royalty rate is resolved. For the case with a deterministic oil price

and no learning before time TD' the investment threshold as a function of the probability of a

"good" policy regime, p, is shown in Figure 4.2. We note that the investment threshold is

close to zero when p is close to zero or one. In these cases the political uncertainty is low.

We also note that for a given p, the investment threshold is increasing when the royalty rate in

case of regime B is increased. When the highest royalty rate of thirty per cent is considered,

i.e., 'tB =0.7, the threshold is increased considerably. The maximum investment threshold in

this case is approx. 0.22. The investment threshold is "skewed to the right". One might

perhaps expect that the investment threshold would be highest when the uncertainty regarding

the type of regime is highest, i.e., whenp is 0.5.

When the oil price is deterministic, an analytical expression for H, may be obtained. The

break-even price for accepting/reject the project today is

SBE = _I_+_e_-_r{_TP_II_-t}_K_

t E['t .]e -6:tTpIl -t}
I

The oil price making the equation

hold, is St w. The LHS of the above equation is the value of investing today and the RHS is

today' s value of the deferred investment opportunity. Note that the RHS only includes

regime G, i.e., 't G. The investor would never defer the investment decision if the value of the

investment commitment was nonnegative incase of regime B, i.e., if 'tB is applying. By

solving the above equation for S, we find

The investment threshold is
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-1

By noting that cS s = r and by rearranging terms, I find the investment threshold for the given

example:

(52)

The numerator is a product of three factors. The first represents the discounting effect of

delaying the investment opportunity, e -1(T w-
t
) , the second is the variance of the indicator

variable for regime G, p( 1-p), and the last factor in brackets is the range between the fraction

the investor will keep under the two types of regimes. The numerator is maximized when p is

0.5, but when considering the effect of the denominator, the investment threshold will be

"skewed to the right".

InFigure 4.3, I show the relationship between the time waited and the investment threshold

whenp is 0.5. The investor cannot learn anything by waiting to a date before TD, i.e., the

investment threshold is zero. When the investor waits until time TD' we see that the
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threshold is highest for the highest royalty rate, i.e., when 'tB =0.7. Ifthe investor chooses to

wait longer than time TD' we see that the threshold is reduced as compared to the threshold

when the investor waits until the date when the political uncertainty is resolved.

For the case with a stochastic oil price and no learning before time TD' the investment

threshold as a function of the probability of a "good" policy regime, p, is shown in Figure 4.4.

With no political uncertainty, when the investor can defer the investment decision four years

the investment threshold, Ht' is" 0.306. In order for an investment to take place, the spot

price of oil must therefore be 30.6 per cent higher than the break-even oil price for the case

when the investor has no possibility to wait.

We note that the investment threshold is close to the investment threshold in case of no

political uncertainty when p is close to zero or one. We see from the figure that the

investment threshold is highest when p is approximately 0.5. We also note that for a given p,

the investment threshold is increasing when the royalty rate in case of regime B is increased.

When the highest royalty rate of thirty per cent is considered, the investment threshold is

increased from 0.306 to approx. 0.335. This is an increase of approx three percentage points.

This does not seem to be a very large increase in the investment threshold compared to the

situation with no political uncertainty.

InFigure 4.5 I show the relationship between time waited and the investment threshold. The

solid line represents the investment threshold when the investor does not update the

probability of type of regime at all. Four years ahead, the threshold is 0.306. In the case

where the investor learns about the type of regime, the threshold will jump to a higher level

exactly at time TD' which is four years ahea~.

For the situations where the uncertainty regarding the type of regime is resolved at the date

when production may start, and when the investor cannot update the probability of type of

regime, the investment threshold is zero for the case with a deterministic oil price. With a

stochastic oil price, the ordinary investment threshold caused by a stochastic oil price only

IS This threshold can, e.g., be found by assuming that 'tB = 1 .
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will apply. In this latter case the threshold is given by the solid line in Figure 4.5.

4.2.2 No Remaining Uncertainty at Time r,
I first consider the case with a deterministic oil price. InFigure 4.6 I show the investment

threshold as a function of the level of the risk index today, i.e., at time t when the investor can

delay the investment decision four years. We see that the investment threshold is higher

when the royalty rate is higher, i.e., when 'tB is lower. The criticallevel of the index is fifty,

and the investment threshold is highest when the current index level is close to fifty, With a

royalty rate of 0.3 in case of a bad regime, the highest investment threshold is approximately

0.22.

It is important to be aware of the fact that the uncertainty about the type of regime is here a

function of the relation between today' s level of the index and the criticallevel of the index,

1j1,1 1j1 , the volatility of the deduced variable, ai' and the time until disclosure, (TD - t). In

Figure 4.7 I show the investment threshold as a function oftoday's index level for different

volatilities of the underlying state variable. According to the "bad news principle" of

Bernanke (1983), it is the possibility of receiving future bad news regarding the profitability

of the investment which makes the investor wait instead of investing. As Bernanke notes on

page 93: " ..what irreversible investments is sensitive to is "downside" uncertainty". When

the index level today is relatively high, sayeighty, a good regime is more likely than a bad

regime. When the volatility is increased, it becomes more probable" that a bad regime will

be chosen by the government. It is therefore more probable that the investor will receive "bad

news", i.e., that regime B will apply. The investment threshold will therefore increase.

We see that with a low index level, say thirty, an increase in the volatility increases the

investment threshold. With a relatively low index today, i.e., low relative to the criticallevel

of the index, a bad regime is more probable. But when the volatility is increased, the

uncertainty about the future regime is also increased and regime G becomes more probable.

At the same time the downside risk increases, and so does the investment threshold.

16 The probability that regime G will apply is dependent on the current level of the index relative to the
critical index level and the change of the index during the period (TD _ t) : _

PI[ r1= 't"a] =PI[ 'h ~W] =PI[W,+ (WT -W,) ~ W] = PI[(WT -W,) ~ (W -W,)] .
D D D
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When the index level today is close to the criticallevel, in this example fifty, the effect of an

increase in volatility is opposite to the effect when the index levels today are either high or

low. When the index level today is in the neighborhood of fifty, an increase in volatility will

reduce the investment threshold. In some sense, an increase in volatility reduces the

importance of today' s index level for the prediction of the future regime. With an increased

volatility, the "expected bad news" regarding the royalty rate is reduced", and so is the

investment threshold.

InFigure 4.8 I show the relationship between the time waited and the investment threshold

for various index levels at time t. When Tw< TD' the remaining political uncertainty is

17 The "expected bad news" may be expressed as (E['tl] - 'tB)(l-p), i.e., the difference between the
expected fraction of revenue to be kept by the investor and the worst possible fraction of revenue, multiplied by
the probability that the worst possible regime will apply. By rearranging this expression we get:
p(1 -p)( 'tG - 'tB)' This expression is maximized for p =0.5. The reason why p is reduced, is subtle. An increase
in Of will reduce the drift of x" see the first term on the RHS of equation (2). When the index level is such that
p is approx. 0.5, an increase in the volatility will therefore reduce the drift and thereby p, i.e., p(1-p) is reduced.
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reduced the closer the deferred decision date is to the date when the government decides the

royalty rate, i.e., (TD - Tw) gets smaller. This is may cause H, to increase sharply when

(TD - Tw) goes to zero. See Figure 4.5 for a comparison, where H, will jump at the point

where Tw = TD. If the index levels at time t are very high or low, the investor does not expect

to revise the probability of regime G considerably. When the index level at time t is close to

the criticallevel of fifty, a revision of the probability of regime G may be expected.

InFigures 4.9 and 4.10 I show the effect of different levels of volatility when today' s index

levels are, respectively, fifty and forty. When the index level is fifty, an increase in the

volatility reduces the investment threshold. When the index level is forty, the effect of the

volatility on the threshold is mixed. An increase in volatility does not necessarily imply a

higherllower investment threshold. The reason can be seen from Figure 4.7: the graphs for

different volatilities do not intersect in fixed points.

The relationship between the investment threshold and the country' s risk index at time t for

the case with no remaining uncertainty at time TD' Tw = TD' and with a stochastic oil price is

shown in Figure 4.11. We see that the investment threshold is not visibly changed for high

and low levels of the index, i.e., when it is almost certain that the index level at time TD will

be respectively higher or lower than the criticallevel of the index. When the index level is

close to the criticallevel of fifty, the investment threshold is changed. The relationship

between the investment threshold and time waited with a stochastic oil price, a correlation

coefficient of 0.5, an index level at time t equal fifty, 'tB =0.7 is shown in Figure 4.12

When the correlation is positive, and when the numerical value of the coefficient of

correlation is increased, the investment threshold is also increased. We note from Figure 4.11

that with a coefficient of correlation equal to 0.5, an index level just below fifty, and 'tB = 0.8,
the investment threshold is approximately 0.41. This is an increase of approximately 10.5

percentage points compared to the situation with no political uncertainty. This must be

regarded as a considerable change in the investment threshold. When the coefficient of

correlation is negative, and sufficiently large in numerical value, the investment threshold is

reduced. With a coefficient of correlation of -0.5 and an index level
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of fifty, the investment threshold is approximately 0.27. This is a reduction of the threshold

by approximately 3.5 percentage points compared to the situation with no political

uncertainty.

If the correlation between the risk index and the oil price is positive, it is likely that a

reduction in the oil price (decreasing the value of the investment opportunity) will occur

together with a decrease in the risk index (which implies that a higher royalty rate is more

likely to be announced by the government). The probability of receiving "bad news" is

therefore high, as is the corresponding investment threshold. When the coefficient of

correlation is negative, the expected bad news is reduced compared to the situation with a

zero or positive correlation. In this case, a possible reduction in the oil price is likely to occur

together with an increase in the risk index, i.e., the probability of a low royalty rate is

increased. The examples shown in Figure 4.11 clearly indicates that increased political

uncertainty, as measured by the level of the risk index, does not necessarily imply an

increased investment threshold.
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When there is no correlation between the index and the oil price, see Figure 4.13, the

investment threshold may be increased approximately to the same level as in Figure 4.4. We

note that the effect of an increase in the volatility of the deduced variable, a:f' is of the same

type as shown in Figure 4.7. The increased volatility may increase or decrease the investment

threshold, dependent on the index level at time t.

4.3 Waiting with Possibility of Expropriation

The assumptions are as given in Table 4.1. The regime parameters used are those given for

"specific case IT' in Figure 3.1.

4.3.1 No Learning Before TD

In the case of a deterministic oil price, nothing can be learned by waiting because the

government will only decide whether to expropriate the investment after the development

stage is completed. The investment threshold will therefore be zero. When the oil price is

stochastic, the investment threshold will be independent of p, p E(O,l). The relationship

between H, and the time waited is shown in Figure 4.14. The investment threshold is

increasing with the length of the waiting period. With a waiting period of four years, the

investment threshold is approximately 0.16.

4.3.2 No Remaining Uncertainty at Time TD

When the index level was approximately fifty, or lower, my calculations showed that the

value of waiting was always higher than the value of investing at time t. In these cases the

investor will never invest if the investment decision can be deferred. For an explanation, see

proposition A4 in Appendix 2. The relationship between the investment threshold and the

time waited when the index level is fifty-five and sixty is shown in Figure 4.15. We note

from Figure 4.15 that an increase in the volatility of the deduced variable will increase the

investment threshold. We note the large effect of a five point difference in index levels on

the investment threshold. If the investor can delay the investment decision four years, the

difference in investment threshold is approx.15 percentage points. Only a small change in a

country's risk index may therefore have a considerable effect on the investor's incentive to

wait.
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Figure 4.14 The investment threshold, H;
with possible expropriation and
no learning before time TD'

Stochastic oil price
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Figure 4.15 The investment threshold, H;
with possible expropriation and
no remaining uncertainty at time
TD' Deterministic oil price
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5 ConcludingRemarks
In this chapter I have shown how political uncertainty may be included in the evaluation of

investment opportunities. This approach enables me to show that increased political

uncertainty as measured by the level of a risk index does not necessarily increase the

investment threshold for investments, as measured by Ht' For the example in case of an

uncertain royalty rate and with no remaining uncertainty at time TD' the investment threshold

was reduced, provided that the coefficient of correlation between the index and the oil price

was negative and sufficiently large in numerical value. Even though this result corresponds

to the well known "bad news principle", the example clearly demonstrates that the effect of

increased political uncertainty on investments and investment thresholds must be analyzed by

taking into account the correlation between the probability of a given "political event" and the

value of the underlying asset. Inmany cases it may be too simple just to assume that the

future regulatory regime is independent of underlying economic variables, such as the oil

price.
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Appendix 1 Valuation Formulas
The valuation formulas for the contingent claims in this appendix are derived by discounting

the expected future value of the contingent claim at the risk free interest rate, where the

expectation is based on an equivalent martingale measure. The approach is identical to the

approach used in appendix two of chapter three of the dissertation. The three contingent

claims considered may be compared to compound financial options, i.e., "options on

options". I consider three points in time, t s Tl s T2• The maturity date for the three

contingent claims is Tl'

The value of the first contingent claim will at time Tl be given by

(AI.I.)

where

(AI.2)

Compared to a financial option, the value of ziC1), if lfIT ~ lfI, will be equal to the value of
1 1

ani "asset or nothing call" maturing at time T2 where S~E.i is the contract price. The value of

the claim at time t is

Z(Cl)
t (AI.3)

where N2[·,. ;A] is the distribution function for the bivariate standard normal distribution with

coefficient of correlation A, and where/

I See, e.g., Hull (1993) page 420.

2 Regarding notation, see footnote l l on page 161.
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(AI.4)

and

(AI.S)

The value of the second contingent claim is at time Tl

(AI.6)

where A is a constant and

(AI.7)

If the index at time Tl is not below the critical index level, the value of zi.~1)can be

compared to the value' of a "cash or nothing call" maturing at time T2• The value of the claim

at time tis

(AI.S)

where
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- 1 2_ In(ZI Z) + (r- ()x -"20 x)(TI -t)
b(lIrt, lIr,TI)=---------oJ18

(AI.9)

and Å is given by (Al.S).

The value of the third contingent claim is at time Tl given by

(AI.IO)

¢I is a given level of the index and may be higher, equal to, or lower than lir. The value of

the contingent claim at time Tl' provided that index level is not below ¢I, may also be

compared to a "cash or nothing call". The value of the claim at time tis

(AI.ll)

where b( '" e lir,T2) is given by (A1.9),

A 1 2
In(ZI Z) + (r- ()x -"20 x)(TI -t)

b(lIrt, ¢I,TI) = ~
a Ti-tx I

(A.I.12)

and

.l. = ~ T,-t .
T. -t2

(AI.13)
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Appendix2 Uniqueness of Break-Even Prices

Proposition Al For the case with an uncertain royalty rate only, no learning before time

TD> and Tw ~ TD> if the break-even price for oil which makes investment preferable to waiting

exists and os> O, then the break-even price is unique.

Proof. For two continuous functions of St' where the derivative of the first function with

respect to St is always lower than the derivative of the second function with respect to St' and

the limit as St goes to infinity of the derivative of the first function is strictly lower than the

limit of derivative of the second function, the graphs of the functions will cross only once, if

the derivatives are positive. The derivative of C, (equation (34)) with respect to St is the

positive constant e -6/Tp1t-t)[ 1:GP+1:B(l- p)]. The derivative of Wt (equation (36)) with

respect to St is always positive and increasing. The highest levelofthe derivative of Wt is

when St goes to infinity, where the limit is e -6.(Tw-t) e -6.(TPI,-t)[1:GP+1: s(1- p)], which is

strictly less than the derivative of C, if os>O. While Wt is always nonnegative, C, will be

negative if St s StBE. C, and Wt will therefore intercept only once. The spot price for oil

where the values of C, and Wt are equal is therefore unique.

•
Proposition A2 For the case with an uncertain royalty rate only, no remaining uncertainty

at thefixed calendar date TD, and Tw~ TD, ifthe break-even pricefor oil which makes

investing preferable to waiting exists and 0s>O, then the break-even price is unique.

Proof. I use the same line of reasoning as in the proof of proposition AI. For a given level

of the index, the derivative of C, (equation (40)) with respect to St is the positive constant

e -6.(Tp1t-t)[1:B + (1: G - 1:B)N[a(wt, W, TD)]]· The derivative of Wt (equation (41)) with respect

to St is always positive and increasing. The limit of the derivative of Wt when St goes to

infinity is e -6.(TpITW -Tw) (e -6/Tw-t)[ 1:B+(1: G-1: B)N2[a(w t'W, TD), oo;A]]), which is strictly less

than the derivative of C, if 08>0, because N2[a(wt,w, TD),k; A] s N[a(Wt,W. TD)] for all k .

•
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Proposition A3 For the case with a possible expropriation, no learning before the fixed

calendar date T/)I and Tw~ TD' if the break-even price for oil which makes investment

preferable to waiting exists and 6s>0, then the break-even price is unique.

Proof. Icontinue using the same line of reasoning as in the proof of proposition A 1. The

derivative of C, (equation (44)) with respect to St is the positive constant pe -O.(Tplt-t).The

derivative of Wt (equation (46)) with respect to St is always positive and increasing. The

highest level of the derivative is when St goes to infinity, where the derivative is
-s (Tw-t)(p -o.(TpITw-Tw») hi h . . tl l th th deri . f C if ~ O Whil We' e ,w c IS strie y ess an e envanve o t 1 us>· e t

is always non-negative, C, will be negative if St~S:E. C, and Wt will therefore intercept

onlyonce.

•
Proposition A4 For the case with a possibility of expropriation, a deterministic oil price,

andnoremaininguncertaintyat TD, if TD=Tplt \;ft, It=IT ,-KT =KT ' and as=O thew Pit PITw
spot price making investment prefered to waiting may not exist.

Proof. For a given levelofthe index, the derivative of C, (equation (49)) with respect to St

is the positive constant e -r(Tplt-tN[b(lIrt,lIr,Tplt)]. The derivative ofWt (equation (51)) with

respect to St is e -r(TpITw-t)N2[b(lIrt'lir,TplT),b(lIr t;tJl,Tw): l], which may be strictly higher

than the derivative of C, if b(lIrt'lir,Tp1t)<b(lIrt'lIr,TpIT)·

•
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Appendix3 List of Symbols

Symbols Related to the Investment Opportunity

It Investment expenditure at time t

Kt Production cost at time t .

St Oil price at time t

as Drift parameter in stochastic process for St

(J s Volatility parameter in stochastic process for St

os Rate of return shortfall for St

et Value of the investment commitment at time t

Wt The value at time t of the deferred investment opportunity

S:E The break-even oil price making et =0
StW The oil price making investing today preferred to the alternative of deferring

the investment decision

r Instantaneous risk free interest rate

Symbols related to the Index

'" t Index level at time t

lJIMAX Maximum level of the index

Criticallevel of the index

A given level of the index which makes the investment commitment equal to

zero

State variable deduced from the index

Standard deviation of "noise", used when deducing the state variable it from

the risk index

Price of hypothetical asset which is a function of the state variable it

Drift parameter in stochastic process for Z,

Volatility parameter in stochastic process for Z,

Drift adjustment for Zt(X)
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Dates

Either used to indicate "today" or as a general sub script indicating time

Date when the government announces which regime will apply to the project

Future date when the investor can reconsider whether to invest in the project if

the investment decision is deferred today

Tp1t Date when production starts provided that the investment decision is made at

t

time t

TplTw Date when production starts provided that the investment decision is made at

time Tw

Regulatory Regimes

G

B

'tj

't ={'tG,'tB}

y~1)

y(1) = {y<g, y~l)}

y~1)

y~K)

y(K) = {y<:> ' y~K)}

{
(I) (K) }

1tj = 'tj' t: .t;
1t ={1tG,1tB}

Sub script used to indicate a "good" regulatory regime

Sub script used to indicate a "bad" regulatory regime

Fraction of revenue kept by the investor under regime i, i.e., the royalty

rate is (1-'t;)

Set of possible fraction of revenue to the investor

Scaling factor of investment expenditure under regime i

Set of possible scaling factors of investment expenditure

Scaling factor of investment expenditure today, i.e., time t

Scaling factor of production cost under regime i

Set of possible scaling factors of production cost

Regulatory regime i

Set of possible regulatory regimes
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Chapter 5

Investment and Taxation: A Bargaining Approach with Application to the

Oil Industry

Abstract

A government's lack of credibility when promising future taxation and regulation of
foreign direct investments, is often regarded as an obstacle to foreign investment. In
models with perfect information where the models are solved by backwards induction,
the optimal strategy for the investor is not to invest in the country. As shown in this
chapter, the totallack of inter-period credibility may not necessarily prevent
investment from taking place. If the government in the host country is not able to
undertake the investment activity itself, both the government and the investor can
benefit from negotiating a series of agreements where the investor gets a share of the
revenue generated from previous investments against making new investments. This
assumes that intra-period agreements are respected by the parties. In a simple model
I show that investment may take place. In a more elaborate model, I allow for a
stochastic oil price and study how the decision to "wait" affects the solution.
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1 Introduction
When making foreign direct investments, one of the primary concerns of the investor is how

the government in the host country will regulate the investment. When it is not known for

certain which future regulatory regime will be applicable, the situation is known as a situation

with political risk. Central in the analysis of political risk is the question of credibility. The

credibility problem can best be described by a simple example, see Figure 1.

InFigure 1. A, an investor, I, can decide at time to to produce' a quantity of oil by paying

the production cost, K, up front. The produced quantity is sold at time t1 at a pre tax revenue

of R. At time t1 the government of the country, C, decides the royalty rate, r . The utility to

the investor is a function of the royalty rate, the pre-tax revenue, and the production cost. An

increase in after tax revenue will increase utility, while an increase in costs will reduce her

utility, ceteris paribus. For the country the production cost may contribute positively to the

utility' because services may be bought in the host country. This may also result in increased

employment. Production will not take place unless the investor' s utility from producing is

nonnegative: For this to happen, the government must behave suboptimally at time t1• The

government's dominating strategy at time t1 is to set 't equal to one, i.e., the investor will not

receive any of the sales revenue. Knowing this at time to' the investor will not produce. In

Figure 1.B, the government chooses first the tax rate that will apply at time t1, and then the

investor makes the production decision. The country will determine the sales tax such that

the contribution to the investor' s utility function' from producing is zero. The investor is then

indifferent between producing or not, and she might as well produce. In case B it is assumed

that the government' s promise is credible. This means that after the announcement of the

royalty rate, there is no uncertainty at time to regarding which royalty rate will apply at time

t1 •

l In order to simplify I do not specify an investment, or development, stage preceding a production
stage. The term "produce" can be thought of as including both a possible development stage and a production
stage.

2 The term country can be thought of as a central planner, and the utility as the welfare for the people in
the country.

3 Since the utility functions are not necessarily identical in cases A and B, I have used the symbols U
and U, respectively.
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It is often assumed that the government should be credible. This is a normative point of view,

and it is usually based on a specific modeling of investors' behavior based on the following

argument. Investors evaluate the probability of a "good" and "bad" policy regime at future

points in time. The political risk, or credibility, can thus be measured by the probability of a

"bad" policy regime". If increased (foreign) investment is the aim, this may be obtained by a

higher credibility (lower probability of a "bad" policy regime) which will increase the

expected future cash flow and possibly make the net present value of the investment positive.

A

Credibility cannot, however, be declared by the government. A government's credibility is

determined by the investors' expectations of how the government will act in the future.

Consider the situation modeled as a simple signaling game. For an example of such a model,

see, e.g., Rodrik (1989b). The government is at the outset either credible or not credible. The

credibility can be destroyed (or obtained) by an action from the government revealing its "true

type." In this situation the credibility problem arises because the investor does not have

perfect information regarding the type of government she is facing.

Oonot
produce

(0,0)

B

Oonot
produce

(0,0)

Figure 1 An investment situation without (A), and with (B),
commitment from the country regarding taxation.

4 An investment operating under a "bad" regime will give a lower cash flow to the investor than an
investment operating under a "good"regime. For an example of a model using this approach, see, e.g., Rodrik
(1991).
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In this chapter I present a model where it is assumed that the government is not able to

commit itself to a certain behavior at future points in time, and where the information is

assumed to be perfect. The approach is positive and the aim is to show that investment can

take place in the absence of inter-time credibility and with perfect information. The parties

can commit themselves for the current period, i.e., there is intra-time commitment. In this

case it may be possible for the investor and the government to negotiate an agreement which

is valid for this period only. The investor will enter the negotiations demanding a lowest

possible royalty rate for current sales revenue, while she can provide further production. The

country' s position will be exactly the opposite. It will demand further production, while it

can provide the investor with a lower royalty rate for current sales revenue. In a model with

many small investors, it will be impractical for the government to negotiate with each

investor. The model captures probably best investment situations where one or a few

investors are investing.

In the next section I present a model where the oil price is certain over the period and where

the possible outcome of the game played at each point in time is either that the next

production quantity is produced, or that the oil field is abandoned. In the real-options

literature it is often showed that increased flexibility, e.g., to shut down production

temporarily or to delay the decision to invest, increases the value of an investment or

investment opportunity. In order to study the effect of "waiting" in a model where

negotiations are taking place, I introduce in sub-section three a stochastic oil price and allow

the investor to "wait", to abandon the oil field, or to produce the next production quantity.
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2 Model with No Oil Price Uncertainty

2.1 The Model

The oil fields is characterized by a set, Q, of Nproduction quantities, Q = {qI, ..,qn,...,qN}.

There is no uncertainty linked to the size of the total recoverable reserves or each production

quantity. When a quantity of oil is produced, it is sold at the prevailing oil price S, which is

assumed to be constant". The production time per quantity is one period. The production

cost per unit of production, k, is constant" and is paid in full at the start of the period. The

sales revenue is received at the start of the following period.

The start of the game between the investor, I ,and the country, C, is depicted in Figure 2.

The game starts at time to at node 1. The investor chooses between the action Pl of

producing the first quantity and E of ending the game by exiting. The "instantanous" or

"immediate" utility to the parties from producing quantity qn is u(qn) = (u I(qn)' U c(qn»'

where the investor's utility is

(1)

i.e., the production cost, and the country's utility is

(2)

where b is a nonnegative constant. At the start of time tI' quantity qI is ready for sale and

production of q2 may start.

S If "production" is interpreted to include development too, the corresponding reinterpretation of the
tenn "oil field" is a series of investment in different oil fields. In an earlier version of the chapter I specified the
model with an investment, or development, stage preceding the production stages. The results for such a model
will be similar to the results obtained for the model presented here.

6 In order to simplify the exposition, I have assumed that the oil price and the production costs are
constants. They can be a function of time, but this will not give any major additional insights.
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The sub-game at time tI' at node 2, starts with a negotiation between the country and the

investor. The parties negotiate over the royalty rate for the quantity about to be sold and the

production of the next quantity. If an agreement is reached, A, the country declares the agreed

royalty rate? 1: 1 applying to qI. The investor then sells qI' pays the royalty, and starts

production of q2. Ihave used the symbol Zn to describe the investor' s action of selling

quantity qn and the subsequent payment of royalty. The parties' "instantaneous" utility from

the sale of oil and payment of royalty is u( 1:n) = (u 1(1:n)' u c( 1:n))' where

u 1(1:n) =qnS(1-1: n) (3)

and

(4)

where a is a strictly positive constant". If an agreement is not reached at time tI' i.e., the

parties disagree, D, the country declares a royalty rate for the disagreement situation at node

4. The investor sells ql and pays royalty according to the announced royalty rate. At node 8

the investor decides whether to start production of q2 or to abandon the oil field.

Irrespective of whether the parties agree or disagree, if production of q2 takes place at time

tI' the parties start at time t2 negotiating over the royalty rate for q2 and production of %.

The outline of the game at time t, tI < t < tN' is as for tI. At time tN the final production

quantity, qN' is ready for sale and the parties negotiate over the royalty rate only. If an

agreement is reached, the country declares the agreed royalty rate, the investor sells the oil,

pays royalty, and the game ends. Similarly, if an agreement is not reached, the country

declares the royalty rate, the investor sells the oil, pays royalty, and the game ends.

7 The country' s action may be thought of as announcing the royalty rate which will apply, while "nis
the numerical value of the announced royalty rate. I simplify by referring to the country' s action as ..n.

8 Because a > Oand b :<!! O, I assume that the country' s utility of tax revenue is strictly positive but that
production activity does not necessarily contribute positively to the country's utility.
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For a game in extensive form, it is usually required that only one player moves at a given

node in the game tree. In this model we have "negotiation nodes," where both players

interact. The set of nodes, X, can be divided in three parts: those where the investor moves,

XI' those where the country moves, Xc' and the "negotiation nodes", XI,C" Nodes 2, 9, and

10 in Figure 2 are examples of such "negotiation nodes". In order to give a precise

specification of the game, a model is needed to describe the outcome of the bargaining

between the country and the investor. Such a model can be thought of as a rule which is

applied to the negotiation problem, and where the rule clearly specifies the outcome of the

bargaining problem. For now I leave open how this rule is derived, but in the next sub-

section I assume that the solution to the bargaining problem corresponds to the Nash

bargaining solution.

With a well specified rule solving the negotiation problem, a pure strategy for player j, Sj' is a

complete plan for how to play the game, i.e., which actions to choose at every node belonging

to Xj• Note that a pure strategy does not. specify any action from the player at the negotiation

nodes. The set of all pure strategies for player j is :Er I will use the notation (s/,s~) and :Ex
to indicate, respectively, a strategy combination of pure strategies and the set of all pure

strategies for the sub-game starting at node x.

When comparing payoffs at different points in time, I assume that the parties apply discount

factors a =(apac), where O::;:aj::;:1, j=(I,C). These discount factors are constants. While

the discount factor of the investor probably is influenced by possible other investment

alternatives, this may not necessarily be the case for the government. A patient government

will have a discount factor close to one and a (very) impatient government will have a

discount factor close to zero. The utility to the parties at node x and time t from the strategy

combination (s/,s~), where the utility from future time periods is discounted to time t ,is

U(s/,s~) =(U I(s/,S~),U c(s/,s~». The preferences of the country are completely described

by the triple (a, b,ac). The preferences of the investor are described the discount factor al
and the utility functions (1) and (3).

A Nash equilibrium for the game, i.e., the sub-game starting at node 1, is the strategy
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bi . (1* 1*) hcom matron SI ,Se were

(5)

i.e., the strategy combination where each players's strategy is a best response to the other

player's strategy. In the next sub-section Iconsider a specific Nash equilibrium.

2.2 Solution: Nash Bargaining Solution and Backwards Induction

Isolve the game by backward induction? and Iuse the Nash bargaining solution to the

negotiation, or bargaining, problems at the negotiation nodes. A negotiation problem is

characterized by a set of possible allocations of utility among the parties, Y, and a

disagreement allocation, d, which obtains if an agreement is not reached. Iassume that the

royalty rate is nonnegative and not larger than one. A negative royalty rate corresponds to a

situation where the country subsidizes the investor and a royalty rate larger than one implies

that the investor pays more than the specified project costs. The Nash bargaining solution is a

function F where the set of possible payoffs and the disagreement allocation are arguments,

i.e., F(Y,d) = (F I(Y,d),F c(Y,d)), see Appendix 1.

Ihave in Figure 3 shown different combinations for the set of possible allocations of utility

and the disagreement allocation at a given negotiation node x. A solution increasing both

parties' utility will be located "north east" of the disagreement allocation. With the set

ofpossible allocations Y and disagreement allocation d, a negotiation solution is feasible'". If

the set of possible allocations is Y" and disagreement allocation d, an agreement is not

feasible. This will typically be the situation if current sales revenue is not sufficiently large to

make the investor' s utility nonnegative even with a royalty rate of zero. If the set of possible

9 Note that in the finite game with perfect information presented here, the solution to the game found
by applying backwards induction is the same as the sub-game perfect equilibrium of the game.

10 I use the termfeasible if an agreement is possible which will not make the parties worse off
compared to the no-agreement situation. This is done to simplify the presentation. This is, e.g., not the term
used by Binmore (1987) page 34, where he uses the term feasible for the axiom stating that both parties should
be strictly better off from an agreement compared to the no-agreement situation. Also according to the standard
axiom 1, stated in Appendix AI, both parties should be made strictly better off from entering into an agreement.
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allocations is Y', and the disagreement allocation is tI, an agreement is feasible. In this case

the agreement solution will be the same as the disagreement solution. This will be the

situation when the investor will produce the next quantity in case of disagreement, D.

Consider the bargaining problem at node x involving the royalty rate for sale of quantity qn

and production of quantity qn+1. In order for the investor not to be worse off from an

agreement as compared to a disagreement, the following inequality must be satisfied:

(6)

The top scripts A and D indicates whether the royalty rate is a part of an agreement or

determined by the government in case of a disagreement. Node h is the node!' where

negotiations start at the next point in time following an agreement, A, this time period and

node g is the node!' where the investor decides whether to produce the next quantity or to

exit the game. The left hand side (LHS) of inequality (6) is the investor's utility at node x if

an agreement is made, while the right hand side (RHS) of the inequality is the investor's

utility at node x in case of disagreement.

Ue( x* x*)SI ,se
a

d

Y'Y

o UI( x* x*)SI ,se

Figure 3 Examples of sets of possible allocations of utility
and disagreement allocations

11 If, e.g., x is node 2 in Figure 2, node h corresponds to node 9. Formally, with a predecessor node
function, 0(·): x = a(a(a(h»). Comparing with Figure 2, node g corresponds to node 8 and x = a(a(g».
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When solved by backward induction, it will be optimal for the country to set the royalty rate

equal to one in case of disagreement, i.e., "C~ = 1 for all n. By inserting "C~ = 1 in (6) and

rearranging terms we find the investor's after tax. revenue, i.e., the after tax. revenue which

does not make the investor worse off from an agreement:

(7)

Let N I be equal to the RHS of inequality (7), i.e., the lowest amount the investor is willing to

accept in after tax. revenue from sale of quantity qn in order to make an agreement.

Similarly, in order for the country not to be worse off from an agreement as compared.to a

disagreement at node x, where the parties bargain over the royalty rate for sale of quantity qn

and production of quantity qn+l' the following inequality must be satisfied:

(8)

The LHS of inequality (8) is the country's utility if an agreement is made and the RHS is the

country' s utility in case of disagreement. By inserting "C~ = 1 in (8) and rearranging terms we

find the amount the country is willing to let the investor keep in order to enter into an

agreement:

(9)

The RHS of inequality (9), Ne, is the highest amount the country is willing to give the

investor in order to achieve an agreement solution.

In order for an agreement not to make both parties worse off as compared to the disagreement

situation, the inequalities (7) and (9) must both be satisfied, i.e.,

(10)
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Because 't: E [0,1], we see that N c must be nonnegative and N I cannot be larger than qnS.

Define NN as the difference between the highest amount the country is willing to give the

investor and the lowest amount the investor is willing to accept, i.e., NN == N c -NI. The

numerical value of NN indicates what the parties are bargaining over, measured in units of

money. For a negotiation solution involving the royalty rate for sale of quantity qn and

production of quantity qn+l to be feasible, conditions Cl, C2, and C3 must all be satisfied,

where

Cl: NN ~ O

C2: NI s qnS

C3: NC ~ O

The actual part of the revenue received by the investor according to the Nash bargaining

solution is

(11)

see Appendix A 1. The agreed royalty rate can be determined by calculating the RHS of (11)

and then solving for 't:.
Proposition 1 For the game with no oil price uncertainty, the amount the country is willing

to give the investor to obtain an agreement solution is strictly positive, i.e., N c>O, if, and

only if, the investor abandons the oilfield in case of disagreement andb > O and/or Sc > O.

Proof. Consider first the case where the investor produces quantity qn+ 1 even if no

agreement is reached. In this case
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where v is the negotiation node" at the next point in time, tn+1• Note that both node h and

node v are located at the same point in time. The sub-game starting at node h is identical to

the sub-game starting at node v. When solving these sub-games with backward induction,

the country's discounted utility at node v is equal to the discounted utility at node h, i.e.,

NC=O.

The other possible action by the investor in case of disagreement is to abandon the oil field.

In case of abandonment:

Because it is assumed that a > O and because the country' s lowest possible utility at node h

is the utility corresponding to a royalty rate equal to one and an abandonment of the oil field,

i.e., U C(st,st):?aSqn+l > O, we see that NC will be strietlypositive because b > O

and/or 6c > O.

•

Proposition 2 In the game with no oil price uncertainty, the lowest amount the investor is

willing to accept in order to enter into an agreement is strictly positive, i.e., N 1>0, if, and

only if, the investor abandons the oil field in case of disagreement.

Proof. Consider first the case where the investor produces the next production quantity in

case of disagreement. Then:

where node v is the negotiation node at the next point in time". Note that both node h and

node v are located at the same point in time, tn+1, and that the investor's discounted utility at

12 Comparing with Figure 2, see footnote 11, node v corresponds to node 10.
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nodes h and v are equal because the sub-games starting at these nodes are identical. The

implication is that N / = O.

If the investor abandons the oil field in case of disagreement, the lowest amount the investor

is willing to accept in order to enter into an agreement is given by

Ifthe expression in brackets is negative, then N/>O. This will be the case because the utility

to the investor at node h is equal to the utility at node v, and it is assumed that the investor

will abandon the oil field in case of disagreement.

•

Proposition 3 For the game with no oil price uncertainty, an agreement covering royalty

rate s n and production of qn+1 is feasible if, and only if, N N ~ O and N / sqnS. If an

agreement is feasible, the amount to the investor according to the Nash bargaining solution

is

(12)

Proof. The Nash bargaining solution is given by (11). I only need to show that N / ~O. If

N / ~O and N N ~ O, then N c ~O, and condition C3 will always be satisfied. In the first part

of the proof of Proposition 2 I showed that N / is equal to zero if the investor produces the

next production quantity in case of disagreement and, according to Proposition 2, N / is

strictly positive if the investor abandons the oil field in case of disagreement. N / will

therefore be nonnegative.

•

Proposition 4 Ifthe initial production quantity ql is produced in the game with no oil price

uncertainty, qnS ~ qn+lk, and 6Cqn+lS ~ qn+lk(1-bla) for 1 s n ~ N-l, thenall
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remaining quantities q2' ...... 'qN will also be produced.

Proof. If the investor chooses to produce in the case of disagreement, no restrictions are

necessary for production to take place. In the case where the investor will abandon the oil

field in case of disagreement, an agreement involving production of qn+lwill be obtained,

according to Proposition 3, if conditions Cl and C2 are satisfied. The highest possible level

of N I is qn+1k, and NIs;. qnS will be satisfied if qn+1k s qnS, i.e., if the current sales revenue is

not lower than the current production costs. For the situation where the investor abandons the

oil field in case of disagreement we get

The country' s lowest possible level of utility at the next point in time will be the utility

corresponding to full taxation of the sales revenue and no further production, i.e.,

U c(st,st)~aqn+lS. Becausejj I(st,s~*)~O' it is sufficient for NN ~ O that

or

•

2.2.1 Example 1

The oil field consists of two production quantities of equal size 10, the production cost is 6

per unit, and the oil price is 18. Table 1 summarizes the assumptions for Example 1. The

discount factors are arbitrarily chosen. Because ec < el' the government is more impatient

than the investor. We also note that the government's instantaneous utility from one unit of

money in tax revenue is twice the instantaneous utility from one unit of money spent on

production costs. In order to simplify the exposition I use ut to denote the discounted

utility for player j at node x when the sub-game starting at node x is solved with backwards
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induction and application of the Nash bargaining solution, i.e., ut == U j(s;*,s~*).

Time t" (q" is ready for sale)

At this point, no further production will occur. The parties will agree, A, and the royalty rate

is equal to one. The parties' utility at nodes 9 and 10 is u; =v; = (0,180), see Figure 4.

Time tI (ql is ready for sale and production of q" may start)

If an agreement is not reached, the investor will produce q2 if

The RHS of the inequality measures the utility of producing, while the LHS measures the

utility of abandoning the oil field. The production cost is 60, but because the investor will

have to pay a royalty rate of one on the sale of quantity q2' the best alternative is to exit. It

will then be optimal for the country to set '!1D = 1. This rate maximizes the level of utility for

the country, and the utility in case of disagreement, D, is therefore U4* = (0,180).

Verifying if a negotiation solution is feasible

From equation (9), we know that the country is willing to give the investor a part of the

revenue, qlS(I-'! 1A), such that

By inserting for U9
c
* = acaQ2S and ut = O, we find the highest amount the country is

willing to give to the investor to obtain an agreement, i.e.,

Q = {1O,10}
S = 18
k=6

a=1
b=0.5
ac=0.9
al = 0.95

Table 1 Assumptions Example 1
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Ne =.!..[bq;c +6cflq2S] =0.5xlOx6 +0.9x1xlOx18 =30 + 162 = 192 .
a

In order for the investor to produce she needs a part of the revenue such that, see equation (7),

By inserting for U:* = ut = O, we fmd the lowest amount the investor is willing to accept

in order to enter into an agreement:

The numerical values of conditions C 1-C3 are:

Cl: NN = 132 ~ O

C2: NI = 60 s 180

C3: Ne = 192 ~ O

The conditions are satisfied and an agreement involving production of q2 is therefore

feasible.

Finding the bargaining solution

By inserting for N I and NN, in (12), we find the negotiated revenue to the investor,

180(1-'t lA) =Min[60 + 132/2, 180] = 126,

which implies that 't lA =0.3. The parties will accept an agreement, and the utility will be

U2* = (126-60,(180-126)+30+0.9x180) = (66,246).
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Time to (production of ql may start)

The investor will produce ql if

-qlk+alU~· zo
By inserting the numbers, we find that

-60 + 0.95 x 66 = 2.7 >0

This means that the investor will produce, and the utility to the parties is

U; = (2.7,0.5xlOx6 +0.9x246) =(2.7,251.4).

2.2.2 Example 2

The assumptions for Example 2 are exactly as for example 1, except that one more quantity is

produced. See Table 2. The first part of the game is pictured in Figure 5. Note that the sub-

games starting at nodes 9 and lOin Figure 5 are identical to the sub-game starting at node 2 in

Figure 4. When the second production quanitity is produced in Example 2, there is one

remaining quantity which may be produced. This corresponds exactly to the situation in

Example 1when the first production quantity is produced. Note further that the sub-game

starting at node 8 in Figure 5 is identical to the sub-game starting at node 1 in Figure 4. At

both these nodes, the investor decides independently, i.e., without an agreement, whether to

produce the first of two remaining production quantities. When sub-games are identical, the

solution of the sub-games will also be identical. The parties' discounted utility at these nodes

will therefore be identical, as can bee seen by comparing Figure 5 and Figure 4.

Time ti (ql is ready for sale and production of qzmay start)

If an agreement is not reached, the investor will produceø, (standing at node 8) if

Q = {10,1O,1O}
S = 18
k=6

a=l
b=0.5
ac=0.9
al = 0.95

Table 2 Assumptions for Example 2
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The RHS of the inequality measures the value ofproducing, while the LHS is the utilityof

abandoning the oil field. The production cost is 60 and the discounted utility from next

period is 0.95x66 = 62.7. The best alternative is therefore to produce. It will be optimal for

the country to set 't 1D = 1, and the utility in case of disagreement, D, is

U; = (62.7-60,180+251.4) = (2.7,431.4).

Verifying if a negotiation solution is feasible

The country is willing to give the investor a part of the revenue, from (9), such that

By inserting for Ugc.=bq.k +6CUl~· and noting that U9
C•= Ul~·, we find that the highest

amount the country is willing to give to the investor in order to obtain an agreement solution

is zero.

In order for the investor to produce, she is willing to accept a part of the revenue given by:

By inserting for U:· = -qlk+6cufo and noting that U:· = ufo, we conclude that NI =0.

We compute the conditions C 1-C3:

Cl: NN = O

C2: NI = O s 180

C3: NC = O

The conditions are satisfied, and an agreement solution is therefore feasible. By inserting for

N I and NN, in (12), we find the negotiated revenue to the investor,
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180(1-1: lA) =Min[O +0/2, 180] =0,

which implies that 1:lA = 1. The utility will be

U2* = (-60 +0.95x66, lxlOx18 +0.5xlOx6 +0.9x246) =(2.7,431.4).

Time to (production of ql may start)

The investor will produce ql if

e 1*-qlk+ IU2 ~O

By inserting the numbers, we find that the LHS is given by

-60 + 0.95 x 2.7 = -57.435 <O.

This means that the investor will not produce, and the utility to the parties is U; = (0,0).

Table 3 summarizes Example 2 for different oil prices. The table contains key variables for

the model with intra-period credibility. In addition I consider a model with inter-period

credibility, where the country can commit itself for the life time of the investment. In this

latter model, the country declares at time to the royalty rate that will apply for the life time of

the oil field. With constant production quantities q, the investor will produce if

(13)

i.e., if the discounted after-royalty oil price covers the unit production cost

Listed in Table 3 is first the investor' s decision of whether to produce the first production

quantity, P« or not, E, and the parties utility at node 1. I then report the actual royalty rates

for quantity n, 1:n' and whether the game ends, E, or production occurs, Pn' at time tI and t2.

Note that the royalty rate for quantity q3 is one.
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Intra-period credibility Inter-period credibility

to tI t2

Oil Price PiE U* ';1 PtE ';2 PiE ,;BE Ut, (,;BE)l

10 E (0,0) 0.108 P2 0.100 P3 0.368 (0,171.2)

15 Pl (36.0,256.0) 0.259 P2 0.250 P3 0.579 (0,293.1)

18 E (0,0) 1.000 P2 0.300 P3 0.649 (0,366.3)

20 E (0,0) 1.000 P2 0.325 P3 0.684 (0,415.1)

25 E (0,0) 1.000 P2 0.370 P3 0.747 (0,537.0)

30 E (0,0) 1.000 P2 0.400 P3 0.789 (0,659.0)

35 Pl (11.6,710.9) 1.000 P2 0.421 P3 0.820 (0,780.2)

40 Pl (31.9,874.7) 1.000 P2 0.438 P3 0.842 (0,902.9)

Table 3 Summary of Example 2 for different oil prices with intra-period and inter-

period credibility

InFigure 6 I show the value of the oil field for different levels of the oil price and Figure 6

corresponds to the figures in Table 3. For the case with inter-period credibility I report the

highest royalty rate which makes the investor willing to produce, ,;BE, and the parties's utility

discounted to time to when this royalty rate is applied, Uto c( ,;BE) . ,;BE is the royalty rate

which makes (13) hold with equality. The investor's discounted utility at time to' when the

royalty rate ,;BE is applied, is zero.

The following observations may be made based on the figures in Table 3:

1. The country' s utility at time to is highest for all levels of oil prices if there is

inter-period credibility. This may indicate that the country should strive to

obtain inter-period credibility.

2. For all levels of the oil price, the investor' s level of utility at time to in the

model with intra-credibility only is always equal to, or higher than, the level of
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utility in the model with inter-period credibility. This implies that the investor

may be better off investing in a country where there is no inter-period

credibility, ceteris paribus. For a country with credibility, it is sufficient to

offer the investor a tax regime such that the investor' s utility of producing is

nonnegative. The country with intra-period credibility only may have to

negotiate a tax regime in order to make the investor produce. This tax regime,

even though it is changing from one period to the other, may give the investor

a higher level of utility at time to'

3. For the model with intra-period credibility, a higher oil price does not

necessarily imply that the investor' s utility at time to is higher. According to

Table 3, the investor' s level of utility is higher for an oil price of fifteen

compared to an oil price of eighteen. The implication is that an investment in

a country with no inter-period credibility may take place in a situation with

low oil prices but not necessarily in a situation with high oil prices. The

reason is that with high oil prices the investor may continue to produce even if

the royalty rate for the oil about to be sold is one. This may however reduce

the utility of producing at earlier points in time.

InFigure 7 I show the investor' s discounted utility at time zero for different numerical values

of the country's discount factor. This utility may be interpreted as the value of the oil field if

production takes place at time zero. As seen from the figure, the result is contradictory to

conventional wisdom due to the endogenous tax policy. A government which is more

"investor friendly" than another, i.e., a country having a higher degree ofpatience (higher Se)

may cause a lower after tax value of the investment to the investor. This means that if, e.g., a

new government is elected and this government is seen as more investor friendly than the old

one, the result may be that foreign investments are reduced. A government with a high

degree of patience will in a given negotiation be willing to give the investor lower taxes in

order to make the investor produce as compared to a government with a low degree of

patience. Thi investor does, however, see this before she has made the initial investment. She

then knows that when she first has invested, she will continue to produce even if the
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royalty rate is set to one for the oil about to be sould. This may cause an abandonment of the

oil field at earlier points in time, or an "exit" at node one in the game.

2.3 Comments

In earlier versions of this chapter I specified models with increasing/decreasing production

quantities and with a larger number of quantities than presented in this version. A more

elaborate model is of course implementable, but at a cost of simplicity. The three

observations based on Table 3 would, however, not be qualitatively changed by introducing

such a detailed, or expanded, model.

The model presented in this section may explain why investment takes place in countries

where the government cannot commit itself to a future regulatory regime for the investment.

At every point in time the parties act in self interest, taking into account their actions today

and optimal future actions. The model may be reinterpreted by considering each production

quantity as an investment in an oil field. With this interpretation, the investor should not

evaluate each oil field separately, but as a part of the whole investment programme in the

country. A critical condition underlying the model is that the country does not itself produce

i.e., there is no national oil company which can extract and sell the oil. If the country would

be able to extract oil without any (foreign) investors, the bargaining solution would be

affected: the country would be less willing to give lower taxes in order to make production

happen. However, many countries may not be able to extract oil due to lack of financial

strength and knowledge. A lack of credibility may also make it difficult for the country to

borrow funds to invest in its natural resource sector.
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3 Modelwith an Uncertain Oil Price and Possibility to "Wait"

3.1 TheModel

I assume that the oil field, cost structure, and payment dates are as described in the previous

section. The oil price is now assumed to develop according to a multiplicative binomial

model

{
mSt with probability p

St+I = ASt with probability (l-p) , (14)

for positive constants m and A ,where m > I and O < A < l. The start of the game is

shown in Figure 8. The game starts at time to. The investor decides whether to produce the

first quantity, Pl' wait one period, W, or end the game, E. Ifthe investor chooses to wait, the

cost per period waited is a constant" k ", The parties' immediate utility from the decision to

wait is u(W) = (u I(W),U c(W»

(15)

i.e., the cost of waiting, and

(16)

where c is a nonnegative constant. The parties' immediate utility from production and sales

revenue is as in section two.

If the investor produces qI' the oil price St is then determined in the spot market for crude
l

oil, M. The investor and the country negotiate over the royalty rate for qI' and production of

q2. If the parties disagree, D, the country determines the royalty rate and the investor sells the

oil and pays revenue to the country. She then decides whether to produce the second

quantity, wait one period, or abandon the oil field. When the investor decides to wait with the

production of a quantity, the next time period starts with the market
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determining the oil price and the investor deciding whether to produce, continue to wait, or

abandon the oil field. The number of periods the investor is allowed to wait, T w, may be

restricted. When the last production quantity is produced, the parties negotiate over the

royalty rate only. Irrespective of whether an agreement is reached, the game ends after the

royalty has been paid.

When comparing payoffs at different points in time, I assume that the country applies a

discount factor, ec' where O!>:ec!>:1. This discount factor is used when discounting

expected future utility, where expectations are based on the probability p in equation (14).

I assume that the investor uses a value operator, V['], based on state prices found by applying

the principle of absence of arbitrage when valuing future payoff. If a financial asset exists,

possibly hypothetically, where the ex-dividend price is given by (14), and where the dividend

at time t+ 1 is ()St+1 ' the value at time t of a claim, C,(1lm), paying one USD ifthe price

rises the next period and zero if the price goes down, will be

C
t
(1lm)= l+r-.å-{) 1

m-.å 1+r (17)

where r is the risk free interest rate", The value of a claim paying one USD if the price goes

down, and zero if not, is

1Ct(1I.å)=--Cplm) .
1+r (18)

As in section two, a pure strategy Sj for player j is a complete plan for how to play the game,

i.e., choose an action at every node where the player moves. The notation for strategies and

utility is as in section two. The preferences of the country is completely described by the

quadruple (a,b,c, ec), The preferences of the investor is described by the utility functions

(1), (3), (15), and the value operator V[·].

13 This is a standard result. See, e.g., Cox and Rubinstein (1985) for valuation of options when
binomial price processes are used. For equation (17) it is assumed that (1 +r) C!: (å+6).
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3.2 Solution: Nash Bargaining Solution and Backward Induction

As in the previous section, I solve the game by backward induction and the Nash bargaining

solution is used at the negotiation nodes. The game will in principle be played as for the

model in section two. The only difference is that with an uncertain oil price, the investor may

choose W instead of Pn or E. Another consequence of the uncertainty caused by a random

oil price, is that the calendar dates when the nodes are reached will depend on the path of the

oil price. The time when production occurs will therefore be random.

Consider the case for node x and time t,where the parties negotiate over production of the

royalty rate for sale of quantity qn and production of quantity qn+l. In order for the investor

not to be worse off from entering into an agreement, the following inequality must be

satisfied:

where nodes Ii (oil price increases) and h. (oil price decreases) are the nodes where

negotiations start in the next time period following an agreement this time period 14 and g is

the node where the investor chooses between Pn+1, W, andE in case of disagreement. In

case of disagreement it will be optimal for the country to set 'C~ = 1. By inserting 'C~ = 1 in

(19) and rearranging terms, we find that in order for the investor to prefer an agreement to a

disagreement, the investor' s after tax sales revenue must satisfy:

(20)

As in section two, N I is equal to the LHS of this inequality.

The inequality applying to the country, corresponding to (19), is

(21)

14 Compare with Figure 8. If, e.g., node x is 5, node Ii corresponds to node 17, node h. to node 18,
and node g corresponds to node 13.
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where the LHS is the country's utility in case of an agreement and the RHS is the country's

utility in case of disagreement. We insert for 't~ = 1 in (21), rearrange terms, and find the

inequality to be satisfied by the investor' s after tax revenue:

(22)

The RHS of (22) is N c.

Inorder for an agreement to be feasible, the after tax sales revenue to the investor must satisfy

the condition

(23)

which is equal to (10). For a negotiation solution involving sale of quantity n and production

of quantity qn+l to be feasible, conditions Cl, C2, and C3 must be satisfied as in section 2.2.

The negotiation solution is given by equation (11).

Proposition 5 For the game with an uncertain oil price, if the investor in case of

disagreement produces the next production quantity, then the amount the country is willing to

pay to the investor in order to obtain an agreement involvingfurther production is zero, i.e.,

N c = o. If the investor abandons the oil field in case of disagreement and b > O and/or

Sc > O, then NC>O.

Proof. If the investor produces the next production quantity in case of a disagreement, then

where v and ~ are the nodes 15 where negotiations start at time t+1. N c will be zero, because

the country' s discounted utility at nodes v and Ii and the discounted utility at nodes ~ and fl

15 Compare with Figure 8: node v corresponds to node 19 and node ~ to node 20. See footnote 14.
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are equal.

For the case where the investor abandons the oil field in case of disagreement, the country can

accept that the investor receives an after tax sales revenue equal to

in order to enter into an agreement. We see that Newill always be strictly positive if b > O

abdlor 6e > O, because the lowest possible utility for the country at nodes Ii and fl. is,
respectively, aS?Uln+I>0 and aS/!I..qn+I>0. The utility at these nodes corresponds to full

taxation and abandonment of the oil field.

•

Proposition 6 For the game with an uncertain oil price, ifthe investor decides to wait in

case of disagreement, bqn+Ik> ck w, and 6e =O, then the amount the country is willing to give

the investor in order to obtain an agreement is strictly positive.

Proof. If the investor chooses to wait in case of disagreement, the amount the country is

willing to give to the investor to obtain an agreement is

where w and w is the investor's decision node" at time t+l following the investor's decision

to wait at time t. The RHS ofthis inequality is strictly positive if bqn+Ik>ck W and 6e =0 .

•

16 Compare with Figure 8: node W corresponds to node 21 and node ~ corresponds to node 22. See
footnotes 14 and 15.
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Proposition 7 For the game with an uncertain oil price, ifthe investor chooses to produce

in case of disagreement, then the lowest amount the investor is willing to accept in order to

enter into an agreement, NI, is zero. If the investor abandons the oilfield, then N 1>0. If
the investor chooses to wait, then N I ~O.

Proof. If the investor produces in case of disagreement, then

Because the sub-games starting at nodes Ii and v and the sub games starting at nodes h. and
~ are identical, the investor' s utility of the sub-games at these nodes will be identical, and N I

will be zero.

If the investor abandons the oil field in case of disagreement, the amount received by the

investor making her willing to accept an agreement is

N I will be strictly positive if the expression in brackets is negative. This will be the case

because it is assumed that the investor will abandon the oil field in case of disagreement and

because the sub-games at nodes Ii and v and the sub-games at nodes h. and ~ are identical.

If the investor waits in case of disagreement, then

The first expression in brackets on the RHS corresponds to the utility when the investor

produces, because the utility at nodes Ii and v and nodes h. and ~ is the same. The last

expression corresponds to the investor' s utility of waiting. Waiting is preferred to production
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if the utility of waiting is larger than the utility of producing and nonnegative. This implies

that N I will be nonnegative.

•

3.2.1 Example 3

Table 4 summarizes the assumptions for Example 3. The expected return of an asset,

possible hypothetical, with an ex-dividend price process equal to the oil price process (14)

and with the parameters given in Table 4, is 7.3 per cent per period, included a drift

adjustment, l), of two per cent. The factors m and Il are chosen so that the grid of oil prices

is recombining, meaning that if the oil price goes down on period and up the next, the oil

price will be exactly the same in numerical value.

InTable 5 I report the investor' s utility at time zero for the alternatives when the investor

either produces the first production quantity or waits, for different lengths of allowed waiting

time, TN. The investor' s utility of producing the first quantity when the oil price is thirteen is

lower if waiting is allowed compared to the utility when no waiting is allowed. This is

caused by a change in the negotiation solution involving the royalty rate for the first

production quantity, i.e., negotiation of 't~. If no waiting is allowed, the investor will

abandon the oil field. Ifwaiting is allowed, the investor will choose to wait. This changes

the negotiated royalty rate, and for this example, to a higher royalty rate. Ihave in Figure 10

shown the investor' s utility from producing the first quantity at time zero for yw = O and T" =
1. We see from Table 5 that the investor's utility ofproducing now is not affected by

increasing the length of allowed waiting time from one to two or three periods.

The shaded areas in Table 5 indicate when waiting is preferred to producing at time zero.

q = {1O,lO,lOl
k=6
kW=5
m= 1.2
Il= 1/1.2
p=0.6

a=l
b=0.5
c=O.4
8c=0.9
r=0.05
l) = 0.02

Table 4 Assumptions for Example 3
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The investor' s utility of producing or waiting when TN = 1 is shown in Figure 9.

The country' s expected utility at time zero for different lengths of allowed waiting time is

reported in Table 6 and shown in Figure 11.

TW=o TW=1 TW=2 TW=3

Oil Price Produce Produce Wait Produce Wait Produce Wait
5 -56.87 -56.87 -5.00 -56.87 -5.00 -56.87 -5.00
6 -47.10 -47.10 -5.00 -47.10 -5.00 -47.10 -5.00
7 -35.41 -35.41 -5.00 -35.41 -5.00 -35.41 -5.00
8 -21.70 -21.70 -5.00 -21.70 -2.95 -21.70 -2.95
9 -10.04
10 1.77·
11 12.87
12 22.07
13 31.23
14 -22.83
15 -16.56
16 -10.28 -10.28 -5.00 -10.28 -4.50 -10.28 -4.50
17 -4.00 -4.00 -4.48 -4.00 -3.25 -4.00 -3.25
18 2.27 2.27 -5.00 2.27 -1.50 2.27 -1.50
19 8.55 -25.03 -5.00 -25.03 -5.00 -25.03 -5.00
20 -39.53 -19.89 -5.00 -19.89 -5.00 -19.89 -5.00
21 -34.96 -34.96 -5.00 -34.96 -5.00 -34.96 -4.22
22 -30.40 -30.40 -5.00 -30.40 -3.97 -30.40 -3.17
23 -25.84 -25.84 -5.00 -25.84 -2.25 -25.84 -2.12
24 -21.28 -21.28 -4.69 -21.28 -0.54 -21.28 -0.54
25 -16.72
26 -12.16
27 -7.60
28 -3.04
29 1.53
30 6.09

Table 5 The investor' s utility at time zero for Example 3 when the investor either
produces or waits, for different lengths of allowed waiting time, T w. The
shaded areas indicate the oil prices for which the investor will wait.

234



40.00 -,------------------

>.. 0.00 --+-----.-'-.p.-~..,._-_J\_---~.__---
:!::::a
:;) -20.00 -+----+--------1~-_71''-------

-40.00 -t-----J---------------
/

1 5 9 13 17 21 25 30 34
Sft}

- - - ·Produce· ·Wait"

Figure 9 Investor's utility at time zero, for Example 3, for the
alternatives to produce and to wait when TV=1
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Figure 10 Investor' s utility at time zero from producing the
first quantity when there is no allowed waiting time,
and when the allowed waiting time is one period.
Based on Example 3
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Oil Price TW=O TW=l TW=2 TW=3
5 0.00 0.00 0.00 0.00
6 0.00 0.00 0.00 0.00
7 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00
9 0.00 110.88 110.88 110.88
10
11
12
13
14 0.00 80.32 80.32 80.32
15 0.00 308.53 308.53 308.53
16 0.00 0.00 0.00 0.00
17 0.00 0.00 0.00 0.00
18 412.42 412.42 412.42 412.42
19
20 0.00 0.00 0.00 0.00
21 0.00 0.00 0.00 0.00
22 0.00 0.00 0.00 0.00
23 0.00 0.00 0.00 0.00
24 0.00 0.00 0.00 0.00
25 0.00 0.00 254.74 254.74
26 0.00 409.12 264.28 343.81
27 0.00 423.85 273.82 356.22
28 0.00 438.58 438.58 368.62
29
30

Table 6 The country' s expected utility in Example 3 for different lengths of allowed

waiting time, T w. The shaded area indicates when the situation of no waiting

time results in the highest expected utility
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Figure 11 The country' s expected utility at time zero for
different levels of oil price and allowed waiting
time, TW

Based on the computations of Example 3, I conclude that the effect on the investor' s and the

country' s utility at time zero of increasing the allowed waiting time is inconclusive. The

effect of increasing the length of allowed waiting time must be analyzed given the specific

assumptions about the oil field, the type of government, and the other parameters of the

model.

3.3 Comments

It is straightforward to include a stochastic oil price and the option to wait in the model

presented in sub-section two. We see that the investor' s option to wait does not result in a

unique oil price S*,where waiting is preferred for oil prices lower than S*and producing is

preferred for oil prices higher than S*, as is often the case with a constant royalty rate. This

could not be expected because the non-uniqueness of the break-even spot price when waiting

is not allowed.
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4 ConcludingRemarks
If negotiation of tax rates, here represented by a royalty rate, at different points in time is a

reasonable description of how governments and oil companies interact, this paper shows that

analyses based on fixed and exogenously specified royalty rates may lead to wrong

conclusions regarding when to invest, wait, or abandon the oil field. An observer studying

investor behavior without properly taking into account the endogenous nature of government

regulations will face trouble when trying to understand actual investor behavior and

investment flows. The models presented in this paper, even though they are rather simple,

may be used when evaluating and analyzing investments in countries with high political

uncertainty and lack of credibility.

I see several possible extensions of this approach. The first one is to investigate how taxation

actually is changing over time, and try to explain the changes by using simple models of the

types presented here. The second extension is to explain the use and composition of

investment syndicates in the oil industry. Investment syndicates consisting of many oil

companies may cause a credible threat of abandonment if the negotiations for lower taxation

fails. This may lead to lower negotiated royalty rates, which may increase the value of the oil

field to the investors. The third extension, which is linked to the previous one, is to

investigate the government's preferences for composing investment syndicates. Itmight be

optimal for the country to compose a strong syndicate which can cause a threat of

abandonment. Investments may take place with a "strong" syndicate, but not necessarily with

a "weak" investment syndicate.
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Appendices

Al TheNashBargaining Solution

Given a set of assumptions about the negotiation problem (Y,d), and a set ofaxioms that a

solution to the problem must satisfy, the axiomatic approach predicts a unique solution

(yb,yC*) to the bargaining problem. The assumptions the bargaining problem must satisfy

are:

AI. Y is a convex set.

A2. y is compact.

A3. dEY

We see that Al and A2 are satisfied for the case with linear utility functions.

Let ~ be the set of all (Y,d) which satisfies Al.-A3. A bargaining solution is a function

F: ~ _lR2 where F(Y,d) E Y 'V (S,d) E ~ .

The axioms are:

Axiom 1. Individual rationality.

The outcome of the bargaining problem (y b ,y c*) = F(Y,d) shall be strictly better for both

parties than the no agreement payoff, i.e., d I<yl* and d c<yc*.

Axiom 2. Pareto optimality.

Compared to the chosen solution, no other bargaining solution exists such that both parties

can be made strictly better off.

PO(Y) = {u EYl u '>U_U I fE Y}. F(Y,d) EPO(Y,d)'V(Y,d) E~.

Axiom 3. Invariance.

For all (Y,d) and (Y',d') in 2, ifthere exist a positive affine transformation ,,-:lR2_lR2,such

that y' = "-(Y) and d' = "-(d), then F(y',d') = "-(F(Y,d).
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Axiom 4. Independence of irrelevant alternatives.

If F(Y,d) = u and u E y' c Y, then F(Y',d) = u .

Axiom 5. Symmetry.

If y and d are symmetric, then F I(Y,d) =F c(Y,d) .

Theorem

If a bargaining solution F satisfies axioms 1-4, there exists p E(O, l ) such that

F(Y,d) =N(Y,d) V (Y,d) E.:E where N(Y;d) = argmax {(u I-d 1)13(u c -d c)(1-I~)}. If the
solution also satisfies axiom 5, then p =0.5.

A proof of the theorem can be found, e.g., in Eichberger (1993) p. 255. When symmetry

holds, the solution is known as the Nash bargaining solution.

For the models in section two and three, the parties' utility functions are linear in the division

of the of sales revenue. The parties bargaining problem can therefore be studied in terms of

the amount, NN, measured in units of money, that the parties are bargaining over. The Pareto

optimal allocation of NN is such that X I +X C =NN, where X I and X c are the investor' s

and the country' s part of NN, see Figure A 1. The curve a represents combinations of X I and

X c where their product is a constant K, i.e., X IX C =K. The highest K is obtained for

X I =X c, provided that the current sales revenue, qS; is higher than this allocation. This

combination maximizes the function N(".) in the Theorem. If the current sales revenue is

lower than this allocation, qjS' in Figure AI, the optimal K will be obtained for X I =qlS' and

X c =NN - qIS ', This means that the solution to the bargaining problem can be written as

(1)
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A2 An Equivalent Method for Computing the Solution to the Bargaining

Problem, Example 1

Time Il (ql is ready for sale)

At this point, no further production will occur. The parties will agree and the royalty rate is

equal to one. The parties' utility is U9* =v; = (0,180).

Time 11(ql is ready for sale and production of ql may start)

Because quantity q2 will be taxed at a royalty rate -r2 = 1, the investor will select E if an

agreement is not reached. This gives a utility of zero. If an agreement is not reached, it will

be optimal for the country to tax production quantity ql with a royalty rate -rf = 1.

Verifying if a negotiation solution is feasible

The country' s utility when an agreement is made is
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(2)

and the investor' s utility is

(3)

By combining (2) and (3) we get the set of possible utility allocations involving an agreement,

(4)

The disagreement allocation for the investor is zero.

By inserting dl =u I(si*,s~*ID) =u I(si*,s~*IA) =0 in (4), we find that the implied allocation

to the country on the Pareto frontier is higher than the disagreement allocation for the country,

i.e.,

because (b-a)q2k+6c!l2S>O. The actual numbers are: B = 312 and aQ2S=180. A

negotiation solution involving P2 is therefore feasible.

Finding the bargaining solution

The negotiation problem (Y,d) is given by

(5)
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where, a=l and B =aq.S +(b-a)q2k +6c!l2S and d =(0,180). Consider the negotiation

problem (X,(O,O)),where XI + Xc s l. This is a negotiation problem over the division of one

unit (e.g., one unit of revenue) between the parties, where the disagreement allocation is zero

to both parties. If the set of possible payoffs given by (5) is a positive affine transformation

of the negotiation problem over the unit, i.e., U I(st,s~*IA) =al +blxl and

U c( 20 2°IA) b th he soluti (o o) d (U Io( 20 2*IA) U c*( 2* 2*IA))SI ,se =a2 + ~e' en t e so utions XI'Xe an SI ,se ' SI ,se

l ed W h th U Io( 2* 2°IA) b * d U C*( 2* 20IA) b * bare re at . e ave at SI se =al+ lXI an SI'Se =a2+ ~e' y

axiom 3 in AI. The parameters of the affine transformation are given by (6)-(9):

(6)

(7)

(8)

(9)

For Example 1 we get that al =0,a2 = 180, and bl =b2 = 180. The Nash bargaining solution

stipulates that the parties get half ofwhat they negotiate over (see Theorem in AI). In this

case, the solution is UI*(si*,S~* lA) = 132xO.5 =66 and

UC*(st,s~0IA)=180+132xO.5=246. Byinserting UCO(st,s~*IA) in (2),or

UI*(S i* ,s~OIA) in (3), and solving for the royalty rate, we find that i:~ =0.3. This is exactly

the royalty rate computed in section two for Example 1.

243



A3 List of Main Symbols

Symbols Related to the Project

Q = {ql' ···,qn' ···,qN} Set of N production quantities

k Production cost per barrel of oil

k W Waiting costs

S Oil price, possibly with a sub script indicating time

Royalty rate for revenue generated from sale of quantity n

Symbols Related to the Player's Actions and Negotiations

I Investor

C Country

Production of quantity n

The sale of quantity n, and the subsequent payment of royalty from the

sale of quantity n

Deferring the production decision one period

The parties agree .

The parties disagree

Royalty rate for quantity n declared by the government following an

agreement, identical to the numerical value of the royalty rate

Royalty rate for quantity n declared by the government following a

disagreement, identical to the numerical value of the royalty rate

What the parties are negotiating over, measured in units of money

The lowest amount I is willing to accept in after-tax revenue from an

agreement involving the production of the next quantity

The highest amount C is willing to give I in order to obtain an

agreement solution involving the production of the next quantity

W

A

D

Symbols Related to Utility

b

Constant in C' s utility function, used in connection with tax revenue

Constant in C's utility function, used in connection with production

a
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c

ui(qn)' i =I,C

u'(r.) i =1 Cn ' ,

Si' i =/,C
Vi( x x) ·-1 Cs/ ,se, 1- ,

costs

Constant in C's utility function, used in connection with waiting costs

Instantaneous utility from the production of quantity n

Instantaneous utility from the taxation of revenue generated from the

sale of quantity n

Instantaneous utility from deferring the production one period

involving payment of waiting costs

Discount factor

The utility at node x from the strategy combination (st ,s;), where the

instant utility from future time periods is discounted to the time where

node x appears in the game

Shorthand for the parties' discounted utility to node x when the sub-

game at node x is solved with backwards induction and application of

the Nash bargaining solution

245



References

Eichberger, J., 1993, Game Theory/or Economists, Academic Press, San Diego, California.

Fudenberg, D., Tirole, J., 1991, Game Theory, MIT Press, Cambridge Massachusetts.

Cox, C. J., Rubinstein, M., 1985, Options Markets, Prentice Hall, Englewood Cliffs, New
Jersey.

Nash, J. F., 1953, "Two-person Cooperative Games", Econometrica, 21, pp. 128-140.

Rodrik, D., 1989a, "Credibility of Trade Reform - A Policy Maker's Guide", World
Economy, 12, March, pp. 1-16

Rodrik, D., 1989b, "Promises, Promises: Credible Policy Reform via Signalling", Economic
Journal, 99, September, pp. 756-772.

Rodrik, D., 1991, "Policy Uncertainty and Private Investment inDeveloping Countries",
Journal of Development Economics, 36, pp. 229-249.

246


