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Abstract

Country risk and in particular political risk may constitute a large part of the total risk
Investors face when investing in emerging markets. It isnot a straightforward task to
quantify and include these types of risksin the evaluation and valuation of real
investments. We suggest a method involving country risk indices. The approachis
based on the real option approach for valuation of real investments. (67)
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1 Country risk**

The term country risk is often used in connection with cross border investments and analyzed
from the foreign investor’ s perspective. The country risk for agiven country is therefore the
unique risk faced by foreign investors when investing in that specific country as compared to
the alternative of investing in other countries. Country risk is the unigue part of the
investment’ s risk caused by the location within national borders. Country risk is often meant
to measure the possibility of loss only, or what we might call downsiderisk. What we
understand by the term country risk will to some degree depend on the type of investment. It
is common to use three categories when describing foreign investments: lending, equity
investment, and foreign direct investment (FDI), see Figure 1. Lending covers direct lending
or the purchase of bonds from the state, government, or from private companiesin a country.
Equity may cover investments in companies that may be listed at the country’s stock
exchange or not. Foreign direct investment covers investments in factories and resources,
such as mines or ail fields, and other real assets. Regarding lending, the borrowers may be
categorized into two groups, the government and government guaranteed borrowing, and
borrowing from private companies without public guarantee. When the term country risk is
used in cross-border lending, and when the borrower is a government, the credit risk is known
as sovereign risk, or sovereign credit risk. Credit risk istherisk that the borrower will not
completely fulfill the obligations in the loan agreement such that the credit provider, or

lender, sufferslosses. Calverley (1990) distinguishes between country risk when the bond
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letting me access their time series covering the Morgan Stanly Capital International World
Index, Eurodollar interest rates, and the Brent Blend oil price. | also thank Statoil, Stavanger,
for their data support.
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issuer is agovernment and country risk when lending to private borrowers, termed
generalized country risk, and this term may also be extended to cover equity investment and
FDI. The general use of the term risk covers both the upside potential and downside risk and
may, e.g., be measured by the variance in return. Country risk may therefore be more
properly labeled as country effectsin return on investments. The downside risk, however, is
also related to total risk. Thisis best recognized by the fact that reduced probabilities for

negative events in most cases will increase the value of the investment.

(Insert Figure 1 approx. here)

The reasons why a given investment is influenced by country specific factors are many, and it
is common to analyze country risk by specifying sub-categories of risk. One possible division
of country risk isinto economic risk, commercial risk, and political risk. Economicrisk is
risk related to the macroeconomic development of the country, such as the development in
interest and exchange rates that may influence the profitability of an investment. Commercial
risk isrisk related to the specific investment, such as the risk related to fulfillment of
contracts with private companies and local partners. The third category, political risk, may in
many countries be the most important one. A country isapolitical entity, with country
specific rules and regulations applying to the investment. In addition to the specific
regulations, e.g., laws protecting private property rights, a government’ s willingness and
ability to change these rules and regulations will constitute a source of risk to the investment.
Political risk may also be caused by the behavior of the state or state-owned companiesin the

market place, or by more extreme situations like war and civil unrest'. Jodice (1985) defined




political risk as:

“Changes in 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 ownerhip and behavior of the firm.
Political risk can be conceptualized as events, or a series of events, in the national and
international environments that can affect the physical assets, personnel and operation

of foreign firms’.

Root (1972) lists examples of political risk situations, i.e., examples of events affecting real
investments. Root distinguishes between three types of political risk: transfer risk,

operational risk, and ownership-control risk. Transfer risk isrisk related to the transfer of
products and services across national borders, or the transfer of funds such as payments of
dividends. Operational risk isrisk related to the operation and profitability of an investment
in the host country, such as the operation of an assembly plant. Examples of operational risk
are price controls and possible requirements that the producer should use sub-standard or
expensive local suppliers. Thefina category, ownership-control risk, islinked to events
influencing the owners' ability to control and manage the investment. The investment may be
expropriated, or theinitial owner may be forced to let local partners get an ownership share at

adiscount price.

1 When studying mainly financial assets such as stocks and bonds, the term country risk, and
especialy political risk, isin most cases used to describe the possibility of shocksin financial

markets caused by some unforeseen event. The term event risk may aso be used.
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The term country risk analysis describes the activity of predicting future conditions for the
investment in ahost country. There are at |east three sources of information the predictions
may be based on: written reports, information deduced from financial markets, and summary
measures like risk indices and ratings. We are here primarily interested in how these sources
of information may be used when deriving the value of an investment. Becauseit oftenis
difficult to quantify country risk, all three sources of information used together are likely to
provide the investment analyst with the best estimates. We comment on the first two before
we turn to country risk indices. Written reports usually contain descriptions of possible future
developmentsin acountry. Such reports may be issued by private companies or
governmental organisations like OECD or the World Bank. Figures from national accounts
may be presented in these reports, but in many cases the analysisis primarily qualitative and
in textual form. Written reports are useful in providing background information, but may
often be too general and give little guidance to the numerical evaluation. The second source
of information is analysis of prices of assets traded in financial markets. The procedureisas
follows: A valuation model for the asset is assumed. Based on observation(s) of price(s), one
or several parameter values making the theoretical value equal to the actual value are
extracted. Here we are primarily interested in parameter values reflecting country risk.
Consider an example with default probabilities deduced from prices of bonds influenced by

country risk. A one period discount bond is issued by a government with principal X, . If the
loan isfully repaid, the holder of the bond will receive X, . If the country defaults, the bond
holdersreceive afraction k. The default probability is p, therisk freeinterest rateis », and

we assume that the default risk does not reflect systematic risk. The present value of the bond

isthen




E(X,) =£(1—p)+Xlk

V.[X,]=
ol 1] 1+r 1+7r 1+7r

p- 1)

By observing the value of the bond today, 7,[X,], observing the interest rate » , and making

an assumption about % , we can solve equation (1) with respect to the probability of default,

p . Whether the deduced parameter value is correct depends on whether the observed priceis

correct and whether the model is correct’. The bond may not be traded every day, so that an
estimate for the price must be made. The valuation model on the right hand side of (1)
depends on the unobservable recovery fraction k. Depending on the assumption about % , we

will get different levelsof p. Another question is how the information extracted from one

class of assts may be used to evaluate assets in another class. The probability of default
extracted from (1) may be used when finding the expected future cash flow from similar
bonds. Beyond the cases where default is caused by major events like war or change of
government leading both to default and, e.g., expropriation, it may be difficult to relate the
event of default to the cash flow from areal investment. In addition to the problem of
relevance between the deduced probability from bonds and probabilities of events affecting
other types of investments, comes the problem of whether default probabilities are constant
over time. If not, it isnot possible to deduce the probability of default at a given future date
from the price of abond. If several bonds with different maturities are traded, it may be
possible to deduce some sort of term structure of default probabilities. It may be the case that

the probability of default mainly islinked to a given period, e.g., close to an election date.

2 For adiscussion of issues related to extraction of information from financial markets, see,
e.g., Bodie and Merton (1995).



Country risk indices are, as the name implies, indices measuring the level of country risk. A
high level of an index correspondsto either ahigh or low level of risk, depending on the
specification of the index. What is meant by country risk is determined by the way the index
is constructed. The use of sub-indicesis atypical way of making arisk index. Asan
illustration we present the rating system of the International Country Risk Guide (ICRG) as
presented in Coplin and O’ Leary (1994), see Table 1. The ICRG composite risk index
consists of three sub-indices: indices measuring economic, financial, and political risk. These
sub-indices are again made up of more detailed indices. We may define three generic types of
risk indices and afourth which is a combination of the first three types. The first generic type
of index isanumber referring to the current conditions in the country. The ICRG political
risk index and the economic risk index is mainly arating of the current conditionsin the
country. The second type of risk index refers to the probability that a specific event will occur
during some future time period. An exampleisthe sub-index covering the event of
expropriation in the ICRG financial risk index. Thethird type of risk index is similar to the
previous one, but here the event refersto a situation where the investors experience aworse
condition than the current one. An example is where an index refersto an increase in atax
rate during some future time period, but where the size of the increaseis not specified. The
fourth type of risk index is aweighted average of the three first indices, and is exemplified by
the ICRG composite risk rating. The composite risk rating for the ICRG is therefore a

specific measure of country risk, where the risk is defined by the structure of the index.

(Insert Table 1 approx. here)




The variables or parameters in a valuation model may be related to the level of the index,
either the present or future level, or to the future parh of theindex. Consider the case where
an investment may be expropriated. The probability of expropriation during the lifetime of
the project may be directly related to the present level of arisk index. If the ICRG indices are
used, lower levels of the index would correspond to higher risk of expropriation. Whether the
project has been expropriated at afuture date may be related to the future levels of the index.
Thisisan example of conditioning the probability of expropriation on the future level of the
risk index. It may, e.g., be more likely that the project has been expropriated if the future
index islow, as compared to the situation with a high index level. This approach necessitates
that the future development in the indices must be estimated. This corresponds to an
estimation of the development in the country with regard to country risk. Used in thisway,
the country risk indices becomes variables like any other variables, e.g., like the oil price. It
is then the future value of the variable that determines the future cash flow from the
investment. The occurrence of expropriation may also depend on the future path of the index.
If the risk index has dropped sizably over a short period of time, the analyst may be willing
to assume that the probability that the investment has been expropriated is large as compared
to the situation when such a change does not occur. It may also be relevant to relate the
probability of expropriation to the time the index spendsin different risk categories. The
ICRG, see Coplin and O’ Leary (1994) p. 249 categorized the the ICRG composite risk index
into fiverisk categories. Therisk level for these categories were named (index intervalsin
brackets): very high (0-49.5), high (50-59.5), moderate (60-69.5), low (70-84.5), and very low
(85-100). Consider the example with expropriation. The probability that the project has been

expropriated at afuture date will depend on the levels of expropriation risk the project has
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been exposed to up to that date. Thisisillustrated in Figure 2. Attime ¢ the probability that
the investment will be expropriated during the next increment of time, provided that it has not

been expropriated previoudly, is p,. This probability is subordinated the level of arisk index,
¢, . The expropriation probability equals p, if theindex level isbetween L, and L,, p, if
theindex level isbetween L, and L,, and p, otherwise. If higher index levelsimply lower

risk, it is reasonable to assumethat p, < p, < p,.

(Insert Figure 2 approx. here)

The exact calibration of the valuation model with regard to country risk is of course not a
straightforward task. It must be based on a thorough investigation of the specific investment
and the given risk index or sub-indices. In order to secure consistency, the modeling of
country specific conditions and country risk based on risk indices should be in line with the
estimates based on the other two sources of information, i.e., written reports and analyses of

market data.

If there is arelationship between the future cash payments generated by an investment and the
future level or path of arisk index, it may be appropriate to value the investment by applying
the contingent claims valuation methodology. This valuation methodology facilitates the
valuation of investments where managerial decision making concerning the investment
project isaprominent feature. The options to abandon the investment or to increase the scale
of the investment are potentially valuable when investing in emerging markets. These
decisions are often closely related to the development of country specific conditions, i.e., to

country and political risk. The contingent claims valuation methodology is based on the same
9



principles used when pricing derivatives written on financial securities, asin Black and
Scholes (1973). For an introduction to and description of the real option literature, see, e.g.,
Amran and Kulatilaka (1999), Dixit and Pindyck (1994), or Trigeorgis (1996). Central to the
valuation approach is the modeling of state variables as stochastic processes. A risk index
may be considered to be, without loss of generality, atransformation of some not directly

observable state variable, i.e.,

W, =1(x), 2

wheretherisk index ¢, isafunction f(QJof the unobservable state variable x,. The
stochastic behavior of the risk index is then given by the choice of f([)Jand the stochastic
behavior of x,. If the history isrelevant when predicting the future, this may be considered to

be an empirical problem. In addition, in order to facilitate the contingent claims pricing

approach, f(Jand x, cannot be chosen freely. Some technical restrictions must be imposed®.

In the next section we demonstrate how country risk indices may be directly included in the
evaluation of an investment project when the real option pricing methodology is applied. We
consider an investment in an oil field, and we report the result from empirical investigations
of the plausibility of the model assumptions. We then present a numerical example before

summarizing the main pointsin the final section.

3 See, e.g., Ingersoll (1987) p. 283.
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2 The Model
2.1 Risk index

In order to implement a valuation model, we need to specify equation (2). We assume that

‘//t = LMIN + (LMAX _LMIN)N(xt /UU) ’ (3)

where N(I)J isthe cumulative distribution function for the unit normally distributed variable,
o, isanonnegative constant, Z,,, istheminimum level of theindex, and L,,,, isthe

maximum level of theindex. The choice of (3) is motivated by studying the situation the
country experts are facing when they rate a country. Suppose that the country is either of type

L, orL,,. . Thiscorresponds to abinary choice problem as, e.g., described by Green
(1993) p. 642. We consider an indicator variable, z,, equaling oneif the government at time
t isof type L,,,, and zeroif not. Weinterpret x,, areal number, asthe “stock of relevant
information” the country expert possesses about the country’stype. If x, isnegative, the
country isof type L,,, , and otherwiseit is of type L, ,, . The country expert’s stock of
information is, however, influenced by noise v, . We assume that the noise is normally
distributed with expectation zero and variance o,. Attime ¢ the country expert’s estimate of

the probability that the country is of type L,,,, isthen

P(z, =) =P(x,+v, 20)=P(v, 2—x,) = N(x,/0,),

where we have used the symmetry of the normal distribution. With thisinterpretation the risk

index in equation (3) is ascaling of the country expert’ s estimate of the probability that the
11



country isof type L,,,, . For agiven variance of the noise, o, , the country expert’s future
opinion of the country’s type will depend on the arrival of new information. We assume that
the state variable x, , reflecting the “stock of relevant country specific information”, will be

updated continuously with increment given by

dxr = /’det + O.det(X) ! (4)

where dB™ isthe increment of a standard Brownian motion and where ¢, and o, are

constants.

Two testable implications of equation (4) are that the increments of x, are independent and
normally distributed. Based on available ICRG indices and Institutional Investor’s country
credit rating (IICCR), we used equation (3) to derive time series for the unobservable state
variable x, for forty four oil producing countries. The forty four countries were those listed
in the BP (British Petroleum) Statistical Review 1997, see Table 2. The sample period is
covering nine years starting in 1988 and ending in 1996. One of the main events in the oil
market during this period was the Gulf War. Irag invaded Kuwait on August 2 1990 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

Chinawith the establishment of free economic zones.

The average of the countries' ICRG composite risk indicesin March 1996 was 68.7. The

countries with highest compositerisk, i.e., lowest CR, were Irag, Angola, Algeria, Cameroon,
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and Congo. The countries with the lowest risk according to ICRG CR were Brunei,
Denmark, Norway, and USA. Asfor the ICRG indices, high/low IICCR-values corresponds
to situations with low/high risk. The highest possible level of IICCR is 100 and the lowest
possible level is zero. The average of the IICCR at the beginning of the sample period was
41.3. The lowest rated countries were Iragq, Angola, Congo, and Uzbekistan. The highest

rated countries were USA, United Kingdom, Norway, and Denmark.

The results of the tests of the increments of the deduced variables are summarized in Table 3.
For the ICRG indices the tests were based on monthly, quarterly, and half yearly

observations. For the IICCR, only half yearly observations were available.

For the ICRG indices with monthly observations, the case against a rejection for amost a//
countriesis very strong. For the ICRG CR, all the countries are regjected. The reason why
thisrejection is strong may, of course, be because the assumptions are wrong, i.e., equation
(3) and/or (4). Another possibility isthat the datais censored. Therisk indices are only

quoted with one or two decimals. A small change in the underlying variable x, would then
not lead to achange in therisk index ¢, . By increasing the length between observations, we
would expect that x, would change more and thereby lead to changesin ¢, . Thiswould,

hopefully, make the problem with censored data less severe. On the other hand, by increasing
the length between observations the number of observations become fewer and thereby
making it harder to reject any hypothesis due to the smaller sample size. We see from Table
3 that by increasing the time span between observations from monthly to quarterly, the
process assumptions for the ICRG economic risk and composite risk indices cannot be

rejected for 8 of the 41 countries for which thereisdata. By increasing the length from
13



quarterly to half yearly observations, the process assumptions cannot be rejected for most of

the countries, expect for the ICRG FR, and for the ICCCR.

Based on the results of the tests reported in Table 3 we may conclude that, for some countries,
the risk indices may be modeled according to equations (3) and (4). For other countries we
may also conclude that this model is questionable, based on empirical datafor the sample

period.

(Insert Table 2 approx. here)

(Insert Table 3 approx. here)

2.2 Spot price of oil

In the il industry country risk and oil price risk are probably the two most important risk

factors. We use a standard assumption in the contingent claims and model the spot price of

oil as ageometric Brownian motion with constant parameters, i.e., the increment of the ail

price may be written as

ds

~= pgdt + 0 ydB®, ®)

where dB'® isthe increment of a standard Brownian motion and where y, and o, are
constants. The Brownian motions governing the oil price and the risk index may be

correlated, i.e., dB®dB™ = pdt .
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Having investigated properties of the variables deduced from a set of risk indicesin the
previous section, we also wanted to investigate the properties of the oil price during the same
sample period. For the spot price of oil we used the Brent Blend crude oil prices. The
statistics for the sample period are reported in Table 4. For the whole period, the coefficient
of correlation, either lagged one or two periods, is significantly different from zero at five 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 Gulf War.

We also estimated the coefficients of correlation between the various risk indices and the ail
price. These estimates are summarized in Table 5A. 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
is negative, an increase in the oil priceislikely 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 turmoail, i.e., increased risk (positive
correlation). A large drop in the oil revenue combined with alack of willingnessto cut back
on public spending may reduce the country’s credit rating. On the other hand, if the country
isamajor oil producer then a political uncertain situation in the country may lead the

participants in the oil market to believe that there is a chance for areduction in the supply of
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oil. Thiscan cause oil pricestorise. In thisinstance the risk indices and the oil prices are
negatively correlated. A negative coefficient of correlation may also be expected if the
country isalarge net importer of oil. Anincreasein 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 concerns. The credit rating for the country

may also drop.

For the sampl e period, there were more countries with negative estimated correlation
coefficients than nonnegative, see Table 5A. The estimated coefficients were, however,
rarely significantly different from zero. For Kuwait the correlation coefficient was
significantly different from zero for all indices. The estimates were the following
(coefficient): ICRG political risk index (-0.54), ICRG financial risk index (-0.68), ICRG

composite risk index (-0.68), and IICCR (0.49).

(Insert Table 4 approx. here)
2.3 Valuation
If we want to find the value of claims on future levels of the oil price and /or risk indices, we
may use the standard val uation methodology from the real options. This valuation approach
is based on the same principles as those used when pricing derivatives on financial securities,
asin Black and Scholes (1973). The risk premium for afinancial asset solely influenced by

risk of typei is 77 . The required expected return from holding afinancial asset with an

amount of risk equal to g, is i , i.e,

ﬂ: :n—(/)a-/+r , l':x’S’ (6)
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where r is the instantaneous risk free interest rate, assumed to be a constant. We define the
drift adjustment or convenienceyield, J,, as the difference between the required drift and the
actua drift,i.e, 0, = u, — u. . Itisnecessary to find the convenience yield in order to apply

the risk neutral valuation principle. Consider the value at time zero of a claim equal to the

index level at timer. Thevaue of thisclaimisgiven by

VO[t//t] =e"E [LMIN + (L/\/IAX _LM[N)N(xt /Ju )| )

where the notation £~ means that the when computing the expectation we use the “risk

neutral process’

dx, =(r—90)dt+0 .dB™. (8)

When determining the required drift . for the variable governing the risk index, we may

determine the risk premium by applying the CAPM, asin Dixit and Pindyck (1994) page 115.

For the sample period 1988-1996 we estimated the betas for the variables deduced from a set
of risk indices. Astherisk free interest rate we used the six month Eurodollar rate. We used
the Morgan Stanley Capital International World Index (M SCIWI), measured in US dollars, to
represent the market portfolio. MSCIWI is avalue weighted index reflecting reinvestment of
dividends. The return on the market portfolio and the Eurodollar interest rate were all end of

the month observations measured in nominal units. A summary of the beta estimates for the
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country indices are shown in Table 5B. A positive beta means that high excess return on the
market portfolio is expected to occur at the same time as a reduction in the country’ s risk
level, as measured by the appropriate index. For most countries we expect a beta close to
zero. Theimportant 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
that the estimated betas should be different from zero, unless perhaps for big countries like
USA. For large countries influencing the world economy we would expect that decreasing
levels of risk occur at the same time as we observe high levels of market return, i.e., a
positive beta. Most of the estimated betas were close to zero. We see from Table 5B that
almost none of the estimated betas were significantly different from zero. Thisindicates that

we may consider country risk, as measured by the indices, to be unsystematic risk.

(Insert Table 5 approx. here)

3 Example
We provide a stylized example of how risk indices may be included in the evaluation of an
investment in an oil field under expropriation risk. The cash payment from the investment

opportunity, provided it has not been abandoned at time ¢, is

C(S,)=(S, —k)q, - K,, (9)

where S, isthe spot price of oil, %, isthe variable costs per barrel produced, ¢, isthe
quantity of oil ready for sale measured in barrels, and the payable fixed costs at time ¢ is K, .

The oil price dynamicsis described by equation (5). If the decision to invest in phase oneis
18



made at time ¢, the investor will pay an amount /, .

The oil field may be expropriated by the government in the country where the ail field is
located with no compensation to the original owners. The expropriation is an irreversible
decision by the government. We facilitate the presentation by introducing an integer valued

stochastic process y, with jump intensity A, . This Poisson process starts at zero, and we

assume that the oil field is expropriated the first time ajump occurs in this process. If the
government has not expropriated the oil field at time 7, the intensity of the Poisson process

during the next increment of time, dr , is A(¢,) . Thisintensity will depend on the level of

risk in the country, as measured by a country risk index, in the following way:

M, =000 if8<y,<L,,, =100
%\2:0.01 if 70y, <85
AW,) =, =0.02 if 60<y, <70 , (10)
A, =003 if 50<y, <60
A\, =004 if L,,, =0<y, <50

where we have used the same five risk categories for the index, just as an example, as the
ICRG composite risk index, see Coplin and O’ Leary (1994) p. 249. According to these
categories, if the ICRG composite risk index is lower than fifty, the risk is categorized as
“very high risk” and when the index is 85 or higher the category is “very low risk”. The level
and the dynamics of the risk index is assumed to be governed by a not directly observable

state variable with numerical value equal tox, at time ¢, as described by equations (3) and

(4). The corresponding levels of this state variable are reported in Table 6. We also report

the probability for expropriation during the next quarter and during the next year. These
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figures are based on the simplifying assumption that the probability that the project will be

expropriated at time ¢ + Ar, assuming that it has not been expropriated at time ¢, is given by

P yeny =14,y =0) =1-exp(=A(y,)A), (11)

wherethetime step is Ar and where the indicator variable 1.1, €quals oneonly if the

project is expropriated at time ¢ + Az .

Because an option to abandon the investment may be valuable, especially in the presence of
expropriation risk, we include this option in the evaluation. The value of the investment
opportunity, given that the investment is made, with an option to abandon the investment will

satisfy the equation

F(Sr !wr ’ yr) = M(DC[O,C(S,) + Vz[F(SHdr 1wz+dz ’ yz+dz )]] |]:I'_:I'{y(t)>0}) (12)

where F(S,,¢,,y,) isthevalue of the oil field at time . We have assumed that the salvage

value in case of abandonment is equal to zero. When deriving the value

VIF(S, 0 W, i1 Viea)] 1N (12), we use the “risk neutral” processes for the oil price and the

state variable governing the risk index, asimplied by (8).

We calibrated the model and solved it numerically by using discrete time steps and a two-
dimensional binomial tree. For an explanation of this procedure see, e.g., Clewlow and

Strickland (1998). We used atime step of 0.25, i.e., three months. We selected a production
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quantity of one barrel per time step (four barrels per year) for ten years. The fixed and
variable costs were set to, respectively, USD 2.5 per quarter and USD 8 per barrel. The
volatility of the spot oil price was set to 0.2 and the convenience yield to 0.05. The risk
premium for the volatility of the process governing the risk index was set equal to zero, and
the correlation coefficient between this process and the oil price was also zero. Therisk free
interest rate was assumed to be six per cent per year, and the investment amount was USD
100. Based on these assumptions we computed the value of the investment if it were done

today. We aso computed the value of delaying the investment decision one year. The break

even spot price of ail if the investment is made today, time ¢, or never is S . The spot price
of oil that makes investing today preferred to waiting is S/"”. We define the relative hurdle
for the spot price of oil attime ¢, H,, to be the relative relationship between these break even

prices, i.e, H, =S" /S" . Thenumber H, isameasure of the incentive to wait compared

to the alternative of investing now.

The relative investment threshold for different combinations of expected development and

volatility of the variable governing therisk index, i.e., 4. and o_, areshownin Table 7.

The incentive to wait is higher for lower levels of theindex, i.e., when therisk ishigh. The
lowest level of H, is1.35 and the highest is 1.52. Theintuition behind this result is that if
therisk level is high (low index level), then it is more likely that the project will be
expropriated. The value of waiting is therefore relatively lower, making the investment
threshold smaller. The same reasoning may be used when explaining that the investment
threshold tends to be reduced when the expected change in the risk index, here represented by

U, isreduced. The effect of increased volatility depends on theindex level. At low index
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levels, an increase in the volatility, represented by o, makesit more likely that therisk is

reduced in the future (higher index levels). The investment threshold may therefore be

increased. The opposite effect will apply with an initial high index level.

(Insert Table 6 approx. here)

(Insert Table 7 approx. here)
4 Summary
Country risk and in particular political risk may constitute a large part of the total risk
investors face when investing in emerging markets. We examine how country risk may be
defined and at the sources of information country risk analysis may be based on. We suggest
avaluation model based on the contingent claims valuation methodol ogy, where country risk
indices are used as state variables. We report summaries of tests made to examine whether
the assumptions underlying this model are reasonable. These tests are based on a selection of
country risk indices for oil producing countries. We demonstrate how such a model may be
implemented when evaluating an investment in an oil field under expropriation risk. Finally,
we provide a numerical example demonstrating how the incentive to wait may depend on the

present level of acountry risk index and the dynamic behavior of thisindex.

22



References

Amran, M., Kulatilaka, N., 1999, Real Options, Managing Strategic Investment in an
Uncertain World, Harvard Business School Press.

Black, F., Scholes, M., 1973, " The Pricing of Options and Corporate Liabilities’, Journal of
Political Economy, pp. 637-654.

Bodie, Z., Merton, R.C., 1995, “The information role of asset prices:. The case of implied
volatility”, chapter six in The global financial system: A functional perspective, 1995,
Harvard Business School Press, Boston, M assachusetts

Bohn, H., Deacon, R.T., 2000, “Ownership risk, investment, and the use of natural
resources’, American Economic Review, Vol 30, pp. 526-549.

Calverley, J.,1990, Country Risk Analysis, Butterworths.

Clewlow, L, Strickland, C., 1998, Implementing Derivatives Models, John Wiley & Sons,
West Sussex, England

Coplin, W. D., O'Leary, M. K., 1994, The Handbook of Country and Political Risk Analysis,
Political Risk Services, ISBN 1 85271 302 X.

Dixit, A. K. and R. S. Pindyck, 1994, Investment under Uncertainty, Princeton, New Jersey,
Princeton University Press.

Greene, W.H., 1993, Econometrics, Prentice Hall, Englewood Cliffs, New Jersey.

Hashmi, M. A., 1995, “Protection in a Changing and Volatile World. A Study of Political
Risk Insurance Providers’, Managerial Finance, NO 4, pp. 52-64.

Hull, J. C., 1997, Options, Futures, and Other Derivatives, third edition, Prentice Hall.

Ingersoll, J.E., 1987, Theory of financial decision making, Rowman & Littlefield Publishers,
Inc.

Jodice, D. A., 1985, Political Risk Assessment: An Annoted Bibliography, Greenwood Press,
Westport, CT.

Knight, F. H., 1921, Risk, Uncertainty and Profit, New Y ork, Houghton, Mifflin.

Lessard, D. R.,1996, " Incorporating Country Risk in the Valuation of Offshore Projects’,
Journal of Applied Corporate Finance, N0 5, pp. 52-63.

Nordal, K. B., 1998, Political Uncertainty: Valuation and Decision Making with a Focus on

Oil Investments, dissertation submitted for the degree of dr.oecon., Norwegian School of
Economics and Business Administration.

23



Root, F. R.,1972, " Analyzing Political Risksin International Business’, in The Multinational
Enterprise in Transition, ed. Kapoor and Grub, Princeton, Darwin Press, pp. 354-365.

Trigeorgis, L., 1996, Real Options. Managerial Flexibility and Strategy in Resource
Allocation, MIT Press, Cambridge.

Vonnegut, A., 2000, “Real option theories and investment in emerging economies”,
Emerging Markets Review, pp. 82-100.

West, G. T., 1999, “Political Risk Investment Insurance: A Renaissance”, Journal of Project
Finance, Summer, pp. 27-36.

24



25

Risk =
dispersion Country effectsin return on investment
-é Private
ks borrowers,
c .
S gene:al ! Z.esi Generalized Generalized
= . country i country risk, country risk,
8 Risk= [T equity FDI
loss Lending to investments
governments,
sovereign
(credit) risk
Lending Equity FDI
Type of investment:
Figure 1 Use of the term country risk




Political Risk (PR) Financial Risk (FR) Economic Risk (ER)
Max Points Max Points Max Points

Economic expectation vs. reality 12 Loan default or unfavorable Inflation 10
Economic planning failures 12 loan restructuring 10 Debt service as a percent of export
Political leadership 12 Delayed payment of suppliers of goods and services 10
External conflict 10 credit 10 International liquidity ratios 5
Corruption in government 6 Repudiation of contracts by Foreign trade collection experience 5
Military in politics 6 governments 10 Current account balance as a
Organized religion in Politics 6 L osses from exchange percentage of goods and services 15
Law and order tradition 6 controls 10 Parallel foreign exchange rate 5
Racial and nationality tensions FR5 Expropriation of
Political terrorism 6 private investments 10
Civil war 6
Political party development 6
Quality of bureaucracy 6

Maximum Possible Rating 100 50 50

Composite Risk Rating (CRR)=(PR+FR+ER)/2.

General Principle: The higher the rating, the lower the risk.

Tablel

The ICRG rating system. Source: The handbook of country and political risk, Political Risk Services, USA, 1994



Risk index, Probability of
W, expropriation, P,
Ll
by
L, A
J )
L3
P3
L, —»>
Iy 1 1, Time
Figure 2 Example of arelationship between the probability of an immediate

expropriation of an investment and the level of arisk index
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Algeria Canada India Mexico Romania United Arab

Angola China Indonesia Nigeria Russian Emirates
Argentina Colombia Iran Norway Federation United Kingdom
Austraia Congo Irag Oman Saudi Arabia  USA
Azerbaijan™""  Denmark Kazakhstan©  PapuaNew  Syria Uzbekistan'
Brazil Egypt Kuwait Guinea Trinidad & Venezuea
Brunei Equador Libya Peru Tobago Vietnam
Cameroon Gabon Malaysia Quatar Tunisia Yemen'

" For this country the ICRG indices were not available.
" For this country the I|CCR was not available.

Table 2 Qil producing countries listed in BP Statistical Review, 1997.
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Risk index
The ICRG index for Institutional
Time between | Number of countries investor's
observations Political Financial Economic Composite country
risk risk risk risk credit rating
Monthly®” | Total in sample 41 40 41 41 N.A.
Nos. rejected 41 40 41 41 N.A.
- normality"” 30 32 28 33 N.A.
- indep. increments® 0 0 0 0 N.A.
- both normality & 11 8 13 8 N.A.
indep. Increments
Quarterly®® | Total in sample 41 40 41 41 N.A.
Nos. rejected 34 37 33 33 N.A.
- normality"” 26 25 23 29 N.A.
- indep. increments™ 2 0 7 3 N.A.
- both normality & 6 12 3 1 N.A.
indep. Increments
Bi-annual ¥ | Total in sample 41 40 41 41 41
Nos. rejected 16 29 16 18 27
- normality"” 16 23 12 14 10
- indep. increments™ 0 3 2 3 15
- both normality & 0 3 2 1 2
indep. Increments

From atime series of observations of risk indices (¢, ¢,...,{A), acorresponding time series of avariable (x;,

X2yt

., xn) is deduced by using the equation ¢ = Lyn + (Lwax- Lmin) N(xt /0y ), where N(.) is the cumulative

distribution function for the unit normally distributed variable and g, was set equal to one. The reported tests
are based on the increments of x, i.e., xi1-x:.

D

@)
(©)

4)

)

Table3

Number of observations: 152 for all countries, except for the following: 148 (Papua New Guinea), 146
(Oman), 145 (Quatar), 141 (China), 137 (Congo), 131 (Angola, Brunei, Vietnam), 53 (Russian Federation),
and 45 (Yemen).

Number of observations: 50 for all countries, except for the following: 49 (Papua New Guinead), 48 (Quatar,
Oman), 47 (China), 45 (Congo), 43 (Angola, Brunei, Vietnam), 17 (Russian Federation), and 15 (Y emen).
Number of observations for ICRG indices: 25 for all countries, except for the following: 24 (Quatar, Oman,
Papua New Guinea), 23 (China), 22 (Congo), 21 (Angola, Brunei, Vietnam), 8 (Russian Federation), and 7
(Y emen). Number of observations for [ICCR: 25 for all countries, except for the following: 8 (Russian
Federation, Kazakhstan, Uzbekistan), and 9 (Vietnam).

The test of normality is based on the p-value of the Bera-Jarque test of normality and the studentized range.
The assumption about normality for a country is reported as rejected if we, based on any of these tests, may
reject the normality hypothesis at the five per cent significance level. The Bera-Jarque test is based on the
statistic J=n[(coeff. of skewness)?/6+(excess kurtosis)?/24]. In case of normality, J is chi squared distributed
with two degrees of freedom.

The test of independence between increments is based on computing the correlation between lagged
increments. We lagged the increments one and two periods. If the hypothesis of no correlation can be
rejected at the five per cent significance level, the respective country is reported in the table.

Summary of the numbers of countries rejected when testing for independence

and normality of increments of variable deduced for a selection of risk indices.
Datafor time period 1984-1996.
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Coeff of Excess

B-J%,

Studentized

Period Observations N Mean t-value Variance skewness kurtosis p-value range p, p,
Wholeperiod  Bi-annual 17 0.0239 0.29 0.1170 0.252 2340 013 465 h™ -0546 °  0.090
Quarterly 35 0.0079 0.21 0.0520 1.848 7331 000 7 583 I -0190 -0.417
Monthly 105 0.0026 0.28 0.0095 0.645 3988 000 © 737 h" 0237 ©  -0017
-excl.Gulf War  Bi-annual 15 0.0225 0.42 0.0427 0.967 1.635 0.3 4.02 -0.485 0.029
Quarterly 32 0.0032 0.13 0.0194 0339  -0591 0.58 3.95 -0.091 -0.401
Monthly 98 0.0029 0.39 0.0054  -0102 -0224 0.83 5.01 0.018 -0.115
PreGulf War  Monthly 31 0.0022 0.14 0.0083 0089  -0.442 0.86 4.06 0.090 -0.212
Post Gulf War  Monhtly 67  0.0032 0.41 0.0042  -0314  -0.449 044 4.15 -0.043 -0.041

Whole period: 1988-1996. Gulf War

: August 1990-February 1991. ¥ “and ™" indicates whether the estimate is

signifcantly different from zero, using atwo sided test and a significance level of five and one per cent, respectively.
@ The p-value of the Bera-Jarque test of normality, based on the statistic J=n[(coeff. of skewness)?/6+(excess
kurtosis)®/24]. In case of normality, J is chi squared distributed with two degrees of freedom. The reported p-value isthe
probability of observing a.J statistic equal to or lower than the samle statistic /. © 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
0.02, respectively. Similarly, |” and I~ indicates that the probability of the observed studentized range being this low is
less than 0.05 and 0.01.  Coefficent of correlation between observations, where one observation is lagged one or two

periods.

Table4 Statistics for sample of the logarithm of relative Brent Blend oil prices
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Estimated | Categoriesfor Risk index
parameter estimated
parameters The ICRG index for Institutional
investor's
Political risk  Financial Composite country
risk risk credit rating
Total number of countries 41 40 41 41
Table 54
Coefficientof 05<p<1 0 0 0 1
correlation®  0<p<05 16 18 16 16
-05<p<0 22 20 [1] 21 23[2]
-1< p<-05 3[3] 2[2] 413 1[1]
Table 5B
Betd® 1< 3 1 2 0
0<pB<1 19[1] 14 [2] 17 [2] 24 (2]
-1< <0 19 25[1] 22 [1] 17
B<-1 0 0 0 0

The estimates were based on half yearly observations. Number of observations for ICRG indices: 25
for al countries, except for the following: 24 (Quatar, Oman, Papua New Guined), 23 (China), 22
(Congo), 21 (Angola, Brunei, Vietnam), 8 (Russian Federation), and 7 (Y emen). Number of
observations for ICCR: 25 for all countries, except for the following: 8 (Russian Federation,
Kazakhstan, Uzbekistan), and 9 (Vietnam).

(1) From atime series of observations of risk indices (¢4, i,...,UYn), acorresponding time series of a
variable (xy xa,..., xn) isdeduced by using the equation ¢ = Lyin + (Lmax- Lmin) N(x /0y ), where
N(.) isthe cumulative distribution function for the unit normally distributed variable and g is
equal to one. The coefficient of correlation between the increments of x, i.e., x..1-x;, and the log of
relative Brent Blend oil pricesisthen estimated. The number in brackets, [.], correspondsto the
number of countries for where the estimated parameter was significantly different from zero at the
five per cent significance level

(2) The estimation of betawas based on the equation [(xw1- x)-71] = a + A Rery) + €, whereristhe
six month Eurodollar interest rate, Ry, isthe six month return on the Morgan Stanley Capital
Internal World Index, and ¢ isthe error term. The number in brackets, [.], corresponds to the
number of countries for where the estimated parameter was significantly different from zero at the
five per cent significance level

Table5 Summary of the numbers of estimated correlation coefficients and betas.
Datafor time period 1988-1996.
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* kK

Risk category | Unobservable A, P(apg =3 | Annualized
variable” '
85<y, <100 1.036<x, <o 0.00 0.000 0.000
70<y, <85 0.524 < x, <1.036 0.01 0.002 0.010
60<y, <70 0.253<x, <0.524 0.02 0.005 0.020
50<y, <60 0.000< x, <0.253 0.03 0.007 0.030
O<y, <50 —o0 < x, <0.000 0.04 0.010 0.040

" Corresponds to the categories given for the ICRG composite risk index, see Coplin and O’ Leary

(1994) p. 249.

" Derived by using the equation ¢4 = Lyin + (Lmax- Lmin) N(xt /0y ), where N(x /a; ) is

the cumulative distribution function for the unit normally distributed variable and o is equal to one. ™

Rounded to three decimals. 4r=0.25 ~

1~ (1= Pl snysq =)™, rounded to three decimals.

" Approximated by the formula

Table 6 Risk indices and probability of expropriation
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Level of index Expected Volatility, oy
today change, i, 006 | 01 | 015 | 02
90 -0.05 1.47 1.47 1.47 1.46
0.00 1.52 1.50 1.50 1.49
0.05 1.52 1.52 151 151
70 -0.05 1.38 1.39 1.39 1.39
0.00 1.44 1.43 1.43 1.42
0.05 1.47 1.47 1.47 1.46
50 -0.05 1.35 1.35 1.36 1.37
0.00 1.37 1.38 1.38 1.39
0.05 1.41 141 1.42 1.42
Table7 Investment threshold for the numerical example for different combinations of

present index level, expected devel opment, and volatility
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