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Abstract

I empirically test whether �rms engage in risk-shifting in a setting where corporate

investment risk measures are available in SEC disclosures. Contrary to what risk-shifting

theory predicts, I �nd that �rms reduce investment risk when leverage increases. In �rm-

level panel regressions I �nd that �rms reduce the riskiness of capital expenditures by

23.4% when leverage is high. This reduction in risk taking is more prevalent among

small �rms. In a second test, I use a natural experiment with exogenous shocks to

leverage. Consistent with the �rst test, I �nd no evidence that �rms increase risk, and

that small �rms reduce risk. Concern regarding the �nancing of future investments is a

plausible explanation for these results.

∗I would also like to thank Edith Hotchkiss, Darren Kisgen, Nadya Malenko, Je� Ponti�, Jon Reuter, Phil
Strahan, and Jérôme Taillard for their helpful comments and suggestions. All errors are my own.
†Carroll School of Management, Boston College, 140 Commonwealth Ave., Chestnut Hill, MA 02467.

Email: gilje@bc.edu
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1 Introduction

How does corporate investment risk taking change when a �rm has high leverage? In high

leverage states of the world equity holders bene�t from successful outcomes of high risk

projects, while losses from unsuccessful outcomes are borne by debt-holders. This asymmetry

between who receives the gains and losses from a project could make it optimal for equity

holders to maximize the amount of risk a �rm undertakes when leverage is high. This

hypothesized increased risk taking in a �rm's investments, referred to as risk-shifting or asset

substitution, could result in an overall cost to the �rm (Jensen and Meckling (1976)).

Concerns about the size, prevalence, and mitigation of these costs have been the focus

of substantial theoretical work.1 However, there is little empirical evidence on the size or

pervasiveness of changes in investment risk taking when leverage is high or a �rm is in

�nancial distress. The primary empirical challenge is obtaining a measure of the riskiness of

a �rm's overall capital expenditures. The contribution of this paper is to provide empirical

evidence on how a �rm's investment risk taking is a�ected by changes in leverage in a setting

with clearly de�ned measures of investment risk from SEC disclosures.

I use a setting in which investments can be categorized into two di�erent types of activ-

ities, one that is high risk and one that is low risk. To do this, I focus on the oil and gas

industry, where exploratory projects (high risk) are nearly six times more likely to result in

an unproductive project than development projects (low risk).2 Moreover, these categories

have clear de�nitions outlined by the Financial Accounting Standards Board (FASB) and are

disclosed in SEC �lings, so there is a standardization in these measures across �rms and over

time, which is typically unavailable in other settings. I construct a dataset from hand col-

lected data on investment risks from the 10-Ks of 184 �rms in the oil and gas industry. Using

these risk disclosures, I test how the proportion of high risk investment to total investment

changes as leverage increases.

1Existing theoretical work related to the size and mitigation of risk-shifting includes: Smith and Warner
(1979) (covenants), Green (1984) (convertible debt), Barnea et al. (1980) (debt maturity), John and John
(1993) (managerial compensation).

2The �rms in my sample drilled a total of 12,574 exploratory wells of which 3,326 were unsuccessful
(26.4%), and drilled 88,277 development wells of which 3,809 were unsuccessful (4.3%).
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Contrary to what risk-shifting theory would predict, in �rm-level panel regressions I �nd

that high leverage reduces the riskiness of a �rm's investments. A one standard deviation

increase in leverage reduces the proportion of a �rm's high risk investments to total investment

by 8.8% relative to the median level of risk. I also �nd that the proportion of high risk

investment to total investment is reduced by 23.4% for �rm-years in which leverage is in the

top quartile of the sample. Furthermore, this risk-reducing behavior is most prevalent for

small �rms and also occurs in the years prior to declaring bankruptcy.

One concern with �rm-level panel regression results could be reverse causality. For ex-

ample, it could be that a �rm increases its leverage because it is planning to reduce its

investment risk in the future. Speci�cally, a �rm, or its lender, may feel more comfortable

with higher leverage if the �rm has less cash �ow uncertainty from its future investments.

Such an argument would suggest that �rms are not reducing the riskiness of their invest-

ments because they have high leverage, but that they increase their leverage because they

are planning to reduce investment risk in the future.

To address the reverse-causality endogeneity concern and rule out other alternative expla-

nations I use a natural experiment to test how risk taking changes with leverage during two

signi�cant commodity based negative leverage shocks in 1998 and 2008. During these years

market leverage for the median �rm increased from 0.27 to 0.47 and 0.25 to 0.43 respectively.

I use oil and gas reserve changes due to commodity prices to isolate the component of the

leverage changes which are due to exogenous commodity price shocks. I designate treatment

�rms as �rms whose leverage is above median based on the commodity component of the

leverage shock, while control �rms are those �rms with below median leverage based on the

commodity component of the shock. Using this framework, I �nd that �rms do not increase

the amount of investment risk they undertake after exogenous leverage increases. Further-

more, consistent with the panel regression results, small �rms actually reduce the risk level

of the investments that they make when their leverage exogenously increases.

Existing empirical literature has studied the risk-shifting incentives of equity holders in

a variety of ways. Initial work by Andrade and Kaplan (1998) studies 31 �rms in �nancial

distress and �nds no evidence that distressed �rms made large or unusually risky investments
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or acquisitions. Rauh (2009) studies how risk taking in pension funds changes in relation to

the �nancial condition of a �rm. Consistent with the �ndings in this paper Rauh (2009) �nds

that risk taking in pension funds is reduced as the �nancial conditions of a �rm deteriorate.

Parrino and Weisbach (1999) utilize simulation and �nd that risk-shifting is not a primary

driver of capital structure decisions. Rampini et al. (2012) provide evidence that reduced

hedging activity by airlines entering distress is driven by collateral constraints and not risk-

shifting incentives. Furthermore, survey evidence from Graham and Harvey (2001) suggests

that risk-shifting concerns are the least important factor for CFOs in determining the matu-

rity of debt a �rm issues as well as whether a �rm issues convertible bonds. Alternatively,

Eisdorfer (2008) studies risk-shifting within the context of a real options framework, and �nds

that, consistent with risk-shifting theory, volatility increases investment by distressed �rms.3

However, to my knowledge, my study is the �rst to use ex-ante investment risk measures

from SEC disclosures to directly test whether �rms engage in risk-shifting behavior.

Because direct measures of risk are di�cult to obtain, prior literature has often used

di�erent proxies for �rm risk taking activities. For example, standard deviation of changes

in quarterly ROA and equity price volatility have been used in the past. I document that

the standard deviation of changes in ROA and equity price volatility have a low, but positive

correlation with my measure of investment risk, suggesting that existing proxies do not cap-

ture the investment risk captured by my measure. Furthermore, when I replace my measure

of risk with the proxies which have been historically used, I �nd di�erent relationships with

leverage, in both sign and statistical signi�cance, than what I obtain with my risk measure.

Research & Development (R&D) spending has also been used as a proxy for risk taking,

however, due to the multi-year life cycle of typical R&D projects it is di�cult to imagine that

an increase in R&D in a year of �nancial distress would result in an outcome the following

year which could save the �rm from further distress or bankruptcy. Alternatively, the primary

project type for oil and gas companies, the drilling of a well, typically has a very short project

3Additional work has focused on risk-shifting incentives of banks during the S&L crises and more recently
in the sub-prime crisis (Landier et al. (2011)), however, the government role in �nancial institutions and the
mortgage market makes it unclear whether these �ndings would be applicable to industrial �rms (Almeida
et al. (2011)).
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length, ranging from a month to a few months depending on where the well is being drilled.

Thus, it is plausible that a successful major exploratory well could alter the fortunes of a

company in a short period of time. This short project time-line also would suggest that if

risk-shifting were to occur, it would be more likely to occur in this setting than in others.

Furthermore, the higher than average capital intensity of this industry suggests that current

period investment can have a large e�ect on the overall riskiness of the �rm, whereas year to

year changes in R&D may be less likely to in�uence the overall risk level of a �rm.

This paper provides evidence on how �rms change their risk taking behavior as leverage

changes. In particular, the results highlight that small �rms reduce risk taking more than

large �rms when leverage increases. This result could point towards a potential explanation as

to why risk-shifting is not observed empirically. For example, if more information asymmetry

exists between small �rms and lenders/investors (Vermaelen (1981), Diamond and Verrecchia

(1991)), then small �rms may be more likely to be concerned about future �nancing frictions.

These concerns about �nancing frictions could directly impact their ability to fund future

projects. Almeida, Campello, and Weisbach (2011) suggest that these concerns about future

�nancing constraints could be large enough to lead a �rm to reduce its overall investment

risk. Hadlock and Pierce (2010) provide empirical support for size as a signi�cant indicator

of �nancing constraints, and argue that size is plausibly more exogenous than other potential

measures. However, this does not rule out that other cross-sectional di�erences between small

�rms and large �rms, unrelated to �nancing constraints, could explain why small �rms reduce

investment risk more than large �rms. Nonetheless, neither the panel regression results, nor

the natural experiment results presented in this study indicate that �rms, small or large,

increase risk taking in time periods when leverage is high.

This paper proceeds in the following order, Section 2 discusses motivation and related

literature. Section 3 outlines the data that is used. Section 4 discusses identi�cation and the

empirical design. Section 5 reports the results of the empirical tests, and Section 6 concludes.
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2 Motivation and Related Literature

Why might risk-shifting not be observed in empirical tests? A potential explanation that

prior theoretical literature has focused on is the reliance of the Jensen and Meckling (1976)

risk-shifting result on a single period framework; in other words, agents make decisions as

if there is no tomorrow. Jensen and Meckling (1976) directly acknowledge that when their

framework is applied to a multi-period setting di�erent outcomes may occur:

�It seems clear for instance that the expectation of future sales of outside equity

and debt will change the costs and bene�ts facing the manager in making decisions

which bene�t himself at the (short-run) expense of the current bondholders and

stockholders. If he develops a reputation for such dealings he can expect this to

unfavorably in�uence the terms at which he can obtain future capital from outside

sources. This will tend to increase the bene�ts associated with �sainthood� and

will tend to reduce the size of the agency costs. �

- Jensen and Meckling (1976)

Existing theoretical literature using multi-period settings has suggested several possible ex-

planations for why a �rm may choose to not undertake risk-shifting. Diamond (1989) suggests

that �rms may avoid risk-shifting due to reputational concerns, while Hirshleifer and Thakor

(1992) suggest that manager reputational concerns leads managers to reduce risky invest-

ment. Almeida et al. (2011), suggest that concerns for the ability to fund future projects

may cause �rms to reduce risk, so that positive NPV projects can be funded in the future.

Covenants on loans and bonds may also play an important role in a �rm's investment

policies. While the clear accounting based de�nitions of investment risk used in this study

enable tests on risk-shifting, they also would enable a �nancial covenant to be designed to

limit the amount of capital being invested in high risk projects. However, in this setting, as

with pension funds in Rauh (2009), I do not �nd any limitations on risk taking for investments.

However, this does not rule out the possibility of other covenants indirectly e�ecting a �rm's

risk taking. For example, conditional on being limited to a certain investment amount, a

�rm may elect to invest in lower risk projects, while if it were unconstrained in the amount
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it could invest it may have elected to pursue higher risk projects. It could very well be the

case that the need for explicit limits on risk taking for a given level of investment are not

needed as other covenants may make investing in low risk projects in high leverage states of

the world the most attractive choice for a �rm's managers/equity-holders.

3 Data Industry Background

I use hand collected data on investment risk from the 10-K disclosures of all publicly traded

U.S. domiciled oil and gas �rms (SIC 1311 Crude Oil & Natural Gas) from 1997 to 2010 for

this study. The resulting data set is composed of 184 �rms and 1,210 �rm years. Standard

accounting variables were obtained from Compustat, while the detailed hand collected 10-K

data was used to develop investment risk measures.

3.1 Investment Risk Variable De�nition

Each �rm in the study provides disclosures for the �Costs Incurred in Natural Gas and Oil

Exploration and Development, Acquisitions and Divestitures.� These disclosures provide

information on expenditures for high risk (exploratory) capital and low risk (development)

capital. The Financial Accounting Standards Board (FASB) provides clear guidance for the

de�nitions of exploratory and development activities which I outline below:

Exploratory well - An exploratory well is a well drilled to �nd a new �eld or to �nd a

new reservoir in a �eld previously found to be productive of oil or gas in another

reservoir.

Development well - A development well is a well drilled within the proved area of an oil

or gas reservoir to the depth of a stratigraphic horizon known to be productive.

I categorize all activities associated with exploratory drilling as high risk, this includes both

the capital to drill and the capital to acquire the unproved acreage to drill. All activities

associated with development drilling, which include the drilling of development wells and
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the acquisition of proved/producing acreage for development drilling, I classify as low risk.

Moreover, the total capital across all these categories is comparable to the �gure reported in

Compustat, although there are some slight di�erences due to the expensing of some types of

capital expenditures for oil and gas companies. The unit of observation used in this study is

�rm-year, �rm i in year t, so my primary measure of risk for is calculated as the proportion

of high risk projects to total costs incurred as shown below:

HighRiskCapexi,t = ExploratoryDrillingi,t + AcquisitionOfUnprovedAcreagei,t

LowRiskCapexi,t = DevelopmentDrillingi,t + AcquisitionoOfProvedAcreagei,t

RiskRatioi,t =
HighRiskCapexi,t

HighRiskCapexi,t + LowRiskCapexi,t

The di�erence in risk between high risk and low risk activities is also documented in

the success rate of each activity type. In additional disclosures, �rms disclose the number

of successful wells and number of unsuccessful wells for both exploratory and development

wells. The �rms in my sample drilled a total of 12,574 exploratory wells of which 3,326

were unsuccessful (26.4%), and drilled 88,277 development wells of which 3,809 were unsuc-

cessful (4.3%). Thus on average an exploratory well was nearly six times more likely to be

unsuccessful than a development well.

3.2 Leverage De�nition and Other Controls

Existing literature has used di�erent de�nitions of leverage. In this study I use a market

based de�nition of leverage from Welch (2004). The book leverage and market leverage

de�nitions are outlined below:

MarketLeveragei,t =
Di,t

Ei,t +Di,t
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BookLeveragei,t =
Li,t

Ai,t

Where Ei,t is the equity market capitalization for �rm i in year t, and Di,t is the book value

of total debt for �rm i in year t. Similarly, Li,t is the total liabilities for �rm i in year t,

and Ai,t is the book value of assets for �rm i in year t. While the market leverage of a �rm

is bounded between 0 and 1 by construction, a �rm could have a book leverage of greater

than 1 if its liabilities exceed its assets. To ensure that coe�cients retain an economically

meaningful interpretation and minimize the amount of data that is excluded from the study

I winsorize any values of book leverage greater than 1 to 1. Additionally, in all of my tests

I use dummy variables for di�erent leverage levels based on market leverage quartiles for

the sample, this enables the measurement of any non-linear e�ects of leverage on investment

risk taking. Several other controls are included in the main regressions, these include log of

assets, market to book, pro�tability, and proportion of short term debt.

3.3 Summary Statistics

Table 1 reports summary statistics for the �rm-years of the sample used in this study. The

key dependent variable for interest is the risk ratio (previously de�ned), the higher the risk

ratio the more risky a �rm's capital investment is in a given year. Across all �rm-years the

average value for the risk ratio is 32%, which can be interpreted as a �rm spending 32% of its

capital expenditures on high risk projects. The key independent variable of interest in this

study is leverage. The average market leverage for �rm-years in the sample is 0.28, while the

average book leverage is 0.52.

Panel B of Table 1 reports the correlation of the risk ratio constructed for this study

with other proxies that other studies have used for risk taking. The correlation with my risk

measure is low but positive. This suggests that the investment risk measure I use from SEC

disclosures captures important risk taking activity not captured by the other measures.4

4Appendix B provides regression results using the standard deviation in changes in ROA and volatility
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4 Identi�cation and Empirical Design

4.1 Firm-Level Panel Regressions

The �rst set of �rm level panel regressions estimated in this study are designed to test whether

there is a correlation between di�erent measures of leverage with the risk ratio (investment

risk) of a �rm. By including a number of controls, and some interactions I can rule out some

potential explanations. The main �rm-level panel regressions estimated in this study are of

a form similar to what is outlined below:

RiskRatioi,t = α + β1Leveragei,t−1 + Controlsi,t−1 + FirmFEi + Y earFEt + εi,i

The primary de�nitions of leverage used are the market leverage and book leverage variables

de�ned in the data section. Additionally, leverage dummy variables are used to allow for non-

linearities in the relationship between leverage and investment risk. The timing convention

of this speci�cation tests the e�ect of the beginning of year leverage (leverage is measured

at the end of year t− 1) on the investment risks taken in year t. For example, the impact of

December 31, 2009 leverage is being measured on the investment risks taken during the year

in 2010. Thus, all leverage measures and controls are measured prior to when investment

dollars are spent.

The Controlsi,t−1 are comprised of size, pro�tability, market to book, and proportion

of short term debt. Size is proxied by the log of assets at time t − 1, while pro�tability is

measured as operating income before depreciation divided by assets at time t − 1. Market

to book is included as a proxy for investment opportunities, this is measured as the market

value of assets divided by book value of assets at time t− 1. Debt maturity could also have

implications for investment risk, this is controlled for as the proportion of debt due in the

next year divided by total debt at time t−1. As with the leverage variable, by using time t−1

for the control variables, the impact of variables measured at year-end are being compared

of monthly equity price return as alternative proxies for risk. The coe�cient estimates suggest that both of
these alternative proxies have very di�erent relationships with leverage than accounting based proxy that I
use.
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to investment risks taken in the following year. For example, the in�uence of pro�tability

during 2009 or market to book at December 31, 2009 is compared to investment risks in 2010.

Additional controls for �rm �xed e�ects FirmFEi,t and time �xed e�ects TimeFEi,t are

included. The inclusion of �rm �xed e�ects controls for any time invariant heterogeneity (for

example time invariant lending relationships, CEO characteristics etc.). Time �xed e�ects

are included to control for any time period speci�c shocks, this is particularly important

given that the �rms in the sample all produce commodities. By including time �xed e�ects

in the speci�cation changes in investment opportunities due to changes in commodity prices

are controlled for, to the extent these shocks a�ect all �rms the same.

In addition to the basic speci�cation outlined above, an additional interaction speci�cation

is used to test di�erent hypotheses related to how the in�uence of leverage on investment

risk may vary across �rms. This speci�cation takes the form of:

RiskRatioi,t = α + β1Leveragei,t−1 + β2Sizei,t−1 + β3Leveragei,t−1 ∗ Sizei,t−1

+Controlsi,t−1 + FirmFEi + Y earFEt + εi,i

In the above speci�cation, the variable size is used to test whether the in�uence of leverage

on investment risk is di�erent for di�erent size groups. In the speci�cations reported in

the results section the Sizei,t−1 is a dummy variable, which is 1 if a �rm is in the bottom

(smallest) size quartile for a given year and zero otherwise. In this speci�cation the key

variable of interest is β3, whose sign and signi�cance will indicate whether �rms in a given

size group are a�ected di�erently by leverage than other �rms. For example if the coe�cient

β3 is negative and statistically signi�cant, it would indicate that small �rms reduce risk more

in response to leverage changes than larger �rms. In addition to size there are results reported

for interactions with short term debt variables.
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4.2 Natural Experiment: Commodity Based Leverage Shocks

While the �rm-level regressions outlined above could allow me to establish a basic relationship

between leverage and investment risk, with some observables and time invariant heterogeneity

controlled for, better inference can be achieved by using a natural experiment framework.

The natural experiment I use is two commodity driven leverage shocks. The commodity

shocks I use in 1998 and 2008 were driven by unexpected economic collapses, which make

them an attractive setting for a natural experiment. Speci�cally, the price collapse in 1998

was due to the Russian default and Asian �nancial crisis, these events were not anticipated.

In January 1998 futures contracts indicated natural gas prices of $2.46/mmbtu and oil prices

of $18.56/barrel for December 1998, while actual realized prices were $1.95/mmbtu and

$11.35/barrel respectively. The price collapse in 2008 was due to the �nancial crisis in the

fall of 2008, and also was not anticipated. In January 2008 futures contracts indicated natural

gas prices of $9.00/mmbtu and oil prices of $94.05/barrel for December 2008, while actual

realized prices were $5.94/mmbtu and $41.12/barrel respectively.

Commodity prices are exogenous, as no single �rm can control prices for oil or natural

gas. The price collapses experienced by commodities in 1998 and 2008 in�uenced the leverage

levels of �rms di�erently based on 1) the amount of leverage a �rm had prior to the shock

and 2) the precise exposure a �rm had to the commodity shock based on its mix of oil and

natural gas reserves. I use these two components to determine a treatment and control group

for a given shock, then measure how investment risk is a�ected.

The initial di�erences-in-di�erences framework can be thought of as 1) the di�erence

between pre-shock and post-shock behavior 2) the di�erence in behavior of �rms more a�ected

by the shock (treatment) and �rms less a�ected by the shock (control). As mentioned above

whether a �rm is considered treatment or control is a function of two components. The �rst,

leverage prior to the shock, can be calculated directly from Compustat data. For the second

component, the in�uence of commodities prices on a �rm's leverage, I can take advantage of

additional unique disclosures in the oil and natural gas industry. Speci�cally, in every 10-K

a �rm has to report the di�erent components of changes to the dollar value of its reserves
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(acquisitions, discoveries, commodity prices etc.), with this data I can isolate the precise

e�ect of commodity prices on a �rm's reserves, distinct from any management action to alter

or improve dollar reserves. This enables me to calculate what a �rm's leverage would be if

the only event that occurred was the commodity shock, the calculation is as follows:

˜MarketLeveragei,Post =
TotalDebti,P re

MarketCapi,P re + $ChangeReservesPricesi,Post + TotalDebti,P re

For example, in the case of the shock that occurred in 2008, the equity market cap and

debt as of December 31, 2007 are used in conjunction with the change in reserves due to

commodity prices during 2008 to calculate the market leverage as of December 31, 2008.

The �rms with an above median leverage using the above calculation are used as treatment

�rms, while the �rms with below median leverage are control �rms. To mitigate any issues

with concurrent changes in investment policies, I exclude the year of a shock. So in the case

of 2008, I compare investment risks taken in 2007 to investment risks taken in 2009. Figure 1

outlines the timing of the di�erent pre-post periods, as well as the excluded shock years. The

�gure also documents relatively minor leverage changes in the years before and after a shock,

which could alleviate some concerns as to whether investment policies are being in�uences

by other contemporaneous shocks.

I use a regression form of di�erences-in-di�erences to test the e�ect of leverage on invest-

ment risk in a natural experiment framework. The speci�c regression I estimate is below:

RiskRatioi,t = α + β1Treatmenti,t + β2Posti,t + β3Treatmenti,t ∗ Posti,t

+Controlsi,t−1 + FirmFEi + Y earFEt + εi,i

Where the Treatmenti,t is a 0 or 1 dummy variable constructed from the reserve based market

leverage calculation outlined above and Controlsi,t−1 are similar to the panel regression. The

key coe�cient of interest in this speci�cation is β3, which measures how the treatment group
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is di�erentially a�ected by the shock. For example, if �rms whose leverage is more a�ected

by a commodity shock reduce investment risk after the shock, then β3 would be negative.

One concern with natural experiments is that several factors that in�uence the dependent

variable, in this case investment risk, could be changing at the same time. In particular, while

a �rm's leverage is a�ected by a negative commodity price shock, its investment opportunities

may also be a�ected. Furthermore, if the impacts of changes in investment opportunities

a�ect �rms di�erently, then the time �xed e�ects will not properly control for investment

opportunities. To directly control for changes in investment opportunities I include a control

which proxies for a �rm's investment opportunities. Speci�cally, I calculate the dollar change

in reserves of a �rm due to commodity prices scaled by assets. The more negative this

�gure is the more a �rm is a�ected by the commodity shock, while the less negative this

�gure is the less a �rm is a�ected by the commodity shock. I introduce a dummy variable

(BetterReserveDi,t−1) in the above speci�cation which is equal to 1 if a �rm's reserves were

less a�ected by the commodity shock and 0 otherwise. The resulting speci�cation is outlined

below:

RiskRatioi,t = α+β1Treatmenti,t+β2Posti,t+β3Treatmenti,t∗Posti,t+β4BetterReserveDi,t

β5BetterReserveDi,t ∗ Posti,t + Controlsi,t−1 + FirmFEi + Y earFEt + εi,i

If the estimation of β3 is not a�ected by the inclusion of the investment opportunity control,

then it is less likely that the estimation of the coe�cients are being confounded by changes

in investment opportunities that are changing concurrently with leverage.
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5 Results

5.1 Univariate Tests

Table 2 documents how the riskiness of a �rm's investment, as measured by the risk ratio,

changes at di�erent levels of leverage. Speci�cally, �rms with leverage in the lowest quartile

invest 40% of their capital expenditures in high risk projects, while �rms with the highest

leverage invest only 25% of their capital expenditures in high risk projects. This di�erence of

15% is both statistically and economically signi�cant, as it represents nearly a 58% reduction

in the risk ratio measure relative to the median �rm.

However, the responsiveness of investment risk to leverage is not constant across di�erent

types of �rms. As Table 2 documents, there are large di�erences in how investment risks

respond to leverage for �rms of di�erent sizes. Speci�cally, for the largest �rm-years in the

sample, there is neither a statistical nor economical e�ect on investment risk, while for the

smallest �rms the risk ratio falls from 46% to 20% when we compare the �rm-years with the

lowest leverage to �rm years with the highest leverage. While there are additional factors

that could in�uence the relationships outlined in these initial univariate tests, they serve as

a useful framework when interpreting regression results which control for additional omitted

factors.

5.2 Firm Level Panel Regressions

Table 3 reports results from �rm-level panel regressions of di�erent measures of investment

risk on leverage. Every measure of leverage has a negative and statistically signi�cant e�ect

on the investment risk taken by a �rm. The coe�cient on market leverage in speci�cation (1)

can be interpreted as a one standard deviation increase in leverage reducing the investment

risk ratio by 8.8% relative to the median �rm-year investment risk ratio. Alternatively

speci�cation (4) can be interpreted as entering the highest quartile of �rm-year leverage

results in a 23.4% reduction in risk taking relative to the median �rm-year.5

5Appendix A provides coe�cient estimates using an alternate de�nition of risk, one based on the amount
of high risk or low risk investment made relative to a �rm's net property, plant, and equipment. The results
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A concern in the interpretation of the �rm-level regression results reported in Table 3 is

how reverse causality might explain the observed coe�cient estimates. It could be the case

that �rms are increasing leverage because they are planning to reduce investment risk, and are

more comfortable with a higher debt load as they reduce their investment risk. Testing how

investment risk responds to leverage across di�erent types of �rms may provide evidence for

the plausibility of this argument. Table 4 reports a regression speci�cation similar to Table

3, but with a small �rm dummy variable interacted with the leverage variables. Con�rming

the initial univariate results, the interaction terms of size and leverage are negative and

statistically signi�cant. This result suggests that smaller �rms scale back risk more than

larger �rms as their leverage goes up. In particular for the reverse causality argument to

be a plausible explanation of the results observed, it would need to explain why there is a

di�erential e�ect in how small �rms and large �rms react to leverage changes. If �rms are

levering up to reduce risk it seems unlikely that only small �rms would do this and not large

�rms. However, this di�erential impact on risk taking at small �rms is consistent with small

�rms being more concerned about future �nancing of projects and reducing risk accordingly.

An additional test of the plausibility of the reverse causality argument is in Table 5,

which reports how �rms change their risk taking prior to bankruptcy. There are only 16

bankruptcies in the sample, yet the reduction in risk in the years prior to bankruptcy is large

enough that there is statistical power even for this small number of observations. Speci�cally,

I �nd that there is a signi�cant reduction in investment risk taking in the two years prior to

bankruptcy, this again is inconsistent with the reverse causality explanation above, as �rms

that are in distress and about to declare bankruptcy are less likely to be increasing their

leverage deliberately.

Table 6 reports regression results which test whether the amount of short term debt

in�uences investment risk. Short term debt is de�ned as debt that is due in the next year,

and the interaction term tests whether �rms with high leverage that have short term debt

reduce investment risk more than �rms with high leverage. Based on the coe�cients I cannot

conclude that there is any di�erential result for �rms with more short term debt, which

document an overall reduction in investment as leverage increases.

16



suggests that this is not of �rst order importance in determining investment risk for highly

levered �rms. This evidence is consistent with the survey results reported by Graham and

Harvey (2001).



controls are included in speci�cation (6), the reduction in investment risk of small �rms

remains statistically signi�cant while the magnitude of reduction increases slightly.

To formalize the di�erential response of small �rms, I use a regression form di�erences-

in-di�erences-di�erences in Table 8, and �nd that the triple interaction term Smalli,t ∗

Treatmenti,t ∗ Postt is negative and statistically signi�cant. This suggests that small �rms

a�ected by the leverage shock reduce investment risk. An explanation of these results would

need to explain why small �rms reduce investment risk more than large �rms when they

experience a leverage shock. Furthermore, these results document that �rms do not engage

in risk-shifting and that small �rms are likely to reduce investment risk when their lever-

age increases exogenously. Concerns about �nancing constraints for future projects Almeida

et al. (2011) are a plausible explanation of these results.

Table 9 provides a robustness test in the form of a falsi�cation of the natural experiment.

One concern in using a natural experiment is that spurious correlations could be driving

results or causing problems with coe�cient estimates. Table 9 provides a falsi�cation in

the form of moving the negative commodity shocks to points in time in which they did not

actually occur (to 2001 and 2004). The key coe�cient of interest, the interaction term of

Treatmenti,t ∗ Postt , is not statistically signi�cant, which is what one would expect if the

natural experiment is not being driven by spurious correlations.

6 Conclusion

Whether �rms engage in risk-shifting has been an open empirical question. Lack of data

and adequate measures of risk have meant this question has not been able to be addressed

directly. I use a setting which has objective measures of investment risk, from SEC disclosures,

to test whether �rms engage in risk-shifting. I �nd that �rms do not increase investment

risk when leverage increases and that small �rms decrease the riskiness of their investments

when leverage is high.

To rule out reverse-causality and other endogeneity concerns I use a natural experiment

framework using commodity based shocks to leverage. Consistent with �rm level panel

18



regression results I �nd that �rms do not increase investment risk in response to the leverage

shock and small �rms reduce investment risk. These results are consistent with small �rms

being more concerned about future �nancial constraints and reducing investment risk when

their leverage increases.

19



References

Almeida, H., Campello, M., Weisbach, M. S., 2011. Corporate �nancial and investment

policies when future �nancing is not frictionless. Journal of Corporate Finance 17, 675�

693.

Andrade, G., Kaplan, S. N., 1998. How costly is �nancial (not economic) distress? evidence

from highly leveraged transactions that became distressed. Journal of Finance 53, 1443�

1493.

Barnea, A., Haugen, R. A., Senbet, L. W., 1980. A rationale for debt maturity structure and



Jensen, M. C., Meckling, W. H., 1976. Theory of the �rm: Managerial behavior, agency

costs, and ownership structure. Journal of Financial Economics 3, 305�360.

John, T. A., John, K., 1993. Top-management compensation and capital structure. Journal

of Finance 48, 949�974.

Landier, A., Sraer, D., Thesmar, D., 2011. The risk-shifting hypothesis: Evidence from

subprime originations. Working Paper.

Parrino, R., Weisbach, M. S., 1999. Measuring investment distortions arising from

stockholder-bondholder con�icts. Journal of Financial Economics 53, 3�42.

Rampini, A. A., Su�, A., Viswanathan, S., 2012. Dynamic risk management. Working Paper.

Rauh, J., 2009. Risk shifting versus risk management: Investment policy in corporate pension

plans. Review of Financial Studies 22, 2687�2733.

Smith, C. W., Warner, J. B., 1979. On �nancial contracting an analysis of bond covenants.

Journal of Financial Economics 7, 117�161.

Vermaelen, T., 1981. Common stock repurchases and market signalling. Journal of Financial

Economics 9, 139�183.

Welch, I., 2004. Capital structure and stock returns. Journal of Political Economy 114, 106�

131.

21



Fi
gu

re
 1

: Y
ea

r-
to

-Y
ea

r 
L

ev
er

ag
e 

C
ha

ng
es

Th
is

fig
ur

e
do

cu
m

en
ts

th
e

av
er

ag
e

ye
ar

-to
-y

ea
rl

ev
er

ag
e

ch
an

ge
s

fo
rf

irm
s

in
th

e
sa

m
pl

e.
Th

e
tw

o
co

m
m

od
ity

ba
se

d
le

ve
ra

ge
sh

oc
ks

in
19

98
an

d
20

08
 a

re
 sh

ad
ed

 g
ra

y 
to

 id
en

tif
y 

th
e 

sh
oc

ks
 a

nd
 p

re
/p

os
t t

im
e 

pe
rio

ds
 u

se
d 

fo
r t

he
 n

at
ur

al
 e

xp
er

im
en

t

-0
.2

0

-0
.1

5

-0
.1

0

-0
.0

5

0.
00

0.
05

0.
10

0.
15

0.
20

0.
25

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

Year-to-Year Change in Leverage

Av
er

ag
e 

L
ev

er
ag

e 
C

ha
ng

e

Sh
oc
k

Sh
oc
k

Pr
e

Po
st

Po
st

Pr
e

22



T
ab

le
 1

: S
um

m
ar

y 
St

at
is

tic
s a

nd
 C

or
re

la
tio

ns

Pa
ne

l A
: S

um
m

ar
y 

St
at

is
tic

s
N

M
ea

n
St

d 
D

ev
p2

5
p5

0
p7

5

D
ep

en
de

nt
 V

ar
ia

bl
e

R
is

k 
R

at
io

12
10

0.
32

0.
26

0.
12

0.
26

0.
46

C
on

tr
ol

 V
ar

ia
bl

es

M
ar

ke
t L

ev
er

ag
e

12
10

0.
28

0.
23

0.
10

0.
23

0.
41

B
oo

k 
Le

ve
ra

ge
12

10
0.

52
0.

23
0.

36
0.

52
0.

66

Si
ze

 (A
ss

et
s i

n 
$M

ill
io

ns
)

12
10

2,
10

1.
55

5,
87

0.
35

52
.5

5
28

4.
29

1,
19

6.
29

Pr
of

ita
bi

lit
y

12
10

0.
17

0.
28

0.
08

0.
19

0.
30

Sh
or

t T
er

m
 D

eb
t/T

ot
al

 D
eb

t
12

10
0.

10
0.

24
0.

00
0.

00
0.

05

M
ar

ke
t t

o 
B

oo
k

12
10

1.
52

1.
25

0.
93

1.
22

1.
68

Pa
ne

l B
: C

or
re

la
tio

ns
 W

ith
 O

th
er

 R
is

k 
Pr

ox
ie

s

R
is

k 
R

at
io

St
d 

D
ev

 o
f Q

ua
rte

rly
 C

ha
ng

e 
in

 R
O

A
 

V
ol

at
ili

ty
 o

f M
on

th
ly

 E
qu

ity
 R

et

0.
13

0.
10

1.
00

1.
00

0.
24

Th
is

ta
bl

e
co

nt
ai

ns
su

m
m

ar
y

st
at

is
tic

sf
or

th
e

va
ria

bl
es

us
ed

in
th

e
fir

m
le

ve
lp

an
el

re
gr

es
si

on
su

se
d

in
th

is
st

ud
y.

Th
e

ris
k

ra
tio

is
de

fin
ed

as
th

e
pr

op
or

tio
n

of
ca

pi
ta

l
in

ve
st

ed
in

hi
gh

ris
k

pr
oj

ec
ts

(e
xp

lo
ra

to
ry

ac
tiv

iti
es

)
to

to
ta

l
ca

pi
ta

l
ex

pe
nd

itu
re

s.
M

ar
ke

t
le

ve
ra

ge
is

de
fin

ed
as

th
e

m
ar

ke
tv

al
ue

of
eq

ui
ty

di
vi

de
d

by
th

e
m

ar
ke

tv
al

ue
of

eq
ui

ty
pl

us
th

e
bo

ok
va

lu
e

of
de

bt
(W

el
ch

20
04

).
B

oo
k

le
ve

ra
ge

is
de

fin
ed

as
to

ta
ll

ia
bi

lit
ie

s
di

vi
de

d
by

to
ta

la
ss

et
s.

In
or

de
r

to
be

in
cl

ud
ed

in
th

e
sa

m
pl

e
a

fir
m

-y
ea

r
m

us
t1

)
be

in
SI

C
13

11
(C

ru
de

O
il

an
d

N
at

ur
al

G
as

)
2)

be
U

.S
.d

om
ic

ile
d

an
d

fil
e

a
10

-K
.

To
m

iti
ga

te
ou

tli
er

sb
oo

k
le

ve
ra

ge
va

lu
es

ar
e

w
in

so
riz

ed
at

1,
an

d
pr

of
ita

bi
lit

y
an

d
m

ar
ke

tt
o

bo
ok

va
ria

bl
es

ar
e

w
in

so
riz

ed
at

0.
5%

an
d

99
.5

%
.

Fi
rm

-y
ea

ro
bs

er
va

tio
ns

sp
an

 fr
om

 1
99

7 
th

ro
ug

h 
20

10
.

R
is

k 
R

at
io

St
d 

D
ev

 o
f Q

ua
rte

rly
 C

hg
 in

 R
O

A
 

V
ol

at
ili

ty
 o

f M
on

th
ly

 E
qu

ity
 R

et

1.
00

23



T
ab

le
 2

: L
ev

er
ag

e 
vs

. R
is

k 
R

at
io

 - 
U

ni
va

ri
at

e 
T

es
ts

D
iff

er
en

ce
T

ot
al

Q
1 

(L
ow

)
Q

2
Q

3
Q

4 
(H

ig
h)

Q
1 

- Q
4

R
is

k 
R

at
io

 (A
ll)

0.
40

0.
31

0.
32

0.
25

0.
15

**
*

B
y 

Fi
rm

 S
iz

e 
Q

ua
rt

ile
s

R
is

k 
R

at
io

 Q
4 

(L
ar

ge
st

 S
iz

e)
0.

27
0.

29
0.

30
0.

26
0.

01

R
is

k 
R

at
io

 Q
3

0.
35

0.
29

0.
31

0.
28

0.
07

*

R
is

k 
R

at
io

 Q
2

0.
36

0.
36

0.
40

0.
24

0.
11

**
*

R
is

k 
R

at
io

 Q
1 

(S
m

al
le

st
 S

iz
e)

0.
46

0.
33

0.
25

0.
20

0.
26

**
*

Le
ve

ra
ge

 Q
ua

rti
le

 (L
ow

 L
ev

er
ag

e 
to

 H
ig

h 
Le

ve
ra

ge
)

M
ar

ke
t L

ev
er

ag
e

Th
is

ta
bl

e
re

po
rts

un
iv

ar
ia

te
te

st
s

w
hi

ch
co

m
pa

re
w

he
th

er
th

e
ris

k
ra

tio
(p

ro
po

rti
on

of
ca

pi
ta

li
nv

es
te

d
on

hi
gh

ris
k

pr
oj

ec
ts

)
ch

an
ge

s
w

ith
th

e
le

ve
lo

fa
fir

m
's

le
ve

ra
ge

.
Le

ve
ra

ge
qu

ar
til

es
ar

e
ba

se
d

on
th

e
qu

ar
til

e
cu

to
ff

s
of

m
ar

ke
tl

ev
er

ag
e

po
ol

ed
ac

ro
ss

fir
m

s
an

d
ye

ar
s.

B
as

ed
on

th
is

m
et

ho
do

lo
gy

le
ve

ra
ge

qu
ar

til
es

ar
e

bo
un

de
d

as
fo

llo
w

s
Q

1:
(0

,0
.1

0)
,Q

2:
(0

.1
0,

0.
23

),
Q

3:
(0

.2
3,

0.
41

),
Q

4
(0

.4
1,

1.
00

).
A

dd
iti

on
al

un
iv

ar
ia

te
te

st
sc

om
pa

re
ho

w
a

fir
m

's
ris

k
ra

tio
vs

.l
ev

er
ag

e
re

la
tio

ns
hi

p
ch

an
ge

sb
as

ed
on

fir
m

si
ze

.
Si

ze
qu

ar
til

es
ar

e
ba

se
d

on
a

fir
m

's
si

ze
in

 a
 g

iv
en

 y
ea

r, 
re

la
tiv

e 
to

 o
th

er
 fi

rm
s i

n 
th

at
 y

ea
r. 

24



T
ab

le
 3

: I
m

pa
ct

 o
f L

ev
er

ag
e 

on
 In

ve
st

m
en

t R
is

k 
- P

an
el

 R
eg

re
ss

io
n

(1
)

(2
)

(3
)

(4
)

M
ar

ke
t L

ev
er

ag
e i,

t-1
-0

.1
00

**
[-

2.
05

]

B
oo

k 
Le

ve
ra

ge
i,t

-1
-0

.1
11

**
[-

2.
42

]

Q
4 

M
kt

 L
ev

 D
um

m
y i

,t-
1

-0
.0

42
**

-0
.0

61
**

[-
2.

14
]

[-
2.

22
]

Q
3 

M
kt

 L
ev

 D
um

m
y 

i,t
-1

-0
.0

21
[-

0.
90

]

Q
2 

M
kt

 L
ev

 D
um

m
y i

,t-
1

-0
.0

22
[-

1.
02

]

Si
ze

i,t
-1

0.
04

2*
*

0.
04

0*
0.

03
9*

0.
04

2*
*

[1
.9

8]
[1

.9
4]

[1
.8

7]
[2

.0
3]

M
ar

ke
t t

o 
B

oo
k i

,t-
1

0.
00

5
0.

01
0

0.
00

8
0.

00
6

[0
.4

9]
[1

.0
0]

[0
.7

9]
[0

.5
9]

Pr
of

ita
bi

lit
y i

,t-
1

-0
.0

97
**

*
-0

.0
96

**
*

-0
.0

95
**

*
-0

.0
96

**
*

[-
2.

93
]

[-
2.

85
]

[-
2.

87
]

[-
2.

88
]

Sh
or

tT
er

m
D

eb
t/T

ot
al

D
eb

t i,t
-1

-0
.0

53
-0

.0
54

-0
.0

56
-0

.0
57

[-
1.

22
]

[-
1.

23
]

[-
1.

30
]

[-
1.

32
]

Fi
rm

FE
i

Y
es

Y
es

Y
es

Y
es

Ti
m

eF
E t

Y
es

Y
es

Y
es

Y
es

R
2

0.
04

2
0.

07
3

0.
07

0
0.

07
2

N
12

10
12

10
12

10
12

10

R
is

k 
R

at
io

 =
 H

ig
h 

R
is

k 
C

ap
ex

/T
ot

al
 C

ap
ex

Th
is

ta
bl

e
re

po
rts

fir
m

-le
ve

lr
eg

re
ss

io
ns

w
hi

ch
do

cu
m

en
tt

he
ef

fe
ct

of
le

ve
ra

ge
on

th
e

ris
ki

ne
ss

of
a

fir
m

's
in

ve
st

m
en

ts
.

Th
e

de
pe

nd
en

t
va

ria
bl

e
in

th
es

e
re

gr
es

si
on

s
is

th
e

ris
k

ra
tio

fo
rf

irm
ii

n
ye

ar
t.

A
fir

m
's

ris
k

ra
tio

is
ca

lc
ul

at
ed

as
th

e
pr

op
or

tio
n

of
ca

pi
ta

le
xp

en
di

tu
re

s
in

ve
st

ed
in

hi
gh

ris
k

pr
oj

ec
ts

re
la

tiv
e

to
al

lc
ap

ita
le

xp
en

di
tu

re
s.

A
ll

re
gr

es
si

on
s

in
cl

ud
e

fir
m

le
ve

lf
ix

ed
ef

fe
ct

s
an

d
tim

e
fix

ed
ef

fe
ct

s.
St

an
da

rd
er

ro
rs

ar
e

cl
us

te
re

d
by

fir
m

,w
ith

t-s
ta

tis
tic

s
re

po
rte

d
in

br
ac

ke
ts

be
lo

w
th

e
co

ef
fic

ie
nt

es
tim

at
es

.*
in

di
ca

te
s

si
gn

ifi
ca

nc
e

at
th

e
10

%
 le

ve
l, 

**
 a

t t
he

 5
%

 le
ve

l, 
an

d 
**

* 
at

 th
e 

1%
 le

ve
l.

Ri
sk

Ra
tio

i,t
 =

 α
+

 β
1L

ev
er

ag
e i,

t-1
+

 C
on

tr
ol

s i,
t-1

i,1
0 1

 o
+

 .2
2]

[-1
.-8.52

 0 1
43

.46 
254

.52 
Tm


(Ri
sk

R 
Td
([-

 1
 o

+
 4

1 
Tc 

0 5.7 -
5.7 0 1

45.56 
287.58 

T3
0
0 T

c 0.92
2 

0  T
f
0 5.7 -

5.7 0 1
45.56 

32
0.28 

50)Tj
-
0.0003 

Tc2
 -8.52

 0 86 
14

0.58 0.66 4
83.66 

6799 2
01 

1 
1 

1 
 scn


13
2.9 

13
8 3

95.7 -5.7 
0 1

45.56 
363

.55814
.06 0 T

.0012
 T

c 0 8.52
 -8.56 

14
0.58 0.66 4

83.66 
6799 2

.2 
12

j
-0.004
1 

Tc 
0 5.7 -

5.7 0 1
45.56 

287.58 
Tm


[(i,)-
7(t )]T

J
0.0013
 T

c 0 8.52
 -8.52

 0 1
43

.46 
293

.64 
Tm


(=
 )T

j
/C
2_0 

1 
Tf
0 

Tc 
0.922

 0 T
d
<012

E>T
j
/T63

.558 0 761
3 

Tc 
0.780.0dd5 1

40.58 
0.66 4

83.66 
6799 2

es
)0028 

Tw 
0 8.52

 -8.52
 0 1

43
.4652

 0 1
43

.46 
254

.52 
Tm


6799 4
(c483

 1
 o

+
 4

1 
Tc 

0 5.7 -
5.7 0 1

45.56 
287.58 

 T
f
0 T

c 0.92
2 

0 T
d
<012

E>T
j
/T63

.55e)-
34

 1
(Yes

)Tj
8..0dd5 
14

0.58 0.66 4
83.66 

6799 2
97483

 1
 o

Q
31

5>D
2.9 

13
8 3

95.7 -5.7 
0 1

45.56 
363

.553r
3582

028 
Tw 

0 8.52
 -8.52

 0 1
43

.4656 
14

0.58 0.66 4
83.66 

6799 3
650 T

d
<02+
 4

1 
Tc 

0 5.7 -
5.7 0 1

45.56 
287.58 

 T
f
0 T

c 0.92
2 

0 T
d
<012

E>T
j
/T63

.55e77.001
3 

Tc3
Tj
8..0dd5 

14
0.58 0.66 4

83.66 
6799 2

800 T
d
<02Q

41
5>D

2.9 
13

8 3
95.7 -5.7 

0 1
45.56 

363
.554(c4

08028 
Tw 

0 8.52
 -8.52

 -9( 
2 

-8.52
 0 1

43
.463

8 3
95.78 j
-2

9 T
m


[(i,)-
76799 4

195.5 
-5.7 0 

14
5.56 3

54.84
 T

m
 T

m

[(i,)-

7(t-)-
8(1)]T

J
63.554
570 5.7 -

Tw 
0 8.52

 -8.52
 0 1

43
.46 

366.2
32

3.1
7.78 j
-2

9 T
m


[(i,)-
76799 4

68(1)T
j
-5.7 0 

14
5.56 4

03.86 
Tm


[(i,)-
7(t-)-

8(1)]T
J
63.5550) 

5.7 -5. 
354

8
0.0dd)-3
0.32

3.1
7.78 j
-2

9 T
m


[(i,)-
76799 507
f
5 1

 o
+

 .2
2]i

,t-
1



T
ab

le
 4

: E
ff

ec
t o

f S
iz

e 
on

 th
e 

R
el

at
io

ns
hi

p 
be

tw
ee

n 
L

ev
er

ag
e 

an
d 

In
ve

st
m

en
t R

is
k 

- P
an

el
 R

eg
re

ss
io

n

(1
)

(2
)

(3
)

(4
)

M
ar

ke
t L

ev
er

ag
e i,

t-1
-0

.0
47

[-
0.

89
]

B
oo

k 
Le

ve
ra

ge
i,t

-1
-0

.0
47

[-
0.

78
]

Q
4 

M
kt

 L
ev

 D
um

m
y i

,t-
1

-0
.0

29
-0

.0
05

[-
1.

37
]

[-
0.

17
]

Q
3 

M
kt

 L
ev

 D
um

m
y 

i,t
-1

0.
03

2
[1

.2
9]

Q
2 

M
kt

 L
ev

 D
um

m
y i

,t-
1

0.
02

5
[1

.0
9]

Sm
al

le
st

 Q
ua

rti
le

 S
iz

e i,
t-1

-0
.0

21
-0

.0
03

-0
.0

41
0.

00
7

[-
0.

39
]

[-
0.

05
]

[-
0.

89
]

[0
.1

3]

M
ar

ke
t L

ev
er

ag
e i,

t-1
 *

 S
m

al
le

st
 Q

ua
rti

le
 S

iz
e i,

t-1
-0

.1
43

*
[-

1.
75

]

B
oo

k 
Le

ve
ra

ge
i,t

-1
 *

 S
m

al
le

st
 Q

ua
rti

le
 S

iz
e i,

t-1
-0

.1
10

[-
1.

21
]

Q
4 

M
kt

 L
ev

 D
um

m
y i

,t-
1 

* 
Sm

al
le

st
 Q

ua
rti

le
 S

iz
e i,

t-1
-0

.0
61

*
-0

.1
13

**
*

[-
1.

66
]

[-
2.

63
]

Q
3 

M
kt

 L
ev

 D
um

m
y i

,t-
1 

* 
Sm

al
le

st
 Q

ua
rti

le
 S

iz
e i,

t-1
-0

.0
93

*
[-

1.
70

]

Q
2 

M
kt

 L
ev

 D
um

m
y i

,t-
1 

* 
Sm

al
le

st
 Q

ua
rti

le
 S

iz
e i,

t-1
-0

.0
88

**
[-

2.
01

]

M
ar

ke
t t

o 
B

oo
k i

,t-
1

-0
.0

01
0.

00
7

0.
00

3
0.

00
1

[-
0.

06
]

[0
.7

1]
[0

.2
9]

[0
.1

2]

Pr
of

ita
bi

lit
y i

,t-
1

-0
.0

91
**

*
-0

.0
90

**
*

-0
.0

94
**

*
-0

.0
87

**
*

[-
2.

89
]

[-
2.

76
]

[-
2.

88
]

[-
2.

71
]

Sh
or

tT
er

m
D

eb
t/T

ot
al

D
eb

t i,t
-1

-0
.0

58
-0

.0
58

-0
.0

60
-0

.0
58

[-
1.

33
]

[-
1.

31
]

[-
1.

37
]

[-
1.

35
]

Fi
rm

FE
i

Y
es

Y
es

Y
es

Y
es

Ti
m

eF
E t

Y
es

Y
es

Y
es

Y
es

R
2

0.
06

4
0.

06
6

0.
06

3
0.

07
0

N
12

10
12

10
12

10
12

10

R
is

k 
R

at
io

 =
 H

ig
h 

R
is

k 
C

ap
ex

/T
ot

al
 C

ap
ex

Th
is

ta
bl

e
re

po
rts

fir
m

-le
ve

l
re

gr
es

si
on

s
th

at
do

cu
m

en
t

th
e

ef
fe

ct
of

si
ze

on
th

e
re

la
tio

ns
hi

p
be

tw
ee

n
le

ve
ra

ge
an

d
th

e
ris

ki
ne

ss
of

a
fir

m
's

in
ve

st
m

en
ts

.
Th

e
de

pe
nd

en
tv

ar
ia

bl
e

in
th

es
e

re
gr

es
si

on
s

is
th

e
ris

k
ra

tio
fo

r
fir

m
ii

n
ye

ar
t.

A
fir

m
's

ris
k

ra
tio

is
ca

lc
ul

at
ed

as
th

e
pr

op
or

tio
n

of
ca

pi
ta

l
ex

pe
nd

itu
re

s
in

ve
st

ed
in

hi
gh

ris
k

pr
oj

ec
ts

re
la

tiv
e

to
al

l
ca

pi
ta

l
ex

pe
nd

itu
re

s.
D

ef
in

iti
on

s
fo

r
le

ve
ra

ge
an

d
le

ve
ra

ge
du

m
m

ie
s

ha
ve

be
en

pr
ev

io
us

ly
.

Th
e

si
ze

va
ria

bl
e

in
th

es
e

re
gr

es
si

on
s

is
a

du
m

m
y

va
ria

bl
e

eq
ua

lt
o

1
if

a
fir

m
is

in
th

e
lo

w
es

tq
ua

rti
le

(s
m

al
le

st
)i

n
si

ze
in

a
gi

ve
n

ye
ar

,
an

d
0

ot
he

rw
is

e.
A

ll
re

gr
es

si
on

s
in

cl
ud

e
fir

m
le

ve
l

fix
ed

ef
fe

ct
s

an
d

tim
e

fix
ed

ef
fe

ct
s.

St
an

da
rd

er
ro

rs
ar

e
cl

us
te

re
d

by
fir

m
,

w
ith

t-s
ta

tis
tic

s
re

po
rte

d 
in

 b
ra

ck
et

s b
el

ow
 th

e 
co

ef
fic

ie
nt

 e
st

im
at

es
. *

 in
di

ca
te

s s
ig

ni
fic

an
ce

 a
t t

he
 1

0%
 le

ve
l, 

**
 a

t t
he

 5
%

 le
ve

l, 
an

d 
**

* 
at

 th
e 

1%
 le

ve
l.

Ri
sk

Ra
tio

i,t
 =

 α
+

 β
1L

ev
er

ag
e i,

t-1
+

 β
2S

iz
e i,

t-1
+

 β
3L

ev
er

ag
e*

Si
ze

i,t
-1

+
 C

on
tr

ol
s i,

t-1
+

 T
im

eF
E t

 +
 F

ir
m

FE
i+

 ε i
,t

Ri
sk

Ra
tio

i,t
 =

 α
+

 β
1Q

2L
ev

D
i,t

-1
+

 β
2Q

3L
ev

D
i,t

-1
+

 β
3Q

4L
ev

D
i,t

-1
 +

 β
5Q

2L
ev

D
i,t

-1
*S

iz
e i,

t-1
 +

 β
6Q

3L
ev

D
i,t

-1
*S

iz
e i,

t-1
 

+
 β

7Q
4L

ev
D

i,t
-1

*S
iz

e i,
t-1

+
 β

8S
iz

e i,
t-1

+
 C

on
tr

ol
s i,

t-1
+

 T
im

eF
E t

 +
 F

ir
m

FE
i+

 ε i
,t

26



T
ab

le
 5

: I
nv

es
tm

en
t R

is
k 

Pr
io

r 
to

 B
an

kr
up

tc
y 

(1
6 

B
an

kr
up

tc
ie

s i
n 

Sa
m

pl
e)

(1
)

(2
)

(3
)

(4
)

(5
)

O
ne

 Y
ea

r P
rio

r t
o 

B
an

kr
up

tc
y 

D
um

m
y i

,t
-0

.1
27

**
-0

.1
08

*
-0

.1
20

**
-0

.1
09

*
-0

.1
07

*
[-

2.
31

]
[-

1.
94

]
[-

2.
24

]
[-

1.
93

]
[-

1.
89

]

Tw
o 

Y
ea

rs
 P

rio
r t

o 
B

an
kr

up
tc

y 
D

um
m

y i
,t

-0
.1

17
*

-0
.1

21
*

-0
.1

23
*

-0
.1

13
*

-0
.1

14
*

[-
1.

72
]

[-
1.

77
]

[-
1.

87
]

[-
1.

67
]

[-
1.

69
]

Th
re

e 
Y

ea
rs

 P
rio

r t
o 

B
an

kr
up

tc
y 

D
um

m
y i

,t
-0

.0
33

-0
.0

30
-0

.0
36

-0
.0

30
-0

.0
26

[-
0.

38
]

[-
0.

35
]

[-
0.

44
]

[-
0.

34
]

[-
0.

31
]

M
ar

ke
t L

ev
er

ag
e i,

t-1
-0

.0
96

**
[-

2.
02

]

B
oo

k 
Le

ve
ra

ge
i,t

-1
-0

.1
10

**
[-

2.
44

]

Q
4 

M
kt

 L
ev

 D
um

m
y i

,t-
1

-0
.0

38
*

-0
.0

57
**

[-
1.

97
]

[-
2.

08
]

Q
3 

M
kt

 L
ev

 D
um

m
y 

i,t
-1

-0
.0

18
[-

0.
80

]

Q
2 

M
kt

 L
ev

 D
um

m
y i

,t-
1

-0
.0

22
[-

1.
02

]

Si
ze

i,t
-1

0.
04

0*
0.

04
5*

*
0.

04
3*

*
0.

04
2*

*
0.

04
4*

*
[1

.9
3]

[2
.1

3]
[2

.1
1]

[2
.0

1]
[2

.1
6]

M
ar

ke
t t

o 
B

oo
k i

,t-
1

0.
01

1
0.

00
5

0.
01

0
0.

00
8

0.
00

6
[1

.0
3]

[0
.4

7]
[0

.9
4]

[0
.7

5]
[0

.5
7]

Pr
of

ita
bi

lit
y i

,t-
1

-0
.0

93
**

*
-0

.0
96

**
*

-0
.0

96
**

*
-0

.0
95

**
*

-0
.0

95
**

*
[-

2.
81

]
[-

2.
88

]
[-

2.
80

]
[-

2.
82

]
[-

2.
83

]

Sh
or

tT
er

m
D

eb
t/T

ot
al

D
eb

t i,t
-1

-0
.0

68
-0

.0
61

-0
.0

62
-0

.0
64

-0
.0

64
[-

1.
56

]
[-

1.
41

]
[-

1.
43

]
[-

1.
49

]
[-

1.
51

]

Fi
rm

FE
i

Y
es

Y
es

Y
es

Y
es

Y
es

Ti
m

eF
E t

Y
es

Y
es

Y
es

Y
es

Y
es

R
2

0.
07

0
0.

07
5

0.
07

8
0.

07
5

0.
07

6
N

12
10

12
10

12
10

12
10

12
10

R
is

k 
R

at
io

 =
 H

ig
h 

R
is

k 
C

ap
ex

/T
ot

al
 C

ap
ex

Th
is

ta
bl

e
re

po
rts

fir
m

-le
ve

l
re

gr
es

si
on

s
th

at
do

cu
m

en
t

ho
w

in
ve

st
m

en
t

ris
k

ch
an

ge
s

fo
r

a
fir

m
in

th
e

ye
ar

s
pr

io
r

to
ba

nk
ru

pt
cy

.
Th

e
de

pe
nd

en
t

va
ria

bl
e

in
th

es
e

re
gr

es
si

on
s

is
th

e
ris

k
ra

tio
fo

r
fir

m
ii

n
ye

ar
t.

A
fir

m
's

ris
k

ra
tio

is
ca

lc
ul

at
ed

as
th

e
pr

op
or

tio
n

of
ca

pi
ta

le
xp

en
di

tu
re

s
sp

en
to

n
hi

gh
ris

k
pr

oj
ec

ts
re

la
tiv

e
to

al
lc

ap
ita

le
xp

en
di

tu
re

s.
D

um
m

y
va

ria
bl

es
ar

e
in

se
rte

d
ba

se
d

on
th

e
nu

m
be

ro
fy

ea
rs

pr
io

rt
o

ba
nk

ru
pt

cy
,f

or
ex

am
pl

e
in

th
e

ye
ar

im
m

ed
ia

te
ly

pr
io

rt
o

de
cl

ar
in

g
ba

nk
ru

pt
cy

th
e

va
ria

bl
e

"O
ne

Y
ea

r
Pr

io
r

to
B

an
kr

up
tc

y
D

um
m

y"
is

eq
ua

lt
o

1,
an

d
eq

ua
lt

o
0

fo
r

al
lo

th
er

fir
m

-y
ea

rs
.

A
ll

re
gr

es
si

on
s

in
cl

ud
e

fir
m

le
ve

lf
ix

ed
ef

fe
ct

s
an

d
tim

e
fix

ed
ef

fe
ct

s.
St

an
da

rd
er

ro
rs

ar
e

cl
us

te
re

d
by

fir
m

,w
ith

t-s
ta

tis
tic

s
re

po
rte

d
in

br
ac

ke
ts

 b
el

ow
 th

e 
co

ef
fic

ie
nt

 e
st

im
at

es
. *

 in
di

ca
te

s s
ig

ni
fic

an
ce

 a
t t

he
 1

0%
 le

ve
l, 

**
 a

t t
he

 5
%

 le
ve

l, 
an

d 
**

* 
at

 th
e 

1%
 le

ve
l.

Ri
sk

Ra
tio

i,t
 =

 α
+

 β
1O

ne
Ye

ar
Pr

io
rt

oB
an

kr
up

tc
yD

i,t
+

 β
2T

w
oY

ea
rs

Pr
io

rt
oB

an
kr

up
tc

yD
i,t

+
 β

3T
hr

ee
Ye

ar
sP

ri
or

to
Ba

nk
ru

pt
ch

i,t
 

+
 C

on
tr

ol
s i,

t-1
+

 T
im

eF
E t

 +
 F

ir
m

FE
i+

 ε i
,t

27



T
ab

le
 6

: E
ff

ec
t o

f S
ho

rt
 T

er
m

 D
eb

t o
n 

th
e 

R
el

at
io

ns
hi

p 
be

tw
ee

n 
L

ev
er

ag
e 

an
d 

In
ve

st
m

en
t R

is
k 

- P
an

el
 R

eg
re

ss
io

n

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

M
ar

ke
t L

ev
er

ag
e i,

t-1
-0

.1
06

**
-0

.1
14

**
[-

2.
01

]
[-

2.
13

]

B
oo

k 
Le

ve
ra

ge
i,t

-1
-0

.1
32

**
*

-0
.1

44
**

*
[-

2.
90

]
[-

3.
08

]

Q
4 

M
kt

 L
ev

 D
um

m
y i

,t-
1

-0
.0

40
**

-0
.0

62
**

-0
.0

42
**

-0
.0

65
**

[-
2.

06
]

[-
2.

19
]

[-
2.

12
]

[-
2.

31
]

Q
3 

M
kt

 L
ev

 D
um

m
y 

i,t
-1

-0
.0

23
-0

.0
28

[-
0.

93
]

[-
1.

11
]

Q
2 

M
kt

 L
ev

 D
um

m
y i

,t-
1

-0
.0

24
-0

.0
21

[-
1.

12
]

[-
0.

98
]

Sh
or

t T
er

m
 D

eb
t i,t

-1
-0

.0
30

-0
.0

70
-0

.0
23

-0
.0

39
-0

.0
73

-0
.1

27
**

-0
.0

57
-0

.0
68

[-
0.

65
]

[-
1.

31
]

[-
0.

53
]

[-
0.

89
]

[-
1.

45
]

[-
2.

24
]

[-
1.

30
]

[-
1.

33
]

M
ar

ke
t L

ev
er

ag
e i,

t-1
 *

 S
ho

rt 
Te

rm
 D

eb
t i,t

-1
0.

01
1

0.
06

8
[0

.1
3]

[0
.7

1]

B
oo

k 
Le

ve
ra

ge
i,t

-1
 *

 S
ho

rt 
Te

rm
 D

eb
t i,t

-1
0.

09
3

0.
15

7
[0

.9
2]

[1
.5

3]

Q
4 

M
kt

 L
ev

 D
um

m
y i

,t-
1 

*  
Sh

or
t T

er
m

 D
eb

t i,t
-1

-0
.0

27
-0

.0
07

0.
00

4
0.

02
1

[-
0.

54
]

[-
0.

12
]

[0
.0

7]
[0

.3
0]

Q
3 

M
kt

 L
ev

 D
um

m
y i

,t-
1 

*  
Sh

or
t T

er
m

 D
eb

t i,t
-1

0.
05

0
0.

08
9

[0
.4

6]
[0

.7
4]

Q
2 

M
kt

 L
ev

 D
um

m
y i

,t-
1 

*  
Sh

or
t T

er
m

 D
eb

t i,t
-1

0.
02

7
-0

.0
34

[0
.3

5]
[-

0.
41

]

M
ar

ke
t t

o 
B

oo
k i

,t-
1

0.
00

5
0.

00
9

0.
00

7
0.

00
6

0.
00

6
0.

01
0

0.
00

8
0.

00
7

[0
.4

2]
[0

.9
2]

[0
.7

0]
[0

.6
2]

[0
.5

3]
[1

.0
1]

[0
.7

9]
[0

.7
2]

Pr
of

ita
bi

lit
y i

,t-
1

-0
.0

97
**

*
-0

.0
97

**
*

-0
.0

95
**

*
-0

.0
97

**
*

-0
.0

97
**

*
-0

.0
98

**
*

-0
.0

95
**

*
-0

.0
96

**
*

[-
2.

93
]

[-
2.

91
]

[-
2.

86
]

[-
2.

91
]

[-
2.

95
]

[-
2.

98
]

[-
2.

87
]

[-
2.

85
]

Si
ze

i,t
-1

0.
04

3*
*

0.
04

2*
*

0.
04

0*
0.

04
3*

*
0.

04
2*

*
0.

04
1*

0.
03

9*
0.

04
2*

*
[2

.0
2]

[2
.0

1]
[1

.9
1]

[2
.0

7]
[1

.9
7]

[1
.9

7]
[1

.8
7]

[2
.0

3]

Fi
rm

FE
i

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

N
o

Ti
m

eF
E t

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

N
o

R
2

0.
06

9
0.

07
2

0.
06

9
0.

07
0

0.
07

1
0.

07
6

0.
07

1
0.

07
3

N
12

10
12

10
12

10
12

10
12

10
12

10
12

10
12

10

Sh
or

t D
eb

t =
 D

um
m

y

R
is

k 
R

at
io

 =
 H

ig
h 

R
is

k 
C

ap
ex

/T
ot

al
 C

ap
ex

Sh
or

t D
eb

t =
 S

ho
rt 

Te
rm

 D
eb

t/T
ot

al
 D

eb
t

Th
is

ta
bl

e
re

po
rts

fir
m

-le
ve

lr
eg

re
ss

io
ns

th
at

do
cu

m
en

tt
he

ef
fe

ct
of

sh
or

tt
er

m
de

bt
on

th
e

re
la

tio
ns

hi
p

be
tw

ee
n

le
ve

ra
ge

an
d

th
e

ris
ki

ne
ss

of
a

fir
m

's
in

ve
st

m
en

ts
.

Th
e

de
pe

nd
en

tv
ar

ia
bl

e
in

th
es

e
re

gr
es

si
on

s
is

th
e

ris
k

ra
tio

fo
rf

irm
i

in
ye

ar
t.

A
fir

m
's

ris
k

ra
tio

is
ca

lc
ul

at
ed

as
th

e
pr

op
or

tio
n

of
ca

pi
ta

le
xp

en
di

tu
re

s
in

ve
st

ed
in

hi
gh

ris
k

pr
oj

ec
ts

re
la

tiv
e

to
al

lc
ap

ita
le

xp
en

di
tu

re
s.

D
ef

in
iti

on
s

fo
rl

ev
er

ag
e

an
d

le
ve

ra
ge

du
m

m
ie

s
ha

ve
be

en
ou

tli
ne

d
pr

ev
io

us
ly

.
Th

e
sh

or
tt

er
m

de
bt

du
m

m
y

va
ria

bl
e

in
th

es
e

re
gr

es
si

on
s

is
a

du
m

m
y

va
ria

bl
e

eq
ua

lt
o

1
if

a
fir

m
ha

s
m

or
e

th
an

50
%

of
its

de
bt

du
e

in
th

e
fo

llo
w

in
g

ye
ar

.
Th

e
sh

or
tt

er
m

de
bt

ra
tio

va
ria

bl
e

is
th

e
pr

op
or

tio
n

of
de

bt
du

e
in

th
e

fo
llo

w
in

g
ye

ar
di

vi
de

d
by

to
ta

ld
eb

t.
A

ll
re

gr
es

si
on

s
in

cl
ud

e
fir

m
le

ve
lf

ix
ed

ef
fe

ct
s

an
d

tim
e

fix
ed

ef
fe

ct
s.

St
an

da
rd

er
ro

rs
ar

e
cl

us
te

re
d

by
fir

m
,w

ith
t-s

ta
tis

tic
s

re
po

rte
d

in
br

ac
ke

ts
be

lo
w

th
e

co
ef

fic
ie

nt
es

tim
at

es
.*

in
di

ca
te

s
si

gn
ifi

ca
nc

e
at

th
e

10
%

le
ve

l,
**

at
th

e
5%

le
ve

l , 
an

d 
**

* 
at

 th
e 

1%
 le

ve
l. Ri

sk
Ra

tio
i,t

 =
 α

+
 β

1L
ev

er
ag

e i,
t-1

+
 β

2S
ho

rt
Te

rm
D

eb
t i,t

-1
+

 β
3L

ev
er

ag
e*

Sh
or

tT
er

m
D

eb
t i,t

-1
+

 C
on

tr
ol

s i,
t-1

+
 T

im
eF

E t
 +

 F
ir

m
FE

i+
 ε i

,t

Ri
sk

Ra
tio

i,t
 =

 α
+

 β
1Q

2L
ev

D
i,t

-1
+

 β
2Q

3L
ev

D
i,t

-1
+

 β
3Q

4L
ev

D
i,t

-1
 +

 β
5Q

2L
ev

D
i,t

-1
*S

ho
rt

Te
rm

D
eb

t i,t
-1

 +
 β

6Q
3L

ev
D

i,t
-1

*S
ho

rt
Te

rm
D

eb
t i,t

-1
 

+
 β

7Q
4L

ev
D

i,t
-1

*S
ho

rt
Te

rm
D

eb
t i,t

-1
+

 β
8S

ho
rt

Te
rm

D
eb

t i,t
-1

+
 C

on
tr

ol
s i,

t-1
+

 T
im

eF
E t

 +
 F

ir
m

FE
i+

 ε i
,t

28



T
ab

le
 7

: E
ff

ec
t o

f C
om

m
od

ity
 B

as
ed

 L
ev

er
ag

e 
Sh

oc
k 

on
 In

ve
st

m
en

t R
is

k:
 D

iff
er

en
ce

-in
-D

iff
er

en
ce

s
(P

re
-S

ho
ck

 v
s P

os
t-

Sh
oc

k,
 H

ig
h 

L
ev

er
ag

e 
vs

. L
ow

 L
ev

er
ag

e)
Th

is
ta

bl
e

re
po

rts
re

su
lts

fr
om

a
re

gr
es

si
on

fo
rm

of
di

ff
er

en
ce

s-
in

-d
iff

er
en

ce
s.

Th
e

fir
st

di
ff

er
en

ce
is

pr
e-

sh
oc

k
vs

.p
os

t-s
ho

ck
,w

hi
le

th
e

se
co

nd
di

ff
er

en
ce

is
hi

gh
le

ve
ra

ge
sh

oc
k

vs
.l

ow
le

ve
ra

ge
sh

oc
k.

Th
e

de
pe

nd
en

tv
ar

ia
bl

e
in

th
es

e
re

gr
es

si
on

s
is

th
e

ris
k

ra
tio

of
fir

m
i

at
tim

e
t.

Fi
rm

s
ar

e
di

vi
de

d
in

to
tre

at
m

en
t

an
d

co
nt

ro
l

gr
ou

ps
ba

se
d

on
th

e
ef

fe
ct

of
th

e
co

m
m

od
ity

sh
oc

k
on

le
ve

ra
ge

.
Fo

r
th

e
fir

m
s

th
at

ha
ve

ab
ov

e
m

ed
ia

n
le

ve
ra

ge
du

e
to

th
e

co
m

m
od

ity
sh

oc
k,

th
e

va
ria

bl
e

Tr
ea

tm
en

ti
se

qu
al

to
1

an
d

0
ot

he
rw

is
e.

Th
e

tw
o

le
ve

ra
ge

sh
oc

ks
us

ed
in

th
is

re
gr

es
si

on
ar

e
in

19
98

an
d

20
08

,t
he

ye
ar

so
f

th
e

sh
oc

ks
ar

e
ex

cl
ud

ed
fr

om
th

e
sa

m
pl

e,
th

er
ef

or
e

th
e

pr
e-

po
st

co
m

pa
ris

on
sc

om
pa

re
19

97
(p

os
t=

0)
to

19
99

(p
os

t=
1)

an
d

20
07

(p
os

t=
0)

to
20

09
(p

os
t

=
1)

Sm
al

lf
irm

s
ar

e
fir

m
s

w
ith

be
lo

w
m

ed
ia

n
as

se
ts

in
th

e
pr

e-
pe

rio
ds

w
hi

le
la

rg
e

fir
m

s
ha

ve
ab

ov
e

m
ed

ia
n

as
se

ts
in

th
e

pr
e-

pe
rio

ds
To

co
nt

ro
lf

or
1)

.
Sm

al
lf

irm
s

ar
e

fir
m

s
w

ith
be

lo
w

m
ed

ia
n

as
se

ts
in

th
e

pr
e

pe
rio

ds
,w

hi
le

la
rg

e
fir

m
s

ha
ve

ab
ov

e
m

ed
ia

n
as

se
ts

in
th

e
pr

e
pe

rio
ds

.
To

co
nt

ro
lf

or
ch

an
ge

s
in

in
ve

st
m

en
to

pp
or

tu
ni

tie
s

ba
se

d
on

th
e

va
lu

e
of

re
se

rv
e

ch
an

ge
s,

fir
m

sa
re

di
vi

de
d

in
to

tw
o

gr
ou

ps
on

e
w

ho
se

re
se

rv
es

w
er

e
le

ss
af

fe
ct

ed
by

th
e

sh
oc

k
re

se
rv

es
(B

et
te

rO
pp

or
tu

ni
ty

D
=

1)
an

d
on

e
w

ho
se

re
se

rv
es

w
er

e
m

or
e

af
fe

ct
ed

by
th

e
sh

oc
k

(B
et

te
rO

pp
or

tu
ni

ty
D

=
0)

.
Th

e
de

pe
nd

en
tv

ar
ia

bl
e

in
th

es
e

re
gr

es
si

on
s

is
th

e
ris

k
ra

tio
fo

rf
irm

ii
n

ye
ar

t.
A

ll
re

gr
es

si
on

s
in

cl
ud

e
fir

m
le

ve
lf

ix
ed

ef
fe

ct
s

an
d

tim
e

fix
ed

ef
fe

ct
s.

St
an

da
rd

er
ro

rs
ar

e
cl

us
te

re
d

by
fir

m
,w

ith
t-s

ta
tis

tic
s

re
po

rte
d

in
br

ac
ke

ts
be

lo
w

th
e

co
ef

fic
ie

nt
es

tim
at

es
.*

in
di

ca
te

s
si

gn
ifi

ca
nc

e
at

th
e

10
%

le
ve

l,
**

at
th

e
5%

le
ve

l,
an

d
**

*
at

th
e

1%
 le

ve
l.

Ri
sk

Ra
tio

i,t
 =

 α
+

 β
1P

os
t i,t

+
 β

2T
re

at
m

en
t i,t

 +
 β

3T
re

at
m

en
t i,t

* 
Po

st
i,t

+
 C

on
tr

ol
s i,

t-1
+

 T
im

eF
E t

 +
 F

ir
m

FE
i
+

 ε i
,t

A
ll 

Fi
rm

s
La

rg
e 

Fi
rm

s
Sm

al
l F

irm
s

A
ll 

Fi
rm

s
La

rg
e 

Fi
rm

s
Sm

al
l F

irm
s

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

C
on

tro
lli

ng
 fo

r I
nv

es
tm

en
t O

pp
or

tu
ni

tie
s

B
as

ic
D

iff
er

en
ce

s-
in

-D
iff

er
en

ce
s

Ri
sk

Ra
tio

i,t
 =

 α
+

 β
1P

os
t i,t

+
 β

2T
re

at
m

en
t i,t

 +
 β

3T
re

at
m

en
t i,t

* 
Po

st
i,t

+
 β

4B
et

te
rO

pp
or

tu
ni

ty
D

i,t
 +

 β
5B

et
te

rO
pp

or
tu

ni
ty

D
i,t

* 
Po

st
i,t

+
 C

on
tr

ol
s i,

t-1
+

 T
im

eF
E t

 +
 F

ir
m

FE
i+

 ε i
,t

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

Po
st

i,t
-0

.1
47

*
0.

01
6

-0
.1

74
-0

.2
05

**
-0

.2
19

**
*

-0
.2

46
*

[-
1.

95
]

[0
.4

5]
[-

1.
50

]
[-

2.
30

]
[-

2.
78

]
[-

1.
81

]

Tr
ea

tm
en

tL
ev

i,t
0.

03
1

-0
.0

86
0.

19
4*

0.
03

3
-0

.1
17

**
0.

17
5

[0
.5

3]
[-

1.
44

]
[1

.7
3]

[0
.5

6]
[-

2.
04

]
[1

.5
2]

Tr
ea

tm
en

tL
ev

i,t
*P

os
t i,t

-0
.0

56
0.

06
4

-0
.1

87
**

-0
.0

55
0.

07
2

-0
.1

94
**

[-
1.

21
]

[1
.2

6]
[-

2.
59

]
[-

1.
18

]
[1

.3
7]

[-
2.

64
]

B
et

te
rO

pp
or

tu
ni

ty
D

i,t
-0

.0
53

0.
02

9
-0

.1
26

[-
1.

15
]

[0
.5

0]
[-

1.
38

]

B
et

te
rO

pp
or

tu
ni

ty
D

i,t
*P

os
t i,t

0.
08

0*
0.

07
2

0.
12

3
[1

.7
9]

[1
.6

5]
[1

.4
2]

Si
ze

it
-1

0.
09

3*
**

0.
08

8*
**

0.
09

8*
**

0.
10

0*
**

0.
08

4*
**

0.
11

4*
**

i,t
1

[3
.4

0]
[3

.2
6]

[3
.0

5]
[3

.6
2]

[3
.3

1]
[3

.2
6]

Pr
of

ita
bi

lit
y i

,t-
1

-0
.0

88
-0

.0
62

-0
.0

93
-0

.1
17

-0
.0

76
-0

.1
61

*
[-

1.
25

]
[-

0.
50

]
[-

1.
14

]
[-

1.
57

]
[-

0.
62

]
[-

1.
74

]

M
ar

ke
t t

o 
B

oo
k i

,t-
1

0.
01

8
0.

02
5

0.
01

0
0.

02
0

0.
02

5
0.

01
3

[0
.7

7]
[0

.6
2]

[0
.4

0]
[0

.8
9]

[0
.6

5]
[0

.5
4]

Sh
or

tT
er

m
D

eb
t/T

ot
al

D
eb

t
0

09
3

0
12

6
0

04
5

0
07

1
0

10
9

0
01

1
Sh

or
tT

er
m

D
eb

t/T
ot

al
D

eb
t i,t

-1
-0

.0
93

-0
.1

26
-0

.0
45

-0
.0

71
-0

.1
09

-0
.0

11
[-

1.
07

]
[-

1.
39

]
[-

0.
38

]
[-

0.
79

]
[-

1.
26

]
[-

0.
09

]

Fi
rm

FE
i

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Ti
m

eF
E t

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

R
2

0.
12

6
0.

20
0

0.
21

6
0.

14
3

0.
23

8
0.

24
2

N
28

0
14

5
13

5
28

0
14

5
13

5

29



T
ab

le
 8

: E
ff

ec
t o

f C
om

m
od

ity
 B

as
ed

 L
ev

er
ag

e 
Sh

oc
k 

on
 In

ve
st

m
en

t R
is

k:
 D

iff
er

en
ce

-in
-D

iff
er

en
ce

s-
in

-D
iff

er
en

ce
s

(P
re

-S
ho

ck
 v

s P
os

t-
Sh

oc
k,

 H
ig

h 
L

ev
er

ag
e 

vs
. L

ow
 L

ev
er

ag
e,

 S
m

al
l F

ir
m

 v
s. 

L
ar

ge
 F

ir
m

)
Th

is
ta

bl
e

re
po

rts
re

su
lts

fo
r

a
re

gr
es

si
on

fo
rm

of
di

ff
er

en
ce

s-
in

-d
iff

er
en

ce
s-

in
-d

iff
er

en
ce

s,
w

he
re

th
e

co
ef

fic
ie

nt
of

in
te

re
st

is
th

e
tri

pl
e

in
te

ra
ct

io
n

te
rm

.
Th

e
de

pe
nd

en
t

va
ria

bl
e

in
th

es
e

re
gr

es
si

on
s

is
th

e
ris

k
ra

tio
fo

r
fir

m
i

in
ye

ar
t.

Th
e

tre
at

m
en

t
an

d
po

st
va

ria
bl

es
ha

ve
pr

ev
io

us
ly

be
en

de
fin

ed
.

Th
e

de
fin

iti
on

of
a

sm
al

lf
irm

is
a

fir
m

w
ith

be
lo

w
m

ed
ia

n
as

se
ts

in
th

e
tim

e
pe

rio
d

pr
io

rt
o

th
e

sh
oc

k.
A

se
to

ff
ul

ly
sa

tu
ra

te
d

in
te

ra
ct

io
ns

be
tw

ee
n

Po
st

,
Tr

ea
tm

en
t,

an
d

Sm
al

l
va

ria
bl

es
ar

e
in

cl
ud

ed
.

Th
e

ke
y

co
ef

fic
ie

nt
of

in
te

re
st

fo
r

th
e

di
ff

er
en

ce
s-

in
-

di
ff

er
en

ce
s-

in
-d

iff
er

en
ce

s
re

gr
es

si
on

is
th

e
tri

pl
e

in
te

ra
ct

io
n

te
rm

β 7
.

Ti
m

e
fix

ed
ef

fe
ct

s
an

d
fir

m
fix

ed
ef

fe
ct

s
ar

e
in

cl
ud

ed
in

al
ls

pe
ci

fic
at

io
ns

.
St

an
da

rd
er

ro
rs

ar
e

cl
us

te
re

d
by

fir
m

,w
ith

t-s
ta

tis
tic

s
re

po
rte

d
in

pa
re

nt
he

se
s

be
lo

w
co

ef
fic

ie
nt

es
tim

at
es

,w
he

re
*

in
di

ca
te

s
si

gn
ifi

ca
nc

e
at

th
e

10
%

 le
ve

l, 
**

 a
t t

he
 5

%
 le

ve
l, 

an
d 

**
* 

at
 th

e 
1%

 le
ve

l.

B
as

ic
C

on
tro

lli
ng

 fo
r I

nv
es

tm
en

t O
pp

or
tu

ni
tie

s
(1

)
(2

)

Po
st

it
-0

.2
26

**
*

-0
.2

89
**

*

Ri
sk

Ra
tio

i,t
 =

 α
+

 β
1P

os
t i,t

+
 β

2T
re

at
m

en
t i,t

 +
 β

3S
m

al
l i,t

 +
 β

4T
re

at
m

en
t i,t

* 
Po

st
i,t

+
 β

5T
re

at
m

en
t i,t

* 
Sm

al
l i,t

+
 β

6S
m

al
l i,t

* 
Po

st
i,t

+
 β

7T
re

at
m

en
t i,t

* 
Sm

al
l i,t

* 
Po

st
i,t

+
 F

ir
m

FE
i+

 ε i
,t

i,t

[-
3.

20
]

[-
3.

50
]

Tr
ea

tm
en

t i,t
-0

.0
94

*
-0

.1
06

*
[-

1.
81

]
[-

1.
82

]

Sm
al

l i,t
-0

.0
98

-0
.0

87
[-

1.
08

]
[-

0.
74

]

B
et

te
rO

pp
or

tu
ni

ty
D

i,t
-0

.0
04

[
0

06
]

[-
0.

06
]

Tr
ea

tm
en

t i,t
*P

os
t i,t

0.
05

3
0.

05
7

[1
.0

9]
[1

.1
2]

Tr
ea

tm
en

t i,t
*S

m
al

l i,t
0.

28
4*

*
0.

29
6*

*
[2

.5
8]

[2
.5

5]

Sm
al

l i,t
*P

os
t i,t

0.
09

2
0.

09
1

[1
.3

4]
[1

.0
2]

Tr
ea

tm
en

t i,t
*S

m
al

l i,t
*P

os
t i,t

-0
.2

42
**

*
-0

.2
49

**
*

[-
2.

74
]

[-
2.

80
]

B
et

te
rO

pp
or

tu
ni

ty
D

i,t
*S

m
al

l i,t
-0

.0
60

[-
0.

59
]

B
et

te
rO

pp
or

tu
ni

ty
D

i,t
*P

os
t i,t

0.
07

7*
[1

.7
2]

B
et

te
rO

pp
or

tu
ni

ty
D

i,t
*S

m
al

l i,t
*P

os
t i,t

0.
02

0
,

,
,

[0
.2

2]

Lo
g 

A
ss

et
s i,

t-1
0.

09
7*

**
0.

10
4*

**
[3

.9
9]

[4
.0

8]

Pr
of

ita
bi

lit
y i

,t-
1

-0
.0

95
-0

.1
28

*
[-

1.
40

]
[-

1.
75

]

M
ar

ke
t t

o 
B

oo
k i

,t-
1

0.
01

6
0.

02
0

[0
79

]
[0

98
]

[0
.7

9]
[0

.9
8]

Sh
or

tT
er

m
D

eb
t/T

ot
al

D
eb

t i,t
-1

-0
.0

72
-0

.0
51

[-
0.

86
]

[-
0.

59
]

Fi
rm

FE
i

Y
es

Y
es

Ti
m

eF
E t

Y
es

Y
es

R
2

0.
18

6
0.

20
7

N
28

0
28

0

30



T
ab

le
 9

: F
al

si
fic

at
io

n:
 E

ff
ec

t o
f C

om
m

od
ity

 B
as

ed
 L

ev
er

ag
e 

Sh
oc

k 
on

 In
ve

st
m

en
t R

is
k:

 D
iff

er
en

ce
-in

-D
iff

er
en

ce
s

(F
al

se
 P

re
-S

ho
ck

 v
s F

al
se

 P
os

t S
ho

ck
, H

ig
h 

L
ev

er
ag

e 
vs

. L
ow

 L
ev

er
ag

e)

A
ll 

Fi
rm

s
La

rg
e 

Fi
rm

s
Sm

al
l F

irm
s

A
ll 

Fi
rm

s
La

rg
e 

Fi
rm

s
Sm

al
l F

irm
s

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

Po
st

i,t
0.

01
4

-0
.0

02
0.

01
5

0.
05

2
0.

00
4

0.
06

6
[0

.3
2]

[-
0.

06
]

[0
.1

9]
[1

.2
7]

[0
.1

0]
[0

.8
5]

Tr
ea

tm
en

t i,t
-0

.0
22

-0
.0

29
-0

.0
45

-0
.0

26
-0

.0
28

-0
.0

71
[-

0.
58

]
[-

1.
17

]
[-

0.
72

]
[-

0.
61

]
[-

0.
95

]
[-

1.
00

]

Tr
ea

tm
en

t i,t
*P

os
t i,t

0.
00

6
-0

.0
25

0.
01

9
-0

.0
10

-0
.0

26
-0

.0
08

[0
.1

3]
[-

0.
72

]
[0

.2
2]

[-
0.

23
]

[-
0.

72
]

[-
0.

10
]

B
et

te
rO

pp
or

tu
ni

ty
D

i,t
-0

.0
03

-0
.0

34
-0

.0
30

[-
0.

08
]

[-
0.

88
]

[-
0.

48
]

B
et

te
rO

pp
or

tu
ni

ty
D

i,t
*P

os
t i,t

-0
.0

58
*

-0
.0

11
-0

.0
71

[-
1.

68
]

[-
0.

27
]

[-
1.

04
]

Lo
g 

A
ss

et
s i,

t-1
0.

12
6*

*
0.

10
6*

0.
12

2*
0.

11
4*

*
0.

10
6*

0.
10

3
[2

.2
1]

[1
.7

8]
[1

.7
1]

[2
.0

0]
[1

.7
6]

[1
.3

0]

Pr
of

ita
bi

lit
y i

,t-
1

-0
.2

14
-0

.0
43

-0
.1

90
-0

.2
34

-0
.0

28
-0

.2
27

[-
1.

47
]

[-
0.

26
]

[-
1.

22
]

[-
1.

57
]

[-
0.

15
]

[-
1.

34
]

M
ar

ke
t t

o 
B

oo
k i

,t-
1

-0
.0

07
0.

11
3

-0
.0

24
-0

.0
12

0.
10

4
-0

.0
33

[-
0.

25
]

[1
.3

0]
[-

0.
76

]
[-

0.
44

]
[1

.0
8]

[-
1.

09
]

Sh
or

tT
er

m
D

eb
t/T

ot
al

D
eb

t i,t
-1

-0
.0

35
0.

13
1

-0
.1

33
*

-0
.0

32
0.

12
6

-0
.1

27
*

[-
0.

46
]

[1
.4

2]
[-

1.
75

]
[-

0.
42

]
[1

.3
0]

[-
1.

69
]

Fi
rm

FE
i

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Ti
m

eF
E t

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

R
2

0.
12

2
0.

16
1

0.
18

7
0.

13
4

0.
17

2
0.

2.
2 

L6
nc

 0
 0

 T
c4

 3
69

Tj
N
 0

 T
-0

.6
73

17
2

0.
17

20
.1

72
0.

17
2

0.
17

20
.1

72



A
pp

en
di

x 
A

: R
eg

re
ss

io
n 

of
 In

ve
st

m
en

t I
nt

en
si

ty
 R

is
k 

on
 L

ev
er

ag
e 

+ 
C

on
tr

ol
s

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

M
ar

ke
t L

ev
er

ag
e i,

t-1
-0

.1
46

**
*

-0
.1

58
**

*
[-

3.
98

]
[-

3.
79

]

B
oo

k 
Le

ve
ra

ge
i,t

-1
-0

.1
52

**
*

-0
.0

55
[-

3.
27

]
[-

1.
18

]

Q
4 

Le
v 

D
um

m
y i

,t-
1

-0
.0

40
**

*
-0

.0
81

**
*

-0
.0

44
**

-0
.0

76
**

[-
3.

32
]

[-
3.

63
]

[-
2.

54
]

[-
2.

58
]

Q
3 

Le
v 

D
um

m
y 

i,t
-1

-0
.0

48
**

-0
.0

48
*

[-
2.

22
]

[-
1.

75
]

Q
2 

Le
v 

D
um

m
y i

,t-
1

-0
.0

32
*

-0
.0

07
[-

1.
84

]
[-

0.
31

]

Lo
g 

A
ss

et
s i,

t-1
0.

00
9

0.
00

6
0.

00
3

0.
01

0
-0

.0
34

*
-0

.0
41

**
-0

.0
40

**
-0

.0
33

[0
.5

2]
[0

.3
4]

[0
.1

9]
[0

.5
3]

[-
1.

73
]

[-
2.

10
]

[-
2.

15
]

[-
1.

65
]

M
ar

ke
t t

o 
B

oo
k i

,t-
1

0.
01

7*
0.

02
7*

**
0.

02
4*

*
0.

01
8*

0.
02

7*
0.

03
6*

*
0.

03
3*

*
0.

02
7*

[1
.7

5]
[2

.8
1]

[2
.5

1]
[1

.8
5]

[1
.8

0]
[2

.3
1]

[2
.1

7]
[1

.8
8]

Pr
of

ita
bi

lit
y i

,t-
1

-0
.0

52
*

-0
.0

52
*

-0
.0

46
-0

.0
48

0.
03

1
0.

03
5

0.
03

6
0.

03
4

[-
1.

79
]

[-
1.

72
]

[-
1.

63
]

[-
1.

65
]

[0
.7

8]
[0

.8
9]

[0
.8

9]
[0

.8
4]

Sh
or

tT
er

m
D

eb
t/T

ot
al

D
eb

t i,t
-1

-0
.0

56
**

-0
.0

59
**

*
-0

.0
64

**
*

-0
.0

65
**

*
-0

.0
52

-0
.0

61
*

-0
.0

59
*

-0
.0

61
*

[-
2.

47
]

[-
2.

69
]

[-
2.

69
]

[-
2.

88
]

[-
1.

56
]

[-
1.

81
]

[-
1.

77
]

[-
1.

83
]

Fi
rm

FE
i

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Ti
m

eF
E t

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

R
2

0.
16

8
0.

17
0

0.
15

7
0.

16
5

0.
17

2
0.

16
1

0.
16

5
0.

17
1

N
11

70
11

70
11

70
11

70
11

07
11

07
11

07
11

07

D
ep

en
de

nt
 =

 H
ig

h 
R

is
k 

In
v/

N
et

 P
PE

D
ep

en
de

nt
 =

 L
ow

 R
is

k 
In

v/
N

et
 P

PE

Th
is

ta
bl

e
re

po
rts

fir
m

-le
ve

lr
eg

re
ss

io
ns

w
hi

ch
do

cu
m

en
tt

he
ef

fe
ct

of
le

ve
ra

ge
on

th
e

ris
ki

ne
ss

of
a

fir
m

's
in

ve
st

m
en

ts
re

la
tiv

e
to

th
e

ne
tp

ro
pe

rty
pl

an
ta

nd
eq

ui
pm

en
ta

fir
m

ha
s.

Th
e

de
pe

nd
en

tv
ar

ia
bl

es
in

th
es

e
re

gr
es

si
on

s
is

th
e

ca
pi

ta
le

xp
en

di
tu

re
s

sp
en

tf
or

fir
m

ii
n

ye
ar

ti
n

a
gi

ve
n

ris
k

ca
te

go
ry

(h
ig

h
or

lo
w

)
sc

al
ed

by
la

g
ne

tp
ro

pe
rty

pl
an

ta
nd

eq
ui

pm
en

t.
A

ll
re

gr
es

si
on

s
in

cl
ud

e
fir

m
le

ve
l

fix
ed

ef
fe

ct
s

an
d

tim
e

fix
ed

ef
fe

ct
s.

St
an

da
rd

er
ro

rs
ar

e
cl

us
te

re
d

by
fir

m
,

w
ith

t-s
ta

tis
tic

s
re

po
rte

d
in

br
ac

ke
ts

be
lo

w
th

e
co

ef
fic

ie
nt

 e
st

im
at

es
. *

 in
di

ca
te

s s
ig

ni
fic

an
ce

 a
t t

he
 1

0%
 le

ve
l, 

**
 a

t t
he

 5
%

 le
ve

l, 
an

d 
**

* 
at

 th
e 

1%
 le

ve
l.

I/K
i,t

 =
 α

+
 β

1L
ev

er
ag

e i,
t-1

+
 C

on
tr

ol
s i,

t-1
+

 T
im

eF
E t

 +
 F

ir
m

FE
i
+

 ε i
,t

I/K
i,t

 =
 α

+
 β

1Q
2L

ev
D

i,t
-1

+
 β

2Q
3L

ev
D

i,t
-1

+
 β

3Q
4L

ev
D

i,t
-1

 +
 C

on
tr

ol
s i,

t-1
+

 T
im

eF
E t

 +
 F

ir
m

FE
i+

 ε i
,t

32




	Gilje_Risk_Shift_03-16-2012
	Tables Only.pdf



