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Abstract 
A real options theory—in its classic formulation—suggests that firms invest less during 
times of high uncertainty, that is, uncertainty depresses investment. However, several 
theoretical extensions predict that the relationship between investment and uncertainty 
may be non-linear, or even non-monotonic, when classic model assumptions are violated. 
Some model parameters either reinforce or weaken the negative effect of uncertainty on 
investment, while others distort the investment-uncertainty relationship, making it follow 
an inverted U-curve. This paper is a first—to my knowledge—attempt to identify the 
factors affecting investment from various streams of theoretical literature on investor 
choice and uncertainty, and to assemble them in a single empirical framework. By 
employing a dynamic panel of oil company data and implied volatilities as measures of 
uncertainty, I am able to examine the impact of uncertainty on investment and the effect 
of several factors on the investment-uncertainty relationship. I obtain evidence in support 
of several predictions from the theory. Both economy-wide and firm-specific types of 
uncertainty, as well as financing constraints, are found to adversely affect investment, 
while industry-wide uncertainty has an ambiguous effect, depending on the level of 
output price. In tests for non-linearity in the investment-output price volatility 
relationship, I find that output price, firm size and its risk management ability weaken the 
investment-uncertainty relationship. On the other hand, market imperfection, financing 
constraints, the firm’s maturity and its risk aversion re-enforce the negative effect of 
uncertainty. In addition, adjustment costs seem to be considerable, as firm investment 
reacts to changes in macroeconomic conditions with a noticeable delay.  

 
 
 

“...there are known knowns; there are things we know we know. We also know there 
are known unknowns; that is to say we know there are some things we do not know. 

But there are also unknown unknowns – the ones we don’t know we don’t know.” 
A famous politician of the XXI century 

 
Today, it is generally believed that firms invest less during times of high uncertainty, that is, 
uncertainty depresses investment. The seminal papers of Brennan and Schwartz (1985), 
McDonald and Siegel (1986) and Paddock, Siegel and Smith (1988) were among the first to 
develop a revolutionary approach to the investment under uncertainty problem. This 
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approach rejected the NPV criterion for investment decision-making and proposed the view 
of an investment as a real option, analogous to the financial option theory of Black, Scholes 
and Merton. The conclusion of the early models was that the uncertainty factor plays a 
crucial role—much more important than that of the discount factor in the NPV model—in 
investment decision making. The opportunity cost—the value of waiting to invest—raises the 
investment threshold and thus, depresses actual investment. These classic papers, however, 
embedded several restrictive assumptions in their models, associated with the nature of the 
uncertainty process, the firm’s risk attitude, the interest rate and adjustment costs. 

Evidently, reality cruelly violates the assumptions of the most elegant models. The 
numerous theoretical works which followed thereafter substantially enhanced the real options 
theory and relaxed—one by one, but separately—the assumptions of the basic models. 
Analytical solutions are almost always unavailable for the differential equations 
underpinning the real options models and numerical procedures are exploited to generate 
results. Their interpretation is complicated by the necessity of (and sometimes, by the 
subjectivity in) selecting the values of numerous parameters of the model. This impediment 
is one of the main barriers to developing a “unified” real options theory. 

In line with theoretical works, empirical studies on investment under uncertainty 
incorporate in their tests variables associated with only a subset of the relaxed assumptions. 
Unsurprisingly, most of the empirical tests on uncertainty yield a disappointingly weak (and 
sometimes, even a slight positive) relationship between investment and the uncertainty 
factor. There are two possible interpretations of these results: either the test procedures are 
not powerful enough to capture the effect, or real option markets are inefficient. The latter is 
hardly possible; it is a “known known” that firms do not drain their resources for nothing. 
The former can be due to either the inadequacy of econometric procedures or to 
misspecifications of the theoretical model. 

I argue that the theoretical models of investment under uncertainty represent partial 
cases of the real options theory, and thus, are misspecified and a “unified” theory has not yet 
been developed.4  We know a priori which factors are most likely to be included in such a 
theory: specifications of the firm’s project portfolio, the firm’s (or the managers’) utility 
function and risk attitude, processes for stochastic variables, including the interest rates, 
values of adjustment costs, the degree of financial constraints, a measure of “perfection” of 
competition, and so on. In this paper, I attempt to collect exposed pieces of the real options 
theory mosaic to incorporate proxies for “known unknowns” in a single testing procedure. 
The testing should yield a segregated effect of uncertainty on investment and reveal the 
effects of the included factors on the investment-uncertainty relationship. Undoubtedly, 
“unknown unknowns” will still be present in the regression, but the main task here is to 
gather a set of “known unknowns” as completely as possible. 

Another drawback of most empirical papers on investment under uncertainty is that 
the authors assume a negative (or at least, monotonic) relation between investment and 

                                                 
4 A complex “unified” theory would probably not help in empirical testing. For example, a theory of financial 
option pricing with stochastic volatility is developed in Hull and White (1987) but many researchers continue 
using the Black-Scholes-Merton formula in their tests for the sake of simplicity. 
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uncertainty, even though, according to the theory, in certain situations, this is not the case. 
Many of the abovementioned factors produce an ambiguous effect on the investment-
uncertainty relation. I carefully examine the effects of these factors, based on theoretical 
literature, to include them appropriately in the regression. An empirical issue related to the 
assumption of monotonicity in the investment-uncertainty relationship is the specification of 
the regression form. Many authors test the model: 

 
tttt FI εβσβα +++= 21 , 

 
where It is investment, σt is a measure of uncertainty, Ft is an additional factor. 

Very often the factor F not only affects the level of investment, but also distorts the 
investment-uncertainty sensitivity σ∂∂I  (represented here by β1). The extent of distortion 
can be so substantial that the sign of sensitivity will change. In such cases, the current 
regression setup does not capture the full effect of uncertainty on investment. A more 
appropriate regression form for this class of factors is: 

 
ttttt FI εβσβασ +++=∂∂ 21 . 

 
To address the issue of investment-uncertainty non-linearity, I incorporate a set of 

factors which affect investment and the investment-uncertainty relation in the regression 
equations. I employ time-series and cross-section time-series econometric techniques using 
several macroeconomic variables and a sample of U.S. oil producing companies. The main 
focus of the paper is on the impact of exogenous and firm-specific parameters on the 
investment-uncertainty relation. 

I offer several enhancements to the estimation procedure. First, I use firm-level 
dynamic panel data, which allows me to estimate both firm-specific and time-varying effects. 
Second, while most empirical studies use a single uncertainty factor, I incorporate three types 
of uncertainty into the investment model: economy-wide interest rate, industry-wide output 
price and firm-specific uncertainties. Third, as I employ oil industry data and T-bond yields 
for interest rates, I am able to use the implied volatilities from stock options, oil futures 
options and interest rate futures options. Implied volatilities are forward-looking market-
based measures of uncertainty which were mostly ignored in past research even though they 
predict realized volatilities better than historical measures. Fourth, I estimate the effects of 
various external and firm-specific factors on investment-uncertainty sensitivity in addition to 
the estimation of the impact of these factors on investment itself.  

I carry out tests using the Arellano-Bond (1991) GMM estimator for dynamic panels, 
and find that all three types of uncertainty have a negative impact on firm investment. 
Notably, the broadest measure of uncertainty—the volatility of interest rates—has the most 
profound impact on investment, whereas the firm-specific uncertainty measure—the 
volatility of stock price–has the smallest effect. The industry-wide output price (oil price) is 
an important determinant of investment and, when included in the investment equation, 
makes the oil price volatility insignificant. This suggests that the level of output price induces 
investment-uncertainty non-monotonicity. Financing constraints are found to be significant in 
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the investment equation: higher firm growth and lower interest rates yield higher investment 
growth. 

In the next set of tests, I examine the determinants of the investment-output price 
uncertainty sensitivities. Confirming the previous finding, oil price weakens the investment-
uncertainty relationship. The presence of adjustment costs is confirmed by the significant 
investment and oil price volatility lags. Concentration ratio—the proxy for the degree of 
market imperfection—strengthens the negative investment-uncertainty relationship. There is 
statistical evidence of the importance of financing constraints: interest rates and firm interest 
expense reinforce the negative effect of uncertainty on investment, whereas cash and net 
income seem to lower this effect. Firm risk management ability is proxied by total market 
value and debt, which turn out to weaken the investment-uncertainty relationship in my 
estimations. Finally, total assets, which can be attributable to the degree of firm maturity and 
its risk aversion, emphasize the negative effect of uncertainty on investment. 

The paper is organized as follows. Section I reviews a basic model of investment 
under uncertainty in the real options framework. Section II focuses on theoretical works that 
suggest investment-uncertainty non-linearity. Section III discusses empirical findings 
disproving the classical models of investment under uncertainty and measurement of 
potential factors affecting the investment-uncertainty relationship. Section IV contains the 
empirical tests. Finally, Section V concludes the paper. 
 
 
 
I. Theory of Investment under Uncertainty: The Real Options Framework 
 
 
It has long been believed in the world of business and in the finance literature that a positive 
NPV can serve as a criterion for investment decisions.5 This approach, however, did not take 
into account the uncertainty6 of the project payoff (or costs), the possibility of investment 
irreversibility and the opportunity to postpone the project. To allow for uncertainty in 
evaluating irreversible investments in natural resources, Brennan and Swartz (1985) 
employed the option pricing theory developed by Black and Scholes (1973) and Merton 
(1973). McDonald and Siegel (1986) recognized the value of delaying the irreversible project 
at times of uncertainty and determined the optimal timing of such investment. Tourinho 
(1979) and Paddock, Siegel and Smith (1988) evaluated natural resources assets in the real 
options framework. Since then, the real options literature has flourished. An excellent survey 
and compilation of theoretical models is presented in Dixit and Pindyck (1994). An extensive 
                                                 
5 The net present value principle gave rise to two approaches. The first, developed by Jorgenson (1963), 
compares the per-period value of capital marginal product and the per-period user costs. The second, formulated 
by Tobin (1969), compares the capitalized value of the marginal investment to its replacement cost. 

6 Literature in the early 1970s suggested that uncertainty raises firms’ profit margins and, thus, firms’ 
investment. See Aiginger (1987) for a review. This literature, however, did not consider investment 
irreversibility. 
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collection of classical and recent papers (mostly theoretical) is gathered in Schwartz and 
Trigeorgis (2004). Here, I only briefly review the logic of the basic model for the purposes of 
this paper. 

The basic model of real options is based on the following set of assumptions: 
 

A1) The output price (or the project value or costs) is stochastic and follows a geometric 
Brownian motion (GMB) process: 
 

PdzPdtdP σα +=     (1.1) 
 
where dz is the increment of a Wiener process dtedz t= , et is independently identically 
distributed (i.i.d.) with N(0,1). 
A2) Investors are risk-neutral, that is, the discount factor is the risk-free rate. 
A3) The interest rate is constant. 
A4) The investment is irreversible. 
A5) The investment can be delayed. 
A6) The investment payoff is realized immediately. 
 

The value of the option to invest, denoted as F(P), or the value of waiting to invest, is 
identical to the value of holding a call option. This value–equal to the expected present value 
of the investment—is then maximized: 
 

])[()( max T
T

T
eIPEPF ρ−−= ,   (1.2) 

 
where I is project investment. Solving the related differential equations with the boundary 
conditions yields the optimal time to invest *T and the investment threshold *P . It has been 
shown that the uncertainty factor σ raises the values *T , *P and )( *PF . The result is 
intuitively clear: a high volatility of the project value implies larger potential gains and 
losses, and thus, suggests a postponement of the investment. The value )( *PF is larger for 
higher uncertainty because it represents the value of the option which increases with 
volatility. The investment threshold IPFP += )( ** also rises with uncertainty. The main 
conclusion of the first papers on real options was that the uncertainty level raises the 
investment threshold and, therefore, lowers the actual level of firm investment. However, the 
link between the investment threshold and actual investment is not that obvious. The effect of 
uncertainty on actual firm investment will be visible for one-project firms only over a long 
time period, and when there are significant changes in the uncertainty level. In order to 
provide a smooth relationship between uncertainty and actual investment one needs to 
require that: 
 
A7) The firm has a variety of projects with different (α, I) but with an identical σ, so that a 
reasonably small decline (rise) in σ can instigate an addition (deletion) of a project to (from) 
the firm’s portfolio of ongoing projects. 
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The above assumptions are necessary to set up the real options model and to transmit 

its main conclusion onto actual firm investment. In reality, the model assumptions are 
violated, which results in a non-linear investment-uncertainty relationship. By “non-linear”, I 
mean an investment reaction to uncertainty, different from that predicted by the real options 
theory. 
 
 
 
II. Theoretical Sources of Investment-Uncertainty Non-Linearity 
 
 
Most theoretical models of real options that followed the classical works do not yield 
analytical solutions, and numerical methods, such as Monte Carlo simulations, are employed 
to obtain results (see Schwartz and Trigeorgis (2004) chapter 27). Although suspected to be 
negative, the sign of the investment-uncertainty relationship is often ambiguous and depends 
on the model’s parameters. Bo and Lensink (2002) list several factors derived from different 
theoretical models, which affect the sign and the magnitude of the investment-uncertainty 
relationship and can be viewed as potential sources of investment-uncertainty non-linearity. I 
re-arrange and extend their list, so that, the resulting list of assumption violations looks as 
follows: 
 
AV.1) The nature of the stochastic process is different from geometric Brownian motion. 
AV.2a) A firm is risk-seeking or risk-averse; a firm’s treatment of uncertainty is asymmetric. 
AV.2b) Capital markets are imperfect, or there are financing constraints (the cost of funds is 
not the risk-free rate). 
AV.3) Interest rates are stochastic. 
AV.4) The adjustment costs related to the reversion of the project are finite, that is, the 
project can be reversible. 
AV.5a) The adjustment costs related to the delaying of the project are non-zero, that is, 
delaying is costly. 
AV.5b) Competition in the industry is perfect (expected returns are zero). 
AV.6) A firm has several multistage projects; projects take time to complete. 
AV.7) A firm’s investment opportunity set does not satisfy the condition in A7) 
 
Below, I consider the assumption violations in more detail. 
 
A. The Nature of the Stochastic Process 
 
Beginning from the seminal works on real options, nearly all models assume that the 
stochastic variable (such as project value) follows a GMB process. However, mean-reverting 
processes are more appropriate for describing long-term equilibrium. Metcalf and Hassett 
(1995) support using a GMB process as an approximation of a mean-reverting process. They 
show that mean reversion has two opposing effects on investment under uncertainty: it 
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lowers the investment threshold and also reduces the probability of reaching the investment 
threshold. 

Sarkar (2003) argues that the two effects cancel out only if investors are risk neutral 
or/and the project’s risk is not correlated with the market. By introducing systematic risk into 
the Hassett and Metcalf (1995) model, Sarkar (2003) demonstrates that a mean-reverting 
process cannot be approximated by a geometric Brownian process, and that the speed of 
mean reversion affects the probability of investing (and the investment-uncertainty 
relationship). Sarkar suggests that mean reversion will raise the project value and will 
decrease the option value (if revenues are stochastic). Thus, mean reversion will increase the 
probability of investing and will weaken the investment-uncertainty relationship. 
 
 
B. Firm’s Risk Attitude 
 
The studies of Zeira (1990) and Nakamura (1999) show that a high level of firm risk aversion 
reinforces the negative effect of uncertainty on investment. On the other hand, a firm can be 
risk-seeking if the potential losses are small. This means that the investment-uncertainty 
relationship is positive at times of low uncertainty. 

By accounting for systematic risk, Sarkar (2000) shows that uncertainty increases 
both the investment threshold and the probability of hitting the investment threshold. He 
suggests that for low-growth small firms, whose risk is highly correlated with the market, the 
investment-uncertainty relationship can be positive at times of low uncertainty. 

In addition, French and Sichel (1993) suggest that firms can treat negative and 
positive shocks asymmetrically. If negative shocks prevail at times of high uncertainty and 
positive ones at times of low uncertainty, uncertainty effects are opposite under low and high 
uncertainties. Asymmetry in the expected payoffs also exists in industries with perfect 
competition. This will be discussed in more detail later in the section on perfect competition. 
 
C. Financing Constraints 
 
A firm evaluates an investment opportunity in concert with making a financing decision on 
how—from internal or from external funds—to finance the investment. The cost and, more 
importantly, the availability of capital, influence the firm’s investment decision. A broad line 
of research has focused on the effects of capital structure and financing constraints on 
investment. Some theoretical papers (see e.g. Myers (1984, 1993)) try to explain the 
reluctance of firms to raise external funds to finance investments, which can be attributed to 
the presence of financing constraints. Financing constraint is usually defined as a firm’s 
limited ability to substitute internal funds for external funds. A more financially constrained 
firm has a higher wedge between the costs of internal and external funds. Financial 
constraints—the capital market imperfection—can be explained by the existence of 
information asymmetry (see e.g. Myers and Majluf (1984)) or agency problems (see e.g. 
Fama (1980)). 

An important paper by Fazzari, Hubbard, and Petersen (1988) was the first to 
associate higher investment-cash flow sensitivities with more severe financial constraints. 
The logic behind this idea was that the investment policy of a firm without financing 
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constraint does not depend on the firm’s cash flows, with external funds being a perfect 
substitute for internal funds. Fazzari et al. introduced an innovative procedure of an a priori 
splitting of the sample of firms into subgroups according to the criterion of dividend payout 
ratio. The authors demonstrated that the firms with lower dividend payout ratio have a higher 
investment-cash flow sensitivity and drew the conclusion that they are more severely 
constrained. Since the work of Fazzari et al., a large number of related studies has been 
conducted, most of which utilize their procedure (with a variation of the criterion of the 
sample splitting) and confirm the main findings, but rely on the assumption of a direct 
relationship between investment-cash flows sensitivity and financing constraint. 

A major critique of the above assumption appears in Kaplan and Zingales (1997) who 
employ the sample of low-dividend payout firms used in Fazzari et al. (1988) and construct a 
new ranking of degree of financing constraints by analyzing the firms’ annual reports and 
other related releases. In showing a non-monotonic relationship between investment-cash 
flow sensitivity and degree of financial constraints, Kaplan and Zingales put into question the 
results of the previous studies based on the investment-cash flow sensitivity criterion. Kaplan 
and Zingales’s critique is supported by Cleary (1999) who significantly extends the sample 
of manufacturing firms and also finds that the investments of more creditworthy firms are the 
most sensitive to cash flow availability. 

Literature on capital imperfections, including the abovementioned papers, does not 
explicitly incorporate uncertainty into the models. On the other hand, nearly all real option 
models assume that the firm has unlimited access to finance resources. One of the rare 
attempts to bring these two lines of research together is made in Boyle and Guthrie (2003). 
They assign uncertainty not only to project value, but also to cash flows and allow external 
financing to be a notable proportion of the project value. In the framework of their real 
option model, cash has two opposite effects on investment: 1) a larger amount of cash 
enables realization of a larger number of investment opportunities; 2) under uncertainty, a 
heightened level of cash increases the value of waiting because the funds will still be 
available in the future. Thus, in the presence of cash flow uncertainty, liquidity has an 
ambiguous effect on the investment-uncertainty relationship: low liquidity depresses 
investment under uncertainty even further, through the costs of borrowing, and at the same 
time, low liquidity persuades the firm to take the investment opportunity now, because the 
prospects of project financing in the future are uncertain. 

For a firm with multi-stage projects, the argument is different. Cash flow uncertainty 
induces investment, but the effect is more limited compared to the one in Boyle and 
Guthrie’s model, because the firm is required to make subsequent investments at later stages. 
Therefore, low liquidity entails a small probability of completing all stages of the project. At 
the same time, cash flow uncertainty encourages early investment to guarantee some amount 
of cash upon project completion. The ambiguity of the cash effect on investment persists. 
 
D. Stochastic Interest Rates 
 
Variable interest rates present a serious violation of the assumptions of the basic real options 
model. Ingersoll and Ross (1992) consider a model of investment with a stochastic interest 
rate and substitute a stochastic process for the interest rate into NPV calculations. The central 
point of their paper is to show that even for projects with certain cash flows, interest-rate 
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uncertainty has a considerable impact on investment through the financing costs channel. The 
authors report that the effect of interest rate uncertainty on investment is ambiguous and 
depends on the model assumptions and the yield curve specification. The ambiguity of the 
uncertainty effect results from the fact that interest rate uncertainty raises both the option 
value of waiting and the current value of undertaking the project, since the present value is a 
convex function of the term structure of interest rates. 
 
E. Adjustment Costs 
 
Adjustment costs, that is, the costs to delay, suspend, reverse or abandon the project, are the 
costs incurred to alter the investment levels in response to the changes in the economic 
environment. The presence of adjustment costs explains the fact that firm investments are 
“sticky”. Lamont (2000) suggests that investment lags are important determinants of the 
current level of investment. 

The effect of adjustment costs on the investment-uncertainty relationship is dual. 
Suppose a firm has a portfolio of potential projects and a portfolio of ongoing projects. Then, 
for a given level of uncertainty, high adjustment costs will suppress new investments since 
the ability to reverse the projects in the future is costly. At the same time, high adjustment 
costs will disable the opportunity to discontinue the ongoing projects. That is, high 
adjustment costs reinforce the investment-uncertainty relationship for the new projects and 
weaken it for the ongoing projects. The overall effect depends on the firm’s investments 
portfolios and on the historical pattern of uncertainty. A sufficiently long preceding period of 
low uncertainty enables a large number of ongoing projects at the current period and a long 
period of high uncertainty stagnates potential projects. 

A similar argument for the dual effect of adjustment costs is developed for long-term 
capital stock by Abel and Eberly (1995). They consider the effect of irreversibility (reversion 
costs are infinitely high) on long-term capital stock in the framework of a specific model. 
The authors distinguish between two effects of irreversibility: a “user-cost” effect which 
depresses investment under irreversibility more than under reversibility, through a higher 
user cost of capital, and a “hangover” effect which causes capital accumulation over the long 
term due to the firm’s inability to reverse investments during times of high uncertainty.7 The 
net effect of irreversibility is ambiguous depending on model parameters. Increased 
uncertainty strengthens the net effect and can either increase or decrease long-term capital 
stock. 
 
F. Imperfect Competition 
 
Perfect competition has several effects on the investment-uncertainty relationship, when 
uncertainty is industry-wide (see Dixit and Pindyck (1994)). First, perfect competition 
strengthens irreversibility. In an industry with perfect competition, a firm cannot receive any 

                                                 
7 In the framework of my argument, Abel and Eberly’s “user-cost” effect is the effect of reversion costs on new 
projects, and the “hangover” effect is the effect on continuing projects. 
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value for a non-profitable abandoned project from another firm because the project payoff 
and costs are identical across the industry.8 Irreversibility, in turn, reinforces the negative 
effect of uncertainty on investment for new projects and weakens this effect for ongoing 
projects, as discussed in the section on adjustment costs. Second, perfect competition 
eliminates the value of waiting to invest. High competition diminishes the opportunity to 
delay investment, and if competition is perfect, any project postponed by one firm, will be 
repurchased by another one. The investment threshold, although lower, will still exist, but the 
zero-value of waiting entails higher investment for a given level of uncertainty at a certain 
period of time. That is, investment becomes less sensitive to uncertainty. Third, perfect 
competition induces payoff asymmetries. The upside is limited because there are no barriers 
to entry into the industry, and if the returns in the industry are unusually high, more firms 
will enter to benefit from them. The downside, however, is unlimited. So the overall effect of 
perfect competition on the investment-uncertainty relationship is ambiguous. 

In fact, Caballero (1991) derives that imperfect competition and increasing returns to 
scale are necessary conditions for the negative investment-uncertainty relationship9 and are 
more important than the assumption of irreversibility. 
 
G. Multiple Projects, Multistage Projects, Time to Complete 
 
Dixit and Pindyck (1994) discuss in detail extensions of the classical models. In particular, 
they show in several chapters of their book that for a firm with multiple projects, multistage 
projects and projects that take time to complete, the main result of the classical model—the 
negative investment-uncertainty relationship—holds. The logic behind the outcome is that in 
this more complex setup, the firm has a portfolio of real options which correspond to one-
stage projects or to stages in multistage projects. These options are similar in their major 
property—their values increase with the level of uncertainty. So, a violation of assumption 6 
does not seem to cause a major impact on the investment-uncertainty relationship. Here, it is 
important to remember, that the firm’s portfolio of real options should have property 7 to 
preserve the link between the investment threshold and actual investment. 
 
H. Investment Opportunity Set 
 
Theoretical models make predictions about the effect of uncertainty on the investment 
threshold. Given that the effect of an increased uncertainty level on the investment threshold 
is positive, most of the studies project this result on the actual level of firm investment, 
drawing a conclusion that the effect of an increased uncertainty level on actual firm 
investment is negative. But how exactly does the direct effect on the investment threshold 
                                                 
8 There is another argument. Perfect competition implies transparency and minimal transaction costs. This 
entails that the firm has a high ability to sell an investment if there is a buyer with a slightly higher return on 
this investment. 

9 The early works of Hartman (1972) and Abel (1983), based on assumptions of perfect competition and 
constant returns to scale, conclude that uncertainty has a positive impact on investment. 
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derived from a theoretical model translate into the opposite effect on the actual firm 
investment? Ideally, the reverse link between the investment threshold and the actual 
investment of the firm exists, such that 0/0/* <∂∂⇒>∂∂ σσ II , where I* is the 
investment threshold, I is the actual firm investment and σ is the uncertainty level. To 
guarantee the relationship between the investment threshold and actual level of investment, 
one needs to make the following assumptions about the firm’s investment opportunity set: 1) 
the set constitutes a continuum of projects with equal, infinitely small project costs, and with 
increasing payoffs; 2) the set does not vary over time. In practice, we can make the 
assumption that the firm’s investment opportunity set is fairly large and does not vary 
significantly over time. 

The assumption of a fairly large set of investment projects is necessary because in a 
situation when a firm has, for example, only one project (with the required investment I0), the 
actual firm investment will be non-sensitive to changes in uncertainty at high levels until the 
uncertainty level hits the critical bottom line and triggers the single possible investment. The 
assumption of investment opportunities that are approximately constant over time is crucial 
to rule out the time periods when the firm encounters a drastically enlarged (or contracted) 
investment opportunity set, so its actual investment increases (decreases) for a given level of 
uncertainty. Different sizes of investment projects shape investment-uncertainty non-
linearity—the large projects, when accepted, yield relatively greater increases in the firm’s 
actual investment. For non-variability of the firm investment opportunity set to hold, the firm 
has to substitute each accepted investment project with a similar one. One can attribute this 
strategy to a firm’s investment planning prudence and has to assume that the costs of 
searching for new projects to be added into the firm investment opportunity set do not vary 
over time and are not related to the level of uncertainty. An alternative assumption is that the 
firm would like to enlarge its investment opportunity set when the investment climate is 
favorable (uncertainty is low) and would refrain from maintaining its investment opportunity 
set when uncertainty is high. 

In this respect, the investment lags play a significant role in the firm investment 
policy: the firm continues to invest for some time, having a large assortment of investment 
projects even at the time of high uncertainty, after a long period of low uncertainty, and the 
firm spends some time in building up its investment opportunity set before it starts to invest 
in new projects after a long period of high uncertainty. 
 
 
 
III. Measuring Investment-Uncertainty Non-Linearity 
 
 
Although theoretical models provide a basis for non-linearity in the investment-uncertainty 
relationship, most empirical studies on investment under uncertainty assume that the 
relationship between investment and uncertainty is linear and negative. Extensive reviews of 
the empirical literature are presented in Carruth, Dickerson and Henley (2000) and in 
Lensink, Bo and Sterken (2001, Chapter 6). Both works discuss a variety of estimation 
methods and corresponding issues. Most of the empirical papers report that the sign of the 
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investment-uncertainty relationship is negative, although some results indicate that this 
relationship is weak or even positive. For the purposes of this paper, I focus only on studies 
that capture non-linearity in the investment-uncertainty relationship. 
 
A. Measures of Uncertainty 
 
There are at least three dimensions in the procedure of choosing a measure of uncertainty for 
empirical tests. First, it is a choice between all-industry and firm-specific uncertainty. 
Second, one needs to determine what is more appropriate: historical (estimated) or expected 
(obtained from surveys or derived from options markets) uncertainty. Third, if the historical 
concept is selected what model should be used to estimate it; and if implied volatility is 
selected which market—spot options or futures options—should be utilized. Below, I address 
these issues in more detail. 
 
A1. Firm Specific vs. All-Industry Uncertainty 
 
To assess the effect of uncertainty on firm investment, one needs to obtain a valid measure of 
a firm’s perception of uncertainty. Researchers have different opinions as to which type of 
uncertainty—firm-specific or industry-wide—better represents the firm’s perception of 
uncertainty. Most real options models use output price or project value as a stochastic 
variable. Even though the two variables are treated similarly in the real options models, their 
use in empirical studies leads to different assumptions about uncertainty. Output price—
defined by market equilibrium—can be regarded as an all-industry uncertainty factor. For a 
firm with multiple projects, expected project cash flows add up to firm project values that, in 
turn, constitute the firm’s stock price10. 

Stock price is a firm-specific variable, although influenced by industry-wide factors. 
The choice between industry-wide output price and firm stock price in a particular empirical 
study is determined by the specifics of the firms under consideration: if the firms are small 
and their project portfolios are oriented toward a single industry-wide output, both industry-
wide output price and stock price are suitable for testing; if the firms are large, with 
diversified project portfolios, then firm stock price is more relevant for firm investment 
decision making. In cross-sectional (either pure or time-series) studies of an industry with 
both types of companies (highly and poorly diversified), the use of a single uncertainty factor 
does not seem legitimate since under-estimates the effect of diversification. Nevertheless, 
most empirical work employs only one type of uncertainty. In this paper, the selected 
industry is the oil sector11 which includes, among others, integrated (highly diversified) and 
drilling (solely oil price-oriented) companies. With the number of firms insufficient for 
separate tests for each sub-sector, the selection of only one uncertainty factor would result in 

                                                 
10 Alternative measures of the firm-specific uncertainty factor are developed: firm market share in Driver et al. 
(1996), forecast share return in Leahy and Whited (1996), and forecast earnings in Gilchrist (2004) 

11 The reasons for the selection of the oil sector are explained in Section IV. 
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estimation bias. Therefore, both oil price (industry-wide uncertainty factor) and stock price 
are incorporated in the empirical tests. 
 In their study of all-industry uncertainty, Caballero and Pindyck (1996) compute the 
semi-elasticity of the required rate of return to the standard deviation of the marginal 
profitability of capital for both two-digit and four-digit U.S. industries. They find that the 
estimated semi-elasticity of the 2-digit industries is about twice as high as that of the 4-digit 
industries. Since the 4-digit industries’ volatilities have larger idiosyncratic components, the 
authors conclude that all-industry uncertainty is more imperative for firm investment than 
firm-specific uncertainty. 
 
A2. Stock Price 
 
The two uncertainty factors are, however, unequal in their information content for firm 
managers. The all-industry uncertainty factor is highly informative for firm managers and is a 
valid determinant of related project values because it is exogeneous. In a competitive 
industry, firm managers cannot possess information about the all-industry uncertainty (output 
price) in excess of what the commodity market has because firms are price takers12. In turn, 
stock price is also formed by a market’s consensus. However, the price forming market for 
this indicator is the stock market, which is affected by an array of external factors. On one 
hand, some of these factors—fundamentals—do influence expected firm earnings, and since 
their segregated effects are difficult to incorporate, the stock price represents a convenient 
measure of their combined impact. 

On the other hand, a large literature on financial markets (see e.g. Shiller (1989)) 
suggests that speculative bubbles are equally important drivers of stock prices. Evidently, 
herd behavior of investors during certain time periods does not bring in more information 
about future project values to firm managers. However, identified stock price bubbles induce 
firms to increase external financing and investment. Goyal and Yamada (2004) and Gilchrist 
(2004) find that increases in stock prices above their fundamental values lead to augmented 
debt and equity issuance and to a considerable pickup in firm investment. Therefore, the 
effect of increased uncertainty on investment during stock price shocks is positive, which is 
contrary to the real options theory. 

Even more importantly, another line of research, in corporate finance, proposes that 
managers have more information about future firm earnings than does the market (Leland 
and Pyle (1977), Miller and Rock (1985)). Under information asymmetry, firm managers rely 
heavily on their own judgment about project value uncertainty, whereas the stock market is 
fed by managers’ signaling through dividends and earnings announcements, new securities 
issuances etc. (Aharony and Swary (1980), Healy and Palepu (1988), Mikkelson and Partch 
(1986)). 

Apart from external factors, the stock price is also affected by a number of firm-
specific variables. One of the most essential factors is cash flows uncertainty. Boyle and 

                                                 
12 In industries where large firms have substantial production shares, firm managers have better estimates of 
output price volatilities. 
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Guthrie (2003) argue that stock price captures information on uncertainties of both project 
values and cash flows that are used to finance projects. Their model predicts that the 
estimated effect of stock price volatility on firm investment will be small. 

In addition, stock price represents the combined value of a firm’s portfolio of ongoing 
and future project rather than the value of isolated future projects. Thus, stock price volatility 
reflects uncertainty about the value of the two groups of projects, whereas firm investment at 
the current period is mainly defined by the group of potential projects. 

Overall, although being a better measure of the uncertainty factor than output price 
for well diversified companies, stock price suffers from asymmetric information and a large 
number of its determinants. Thus, one might expect that the effect of stock price uncertainty 
on firm investment is non-linear (negative for the lower range of stock prices and positive—
due to bubbles—for the higher range of stock prices) and, thus, is difficult to estimate. 

Both dispersion of forecast stock price (e.g. from IBES) and implied stock price 
volatility from stock options can be used as the proxy for stock price uncertainty in empirical 
testing. It is pointed out in section A4 that implied volatility of stock price might be an 
inexact measure of stock price volatility because of transaction costs and non-synchronic 
trading. 
 
A3. Output Price 
 
As discussed above, output price uncertainty has more informational content for firm 
managers in evaluating project options than stock price uncertainty. While there is 
asymmetric information on stock price between firm managers and stock investors, there is 
no asymmetric information between firm managers and the commodity market because firms 
cannot affect a commodity price such as oil price.13 However, as with stock price bubbles, 
firm managers could benefit from abnormally high output prices induced by output price 
uncertainty. That is, the relationship between output price uncertainty and firm investment 
might be positive during periods of output price shocks. Both Favero et al. (1994) and Hurn 
and Wright (1994) apply the duration model approach to project-level data on oil investment. 
The two works explore the effect of the estimated variance of oil price on oil field investment 
appraisal lags (the time between the date of oil field discovery and the date of its approval14) 
and find that oil price variance has a positive effect on investment appraisal duration during 
periods of low expected oil prices and has a negative effect—during periods of high prices. 

These results, along with a similar finding on stock price by Goyal and Yamada 
(2004) and Gilchrist (2004), are in line with the ‘hitting’ effect proposed by Sarkar (2000). 
Both stock price and output price increases lead to a higher probability of exceeding the 

                                                 
13 Although recent events in different parts of the globe demonstrated that a production shortage of a single 
company can considerably raise oil price, these production slowdowns were not motivated by managers’ 
decisions. 

14 Hurn and Wright also use the start-up duration—the time between the date of approval and the date of oil 
production. 
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investment threshold when uncertainty level is high: increased stock price enables more 
affordable external financing, and output price raises expected project profitability. 
 
A4. Historical vs. Implied Volatilities 
 
Besides the studies that employ firm survey data on perceived uncertainty, to my knowledge, 
all other studies on investment under uncertainty use historical or backward-looking 
measures of uncertainty. Survey data in these works are, however, usually purely cross-
sectional, so, this setting cannot help in understanding firm response to changing uncertainty. 
Thus, there is great need for a continuous forward-looking uncertainty measure. If the 
uncertainty factor (a stochastic process variable) is a liquid publicly traded contract, (such as 
a company common stock, an exchange rate, an interest rate, a commodity, etc.) the most 
conveniently obtained forward-looking measure of uncertainty is the implied volatility 
derived from options on the underlying contract. 

A criterion for selecting implied volatility (IV) over historical volatility (HV) could 
again be the relative informational power of the former. That is, IV should be better than HV 
in predicting future realized volatility. The predictive power of IV has been discussed 
extensively in the literature. Early studies on the predictive capability of IV found that IV 
predicts future realized volatility better than HV. Latane and Rendleman (1976), Chiras and 
Manaster (1978) and Beckers (1981) exploited the Black and Scholes (1973) stock option 
pricing model and did not accurately account for dividends and the possibility of early 
exercise. Besides Beckers (1981), early studies assumed a constant stock price volatility and 
treated the data timing, frequency and periods loosely. 

Employing more complex techniques (GARCH models) for the S&P 500 index and 
individual stock options, Day and Lewis (1992) and Lamoureux and Lastrapes (1993) find 
that IV retains statistically significant informational content about future realized short-term 
volatility but HV enhances IV’s informational content. The most prominent critique of the 
predictive quality of IV comes from Canina and Figlewski (1993) who use a simple model 
for calculating HV and carefully treat the (S&P 500 stock index) option data. They observe 
small predictive power of IV compared to the one of HV. 

In response to this paper, Jorion (1995) utilizes foreign currency (FX) futures options 
for three major currencies. Both FX futures and FX futures options are traded on the same 
exchange (the CME) which, in association with low transaction costs, facilitates synchronous 
trading. In addition, the closing time is the same for both types of contracts. Jorion focuses 
on near-the-money options (whereas Canina and Figlewski (1993) include, to a limited 
extent, deep in-the-money and out-of-the-money options) and finds that IV has greater 
predictive power than HV. Day and Lewis (1993) derive the same conclusion using crude oil 
futures options. Finally, using 35 types of futures options traded on eight exchanges, 
Szakmary et al. (2003) confirm that the superior predictive power of IV remains for 34 
markets (including the S&P 500 index, interest rates, currencies, and commodities, with the 
only exception of sugar). They explain their findings by the fact that futures and futures 
options markets are unified and frictionless, whereas the S&P 500 index and the S&P 500 
index option markets are disaggregated and their trading involves higher transaction costs. 
Bollen and Whaley (2004) offer another explanation of the S&P 500 index phenomenon. Net 
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buying pressure15 drives the daily changes in the IV of the S&P 500 index options, which 
results in temporarily abnormally high IV. 
 
A5. Historical Volatility Models 
 
Despite the evidence presented in the previous section, which entails that IV has higher 
predictive power than HV, none of the studies that I am aware of uses IV of the uncertainty 
factor in their cross-sectional time-series tests. For modeling HV, researchers employ various 
approaches and techniques. A dominating approach to modeling volatility in the finance 
literature is estimation of the conditional variance derived from a stochastic process of the 
underlying factor. Specifications and extensions of the GARCH model are employed for 
estimation of the conditional variance. Most of the works on investment under uncertainty 
that estimate the GARCH model for the uncertainty factor utilize aggregate investment for 
their tests (see e.g. Huizinga (1993), Episcopos (1995), Price (1995, 1996))16. Another 
popular approach to estimating the volatility of the uncertainty factor is to compute the 
unconditional variance of either the factor itself or of the unpredictable part of its stochastic 
process. For this purpose, a Brownian motion process (Caballero and Pindyck (1996)), the 
ARMA (Campa and Goldberg (1995)) and the VAR (Leahy and Whited (1996)) models are 
exploited. 
 
A6. Survey Data 
 
Literature that uses survey data to calculate a forward-looking measure of uncertainty is 
scarce, probably because of a difficulty with obtaining extensive and reliable survey data. 
The advantages of using survey data are that it allows for constructing a forward-looking and 
subjective measure of uncertainty. Survey respondents are usually asked to assign 
probabilities to the ranges of future growth rate of the uncertainty factor (such as product 
demand in Guiso and Parigi (1999)). The small number of discrete ranges and the assumption 
of an objective probability distribution of future growth rates lead to a measurement error in 
estimation of the variance. The main disadvantage of survey data is that in most cases, it is 
purely cross-sectional, which does not allow for studying time-varying effects of uncertainty 
on investment. Time-series and cross-sectional time-series data are available for implied 
volatilities obtainable from the options markets. 
 
A7. Options Markets: Spot or Futures? 

                                                 
15 Defined as “the difference between the number of contracts traded during the day at prices higher than the 
prevailing bid/ask quote midpoint (i.e. buyer-motivated trades) and the number of contracts traded during the 
day at prices below the prevailing bid/ask quote midpoint (i.e. seller-motivated trades) times the absolute value 
of the option’s delta”. 

16 The GARCH model is powerful in forecasting volatility for high frequency data, such as daily or intra-daily 
data. Empirical tests on investment under uncertainty are carried out with quarterly or annual data (since 
investment data is available only on a quarterly or annual basis), which casts doubts on the suitability of the 
GARCH model. 
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Section A4 describes evidence that futures options should be used instead of spot options–
whenever trading occurs on different platforms—to derive implied volatility of the 
underlying factor because futures and futures options enable same-floor, synchronous 
trading. However, futures options are not available for a broad range of stocks. Stock options 
can be used instead, but with the caution that historical volatilities might be more powerful 
than implied volatilities in predicting realized volatilities. 
 
A8. Interest Rate Volatility 
 
Ingersoll and Ross (1992) suggest that the effect of interest rate volatility on investment is 
ambiguous. This effect is studied in several papers (see e.g. Episcopos (1995)) and is 
generally found to be negative. 
 
B. Factors Affecting the Investment-Uncertainty Relationship 
 
The real options theory and its extensions predict that several factors may cause investment-
uncertainty non-linearity. Section A demonstrated that the uncertainty factor itself—whether 
it is stock price or output price—can induce non-monotonicity in the investment-uncertainty 
relationship. Empirical evidence on the role of other factors is discussed below. 
 
B1. Adjustment Costs 
 
There are several approaches to investigating the role of adjustment costs in the investment-
uncertainty relationship. Lensink et al. (2001) reports that many empirical studies imply that 
the negative sign of the investment-uncertainty relationship is sufficient evidence of the 
presence of investment irreversibility. Notably, Price (1996) examines the speed of 
adjustment in a complex investment-uncertainty equation, assuming that this speed depends 
on a critical threshold in uncertainty level. The author finds that for the UK aggregate data, 
the investment-uncertainty relationship is negative, and, more importantly, a higher output 
uncertainty level leads to a slower investment adjustment speed. 

Several other papers, such as Pindyck and Solimano (1993), and Caballero and 
Pindyck (1996), directly test for the presence of the investment thresholds that are suggested 
by the theory of irreversible investment. The authors estimate the investment threshold and 
compute the semi-elasticity of the required return to the standard deviation of the marginal 
profitability of capital, conditional on their model is being correct. Since the semi-elasticity is 
positive, they conclude that uncertainty lessens investment and that the irreversibility 
assumption is valid. However, the derivation of this conclusion comes at the expense of 
limiting the generality of their results—several restrictions (such as Cobb-Douglas, constant 
returns, perfect competition, nil abandonment costs) are embedded in their model. 

Another line of empirical research is suggested by Abel and Eberly (1994) who 
develop a model of irreversible investment under uncertainty with non-quadratic adjustment 
costs. Their model predicts that the investment-Tobin’s q relationship has three regimes: 1) 
investment is negative and increasing in Tobin’s q (a new finding), 2) investment is zero (the 
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real options theory), 3) investment is positive and increasing in q (previous literature on 
investment and q). Eberly (1997) tests this model for the broad international data and finds 
evidence of non-quadratic adjustment costs. 

Finally, Guiso and Parigi (1999) develop two empirical proxies for the degree of 
irreversibility: 1) the degree of firms’ access to the secondary market for their capital 
equipment, and 2) the degree of cyclical correlation of the firms within an industry. The 
authors calculate the two proxies using survey data and find that demand uncertainty has a 
negative effect on investment for all groups of firms and the negative effect is stronger for 
the firms with larger irreversibility. 

The above findings indicate that irreversibility ensures and strengthens the negative 
effect of uncertainty on investment. However, the theory emphasizes that how irreversibility 
translates into this effect depends on market competition. The next section addresses this 
topic. 
 
B2. Market Competition 
 
The theoretical results of Caballero (1991) and Pindyck and Solimano (1993), in 
combination, suggest that the existence of imperfect competition is a necessary condition for 
the negative investment-uncertainty relationship if uncertainty is firm-specific. Two 
empirical papers that study the role of imperfect competition yield contrary results. Ghosal 
and Loungani (1996) find that the estimated coefficient on price uncertainty is statistically 
insignificant for the full sample of 4-digit U.S. data. However, this coefficient is statistically 
significant and negative for competitive industries—the industries with a low concentration 
ratio. For non-competitive industries, the coefficient is not statistically significant. Although 
seemingly unexpected, these results are not attributable to the Caballero-Pindyck conclusion, 
since the measure of uncertainty is industry-wide. Guiso and Parigi (1996) divide their 
sample according to the firm’s profit margin on unit price. They find that the estimated 
coefficient for uncertainty is negative for all sub-samples but that it is twice as large in 
absolute value for firms with greater market power (higher profit margin) than for firms with 
smaller market power. With their uncertainty measure being firm-specific, the authors’ 
results are consistent with the Caballero-Pindyck theory prediction. 
 
B3. Financing Constraints 
 
In Section II, I pointed out that some progress has been made toward merging theories of 
financing constraints and real options. Both theories suggest that uncertainty depresses 
investment: financing constraints theory—due to asymmetric information (Greenwald and 
Stiglitz (1990)) and real options theory—due to irreversibility (Dixit and Pindyck (1994)). 
Guiso and Parigi (1996) include the proxies for financing constraints—cash flow and credit 
rationing—to estimate their effect on investment separately from the irreversibility 
hypothesis. Their results demonstrate that financially constrained firms do invest less than 
those that are unconstrained, but, more importantly, the profit uncertainty coefficient—
though having become slightly smaller—remains large and statistically significant. The 
authors conclude that the irreversibility channel is vital and cannot be accounted for by 
financing constraints. Ghosal and Loungani (2000) note that although firm size is a common 
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proxy for capital market access, a high-quality proxy for sunk costs needs to be developed to 
distinguish between the irreversibility and financing constraints channels. 
 
B4. A Firm’s Risk Attitude 
 
Appelbaum and Katz (1986) suggest that firms’ risk aversion makes them invest less during 
times of heightened uncertainty. No study available to my knowledge tests the joint 
hypothesis of investment irreversibility and firms’ risk aversion. Since it is difficult to 
designate a subjective proxy for a firm’s risk attitude, one can attempt to find an objective 
proxy for firm’s risk management. Firms that manage risk better are able to undertake more 
risk. The findings of the empirical study of Haushalter (2000) on oil and gas producers’ risk 
hedging entail that risk is managed better by: 1) large companies, 2) leveraged companies, 3) 
companies whose main production is located in countries with developed derivatives 
markets. In turn, Lamont (1997), using firm segment-level data, confirms a hypothesis from 
internal capital markets theory that large diversified companies overinvest in and subsidize 
underperforming segments. The combined results of these two works imply that the ability to 
take more risk leads to overinvestment and weakens the investment-uncertainty relationship. 
 
 
 
IV. Empirical Testing 
 
 
A. Data 
 
The sample of firms used in this paper consists of 77 oil companies that constitute five oil-
related industries in the Standard & Poor’s 500 index (Table 1). The choice of the oil sector 
for testing the investment-uncertainty relationship is motivated by the presence of a clearly 
identified industry-wide uncertainty factor (oil price), the existence of futures option 
contracts for the underlying risk factor, which makes available implied volatility, and the 
high importance of oil price risk for today’s global economy. The frequency of the data used 
in the time-series and cross-section time-series regressions is quarterly—the maximum 
available from company accounts. The data on company accounts, such as capital 
expenditures, cash from investing activities, gross sales, operating income, net income, 
interest expense, income tax expense, cash and cash equivalents, total assets, fixed assets, 
and total market value, are reported quarterly to the SEC (10-Q reports) and were provided 
by Bloomberg. Most of the quarterly company data from Bloomberg are available from 
1994; so my dynamic panel data set runs from 1994Q1 to 2004Q3. The daily data on stock 
prices, oil prices, interest rates, and the corresponding implied volatilities were also 
downloaded from Bloomberg and were converted to quarterly data by simple averaging. The 
aggregate data, such as U.S. private fixed investment by sector, U.S. GDP, U.S. CPI, world 
oil reserves, production, supply, and demand come from the Bureau of Economic Analysis, 
the Bureau of Labor Statistics, the Department of Energy, and the Oil and Gas Journal, and 
were provided by Haver Analytics. Most of the aggregate data start in 1983 and my time-
series tests are conducted for the 1983Q1-2004Q3 period. 
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B. Variables 
 
B1. Volatilities 
 
I use three measures of uncertainty: company-specific, industry-wide and economy-wide. 
The company-specific uncertainty in my tests is the implied volatility derived from stock 
options for each company (reported by Bloomberg on a daily basis). Since the companies in 
the sample are represented in the S&P 500, their market values are relatively large and the 
stocks are liquid, thus, only two companies out of 77 do not have stock options. 

Industry-wide uncertainty is represented by the volatility of oil prices. I look at both 
the implied and the historical volatilities of oil prices. The historical volatilities are calculated 
for spot, 1-month, 1-year, and 2-year futures on West Texas Intermediate (WTI) and for 1-
month futures on International Petroleum Exchange (IPE) oil prices. The historical 
volatilities are calculated in two ways: 1) as the standard deviation of oil price level, and 2) 
as the standard deviation of daily returns on oil price. The level-based volatilities turn out to 
be statistically insignificant in the tests. The “classical”, return-based volatilities are indeed 
statistically significant and the results are similar across the contracts, therefore, for 
consistency, I use only the results for spot price volatility for comparison with implied 
volatilities. As discussed in section III, there are several ways to calculate historical 
volatility, and the GARCH model seems to be the most accurate one. However, GARCH is 
usually used for daily data. In my case, the company data are on a quarterly basis; so 66 
GARCH-generated daily volatilities would have to be converted into one quarterly 
observation, which would eliminate the predictive power of the GARCH model. I assume 
instead that a decision about investing during quarter N is made in quarter N-1, and that the 
volatility in quarter N-1 is fully observable. An alternative assumption might be that a 
decision maker has “perfect” vision and can observe or precisely predict the volatility in 
quarter N. In reality, investment decisions can be achieved at any time during quarters N-2 
through N. Since it is impossible to derive from the data that I have when exactly the 
investment decision is being made, there is no need to model the volatility on a daily basis. I 
use the simplest, but least restrictive, forecast model: the expected volatility in quarter N 
equals the observed volatility in quarter N-1. 

The implied volatilities of oil price are derived from 1-month, 1-year, and 2-year WTI 
and from 1-month IPE futures options. Due to data availability, I use 1-month WTI and 1-
month IPE contracts as the most liquid. Implied volatilities have greater statistical 
significance than historical volatilities, and WTI implied volatility is slightly more significant 
than IPE implied volatility. Thus, WTI implied volatility is reported in the tables. 
 
B2. Firm Investment 
 
Most authors employ the change in fixed assets as a measure of investment in their tests. In 
contrast, in this industry, capital expenditures, or capex, an item in cash flow financial 
statements, is considered to be a validated measure of investment. One problem with using 
either the change in fixed assets or capex is that many companies in the oil industry prepare 
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their financial statements according to an accounting practice called the Successful Efforts 
method. This method enables companies to “expense” exploration costs associated with 
unsuccessful wells and to capitalize only those related to successful exploration. Conversely, 
companies who employ the Full Cost method capitalize exploration costs associated with 
both successful and unsuccessful wells. The application of the Successful Efforts method 
rather than the Full Cost method entails lower accounting numbers for fixed assets, net 
income and capital expenditures (in absolute value). Net fixed assets are also affected by 
depreciation. The change in fixed assets is similar to the negative of cash flow from investing 
activities which, apart from capital expenditures, includes disposal of fixed assets and other 
investing activities. I use three measures of investment: capex, change in fixed assets and 
cash flows from investing activities. Capex turns out to be the most sensitive to uncertainty, 
and change in fixed assets was statistically insignificant. One possible explanation of the 
latter finding is that changes in fixed assets contain sales of “old” assets which can hardly be 
treated as disinvestment. 
 
B3. Other Company-Specific Variables 
 
In this paper, the financing constraints faced by a company are characterized by cash, net 
income, interest expense, income tax expense, and long-term debt. Cash and cash equivalents 
at the end of the previous quarter represent the total initial funds available for investment. 
Net income at quarter N-1, by analogy with the historical volatility, is equivalent to the 
expected income at quarter N, that is, the additional funds for investment during quarter N. 
The pecking order theory outlined in Myers (1984, 1993), which describes a preference order 
according to which managers select the financing source for investment projects, suggests 
that internal funds (cash flows) are used first. Long-term debt-to-total assets—a classic 
measure of leverage—represents borrowing needs and opportunities. A high leverage ratio 
lessens the ability to borrow in the future (see e.g. Myers and Majluf (1984)). However, a 
low leverage ratio can signal a financing constraint and/or a high growth potential (a low 
amount of tangible assets) or high cash reserves. So, by itself, a leverage ratio does not 
indicate the existence of a financial constraint, but rather a firm’s trade-off between its need 
for and its cost of borrowing. Interest expense and income tax expense, both as a proportion 
of operating income, are viewed by Berens and Cuny (1995) as more optimal measures of 
leverage because the debt-to-assets ratio is distorted by a firm’s real growth, inflation, 
uncertainty of earnings and depreciation. Total market value-to-total assets is considered by 
Smith and Watts (1992) as an indicator of investment opportunities. The other variables—
gross sales, operating income, and total assets, are used only as scaling factors. 
 
B4. Exogenous Variables 
 
The dollar price of oil (WTI spot, 1-month, 1-year, 2-year futures, and IPE 1-month futures) 
is used as an industry-wide barometer of future earnings. Interest rates (2-year, 5-year, and 
10-year) characterize both the economy-wide cost of borrowing and the expected 
profitability. World excess oil supply (the difference between supply and demand as a 
percent of supply) represents the speed of development of the oil sector relative to the growth 
of world demand. Competition in the world oil sector is approximated by the ratio of world 
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oil production to world oil reserves. Since firms’ oil reserves are being revised yearly, this 
measure also indicates the relative importance of short-term (production) and long-term 
(exploration) activities. The level of imperfection of competition in the U.S. oil sector is 
measured by the concentration ratio, which is the ratio of the market value of the three largest 
companies to the market value of all companies in the sample. Finally, two macroeconomic 
variables are included—U.S. GDP and U.S. CPI—to reflect the economic conditions in the 
firms’ home country. 
 
C. Tests 
 
Preliminary tests of the effects of industry-wide and economy-wide uncertainties on 
aggregate investment are described in Section C2. Before that, routine tests for non-
stationarity of the employed time series are implemented (C1). The generalized method of 
moments for dynamic panel data in the formulation of Arellano and Bond (1991) is briefly 
discussed in C3. C4 describes the tests for the effects of three types of uncertainties on firm 
investment. In Section C5, a different model specification is employed to study the 
investment-uncertainty relationship. C6 offers additional cross-sectional tests. 
 
C1. Tests for Non-Stationarity 
 
Prior to carrying out the time series analysis of data, one has to test the variables for unit 
roots (see e.g. Hamilton (1994)). Elliot, Rothenberg, and Stock (1996) (ERS) propose the 
modified Dickey-Fuller t test. Their test is similar to the test described in Dickey and Fuller 
(1979), with the difference that the variable is transformed via a generalized least square 
(GLS) regression before testing for a unit root. Elliot et al. (1996) demonstrate that their test 
has significantly higher power than the augmented Dickey-Fuller test. 

Table 2 reports the results of tests of macroeconomic variables for unit roots using the 
ERS methodology. The series on oil price, interest rates, U.S. sector investment, U.S. GDP, 
U.S. CPI, world excess oil supply and competition in the world oil sector expectedly turn out 
to be non-stationary; that is, t tests fail to reject the null hypothesis of a unit root. For the 
future analysis, I calculate either level or percent changes of the non-stationary series and test 
them for a unit root. The first-differenced series do not exhibit a non-stationary pattern in 
most cases. Tests for unit roots on the other series (the volatilities of oil prices and interest 
rates) reject the null hypothesis. 
 
C2. Time-Series Tests for Aggregate Investment 
 
Prior to analyzing the dynamic panel data, I examine the effects of uncertainty and other 
macroeconomic variables on aggregate investment. The benefit of using aggregate 
investment is that the series includes the data for both small (non-S&P 500) public and 
private (non-traded) companies. Aggregate investment in the oil sector was represented by 
two series from U.S. national accounts: 1) investments, structures, oil and gas production and 
2) investment, structures, mining. Both real and nominal investment series were utilized. For 
investment in oil and gas production, I use the quarter-on-quarter and year-on-year growth 
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rate series; for investment in mining, only the quarter-on-quarter series is used (the year-on-
year series was shown to be non-stationary). Initially, I estimate the following regression 
using OLS: 
 

t
k

tkkttt excVIRbVIWbaInvestment ++++= ∑ −−− 1,1211 ,    (4.1) 

 
where Investmentt is aggregate investment, VIWt is the implied volatility of WTI oil price, 
VIRt is the implied volatility of 2-year interest rate, {xkt} is a set of macroeconomic variables 
(oil price, interest rate, GDP, CPI, oil sector competition, competition imperfection, and 
excess oil supply), some of which are omitted for certain specifications of the dependent 
variable due to their non-stationarity. The results are reported in columns “OLS” in Table 3 . 

The coefficients and the autocorrelation statistics correspond to regular OLS 
estimation but the p-values are calculated using Newey-West (1987) standard errors for the 
OLS coefficients. The Newey-West standard errors are produced to adjust for the possible 
presence of heteroskedasticity and autocorrelation, so three lags of residuals are included. 
Indeed, in several cases, the tests for autocorrelation (Durbin-Watson, Durbin-Watson 
alternative, and Breusch-Godfrey) reveal autocorrelation structure in the residuals. 
One way to remove autocorrelation is to include investment lags in (4.1): 
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The results of estimation of (4.2) are presented in columns “OLS/lags” in Table 3. In all 
cases, the autocorrelation tests’ statistics show that the autocorrelation structure in OLS 
residuals does disappear. As in the previous tests, the p-values are estimated using Newey-
West standard errors. 

Another way to deal with autocorrelation in time-series is to use the Prais-Winsten 
(1954) transformation. The Prais-Winsten method assumes an AR(1) process in the residuals 
 

ttt uee += −1ρ      ut is i.i.d.        (4.3) 
 
and carries out a GLS estimation of the system (4.1) and (4.3) by iterations. The coefficients 
and transformed Durbin-Watson d statistic are shown in columns “PW”. The p-values 
correspond to the White (1980) estimator of variance which is robust to heteroskedasticity 
(but not to autocorrelation of higher orders). To model both conditional heteroskedasticity 
and autocorrelation, I use the GARCH model with ARMA effects17 for the error terms: 
 

                                                 
17 For the original ARCH and GARCH models, see Eagle (1982) and Bollerslev (1986), for a review of 
GARCH and ARIMA models see Hamilton (1994). 
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The results are reported in columns “ARMA” and “ARCH”. For both investment in 

oil production (y-o-y) and investment in mining (q-o-q), GARCH effects (δ) and MA effects 
(θ) are absent18. The AR(1) coefficient is statistically significant for the two series and the 
ARCH(1)—only for investment in mining (q-o-q). 

Volatility of interest rates is found to be statistically significant in most cases, 
whereas oil price volatility display significance only in the regular OLS estimation of 
investment in oil production (y-o-y) and the ARCH estimation of investment in mining (q-o-
q). The volatility of interest rates has a negative impact on investment, which is consistent 
with the theory. From the general models, the volatility of oil prices seems to have an 
insignificant effect investment in the oil production sector and a positive effect in the mining 
sector. Oil price effects are also rather weak and mixed: in the oil production sector, 
investment negatively reacts to higher oil prices, and in the mining industry, higher oil prices 
encourage investment. These outcomes probably result from the difference in investment 
planning horizon between the two sectors. The mining sector responds to a rise in oil prices 
quickly because the funds and time required for completion of investment projects are 
relatively small. But in the oil production sector, investments, duration of a project and the 
time to regain are larger, so the short-term changes in oil price should have a less pronounced 
effect on investment strategies and the long-term changes should be captured in investment 
lags and in the fundamentals. 

For example, CPI inflation and GDP growth are directly related to investment in both 
sectors. World-wide oil sector competition has an adverse effect on investment, probably due 
to the expectation of excess oil supply in the long run. Another explanation of the result is 
that competition is defined as the ratio of production to reserves, an increase in which can 
also be interpreted as a rise in production costs relative to long-term investments 
(exploration). Thus, a higher ratio, or lower reserves, signals depressed investment. 

Excess supply seems to accelerate investment, which brings up the causality and 
collinearity issues—past investments could cause over-production. In addition, the direct link 
between excess supply and investment can be attributed to the fact that suppliers overproduce 
when they expect high demand in the near future; the same motivation stimulates their 
investment. The measure of competition imperfection—the concentration ratio—seems to 
lessen investment in both sectors. In the presence of severe market imperfections or 
economies of scale, small companies tend to become more risk-averse and to invest less 
because large players have more advantageous risk-return realization due to segment and 
                                                 
18 Either the estimation process failed to converge or the estimated parameters were statistically insignificant. 
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project diversification. At the same time, large companies are less efficient than small 
companies in a market with perfect competition because they have a lower degree of 
corporate focus, and their segment diversification and inter-segment borrowing allow them to 
undertake high-risk projects and to maintain failing segments (see e.g. Comment and Jarrell 
(1995)). This, in turn, leads to lower profitability and a smaller amount of funds available for 
investment in the long-run19. So, the overall impact of imperfect competition on investment 
must be negative. 

To summarize, interest rate uncertainty has a clearly negative impact on investment, 
with this result being robust to both the model specificiation and the industry selection. I am 
inclined to consider the findings regarding the effects of oil price uncertainty and the oil price 
level on investment as mixed. The analysis of oil price level and volatility impacts is 
complicated by the complex inter-relation of the major macroeconomic indicators included in 
the model. In addition, oil price itself is linked to oil sector competition, excess oil supply 
and the concentration ratio. Most of the macroeconomic fundamentals have a predicted and 
explainable effect on investment. More advanced techniques, such as simultaneous equations 
or the VAR model, should be employed to model aggregate investment and uncertainty in the 
time series framework. This type of macroeconomic modeling, however, is beyond the scope 
of this paper, as it focuses on firm-specific investment choice. 
 
C3. Generalized Method of Moments for Panel Data 
 
In the following sections, I describe the tests with cross-section time-series data. I employ the 
generalized method of moments (GMM) developed in Arellano and Bond (1991). They 
consider the model: 
 

iti
n

nitm
n

nitn
j

jtijit evcwbxyay ++++= ∑∑∑ −,  Ni ,....,1=   iTt ,...,1=   (4.6) 

 
where {aj}, {bn}, {cm} are sets of parameters to be estimated; xit is a vector of strictly 
exogenous covariates ( 0][ =isit exE  for all t and s); wit is a vector of predetermined covariates 
( 0][ ≠isit exE  for s < t but 0][ =isit exE  for all s ≥ t); vi are random effects that are 
independent and identically distributed (i.i.d.) over the panels with variance 2

vσ ; and eit are 
i.i.d. over the whole sample with variance 2

eσ . Arellano and Bond derive a GMM estimator 
by differencing (4.1) and utilizing lagged levels of the dependent variable and the 
predetermined variables and differences of the strictly exogenous variables. They propose a 
test for the hypothesis that there is no second-order autocorrelation in the first-differenced 
disturbances. The test is important because the GMM assumes that 0][ 2, =ΔΔ −tiit vvE . In 

                                                 
19 Even though large companies have a higher debt capacity due to coinsurance, a lower profitability puts 
restrictions on company growth, which, with  debt ratio being relatively stable, limits the actual amount of debt. 
Corporate focus was found to be uncorrelated with leverage in Comment and Jarrell (1995) study. 
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addition, Arellano and Bond suggest Sargan’s (1958) test of over-identifying restrictions for 
this model. The Sargan test generates an asymptotic chi-squared distribution under the 
assumption of homoskedasticity of the error term and over-rejects in the presence of 
heteroskedasticity. 

Within the given data sample, (since the industry-wide and economy-wide indicators 
are unlikely to be disturbed by a specific company’s variables), the macroeconomic variables 
are assumed to be strictly exogenous. How to treat firm-specific variables, including the 
company stock price volatility, remains a question, which will be addressed below. One 
might suspect that company-specific variables are either predetermined or even endogenous 
because their future values can be affected by current unforecastable errors, so that 

0][ ≠isit exE  for s < t (predetermined), or for s ≤ t (endogenous). 
 
C4. Effects of Volatility on Firm Investment 
 
The purpose of the next set of tests is to identify the effects that the volatilities of the three 
factors—oil price, interest rate or stock price—have on firm investment. This is tested in the 
following regressions: 
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(4.8) 
where i is the number of the firm, t is the number of the quarter, Capex is the firm’s capital 
expenditure (year-on-year percent change) – the proxy for investment, CVI is the volatility of 
the firm’s stock price, VIW is the volatility of oil price, VIR is the volatility of interest rates, 
MVT is the total market value of the firm (year-on-year percent change), P is the oil price, 
and IR is the interest rate. The first regression (4.7) estimates the isolated effects of the 
volatilities; and the second regression (4.8) includes the effects of the underlying factors. 
Both one- and two-step estimations from Arellano and Bond (1991) were implemented. The 
results are summarized in Table 4. As discussed before, the two firm-specific variables—the 
stock price volatility and the firm’s market value—can be treated as either strictly exogenous 
or predetermined or endogenous and the other variables—as strictly exogenous. Columns A 
and F contain the regression results when stock price volatility and total market value are 
considered strictly exogenous. I start with estimation of regressions (4.7) and (4.8) including 
only the first lag of firm investment. When the null hypothesis of no autocorrelation in the 
second-order residuals is rejected, I add another lag of investment, and so forth. 

The results in columns A and F show that it is not possible to reject the null 
hypothesis of no autocorrelation only with the third lag of investment. However, the Sargan 
test from all of the regressions in columns A and F rejects the null hypothesis that the over-
identifying restrictions are valid. When the stock price volatility and the total market value 
are regarded as predetermined variables, the specification of the model improves, but only 
for equation (4.4) with one and three lags of investment. One can no longer reject the null 
hypothesis of over-identifying restrictions in these cases. A further improvement in the 
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model can be expected if the stock price volatility and the total market value are treated as 
endogenous (the only difference between endogenous and predetermined is that for the 
former 0][ ≠itit exE , and for the latter this is not the case). On the contrary, the results in 
columns C and H do not display a notable increase in the Sargant test’s p-value, but rather a 
slight decrease, which confirms that the endogenous variables provide the best model 
specification. The extremely low p-values from the Sargant test in all of the specifications of 
model (4.7) (columns B and C) and in the two-lag specification of (4.8) (mid-lines in 
columns G and H) can be due to heteroskedasticity. One way to adjust for the effects of 
heteroskedasticity is to calculate robust estimators for the same models. The results for robust 
estimation of the predetermined variable specifications of (4.7) and (4.8) are presented in 
columns D and I. Evidently, the coefficients are identical to those in columns B and G, but 
the p-values are somewhat increased. Another way to account for the presence of 
heteroskedasticity is to use the two-step estimator, which is more efficient than the one-step 
estimator. The two-step estimations (in columns E and J) indeed display that one can no 
longer reject the Sargan test’s null hypothesis. In addition, most of the coefficients became 
statistically significant. This outcome with the coefficients can be misleading because 
Arellano and Bond (1991) suggest that the two-step estimator under-estimates standard errors 
in small samples. Overall, one needs to analyze the outputs from both estimators: the one-
step estimator is better for inference on the coefficients, and the two-step estimator—for 
inference on model specification. In this regard, columns D and E (columns I and J) provide 
the most legitimate information about the coefficients in regression (4.7) (regression (4.8)). 

Table 4 demonstrates that the coefficient on the stock price volatility is negative and 
statistically significant in the two-step estimation of models (4.7) and (4.8) with one and two 
investment lags. The oil price volatility coefficient is also negative but it has greater 
significance in the short model, (4.7): both one- and two-step estimators yield low p-values 
when three investment lags are included. In the factors model (4.8), the oil price volatility is 
statistically significant only in the two-step estimation with two and three investment lags. 
The interest rate volatility is negative and statistically significant across estimation methods. 
The output in columns F-J demonstrates a good specification of model (4.8): all three factors 
are consistently statistically significant. As predicted by the theory, total market value has a 
positive impact on investment—a high market value suggests excellent earnings growth 
prospects and large borrowing capabilities. A rise in oil prices also stimulates investment: 
this industry factor is directly related to the expected earnings of the firm. In contrast, an 
increase in interest rates discourages investment, which is consistent with the theory as well. 
Interest rates reflect the costs of borrowing which are, in general, inversely related to firm 
profit margin. 

To summarize, the empirical findings of this section are consistent with the previous 
theoretical literature on investment. All three types of volatilities—firm-specific, industry-
wide and economy-wide—adversely affect firm investment. The three underlying factors 
included in model (4.8) are statistically significant, which means the model is well specified. 
However, the one-step estimators of models (4.7) and (4.8) provide, in general, statistically 
insignificant results for stock price and oil price volatilities. These outcomes can be due to 
non-linearity of the investment-uncertainty relationship that will be empirically explored in 
the next section. 
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C5. Tests for the Investment-Uncertainty Relationship 
 
Since the investment-uncertainty relationship is not linear and is affected by several factors, I 
define investment-uncertainty sensitivity as σ∂∂= /Is  and test which variables change s. A 
particular form of sensitivity s could be specified in many ways. Since I work with cross-
section time series regressions which include both firm-specific variables (cross-section time 
series) and industry-wide variables (time series multiplied by the unity vector), all of the 
firm-specific variables need to be scaled and their percent changes need to be calculated to 
control for the size effect. Another reason for this conversion is that firm-specific variables 
can be non-stationary. Hence, s can be expressed as either 1) the ratio of the change in the 
investment scaled by capital stock (or total assets) to the change in volatility, or 2) the ratio 
of the percent change of investment to the change in volatility. The latter can be regarded as 
the elasticity of investment to uncertainty. The former has a potential heteroskedasticity bias 
because capital stock can be correlated with operating income, net income, total assets, and 
total market value. Thus, I work only with sensitivity defined in terms of (percent) changes 
of investment. I calculate three measures of the investment-uncertainty sensitivity: 
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where capex is firm capital expenditures and σ is the oil price volatility. 

s1 and s2 measure the effect of uncertainty on yearly and quarterly percent change of 
investment, and are used in the regressions with both firm-specific and industry-wide 
variables. Since s3 measures the nominal (non-scaled) effect of uncertainty, it is employed in 
the regressions that only include firm-specific variables, to test their remote effect on 
investment-uncertainty sensitivity. For s1 and s2, the following regression is estimated: 
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where L is the number of investment sensitivity lags, J is the number of external (industry-
wide) factors, K is the number of internal (firm-specific) factors, {F1j} are external factors 
(lags of oil price volatility, lags of interest rate volatility, oil price, interest rate, GDP, CPI, 
competition level, excess supply, and concentration ratio), and {F2k} are internal factors 
(stock price volatility, cash-to-total assets, net income-to-total assets, taxes-to-operating 
income, interest-to-operating income, debt-to-total assets, and market-to-book ratio). The 
results are presented in columns A and B in Table 5. I begin with Arellano-Bond estimation 
of (4.12) where all variables are treated as strictly exogenous. (Since the number of firm-
specific variables is large, the estimation power of the test will be low if all of them are 
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treated as predetermined). Then, I determine which firm-specific variables were statistically 
significant and estimate the equation when they are considered as predetermined. All 
estimations are carried out with robust errors, so the Sargan test’s p-values are not reported 
(since heteroskedasticity is assumed). Two-step estimators are not used in these tests because 
the number of independent variables is too large for such a sample. The number of lags of 
sensitivity (two) is chosen to maximize the p-value of the test for autocorrelation of second-
order residuals. 

The results in column A (effects on s1 from (4.9)) demonstrate that nearly all the 
industry-wide variables, except for level of competition and excess supply, are statistically 
significant. The coefficients with a negative sign indicate that the corresponding variables 
strengthen the investment-uncertainty relationship (the sensitivity is, on average, negative). 
The statistical significance of sensitivity lags and oil price volatility signals the presence of 
substantial adjustment costs, which is consistent with predictions of Lamont (2000) and Abel 
and Eberly (1995). Interest rate volatility (in three lags) is also significant and negative. This 
outcome can be attributed to the fact that the interest rate risk adds to the industry risk (oil 
price) and amplifies the reaction of firm investment to uncertainty. The coefficient for oil 
price is positive, that is, the level of oil price weakens the investment-uncertainty 
relationship. Consistent with previous findings, firms seem to disregard uncertainty when oil 
prices are high. The negative sign of the interest rate coefficient indicates that high interest 
rates hold back firm investment even when uncertainty is low. So, the combined effect of 
both high uncertainty and high interest rates is more damaging for firm investment. Both 
GDP and CPI coefficients have positive signs, probably because GDP growth represents 
economic prospects in the short-term and CPI inflation is directly related to the costs of not-
investing (devaluation of internal funds). The concentration ratio—a measure of imperfection 
of competition—has a negative sign in its coefficient, so the greater the imperfection of 
competition, the more investment responds to uncertainty. This finding goes along with the 
model developed in Caballero (1991). The firm-specific variables demonstrate weak impacts 
on the investment-uncertainty relationship. In the all-strictly-exogenous specification of the 
model, only cash and net income are statistically significant. When firm-specific variables 
are treated as predetermined, none of them display statistical significance. 

Column B in Table 5 shows the effects on s2 (the quarterly measure of sensitivity). 
The results are different from those for the yearly measure of sensitivity: oil price, interest 
rate, GDP and concentration ratio have turned statistically insignificant and excess oil supply 
has become significant. The result of a statistically insignificant oil price is difficult to 
explain; it is probably due to a measurement error resulting from the lack of information on 
when investment decisions are made and what date’s oil price is taken into consideration. 
The quarterly average of daily oil prices does not seem to work in the quarterly model of 
investment sensitivity. However, it performs well in the yearly change model because of a 
longer term of returns. The same argument goes for interest rates, which are observed on a 
daily basis. The insignificance of GDP could be due to the difference in seasonality patterns 
between firm investment and GDP, even though firm investment does not exhibit sufficient 
seasonality (the quarters’ dummies were insignificant). The concentration ratio is a rather 
smooth series, and it seems that only its yearly change is sufficiently substantial to affect 
investment sensitivity. In contrast, excess oil supply is highly volatile (for a quarterly series) 
and has a weakening effect on the investment-uncertainty relationship. As mentioned before, 
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a positive excess oil supply signals both extra oil production in the current quarter and an 
expected pickup in demand in the subsequent quarter. Positive excess oil supply cannot be 
sustainable in the long run, so instead, it represents good prospects for oil producers, which, 
in turn, stimulates firm investment despite uncertainty. In the quarterly model tests, net 
income-to-total assets was consistently statistically significant and negative. A high net 
income at the present period signals good profit prospects in the succeeding periods, which 
encourages current investment. 

The remote effects of the firm-specific variables on s3 are presented in column C. The 
purpose of these tests is to avoid potential correlations between firm-specific variables scaled 
by the same factor (such as operating income and total assets). Consequently, the industry-
wide variables (which are time series multiplied by the unity vector) should be eliminated 
from the regression. Firm size (total market value) is statistically significant and negative. It 
probably weakens the investment sensitivity because larger firms better diversify risk and can 
afford inter-segment borrowing. In addition, a higher market price signals lower borrowing 
costs and brighter profit prospects. These factors allow large companies to disregard 
uncertainty to some extent. Cash is also significant and positive, which can be attributed to 
the fact that cash-rich companies are free from financing constraints and rely heavily on their 
internal funds. Since they rarely borrow, they can take more risk. In addition, cash-rich 
companies are not as exposed to external capital markets, and thus, they are less concerned 
about the market’s perception of risk (such as oil price volatility). In contrast to market value, 
the coefficient of book value (total assets) is negative. In this sample, on average, 62% of 
total assets are fixed assets. High total assets are usually attributable to large mature 
companies who are probably more conservative in their estimates of risk and are more risk 
averse. According to this logic, a high book value should strengthen the investment-
uncertainty relationship. 

In sum, the tests yield significant results for the macroeconomic variables, which is 
consistent with the theoretical literature on investment under uncertainty. The results for 
firm-specific variables are somewhat disappointing, although the statistically significant 
results are in line with the literature on financing constraints and with the broader corporate 
finance theory. The insignificance of some firm-specific variables can be due to a relative 
stability of one series (such as tax-to-operating income or debt-to-total assets) and due to a 
seasonal pattern in others (cash or operating income), whereas capex is highly volatile and 
sensitive to external factors. Furthermore, the dynamic panel data test results in column C 
could suffer from non-stationarity of firm-specific variables. One way to capture some cross-
firm differences while avoiding the non-stationarity issue is to employ a purely cross-
sectional test. 
 
C6. Cross-Sectional Tests for Investment 
 
For each company, I calculate 10-year averages of the firm-specific variables and measure 
the average investment sensitivity in the following ways: 
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The first (third) measure is a simple average of investment sensitivity based on yearly 
(quarterly) changes, and the second (fourth)—the standard deviation of these changes. The 
investment sensitivity is regressed on the firm-specific variables: 
 

iiiiiiiiii eMBaMVTaDEBTaINTERaTAXaNIaCASHaTAaaS +++++++++= 876543210

    (4.17) 
 
where TA is total assets, CASH is cash, NI is net income, TAX is income tax expense, INTER 
is interest expense, DEBT is debt, MVT is the total market value, MB is the market-to-book 
ratio. The outcomes from the four regression estimations are shown in Table 6. The 
estimators are robust and statistically insignificant coefficients are omitted in the final 
models. Regressions with (4.14) and (4.16) have a higher R-squared than those with (4.13) 
and (4.15) because the latter take into account non-linearity effects of uncertainty on 
investment, that is, investment can respond positively to a rise in the uncertainty level. The 
results in column 1 in Table 6 show that cash and debt are positive, which is consistent with 
the findings in the previous section. Tax expense has turned statistically significant and 
positive, which can be expected because higher tax payments mean cash outflows and lower 
internal funds available for investment in a subsequent quarter. Contrary to the results from 
the dynamic panel data tests, total market value has become negative in both the yearly and 
quarterly specifications of (4.17). Since panel data tests, in general, provide more information 
and are more efficient than purely cross-section tests (see e.g. Baltagi (2001)), the result 
given in the previous section is probably more reliable, unless it is fueled by MVT’s non-
stationarity. For MVT in cross-sectional tests, the 10-year average, calculated as a simple 
mean, can be a distorted measure of the actual average because: 1) if approximately constant 
average growth rate of MVT is assumed, MVT increases exponentially and a simple mean 
assigns higher weights to the more recent years; 2) linked to the stock price, MVT, on 
average, grows faster than such series as total assets or the book value of debt, which creates 
a discrepancy between the definitions of the values. The other variables became statistically 
insignificant in the tests for the mean of investment sensitivity. 
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V. Conclusions 
 
 
The real options theory and related theories on financing constraints, adjustment costs and a 
firm’s risk attitude imply that many factors, besides uncertainty, affect investment decisions. 
Most empirical works, with the notable exception of Guiso and Parigi (1996), focus on 
restrictive models and do not incorporate a full set of factors that are suggested to affect the 
investment-uncertainty relationship. 

This paper contributes to the empirical literature that studies investment-uncertainty 
non-linearity and offers several improvements in estimation procedure. First, similar to 
Leahy and Whited (1996), for the key tests, I use firm-level dynamic panel data (but on a 
quarterly basis), which allows me to estimate both firm-specific and time-varying effects. 
Second, I incorporate three types of uncertainty into the investment model: economy-wide 
interest rate, industry-wide output price and firm-specific uncertainties. All three types of 
uncertainty are important determinants of investment but most empirical studies use only one 
type and some use two. Third, the selection of the oil industry for the company sample and 
T-bond yields for the interest rates enables me to exploit stock options and oil and interest 
rate futures options markets and use the corresponding implied volatilities for stock prices, 
oil prices and interest rates, which, as far as I know, has not been done in previous studies.20 
Implied volatilities are forward-looking measures of uncertainty and predict realized 
volatilities better than historical ones. Compared to firm survey data and analysts’ forecasts 
(such as IBES), implied volatilities are continuous and are unbiased since they incorporate all 
of the information available to the market. Fourth, I estimate the effects of various external 
and firm-specific factors on investment-uncertainty sensitivity rather than the effects on 
investment itself. Theoretical works on investment under uncertainty suggest that 
investment-uncertainty sensitivity is dependent upon other model parameters. 

I carry out time-series cross-sectional tests using the Arellano-Bond (1991) GMM 
estimator which corrects for non-linear and unbalanced data. The estimation results can be 
summarized as follows. All three types of uncertainty have a negative impact on firm 
investment, with interest rate uncertainty having the most profound and statistically 
significant effect and stock price uncertainty—the least notable and least statistically 
significant. This result is in line with Caballero and Pindyck (1996) who find that a broader 
uncertainty measure has a more pronounced effect on investment. However, oil price is an 
important determinant of investment and, when included in the investment equation, forces 
oil price uncertainty to become insignificant. This finding is consistent with those of Favero 
et al. (1994) and Hurn and Wright (1994) who suggest that output price induces investment-
uncertainty non-monotonicity. Financing constraints are also significant in the investment 
equation: higher firm growth and lower interest rates yield higher investment growth. 
                                                 
20 Although the selection of a single industry might seem to be restrictive, I believe the benefits of using the oil 
industry outweigh this drawback. The inclusion of other industries would necessitate the obtaining of the 
corresponding industry-wide output prices, which might not be linked to publicly traded contracts, as is the oil 
price. In addition, the oil price—being the output price only for the oil sector—is an important uncertainty 
factor for nearly all manufacturing industries. 
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The tests for investment-output price uncertainty non-linearity yield further results. 
As in the investment model, oil price and total market value weaken the investment-
uncertainty relationship. The presence of adjustment costs—not directly proxied in the 
regressions—is confirmed by the significant investment and oil price volatility lags. 
Concentration ratio—the proxy for the degree of market imperfection—strengthens the 
negative investment-uncertainty relationship, which is consistent with the model of Caballero 
(1991) but contradicts Ghosal and Loungani (1996). In this paper, however, concentration 
ratio is a time series, and Ghosal and Loungani (1996) use cross-sectional data. There is 
statistical evidence of the importance of financing constraints: interest rates and firm interest 
expense reinforce the negative effect of uncertainty on investment, whereas cash and net 
income (in yearly equation) lower this effect. These findings are in line with the model 
prediction of Boyle and Guthrie (2003) and with the evidence of Guiso and Parigi (1996). 
Firm risk management ability is proxied by total market value and debt, which in my 
estimations turn out to weaken the investment-uncertainty relationship. These outcomes are 
conceptually similar to those from Haushalter (2000) and Lamont (1997). Finally, total 
assets, which can be attributable to the degree of firm maturity and its risk aversion, 
emphasize the negative effect of uncertainty on investment. 

Many tests yield weak statistical performance of the coefficients. In the future, a 
better, more complex empirical model for investment under uncertainty which will include 
other partial derivatives needs to be developed. To allow for more advanced econometric 
techniques and for testing for generality of the results, the sample size should be increased. 
Direct measures of adjustment costs and a firm’s risk attitude are very desirable. These 
improvements would further increase our knowledge about investment behavior. 
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Table 1. Oil Companies 
The table presents the list of names and Bloomberg tickers of 77 oil companies used in the 
regression tests. The companies constitute five sectors in the Standard and Poor’s 500 Index: 
1) integrated oil and gas, 2) oil and gas drilling, 3) oil and gas equipment and services, 4) oil 
and gas exploration and production, and 5) oil and gas refining and marketing. The five 
sectors represent approximately 8% of the S&P 500 Index market capitalization as of 
December 2004. 

Name Ticker Name Ticker
Integrated S15IOIL Exploration&Production S15OILP
Exxon Mobil Corp XOM UN Equity Devon Energy Corp DVN UA Equity
ChevronTexaco Corp CVX UN Equity Anadarko Petroleum Corp APC UN Equity
ConocoPhillips COP UN Equity Apache Corp APA UN Equity
Occidental Petroleum Corp OXY UN Equity Burlington Resources Inc BR UN Equity
Marathon Oil Corp MRO UN Equity Unocal Corp UCL UN Equity
Amerada Hess Corp AHC UN Equity Kerr-McGee Corp KMG UN Equity
Murphy Oil Corp MUR UN Equity XTO Energy Inc XTO UN Equity
Drilling S15OILD EOG Resources Inc EOG UN Equity
Transocean Inc RIG UN Equity Pioneer Natural Resources Co PXD UN Equity
Nabors Industries Ltd NBR UA Equity Newfield Exploration Co NFX UN Equity
Noble Corp NE UN Equity Noble Energy Inc NBL UN Equity
ENSCO International Inc ESV UN Equity Pogo Producing Co PPP UN Equity
Patterson-UTI Energy Inc PTEN UQ Equity Patina Oil & Gas Corp POG UN Equity
Rowan Cos Inc RDC UN Equity Plains Exploration & Production Co PXP UN Equity
Pride International Inc PDE UN Equity Forest Oil Corp FST UN Equity
Unit Corp UNT UN Equity Southwestern Energy Co SWN UN Equity
Helmerich & Payne Inc HP UN Equity Cabot Oil & Gas Corp COG UN Equity
Atwood Oceanics Inc ATW UN Equity Cimarex Energy Co XEC UN Equity
Equipment&Services S15OILE Vintage Petroleum Inc VPI UN Equity
Schlumberger Ltd SLB UN Equity Spinnaker Exploration Co SKE UN Equity
Halliburton Co HAL UN Equity Stone Energy Corp SGY UN Equity
Baker Hughes Inc BHI UN Equity St Mary Land & Exploration Co SM UN Equity
BJ Services Co BJS UN Equity Remington Oil & Gas Corp REM UN Equity
Weatherford International Ltd WFT UN Equity Petroleum Development Corp PETD UQ Equity
Smith International Inc SII UN Equity Swift Energy Co SFY UN Equity
Cooper Cameron Corp CAM UN Equity Refining&Marketing S15OILR
National-Oilwell Inc NOI UN Equity Valero Energy Corp VLO UN Equity
Varco International Inc VRC UN Equity Kinder Morgan Inc KMI UN Equity
Grant Prideco Inc GRP UN Equity Williams Cos Inc WMB UN Equity
FMC Technologies Inc FTI UN Equity El Paso Corp EP UN Equity
Tidewater Inc TDW UN Equity Sunoco Inc SUN UN Equity
Cal Dive International Inc CDIS UQ Equity Ashland Inc ASH UN Equity
Maverick Tube Corp MVK UN Equity Western Gas Resources Inc WGR UN Equity
CARBO Ceramics Inc CRR UN Equity Overseas Shipholding Group OSG UN Equity
Lone Star Technologies LSS UN Equity Frontier Oil Corp FTO UN Equity
Hanover Compressor Co HC UN Equity
Hydril HYDL UQ Equity
Oceaneering International Inc OII UN Equity
SEACOR Holdings Inc CKH UN Equity
Input/Output Inc IO UN Equity
Offshore Logistics Inc OLG UN Equity
Veritas DGC Inc VTS UN Equity
Tetra Technologies Inc TTI UN Equity
W-H Energy Services Inc WHQ UN Equity
Dril-Quip Inc DRQ UN Equity
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Table 2. Tests for Non-Stationarity 
The table presents the results of tests for unit roots in line with the methodology described in 
Elliot, Rothenberg, and Stock (1996). The column Optimal # of lag shows the optimal lag 
according to Ng and Perron (1995). The critical values are derived from Cheung and Kim 
(1995). The variables in italics turned out to be non-stationary. To obtain stationary time 
series, quarter-on-quarter and year-on-year (percent) changes are calculated. The resulting 
outcomes are shown below the underlying variables. 

Optimal 1% critical 5% critical 10% critical
# of lag value value value

Oil spot price 6 -2.572 -3.770 -2.909 -2.610
q-o-q change 4 -3.074 -3.770 -3.077 -2.773
y-o-y change 6 -3.519 -3.770 -2.896 -2.586
2-year interest rate 8 -1.545 -3.770 -2.775 -2.477
q-o-q change 3 -3.398 -3.770 -3.142 -2.840
y-o-y change 8 -1.568 -3.770 -2.775 -2.477
Investment, structures,
in oil and gas production
q-o-q change 4 -4.225 -3.633 -2.995 -2.707
y-o-y change 11 -3.383 -3.645 -2.742 -2.468
Investment, structures,
in mining
q-o-q change 4 -3.309 -3.633 -2.995 -2.707
y-o-y change 8 -1.920 -3.645 -2.858 -2.580
GDP, real 2 -2.349 -3.770 -3.230 -2.918
q-o-q change 7 -2.939 -3.770 -2.832 -2.531
y-o-y change 2 -2.379 -2.631 -2.328 -2.025
CPI, s.a. 10 -1.642 -3.633 -2.787 -2.512
q-o-q change 9 -4.376 -3.637 -2.823 -2.546
y-o-y change 11 -3.017 -3.648 -2.739 -2.465
World competition 8 -1.928 -3.629 -2.862 -2.583
q-o-q change 7 -2.121 -3.633 -2.897 -2.616
y-o-y change 5 -2.490 -3.645 -2.967 -2.682
World excess oil supply 8 -1.859 -3.770 -2.764 -2.457
q-o-q change 7 -0.771 -3.770 -2.828 -2.524
y-o-y change 8 -3.117 -3.770 -2.757 -2.428
Concentration ratio 3 -2.140 -3.736 -3.093 -2.799
q-o-q change 2 -8.280 -3.740 -3.143 -2.844
y-o-y change 7 -3.249 -3.751 -2.867 -2.581
Implied volatility of
WTI oil price
Implied volatility of
IPE oil price
Implied volatility of
2-year interest rates

ERS τVariable

5 -0.577 -3.629 -2.963 -2.678

10 -1.488 -3.629 -2.789 -2.514

-2.968

1 -2.972 -3.770 -3.273

1

1

-2.960

-3.257

-3.425

-3.770

-3.770

-3.273

-3.283

-2.960
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Table 3. Aggregate data tests 
The table shows the estimation results from regression (4.1) and (4.2): 

t
k

ktkttt excVIRbVIWbaInvestment ++++= ∑21  

All the reported p-values are calculated using robust estimators. 

nominal real
OLS OLS/lags PW ARMA OLS OLS/lags PW ARMA OLS OLS

Volatility of oil price 0.883 0.129 -0.128 -0.116 0.675 0.280 -0.030 -0.018 Volatility of oil price 0.051 0.091
p-value 0.024 0.675 0.634 0.659 0.044 0.283 0.892 0.940 p-value 0.806 0.615

Volatility of interest rate -4.432 -3.274 -2.356 -2.383 -4.928 -2.365 -3.015 -3.062 Volatility of interest rate -3.717 -4.595
p-value 0.053 0.079 0.363 0.299 0.059 0.294 0.148 0.106 p-value 0.029 0.002

Oil spot price (y-o-y) -0.272 -0.007 -0.181 -0.181 -0.095 0.015 -0.050 -0.050 Oil spot price (q-o-q) -0.136 -0.042
p-value 0.001 0.921 0.135 0.089 0.066 0.673 0.604 0.574 p-value 0.208 0.611

GDP (y-o-y) 7.653 2.476 5.080 5.078 8.396 2.121 4.902 4.967 Interest rate (q-o-q) -0.645 -0.033
p-value 0.000 0.082 0.082 0.048 0.000 0.044 0.014 0.004 p-value 0.814 0.989

CPI (y-o-y) 28.740 7.843 21.995 22.032 19.056 6.052 14.493 14.554 GDP (q-o-q) 1.728 2.246
p-value 0.000 0.136 0.000 0.000 0.000 0.106 0.002 0.000 p-value 0.478 0.394

Level of competition (y-y) -1.594 -0.093 -0.311 -0.328 -2.191 -0.489 -0.998 -1.024 CPI (q-o-q) 12.934 8.906
p-value 0.002 0.866 0.541 0.493 0.001 0.381 0.094 0.084 p-value 0.006 0.030

Excess supply (y-y) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 Level of competition (q-q) 0.121 -0.308
p-value 0.019 0.320 0.146 0.104 0.013 0.610 0.126 0.097 p-value 0.815 0.565

Concentration ratio (y-y) -2.732 -1.600 -1.473 -1.480 -1.831 -0.889 -0.958 -0.969 Concentration ratio (q-q) -0.800 -0.636
p-value 0.001 0.000 0.029 0.012 0.003 0.023 0.048 0.021 p-value 0.054 0.055

Tests for autocorrelation: Tests for autocorrelation:
Durbin-Watson, d 1.217 2.086 1.766 ... 1.274 2.087 1.771 ... Durbin-Watson, d 1.834 1.842
Durbin-Watson alt., p-v 0.004 0.759 ... ... 0.009 0.767 ... ... Durbin-Watson alt., p-v 0.626 0.701
Breusch-Godfrey, p-v 0.002 0.880 ... ... 0.011 0.981 ... ... Breusch-Godfrey, p-v 0.952 0.965

Coefficients from ARMA:
AR(1) ... ... ... 0.776 ... ... ... 0.725
p-value ... ... ... 0.000 ... ... ... 0.000

Sigma ... ... ... 9.703 ... ... ... 8.526
p-value ... ... ... 0.000 ... ... ... 0.000

OLS OLS/lags PW ARCH OLS OLS/lags PW ARCH

Volatility of oil price 0.168 -0.072 0.197 0.216 0.153 -0.073 0.173 0.117
p-value 0.278 0.596 0.325 0.000 0.315 0.569 0.374 0.000

Volatility of interest rate -5.415 -3.972 -3.067 -3.688 -5.158 -3.850 -2.950 -0.716
p-value 0.014 0.012 0.102 0.000 0.016 0.010 0.104 0.000

Oil spot price (q-o-q) 0.095 -0.002 -0.004 0.105 0.101 -0.005 -0.001 0.080
p-value 0.408 0.983 0.968 0.000 0.360 0.957 0.995 0.000

Interest rate (q-o-q) 2.912 -0.187 2.900 0.994 2.389 -0.210 2.453 1.184
p-value 0.207 0.956 0.338 0.000 0.263 0.949 0.403 0.000

GDP (q-o-q) 3.323 0.759 3.251 2.582 3.502 0.762 3.012 -0.213
p-value 0.111 0.642 0.094 0.000 0.096 0.718 0.138 0.111

CPI (q-o-q) 6.900 4.761 5.671 8.379 5.122 4.020 4.316 0.505
p-value 0.007 0.246 0.155 0.000 0.039 0.271 0.258 0.525

Level of competition (q-q) -0.449 -0.404 -0.272 0.000 -0.500 -0.478 -0.313 -0.368
p-value 0.166 0.147 0.399 0.996 0.113 0.058 0.336 0.000

Concentration ratio (q-q) -0.091 0.159 -0.261 -0.225 -0.105 0.109 -0.231 -0.040
p-value 0.831 0.658 0.413 0.000 0.794 0.750 0.426 0.083

Tests for autocorrelation:
Durbin-Watson, d 1.272 1.919 1.958 ... 1.247 1.928 1.954 ...
Durbin-Watson alt., p-v 0.014 0.725 ... ... 0.010 0.750 ... ...
Breusch-Godfrey, p-v 0.081 0.839 ... ... 0.066 0.866 ... ...

Coefficients from ARCH/ARMA:
ARCH(1) ... ... ... 3.268 ... ... ... 3.194
p-value ... ... ... 0.016 ... ... ... 0.002

AR(1) ... ... ... 0.722 ... ... ... 0.620
p-value ... ... ... 0.000 ... ... ... 0.000

AR(3) ... ... ... 0.281 ... ... ... ...
p-value ... ... ... 0.000 ... ... ... ...

Investment, oil production, q-o-q

Investment, structures, Investment, structures,

Investment, structures,
oil production, real, y-o-y

mining, nominal, q-o-q mining, real, q-o-q

Investment, structures,
oil production, nominal, y-o-y
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Table 4. Firm Investment and Three Types of Volatility 
Columns A-E show the estimation results from the regression (4.7) and columns F-J—from 
(4.8) (page 23): investment is regressed on its lags, volatilities and underlying factors. 
Several versions of Arellano-Bond one- and two-step GMM estimators were employed. 

Column

Firm-specific variables

One-/two-step procedure

Robust errors

Number of lags of investment 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

Volatility of stock price -0.684 -0.540 -0.267 -0.575 -0.550 -0.030 -0.563 -0.493 0.006 -0.575 -0.550 -0.030 -0.603 -0.608 0.050
p-value 0.043 0.066 0.296 0.031 0.018 0.883 0.038 0.037 0.978 0.256 0.378 0.890 0.000 0.000 0.433

Volatility of oil price -0.777 -1.408 -1.657 -0.124 -0.526 -1.270 -0.126 -0.582 -1.270 -0.124 -0.526 -1.270 -0.117 -0.492 -1.327
p-value 0.294 0.031 0.004 0.855 0.378 0.018 0.853 0.330 0.018 0.888 0.562 0.010 0.122 0.000 0.000

Volatility of interest rate -31.941 -34.408 -21.945 -41.341 -43.977 -32.800 -42.240 -44.501 -34.219 -41.341 -43.977 -32.800 -39.633 -43.385 -31.194
p-value 0.003 0.000 0.015 0.000 0.000 0.000 0.000 0.000 0.000 0.014 0.011 0.009 0.000 0.000 0.000

Sargan's test of over-identifying
restrictions (p-value) 0.002 0.000 0.000 0.007 0.000 0.000 0.007 0.000 0.000 ... ... ... 1.000 1.000 1.000

Test of no-autocorrelation
for 1-order residuals (p-value) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.008 0.003 0.001 0.028 0.003 0.002

Test of no-autocorrelation
for 2-order residuals (p-value) 0.007 0.001 0.853 0.020 0.000 0.718 0.020 0.000 0.721 0.202 0.203 0.918 0.130 0.285 0.893

Column

Firm-specific variables

One-/two-step procedure

Robust errors

Number of lags of investment 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

Volatility of stock price -0.791 -0.794 -0.527 -0.519 -0.557 -0.200 -0.455 -0.493 -0.186 -0.519 -0.557 -0.200 -0.449 -0.439 -0.022
p-value 0.024 0.011 0.048 0.047 0.016 0.327 0.085 0.035 0.365 0.222 0.282 0.416 0.000 0.000 0.860

Volatility of oil price -0.035 -0.773 -0.967 0.215 -0.249 -0.742 0.211 -0.272 -0.732 0.215 -0.249 -0.742 0.157 -0.161 -0.777
p-value 0.963 0.257 0.109 0.755 0.686 0.176 0.759 0.659 0.182 0.780 0.759 0.134 0.190 0.065 0.000

Volatility of interest rate -27.826 -35.218 -20.858 -31.581 -39.523 -30.137 -31.291 -39.507 -30.559 -31.581 -39.523 -30.137 -30.525 -38.927 -30.158
p-value 0.009 0.000 0.023 0.001 0.000 0.000 0.001 0.000 0.000 0.011 0.014 0.017 0.000 0.000 0.000

Total market value 0.586 0.307 0.188 0.779 0.688 0.358 0.783 0.691 0.359 0.779 0.688 0.358 0.739 0.633 0.351
p-value 0.000 0.014 0.090 0.000 0.000 0.000 0.000 0.000 0.000 0.007 0.031 0.001 0.000 0.000 0.000

Oil price 0.414 0.689 0.595 0.427 0.596 0.521 0.409 0.582 0.517 0.427 0.596 0.521 0.413 0.567 0.502
p-value 0.035 0.000 0.000 0.008 0.000 0.000 0.011 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000

Interest rate -4.480 -13.691 -6.365 -16.700 -23.729 -13.034 -16.156 -23.476 -13.031 -16.700 -23.729 -13.034 -14.063 -23.097 -13.065
p-value 0.508 0.032 0.262 0.004 0.000 0.009 0.006 0.000 0.009 0.011 0.009 0.026 0.000 0.000 0.000

Sargan's test of over-identifying
restrictions (p-value) 0.001 0.000 0.000 1.000 0.000 0.685 1.000 0.000 0.486 ... ... ... 1.000 1.000 1.000

Test of no-autocorrelation
for 1-order residuals (p-value) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.006 0.002 0.001 0.028 0.002 0.002

Test of no-autocorrelation
for 2-order residuals (p-value) 0.021 0.000 0.860 0.101 0.001 0.653 0.093 0.001 0.667 0.435 0.197 0.898 0.299 0.331 0.837

E

F G H I J

A B C D

predetermined

one-step two-step

no yes ...

strictly exogenous predetermined endogenous predetermined

one-step two-step

yesno ...

strictly exogenous predetermined endogenous predeterminedpredetermined
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Table 5. Investment-Uncertainty Sensitivities 
The table presents the estimation results from equation (4.8): 
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where L is the number of investment sensitivity lags, J is the number of external (industry-
wide) factors, K is the number of internal (firm-specific) factors, {F1j} are external factors 
(lags of oil price volatility, lags of interest rate volatility, oil price, interest rate, GDP, CPI, 
competition level, excess supply, and concentration ratio), and {F2k} are internal factors 
(stock price volatility, cash-to-total assets, net income-to-total assets, taxes-to-operating 
income, interest-to-operating income, debt-to-total assets, and market-to-book ratio).

Column

Sensitivity

Firm-specific variables predetermined predetermined Firm-specific variables predetermined

Volatility of oil price, lag 2 4.849 5.212 5.140 -0.090 ... ... Total assets -0.007 -0.004 -0.003
p-value 0.000 0.000 0.000 0.727 ... ... p-value 0.000 0.000 0.000
Volatility of oil price, lag 3 2.778 2.267 2.176 -0.766 -0.807 -0.905 Cash 0.029 0.030 0.023
p-value 0.000 0.000 0.000 0.003 0.018 0.006 p-value 0.021 0.000 0.000
Volatility of interest rate, lag 1 -11.951 ... ... -23.313 -30.599 -29.371 Net income 0.001 ... ...
p-value 0.049 ... ... 0.000 0.001 0.002 p-value 0.962 ... ...
Volatility of interest rate, lag 2 -62.399 -63.186 -58.736 13.435 17.013 17.388 Tax expense 0.054 ... ...
p-value 0.000 0.000 0.000 0.010 0.007 0.006 p-value 0.369 ... ...
Volatility of interest rate, lag 3 -32.209 ... ... -5.297 -10.332 -8.843 Interest expense -0.843 ... ...
p-value 0.006 ... ... 0.112 0.018 0.021 p-value 0.072 ... ...
Oil price 0.983 0.423 0.272 0.119 ... ... Debt 0.019 ... ...
p-value 0.000 0.010 0.046 0.398 ... ... p-value 0.049 ... ...
Interest rate -109.351 -86.668 -81.729 -16.378 ... ... Total market value 0.002 0.002 0.001
p-value 0.000 0.000 0.000 0.000 ... ... p-value 0.000 0.020 0.033
GDP 50.677 43.791 41.991 8.316 ... ... Test of no-autocorrelation
p-value 0.001 0.000 0.000 0.046 ... ... for 1-order residuals (p-value) 0.010 0.010 0.011
CPI 33.938 60.399 58.721 16.478 17.888 14.425 Test of no-autocorrelation
p-value 0.000 0.000 0.000 0.008 0.000 0.006 for 2-order residuals (p-value) 0.887 0.457 0.594
Level of competition 17.221 ... ... 14.731 ... ...
p-value 0.326 ... ... 0.106 ... ...
Excess supply 2.312 ... ... 2.979 3.064 3.774
p-value 0.382 ... ... 0.002 0.000 0.000
Concentration ratio -9.219 -10.728 -11.117 -1.583 ... ...
p-value 0.001 0.000 0.000 0.001 ... ...
Volatility of stock price 0.432 ... ... 0.001 ... ...
p-value 0.402 ... ... 0.672 ... ...
Cash/total assets 1.781 2.247 0.321 2.093 ... ...
p-value 0.160 0.020 0.820 0.061 ... ...
Net income/total assets 2.719 ... ... -1.779 -2.921 -2.892
p-value 0.029 ... ... 0.001 0.052 0.004
Tax expense/operating income 0.000 ... ... 0.000 ... ...
p-value 0.469 ... ... 0.414 ... ...
Interest expense/oper. income -0.001 ... ... 0.000 ... ...
p-value 0.650 ... ... 0.795 ... ...
Debt/total assets -1.286 ... ... -0.037 ... ...
p-value 0.390 ... ... 0.925 ... ...
Total market value/total assets -0.006 ... ... -0.043 ... ...
p-value 0.964 ... ... 0.148 ... ...
Test of no-autocorrelation
for 1-order residuals (p-value) 0.171 0.125 0.126 0.000 0.110 0.109
Test of no-autocorrelation
for 2-order residuals (p-value) 0.646 0.447 0.462 0.729 0.768 0.590

strictly exogenous strictly exogenous strictly exogenous

Investment (y-o-y)/volatility (y-y) Investment (q-o-q)/volatility (q-q) Investment (y-o-y)/volatility (y-y)

A B C
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Table 6. Panel Data 
The table presents the estimation results from (4.17), where the investment-uncertainty 
sensitivity is: 
 

iiiiiiiiii eMBaMVTaDEBTaINTERaTAXaNIaCASHaTAaaS +++++++++= 876543210

 
where TA is total assets, CASH is cash, NI is net income, TAX is income tax expense, INTER 
is interest expense, DEBT is debt, MVT is the total market value, MB is the market-to-book 
ratio. S—the investment-uncertainty sensitivity—is defined by (4.13)-(4.16) on page 28. 
 

Sensitivity 1 2 3 4

Investment y-y y-y q-q q-q

Calculation mean st.dev. mean st.dev.

Total assets ... -0.029 ... ...
p-value ... 0.065 ... ...

Cash 0.089 ... ... ...
p-value 0.034 ... ... ...

Net income ... ... ... 0.089
p-value ... ... ... 0.000

Tax expense 0.241 1.892 ... ...
p-value 0.005 0.059 ... ...

Interest expense ... ... ... ...
p-value ... ... ... ...

Debt 0.008 0.108 ... 0.022
p-value 0.004 0.013 ... 0.000

Total market value -0.0039 ... -0.0005 ...
p-value 0.008 ... 0.000 ...

Market-to-book ratio ... ... ... ...
p-value ... ... ... ...

R-squared 0.273 0.389 0.586 0.764


