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his paper explores the differences in observed risk propensity among petroleum firms and

their impact on firm performance. In this work, we (1) develop a decision theoretic model
which measures a firm’s risk propensity in the form of an “implied” utility function; (2) inves-
tigate changes in corporate risk propensity with respect to changes in firm size; and (3} examine
the relationships between firms’ risk propensities and alternative dimensions of economic per-
formance, including ex post risk and return measures. We also develop a new risk propensity
measure, the Risk Tolerance Ratio {(RTR), which controls for firm size and allows firms to be
differentiated in terms of relative risk propensity. The motivation for this work is managerial
concerns regarding appropriate risk-taking behavior and the effect of risky choice on firm per-
formance. This methodology has importance business strategy implications in that we are able
to make strong inferences about causal relationships between ex ante risk-taking and perfor-
mance. Qur findings are compelling in that corporate risk propensity seems to matter, and that
decisions about corporate risk policy have a significant impact on the petroleum firm’s economic
performance.
(Risk Management; Decision Analysis; Exponential Utility; Business Strategy; Firm Performance; Cer-

tainty Equivalents; Risk Tolerance)

1. Introduction

In the decision making context, risk is an ex ante con-
cept; however, it generally is measured in empirical
work on organizational performance after the event {ex
post), through such measures as variance of returns.
This is true in the field of financial economics as well as
strategic management. Previous studies of risk-return
relations have defined risk as the variation in the firm’s
income stream (Bowman 1980, Figenbaum and Thomas
1985, Montgomery and Singh 1984), the uncertainty of
the outcomes of an organization’s resource commit-
ments (Singh 1986), and by the observed ex post vari-
ance of a firm’s return on investment or equity. Analysis
of ex post risk-return relationships generally provides
little information about the relationship between the
firm’s strategic actions and outcomes within a given
risky decision environment. Ex ante-ex post compari-
sons for the evaluation of managerial performance are
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difficult because access is not available to publicly an-
nounced risk policies of firms during the study periods
(Brockett et al. 1990). Other researchers have recognized
this methodological shortcoming. Woo (1987) and
Singh (1986) noted that their models posed untested as-
sumptions concerning the direction of causal relations
between risk and return. Bowman (1984) and Brockett
et al. (1990) attempted to compensate by looking at mea-
sures of risk in one time period and performance in an-
other. Bromiley (1991} measured the risk of a compa-
ny's income stream for a given year by the variance in
security analysts’ forecasts of that income. Using a com-
bination of archival data and questionnaire information,
Singh (1986) attempted to match findings on manage-
rial attitudes (ex ante) with actual performance (ex
post).

Faced with similar investment opportunities in the
same product-market environment, differences in risk
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propensity among firms may yield differences in eco-
nomic performance. The present study is focused on
firms in the petroleum exploration industry, and (1) de-
velops a decision theoretic model which measures each
firm's risk propensity in the form of an “implied’” utility
function; (2) investigates changes in corporate risk pro-
pensity with respect to changes in firm size; and (3) ex-
amines the relationships between a firm’s risk propen-
sity and dimensions of economic performance, includ-
ing both ex post risk and return measures.

Archival data are examined which represent actual
resotrce commitmnents by petroleum exploration firms
under conditions of risk and uncertainty. Utilizing the
exponential utility function (u(x) = —e"*) and these
risky resource commitments, we characterize the risk
propensity of the firm by a single number, the risk tol-
erance measure. Risk tolerance is defined as the inverse
of the risk aversion coefficient, ¢, in the exponential util-
ity function. Notice that we are using archival data re-
garding past decisions to estimate a firm’s risk propen-
sity, which would seem to imply that we are also mea-
suring a risk attitude ex post. However, we adopt a
different point of view and use these data to reconstruct
the risky alternatives that firms considered at the time
investment decisions were made. By comparing these
known decisions with our reconstructed risky alterna-
tives, the implied value of the firm's risk tolerance can
be determined.

This approach is similar in spirit to the traditional
method for assessing an individual subject’s risk pro-
pensity ex ante by posing hypothetical lottery questions
and asking for the certainty equivalent. Previous re-
search, however, has tended to use settings that are un-
realistic and far removed from the actual risks firms
face, and those studies have usually been conducted
with students as subjects. In the few studies that have
been done with practicing managers, the risk measures
have been somewhat better, but are still open to doubt
in the context of firm-level risk taking behavior. A
strength of our approach is that it is based on actual
decisions rather than hypothetical lotteries, but a weak-
ness is that the risky alternatives we have reconstructed
are only the approximations of the ex ante risks actually
perceived by the decision makers.

This study provides a link between descriptive and pre-
scriptive decision analysis by utilizing empirical findings
about risk selection behavior to prescribe techniques for
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aiding decision making. We attempt to extend the no-
tion of what Howard (1988) refers to as a “generic” risk
attitude for firms in a particular industry. We also de-
velop a new measure, called the Risk Tolerance Ratio
(RTR), which allows firms to be differentiated in terms
of relative risk propensity, Our intent is to ufilize the
RTR measure to investigate the impact of organizational
risk taking on performance. Our findings are compel-
ling in that corporate risk propensity seems to matter,
and that decisions about risk policy may have a signif-
icant impact on the firm’s ability to compete in its in-
dustry. This is the focus of our study, and these results
make it distinctive from the other studies of risk cited
above.

2. Conceptual Development and
Propositions

Motivation

This study was motivated by a series of interviews with
middle and senior level managers from 26 independent
and integrated petroleum exploration firms over a
three-year period. A common thread of concern ex-
pressed by these managers, in the face of risk and un-
certainty, is the question of choosing the appropriate
risk-taking behavior for the firm and the effects of this
choice on firm performance.

The petroleum exploration industry is fraught with
risk and uncertainty; it provides an ideal setting for the
investigation of firm-level risk taking behavior and its
effects on firm performance. The wildcat drilling deci-
sion has long been a prototypical example for the ap-
plication of decision analysis in classical textbooks (e.g.,
see Newendorp 1975 and Raiffa 1968). In practice, even
when petroleum exploration projects can be evaluated
using this approach, management often needs to com-
pare the risk and relative attractiveness of one project
characterized by a high probability of success and a rel-
atively low net present value payoff with another proj-
ect characterized by a very low probability of success
and a significantly higher net present value. Although
expected value calculations can be a useful means for
ranking these projects, it has been our experience that
petroleum exploration managers are also concerned
about the magnitude of capital being exposed to the
chance of loss. In addition, managers also express inter-
est in opportunities for “spreading the risk” of oil
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exploration projects by taking smaller participation lev-
els in more projects, which implies a risk averse attitude
toward these decisions. See Walls et al. (1995) for a dis-
cussion of these issues as faced by Phillips Petroleum
Company.

Since the risks of oil exploration are so obvious, there
may be some concern that the petroleum industry has
unique characteristics which may result in different
risk-taking behavior than other industries. Mac-
Crimmon and Wehrung (1986) designed their mana-
gerial risk propensity study to include the resource in-
dustry, financial institutions, and the high-technology
industry, but found no statistically significant differ-
ences in risk propensity among the major industry clas-
sifications in their study, except for slightly more risk-
averting behavior associated with the banking industry.
Therefore, we do not believe that the conclusions of our
study are meaningful only for the petroleum industry.

In the following section, we briefly survey economic
theory and empirical studies that support our personal
observations that managers, indeed, make decisions in
practice that may be described as risk averse. We then
consider the forces that may affect the degree of risk
aversion that is exhibited in management decisions, and
focus on company size as a major factor. Finally, we
explore the relationship between the risk propensity of
a company and its economic performance,

An Economic Perspective

Modern financial theory views capital markets as the fun-
damental mechanism for spreading risks. According to
this theory, the individual investor has the ability to con-
struct a portfolio that adequately diversifies “business-
specific”’ risk, and managers of a firm should therefore
be concerned only about nondiversifiable or “market”
risk (Brealey and Myers 1991). Within this theoretical
framework, managers in publicly held firms should
maximize shareholder value by selecting those invest-
ment opportunities which have the highest expected net
present value. However, this theory is based on a set of
idealized assumptions regarding transaction costs, com-
petitive capital markets, and perfect information that
are only an approximation of reality.

Greenwald and Stiglitz (1990} have closely examined
the economic and risk-taking implications of imperfect
capital market information, and argue that firms will act
in a risk-averse manner as a result of information prob-
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lems in the capital market, including asymmetries of
nformation between providers of capital and firm man-
agers. They also show that behavior by managers of the
firm that is characterized by maximization of expected
profits minus an expected cost of bankruptcy {the cost
of bankruptcy times the probability of bankruptcy) is
similar to that generated by maximizing a risk averse
utility function. Hackett (1985) noted that it is unreal-
istic to assume that managers are merely agents for
shareholders. Instead, managers attempt to reconcile
the interests of all stakeholders, including themselves,
employees, suppliers, customers, and communities in
which they operate.

In addition, the market for corporate control (Jensen
and Ruback 1983) could reinforce emphasis on the short
term (Loescher 1984) because top corporate officers
must demonstrate that their enterprises are viable in
each period if they want to keep their positions. The
ultimate result of such managerial concerns could be a
strong aversion to risky projects in the short term
{Hayes and Abernathy 1980).

Managerial Risk Attitudes
Empirical studies of managerial risk attitudes support
the theoretical arguments that managers will be risk
averse. Swalm (1966) assessed utility functions for a
group of 100 executives in a large industrial organiza-
tion and found the overall attitudes toward risk to be
strongly risk-averse. For negative outcomes, he found a
slight degree of risk-seeking behavior; however, the
steep downward slope of the curves for negative out-
comes meant that most gambles have a positive risk pre-
mium, Green (1963) conducted another descriptive
study involving 16 businessmen in a large chemical
company and made similar findings. Spetzler (1968} in-
terviewed 36 corporate executives in a large industrial
firm and consistently found risk-averse attitudes, across
both the gain and loss domains, among individuals and
within the managerial group as a policy making body.
The contributions of Greenwald and Stiglitz (1990)
and others who have challenged modern financial the-
ory, and the unanimous conclusions of empirical stud-
ies are consistent with our own observations: managers
make decisions that may be characterized as risk averse.
This conclusion is stated as our first proposition:
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PROPOSITION 1. In the context of the firm, risk-taking
behavior can be characterized by a risk-averse utility function.

Although the reasons that have been suggested for this
behavior vary, we believe that the major contributing
factor is a mismatch within most organizations between
the incentive system for managerial rewards and the
objective of maximizing shareholder wealth.

Firm Size and Corporate Risk Tolerance

Economists have generally assumed that the degree of
risk aversion of the individual investor decreases as
wealth increases. As the firm grows and accumulates
additional wealth, its ability to undertake larger, more
risky projects also grows. In the petroleum exploration
industry, the large exploration budgets available to the
major companies allow them to consider simultaneous
investments in multiple projects, thereby “spreading
the risks” across a diversified exploration portfolio.
These portfolios reduce the impacts of probabilistically
independent geological and political risks, although
they may still be subject to a common dependence on
oil prices. However, this common price risk may be
hedged (Smith and Nau 1994). Therefore, we would ex-
pect larger firms to be relatively less risk averse when
evaluating risky exploration projects.

In support of this argument, Howard (1988) has
shown in a cursory study of a number of large corpo-
rations in one industry that corporate risk tolerance ap-
pears to grow roughly proportional to financial mea-
sures associated with the companies, such as sales, net
income, and owner’s equity. Howard characterizes the
risk tolerance measure, 1/¢, as the sum of money at
which the decision makers are indifferent as a company
investment to a 50-50 chance of winning that sum and
losing half that sum. At least in this case, higher wealth
levels are associated with a higher propensity to take on
risk,’ leading to the following proposition:

PROPOSITION 2. Actuss firms, a positive relationship ex-
ists between firm size and ex ante corporate risk tolerance.

! We have attemnpted to avoid some isolated and peculiar relationships
with regard to risk propensity and firm size. For example, entrepre-
neurs managing start-up firms may be greater risk-takers. We do not
include start-up firms, and we limit firm size in this study to a mini-
mum asset base of $50 million.
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Within Firm Changes in Risk Tolerance

Systemnatic changes in certain product-market domains
which affect all firms in a particular industry may result
in changes in attitudes about capital allocations under
conditions of risk and uncertainty. During general eco-
nomic downturns, or bear markets, most companies
face some combination of reduced cash flows, few
growth opportunities, and uncertain future cash re-
turns. In such a high-risk—low-return setting, manage-
ment is likely to be highly risk averse. A natural reaction
is to scale back investment programs. For example,
within an integrated oil firm, market changes in petro-
leum product prices are often followed by a shift of
funds from the exploration function to the refining func-
tion, and vice versa. Reduction of available capital in a
given business unit may result in a change in risk tol-
erance for that unit. Likewise for smaller firms, a short-
fall of investment capital and a tight credit market result
in a more selective process of decision making, a con-
dition which implies a lower degree of risk tolerance.
An opposite pattern of behavior should occur during
periods of growth. Flush with cash and facing an at-
tractive set of investment opportunities, management
may be less risk-averse when pursuing investment op-
portunities. We expect to observe that increases in firm
wealth are associated with increases in the firm’s will-
ingness to take on risk, indicated by higher risk tolerance
levels. As firms shrink in size, it follows that they should
become less willing to take on risk, and thus exhibit
lower risk tolerance levels.

PROPOSITION 3. Within firms and across time, a positive
relationship exists between firm size and ex ante corporate
risk tolerance.

Proposition 3 is obviously consistent with Proposition
2 in the long term, since we are suggesting that increas-
ing firm size leads to increasing risk tolerance. However,
Proposition 3 is focused on testing this relationship
within firms over a relatively short period of time (eight
years in this study).

Corporate Risk Tolerance and Financial Performance
Risk-taking behavior by the firm which is interpreted
by credit (i.e., bond ratings) markets as increasing the
probability of financial distress or insolvency increases
the cost of funds for that firm. This increase in the cost
of capital can make once viable projects uneconomic. In
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a homogeneous industry where investment projects
have equivalent properties (as in the case of petroleum
exploration}, competition for scarce capital requires the
firm to obtain an appropriate tradeoff between: (1) max-
imization of expected profits; and (2) the probability of
bankruptcy (or financial distress) consistent with the
demands of a well functioning capital / credit market,

A linear preference function is optimal in the context
of expected profit maximization. As the corporate risk
tolerance increases, the implied utility function becomes
less risk averse, and eventually approaches a linear
preference function. However, in order to compensate
for the effects of a competitive capital/credit market,
the firm’s resulting investment decisions are con-
strained by some degree of risk aversion consistent with
the firm'’s financial strength (i.e., assets, cash flow, etc.).
This tradeoff between maximizing value and avoiding
“hazardous’ levels of risky investment is fundamental
to the long term viability of the firm. As noted earlier,
Greenwald and Stiglitz (1990) have shown that the ob-
jective of maximizing expected profits minus the ex-
pected cost of bankruptcy leads to decisions consistent
with those determined by maximizing a risk-averse util-
ity function.

In practice, it may be very difficult to estimate the
expected cost of bankruptcy, or even the increased costs
of funds for the firm that may be associated with per-
ceptions of financial distress. Furthermore, the appro-
priate tradeoff will be affected by the financial strength
of the firm and thus may be different for larger firms
than for smaller ones. As a result, we would expect
some firms to implement this policy of a tradeoff be-
tween expected profits and the expected costs of finan-
cial distress more effectively than others, and we would
also expect this policy to have an effect on the perfor-
mance of the firm. That is, the selection of the ““appro-
priate”’ corporate risk tolerance ratio (RTR), a risk pro-
pensity measure adjusted for the size of the firm as a
proxy for its financial strength, should lead to superior
firm performance. An “inappropriate” corporate risk
tolerance ratio should be associated with lower returns
and /or financial distress.

Prorosimion 4. Up te some optimal point, beyond which
the firm undertakes “hazardous” investments, a positive re-
lationship exists between the corporate risk tolerance ratio
and ex post returns.
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Ex Ante Risk versus Ex Post Risk

Finally, we consider the issue of the relationship be-
tween the ex ante corporate risk tolerance and ex post
measures of risk. Nearly all previous risk-return studies
have interpreted an ex post measure of risk (i.e., vari-
ance) as representative of the ex ante risk selection be-
havior of the firm. The ex post risk-return relationship
has been generally interpreted as the relationship be-
tween the firm’s ex ante strategic actions and the re-
sulting ex post outcomes.

Intuitively, one might expect a high correlation be-
tween these two risk measures based on the argument
that firms more willing to accept risks ex ante will tend
to experience higher values of ex post risk measures. If
this correlation is sufficiently high, then efforts to mea-
sure risk propensity would be of questionable worth.
However, if ex ante and ex post risk measures are not
highly correlated, then the significance of this effort is
enhanced.

PROPOSITION 5. Across firms, a positive relationship ex-
ists betzween the ex ante corporate risk tolerance ratio (RTR)
and ex post risk.

3. Modeling Corporate Risk
Tolerance

Estimating Corporate Utility Functions

Utility theory provides a basis for constructing a utility
function which can be used to make risky choices con-
sistent with the risk preferences of the decision maker.
While the vast majority of companies do not actually
make explicit a corporate utility function, estimating
their implied utility function through a systematic anal-
ysis of decision making under risk is a practical ap-
proach to interpreting the firm’s risk taking behavior.
In our model, past decisions involving allocations for
risky investments are the basis for inferring the risk at-
titude of the firm. Firms making capital allocation de-
cisions under conditions of risk and uncertainty must
have some knowledge (objective or subjective) concern-
ing the magnitudes of potential outcomes and the prob-
abilities associated with those outcomes. If they make
these decisions rationally and consistently, then their
implied risk attitude can be described by the parameters
of a von Neumann-Morgenstern utility function (e.g.,
see Luce and Raiffa 1957, Spetzler 1968). It is also inter-
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esting to note that in his study of oil and gas executives,
Wehrung (1989) found that more than half of the exec-
utives gave responses that were fully consistent with
expected utility, and an additional quarter of executives
were consistent within a 10% margin of error in their
responses.

In order to estimate the firm's implied utility function,
a common functional form of utility must be selected.
One functional form which is dominant in both theo-
retical and applied work in the areas of decision theory
and finance is the exponential utility function, and is of
the form u(x) = —e™ ", where ¢ is the risk aversion co-
efficient, x is the variable of interest, and ¢ is the expo-
nential constant. A value of ¢ > 0 implies risk-averse
behavior, ¢ < 0 implies risk-seeking behavior, and ¢ ap-
proaching 0 implies risk-neutral behavior.” The risk tol-
erance is simply defined as the reciprocal, 1/c.

The certainty equivalent {C,) is equal to the expected
value less a risk discount, known as the risk premium.
In the case of the exponential utility function, the firm's
buying price’ for a given risky investment represents its
certainty equivalent for that risky investment. The C,
value is, in essence, the ““cash value' attributed to a de-
cision alternative that involves uncertain outcomes. For
discrete probability distributions, the certainty equiva-
lent of an individual with an exponential utility function
is:

C, = —-1/¢ ln(E p,-e"“") ) (1)

i=1

where p; is the probability of outcome 7, x; is the value
of outcome i, and In is the natural log {Cozzoline 1977).

The exponential utility function is employed in this
model because it possesses many desirable theoretical
properties and has a convenient mathematical represen-
tation. Acceptance of the exponential form’s property of
constant risk aversion ultimately leads to the character-
ization of risk preference by a single number, the risk
aversion coefficient ¢, which, loosely speaking, measures
the curvature of the utility function. This permits the

* A thorough discussion of this functional form and its properties may
be found in Keeney and Raiffa (1976).

Howard (1984) and Raiffa (1968} have shown that the property of
constant risk aversion, as in the exponential and linear forms of utility
function, results in equivalence of buying and selling prices.
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use of the parameter ¢, or its reciprocal the risk tolerance
(RT), in a comparative manner as an index of risk aver-
sion. Following our proposition #3, it is important to
note that a hypothetical firm might make decisions
when small that implies one utility function with a spe-
cific ¢ value and then when that same firm is larger,
investment decisions may reflect a different ¢ value.
Even under conditions where the exponential utility
function may not describe the firm's risk propensity
with complete accuracy, the potential for a close ap-
proximation to the true utility function exists.

This point deserves some elaboration. We do not as-
sume nor theorize that all firms in the petroleum in-
dustry actually make risky decisions consistent with an
exponential utility function. Nor do we assume any spe-
cific form of risk-taking behavior, i.e. risk-averse, risk-
neutral, or risk-secking. Rather, we have chosen this
form of a utility function to fit to the empirical data
because it provides a convenient measure of risk-taking
propensity. As our propositions imply, we expect the
risk propensities of firms to vary over time, and to be
related to firm size in a manner more consistent with
decreasing rather than constant risk aversion. However,
the robust approximation of the exponential utility
function at any point in time provides a snapshot mea-
sure of risk propensity that can be studied dynamically
and used as a relative measure for comparing firms
within an industry group. The single-parameter form of
the exponential utility function, coupled with the empir-
ical data available, enables us to capture risk-averse, risk-
seeking or risk-neutral behavior at the leve] of the firm.

The authors recognize that there exist a number of
functional forms of utility that one could apply to this
generalized approach. Many of these functional forms
are a result of recent work in the behavioral decision
theory area. For example, if project-level data were
available, then prospect theory’s S-shaped utility func-
tion (Kahneman and Tversky 1979) might serve to dis-
tinguish between risk propensity towards projects in the
“gain” and “loss” domains. However, use of this and
other functional forms would require additional as-
sumptions and further complicate the comparison of
firms, a central motivation for this study. In addition,
project-level data over this time period and for this
number of firms are simply unavailable, so reconstruc-
tion of decisions on a project-by-project basis is not fea-
sible. In light of these considerations and the relatively
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rich data set that is available for analysis, application of
the exponential utility function represents an appropri-
ate functional form and enhances the contribution as-
sociated with this empirical study.

Stylized Example of Modeling Approach

In the petroleum exploration industry, there exist two
broad geographic categories of exploration, domestic
and foreign. Suppose a firm chooses to invest in one
domestic well and one foreign well, and assume these
investment opportunities have estimates of the proba-
bilities of success and failure that are probabilistically
independent. Then the probability distribution of out-
comes associated with investing in both can be com-
bined into a composite lottery.

Now suppose that the firm’s allocation for explora-
tion expense? (buying price) for each investment cate-
gory, domestic and foreign, is known. This budget al-
location for each lottery category is interpreted as the
certainty equivalent {C.} for that lottery. Assuming the
exponential form of utility, a firm that engages in n in-
dependent lotteries has a certainty equivalent for the
portfolio of lotteries equal to the sum of the certainty
equivalents for each individual lottery. Given the cer-
tainty equivalent for this simple composite lottery, the
implied risk-aversion coefficient, ¢, can be determined
from the closed form expression in Equation {1).

To extend this idea to the case of multiple invest-
ments, the composite lottery approach quickly becomes
mathematically intractable. The analysis of a firm un-
dertaking 20 projects a year, for example, would require
a composite lottery analysis with 2°°, or over 1 million,

branches. In fact, many firms participate in more than

20 welis per year. To provide for reasonable computa-
tional tractability, we approximate the distribution of
exploration outcomes by treating each lottery category,
domestic and foreign, as a binomial distribution, a case
of the Bernoulli process in which only two cutcomes
can occur on any given trial. Each trial is an indepen-
dent event, and the probability of each outcome remains
constant over independent trials.

We can make the normal approximation to the bino-
mial distribution even in the case of moderately small

# Exploration expense represents the amount of funds committed to
an exploration project prior to the resolution of any uncertainty asso-
ciated with the risky investment.
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1, so long as p, the probability of success, is not close to
{0 or 1 (Mendenhall, et al. 1986). A useful rule of thumb
is that whenever n times p, as well as #n times (1 — p),
equals or exceeds 5, then the assumption is reasonable
(Kohler 1985}. When the sample size is large, the central
limit theorem ensures that the sample mean will possess
approximately a normal distribution if the random sam-
ple is taken from any distribution with finite mean and
variance. In the case of the normal distribution of project
returns and an exponential utility function, the certainty
equivalent, C,, is equal to the expected value (EV) of the
distribution minus one-half the risk aversion coefficient
¢ times the variance (¢?) (Raiffa 1968); that is

C, = EV — 1/2¢co?. (2)

Even in the case where returns are not normally distrib-
uted, Equation (2) provides a good approximation for
small values of ¢.

Figures 1{a} and 1{b) provide a stylized example of
this approximation technique and the comparisons of
the use of Equations (1} and (2}. In Figure 1(a), a dis-
crete probability distribution of outcomes faced by a hy-
pothetical firm is indicated by the bars in the graph. A
normal approximation of that same distribution is in-
dicated by the solid bell-shaped line where the mean
and standard deviation are indicated in the box text.
Figure 1(b) depicts an exponential utility function for
this hypothetical firm mapped over the same distribu-
tion of outcomes. The risk aversion coefficient, ¢, of
0.025 X 107° is used for this example. Considering the
actual distribution of outcomes and utilizing (1), the
firm’s certainty equivalent {C,) is equal to $28.4 million.
Utilizing the same risk aversion coefficient and (2), the
approximation technique results in a C; value of $26.8
million. Of course the closer the actual distribution is to
the normal approximation, the more precise the esti-
mation of the firm’s risk aversion coefficient, ¢, in (2}.

An Example Application

Our intent is to infer the firm's risk attitude by recon-
structing the set of risky alternatives that were actually
selected for resource allocations by the firm. The data
available for this purpose do not provide detailed in-
formation on individual exploration opportunities, but
do provide a basis for reconstructing typical projects
that were selected by the firm, and the number of these
projects that were selected. Although historical data are
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used in reconstructing these investment opportunities,
we have used the means from several years of experi-
ence in some cases in order to reflect estimates of what
decision makers might have reasonably anticipated from
the investment decisions rather than using the actual
outcomes associated with a given year. The latter would
represent an ex post reconstruction of the lotteries,
rather than the ex ante view that we seek.

In reconstructing the risks of the exploration projects
based on archival data, there are two key estimates that
are made. First, an estimate must be made of the prob-
ability a project is successful, leading to the discovery of
a commercial field. Second, an estimate must be made
of the reserves that will be discovered associated with a
successful project. The data base’ provides the actual
“success rate” for exploration wells drilled in a partic-
ular year, and the addition to reserves for that year.
However, the actual success rate for a year and the re-
serve additions that will result from successful projects
are unknown ex ante to the firm. The firm does, how-
ever, have historical data on the success rates of explo-
ration wells from previous years, and on the reserve
additions that have been added as a result of previous
successes. Therefore, we have assumed that the risk an-
ticipated by a firm in a particular year is best approxi-
mated not by the actual results known ex post, but by
means resulting from past periods of time.

For the estimate of the probability of success of ex-
ploration projects in a particular year, we use the mean
of the actual success rates of the firm for the previous
three years. This information would be known by the
firm when the decisions for the exploration projects for
the next year are made, and would seem to be a rea-
sonable basis for the firm’s assessment of the risks for
these projects. While the use of three years data is ar-
bitrary, we repeated the analysis with mean estimates
calculated over longer time intervals, and determined
that the results were not particularly sensitive to this
choice.

Using similar reasoning, we used the mean reserve
addition per successful project over the entire ten year
period as the best estimate of the reserves that would
be associated with a successful project. The choice of the
overall mean was used because a lag of several years

* Source of data: Oil & Gas Journal Energyy Database, 1991.
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may occur between the time an exploration project is
approved and the reserves associated with its successful
completion are actually recognized by the firm. There-
fore, it is impossible to link the reserve additions in any
particular year to the exploration decisions in any spe-
cific previous year. This logic was applied separately to
two categories of exploration projects for each firm, do-
mestic and foreign.

As a result of this reconstruction process, the estimate
of the risk propensity of each firm will be based on the
typical exploration project considered in each year,
rather than on the marginal project that represents the
last one selected (or the first one rejected) from the list
of potential projects. An argument could be made that
the firm's risk attitude is revealed by the selection or
rejection of these marginal projects rather than by the
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typical project that it selects. This argument would be
valid if exploration companies do rank projects exclu-
sively on expected value calculations and if there are
significant differences in expected values associated
with the characteristics of the projects as a company
goes down its “list” of candidates. Based on our com-
bined experiences as consultants to the exploration in-
dustry (Dyer and Lund 1982, Dyer et al. 1990), and one
of us as a principal in an independent oil company op-
erating in the United States and Canada, we have hard
evidence that this is not true.

First, even the largest oil companies are not prepared
to make decisions based solely on expected values. For
example, when Standard Qil originally considered its
participation in the North Slope venture, it had the high-
est expected value of any venture available to the firm
at that time, However, Standard Oil was more than anx-
ious to take on partners in order to diversify the risk
associated with this venture. Exploration firms consider
carefully the mix of exploration (high risk) versus de-
velopment (low risk) projects in their investment port-
folio. Expected value analysis provides guidance but is
not the singular decision rule utilized by firms. Second,
the large number of major cil companies and indepen-
dent operators involved in evaluating exploration op-
portunities at all times ensures that reasonably compet-
itive pricing of the available investment opportunities
does exist. Any one firm'’s ability to consistently develop
or purchase undervalued projects is unlikely.

As an example of our risk propensity calculation we
examine the case of ARCQ, a publicly held major inte-
grated oil company, for the period 1983-1990. The data
set and the calculated risk aversion coefficient ¢ pertain
only to the firm’s exploration and production business
unit, The statistical and archival data necessary to cal-
culate the firm’s risk aversion coefficient in the time pe-
riods of interest are itemized in Table 1.

Exploratory success rates (C and D in Table 1) are
equal to the number of exploratory well successes di-
vided by the number of exploratory wells drilled. Do-
mestic and foreign reserve additions (G and H in Table
1) are based on the firm’s reported new reserves added
as a result of exploration activity. Net present value per
barrel oil equivalent (BOE) represents a measure of the
value of the period’s reserve additions through a cal-
culation where all costs are deducted from estimated
tuture cash inflows from production discounted by 10%

2

to produce a standardized measure per BOE. The ad-
justed domestic and foreign net present values for new
reserve additions (L and M in Table 1) represent an ap-
proximation of the outcomes for the total domestic and
foreign exploration programs for each period.

Since our model characterizes the annual exploration
budget as the “buying price”” for each lottery category,
a constant equal to the value of the domestic and foreign
exploration budgets (A and B in Table 1) is added back
to each outcome associated with the lottery, items L and
M, respectively. Adding the constant for each category
to the “failure’” outcome transforms that outcome to $0
in all cases.® Since we are interested in computing a dis-
tribution on individual investment outcomes, we cal-
culate an adjusted NPV per exploratory well (N and O
in Table 1) as the sum of the adjusted NPV’s (L for
domestic and M for foreign in Table 1) divided by the
sum of exploratory wells for each category over the ten
year period. This value is the simple mean for adjusted
outcomes on a per well basis over the eight-year period
and is representative of the firm’s average per well out-
come. Since the firm makes risky investment decisions
based on multiyear exploration results, rather than on
a single year’s outcomes, it is reasonable to incorporate
the entire period’s prospect results as a part of the ex
ante modeling procedure, as discussed above.

The domestic and foreign mean NPV’s for ARCO (P
and Q in Table 1) are calculated as the number of suc-
cesses (np) times the eight-year average NPV /well (N
and O in Table 1). The variance (np(1 — p)) of the dis-
tribution is calculated similarly (see Table 1). The grand
mean and total variance represent the sum of the means
and variances for the domestic and foreign investment
distributions, respectively. The certainty equivalent (C,)}
for the overall annual lottery is equal to the sum of AR-
CO's leasehold / exploratory budget allocations for do-
mestic and foreign investments (A and B in Table 1}.
Having defined all values in (2), except ¢, we now re-

¢ Addition of a constant to each payoff, equal to the domestic and
foreign exploration budgets, allows for the characterization of the an-
nual budgets as the certainty equivalent {buying price) of each lottery.
In the special case of constant risk aversion, the risk premium is the
same for all gambles that are identical except for adding the same
constant to each payoff; also, under these conditions, the resulting
implied risk-aversion coefficient, ¢, is unaffected by this transforma-
tion,
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Table 1 Risk Aversion Goefficient (¢) Calculation {ARCD 1983-1990)
{Except ltemn 1, All NPVs are in $MM) 1990 1989 1988 1987 1986 1985 1984 1983

A Domestic Exploratory Budget ($MM) 483 384 323 232 30 785 996 849
B. Foreign Exploration Budget {$MM) 232 173 232 163 120 223 246 195
{. Domestic Success Rate 0.35 033 0.33 0.30 0.31 0.33 {.35 0.34
D. Foreign Success Rate 0.30 0.31 0.38 0.40 0.38 0.37 0.37 0.33
E. Domestic Exploratory Wells 75 66 70 47 56 152 156 106
F. Foreign Exploratory Wells 24 18 20 15 g 28 34 28
G. Domestic Res. Additions (MMBOE) 1G2 164 135 138 H 146 304 60
H. Foreign Res. Additions (MMBOE)} 1% 3 17 77 35 36 47 3

I. Domestic Foreign $NPV/BOE 5.88 541 460 372 7.58 6.04 6.26 15.36
J. Domestic NPY Additions [G x ] 600 837 521 513 235 ag2 1903 922
K. Foreign NPV Additions [H x i] 701 16 78 286 266 217 294 476
L. Adjusted Domestic NPV [J/C + A] 2209 3085 2224 1931 1094 3439 6412 3548
M. Adjusted Foreign NPY [K/D + B] 2599 225 437 879 825 822 1035 1635
N. Domestic 8-Yr. Average NPV/Well — — — 329 — — —_ —

0. Foreign 8-Yr. Average NPV/Well — -— — 48.6 — — — —

P. Domestic Mean NPV[C < E < N] 857 710 753 466 570 1664 1805 1196
{). Foreign Mean NPY [D x F x 0] 345 275 m 293 0 463 814 448
R. Domestic Variance [((E(1 — C)C)Y?)N]? 18105 16 % 10° 17 x90° 11 x10° 13 10® 36 x 10° 38 x 10fF 26 x 10°
S. Foreign Variance {{(E(1 — D)D)"30] 12x 905 9x 108 11 x10° 9 x 10° 0 t4x10° 19x10° 153 108
T. Grand Mean [P + Q] {$MM) 1203 985 1123 759 570 2127 2420 1644
L. Total variance [R + $] ($MM) 30 x 105 25 10°F 28 x10° 20x10° 13 x10% 51 x10° 57 x10° 41 x10°
v, Total CEQ[A + B] ($MM) 715 557 555 395 341 1008 1242 1044
W. Risk-Aversion Coeffic. (£ < 10 & 0.032 0.034 0.041 0.038 0.035 0.044 0.0¢1 0.030
X. Risk Tolerance {1/¢) (SMM) 310 29.0 245 264 28.3 227 243 337

arrange the equation and solve for the implied risk aver-
sion coefficient ¢ for each of the eight year study periods
(highlighted area on Table 1). ARCO exploration and
production business unit's implied risk tolerance (1/c)
for each of the study periods is indicated on Table 1
(item X).

4. Results

This ex ante risk propensity mode! was applied to a
sample of 55 petroleum exploration firms during the
period 1983 through 1990, estimating a year by year im-
plied utility function for the firms” E&P business units.
Regarding the propositions in §2, regression and statis-
tical results are presented with respect to across and
within firm analyses. Findings discussed include the re-
lationships between: (1) firm size and corporate risk tol-
erance; (2) changes in firm size and changes in corporate
risk tolerance; and (3) corporate risk tolerance and firm
performance.
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Risk Tolerance

In Proposition 1 we propose that corporate risk taking
behavior is characterized by a risk-averse utility func-
tion. To test Proposition 1 we examine the computed
risk-aversion coefficient ¢ in the exponential utility func-
tion for each firm in each period of the sample. A pos-
itive c implies a concave utility function or risk-averse
decision behavior; a negative ¢ implies a convex utility
function or risk seeking behavior. Of the 329 calculated
¢ coefficients for the sample of firms, 324 are positive
and five are negative. This finding provides strong sup-
port for Proposition 1. Table 2 provides a summary of
risk tolerance (RT) levels, 1/c, for each of the largest 25
E&P firms over this eight year period. Size ranking is
based on 1990 total exploration and production assets.
Of the 186 risk-aversion coefficients for this group, 183
were positive and three were negative (incomplete data
for certain years reduced total observations from 200 to
186). These results are compelling, given the fact that
the total E&P assets of each year’s top 25 firms represent
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Table 2 Risk Tolerance Level {1/c) 1983-1990; Top 25 Companies (Based on 1990 Total E & P Assets)
(3 Millions)
1990 E&P
Assets
1930 1989 1988 1987 1986 1985 1984 1983 {$ Miilions)

Exxon 249 18.9 208 16.5 16.8 16.1 18.0 19.4 69,781
Chevron 174 238 16.9 115 1.3 13.8 107 156.5 29,193
Texaco 27 2813 10.9 120 124 102 15.7 10.2 19,710
Mobil 61.6 13.0 128 8.0 6.4 54 6.1 6.3 17,218
Amoco 53 12.9 25.2 17.5 9.1 133 352 26.5 16,877
Sheil Ol 85.4 62.7 64.4 375 343 434 44.8 58.1 14,585
USX Gorp., 0&G Unit 86 6.5 6.7 6.4 6.2 47 7.6 10.2 11,332
ARCO 3.0 29.0 24.5 26.4 283 227 24.3 33.7 11,146
Amerada Hess 497.8 216 8.9 7.3 LR 1.9 11.8 19.3 9,057
Conoco 59.7 40.8 kY 378 33.8 37.3 38.0 40.0 6,732
Oryx Energy 29.3 18.4 12.8 10.0 —10.7 N/A /A N7A 5252
Unocal 38.2 258 214 20.2 M/A N/A /A NA 4,852
Occidenta! Petroleum 325 294 26.5 237 19.6 25.6 261 42 4 4,813
Phillips Petraleumn 18.4 2.0 34.1 27.4 214 191 19.8 226 4,277
Burlington Resources 23 7.4 3.6 3.0 34 4.0 37 2.2 344
Consolidated Nat. Gas 13 1.3 1.3 5.9 8.4 5.5 4.8 B.6 2,899
Union Pacific Resources 155 15.2 -6.2 N/A 15.9 13.0 19.2 19.6 1,580
Anadarko Petroleum 12.8 8.0 74 71 92 86 12.2 N7A 1,647
Union Texas Petrolenm 10.6 13.2 121 109 14.3 96 12.3 7e.h 1,554
Freeport McMoRan 5.6 42 5.0 N/A 89 11.8 237 11.6 1,547
Ketr-McGee 13.2 195 WA 8.9 120 2776 5.3 N/A 1.426
Enron 1.5 1.3 1.4 15 1.6 5.3 2.5 3.2 1,379
Pennzeil 45 28 43 -5.8 N/A 25 25 24 1,342
Enserch N/A /A 16.5 15.2 16.9 15.8 147 13.0 1,246
Maxus Energy N/A N/A 94 16.6 17.0 11.7 10.0 18.7 1,158

an average of 88% of the total assets for the group of 55
firms studied.

Relationship Between Risk Tolerance and Firm Size

To test Proposition 2, we propose a model that describes
the relationship between firm size and ex ante corporate
risk tolerance. For ¢il companies, an appropriate mea-
sure of firm size is the Standardized Measure of Discounted
Future Net Cash Flows (SMCF). This figure represents a
measure of the value of the firm’s cil and gas reserves
through a calculation where future production and de-
velopment costs and income taxes are subtracted from
future cash inflows from production. The result is then
discounted by 10% for the timing of estimated cash
flows to produce the standardized measure of dis-
counted future net worth. The SMCF measure is the
same whether full cost or successful efforts accounting
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is used and is a required computation for 10-K filings.
In effect, this measure represents the “wealth” of the oil
and gas exploration business unit. Howard (1988} has
suggested that among firms in the same industry, there
exists an approximate linear relationship between cor-
porate risk tolerance and certain financial measures of the
firm, i.e., sales, net income, equity. Howard defines the
risk tolerance ratio as the ratio of risk tolerance to these
observed financial measures. This measure is intuitively
appealing. There are firms in the present study’s sample
set, however, with SMCF values which vary from $7.0
million to $35 billion. Given the minimum amount of
capital (or minimum risk tolerance) required to compete
in this industry, even on a small basis, it is unlikely that
a firm with a $35 billion SMCF value will have a risk
tolerance which is 5000 times greater than the firm with
a $7.0 million SMCF value. This example suggests that
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Figure 2
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the relationship may be better explained by a model
where RT increases with SMCF but at a decreasing rate.
We utilize a modified version of Howard’s risk toler-
ance Tatio to more appropriately account for the rela-
tionship between firm size and corporate risk tolerance
in any given time period. The model to be tested is:

a = RT/SMCF", (3)

where according to Proposition 2, we expect b to be pos-
itive and less than 1.0

To test the relationship in Equation (3), we take the
log of each side of and rearrange to set the equation
equal to the dependent variable, RT. The model tested
for Proposition 2 for each time period of interest then
becomes:

Log(RT,) = a — b Log(SMCE,) + ¢, ()

where i is an index for the firm and t for the year. Inputs
to the model include data for each of the 55 firms and
for eight annual periods of investigation, 1983 through
199¢.

Analysis confirms that across firms there exists a sta-
tistically significant positive relationship between firm
size and risk tolerance. With an R? of 0.44, nearly half
the variance associated with the firm’s ex ante corporate
risk taking behavior is explained by firm size. Figure 2
shows a plot of Log(SMCF) versus Log(RT), with the
observed values and regression line.

Proposition 2 is also supported by the vear-by-year
analysis of the relationship between firm size and risk
tolerance. Table 3 summarizes the important statistical
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parameters. Except 1984, the findings indicate a 0.001
significance level for the hypothesized positive relation-
ship between firm size and risk tolerance. What emerges
from this analysis is that consistently across firms, there ex-
ists a positive relationship between corporate risk lolerance
and the size of the firm. These findings are also consistent
with Howard’s (1988) argument that the ratio of cor-
porate risk tolerance to certain financial measures is
equal to a constant. Owur findings extend Howard's work by
suggesting the relationship between risk tolerance and size
may be better explained by a model where RT increases with
size but at a decreasing rate.

Changes in Risk Propensity

In Proposition 3 we hypothesize that within-firm
changes in RT and changes in SMCF are dependent
qualitative variables and positively related. We utilize
the chi-square statistic to assess dependence between
these variables. Based on the observed and expected fre-
quencies for each combination of variables, the chi-
square statistic (x* = 4.16) suggests that changes in RT
and changes in SMCF are statistically dependent vari-
ables. In our second test, we utilize a nonparametric sta-
tistical test of differences, the sign iest, to capture the
within firm changes in size as well as risk tolerance over
the period of interest. The sign test does not consider
the absolute size of differences between the sample
pairs but only the direction of those differences. For
each time period we distinguish between those firms
which grew in size, where SMCF,;_, > SMCF,, and those
firms which diminish in size, where SMCF,, | < SMCF,.
We also distinguish between those firms which became
more risk tolerant, where RT,,, > RT,, and those firms
which became more risk averse, RT,_; < RT,, from

Table 3 Descriptive Statistics for Size (SMCF) and Risk Tolerance (RT}

Period Intercept  Coefficient Observations A°  Significance
19831990 2.443 0.484 324 0.44 0.001
1890 1.838 0.549 41 0.49 0.001
1989 0.928 0.651 41 0.54 0.001
1988 1.872 0.548 42 0.52 0.001
1987 1.874 0542 35 047 0.001
1986 2.488 0.477 39 043 0.001
1985 38182 0.332 43 0.32 0.025
1984 3.658 0.353 45 0.37 0.001
1883 2.044 0.529 38 D.44 0.001
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period to period. Over the seven change periods there
ate a total of 260 data points. Figure 3 depicts a two-by-
two matrix summarizing the hypothesized relation-
ships between changes in corporate risk tolerance and
firm size.

The nonparametric statistical sign test indicates only
partial support for Proposition 3. In the case of firm
growth (SMCF,,; > SMCF,), increases in risk tolerance
(RT,,, > RT,) are associated with increases in firm size;
this finding is statistically significant at the 0.025 level.
However, during periods of size reduction (SMCF,,,
< SMCF,}, there exists no statistical relationship be-
tween changes in firm size and changes in corporate risk
tolerance.

Partial support of Proposition 3 is consistent with ear-
lier arguments that as the firm grows and accumulates
additional wealth, its ability to take on larger, more
risky projects also grows. This finding also partially
supports the notion that on a “within-firm” basis, the
property of decreasing risk aversion is representative.
Support for this argument is mitigated somewhat by the
fact that decreases in firm size are not necessarily as-
sociated with decreases in corporate risk tolerance. This
phenomenon may be partially explained by Bowman's
(1982) finding that troubled companies become “risk-
seeking’” in the domain of losses. This explanation
would assume that firms in the present study which
have decreased in size (SMCF,,, << SMCF,) are “trou-
bled”” or nonperforming firms.

Risk Tolerance Ratio (RTR)

We develop a new, normalized measure of risk taking
which allows for across-firm analysis of risk propensity.
This measure, the risk folerance ratio (RTR;), is designed
to control for firm size. The RTR; value is equal to
RT;/RT;, where RT; is the observed risk tolerance for
firm i in period t and RT/ represents the predicted risk
tolerance (as defined by the intercepts and regression
coefficients in Table 3) of firm i as a function of size
(SMCF,) for that same period ¢. This measure describes
the firm’'s relative risk propensity as compared to the
sample of firms in the industry during the period of
investigation. An RTR value greater than 1.0 implies a
stronger propensity to take risk than firms of equivalent
size within the sample set. An RTR value less than 1.0
implies a weaker propensity to take risk than firms of
equivalent size. Table 4 presents the RTR values for each
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of the top 25 U.S.-based exploration firms during the
eight-year period from 1983-1990. As an example, let
us compare the relative risk propensities of Exxon (RTR
= 0.71) and Shell Oil (RTR = 3.39) for the year 1988.
This measure implies that Exxon, given its total SMCF
value, was less willing to take risk than firms of its
equivalent size; conversely, Shell (il could be charac-
terized as an aggressive risk taker compared to other
firms in the industry that had similar SMCF values.

Ex ante Risk-Ex Post Retum Relationship

Ex post return is measured in terms of return on total
exploration and production assets (ROA). For purposes
of return calculation, income is defined as earnings be-
fore interest but after taxes. The RTR and return mea-
sure are lagged one year (example: 1983 RTR vs. 1984
ROA). Two different methodologies are employed to
test the relationship between RTR and ex post return
(Proposition 4). The first is a nonlinear regression
model relating ROA to RTR as follows:

ROA =275 + 6.87RTR — 1.91RTR%. (5)

A plot of the observed values and the fitted nonlinear
regression model is shown in Figure 4. Statistical anal-
ysis indicates an adjusted R for this regression of 0.11.
The regression coefficients, b, and b, are statistically sig-
nificant at the 0.001 level.

Because the nonlinear relationship identified in Equa-
tion {5) reaches a maximum between the endpoints of
the RTR range, we analyzed this relationship between
ROA and RTR in more detail using a second statistical
methodology, analysis of variance (ANOVA). We dis-
tinguish among firm risk propensity by using four cat-
egories of risk tolerance. Those categories are defined
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Table 4 Risk Tolerance Ratio (RTR) 1983~1990 Top 26 Companies (Based on 1990 Total ERP Assets)

Company 1990 198¢ 1988 1987 1986 1985 1584 1983
Exxon 0.62 0.37 .71 0.59 D73 0.80 0.79 0.53
Chevron 060 0.73 0.75 0.59 0.65 0.86 0.58 7.60
Texaco 0.93 10.25 0.56 0.69 072 087 0.85 0.47
Mobi! 1.92 0.36 0.50 0.33 0.3 0.31 0.30 0.20
Amoco 0.18 0.35 0.99 0.80 0.48 0.78 1.85 0.90
Shell Oil 346 239 339 210 2.19 2.83 260 2.32
USX Corp., 0&G Unit 0.54 0.40 0.50 0.53 0.51 0.38 0.56 0.66
ARCO 1.20 1.03 1.32 157 193 1.59 1.43 1.33
Amerada Hes 3573 1.66 033 0.88 1.06 1.28 1.17 1.66
Conoco 3.45 2.59 3.20 3.90 3.42 3.57 319 282
Oryx Energy 1.97 1.34 1.15 1.04 1.16 N/A N/& N/A
Unacal 2.08 134 1.44 1.50 /A N/A N/A N/A
Occidenta! Petroleum 247 2.22 258 240 1.54 2.4 2.14 2.98
Phillips Petroleum 1.16 1.24 2.58 260 2.03 1.78 1.58 1.55
Burlington Resources 0.22 0.74 .43 0.51 0.55 0.50 0.48 0.27
Consolidated Nat. Gas 0N 0.21 021 1.16 1.62 0.87 0.77 1.24
Unign Pacific Resources 1.94 1.86 N/A WA 243 1.62 2.16 203
Anadarko Petroleum 2.04 1.23 113 1.31 1.53 1.46 1.88 N/A
Union Texas Petroleum 1.15 1.74 1.78 1.66 22 1.20 1.50 8.21
Fresport McMoRan 0.85 0.61 0.69 N/A 1.34 1.81 353 2.37
Kerr-MeGee 1.83 3.09 N/A 1.97 2.26 4.00 .86 N/&
Enron 0.24 0.21 0.33 0.25 0.25 0.76 0.30 0.53
Pennzoil 0.55 0.40 1.18 N/A N/A 0.32 0.3 0.28
Enserch N/A N/A 3.30 3.30 347 2.68 2.24 2.4%
Maxus Energy N/A N/A 1.36 15 2.96 1.6% 1.25 2.25

along the dimension of RTR and are shown in Table 5,
which also summarizes the ROA statistical infoermation
for the set of firms within these risk tolerance categories.
We observe the highest mean ROA in the Moderate RTR

Figure 4 RTR vs. ROA (1983~1990; One-year Data Lag)
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category. To investigate the relationship between the
category of risk tolerance and return on E&P assets,
Proposition 4A is tested.

PROPOSITION 4A. The mean return on E&P assets
for firms with Moderate Risk Tolerance (RTR between

Table 5 fleturn on E&P Assets—ROA (%) Sumimary Data—ANOVA

Risk Tolerance Ratic {RTR)

High Moderate Average Low
=2.50 1.5-2.50 0.5-1.50 <050

Maximum 111 28.1 28.7 10.6
Minimum 1.0 06 05 0.4
Mean 5.0 a1 57 5.3
Variance 6.1 0.3 247 93
Standard Deviation 25 6.4 5.0 31
Size {m) 20 a7 56 22

Confidence Interval 6.9 10.7 77 7.2
{@ 0.025 Significance) 33 8.1 56 38
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1.50-2.50) is greater than firms with Low Risk Tolerance
(RTR’'s < 0.50), firms with Average Risk Tolerance (RTR
between 0.50-1.50), and firms with High Risk Tolerance
(RTR = 2.50).

The analysis of variance (ANOVA) test statistic, F, is
equal to 4.79; this finding suggests there are statistically
significant (0.025 level} differences in the mean ROAs
associated with these categories. In a two-way compar-
ison between categories, there exist no overlaps be-
tween confidence intervals; the mean ROA for the Mod-
erate Risk Tolerance (RTR = 1.50-2.50) category clearly
differs from the High Risk Category (RTR > 2.50), the
Average Risk Category (RTR = 0.50-1.50) and the Low
Risk Category (RTR < 0.50). This finding supports
Proposition 4A.

Both methodologies utilized in the ex ante risk/ex
post return investigation provide support for Proposi-
tion 4. With regard to achieving higher return on assets,
these data indicate there exists an optimal range of corporate
risk tolerance. E&P firms categorized with Moderate Risk
Tolerance levels (implied RTR of 1.50 to 2.50} demonstrate
significantly higher returns than those firms either more or
less risk tolerant.

Our finding that the Moderate Risk Tolerance Cate-
gory is associated with higher returns over the eight-
year study period suggests that on average, firms or
5BUs in the petroleum exploration industry have been
too cautious with respect to risk. Firms which are will-
ing to implement risk policies which are characterized
by RTR values one and a half to two and a half times
greater than what the average equivalently sized firms
implement, are more likely to achieve superior returns.
For those firms in the Average and Low Risk Tolerance
Categories, this would suggest that they have over-
estimated their probability of bankruptcy or financial
distress, and in so doing have traded off excess expected
profit maximization. The resulting effect is the selection
of a sub-optimal risk tolerance level and less than su-
perior asset returns. Firms in the High Risk Tolerance
Category have been excessively risk-seeking, given their
financial strength. One possible explanation for their
low returns is that the credit/ capital markets have in-
terpreted their investment policies as “hazardous”—a
condition which leads to increased cost of funds, mak-
ing once viable projects uneconomic. Other explana-
tions may be: (1) that firms who may be characterized
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as in the “loss’* domain, relative to their industry, be-
come risk seeking; or (2) that in making strategic in-
vestment decisions, firms included within this low per-
forming group, adjust for risk ad hoc, if at all. Failure
to account for risk adequately may lead to inappropriate
decisions.

Ex Ante Risk-Ex Post Risk Relationships

To test Proposition 5, which hypothesizes a positive re-
lationship between ex ante risk and ex post risk, we
make an estimate of the population variance for each
risk propensity (RTR) category. This across-firm anal-
ysis utilizes data pooled across firms and time periods
where variance on after-tax E&P asset returns (ROA) is
the measure of interest. That is, firms may move from
one risk tolerance category to another over the study pe-
riod. This analysis is on a risk tolerance category or
group basis rather than a firm-level basis. Variance of
ROA was computed for an RTR category as the arith-
metic mean of the individually squared deviations of
each observed value from the RTR category mean. Util-
izing a chi-square statistic, confidence interval estimates
for each category were calculated. Table 6 shows the
results of this statistical analysis. Examination of the
confidence interval estimates for each category of risk
tolerance confirms the rejection of Proposition 5 at the
0.05 significance level.

Statistically significant differences in variance exist
between several categories in Table 6; however, these
differences are not consistent with the hypothesized re-
lationship in Proposition 5. Ex ante risk propensity is not
positively associated with the ex post risk measure, variance.
The ex post variance measure possesses a general pos-
itive relationship with ex ante risk tolerance across the

Table 6 Variance of Retumn on E&P Assets Chi-square Test
Risk Toierance Ratio (RTR}

High Moderate Average Low

=2.50 1.5-2.50 0.50-1.50 <20.50
Mean 5.1 9.4 6.6 55
Variance 6.1 40.3 247 g3
Size () 20 37 56 22
Confidence Interval 3.9 26.0 18.5 6.0
{@ 0.025 Significance) 115 54.8 34.6 16.9
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Low Risk, Average Risk and Moderate Risk Categories.”
However, Proposition 5 is rejected given the low vari-
ance (6.1%) associated with the High Risk Category. In
fact, the variance of E&P asset returns associated with
the High Risk Category represents the lowest ex post
risk measure of all ex ante RTR categories.

Explanations for this finding may be consistent with
some arguments in the literature that variance is an in-
adequate construct for conceptualizing risk (Ruefli 1990
and 1991}. Given the low mean return of firms in the
High Risk Category, low variance of returns may be the
result of these firms being consistently poor performers.
The variance measure only characterizes the symmetric
dispersion about the mean performance. In this case,
firms implementing a strategy characterized by the
High Risk Category on average had a low return on
assets and there was little variability in the returns
across firms in this category.

We also used the ordinal risk measure® to test for dif-
ferences in ex post risk among risk tolerance categories.
Ordinal risk is an alternative measure of risk which di-
rectly addresses the issue of gains and losses and allows
researchers to establish risk in a strategic context. An
intuitive feel for this ordinal measure can be obtained
by considering that our set of competing oil companies
are ranked against each other annually on the basis of
return on E&P assets. Favorable events are those that
yield an improvement in rank, while unfavorable events
are those that result in a loss of rank. That component
of ordinal risk in which we are interested in this study
is defined in terms of a loss in strategic position along
the dimension of return on E&P assets. This entropy-
based measure is concerned with a firm’s relative po-
sition within the system; therefore, for our purposes it
is necessary to assign each firm in the study to a specific
risk tolerance category.

Designation of a firm to a risk folerance category was
based on the firm’s most frequently occurring risk tol-
erance category over the eight year study period. Table

? This positive relationship is less than robust given the lack of statis-
tical significance between the Moderate Risk and Average Risk Cate-
gories. However, differences do exist between these categories along
the variance dimension.

* See Ruefli and Wilson (1987}, Ruefli {1990}, and Collins (1991) for the
mathematical derivation and measurement mechanics associated with
the ordinal risk measure,
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7 summarizes the ordinal risk analysis statistic by RTR
category. In essence, the ordinal statistic for a given cat-
egory represents its portion of the total strategic risk of
the system, which is the sum of the ordinal risk across
all categories.

Differences in the ordinal risk measure across cate-
gories again suggest that Proposition 5 should be re-
jected at the 1% significance level. However, the pattern
of relationships between ex ante risk tolerance and the
alternative measures of ex post risk, ordinal and variance,
are substantially different. In the ordinal analysis, high
returns are associated with low ex post risk. The Moderate
Risk Category, characterized by superior returns on
E&P assets, possesses the lowest ordinal risk. This neg-
ative relationship between risk and return, commonly
referred to as the “Bowman paradox” {Bowman 1982),
is consistent with other risk-return studies in the stra-
tegic management literature {Bettis 1981, Bettis and Hall
1982). Notwithstanding the differences in findings be-
tween variance and ordinal risk, both measures reject the
notion of a strict positive relationship between ex ante
and ex post risk as posited in Proposition 5.

5. Implications and Discussion

This study introduces a measure of ex ante risk that
conforms more closely to the manner in which manag-
ers conceptualize the notion of risk. By differentiating
between the concepts of ex ante risk (risk tolerance) and
ex post risk (variance and ordinal measures), this work
separately analyzes the information embedded in each
of these distinct measures. The important implication is
that we are able to make stronger inferences about

Table 7 Ordinal Risk Measure Results of Statistical Analysis
Risk Tolerance Ratin {RTR)

High Moderate Average Low

=250 15-250  0.50-150 <0.50
Mean 5.1 9.4 6.6 55
Ordinal Risk 0.0130 0.0058 0.00837 0.0062
Size {m) 30 24 72 24
Confidence Interval 0.0143 0.0072 0.0092 0.0077
{@ 0.025 Significance}  0.0117 0.0044 0.0075 0.0048

F Statistic 16.67—Statistically Significant at the 0.001 Level.
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causal relationships among temporally ordered vari-
ables (ex ante risk and performance), thus understand-
ing more clearly the effects of risk selection behavior by
the firm. A limitation of this study may be that it would
be difficult to reproduce in other industry segments
where detailed information regarding investment deci-
sions is not publicly available.

This study substantiates, in the across-firm analysts,
economists’ long held assumption that the degree of
risk aversion decreases as wealth increases. Our find-
ings also suggest that in the petroleum industry cor-
porate risk-taking behavior affects firm performance.
This result has prescriptive implications in terms of how
managers should set corporate risk policy. Findings re-
lating to changes in corporate risk tolerance have special
relevance to researchers interested in business risk man-
agement. Qur findings imply that increases in risk fol-
erance are associated with increases in firm size; how-
ever, during periods of size reduction, there appears to
be no statistical relationship between change in size and
change in corporate risk tolerance. The consequences
associated with the latter phenomenon may indeed
have an impact on firm performance and deserve fur-
ther investigation.

Strategic investment choices affect ex post risk as well
as return. This study uncovers substantial differences in
the traditional ex post measure of risk, variance, and the
alternative ordingl risk measure. In addition, there appear
to be specific differences in the information embedded in
ex ante and ex post risk measures. [n fact, this study re-
jects the notion of a high correlation between ex ante and
ex post measures of risk. These findings suggest that
equating the firm's risk selection behavior with any ex
post measure of risk may be capricious.

QOur findings support earlier arguments that variance
tells us little about the riskiness of a specific decision
strategy, but only provides information about the rela-
tive dispersion about some mean. In contrast, the ordinal
risk measure provides an intuitive and meaningful con-
ceptualization of risk, by measuring the firm’s chance
of relative position loss, or downside uncertainty,
among a group of competitors. In the variance analysis,
high returns are associated with high ex post “risk’; in
contrast, in the ordinal analysis, high returns are asso-
ciated with low ex post risk. This finding has implications
for researchers studying risk-return relationships. The
variance analysis is not consistent with what is com-
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monly referred to as “Bowman’s paradox” (Bowman
1980); however, the ordinal analysis strongly supports
the notion of a negative risk-return relationship. Tte
broader implication is that ex post risk measures are signifi-
cantly affected by corporate risk taking. More importantly,
from an ordinal risk perspective, there may exist an optimal
strategy of risk taking which leads to high returns and low
ex post risk.
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