Available online at www.sciencedirect.com

JOURNAL OF
PETROLEUM
sc|ENCE@D|nEGT° SCIENCE&
ELR Journal of Petroleum Science and Engineering 48 (2005) 127—140 = ENGINEERING
www.elsevier.com/locate/petrol
Corporate risk-taking and performance:
A 20 year look at the petroleum industry
Michael R. Walls*
Division of Economics and Business, Colorado School of Mines, United States
Received 1 February 2005; received in revised form 19 June 2005; accepted 20 June 2005
Abstract

This empirical study of the petroleum E&P sector investigates the financial risk tolerance of the 50 largest U. S.-based firms
during the period 1981-2002. A decision analysis model is utilized to measure the financial risk tolerance of each firm for each
year during the study period. Relationships between firm size and risk tolerance as well as foreign versus domestic risk
propensity are analyzed. In addition, firms are compared in terms of their relative risk-taking by controlling for firm size.
Finally, we present some other interesting statistical results that relate risk tolerance to performance. Firms in the high risk
tolerance category perform significantly better than firms less willing to take financial risk. Implications from these findings are
discussed in terms of E&P risk management and decision making.
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1. Introduction

Risk and risk management are fundamental ele-
ments of the E&P competitive landscape. Managing
petroleum risk is a complex and essential task, with
both immediate and lasting effects on firm perfor-
mance. The primary motivation for this study is to
better understand the implications of different levels
of risk-taking behavior by E&P companies. The
empirical framework described in this paper pro-
vides a better understanding of the implications of
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risk-taking behavior by E&P firms and also has
prescriptive implications with regard to setting cor-
porate risk policies.

This study provides an up-to-date look at the risk-
propensities of the 50 largest US-based oil companies.
It utilizes a previously developed decision analysis
framework to evaluate the capital allocation decisions
of these firms and their resulting financial risk toler-
ances. Results are provided for the top 23 US-based
oil companies for the period 1983-2002. The study
examines both domestic and foreign risk tolerances
and explores the differences in risk tolerances among
these firms. In addition, we utilize the risk tolerance
ratio (RTR) measure as a means to examine the rela-
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tive risk propensity of firms, thereby controlling for
firm size. Finally, results are provided with regard to
the relationship between risk-taking and performance
over the 20 year study period.

The findings have broad implications for managers
who are trying to best allocate corporate resources.
First, a company’s E&P risk policy affects its business
unit performance. Second, risk management models
enable decision makers to implement their desired and
appropriate risk tolerance level in all types of project
analyses. Third, knowledge of competitors’ risk pre-
ferences may help managers make better decisions in
a competitive setting. Lastly, quantifying a firm’s
financial risk tolerance provides a mechanism for
managers to communicate and act upon an explicit
and coherent risk policy — a policy that can lead to
improved performance.

2. Modeling corporate risk tolerance

Preference analysis or expected utility theory pro-
vides a basis for constructing a utility function. Asses-
sing utility functions for individuals provides a
mechanism for representing preferences that incorpo-
rates risk attitudes. Expected utility analysis method-
ologies such as the 50-50 gamble assessment
(Holloway, 1979) and the certainty equivalent ap-
proach (Clemen, 2001) are utilized to measure indi-
vidual risk preferences. The technique utilized in this
study draws on these same methodological approaches
but extends the techniques in a way that enables their
application in a corporate setting, whereby we are
attempting to elicit the manager’s risk preferences as
an agent for the firm.

The utility function provides the manager guid-
ance with regard to making choices under uncer-
tainty. While the vast majority of companies do not
actually make explicit a corporate utility function,
estimating their implied utility function through a
systematic analysis of decision making under risk is
a practical approach to interpreting the firm’s risk-
taking behavior. In a previous study by Walls and
Dyer (1996) E&P firms’ prior decisions regarding
risky investments are the basis for inferring the risk
attitude of the firm or business unit. Managers, as
agents for the firm, make capital allocation deci-
sions under conditions of risk and uncertainty and

have knowledge concerning the magnitudes of poten-
tial outcomes and the probabilities associated with
those outcomes. These decisions reflect the risk atti-
tude of the firm and under certain conditions can be
codified into the parameters of a von Neumann—Mor-
genstern utility function (Luce and Raiffa, 1957; Spet-
zler, 1968).

In order to estimate the firm’s implied utility func-
tion, a common functional form of utility must be
selected. One functional form which is dominant in
both theoretical and applied work in the areas of
decision analysis and finance is the exponential utility
function, and is of the form u(x)=—e~ %, where R is
the risk tolerance coefficient, x is the variable of
interest (generally net present value), and e is the
exponential constant. A value of R less than infinity
and greater than 0 implies risk averse behavior. The
exponential form of utility can satisfactorily treat a
wide range of corporate risk preferences.

The risk tolerance measure, R, in the exponential
utility function is an important parameter as it
describes the willingness of the firm to take on risky
investments. More formally, the risk tolerance mea-
sure represents the sum of money such that the deci-
sion makers are indifferent as a company investment
to a 50-50 chance of winning that sum and losing half
of that sum. Risk tolerance is more complex than
simply a sum of money that the firm is willing to put
“at risk”. The intuitive notion of risk involves both
uncertainty and the magnitudes of the dollar values
involved. The central issue associated with measur-
ing corporate risk tolerance is one of assessing trade-
offs between potential upside gains versus downside
losses under uncertainty. The decision maker’s atti-
tude about the magnitude of capital being exposed to
the chance of loss is an important component of this
analysis. Fig. 1 provides additional meaning to the
notion of risk tolerance in terms of decisions about
risky investments. Consider, for example, that a
decision maker is presented three lotteries with a
50-50 chance of winning a certain sum and losing
half that sum. The decision to reject Lottery #3
which has an even chance of winning $30MM ver-
sus losing $15MM implies that the decision maker
would view this investment as too risky. Conversely,
the firm’s decision to accept Lottery #1 implies that
the risk-return tradeoff associated with this lottery
is acceptable, given the firm’s willingness to take
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RISK TOLERANCE MEASURE

$25 MM
RT Value
0.5
0.5
- RT Value/2
Lottery RT Value - RT Value/2 Decision
#1 $20 MM - $10 MM Accept
#2 $25 MM -$12.5 MM Indifferent
#3 $30 MM - $15 MM Reject

Fig. 1. The risk tolerance measure, RT, represents that sum of
money such that the firm is indifferent between a 50-50 chance
of winning that sum and losing half that sum.

financial risk. This iterative procedure is continued
until we identify the lottery such that the firm is
indifferent between a 50-50 chance of winning a
certain sum versus losing half that sum. In our
example, that sum is $25MM and represents the
risk tolerance of the firm.

Relating the risk preferences of the firm to deci-
sions about risky investments, such as in Fig. 1,
provides a more meaningful interpretation of the
firm’s risk propensity. In addition, it is reasonably
easy to measure and serves as a sufficiently close
approximation to the exponential risk tolerance,
such that in this case, we are able compute the
firm’s risk tolerance as approximately $25 million.
The concept of a corporate risk tolerance is founda-
tional to the empirical study and results presented in
this paper. The financial risk tolerances of firms
included in this study are examined and the rela-
tionship between that risk tolerance and performance
is investigated.

Another term of importance from preference theory
is the valuation measure known as the certainty equi-
valent. The certainty equivalent is defined as that
certain value for an uncertain event which a decision
maker is just willing to accept in lieu of the gamble
represented by the event (Holloway, 1979). It is, in
essence, the “‘cash value’’ that a firm attributes to a
decision alternative which involves uncertain out-

comes. 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 func-
tion, the firm’s maximum buying price or minimum
selling price for a given risky investment represents its
certainty equivalent for that risky investment. For
discrete probability distributions, the formula for the
certainty equivalent is:

C, = —Rln(Zp,»e_"/R> (1)
i=1

where p; is the probability of outcome i, x; is the value
of outcome 7, and In is the natural log (Cozzolino,
1977). In effect, if we know the characteristics of the
risky investment alternative, as defined by p; and x;,
and we know the amount of money the firm was
willing to pay to participate in that risky investment,
C., then we can infer the firm’s risk tolerance, R. In
the earlier example of risk tolerance described in Fig.
1, the certainty equivalent of lottery 1 is some positive
number, the certainty equivalent for lottery 3 is neg-
ative, while the certainty equivalent of lottery 2 is O,
since the decision maker was indifferent.

3. Measuring E&P risk tolerance

Consider the simple case where the firm chooses to
invest in one domestic project and one foreign project
with probability and outcome information for each
project as shown in Fig. 2a. Assume these investment
opportunities have estimates of probabilities of suc-
cess and failure that are probabilistically independent.
Then the probability distribution of outcomes associ-
ated with investing in both can be combined into a
composite lottery as shown in Fig. 2b.

Now suppose that the firm’s allocation for explo-
ration expense (buying price) for each investment
category, domestic and foreign, is known. We inter-
pret these allocations as the certainty equivalent, C,,
for each individual lottery, that is, their buying price to
participate in these investments. For example, let’s
assume that the C, values are $2.2 million and $1.0
million for the domestic and international projects,
respectively. The C, value for the domestic invest-
ment implies, for example, that the firm is indifferent
between a certain value of $2.2 million and an uncer-
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Domestic

Success $30 MM
0.25

Dry Hole _$4 MM
0.75
Foreign
Success $50 MM
0.10
Dry Hole _$2 MM
0.90

Composite Lottery

Dom. & For. Success $80 MM
0.025

Dom Success & For. Dry Hole

$28 MM

Dom. & For. Dry Holes
0.675

-$6 MM

Fig. 2. Combining investments.

tain gamble as characterized by the properties of the
domestic investment. Assuming the exponential form
of utility, a firm that engages in n independent lot-
teries has a certainty equivalent for the portfolio of
lotteries equal to the sum of the certainty equivalents
for each individual lottery. The certainty equivalent,
then, for the composite lottery in Fig. 1b is equal to
$3.2 million. We can now compute the implied risk
tolerance, R, for the composite lottery from the closed
form expression in Eq. (1). In this example, the firm’s
risk tolerance value, R, $40 million.

To extend this idea to the case of multiple invest-
ments, the composite lottery approach quickly
becomes mathematically intractable. The analysis of
a firm undertaking 20 projects a year, for example,
would require a composite lottery analysis with 2%° or
over 1 million branches. In fact, many firms partici-
pate in more than 20 projects per year. To provide for
reasonable computational tractability, we approximate
the distribution of outcomes by treating each category,
domestic and foreign, as a binomial distribution, a
case of the Bernoulli process in which only two out-
comes can occur on any given trial. Each trial is an
independent event, and the probability of each out-
come remains constant over independent trials.

Approximating common utility functions from a
mean—variance model provides a useful mathemati-
cal approach to estimating corporate utility func-
tions. In the case of the normal distribution of
investment returns, and an exponential utility func-
tion, Raiffa (1968) has shown that the certainty
equivalent, C,, is equal to the expected value (u)

minus the variance (¢?) divided by two times the
risk tolerance (R), that is:

g2

Ci=pu—— 2

hop (2)
Even in the case where returns are not normally
distributed, Eq. (2) provides a good approximation
for values of the firm’s risk tolerance coefficient, R.

4. A model application — Exxon E&P

Similar to previous study of corporate risk toler-
ance, we infer the firm’s risk attitude or policy by
reconstructing the set of risky alternatives that were
selected for capital allocations by the firm. We use
publicly available data in this study, primarily from
each company’s 10-K filings as required by the SEC.
These data do not provide detailed information on
individual investment opportunities, but do provide
a basis for reconstructing typical projects that were
selected by the firm, and the number of projects that
were selected. Furthermore, the data reported to the
SEC is separated into domestic and international
categories. Mean values from several years of expe-
rience have been used in some cases in order to reflect
estimates of what decision maker’s might have rea-
sonably anticipated from the investment decisions
rather than using the actual outcomes associated
with a given year. This approach is consistent with
our attempt to reconstruct the risk policy in effect at
the time decisions were made about risky investments.
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Two important parameter estimates are made
when reconstructing from archival data the risks
of the E&P projects selected by a firm. First, an
estimate is made of the probability of a successful
project that leads to the discovery of a commercial
field. Second, an estimate is made of the reserves
that will be discovered associated with a successful
project. The archival data base provides the actual
“‘success rate”’ for exploration wells drilled in a
particular year, and the addition to reserves for
that year. However, the actual success rate for a
year and the reserve additions that will result from
successful projects are unknown ex ante to the firm.
The firm does, however, have historical data on the
success rates of exploration 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 anticipated by a firm
in a particular year is best approximated not by the
actual results known, but by mean results over
longer periods of time. For the estimate of the
probability of success rate of exploration 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
reasonable basis for the firm’s assessment of the
risks for these projects. Using similar reasoning,
we use a rolling three-year average reserve addition
per successful project over the 22 year study period
as the best estimate of the reserves that would be
associated with a successful project. The choice of
the rolling average was used because a lag of
several years may occur between the time an ex-
ploration project is approved and the reserves asso-
ciated with its successful completion are actually
recognized by the firm. Therefore, it is impossible
to link the reserve additions in any particular year
to the exploration decisions in any specific previous
year. This logic was applied separately to two cat-
egories of exploration projects for each firm, do-
mestic and foreign.

As an example of our risk tolerance calculation
we examine the case of Exxon—Mobil for the period
1981-2002. (Note that the risk tolerance measures
for the entire 20 year study period include Exxon
before and after the merger with Mobil Oil Corpo-

ration.) The data set and the calculated risk tole-
rance, R, pertain only to the firm’s exploration and
production (E&P) business unit. The statistical and
archival data necessary to calculate the firm’s risk
tolerance are shown in Table 1 for the period 1997
though 2002.

Exploratory success rates are equal to the number
of exploratory well successes divided by the number
of exploratory wells drilled; as explained above. A
three-year moving average calculation for probability
of success for the foreign and domestic categories is
utilized; that is p; is equal to (pi.1tpi2tpir3)/3.
Domestic and foreign reserve additions are based on
the firm’s reported new reserves added as a result of
exploration activity; all reserves are based on barrel
of oil equivalence (BOE). Net present value per BOE
(I in Table 1) represents a measure of the value of
the period’s reserve additions through a calculation
where all costs including leasehold/exploratory, dril-
ling, completion, producing, lifting, administration
and operational costs are deducted from estimated
future cash inflows from production discounted by
10% to produce a standardized measure per BOE.
The adjusted domestic and foreign net present values
for new reserve additions represent an approximation
of the outcomes for the total domestic and foreign
exploration programs for each period.

Since we are interested in computing a distribution
on individual investment (well) outcomes, we calcu-
late an adjusted NPV per exploratory well as the 3-year
rolling average sum of the adjusted NPV divided by
the three-year rolling average sum of exploratory wells
for each category over the 20-year period. The three-
year rolling average approach is designed to approxi-
mate the ex ante modeling procedure, as discussed
above. Since we are unable to know the specific
characteristics of projects that were selected, this ap-
proach is designed to reconstruct, on a best efforts
basis, the choices faced by the firm in terms of the
nature of their capital projects and decisions they made
under uncertainty.

The domestic and foreign mean NPVs for Exxon—
Mobil are calculated as the number of successes (np)
times the NPV /well. The variance (np(1 —p)) of the
distribution is calculated similarly. The grand mean
and total variance represent the sum of the means and
variances for the domestic and foreign investment
distributions, respectively. The total certainty equiva-



Table 1

Risk tolerance calculation

Exxon 2002 2001 2000 1999 1998 1997
Changein SMCF dueto reserveadd.  $8,095,663 $6,468,205 $5,109,044 $4,063,523 $4,175,876 $6,042,948
$/BOE dueto reserve additions $6.68 $6.33 $7.68 $4.70 $3.37 $5.20
Productive wells, domestic 12 4 2 16 23 22
Productive wells, total 46 51 62 40 82 80
Productive wells, foreign 34 47 60 24 59 58

BOE discovery & ext., domestic 94,833 150,333 42,500 110,833 69,500 160,333
BOE discovery & ext., total 1,212,833 1,021,833 665,500 865,500 1,239,500 1,163,000
BOE discovery & ext., foreign 1,118,000 871,500 623,000 754,667 1,170,000 1,002,667
Domestic expl. budget $276,000 $352,000 $219,000 $263,000 $409,000 $342,000
Total expl. budget $1,163,000 $1,560,000 $1,288,000 $1,378,000 $1,974,000 $1,780,000
Foreign expl. budget $887,000 $1,208,000 $1,069,000 $1,115,000 $1,565,000 $1,438,000
Success rate, domestic 57% 53% 54% 62% 62% 61%
Success rate, foreign 64% 61% 61% 58% 57% 55%
Domestic wells, ng 17.0 8.0 4.0 27.0 43.0 30.0

Total wells 69.0 92.0 88.0 71.0 144.0 126.0
Foreign wells, np 52.0 84.0 84.0 44.0 101.0 96.0
Success payoff (X1), domestic $1,389,225 $2,144,564 $820,433 $1,101,927 $788,378 $1,717,745
Success payoff, (X1) 3-yr. avg. $1,451,407 $1,355,641 $903,579 $1,202,683 $1,358,152 $1,795,377
Success payoff, (Xp), foreign $12,501,085 $10,304,970 $8,850,509 $7,245,817 $8,525,239 $10,966,899
Success payoff, (X2) 3-yr. avg. $10,552,188 $8,800,432 $8,207,189 $8,912,652 $8,057,125 $6,823,488
Expected payoff, domestic $789,952 $1,138,472 $445,078 $683,492 $486,574 $1,040,190
Expected payoff, foreign $8,032,596 $6,249,154 $5,439,814 $4,187,550 $4,828,023 $5,996,074
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Per well payoff, domestic (X1/n1)  $160,242 $146,631 $100,675 $45,325 $78,180 $113,774

Per wellpayoff, foreign (Xo/np) $135,133 $135,011 $126,679 $117,804 $77,581 $66,555

Mean well success, domestic 9.7 4.2 2.2 16.7 26.5 18.2

Mean payoff, domestic $1,549,009 $622,730 $218,460 $759,069 $2,074,814 $2,066,893
Mean well success, foreign 334 50.9 51.6 254 57.2 52.5

Mean payoff, foreign $4,515,151 $6,877,361 $6,540,355 $2,995,609 $4,437,504 $3,493,274
Variance-well success, domestic 4.2 20 1.0 6.4 10.2 7.2

Variance of payoff, domestic $107,073,857,088 $42,837,591,659 $10,062,155,375 $13,064,503,571  $62,096,403,411  $92,756,954,455
Variance-well success, foreign 11.9 20.0 19.9 10.7 24.8 238

Variance of payoff, foreign $218,095,163,775 $365,444,417,930 $319,287,700,685 $148,947,389,949  $149,300,638,104  $105,379,367,015
Total mean number of success: 43.1 55.2 53.8 422 83.7 70.7

Total mean payoff $6,064,160 $7,500,091 $6,540,355 $3,754,678 $6,512,318 $5,560,167
Tota certainty equivalent $1,163,000 $1,560,000 $1,069,000 $1,378,000 $1,974,000 $1,780,000
Total variance (success) 16.1 220 20.9 17.1 35.0 31.0

Total variance in payoffs $325,169,020,864 $408,282,009,589 $319,287,700,685 $162,011,893,520 $211,397,041,516  $198,136,321,470
Risk aversion Is:-,\/el| C 0.030 0.029 0.034 0.029 0.043 0.038

CEQ/EV: 0.19 0.21 0.16 0.37 0.30 0.32

Domestic risk aversion, ¢ 0.024 0.013 NA 0.076 0.054 0.037

Foreign risk aversion, ¢ 0.033 0.031 0.034 0.025 0.038 0.039

Domestic risk tolerance, RT $42.1 $79.1 NA $13.2 $18.6 $26.9

Foreign risktolerance, RT $30.1 $32.2 $29.2 $39.6 $26.0 $25.6
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Table 2

Risk tolerance results

Risk tolerance level (RT)

: 1983-2002 (millions of dollars) ordered on basis of E&P assets

Domain: worldwide

Company 2002 2001 2000 1999 1998 1997 1996 1995 1994 1993 1992 1991 1990 1989 1988 1987 1986 1985 1984 1983 E&P assets
2002
Exxon 332 344 292 341 233 262 380 333 212 394 31.1 21.7 196 17.7 245 200 21.0 175 20.8 28.8 152,664
Chevron 263 262 264 188 128 11.2 58 49 7.9 11.0 134 151 NA NA 230 98 7.8 8.6 12.1  21.0 77,359
Phillips NA 114 463 1503 28.7 43.1 423 355 202 261 304 382 340 537 1172 1939 221 206 250 256 35217
Conoco NA 416 NA 574 457 374 175 267 408 41.6 384 46.6 557 487 51.7 513 NA 588 NA NA 27904
Anadarko  12.0 44.8 645 22.1 204 200 250 NA 146 114 184 163 231 6.1 9.4 8.9 11.5 69 11.7 NA 18,248
USX NA 1096 10.5 144 209 13.0 10.7 109 7.4 6.2 161.0 53 8.2 6.1 1.7 101 99 47 77 NA 17812
Occident  20.6 457 79.0 NA 40.6 499 222 203 335 285 1384 308 347 292 290 330 262 293 249 620 16,548
Burlres 544 542 09 68 123 7.3 4.1 4.5 5.8 64 42 39 3.6 5.8 35 3.0 3.1 78 NA NA 12,716
Unocal 5.1 49 9.0 184 257 268 372 8.5 2179 304 351 515 386 311 NA NA NA NA NA NA 10,760
Apache 18.6 264 149 131 72 9.6 8.7 10.7 8.7 7.7 5.9 66 NA NA NA NA NA NA NA NA 9460
Dominion 253 31.5 719 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 72800
Murphy NA 163 166 52 6.6 5.0 5.7 6.0 7.6 4.4 8.5 5.1 54 42 345 22 2.1 3.1 33 33 3,886
EOG 8.7 8.2 9.2 10.8 124 188 7.0 26 1.2 1.1 1.0 2.1 1.2 12 24 1.8 2.1 45 41 NA 3,814
Pioneer 19 38 1.7 3.0 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 3455
Noble 20.0 249 6.7 8.1 148 7.5 7.2 6.7 7.8 6.5 5.9 6.1 7.2 8.1 8.6 9.6 84 78 46 42 2,730
Pogo 2.9 1.9 1.4 1.2 2.1 1.3 0.8 2.6 35 5.5 NA NA NA NA NA NA 5.6 7.6 8.0 9.0 2,492
Belco 8.1 104 34 1.3 1.7 2.1 20 NA NA NA NA NA NA NA NA NA NA NA NA NA 2234
El Paso 159 114 192 213 296 272 NA NA NA NA NA NA NA NA NA NA NA NA NA NA 1,251
Cabot 13.7 103 62 46 35 90 NA NA NA NA NA NA NA 38 6.3 NA 6.5 3.8 35 2.8 1,055
Texaco NA NA 289 262 339 291 362 163.0 41.0 295 297 209 200 980 138 13.6 120 107 228 11.0 NA
Amoco NA NA NA NA NA NA NA 56 11.8 151 116 79 45 1.1 149 129 8.0 11.4 143 133 NA
Arco NA NA NA NA NA NA NA 231 982 551 33.0 283 336 228 264 285 329 259 239 343 NA
Union Pac NA  NA NA 185 167 267 227 243 171 180 139 132 142 173 303 344 170 188 27.1 29.0 NA
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lent (C,) for the overall set of projects in a given year
is equal to the sum of Exxon’s leasehold/exploratory
budget allocations for domestic and foreign invest-
ments. Having defined all values in Eq. (2), except
R, we now rearrange the equation and solve for the
implied risk tolerance coefficient for each of the
twenty year study periods (highlighted area on
Table 1). Exxon’s exploration and production busi-
ness unit’s implied risk tolerance (R) for each of the
study periods is indicated on Table 1.

This same methodology was applied to the 50
largest (by E&P assets) U.S.-based oil companies
from the period 1983-2002. Table 2 shows the im-
plied risk tolerance levels for the top 23 firms in this
sample for each year in the study period. The compa-
nies are shown in descending order of size, based on
their reported E&P Assets for the year 2002. In the
case of “NA” results for risk tolerance, insufficient
data was reported for that year in order to make a
statistically significant computation.

5. Differences in risk taking by region

In this expanded study of E&P risk-taking we
discriminate between domestic and international
E&P activities. As a result, we are able to explore
the differences in risk taking by regions. We investi-
gate differences that may exist in risk tolerance based
on domestic versus foreign activities. Table 3 shows
the results of this investigation.

On the basis of this analysis, there appear to
exist systematic and statistically significant differ-
ences in observed risk tolerances between domestic
and foreign activities. Note that the mean risk tol-

Table 3
Differences in risk taking

Domestic Foreign
Maximum 135.7 190.0
Minimum 0.4 4.1
Mean 15.4 26.0
Variance 290.7 1005.0
Standard deviation 17.0 31.7
Size (n) 447 252
Confidence interval 16.7 29.3

14.5 22.7

erance for domestic activities for all firms and all
years is $15.4 million while the mean risk tolerance
for foreign activities is $26.0 million. This differ-
ence is statistically significant at the 0.001 confi-
dence level. We observe even larger differences in
the case of certain firms. For example, over the
entire study period the Chevron Corporation (and
Chevron/Texaco) exhibits an average E&P risk to-
lerance for domestic activities of $5 million. For
foreign activities, it exhibits an average risk toler-
ance of $29 million. It is important to note here that
this observed risk tolerance is somewhat of an
artifact of the study approach. Consider that the
characteristics of foreign activities generally include
larger capital outlays and higher risks than domestic
activities. In fact, one might argue that the oppor-
tunity set for foreign activities is broader and more
variable. If so, then just by the nature of a firm’s
higher emphasis on these opportunities a higher
implied risk tolerance for foreign activities can be
expected.

6. Corporate risk tolerance vs. firm size

Intuitively one might argue that the degree of
risk aversion decreases as wealth increases or, alter-
natively, the degree of risk tolerance increases with
wealth. As we accumulate more and more wealth
our willingness to take financial risk, on an absolute
basis, increases. Similarly, as the firm grows and
accumulates wealth its ability to take on larger,
more risky projects also grows. In support of this
argument, Howard (1988) shows in a cursory study
of a number of large companies in one industry that
corporate risk tolerance appears to grow roughly pro-
portional to financial measures associated with the
companies, such as sales, net income and owner’s
equity.

For oil companies, an appropriate measure of firm
size is the Standardized Measure of Discounted Future
Net Cash Flows (SMCF). This figure represents a
reasonably consistent measure of the value of the
firm’s oil and gas reserves through a calculation
where future production and development 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



136 M.R. Walls / Journal of Petroleum Science and Engineering 48 (2005) 127-140

standardized measure of discounted future net worth.
The SMCF measure is the same whether full cost or
successful efforts accounting 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.

Paragraphs 30-34 of Statement 69 of the United
States Security and Exchange Commission Staff Ac-
counting Bulletin require the disclosure of the stan-
dardized measure of discounted future net cash flows
from production of proved oil and gas reserves, com-
puted by applying year-end prices of oil and gas (with
consideration of price changes only to the extent
provided by contractual arrangements) to estimated
future production as of the latest balance sheet date,
less estimated future expenditures (based on current
costs) of developing and producing the proved
reserves, and assuming continuation of existing eco-
nomic conditions.

Statistical analysis shows that there exists a signif-
icant positive relationship between firm size (SMCF)
and corporate risk tolerance (RT). Fig. 3 shows a plot
of the log(SMCF) versus the log(RT) with the ob-
served values and the fitted regression line. There
exists a strong positive relationship between corporate
risk tolerance and the size of the firm. This confirms
the rather intuitive notion that, on an absolute risk
taking basis, the larger the firm the more willing it is
to take on risky projects.

Since we know that larger firms, on average,
will have a higher risk tolerance than smaller
firms, it may be more important to evaluate relative
risk tolerance rather than absolute risk tolerance. In
order to accomplish this we need to utilize a mea-
sure of risk propensity that controls for firm size.
For example, consider a simple drilling opportunity
where the chance of success is 40% and the suc-
cess payoff is $50 million while the failure payoff

Risk Tolerance vs. Firm Size: 1983 - 2002

8.00 8.50 9.00

+ Group
= Conoco
—— RT = 2.75 + 0.46 * SMCF

9.50 10.00 10.50 11.00

Log SMCF

Fig. 3. Risk tolerance and firm size.
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Table 4
Risk tolerance ratio

Risk Tolerance Ratio (RTR) Example

Firm 1 Firm 2 Firm 3
SMCEF; (wealth) $1000 MM $100 MM $10 MM
RT; (predicted) $100 MM Firm 2 Firm 3
RT, (actual) $50 MM $20 MM $2 MM
RTR; (RT,/RT}) 0.50 133 1.0

is $10 million. Now assume we have two firms,
one with a $500 million capital budget and one
with a $50 million capital budget and that both
these firms agree to accept this project. On an
absolute risk tolerance basis we might say that
these firms are equivalent but on a relative risk-
taking basis the smaller firm is much more aggres-
sive in its risk-taking. We investigate this important
difference by utilizing the risk tolerance ratio
(RTR) measure.

Table 5
Risk tolerance ratio results

137

The RTR measure is constructed to control for firm
size. For any firm 7, the RTR; value is equal to RT;/RT/,
where RT; is the observed risk tolerance for firm 7 in
period ¢ and RT; represents the predicted risk tolerance
of firm i as a function of size (SMCF) for that same
period, as defined by the regression line in Fig. 3. An
example of the risk tolerance calculation is shown in
Table 4. The RTR measure describes the firm’s relative
risk propensity as compared to other firms in the in-
dustry during the period of investigation. An RTR
value greater than 1.0 implies a stronger propensity to
take risk than firms of equivalent size. An RTR value
less than 1.0 implies a weaker propensity to take risk
than firms of equivalent size. Table 5 presents the
values for each of the top 23 firms in our study. As
an example, compare the relative risk propensities of
Chevron (RTR=0.66) and Conoco (RTR=3.37) for the
year 2000. The RTR measure implies that Chevron’s
E&P unit, given its total SMCF value, was less willing
to take risk than firms of its equivalent size; conversely,

Risk tolerance ratio: 1983-2002 (millions of dollars) ordered on basis of E&P assets

Domain: worldwide

Company 2002 2001 2000 1999 1998 1997 1996 1995 1994 1993 1992 1991 1990 1989 1988 1987 1986
Exxon 052 071 0.68 0.64 092 109 0.77 155 1.08 0.86 0.58 057 098 0.75 083 052 0.63
Chevron 056 047 0.66 046 0.19 021 040 059 060 074 NA NA 115 049 040 035 048
Phillips 1.6 929 234 287 222 228 156 207 229 314 216 375 9.08 1635 185 144 1.62
Occident 325 NA 319 370 143 161 276 281 1359 3.06 257 241 277 293 227 208 1.68
El Paso 099 191 341 328 NA NA NA NA NA NA NA NA NA NA NA NA NA
Conoco NA 292 337 242 1.00 180 299 347 280 371 348 357 441 463 NA 428 NA
Anadarko 2.27 1.60 201 206 2.03 NA 178 146 232 225 316 0.84 131 131 164 109 1.77
Burlres 0.03 041 083 050 023 038 050 054 035 036 032 059 040 041 044 0.83 NA
Texaco 096 101 232 133 138 7.82 224 183 156 1.16 088 487 078 0.75 063 046 090
Unocal 042 1.19 246 198 221 6.05 16.18 220 231 338 217 198 NA NA NA NA NA
USX 051 085 1.77 088 0.60 0.75 0.53 048 11.74 041 0.52 044 090 0.76 0.71 027 045
Apache 068 093 0.75 089 072 1.15 1.09 1.04 089 1.03 NA NA NA NA NA NA NA
Dominion 392 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Murphy .52 059 121 072 066 092 136 082 156 1.05 088 070 062 038 037 043 044
EOG 051 102 116 182 059 030 0.15 0.14 0.12 028 0.16 0.17 037 026 028 0.57 0.57
Pioneer 0.11 026 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Noble 050 096 212 093 071 086 127 1.10 1.15 126 129 159 183 194 173 155 090
Pogo 0.16 0.19 044 029 0.13 056 088 136 NA NA NA NA NA NA .13 1.51 1.59
Cabot 059 084 0.62 159 NA NA NA NA NA NA NA 096 166 NA 1.80 0.88 0.75
Belco 039 027 039 044 051 NA NA NA NA NA NA NA NA NA NA NA NA
Amoco NA NA NA NA NA 026 056 075 052 036 0.17 045 067 059 036 042 0.55
Arco NA NA NA NA NA 116 515 357 177 166 143 1.11 155 162 201 118 1.05
Union Pac NA 130 139 228 1.67 259 193 228 162 155 159 201 397 445 223 197 275
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Conoco could be characterized as an aggressive risk
taker compared to other firms in the industry that had
similar SMCF values.

7. Competitor analysis and performance effects

Fig. 3 shows a plot of risk tolerance versus size
for all companies and all years of the study. How-
ever, firms might be more interested in examining a
particular peer group of firms and their willingness
to take financial risks. This could have broad impli-
cations on a number of dimensions including com-
petitive bidding issues as well as potential partner-
ship decisions among firms. Fig. 4 shows a more
focused competitive analysis that compares a select
group of firms and how they stack up in terms of
risk-taking during the study period. The bold line
included in this graph is the industry regression line
as noted earlier in this paper. We see, for example,
that Chevron falls consistently below the regression
line (low risk propensity) while Shell Oil lies con-
sistently above the regression line (high risk propen-
sity). Interestingly, we wee that Conoco and Phillips
are generally high risk-takers while Chevron and
Texaco consistently fall below the line. This may
also have implications in terms of recent merger

activities within the industry, as well as propositions
about future merger and acquisition activities. The
important implication here is that firms can get a
sense of relative risk taking by firms in their peer
group which may, in certain cases, influence com-
petitive actions.

In addition to understanding the competition, man-
agers are also concerned with establishing the appro-
priate level of risk taking for their firms. Managers in
the E&P sector are confronted daily with important
decisions characterized by a high degree of risk and
uncertainty. Developing a coherent risk policy for the
firm and acting on that policy can be an important
consideration. Equally important is understanding the
impact of a particular risk policy. So managers are
confronted with two important issues: setting a risk
policy and evaluating the effect of that policy on
business unit performance. This study investigates
that relationship, if any, between the degree of cor-
porate risk taking and E&P performance.

In this study, E&P performance is measured in
terms of return on exploration and production assets
(ROA). For purposes of return calculation, income is
defined as earnings before interest but after taxes.
We utilize an accounting-based measure rather than a
market-based measure (such as stock price) because
we are investigating the E&P business unit of the
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Fig. 4. Competitor analysis—risk tolerance.
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firm. The risk-taking measure we utilize is the pre-
viously defined risk tolerance ratio (RTR) measure.
We distinguish among firm risk propensities by
using four categories of risk tolerance. Those cate-
gories are defined along the dimension of RTR and
are shown in Table 6, which also summarizes the
statistical information relating to return on assets for
the set of firms within each of these risk tolerance
categories.

An analysis-of-variance (ANOVA) statistical test
indicates that there exist significant differences in
E&P performance as it relates to risk taking catego-
ries. With regard to achieving higher return on
assets, the ANOVA test indicates there exists an
optimal range of corporate risk tolerance. E&P
firms categorized with High Risk Tolerance levels
(RTR>2.50) demonstrate significantly higher returns
(8.2%) than those firms that exhibit less tolerance for
risk-taking. Firms which are willing to implement
risk policies characterized by RTR values greater
than 2.5 are more likely to achieve superior returns.
These results are statistically significant at the 0.05
confidence level. For those firms in the remaining
risk tolerance categories (Low, Average, and Moder-
ate) this would suggest that they have exercised
highly risk averse behavior, and in so doing have
reduced their opportunity for higher returns. The
resulting effect is the selection of a sub-optimal
risk tolerance level and less than superior asset
returns. Note that firms do move from category to
category over time so the results here are cross-
sectional in nature. Rather than suggesting any one
firm’s policies are optimal these study results provide

Table 6
Risk tolerance (RTR) vs. Performance (ROA)

some evidence that a particular risk tolerance policy
may be appropriate in terms of improving overall
E&P performance.

8. Conclusions and implications

This study utilizes a measure of corporate risk taking
that conforms more closely to the manner in which
managers and decision makers conceptualize the no-
tion of risk. In addition, the risk tolerance ratio is used
to quantify and analyze the relative risk propensities of
the top 50 U.S.-based E&P firms who vary significant-
ly in size. The important implication is that we are able
to make stronger inferences about causal relationships
between risk taking and performance over time, thus
understanding better the effects of risk policies imple-
mented by E&P firms.

The study results indicate that those firms who
behave in a highly risk averse manner generate less
than superior asset returns. The firms in this study
who reveal a relatively high risk propensity, compared
to their competitors, generate significantly higher
asset returns. This finding has profound implications
with regard to how E&P managers should set risk
policies for their firms. Those firms who can identify
their appropriate risk tolerance level, and make allo-
cation decisions based on that risk tolerance, will
demonstrate significantly higher returns than those
firms implementing lower and perhaps inappropriate
risk tolerance levels.

Understanding corporate risk tolerance and its
impact on E&P firms’ investment decisions has

RTR on RT: Total Risk tolerance ratio (RTR)

RTR Group: High Moderate Average Low
RTR: RTR >2.5 2.5ZRTR>1.5 1.5ZRTR>.5 5ZRTR
Maximum 0.500 0.281 0.320 0.316
Minimum —0.137 —0.342 —0.370 —1.149
Mean 0.082 0.049 0.047 0.025
Variance 0.009 0.007 0.006 0.020
Standard deviation 0.095 0.085 0.078 0.140
Size (n) 84 119 200 107
Confidence interval 9.93 % 6.15 % 5.59 % 4.76 %
6.51 % 3.59 % 3.78 % 0.31 %
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implications with regard to competitor analysis on a
number of dimensions. Decisions regarding compet-
itive bidding, partnership selections, and even merger
and acquisition candidates can be influenced by
firms’ risk propensities. Tracking and understanding
competitors’ risk taking actions can provide valuable
insights that may influence a firm’s competitive be-
havior. It is one of many important dimensions that
E&P firms should consider in terms of their strategic
decision making.
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