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Abstract

In the recent period of low growth, many governments look for ways to encourage

economic activity. Risky investment by firms is an important source of macroe-

conomic growth. This paper contributes to recent literature on firm risk-taking

by exploring if the corporate tax system can provide incentives for firms to un-

dertake risky investment. To do so, we first model that the effect of taxes on

firm risk-taking depends on loss offset possibilities. We then confirm our predic-

tions empirically using a large international firm-level dataset. We find that firm

risk-taking is positively and significantly related to the length of the tax loss car-

ryback and carryforward periods and that this relation increases with the level

of the tax rate. For firms that cannot expect to offset losses, higher tax rates

reduce risk-taking. If loss offset is probable, however, corporate tax rates have a

significant and positive effect on risk-taking.
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1 Introduction

Firm risk-taking is essential for long-term economic growth (Obstfeld, 1994). De-

spite governmental attempts to stimulate growth in the post-financial-crisis period via

fiscal stimulus and monetary policy, the major world economies have remained stag-

nant. For example, annual GDP growth rates in 2008-2012 averaged only 0.52 percent

in the U.S. and -0.39 percent in the European Union (OECD, 2012). Thus, there is real

demand for private sector risk-taking to stimulate growth. Recent evidence suggests

that entrepreneurs have become reluctant to engage in risky ventures (Haltiwanger,

2011), and therefore, corporate risk-taking and risky corporate investment are an im-

portant source for macroeconomic growth. This paper investigates how a government

can encourage firm risk-taking through the corporate tax system.

The academic literature has recently examined different determinants of risk-taking

(John et al., 2008; Bargeron et al., 2010; Acharya et al., 2011; Faccio et al., 2011). These

papers focus on firm-level characteristics and country-level institutions and regulations,

but none explore the influence of a country’s tax system on firm risk-taking. However,

prior theoretical and empirical evidence document that taxes affect risk-taking at the

individual level because the government effectively provides insurance for risky invest-

ments through the tax loss offset rules (Domar and Musgrave, 1944; Feldstein, 1976;

Poterba and Samwick, 2002; Cullen and Gordon, 2007).1 We test if a similar economic

effect exists in the corporate context by extending existing theoretical models to firms

and by providing the first empirical evidence of this insurance effect using a new mea-

sure of firm risk developed by John et al. (2008). Given the large amount of aggregate

corporate tax losses, the ability to recover and utilize such losses has considerable

macroeconomic implications.2

We first extend the existing theoretical models of taxation and risk-taking to the

corporate setting and examine how a country’s tax rate and tax loss rules affect firm

risk-taking. The model demonstrates that better loss offset rules increase corporate risk-

taking. However, the effect of a country’s tax rate on firm risk differs across firms. For

1Specifically, the government shares in the return on investment by assessing an income tax, but

it also reduces any loss incurred by allowing the losses to offset prior or future taxable income. Thus,

the tax system effectively shifts a portion of investment risk held by taxpayers to the government and

provides incentives for risky investment.
2Large U.S. corporations generated over $2.9 trillion of aggregate losses from 1993-2004 (Cooper

and Knittel, 2010).
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firms that can fully offset losses, the model predicts that higher tax rates increase risk-

taking. The intuition, as first proposed in Domar and Musgrave (1944) for individual

portfolio choice, is that a tax system with full loss offset reduces both the mean and

variance of returns on investment, which in turn increases the demand for risky assets.

If a firm expects to recoup only very little of any loss incurred, however, higher tax

rates will reduce risk-taking.

We then use these theoretical predictions to generate our hypotheses for the em-

pirical tests. First, we posit that better loss offset, measured by more favorable loss

carryback/carryforward periods, is positively related to corporate risk-taking. Second,

we hypothesize that the statutory corporate tax rate has a positive effect on risk-

taking when firms expect higher levels of loss offset, and a negative effect otherwise.

Empirically, the effect of taxes on risky investment decisions will thus hinge on firms’

expectations regarding loss recovery.

To test these hypotheses, we use an international firm-level panel dataset from

Thomson Reuters’ Worldscope that we combine with hand-collected data on corporate

tax rates and tax loss rules. This cross-country sample allows us to exploit differences

in tax loss carrybacks and carryforwards across 17 different jurisdictions, an empirical

feature that is econometrically important given that country-specific tax loss rules are

generally sticky across time. The sample begins in 1998 and ends in 2011, a thirteen

year period that encompasses differing levels of industry-specific and macroeconomic

risk, including the dot-com bubble of 1999-2000, the post-911 contraction, global eco-

nomic expansion in the 2000s, and the financial crisis. While we control for these

macroeconomic shifts with fixed effects, we expect that firms’ risk preferences fluctu-

ated throughout this period. We use a measure of firm-specific operating risk recently

developed by John et al. (2008) that captures risk as the variance of returns to firm

investment (measured by a firm’s return on assets (ROA)), consistent with the risk

construct included in our theoretical model. This measure also allows us to remove

the influence of home-country and industry-specific economic cycles, which generally

cannot be altered by a firm’s management, and thus directly reflects corporate invest-

ment decisions. Importantly, John et al. (2008) demonstrate that this measure is also

correlated with long-term macroeconomic growth.

We find results consistent with our hypotheses. Loss carryback and carryforward

periods are positively and significantly related to the level of firm risk-taking. Increasing

the loss carryback period by one year is associated with a 48.6 percent increase in the
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firm risk measure.3 Similarly, increasing the loss carryforward period by one year is

associated with a 9.5 percent increase in the amount of firm risk. We also find that the

economic benefit of the tax loss carrybacks increases with the tax rate, but such result

does not obtain for tax loss carryforwards. These results are robust to controlling for

other factors that likely affect firm risk-taking and tax status, including firm size, the

firm’s investment and growth opportunity set, and leverage, as well as industry and

year fixed effects.

To test our second hypothesis, which considers the effect of the tax rate on firm

risk-taking, we partition our sample based on firm-specific expectations regarding loss

offset. While we cannot perfectly measure these expectations, we use data on prior

profitability and the firm’s home country statutory loss carryback/carryforward rules

to create two groups for high or low loss offset. For example, we identify a firm that

is active in a country that permits loss carrybacks and was profitable in the carryback

years as a high loss offset firm, as it can likely offset any future loss immediately. In each

subsample, we regress the risk-taking measure on the corporate tax rate and control

variables. Again, we find results consistent with our hypothesis. We find that higher tax

rates are positively and significantly related to risk-taking for the high loss offset firms;

a one percentage increase in the tax rate is associated with an 11.4 percent increase in

the risk measure. If loss offset is uncertain, however, we find that higher tax rates are

negatively related to risk-taking. In this case, a one percentage increase in the tax rate

is associated with a 2.3 percent decrease in firm risk.

Our paper is part of growing literature that considers various factors affecting firm

risk-taking. Many papers address the effects of managerial incentives, including May

(1995); Demski and Dye (1999); Rajgopal and Shevlin (2002); and Coles et al. (2006).

More recently, the literature has documented that corporate governance (John et al.,

2008), creditor rights (Acharya et al., 2011) and shareholder diversification (Faccio

et al., 2011) are important determinants of corporate risk-taking. Bargeron et al. (2010)

examine the effects of U.S. regulation imposed by the Sarbanes-Oxley Act.

To the best of our knowledge, there are no prior papers studying the effect of the

3For example, the median firm’s ROA and Risk (measured over three years) is .05 and .105,

respectively. Assuming that the average country-industry ROA is constant, this implies that a firm’s

ROA ratios over a three-year period based on the John et al. (2008) risk measure would be (for

example) -0.055, 0.05, and .155. A one year increase in the carryback period is associated with a 48.6

percent increase in risk, which results in altered ROA ratios of -0.106, 0.05, and 0.206 over three years.
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corporate tax system on the riskiness of corporate investments. Instead, the literature

that analyzes the effects of taxation on investment has thus far focused on the amount

of capital investment (Hassett and Hubbard (2002) survey the extensive theoretical

and empirical literature on this topic). A few studies in this strand of literature also

consider loss offset provisions in addition to the tax rate. For example, Devereux et al.

(1994) find that tax asymmetries do not improve the performance of tax-adjusted

Q equations in predicting the level of investment. Edgerton (2010) studies how the

asymmetric treatment of profits and losses affects the size of firm investment and finds

that these asymmetries could have made bonus depreciation tax incentives at most 4

percent less effective than if all firms had been taxable. We offer evidence that suggests

an alternative response to tax rules: Rather than increasing the level of investment,

firms may simply alter the riskiness of the projects selected.

Another line of literature considers the influence of taxes on corporate decisions in

the more narrow context of hedging. Graham and Smith (1999) show in a simulation

analysis that tax-function convexity (which arises mostly because of loss carrybacks

and carryforwards) provides an incentive to hedge for 50 % of firms. Graham and

Rogers (2002) empirically test this prediction but find no evidence that tax convexity

motivates firms to hedge. They show, however, that firms hedge to increase debt capac-

ity, which also provides tax benefits. Our more general approach, which examines total

risk-taking, takes into account that firms can manage risk in several ways, including

investment project selection, diversification, hedging, and insurance.

In addition, the effect of taxes on risk-taking has been studied for individual portfo-

lio choice and entrepreneurial risk-taking. These papers have contradictory conclusions.

While Asea and Turnovsky (1998) find that higher taxes make it less likely that indi-

viduals hold risky assets, Poterba and Samwick (2002) conclude that households invest

more in stock (and less in taxable bonds) when personal income taxes rates rise due to

the advantageous lower capital gains tax rates. Studying a sample of start-ups, Cullen

and Gordon (2007) find that increases in personal income taxes have a negative effect

on entrepreneurial risk-taking. Djankov et al. (2010) test the effect of corporate tax

rates (but not tax loss rules) on entrepreneurship, measured by business registrations,

and find that taxes have an adverse effect. In contrast to these studies, our paper ex-

amines large, publicly-traded corporations, as these firms are responsible for the bulk
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of aggregate investment.4 In addition, our paper clearly shows why studies examining

only the effects of tax rates on risk-taking have come to mixed conclusions, as both

our model and the empirical results illustrate that this effect hinges on a firm’s ability

to recoup economic losses via tax loss offset provisions.

This paper proceeds as follows. In Section 2, we provide a brief overview of corporate

tax rules. Section 3 develops a theoretical model of how taxation may affect risk-taking.

In Section 4, we outline our empirical hypotheses. A description of the research design

and data is included in Section 5, and we discuss our results in Section 6. Section 7

provides robustness checks, and Section 8 concludes.

2 Overview of Tax Loss Rules

In this section, we provide a brief overview of corporate tax loss rules. All developed

countries impose a corporate-level income tax, which is assessed when firms report

positive taxable earnings. Many countries’ corporate tax rules include loss provisions

that allow firms to recoup a portion of losses incurred by reducing prior or future

taxable income. Specifically, if the loss is offset against past profits (a loss carryback),

the government refunds some amount of tax the firm previously paid.5 In countries

where loss carrybacks are not allowed, or in instances where the firm has not been

sufficiently profitable in prior years, the company can instead use the losses to offset

income and lower its tax obligations in future periods (a loss carryforward). Generally,

the loss carryback and loss carryforward periods are limited; Table 1 summarizes these

periods for the countries studied in this paper.

In general, loss carrybacks are preferred over carryforwards. If a firm was sufficiently

profitable in the past, a loss carryback allows it to immediately receive a refund of prior

year taxes paid when it incurs a loss. Otherwise, the firm must wait until a future year

in which it generates positive taxable income to carryforward the loss and receive a

reduction in the corresponding future tax payment. Therefore, loss carrybacks generate

4While only 0.08 percent of U.S. companies are listed, these firms account for 45.5 percent of

aggregate non-residential fixed investment and 79.4 percent of aggregate pre-tax profits (Asker et al.,

2011).
5For example, assume that a U.S. firm reported taxable income of $100 in 2009 (and paid tax of

$35 at a 35% rate) and a taxable loss of $80 in 2010. The firm can carry back the $80 loss and received

a refund of $28 ($8 · 35%).
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Table 1: Statutory Loss Carryback and Carryforward Periods

Panel A: Statutory Loss Carryback Periods

Country 2011 2010 2009 2008 2007 2006 2005 2004 2003 2002 2001 2000 1999 1998

Austria 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Belgium 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Denmark 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Finland 0 0 0 0 0 0 0 0 0 0 0 0 0 0

France 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Germany 1 1 1 1 1 1 1 1 1 1 1 1 1 2

Greece 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Ireland 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Italy 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Luxembourg 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Netherlands 1 1 1 1 1 3 3 3 3 3 3 3 3 3

Norway 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Portugal 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Spain 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Switzerland 0 0 0 0 0 0 0 0 0 0 0 0 0 0

United Kingdom 1 1 1 1 1 1 1 1 1 1 1 1 1 1

United States 2 2 2 2 2 2 2 2 2 2 2 2 2 2

This table provides the statutory loss carryback periods from 1998 through 2011 for the countries represented in

the empirical sample. Data collected from the yearly European Tax Handbook of the International Bureau of Fiscal

Documentation (IBFD) and the U.S. Internal Revenue Code.

real cash flow for companies in the year that the loss is incurred, whereas the economic

benefit of a loss carryforward is a function of expected future profits, the expected year

of profitability, the expected future tax rate, and the firm’s discount rate. Carryforwards

thus offer an inherently more uncertain tax benefit.

A large number of firms report an economically significant amount of tax losses

(Altshuler and Auerbach, 1990). Cooper and Knittel (2010) document that 45-50 per-

cent of U.S. corporations report net operating losses on U.S. tax returns for the period

1993-2004, and these losses are valued at $2.9 trillion in total. The proportion of loss

firms has increased 280 percent in the last three decades, from 12 percent of firms in

1973 to 1977 to over 47 percent in 1999 to 2003 (Edgerton, 2010), and in 2002 alone,

the ratio of loss firms to those not reporting losses was over 60 percent (Altshuler

et al., 2009). Prior literature finds that managers view these losses as firm assets and

therefore undertake actions to preserve and maximize the associated benefits (Maydew,
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Panel B: Statutory Loss Carryforward Periods

Country 2011 2010 2009 2008 2007 2006 2005 2004 2003 2002 2001 2000 1999 1998

Austria I I I I I I I I I I I I I I

Belgium I I I I I I I I I I I I I I

Denmark I I I I I I I I I 5 5 5 5 5

Finland 10 10 10 10 10 10 10 10 10 10 10 10 10 10

France I I I I I I I I 5 5 5 5 5 5

Germany I I I I I I I I I I I I I I

Greece 5 5 5 5 5 5 5 5 5 5 5 5 5 5

Ireland I I I I I I I I I I I I I I

Italy 5 5 5 5 5 5 5 5 5 5 5 5 5 5

Luxembourg I I I I I I I I I I I I I I

Netherlands 9 9 9 9 9 I I I I I I I I I

Norway I I I I I I 10 10 10 10 10 10 10 10

Portugal 4 6 6 6 6 6 6 6 6 6 6 6 6 6

Spain 15 15 15 15 15 15 15 15 15 15 10 10 10 7

Switzerland 7 7 7 7 7 7 7 7 7 7 7 7 7 7

United Kingdom I I I I I I I I I I I I I I

United States 20 20 20 20 20 20 20 20 20 20 20 20 10 10

This table provides the statutory loss carryforward periods from 1998 through 2011 for the countries represented in

the empirical sample. Data collected from the yearly European Tax Handbook of the International Bureau of Fiscal

Documentation (IBFD) and the U.S. Internal Revenue Code. I indicates an indefinite carryforward period.

1997; Albring et al., 2011).6 In summary, this literature demonstrates that tax losses

and the corresponding tax loss rules are relevant and economically significant for many

firms. We expect that this importance is not only limited to the ex-post preservation

and utilization of losses once they have been incurred. Therefore, we study whether

these tax loss rules also create ex-ante incentives for corporate risk-taking decisions.

3 A Model of Firm Risk-Taking

To examine how taxation affects firm risk-taking, we first develop a simple model

that captures both the corporate tax rate and tax loss offset provisions. We consider a

representative firm, which operates in a world with uncertainty. There are two potential

6Erickson and Heitzman (2010) discuss the use of “poison pill” provisions as one real action that

firms undertake to protect tax losses; these poison pill provisions effectively restrict stock ownership

changes, which could otherwise trigger U.S. statutory limitations on the future utilization of loss

carryforwards.
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states of the world. In the “good” state of the world, which occurs with probability p,

the firm successfully generates a profit from selling its product. In the “bad” state of the

world (probability 1−p), the firm incurs a loss. The firm can invest in a technology that

increases both the potential profit and the potential loss. For example, this investment

may be a larger machine that can produce more output but that also costs more, even

when idle.

Specifically, the firm has a return of fg (I) > 0 in the good state of the world.

When the investment I is higher, this return increases, but with diminishing returns:

fg
′ (I) > 0, fg

′′ (I) < 0. In the alternative bad state of the world, the firm incurs a

loss, fb (I) < 0. The loss is also larger when the investment is higher, and it increases

more quickly the greater the investment in the risky technology: f ′b (I) < 0, f ′′b <

0 . The corresponding cost of the investment I increases linearly with the amount of

investment, and we normalize this cost to 1 per unit of investment. To guarantee that

some investment in I is optimal, we assume that, at low levels of I, the payout in the

good state increases faster than the payout in the bad state, and that the marginal

return of the investment is positive: pf ′g (I = 0) + (1− p)f ′b (I = 0) > 1.

A higher investment in this technology results in a higher variance of the possible

returns of the firm. Defining the average profit π = pfg + (1− p) fb − I, the variance

of pre-tax profits is:

V ar = p[fg(I)− I − π]2 + (1− p) [fb (I)− I − π]2 = p(1− p)[fg(I)− fb(I)]2. (1)

As the difference between the returns fg (I) − fb(I) is increasing in I, the variance of

profits is also rising in I.7 In our model, we will thus equate a larger investment in I

with more risk-taking by the firm.

Firms should select the appropriate level of risky investment to maximize after-tax

returns to shareholders. This level of risky investment varies with the level of firm

risk aversion. While firms are in general assumed to be risk-neutral, there are sev-

eral reasons why firms may exhibit risk-averse characteristics, including non-diversified

owners, liquidity constraints, costly financial distress, and non-linear tax systems (As-

plund, 2002). For example, firms may avoid risky investments if such projects increase

7In Section 5, we discuss our empirical constructs to capture the key elements from this model.

For example, we use the standard deviation of profits as our measure of the level of risk at the firm,

which reflects the variance of returns to firm assets discussed in this section. This is consistent with

the common definition of risk as the variance of returns to some investment (Domar and Musgrave,

1944; Feldstein, 1969; Stiglitz, 1969; Asea and Turnovsky, 1998).
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the probability of financial distress (Purnanandam, 2008). Géczy et al. (1997) show that

firms with tighter financial constraints are more likely to hedge currency risks. Finally,

firm risk-aversion has been linked to managerial preferences. A risk-averse manager

will consider risk in investment decisions if compensation is linked to firm performance

(Tufano, 1996; Guay, 1999; Hall and Murphy, 2002; Lewellen, 2006). May (1995) finds

that the personal wealth invested in firm equity is related to the riskiness of acquisi-

tions. Similarly, Coles et al. (2006) find a positive relationship between the sensitivity

of CEO wealth to stock volatility (vega) and firm risk.

In summary, prior literature establishes that firms indeed exhibit risk-averse char-

acteristics. Therefore, we model the objective function of the firm as a utility function

(see e.g. Sandmo, 1971; Appelbaum and Katz, 1986; Asplund, 2002), which allows us

to take into account varying levels of risk aversion, including risk neutrality as a special

case.

The firm maximizes its utility, which is a function of its after-tax profits, π. The

utility function U (π) is continuously differentiable, so that U ′ (π) > 0 and U ′′(π) ≤ 0.

The firm pays a corporate income tax at rate t on its profit (0 < t < 1). If the firm

incurs a loss, it receives a tax refund on some fraction λ ∈ [0, 1] of the loss.8 Thus,

the expected utility of the firm is given by

EU (π) = pU [(1− t) (fg (I)− I)] + (1− p)U [(1− λt) (fb (I)− I) ] . (2)

The firm chooses the optimal level of investment in the risky technology by maxi-

mizing its expected utility. The first order condition for the optimal level of I is

∂EU (π)

∂I
= pU ′ [πg] (1− t)

[
f ′g (I)− 1

]
+ (1− p)U ′ [πb] (1− λt) [f ′b (I)− 1] = 0, (3)

where πg = (1− t) (fg (I)− I) > 0 denotes the after-tax profit in the good state of the

world, and πb = (1− λt) (fb (I)− I) < 0 is the after-tax profit in the bad state of the

world. The first term of eq. ((3)) demonstrates that a higher investment in the risky

technology increases the firm’s profit in the good state of the world. In contrast, the

second term shows that the loss increases with the size of the investment if the bad

state occurs.

8This is a simplification of actual loss offset provisions. A loss offset parameter of λ = 1 would

apply to a firm that i) operates in a country that permits loss carrybacks and ii) has been profitable

in the carryback period. Otherwise, λ < 1, with the exact value of λ depending on statutory loss

carryforward rules as well as the firm’s expected future profitability. We discuss this distinction related

to the definition of λ in Section 5.1.
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Based on the model of expected utility and the optimal level of I, we now derive

predictions about how a country’s tax system can affect a firm’s level of risk-taking.

We first consider the loss offset parameter λ, which is most relevant to firms when the

risky investment is unsuccessful and generates a loss. We then examine the effects of a

country’s tax rate t, which will reduce any profit generated by a risky investment that

pays off.

3.1 Effect of tax loss offset rules (λ) on firm risk-taking

Implicit differentiation of the first order condition (3) with respect to λ shows that

risk-taking increases when firms are better able to recoup economic losses incurred

from risky investment (i.e., when λ is higher):

dI

dλ
=
−t [f ′b (I)− 1] (1− p) [U ′ (πb) + U ′′ (πb)πb]

−SOC
> 0, (4)

where the second order condition SOC is negative and given in the proof of Proposi-

tion 1. Greater loss offset results in a higher investment in the risky technology because

it reduces the downside of risk-taking (the loss) by increasing the tax refund in the bad

state of the world. Moreover, when there is a larger tax refund available, the loss occurs

at a lower marginal utility. We summarize the effects of loss offset rules on risk-taking

in the following proposition:

Proposition 1 (The effect of loss offset provisions on risk-taking) Better loss

offset (higher λ) increases firm risk-taking, as measured by the variance of the returns

in the different states of the world.

Proof. Consider eq. (4). The second order condition SOC is SOC =

pU ′′ (πg) (1− t)2[f ′g (I)− 1
]2

+pU ′ (πg) (1− t) f ′′g (I)+(1− p)U ′′ (πg) (1− λt)2[f ′b (I)− 1]2 +

(1− p)U ′ (πb) (1− λt) f ′′b (I) < 0. It is fulfilled (i.e. negative) as U ′′ (π) < 0 and f ′′g (I),

f ′′b (I) < 0. Thus, the denominator of eq. (4) is positive. Note that U ′′ (πb) πb > 0 as

πb < 0. As f ′b (I) < 0, the numerator is also positive, so that dI
dλ
> 0.

The size of the effect of loss offset provisions on risk-taking varies with the tax rate.

The direct effect, which is shown in the numerator of eq. (4), is positive: As the tax

refund in the case of a loss rises with the tax rate, loss offset provisions provide better

incentives for risk-taking when the tax rate is higher. There are, however, ambiguous

indirect effects that become clear when one differentiates the second order condition
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with respect to t. Not only does a higher tax rate affect the tax refund in the bad state

of the world, but it also lowers the after-tax return in the good state of the world.

Next, we consider the effect of the tax rate on firm risk-taking in more detail.

3.2 Effect of the tax rate (t) on firm risk-taking

We start again by implicitly differentiating the first order condition (3) and obtain

dI

dt
=

1

−SOC
{
−pU ′′ (πg) πg

[
f ′g (I)− 1

]
− pU ′ (πg)

[
f ′g (I)− 1

]
−

(1− p)U ′′ (πb)λπb [f ′b (I)− 1]− (1− p)U ′ (πb)λ[f ′b (I)− 1]} . (5)

For ease of interpretation, we rewrite eq. (5) using the Arrow-Pratt coefficient of

relative risk aversion, RR (π) = −U ′′(π)
U ′(π)

|π|.9 Then, after simplifying, dI
dt

becomes

dI

dt
=

U ′ (πg) p
[
f ′g (I)− 1

]
[RR (πg)− 1]− λU ′ (πb) (1− p) [f ′b (I)− 1] [RR (πb) + 1]

−SOC
. (6)

The first summand in the numerator captures the effect of the tax rate on the

profit in the good state of the world. The tax rate lowers the return to additional risky

investment by reducing after-tax profits, but it also increases the marginal utility of

the additional profit. The level of the firm’s risk aversion determines which of these

two effects dominates. For low levels of risk aversion, higher taxes will reduce firm

risk-taking.

The second summand shows the effect of the tax rate if the firm generates a loss.

The amount of actual loss offset is a function of both the amount of allowable loss offset

(λ) and the applicable tax rate (t).10 Note that this effect arises only when there is

some available loss offset (i.e., λ > 0); if λ = 0, then the second summand will be equal

to zero. Consequently, we next analyze the effects of the tax rate on firm risk-taking

for the two extreme cases: full loss offset and no loss offset.

We first consider the case of full loss offset (λ → 1). If the firm is risk-neutral,

taxes do not affect risk-taking. However, for a risk-averse firm, taxes will decrease both

9As πL < 0, we define the coefficient of relative risk aversion using the absolute value of π so that

it has a positive value for firms that incur a loss.
10This result is intuitive because the amount of recoverable loss will depend upon the country’s

statutory tax loss provisions (λ) and the tax rate (t). For example, assuming that two companies can

both carryback losses and were sufficiently profitable in prior years (i.e, the same λ), the amount of

recoverable loss will be greater in the country with the higher tax rate.
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the mean and the variance of returns; that is, the government will share equally in the

profit (at tax rate t) and the loss (at λ · t = t). Given this “insurance” provided by

the government, firms will increase risk-taking with an increase in the tax rate.11 This

result holds regardless of the level of risk-aversion that the firm demonstrates.

We next consider the case of no loss offset (λ → 0). The effect of taxes on firm

risk-taking then depends on the level of firm risk aversion. If the risk-aversion of the

firm is low (RR < 1) or if firms are risk neutral (RR = 0), tax rates decrease risk-taking.

The negative effect of taxes on the additional return in the good state of the world

subsumes the positive effect, arising from the fact that the additional utility occurs

at a higher marginal utility. If the firm is very risk averse (RR > 1), tax rates always

increase risk-taking.

To the best of our knowledge, there are no empirical estimates of firm-level coef-

ficients of risk aversion. However, as we discussed above, managers may impose risk

aversion on the firm through their individual preferences and investment project selec-

tion. Consequently, we draw upon prior estimates of individual risk aversion. Recent

empirical studies point out that relative risk aversion is constant and relatively low

(Chiappori and Paiella, 2011). Using existing evidence on the effect of wage changes

on labor supply, Chetty (2006) finds a mean estimate of the coefficient of relative risk

aversion of 0.71, with all estimates in a range between 0.15 and 1.78 in the baseline case.

We expect that the level of risk-aversion will be attenuated relative to estimates for

individuals based on predictions derived from principal-agent contracting. Specifically,

managers generally receive some fixed compensation (a salary) as well as a variable

component (bonus or stock-based compensation) to align the incentives of the man-

ager with those of the shareholders; because some portion of the salary will be received

regardless of the firm’s performance, the manager is likely to exhibit less risk aversion

than if all of the compensation was a function of firm profits. Therefore, we hypothe-

size that the risk aversion coefficient of the firm will be less than 1. In this case, taxes

decrease risk-taking if there is no loss offset (λ→ 0).

We summarize the effects of tax rates on firm risk-taking in the following proposi-

tion:

11This effect is similar to the one first shown by Domar and Musgrave (1944), who evaluate individual

portfolio investment risk-taking for a scenario with full, partial, or no loss offset.
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Proposition 2 (The effect of tax rates on risk-taking)

1. If there is full loss offset ( λ → 1), higher tax rates increase the risk taken by a

risk-averse firm. If the firm is risk neutral, taxes have no effect.

2. If there is no loss offset ( λ→ 0), higher tax rates decrease firm risk-taking if the

firm is only moderately risk-averse (RR < 1) or risk neutral (RR = 0). For very

risk-averse firms (RR > 1), taxes always increase risk-taking.

Proof. The denominator of eq. (6) is positive, as the second order condition is

negative (see proof of proposition 1). It is thus sufficient to look at the numerator of

eq. (6).

On 1): Taxes increase risk-taking for firms with RR > 0 if U ′ (πg) p
[
f ′g (I)− 1

]
≤

−U ′ (πb) (1 − p)[f ′b (I) − 1]. From eq. (3) we know that this is fulfilled with equality

when λ = 1. Thus, dI
dt

∣∣
λ=1

> 0.

On 2). Inspection of eq. (6) shows that the sign of eq. (6) is fully determined by

[RR (πg)− 1] when λ = 0.

The model has shown that in addition to the tax rate, loss offset provisions are

a decisive determinant of the overall effect of taxes on risk-taking. If no loss offset is

possible, a higher tax rate decreases firms’ willingness to take risk. With full loss offset,

this effect is reversed: higher taxes instead increase firm risk-taking. Holding the tax

rate constant, the model shows that better loss offset generally increases risk-taking.

4 Hypotheses

In this section, we derive our hypotheses to empirically test the theoretical pre-

dictions outlined in Section 3. As discussed in Section 2, the amount of loss offset

that a company will receive is a function of i) statutory tax rules, including the loss

carryback/carryforward period, and ii) the company’s prior profitability and future

expectation of income. The combination of the country-level rules and firm-specific

profitability determines the amount of the theoretically derived, firm-specific λ. Our

two hypotheses test each of these elements separately.

Our first hypothesis examines the statutory tax rules. Specifically, we assess a

country’s loss carryback/carryforward periods and the statutory tax rate. We focus on
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these rules first because they can be directly altered by a country as part of its fiscal

policy. Proposition 1 states that better loss offset increases firm risk-taking. Consistent

with this proposition, we expect that firms in countries with longer carryback and

carryforward periods will exhibit greater risk-taking because these rules increase the

period over which companies could generate profits to offset any losses incurred; that

is, longer periods provide greater insurance benefits. Therefore, our first hypothesis is

as follows:

Hypothesis 1a Tax loss carryback and carryforward periods are positively related to

corporate risk-taking.

While we predict a positive relation between the loss offset period and risk-taking,

prior evidence suggests that the effect of loss offset on firm investment decisions is very

small. For example, Devereux et al. (1994) model firm investment by specifically taking

into account tax losses and find that these tax-loss-specific models perform no better

in predicting such investment than models that ignore tax asymmetries. Similarly,

Edgerton (2010) investigates the relation between the level of firm investment and a

firm’s tax status as determined by the availability of loss carrybacks/carryforwards

and finds minimal economic association. These studies, however, examine the level of

firm investment, not the type or riskiness of investments made. With respect to firm

risk-taking, prior literature has shown that many factors affect investment decisions,

including corporate governance (John et al., 2008), creditor rights (Acharya et al.,

2011), and shareholder diversification (Faccio et al., 2011) and therefore, these tax

rules may not provide sufficient economic incentive to significantly alter a firm’s risk

profile.

We next investigate how the relation between risk-taking and tax loss rules, if any,

is affected by a country’s tax rate. Due to counteracting effects, the theoretical model

did not outline specific predictions. On one hand, the tax refund in the case of a loss

is larger when the tax rate is higher. On the other hand, the tax rate itself may have

negative effects on the incentives to undertake risky investments. We posit that the

former effect dominates. We formulate this in a second part of our first hypothesis:

Hypothesis 1b A positive relation between tax loss carryback and carryforward peri-

ods and corporate risk-taking increases with the country tax rate.

A positive relation would be consistent with the findings of Feldstein (1976) and

Poterba and Samwick (2002), both of which document that risk-taking rises with the
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tax rate. Their findings, however, relate to individual investment portfolios and may

not be applicable for corporations. Furthermore, because taxation decreases the amount

of profit earned from successful risky investment, tax rates instead may be negatively

related to corporate risk-taking (see e.g. Djankov et al., 2010).12

These first two hypotheses focus on how statutory rules can affect the economic

benefit of loss recovery. However, the effectiveness of country-level loss offset rules in

altering firms’ risk-taking will also be influenced by firm-specific factors – most notably,

a firm’s prior and expected profitability. Therefore, to study the effect of country-level

tax rates on the firm, we must also consider these firm-specific expectations regarding

future loss offset.

Based on Proposition 2, we predict that taxes and risk-taking will be positively

related for firms that can expect significant loss offset (the “high λ” firms in the model).

For these firms, taxation lowers both the mean and the variance of the investment,

inducing managers to assume more risk. Indeed, prior literature has found such an effect

for small, non-corporate firms (Cullen and Gordon, 2007).13 Therefore, to investigate

this relation in a corporate context, we predict the following:14

Hypothesis 2a Tax rates are positively related to firm risk-taking for firms that can

expect significant loss offset (“high λ firms”).

Next, we examine firms that may receive only limited benefit from tax loss rules,

i.e. “low λ firms” in the model. For these firms, taxation will affect successful risky

investments via a tax on income, but the firm will be unable to receive much offset

12Note that Djankov et al. (2010) focus only on the effect of tax rates on investment in their cross-

country study. They do not consider the effect of losses in their analysis, which we showed in our

model to be an important element of this relation.
13Cullen and Gordon (2007) focus primarily on single individual income tax filers from 1964 through

1993 who are estimated to be entrepreneurs. We instead study corporations because we are interested in

how corporate taxation affects risk-taking given that publicly-traded firms are economically significant

and responsible for a material amount of annual investment spending. Furthermore, our study includes

a more recent sample period of 1998-2011.
14Note that this predicted relation assumes some level of risk aversion at the firm. This follows not

only from our model, but also from the literature (Tufano, 1996; Géczy et al., 1997; Purnanandam,

2008). Consistent with our predictions, Gordon (1985) models (but does not test) the effect of taxation

on corporate risk-taking assuming risk neutrality and finds no change.
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for any losses incurred.15 Consequently, managers will be less likely to engage in risk-

taking and instead prefer to maximize returns via safer assets that are more likely to

generate positive (or at least lower-variance, more-predictable) return. For these firms,

we predict the following:

Hypothesis 2b Tax rates are negatively related to firm risk-taking for firms that ex-

pect limited or no loss offset (“low λ firms”).

In the next section, we discuss the research design and sample used to empirically

test these hypotheses.

5 Research Design & Sample Selection

5.1 Research Design

A cross-country setting is ideal to test our research question because it allows

us to examine the effect of differing tax rules across many jurisdictions, particularly

given that the tax loss carryback and carryforward periods are relatively sticky within

each country. To test the first hypothesis (1a and 1b), we use the following regression

specification:

Riskijt = β0 + β1LCjt + β2CTRjt + β3LC ∗ CTRjt + βnXijt + θk + ρt + εit, (7)

where Riskijt is a measure of the riskiness of firm i’s investment in country j in year

t (discussed further below); LCjt captures the number of years in the statutory loss

carryback or loss carryforward period within a firm’s home country; and CTRjt is the

statutory corporate tax rate in the firm’s home country.16 LC ∗ CTRjt measures the

incremental effect of a country’s loss rules on corporate risk-taking, given the level

of a country’s tax rate. Xijt is a set of firm- and country-specific controls, discussed

further below; θk captures industry fixed effects; and ρt are year fixed effects. Lastly, we

15This is similar to the results of Green and Talmor (1985), who model (but do not empirically

test) tax liabilities as a call option on the firm; even with the inclusion of partial loss offset provisions,

they conclude that the firm has incentives to avoid risky projects because of the government’s claim

against the firm.
16The variable CTR is de-meaned such that the coefficient β1 can be interpreted as the effect of the

loss rules on risk-taking, given the average corporate tax rate in the sample.
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cluster standard errors by firm and country-year to account for within-firm and within-

country-year correlation in our sample (Petersen, 2009). Based on Hypothesis 1a, we

expect that the coefficient on LCjt, β1, will be positive and significant. Hypothesis

1b predicts that the effect of the loss offset periods increases with a country’s tax rate

because higher tax rates yield higher economic benefits in the event losses are sustained.

Therefore, we expect a positive coefficient for β3 as well. We do not predict the sign of

β2 in this regression because Proposition 2 shows that the relation between risk-taking

and the corporate tax rate varies based on firm-specific expectation of loss offset; we

outline these cross-sectional predictions in additional detail below in discussion of the

Hypothesis 2 tests.

A firm’s risk can be measured as the variance of returns to a firm’s investments

or assets over time. John et al. (2008) find that riskier corporations indeed have more

volatile returns to capital. Consistent with this definition, we modeled risk in Section 3

as the variance of profits generated from a risky investment over different states of

the world. To empirically measure this construct, we calculate our dependent variable

Riskijt as a function of a firm’s return on assets (ROA). If a firm assumes a greater

amount of risk than its peers, its ROA will be higher in some periods when risky

investment succeeds and lower in other periods when the risky investment fails. We thus

proxy for risk-taking by i) computing the difference between the country-industry ROA

average and the firm’s ROA, measured as the ratio of EBIT to assets and ii) calculating

the standard deviation of this measure over a three-year period. This approach is similar

to John et al. (2008), Faccio et al. (2011), and Acharya et al. (2011) and allows us to

remove the influence of home-country and industry-specific economic cycles, which

cannot be altered by a firm’s manager. This measure permits a clean analysis of firm-

specific risk that directly reflects corporate operating and investment decisions. The

appendix provides a summary of these variables and the data sources used.

We measure LC with the number of years in a firm’s home country tax loss car-

ryback (LCB) and carryforward (LCF ) period. The country’s tax rate (CTR) is the

statutory corporate income tax rate.17

We control for a firm’s Size (log of total assets), as larger firms undertake the

bulk of aggregate investment (Djankov et al., 2010). However, these larger firms may

also have fewer risky opportunities and lower overall operating risk (John et al., 2008).

17We use the average combined tax rate of central and sub-central governments. If the tax system

is progressive, we use the top marginal tax rate.
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Furthermore, prior literature documents that a firm’s tax liability may be correlated

with firm size (Zimmermann, 1983; Porcano, 1986; Rego, 2003). We include the market-

to-book-ratio (MB, market capitalization to shareholders’ equity) and Sales Growth

(calculated as the one-year percentage change in revenues) to control for the firm’s

investment opportunity set, as firms with a greater set of possible investments likely

engage in more risk-taking (Guay, 1999; Rajgopal and Shevlin, 2002) but may also

be less profitable and taxable. Given the cross-country sample used, we control for

GDP Growth (as in John et al., 2008), constructed with data from the IMF’s World

Economic Outlook Database and calculated as the one-year percentage change in a

country’s GDP. ROA, measured as EBIT/assets, controls for a firm’s ability to fund

investments and risky projects. Finally, we include Leverage (ratio of total liabilities

to total assets) to control for firm risk related to costly financial distress, interest tax

shields that may contribute to a firm’s tax status, and incentives to assume excessively

risky projects on behalf of shareholders after debt has been sold (Harris and Raviv,

1991; Leland, 1998).

Our second hypothesis tests the effect of tax rates on firm risk-taking, which de-

pends on both statutory rules and firm profitability (Proposition 2). To test this hy-

pothesis, we estimate our theoretically derived measure of expected loss offset (λ) and

partition the sample accordingly. This measure is intended to capture the firm-specific

expectation of future loss offset, which we hypothesize will affect the firm’s investment

project selection; that is, when making an investment decision, we expect that a man-

ager will consider the likely return to such investment (profit or loss) and the extent

to which any future loss will be insured by the government via tax loss carrybacks

and carryforwards. “high λ” observations include those firm-years in which i) the firm

operates in a country where loss carrybacks are allowed, and ii) the firm previously

reported positive earnings over the commensurate carryback period. Thus, this desig-

nation captures those firms that would be most likely to receive an immediate refund

of prior taxes if a loss is sustained in a later year. Conversely, “low λ” firms are those

firm-year observations in which i) the firm operates in a country where no loss carry-

backs are permitted, such that the firm must rely on future profitability in order to

obtain any loss offset, but ii) the firm is unlikely to be profitable in the short term

18



based on historical operating performance.18

In each of the subsamples, we estimate the following regression model:

Riskijt = γ0 + γ1CTRjt + γnXijt + θk + ρt + εit. (8)

where the variables are as previously defined. The coefficient of interest is γ1. As out-

lined in Proposition 2, we predict a positive effect (γ1 > 0) for high λ firms and a

negative effect for low λ firms. Controls and fixed effects are as described for the first

set of regressions.

5.2 Sample Selection

In both regression specifications, we use a large cross-country firm-level panel

dataset constructed from Thomson Reuters’ Worldscope. We select all firms in World-

scope from 1998 through 2011 for seventeen different countries (Austria, Belgium, Den-

mark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands,

Norway, Portugal, Spain, Switzerland, United Kingdom, United States) to create an

original sample of 240,356 firm-year observations.19 We choose this sample period be-

cause it includes differing levels of macroeconomic and industry-specific risk, including

the dot-com bubble of 1999-2000, the post-9/11 contraction, global economic expan-

sion in the 2000s, and the financial crisis. While we control for these macroeconomic

shifts with fixed effects, firms’ risk preferences may have fluctuated throughout these

years, making it an suitable (and recent) period to examine firm risk-taking. We select

these countries given the relatively comparable level of tax enforcement as compared

to emerging market nations and because prior cross-country taxation studies focus on

a similar geographic sample (e.g. Devereux et al., 2002; Devereux and Griffith, 2003).

18Ideally, we would also use a firm’s marginal tax rate, which takes into account losses when de-

termining the tax liability on the next dollar of income. However, the Graham (1996); Blouin et al.

(2010) marginal tax rates are for U.S. firms only. Given that there is no change in the U.S. loss rules

or corporate tax rates during the sample period, we can not conduct this analysis even for this sub-

sample. We discuss alternative definitions used to define high and low offset firms in the robustness

section.
19We exclude Sweden because of the country’s rules related to specific tax reserves, which cannot

be directly compared to carryback/carryforward rules in the other countries.
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Table 2: Sample Selection

Obs. dropped Obs. remaining

Initial Worldscope dataset for countries in sample, 1998-2011 240,356

Eliminate observations for cross-listed firms (5,789) 234,567

Eliminate observations for financial or utility firms (62,162) 172,405

Eliminate observations missing total assets (3,220) 169,185

Eliminate observations missing data to calculate risk measure (35,770) 133,415

Eliminate observations missing data for control variables (49,206) 84,209

Final Cross-Country Sample 84,209

Worldscope provides balance sheet data on all listed firms in the sample countries.20

We drop observations for cross-listed firms (5,789 firm-years) to ensure that we appro-

priately match the correct country-specific tax rules with the firms included in our

sample. We also eliminate observations related to financial and utilities firms (62,162

firm-years) because these firms are subject to regulatory rules that affect profitability,

taxability, and the level of risk-taking. We drop observations missing total assets or

where total assets are less than zero (3,220 firm-years) as well as observations missing

the requisite time series data to calculate the three-year risk measure (35,770 firm-

years). This latter step results in the elimination of observations from 2010 and 2011

because sufficient data is not available to construct the risk measure over three sub-

sequent years. Finally, we eliminate observations missing data to calculate the control

variables for a final sample of 84,209 firm-year observations.21 All data are transformed

to US dollars using exchange rates provided by Officer (2011). Table 2 summarizes the

sample selection.

We merge this dataset with country-level tax loss carryback/carryforward data

collected from the yearly IBFD European Tax Handbook and the U.S. Internal Revenue

Code, as well as statutory corporate tax rate data from the OECD tax database. As

shown in Table 1B, many countries have an indefinite loss carryforward period. Because

we include the number of loss carryforward years in our regression analysis as a key

variable of interest, we set the carryforward period for these countries to 20 years

20As Worldscope uses consolidated balance sheet data, there is some measurement error as we cannot

identify in which country each part of the return was taxed. There should, however, be no systematic

relationship between the measurement error and our variables of interest. Moreover, headquarters are

more profitable than foreign subsidiaries (Dischinger et al., 2013).
21Specifically, we require data on current and lagged revenues, total liabilities, GDP information,

market value of equity, and book value of equity to construct the control variables.
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(i.e. the maximum finite period in the sample) in order to estimate Equations (7) and

(8). This assumption biases away from finding a positive and statistically significant

relation between loss carryforwards and risk-taking because it reduces the estimated

carryforward period and estimated insurance benefit relative to the actual period over

which firms could offset losses. Therefore, to the extent that we find a positive relation

in Equation (7), such relation should be understated by this assumption.

Table 3 provides the descriptive statistics for our sample. All firm-level variables

are winsorized at the 1% and 99% level prior to inclusion in the summary statistics

in Panel 3A. We observe that firms in the sample report average (median) risk (the

standard deviation of ROA from the industry-country mean) of .305 (.105). When we

compare the country-specific means for this variable to those reported in Table II of

John et al. (2008), we find comparable amounts.22

The average (median) loss carryback period for our sample is 1.54 (2.00) years.

After incorporating the carryforward period assumption discussed above, we observe

that the average (median) loss carryforward is 16.9 (20.0) years. The mean statutory

corporate tax rate for the seventeen countries in our sample is 36.1 percent. In untabu-

lated analysis, we find that the average rate has declined over time, from 38.5 percent

in 1998 to 33.5 percent in 2009, consistent with the fact that countries, in an attempt

to lure foreign direct investment, compete over tax rates in a “race to the bottom”.

The descriptive statistics indicate that our sample includes firms that, on average,

exhibit sales growth of 29.0 percent (median: 8.9) and have a market-to-book ratio of

2.8 (median: 1.7). Thus, the sample appears to appropriately include firms that have

risky investment opportunities. Furthermore, the mean ROA (-.07) indicates that loss

firms are included in the sample, a necessary condition for investigating if losses and

the corresponding tax rules are associated with risk-taking. We note that the sample

includes both income and loss firms, though, given that the median firm is profitable

(ROA of .06).

Panel 4B summarizes the observations by country. We have included the United

States because of its economic significance and note that this data selection step re-

sults in an unbalanced panel, in which approximately half of the observations are from

22For example, John et al. (2008) report an average of .04, .06, and .04 for Austria, Ireland, and

Portugal; in our sample, the average standard deviation of ROA for these three countries is .04, .05,

and .03, respectively.
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Table 3: Descriptive Statistics

Panel A: Variable Descriptive Statistics

Obs. Mean Median Std. Dev. Min Max

Risk 84,209 0.305 0.105 0.692 0.000 5.805

LCB 84,209 1.536 2.000 0.867 0.000 3.000

LCF 84,209 16.907 20.000 5.436 5.000 20.000

CTR 84,209 0.361 0.393 0.055 0.125 0.560

Size 84,209 11.899 11.871 2.322 5.565 17.794

ROA 84,209 -0.072 0.057 0.532 -4.629 0.496

Sales Growth 84,209 0.290 0.089 1.088 -1.242 11.410

Leverage 84,209 0.606 0.534 0.626 0.000 8.188

GDP Growth 84,209 0.051 0.055 0.067 -0.178 0.319

MB 84,209 2.857 1.732 6.958 -30.115 78.632

Variable definitions are described in the appendix. All firm-level variables are winsorized at 1% and 99%, minimum and

maximum are given after winsorizing.

Panel B: Observations by Country

# Obs. % of sample

Austria 701 0.832

Belgium 1,009 1.198

Denmark 1,591 1.889

Finland 1,279 1.519

France 6,138 7.289

Germany 6,139 7.290

Greece 2,440 2.898

Ireland 485 0.576

Italy 1,882 2.235

Luxembourg 198 0.235

Netherlands 1,480 1.758

Norway 1,404 1.667

Portugal 510 0.606

Spain 1,087 1.291

Switzerland 1,832 2.176

United Kingdom 11,940 14.179

United States 44,094 52.363

Total 84,209 100.000

Panel C: Observations by Year

# Obs. % of sample

1998 6,574 7.807

1999 7,448 8.845

2000 7,570 8.990

2001 7,498 8.904

2002 7,387 8.772

2003 7,044 8.365

2004 6,908 8.203

2005 6,842 8.125

2006 6,941 8.243

2007 6,942 8.244

2008 6,723 7.984

2009 6,332 7.519

Total 84,209 100.000
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this country.23 Besides the large size of the U.S. economy, such distribution also re-

flects the larger share of U.S. incorporated firms, relative to many European countries.

The remaining observations are dispersed among 16 other developed Western Europe

countries, with France, Germany, and the U.K. reporting 7.3, 7.3, and 14.2 percent of

the sample, respectively. Panel 4C shows that the observations are distributed equally

across the sample period.

Table 4 provides correlation statistics. Risk is significantly correlated with both

measures of a country’s tax loss regime (LCB and LCF ), as well as with the country’s

tax rate (CTR) with correlations of 0.15, 0.14, and 0.15, respectively. Leverage is also

positively and significantly correlated with Risk (0.41), a relation consistent with prior

findings that document the effects of costly financial distress on the firm. Sales Growth

exhibits a positive and significant correlation with MB and GDP Growth, but we note

that the correlations are relatively small (0.06 each). This suggests that these controls

may capture different elements of a firm’s risky investment opportunity set and growth

options.

6 Empirical Results

6.1 Loss Offset Provisions

Table 5 provide the main empirical results of the test of Hypothesis 1. Panel 5A

presents the results from regressing the measure of risk-taking on loss carryback and

carryforward periods, the country’s tax rate, and an interaction term that captures the

incremental effect of the loss carrybacks/carryforwards, given the level of tax rate. Col-

umn 1 includes the results for the main variables of interest without controls; Column

2 (3) reflects coefficients from separately including LCB (LCF) in the regression; and

Column (4) includes the full specification with all tax variables and controls.

The coefficients of loss carrybacks and loss carryforwards are positive and highly

significant across each of these columns. The results in Column 4 show that a one year

increase in a country’s loss carryback period is associated with a 48.6 percent increase in

firm risk. To better understand what this result implies, consider the median firm in the

sample with a ROA and Risk (measured over three years) of 0.05 and .105, respectively.

23In robustness tests, we exclude the U.S. firm-years from the sample. In general, the inferences are

the same, albeit weaker.
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Assuming that the average country-industry ROA is constant, this suggests that a

firm’s ROA ratios over a three-year period based on the John et al. (2008) measure

could be (for example) -0.055, 0.050, and .155. A 48.6 percent increase in risk would

suggest that the altered three year ratios could instead be -0.106, 0.05, and 0.206; in

other words, this change in carryback period is associated with almost a doubling of

the span between the best and worst yearly ROA. Similarly, a one year increase in

the loss carryforward period is associated with a 9.5 percent increase in the amount of

firm risk. Thus, we conclude a country’s loss carryback and carryforward periods are

positively related to the level of future firm risk, supportive of Hypothesis 1a.

We also find a positive and significant coefficient on the interaction term LCB ∗
CTR. This results supports our prediction for Hypothesis 1b, confirming that a coun-

try’s loss offset provisions are more economically relevant to firms, the higher the

country’s tax rate. The interaction term for loss carryforwards, however, is insignif-

icant. This result suggests that loss carryforward provisions may be associated with

firm risk-taking, but their importance is independent of the tax rate. One explanation

for this result could be that uncertainty regarding future tax rates (i.e., the rates that

will be relevant in the period that losses are used) reduces the perceived economic ben-

efit. Therefore, loss carryforwards alone may provide sufficient risk-taking incentives,

irrespective of the current tax rate.

Throughout the regression results, we note that the control variables exhibit the

expected relation with firm operating risk. Size and ROA are negatively associated with

the dependent variable, consistent with the fact that smaller, less profitable firms have

greater levels of operating risk than larger, more mature firms. Sales Growthand MB,

our controls for a firm’s investment opportunity set and growth prospects, are positively

related to the measure of firm risk. Finally, firm Leverage is positively related to the

dependent variable as well, consistent with prior literature that documents that higher

debt makes firms riskier.

In Panel 5B, we explore the relation between firm risk and country tax rules with a

changes specification; that is, we regress changes in firm risk on changes in the country’s

loss carryback and carryforward periods, as well as changes in the tax rate. The number

of observations declines due to the requirement of data to calculate these changes for

all variables. We find that our results still hold; LCB and LCF are positively related

to firm risk, although we note that the relation with LCB is not significant. Given that

there are only two changes in the LCB period, this is not surprising. Interestingly, we
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Table 5: Relation Between Firm Risk and Loss Carrybacks & Carryforwards

Panel A: Levels Specification

(1) (2) (3) (4)

LCB 0.076∗∗∗ 0.061∗∗∗ 0.055∗∗∗

(3.76) (3.67) (3.80)

LCF 0.012∗∗∗ 0.008∗∗∗ 0.008∗∗∗

(4.01) (4.22) (3.81)

std. CTR -0.009 0.005 0.046 -0.016

(-0.25) (0.24) (1.56) (-0.59)

LCB*CTR 0.104∗∗ 0.052∗∗ 0.070∗∗

(2.54) (2.30) (2.38)

LCF*CTR -0.002 0.002 -0.000

(-0.54) (0.79) (-0.14)

Size -0.029∗∗∗ -0.028∗∗∗ -0.028∗∗∗

(-7.41) (-7.09) (-7.23)

ROA -0.530∗∗∗ -0.531∗∗∗ -0.525∗∗∗

(-18.07) (-18.27) (-17.95)

Sales Growth 0.025∗∗∗ 0.024∗∗∗ 0.024∗∗∗

(7.29) (7.06) (7.07)

Leverage 0.160∗∗∗ 0.163∗∗∗ 0.164∗∗∗

(8.89) (9.17) (9.17)

GDP Growth 0.117 0.206 0.206

(0.49) (0.79) (0.97)

MB 0.003∗∗∗ 0.003∗∗∗ 0.003∗∗∗

(4.60) (4.72) (4.67)

Constant -0.050 0.400∗∗∗ 0.366∗∗∗ 0.255∗∗∗

(-0.72) (5.68) (5.20) (3.87)

Observations 84,209 84,209 84,209 84,209

R2 0.060 0.354 0.352 0.357

This table presents results from an OLS regression of a firm’s risk measure on country tax variables. The dependent

variable is a three-year measure of risk. Variable definitions are described in the appendix. Each specification includes

industry and year fixed effects. T-statistics presented in parenthesis. Standard errors are clustered by firm and by

country-year. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively.
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Panel B: Changes Specification

(1) (2) (3) (4)

∆ LCB 0.014 0.016 0.013

(0.28) (0.84) (0.29)

∆ LCF 0.021∗∗∗ 0.023∗∗∗ 0.023∗∗∗

(2.98) (3.28) (3.18)

∆ std. CTR -0.119∗ 0.059∗∗∗ -0.120∗∗ -0.123∗

(-1.67) (3.09) (-2.05) (-1.90)

∆ LCB*CTR -0.016 0.009 -0.006

(-1.06) (0.88) (-0.46)

∆ LCF*CTR 0.011∗∗∗ 0.010∗∗∗ 0.010∗∗∗

(2.63) (3.34) (2.94)

∆ Size -0.536∗∗ -0.539∗∗ -0.539∗∗

(-2.44) (-2.45) (-2.45)

∆ ROA 0.260 0.261 0.261

(1.50) (1.50) (1.50)

∆ Sales Growth -0.000 -0.000 -0.000

(-1.11) (-1.09) (-1.09)

∆ Leverage 0.002 0.002 0.002

(0.41) (0.41) (0.41)

∆ GDP Growth 0.461∗ 0.347 0.348

(1.84) (1.57) (1.57)

∆ MB 0.000 0.000 0.000

(0.85) (0.54) (0.54)

Constant 0.110∗∗∗ 0.346∗∗∗ 0.177∗∗∗ 0.175∗∗∗

(2.59) (2.79) (3.35) (3.37)

Observations 70,383 70,383 70,383 70,383

R2 0.001 0.008 0.009 0.009

This table presents results from an OLS regression of changes in a firm’s risk measure on changes in country tax

variables. The dependent variable is a three-year measure of risk. Variable definitions are described in the appendix.

Each specification includes industry and year fixed effects. T-statistics presented in parenthesis. Standard errors are

clustered by firm and by country-year. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% level,

respectively.
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find that the relation with LCF, as well as the interaction, has stronger significance in

each regression relative to the results in Panel 5A.

In summary, the results from Table 5 support the prediction that a country’s loss

carryback and carryforward rules are positively associated with future firm risk-taking.

For loss carrybacks, this relation is greater the higher the country’s tax rate, consistent

with the fact that the economic benefit of carrybacks increases with the tax rate.

6.2 Firm-level effects of corporate tax rates

Table 6 presents the results of testing Hypotheses 2, which examine the effect of

corporate tax rates on firm risk-taking given a firm’s expectation about future loss

offset. As discussed in Section 5.1, we separately test the relation for firms that are

likely to have a high probability of loss offset (high λ firms) and those with a low

probability of loss offset (low λ firms).

Panel 6A includes results from regressing the firm’s risk measure on the country tax

rate and controls. Column 1 presents the results for a sample of firm-years identified

as high λ. As defined above, these observations include firms that i) operate in a

country that permits loss carry-backs and ii) have reported prior profitability, such

that any future loss could be immediately offset by a refund of these prior taxes due.

As predicted, we find that higher tax rates are positively and significantly related to

risk-taking for the high loss offset firms; a ten percentage point increase in the tax rate

is associated with an 11.6 percent increase in the risk measure. This result illustrates

the insurance effect first hypothesized in Domar and Musgrave (1944); that is, the

countries represented in this sample effectively provide insurance via the tax regime by

reducing both the mean and the variance of the investment return, making risk-taking

more attractive.

In contrast, the observations in Column 2 are those firm-years defined as “low

λ” because i) no loss carryback is permitted in the countries where these firms are

headquartered, and ii) we estimate that these firms will be more likely to generate losses

in future years given the lack of prior profitability. We estimate that these firms will not

generate sufficient income in the short term to recoup any economic losses incurred. As

predicted in hypothesis 2b, we observe a negative and significant coefficient of -0.241

on CTR. In this case, a ten percentage increase in the tax rate is associated with a 2.3

percent decrease in firm risk.
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Table 6: Relation Between Firm Risk and Tax Rate

Panel A: Levels Specification

(1) (2)

High λ Low λ

CTR 1.161∗∗∗ -0.241∗∗

(3.80) (-2.07)

Size -0.028∗∗∗ -0.007∗∗

(-6.53) (-1.98)

ROA -0.575∗∗∗ -0.323∗∗∗

(-14.05) (-6.26)

Sales Growth 0.023∗∗∗ 0.002

(5.20) (0.64)

Leverage 0.174∗∗∗ -0.041

(6.67) (-1.48)

GDP Growth 0.272 0.228∗

(0.66) (1.86)

MB 0.004∗∗∗ 0.000

(3.60) (0.17)

Constant 0.110 0.280∗∗∗

(0.84) (7.02)

Observations 44,315 2,463

R2 0.330 0.239

Panel B: Changes Specification

(1) (2)

High λ Low λ

∆ CTR 1.242∗∗∗ 0.018

(5.16) (0.09)

∆ Size -0.905∗∗ 0.011

(-2.04) (0.80)

∆ ROA 0.459 -0.164∗∗∗

(1.21) (-6.72)

∆ Sales Growth -0.000 0.000∗

(-0.80) (1.77)

∆ Leverage 0.005 0.077∗∗∗

(0.68) (3.23)

∆ GDP Growth 0.839∗∗ 0.010

(2.57) (0.06)

∆ MB -0.000 0.000

(-0.90) (0.75)

Constant 0.515∗∗∗ 0.006

(3.18) (0.42)

Observations 37,881 2,463

R2 0.014 0.185

This table presents results from an OLS regression of a firm’s risk measure on the country tax rate, accounting for the

level of loss offset expected, in both levels (Panel A) and changes (Panel B) specifications. In each panel, column 1

includes the results from regressing the risk measure on the country’s tax rate for firms that should be able to recover

losses immediately (“high λ” firms); these observations are identified as those in countries that permit loss carrybacks

and that have also reported profits in prior year such that any loss sustained could be immediately offset. Column

2 includes firm-year observations for firms that would be unlikely to receive loss offset (“low λ” firms); these firms

operate in countries that do not permit loss carrybacks and are unlikely to be profitable based on historical financial

performance. Variable definitions are described in the appendix. Each specification includes industry and year fixed

effects. T-statistics presented in parenthesis. Standard errors are clustered by firm and by country-year. *, **, and ***

indicate statistical significance at the 10%, 5%, and 1% level, respectively.
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Panel 6B includes the results from a specification that regresses changes in loss

offset expectations on changes in the country’s tax rate. Our results for the high λ

firms still hold, while we observe an insignificant relation for the low λ firms.

Importantly, these results show that the effect of taxation on corporate risk-taking

is not uniform across firms. While loss carrybacks and carryforwards provide economic

incentives for firms to engage in risk-taking behavior (from Table 5), firm-specific ex-

pectation of loss utilization must be considered when determining how tax rates will

affect risk-taking more broadly.

7 Robustness and Discussion

We conduct several additional tests to explore other effects within our sample of

firms and to ensure the robustness of these results. This section discusses these tests.

7.1 Firm Size

Differences in firm size are correlated with various aspects of firm behavior. Large

firms are, for example, more likely to export (Bernard and Jensen, 1999) or to shift

profits abroad (Krautheim and Schmidt-Eisenlohr, 2011). Larger firms also are active

in more product lines and thus more likely able to offset losses in some product lines

against profits in others (Mirrlees et al., 2011). Therefore, we expect that the positive

effect of loss offset provisions is smaller for larger firms, as these firms are more able

to offset losses within the firm.

We test this prediction by interacting the loss offset variables with the Size variable.

The regression results with this interaction term are reported in Table 7. We find that

the coefficient on the interaction terms for both loss carrybacks and loss carryforwards

is negative and significant. This result is consistent with the prediction above and

implies that the positive relation between loss offset periods and risk-taking is smaller

for these firms.

7.2 Robustness tests

We conducted several tests to ensure that the results observed are not sensitive to

certain empirical design choices. First, we explore the exclusion of the U.S. within our
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Table 7: Regression Results with Size Interaction

(1) (2)

LCB 0.371∗∗∗ 0.192∗∗∗

(4.27) (4.13)

LCF 0.047∗∗∗ 0.021∗∗∗

(5.82) (3.42)

std. CTR -0.019 -0.008

(-0.53) (-0.30)

LCB*CTR 0.091∗∗ 0.069∗∗

(2.33) (2.32)

LCF*CTR -0.000 -0.001

(-0.04) (-0.31)

LCB*Size -0.024∗∗∗ -0.011∗∗∗

(-4.07) (-3.66)

LCF*Size -0.003∗∗∗ -0.001∗∗

(-5.41) (-2.32)

Size 0.008

(1.00)

ROA -0.520∗∗∗

(-18.32)

Sales Growth 0.024∗∗∗

(6.98)

Leverage 0.159∗∗∗

(8.66)

GDP Growth 0.206

(0.97)

MB 0.003∗∗∗

(4.66)

Constant -0.062 -0.190∗

(-0.91) (-1.69)

Observations 84,209 84,209

R2 0.163 0.358

This table presents results for the test of the first hypothesis, interacting the tax variable(s) of interest with Size.

Variable definitions are described in the appendix. Each specification includes industry and year fixed effects. T-statistics

presented in parenthesis. Standard errors are clustered by firm and by country-year. *, **, and *** indicate statistical

significance at the 10%, 5%, and 1% level, respectively.
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sample. As noted above, the inclusion of the U.S. results in an unbalanced panel of

firms. We drop the U.S. firm-years and note that our results still hold.

Secondly, we also define the risk measure over a longer period of five years. Table

8 presents the results of the regressions using this five-year measure. As in Table 5,

we observe a positive and significant relation between the loss offset rules and the risk

measure, and the interaction effect with the LCB and the country’s tax rate is also

positive and significant. Results in Panel B are also similar to Table 6; high (low)

λ firms exhibit a positive (negative) association with the country’s tax rate. In the

changes specification (not reported) we get similar results, albeit partly with lower

significance.

Finally, we define high and low λ firms with alternative definitions. Rather than

defining these as a function of prior profitability, we also use tax expense and gross

margin to partition firms into categories. Again, our results still hold.

8 Conclusion

This paper has studied how a country’s tax code affects corporate risk-taking.

By extending models of taxation, risk-taking, and investment to firms, we show that

the effect of corporation taxation on firm risk is a function of the statutory tax loss

offset rules and statutory tax rates, as well as firm-specific expectation regarding loss

offset possibilities. We then test these theoretical predictions by regressing a recently

developed measure of firm risk-taking on the number of years that a firm’s home country

permits for loss carrybacks and carryforwards. Our results show that the level of future

corporate risk-taking is related to the available loss offset period, and this relation is

stronger, the higher the home country’s statutory rate. We infer from these results that

firms view these tax rules as important when selecting the riskiness of firm investment.

We then partition firms based on the estimated expectation of available future loss

offset and find that the effect of tax rates on risk-taking varies across the subsamples,

as theoretically predicted.

The empirical results do not permit us to ascertain if firms change their behavior in

response to taxes, or if our results stem from a selection effect (e.g. because firms with

different risk profiles relocate strategically in countries with a suitable tax system).

Nevertheless, we feel that our results permit certain policy recommendations. To the

extent that governments want to encourage risk-taking, the use of loss offset rules,
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Table 8: Relation Between Firm Risk and Tax Rate with 5-Year Risk Measure

Panel A: Test of Hypothesis 1

(1)

5Y Risk

LCB 0.065∗∗∗

(3.84)

LCF 0.008∗∗∗

(2.82)

std. CTR 0.002

(0.07)

LCB*CTR 0.085∗∗

(2.22)

LCF*CTR -0.003

(-0.98)

Size -0.029∗∗∗

(-7.86)

ROA -0.510∗∗∗

(-22.05)

Sales Growth 0.032∗∗∗

(7.57)

Leverage 0.157∗∗∗

(7.14)

GDP Growth -0.133

(-0.47)

MB 0.003∗∗∗

(4.28)

Constant 0.264∗∗∗

(3.43)

Observations 58,529

R2 0.322

Panel B: Test of Hypothesis 2

(1) (2)

High λ, 5Y Low λ, 5Y

CTR 0.766∗∗ -0.293∗∗

(2.08) (-2.37)

Size -0.027∗∗∗ -0.008∗∗

(-6.26) (-2.49)

ROA -0.549∗∗∗ -0.285∗∗∗

(-19.58) (-5.24)

Sales Growth 0.025∗∗∗ 0.006

(6.43) (1.12)

Leverage 0.157∗∗∗ -0.071∗∗∗

(4.58) (-3.47)

GDP Growth -0.469 0.182∗

(-0.79) (1.77)

MB 0.006∗∗∗ 0.000

(4.27) (0.32)

Constant 0.276∗ 0.338∗∗∗

(1.77) (4.72)

Observations 30,351 1,587

R2 0.283 0.233

This table presents the results of the tests of both hypotheses when using a risk measure defined over five years.

Variable definitions are described in the appendix. Each specification includes industry and year fixed effects. T-statistics

presented in parenthesis. Standard errors are clustered by firm and by country-year. *, **, and *** indicate statistical

significance at the 10%, 5%, and 1% level, respectively.
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particularly carrybacks, may provide appropriate incentives. The use of the tax rate to

encourage risk-taking should be viewed more critically, as changes in rates may provide

incentives only for firms that can expect to offset losses. Moreover, tax rate increases

are likely to have adverse effects on a country’s ability to compete for foreign direct

investment.
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Table A.1: Variable Definitions and Data Sources

Variable Definition Source

Return on asset (ROA) Ratio of EBIT (XWC18191) over assets (XWC02999), where EBIT

are earnings before interest and taxes

Thomson Reuters’

Worldscope

Firm risk-taking proxy

over three years (Risk -

3Y )

Three-year earnings volatility, defined as Risk 3Y =√
1
2

∑3
t=1

(
Dijct − 1

3

∑3
t=1Dijct

)2
, where Dijct = ROAijct −

1
Njct

∑Njct

k=1 ROAkjct. Njct indexes firms i in industry j and

country c in year t. In words, this is the standard deviation over

three years of a firm’s ROA’s deviation from the industry-country

specific average ROA. ROA is winsorized at 1% to account for

loss-making firms with extremely low assets. Risk 3Y is winsorized

at 1% on both sides of the sample distribution.

Thomson Reuters’

Worldscope

Firm risk-taking proxy

over five years (Risk -

5Y )

Five-year earnings volatility, defined as Risk 5Y =√
1
4

∑5
t=1

(
Dijct − 1

5

∑5
t=1Dijct

)2
, where Dijct = ROAijct −

1
Njct

∑Njct

k=1 ROAkjct. Njct indexes firms i in industry j and

country c in year t. In words, this is the standard deviation over

five years of a firm’s ROA’s deviation from the industry-country

specific average ROA. ROA is winsorized at 1% to account for

loss-making firms with extremely low assets. Risk 3Y is winsorized

at 1% on both sides of the sample distribution.

Thomson Reuters’

Worldscope

Loss carryback (LCB) Period for which losses can be carried back, in years. IBFD European

Tax Handbook,

U.S. Internal

Revenue Code

Loss carryforward

(LCF )

Period for which losses can be carried forward, in years. IBFD European

Tax Handbook,

U.S. Internal

Revenue Code

Tax rate (CTR) Statutory corporate tax rate. If applicable, central and sub-

central/local rates are summed up, using an average sub-central

rate. If the tax system is progressive, the top marginal tax rate.

OECD tax

database

Firm size (Size) Natural logarithm of a firm’s total assets (Worldscope data code:

XWC02999), winsorized at 1% and 99%.

Thomson Reuters’

Worldscope

Sales Growth (Sales

Growth)

Year-to-year percentage change in revenues (XWC01001), win-

sorized at 1% and 99%.

Thomson Reuters’

Worldscope

Leverage (Leverage) Leverage, i.e. ratio of total liabilities (XWC03351) to total assets

(XWC02999), winsorized at 1% and 99%.

Thomson Reuters’

Worldscope

Market-to-book ratio

(MB)

Ratio of market capitalization (XWC08001) to common equity

(XWC03501), winsorized at 1% and 99%.

Thomson Reuters’

Worldscope

GDP growth rate

(GDP Growth)

Year-to-year percentage change in gross domestic product (GDP),

measured in current prices

IMF World Eco-

nomic Outlook

Database

All firm-level data is transformed to US-Dollar using exchange rates provided by Officer (2011).
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