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INVESTMENT DECISIONS BY EUROPEAN FIRMS AND FINANCING 
CONSTRAINTS 

 

by Andrea Mercatanti§, Taneli Mäkinen§§ and Andrea Silvestrini§§ 
 

Abstract 

We reinvestigate the question of whether corporate investment during the financial 
crisis depended to a significant extent, and differently than in the pre-crisis period, on firms’ 
short-term liquidity and indebtedness. Using data on listed firms in the euro area and the 
United Kingdom, we employ a correlated random coefficient panel data model estimated with 
instrumental variables in order to address potential endogeneity concerns. First, we find that 
to attain plausible identification, we must allow for the possibility that the unobserved firm-
specific component of investment changed with the onset of the financial crisis. Second, our 
results suggest that neither cash reserves nor short-term debt, considered separately, were 
significant determinants of investment. However, we do find evidence of a negative 
conditional dependence between corporate investment and short-term debt net of cash 
reserves. 

JEL Classification: G01, G31, G32. 
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1 INTRODUCTION

During the financial and sovereign debt crises investment in Europe declined markedly and has

recovered only marginally since then. In the euro area, gross fixed capital formation decreased by

16 per cent in real terms between 2007 and 2012, a sizeable drop both in a historical perspective and

compared to other advanced economies.

Existing studies examining the decrease in investment during the financial crisis employing firm-

level US data largely focus on the degree to which the fall can be attributed to financial factors,

and reach rather different conclusions. On the one hand, Duchin, Ozbas and Sensoy (2010) and

Almeida et al. (2011), among others, present evidence showing that firms’ short-term liquidity and

indebtedness significantly influenced their capital expenditures during the crisis. On the other hand,

Kahle and Stulz (2013) find no stark differences between the capital expenditures of similar firms

with different degrees of leverage or different cash holdings.

These recent studies build on the extensive empirical literature analysing the relationship be-

tween corporate investment, firms’ financial resources and financing constraints (see Hubbard, 1998,

for an extensive survey). The theoretical framework underlying this empirical literature is based on

models of investment with financing frictions (see, among others, Jaffee and Russell, 1976; Stiglitz

and Weiss, 1981; Holmström and Tirole, 1997), which feature the relevance of financial factors

upon corporate investment owing to the existence of capital market imperfections. According to

these models of investment behaviour, negative shocks to the supply of external finance might hin-

der investment in cases where firms lack sufficient financial slack to fund any profitable investment

opportunities internally. Moreover, this theory suggests that such effects could be particularly severe

for firms which are particularly financially constrained, or dependent upon external finance.

Our work is related to the above-mentioned empirical studies, which deal with the relationship

between financial factors and investment decisions. In particular, we reinvestigate the role of fi-

nancial resources in corporate investment decisions before and during the financial crisis, working

with data on listed firms in the euro area as well as in the United Kingdom. In addition, we ex-

amine whether the relationship between investment and firms’ financial positions changed when the

financial crisis turned into a sovereign debt crisis. More specifically, we evaluate whether firms

with different financial positions displayed different investment intensities prior to and during the

financial crisis.

We employ a panel data approach in which we study the investment of firms both before and after

the onset of the crisis, as a function of their financial resources: cash reserves and short-term debt,

defined as debt maturing within one year. We control for unobserved individual heterogeneity and
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for observed investment opportunities, proxied by Tobin’s Q. Our econometric specification belongs

to the family of correlated random coefficient panel data models (Wooldridge, 2005; Murtazashvili

and Wooldridge, 2008) and allows unobserved heterogeneity at the firm level to interact with a

crisis indicator. Due to this latter feature, the effect of unobserved firm-specific characteristics on

investment is allowed to change as we move from the pre-crisis to the crisis period.

Given that firms’ financial positions may be correlated with unobserved changes in their invest-

ment opportunities, not measured by Tobins Q and thus captured by the error term, our regressors

of interest are possibly endogenous. In order to take the consequent identification issues into ac-

count, we adopt the methodology of instrumental variables in the context of correlated random

coefficient models (Murtazashvili and Wooldridge, 2008) to estimate the sensitivity of investment

to cash reserves and short-term debt prior to and after the outbreak of the crisis. More specifically,

we instrument the endogenous variables with lagged values of the financial variables of our interest.

The number of lags is carefully selected in order to ensure that instruments are strongly correlated

with the endogenous regressors and at the same time uncorrelated with unobserved investment op-

portunities captured by the error term. To attain this goal, we employ numbers of lags such that all

values of the selected instruments pre-date the sample period under analysis. In this way, we expect

to remove the confounding effect produced by the non-zero correlation between changes in a firms

financial position and unobserved variation in its investment opportunities.

To preview the results, we find that neither cash reserves nor short-term debt, considered sepa-

rately, were significant determinants of investment over our sample period. Moreover, no evidence

emerges to suggest that the effects of these two variables changed with the onset of the financial

crisis. However, our results indicate that investment depended negatively on short-term debt net of

cash – a measure of net short-term indebtedness – during the financial crisis, while there was no

such conditional dependence either in the pre-crisis period or during the sovereign debt crisis.

The rest of the paper proceeds as follows: Section 2 reviews the literature. Section 3 describes

how the dataset has been constructed and provides some descriptive statistics. Section 4 states our

main research question and presents some preliminary evidence based on sample averages. Section

5 details the empirical strategy as well as presenting the econometric results. Section 6 concludes

and discusses future research directions.

2 RELATED LITERATURE

The impact of financial factors on the investment decisions of firms is a largely debated topic in

the economic and corporate finance literature. In this section, we briefly review the most important
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developments in this research area and its main testable implications.

The traditional neoclassical theory (Jorgenson, 1963) is based on the assumption that, in a con-

text of perfectly competitive markets, the firm is able to adjust its actual capital stock to the desired

(optimal) stock, instantaneously and without additional costs. The optimal stock corresponds to

the level of capital for which the marginal product of capital equals its user cost. Under standard

technology assumptions, the optimal capital stock depends on output and on the real user cost of

capital. Capital stock adjusts to its optimal level through investment. In the special case of constant

factor prices, the desired capital stock is proportional to output. As a result, output fluctuations have

a key role in explaining investment dynamics (“accelerator theory”); see the critical review offered

by Chirinko (1993).

Neoclassical investment models also assume perfect information in capital markets, in line with

the influential work of Modigliani and Miller (1958). In a framework of competitive and frictionless

capital markets, with agents having access to the same information set, the Modigliani-Miller theo-

rem states that debt versus equity financing has no impact on the total market value of the firm. An

implication of this result is that corporate financial policy is irrelevant for investment decisions.

However, in a framework in which capital markets are imperfect and financial frictions are

present, the financial structure of a firm becomes relevant for corporate investment. In particu-

lar, under asymmetric information between borrowers and lenders, the cost of external finance is

higher than that of internal finance due to the existence of an “external finance premium” (Bernanke

and Gertler, 1989): this premium arises in a set-up in which lenders incur a cost in order to monitor

entrepreneur’s performance. When informational asymmetries exist and state verification is costly

(Townsend, 1979), a “financial accelerator” model points to credit conditions propagating and am-

plifying exogenous shocks to the real economy (Bernanke, Gertler and Gilchrist, 1999).1

An adverse selection problem related to informational asymmetries between managers and in-

vestors is also the underpinning of the pecking-order theory developed by Myers and Majluf (1984).

In the Myers and Majluf model internal funds have a cost advantage over external financing, leading
1The key mechanism involves a link between the external finance premium and the net worth of potential borrowers,

whose intensity varies with the state of the economy. As explained by Bernanke, Gertler and Gilchrist (1999), in the

presence of credit-market frictions and with credit demand held constant, standard models of lending with asymmetric

information imply that the external finance premium depends inversely on borrowers’ net worth. When borrowers have

little wealth for investment, the potential divergence of interests between the borrower and the suppliers of external funds

is greater, implying increased agency costs. Hence, in equilibrium, lenders must be compensated for higher agency costs

by a larger premium. To the extent that borrowers’ net worth is procyclical (because of the procyclicality of profits and

asset prices, for example), the external finance premium is countercyclical, amplifying the swings in borrowing and thus

in investment and economic activity more in general.

7



to a financing hierarchy in which firms prefer internally generated funds to debt, lastly raising eq-

uity, to finance their investments. As a consequence, capital structure is determined by a financing

hierarchy – or a “pecking order” – for the issuance of debt and new capital. The main empirical

prediction is that firms with higher cash holdings tend to invest more, while firms with higher debt

burdens invest less.

A competing explanation of why liquidity affects investment is provided by a different strand of

literature which highlights the existing agency problems between corporate managers and outside

shareholders (see, e.g., the ”free-cash-flow theory” developed by Jensen, 1986). Managers have the

incentive to increase the size of their company (”empire building” tendency) by over-investing free

cash flows in unproductive projects, given that their compensation is usually linked with the growth

in sales. In such a framework, agency problems affect corporate investment, which decreases with

the debt level and increases beyond the optimal level when free cash flow gets larger (Stein, 2003,

discusses many of these issues).

In the empirical literature, departing from the neoclassical tradition, a large literature has ex-

amined the validity of these theoretical predictions and, more in general, the existence of financing

constraints arising from informational asymmetries and agency problems (see Hubbard, 1998, for

a survey). Most of this literature has relied on firm-level data and reduced-form investment models

featuring costly external finance. In a seminal paper, Fazzari, Hubbard and Petersen (1988) provide

evidence that financing constraints exert a significant impact on investment through the effect they

have on the cost of raising external finance. Specifically, these authors document that investment

decisions of financially constrained firms are more sensitive to fluctuations in internal funds (i.e.,

cash flow and liquidity) than those of less constrained companies, even after controlling for invest-

ment opportunities. In particular, the investment-cash flow sensitivity is measured by the coefficient

which obtains regressing investment on cash flow, conditioning on Tobin’s Q.2 Differences in the

estimates of the investment-cash flow sensitivity across subsamples of firms are consistent with the

existence of a wedge between the costs of external and internal funds. Hadlock (1998) extends the

analysis of Fazzari, Hubbard and Petersen (1988) to take into account agency problems and own-

ership structure. He uses managers’ ownership stake in order to gauge the alignment of interests

between managers and shareholders. Hadlock (1998) finds that the investment-cash flow sensitivity

is related in a non-linear fashion to insider shareholdings: as insider holdings increase, the sensitiv-

ity rises; then, after holdings reach a certain level, it stops increasing in ownership and eventually

starts decreasing. According to Hadlock, this evidence corroborates an asymmetric-information in-
2This conditioning is motivated by the fact that in a standard model of a perfectly competitive firm investment is a

function of Tobin’s Q, adjusted for relative prices of investment goods and tax rates, only (see e.g. Blundell et al., 1992).
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terpretation of the wedge between internal and external funds, while it seems to be inconsistent with

the ”free-cash-flow” explanation of the relationship between liquidity and investment.

In contrast, Kaplan and Zingales (1997) come to different conclusions than Fazzari, Hubbard and

Petersen (1988). Specifically, these authors find that less financially constrained firms may possess a

higher sensitivity of investment to the availability of internal funds than more financially constrained

companies. This is argued to arise from investment-cash flow sensitivity not being monotonic in the

degree of financing constraints (see also Kaplan and Zingales, 2000). Consequently, they conclude

that the sensitivity of investment to cash flow is not a reliable empirical measure of the severity

of financing constraints. Interestingly, Bond and Söderbom (2013) show that the investment-cash

flow sensitivity – conditional on marginal Tobin’s Q, which is meant to control for fundamentals

– increases monotonically with the cost premium for external finance, downplaying the findings of

Kaplan and Zingales (1997).

Besides Kaplan and Zingales (1997), other studies have questioned the results achieved by Faz-

zari, Hubbard and Petersen (1988). Poterba (1988) is the first to challenge their findings, stressing

that cash flow may appear to be associated with investment because of measurement errors in aver-

age Tobin’s Q, which is an imperfect proxy for marginal Q.3 The same argument is further developed

by Erickson and Whited (2000): using generalized method of moments estimators in a Q-investment

model, these authors find that estimates of the investment-cash flow sensitivity are statistically in-

significant both for liquidity-constrained and liquidity-unconstrained firms. They also maintain that

most of the findings based on investment-cash flow regressions are affected by the presence of er-

rors in measuring Tobin’s marginal Q, which potentially leads to inconsistent estimates of the cash

flow coefficient. The described estimation problem is further examined by Erickson and Whited

(2002, 2012). The bottom line is that measurement errors, rather than financing constraints, seem

to induce the observed relationship between investment and cash flow. As suggested by Chang et

al. (2014), an alternative way to deal with the measurement error problem is to extract – via the

Beveridge-Nelson (1981) decomposition – the transitory component of cash flow, which does not

contain information about future growth opportunities, and therefore is not likely to correlate with

the error term when growth opportunities are inadequately controlled for. In this way, according to

Chang et al. (2014), the coefficient on the transitory component of cash-flow can be consistently

estimated and meaningfully interpreted.

Another interesting interpretation of Fazzari, Hubbard and Petersen’s findings is provided by

Moyen (2004), who points out that results on the investment-cash flow sensitivity depend crucially
3The exact relationship between marginal and average Tobin’s Q is derived by Hayashi (1982).
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on the criterion employed to identify whether a firms is financially constrained or not. In her paper,

Moyen (2004) presents an unconstrained model, in which firms can raise external finance, and a

constrained model, in which firms cannot do so. Then, a sample is simulated from both models.

Firms are classified as financially constrained or unconstrained on the basis of five different a priori

criteria. On the one hand, if dividends or cash flow are used as a proxy of financing constraints,

results consistent with those of Fazzari, Hubbard and Petersen are produced; on the other hand, if

the constrained model is used to identify firms with financing constraints Kaplan and Zingales’s

result obtains.

The pattern of investment-cash flow sensitivity has been also analysed from a time series per-

spective by Chen and Chen (2012): these authors study the evolution of investment-cash flow sen-

sitivity over time for U.S. firms and find that this relationship has become weaker over the past

40 years, disappearing almost completely even during the global financial crisis.4 However, there

exists considerable empirical evidence suggesting that U.S. firms have experienced a severe credit

crunch during the crisis; as a result, according to Chen and Chen (2012), the investment-cash flow

sensitivity does not seem to provide a consistent and accurate measure of financing constraints.

More recently, motivated in part by the global financial crisis, new interest in the impact of finan-

cial frictions on investment has arisen, given that in recessions financial market imperfections may

strengthen constraints firms face. Among the most prominent contributions, Almeida and Campello

(2007) examine the relationship between cash flow and asset tangibility of a firm. These authors

find that the investment-cash flow sensitivity increases with tangibility of firms’ assets, but only if

firms are financially constrained. On the contrary, no significant impact is detected for unconstrained

firms. Duchin, Ozbas and Sensoy (2010) analyse how frictions affect investment fluctuations gaug-

ing the sensitivity of firms’ capital expenditures to their pre-crisis cash holdings and short-term

debt. They document that the decline in investment following the outset of the financial crisis was

more pronounced for firms which had low cash reserves or high short-term debt, and argue that due

to financing constraints these firms were more severely affected by the credit supply shock which

realised. Similarly, Campello, Graham, and Harvey (2010) present evidence showing that the im-

pact of the credit shock in the U.S. was particularly severe on financially constrained firms, which

cut their capital spending more than unconstrained ones. Likewise, working with a panel of 1,200

Italian firms, Gaiotti (2013) finds that reduced credit availability played a non-negligible role in

contributing to the Great Recession in 2008–2009.

In a paper related to Duchin, Ozbas and Sensoy (2010), Almeida et al. (2011) conclude that U.S.
4A similar finding is documented at the global level by Moshirian et al. (2017), who examine firm-level data across

41 countries during the 1993–2013 period.
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firms whose long-term debt was largely maturing during the global financial crisis were not able to

roll it over during the global financial crisis, suffered from a liquidity shortage and cut their invest-

ment more than otherwise similar firms whose debt was scheduled to mature after the crisis. Firms

with access to pre-agreed credit lines with their banks could draw on these lines and avoid liquidity

problems (Campello et al., 2012). Firms without such access faced a trade-off between savings and

investment (Campello et al., 2011). Different conclusions are reached by Kahle and Stulz (2013),

who compare the investment of cash-rich and highly levered firms to that of firms which are similar

along characteristics other than cash reserves and indebtedness, respectively. Contrary to previous

studies, these authors find no evidence of highly levered firms having cut their investment more dur-

ing the crisis and only weak evidence of cash-rich firms having invested more than their respective

control group.

The effect produced by financing frictions on firm investment dynamics has clearly sparked

much debate in the theoretical and empirical literature. From the above survey it is clear that some

issues are still unresolved and controversial, such as, for instance, the influence exerted by leverage

and by internal funds upon capital expenditure, and how the association among these variables has

changed with the outbreak of the crisis. This motivates our interest in deepening the analysis on the

links between financial frictions and investment decisions during the recent global financial crisis

which, as stressed by Duchin, Ozbas and Sensoy (2010, p. 418), represents a ”negative shock to the

supply of external finance for non-financial firms”.

In the next section we present the dataset used to conduct our research, which contains data on

corporate investment and investment financing at the EU level. Then, we propose our hypotheses

(Section 4), introduce the model specification and discuss the econometric results (Section 5).

3 DATA OVERVIEW

3.1 Data description

We employ quarterly, firm-level data from the Standard and Poor’s Capital IQ database. Our main

sample, for which we obtain data on all of our variables of interest, covers the period 2006:Q3–

2012:Q2. In addition, we extract data on cash reserves, short-term debt and total assets from

1999:Q1 to 2006:Q2, allowing us to instrument these variables with their lagged values. We in-

clude in the sample all listed corporations in the euro area as well as in the United Kingdom other

than utilities and financial firms, with Standard Industrial Classification (SIC) codes in the intervals

4900–4949 and 6000–6999, respectively. We exclude the latter as in many cases they are subject to
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heavy regulation.

For each firm and for each quarter over the period 2006:Q3–2012:Q2, we obtain, whenever

reported, their capital expenditures, total assets, short-term debt, common equity, deferred tax lia-

bilities, cash reserves and market capitalization. From these raw data, we construct the following

variables, which will be used in the econometric analysis (Standard and Poor’s Capital IQ item

names in parentheses):

• investment = capital expenditures (CAPEX) / total assets (TOTAL ASSETS);

• cash reserves = cash and short-term investments (CASH ST INVEST) / total assets (TO-

TAL ASSETS);

• short-term debt = debt in current liabilities (TOTAL DEBT CURRENT) / total assets (TO-

TAL ASSETS);

• net short-term debt = (debt in current liabilities (TOTAL DEBT CURRENT) - cash and short-

term investments (CASH ST INVEST)) / total assets (TOTAL ASSETS);

• Tobin’s Q = market value of assets / (0.9 total assets (TOTAL ASSETS) + 0.1 market value

of assets),

where market value of assets = total assets (TOTAL ASSETS) + market value of common eq-

uity (MARKETCAP) - common equity (TOTAL COMMON EQUITY) - deferred tax liabilities

(DEF TAX LIAB LT).

All variables are defined as in Duchin, Ozbas and Sensoy (2010) to make our results comparable

to theirs. As is usual in the literature, we measure corporate investment by employing the capital

expenditures item of the income statement (over total assets), which records expenditures incurred

by the company for the acquisition of or upgrade of physical assets such as property, industrial

buildings or equipment. Short-term debt is made up of debt liabilities maturing within a year, while

those maturing beyond one year are referred to as long-term debt (both are scaled by total assets).

Turning to liquidity, cash reserves to total assets is a ratio that measures the portion of a company

assets held in cash or marketable securities to cover payable accounts, short-term debt, and other

liabilities. Net short-term debt over total assets is defined as the ratio of short-term debt minus cash

to total assets and represents a measure of net short-term indebtedness.

Another important variable, which will be employed in the subsequent econometric analysis,

is the average Tobin’s Q, defined as the market value of assets divided by the book value of assets

(replacement cost of physical assets). Indeed, according to the Q-theory of investment based upon
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the work of Tobin (1969), investment is stimulated when the market’s valuation of capital exceeds

the cost of its production or, in other words, when market returns on equity are low relative to the

real returns on investment in physical assets. In order to calculate Tobin’s Q, we use the market

capitalization, which is given by the product of stock price and number of shares outstanding. As

in Kaplan and Zingales (1997), we employ market capitalization at the beginning of the quarter in

which book values are reported.

3.2 Descriptive statistics

Table 1 reports summary statistics for the variables under consideration. These statistics refer to the

firm-quarter observations, i.e., they are computed across firms and over quarters. Before calculating

them, the data have been adjusted as follows. Firms (882) with a market capitalization of less than

40 million euros as of June 30, 2006 have been excluded. In addition, firms (64) with a quarterly

sales or asset growth greater than 100% at any point during our sample period have been dropped.

These adjustments ensure that the smallest firms with volatile accounting data as well as firms which

merged or underwent restructuring during our sample period have been eliminated. Finally, all

variables other than Tobin’s Q have been winsorized at the 1st and the 99th percentile, in order to

mitigate the influence of outliers. Tobin’s Q is calculated as in Baker, Stein and Wurgler (2003) and

is by construction bounded above at 10. As a result of these adjustments, 946 companies have been

excluded. Therefore, the final sample consists of 3252 listed firms. Table 2 shows the distribution

of listed firms by country.

The average quarterly capital expenditures in our sample is 1.1% of total assets. Cash reserves

and other liquid assets account for an average of 14% of total assets, and show considerable variation

among firms. Short-term debt, on the other hand, is equal to 8% of total assets. Average net short-

term debt over total assets is negative and equal to -3%. Firms are rather heterogeneous in size, as

evidenced by the high standard deviation of their market capitalization.

We also examine the dynamics of the variables through time. We focus on capital expenditures

over total assets, cash reserves over total assets, short-term debt over total assets, net short-term debt

over total assets and Tobin’s Q. In order to provide a synthetic representation of the main trends along

the time series dimension, we calculate cross-sectional averages of firm-level data over the period

2006:Q3–2012:Q2. Figure 1 illustrates the cross-sectional averages of capital expenditures and

Tobin’s Q. Figure 2 refers to cash holdings (reserves) and short-term debt, while Figure 3 pertains

to net short-term debt.

Investment declines pronouncedly between the end of 2008 and the first quarter of 2010, with a
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moderate increase thereafter. A similar pattern may be observed for Tobin’s Q, even though its fall,

which started in 2007:Q4, precedes the decrease in capital expenditures. Similarly, cash reserves

decline markedly from 2007:Q4 to 2008:Q3, probably as a result of the financial turbulence in that

period. In 2010:Q4 cash reserves increase to the pre-crisis level, before falling again considerably

with the onset of the sovereign debt crisis. This pattern lends support to the view that, after the

outbreak of the financial crisis, companies hoarded cash as a response to increased uncertainty and

downside risks related to future economic prospects. Short-term debt follows a different pattern. In

particular, it increases constantly from 7.5% of total assets in 2007:Q3 to 9.5% in 2008:Q4. Then, it

declines to less than 8% in 2010:Q4, evidencing a deleveraging process, before rising again after the

outbreak of the sovereign debt crisis. Net short-term debt, which is given by the difference between

short-term debt and cash holdings, also increases from -4% of total assets in 2007:Q4 to -1.8%

in 2009:Q2, driven by a decline in cash reserves and a contemporaneous rise in short-term debt.

Then, in 2010:Q4, net short-term debt reverts to its level in 2007:Q1, due to the aforementioned

deleveraging of the private sector and to a rise in cash holdings. In 2011 and 2012 it increases again

steadily, mainly owing to an upward trend in short-term debt, reaching a level of -0.020 in 2012:Q2,

the last data point in the sample.

4 RESEARCH HYPOTHESIS AND PRELIMINARY EVIDENCE

As discussed in Section 2, a strand of investment literature argues that financial constraints exert a

significant impact on investment (Fazzari, Hubbard, and Petersen, 1988, among others). In a more

recent work, Duchin, Ozbas and Sensoy (2010) examine how the financial crisis affected corporate

investment. Working with a panel of US firms, they find that the decrease in capital expenditures

during the first year of the financial crisis was greatest for firms with low cash reserves or with high

short-term debt. This is the hypothesis we are going to test in the sequel.

Following Duchin, Ozbas and Sensoy (2010), we begin by examining average corporate invest-

ment before and after the financial crisis. In order to investigate whether firms with different initial

financial positions altered their investment to different degrees, we group firms in terciles based on

their average cash reserves, short-term debt and net short-term debt in 2006:Q2, before the sam-

ple period under consideration. Table 3 shows average investment in the period 2006:Q3–2008:Q2

(“Before crisis”) and in 2008:Q3–2010:Q2 (“Financial crisis”). In order to examine separately the

impact of the sovereign debt crisis, average investment is also calculated for the period 2010:Q3–

2012:Q2 (“Sovereign debt crisis”).

In panel A, firms are sorted based on their cash reserves, in panel B based on short-term debt
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and in panel C based on net short-term debt. All the values reported in Table 3 correspond to sample

averages across firms and over time. Mean comparison test results are also reported.

Focusing on the first two columns in panel A, we note that investment fell considerably for firms

in the first cash reserves tercile (-0.43 percentage points of total assets), while firms in the second

(medium cash reserves) and third (high cash reserves) terciles recorded more modest declines (-

0.33 and -0.29 percentage points, respectively). All these variations are significantly different from

zero at conventional levels. On the other hand, average investment during the sovereign debt crisis

remained essentially unchanged from that during the financial crisis, with no discernible differences

between firms with low, medium and high cash reserves.

A comparable picture emerges from an inspection of panels B and C: in each tercile, investment

was lower during the financial crisis than in the pre-crisis period. What is more, the pre-crisis and

crisis means are statistically different from each other in each tercile. Furthermore, firms in the third

tercile (high short-term debt and high net short-term debt) recorded the steepest investment decline,

while the negative variations in capital expenditures among all the other firms were less pronounced.

Again, also in panels B and C, average investment was broadly constant across the financial crisis

and the sovereign debt crisis. This is confirmed by the t-statistics in the last column, indicating no

statistically significant differences in the means.

This evidence, based on simple sample averages, appears consistent with the conclusion in

Duchin, Ozbas and Sensoy (2010), namely that the negative credit supply shock due to the finan-

cial crisis affected more severely firms that had low cash reserves or high short-term debt. In what

follows, we investigate whether this preliminary finding obtains also when applying more formal

econometric methods.

5 EMPIRICAL ANALYSIS: MODEL SPECIFICATION AND ECONO-
METRIC RESULTS

In this section, we test the dependence between the financial positions of firms and their investment

both before and during the financial crisis, focusing on a panel of firms in the euro area and in

the United Kingdom. The analysis is conducted controlling for unobserved firms heterogeneity

and observable measures of investment opportunities, namely Tobin’s Q. We take also into account

potential endogeneity concerns.

Our empirical specification is inspired by theoretical frameworks that feature both fundamentals

and financial variables as determinants of investment (see Stein, 2003, for a comprehensive review).
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Almeida and Campello (2007) develop a simple model that well captures the key relationships that

our empirical specification can shed light on. Namely, in their model with limited pledgeability,

fundamentals determine the first-best level of investment, which however may be beyond the reach

of the firm due to a binding credit constraint. Whether this constraint binds or not depends on the

availability of internal funds available for investment. Given that existing debt reduces the expected

value of the firm in liquidation to accruing to new creditors, it can be more difficult for a firm with a

high level of debt to raise external funds. For this reason, we investigate not only cash reserves but

also debt as potential determinants of investment.

The rest of this section is structured as follows: in Section 5.1 we set up the panel approach

and we describe the econometric specification, which is a correlated random coefficient model

(Wooldridge, 2005; Murtazashvili and Wooldridge, 2008). In Section 5.2 we describe the pre-crisis

and two crises subsamples. In Section 5.3 we present results on the dependence between invest-

ment and financial resources of firms before and during the financial crisis. In Section 5.4, the same

analysis is carried out working with a longer crisis sample, which includes the sovereign debt crisis.

In Section 5.5, we study the sensitivity of our results to different definitions of the financial crisis

subsample. In Section 5.6, we examine the robustness of our findings to the exclusion from the

sample of the most financially vulnerable countries, which we expect to have been most affected by

the financial crisis. In addition, we perform estimation by considering only firms in the construc-

tion, manufacturing, transportation, communications sectors and assess how results change when

the sample composition is altered in this way. Finally, we focus on a subsample of companies that

are not state owned. In Section 5.7 we estimate a model specification which includes both cash and

short-term debt as explanatory variables. Lastly, in Section 5.8, we compare our results with those

obtained in the most closely related empirical literature.

5.1 Model specification

We wish to examine the sensitivity of firms’ corporate investment to their financial positions before

and after the outbreak of the crisis. To this aim, we exploit the longitudinal structure of the data:

firms are observed over time so that a panel model can be coherently adopted to account, other than

for the observed regressors, also for the plausible unobserved heterogeneity of firms’ time-averaged

investment levels. In particular, the aim to investigate whether firms’ investment behaviour changed

after the outbreak of the crisis has led us to adopt a particular specification belonging to the family

of correlated random coefficient (CRC) models (Wooldridge, 2005; Murtazashvili and Wooldridge,

2008). This model allows us to study the functional relationship between investment and observed
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as well as unobserved components, and at the same time to account for firm-specific coefficients that

can change in different periods. This way, we let each coefficient of the model to vary across firms

and also between two periods, before and after the outbreak of the crisis. The resulting CRC panel

model is specified as follows:

investmentit = ci + δidt + βf
1ifit + βf

2ifitdt + βq
1iqit + βq

2iqitdt + uit,

i = 1, 2, . . . , N ; t = 1, 2, . . . , T
(1)

where fit is the financial variable of our interest (cash reserves, short-term debt or net short-term

debt) for firm i at time t, dt is an indicator variable equal to 1 during the crisis period and 0 otherwise,

qit is our control variable (Tobin’s Q), while the terms ci and δi capture unobserved heterogeneity at

the firm level. Note that due to the presence of the interaction terms containing dt the relationship

between investment and both the observed regressors and the unobserved heterogeneity is allowed to

change when entering the crisis period. Moreover, the conditional dependence between investment

and the observed explanatory variables can differ across firms as the coefficients βk
hi (h = 1, 2,

i = 1, 2, . . . , N and k = f, q) are firm-specific.

The reason why we allow for a change in firm-specific investment levels, represented by the

δidt term, is threefold. First, this feature in combination with the other interaction terms containing

dt ensures that all the parameters, including the intercept, of the affine function representing the

conditional mean of investment can change when entering the crisis period. Second, omitting the

interaction term δidt could bias the point estimates of the coefficients on the other interaction terms

βk
2i. In particular, if the financial variable of interest fit were correlated with the change in the

firm-specific component of investment δi, one would obtain a biased estimate of βf
2i. Third, in

comparison to an alternative analysis based on two separate equations, one for the non-crisis and the

other for the crisis period, our proposed model with the interaction terms has the advantage that we

can directly test for coefficient stability between the two sample periods.

The coefficients we are mainly interested in are βf
1i and βf

2i, the former capturing the influence

of the financial variable fit on investment during the non-crisis period and the latter the differential

impact of fit on investment during the crisis period. Another object of our interest is the sum of

coefficients βf
1i + βf

2i, which represents the impact of the financial variable fit on investment during

the crisis period.

A consistent estimation of the coefficients is complicated by the potential correlation between

the financial variable fit and within-firm changes in unobserved investment opportunities, i.e., the

idiosyncratic error term uit. For instance, in the case of fit being cash reserves, such correlation may

arise due to firms accumulating cash in anticipation of future investment opportunities (Almeida,
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Campello and Weisbach, 2004; Baum, Caglayan and Talavera, 2013). Or, alternatively, firms lacking

investment opportunities may accumulate cash. That is, future (or contemporaneous) values of

uit may be correlated with fit, implying that the strict exogeneity assumption guaranteeing the

consistency of the fixed effects estimator is violated.

To address these endogeneity concerns, we employ an instrumental variables (IV) type estimator.

More specifically, we make use of the results in Murtazashvili and Wooldridge (2008), in which

assumptions sufficient for the consistency of the FE-IV (two-stage least squares, 2SLS) estimator

for the population averaged coefficients, i.e., E[βi], are formulated. These authors show that, after

the data have been transformed in such a way that the unobserved heterogeneity is eliminated (by

applying the within-transformation), the FE-IV estimator is consistent for E[βi] provided that a full

set of time period dummies is included on the right hand side of the equation after the transformation

has been applied, and the following conditions are satisfied:

E[uit|zi,1, zi,2, . . . , ziT ] = 0, t = 1, 2, . . . , T (2)

E[βi|z̈it] = E[βi], t = 1, 2, . . . , T (3)

Cov(ẍitj , βij |z̈it) = Cov(ẍitj , βij), j = 1, 2, . . . ,K; t = 1, 2, . . . , T (4)

rank(

T∑
t=1

E(z̈′
itẍit)) = K, (5)

rank(
T∑
t=1

E(z̈′
itz̈it)) = K, (6)

where z̈it denotes the K-element vector of instrumental variables, ẍit the K-element vector of

covariates, both transformed to eliminate the unobserved heterogeneity. In the specification in (1),

xit = (fit, fitdt, qit, qitdt)
′ and βi = (βf

1i, β
f
2i, β

q
1i, β

q
2i)

′.

In our case, in order to eliminate the compound unobserved heterogeneity (represented by the

term ci + δidt), the standard within-transformation is applied separately in the non-crisis and the

crisis sample period to the dependent variable, the control, the endogenous explanatory variables

and their instruments (i.e., investmenti,t, qi,t, fi,t and zi,t). For this reason, our procedure is

akin to applying the standard fixed effects estimator to equation (1) without the interaction terms,

separately for the non-crisis and the crisis periods.

As to the instrumental variables employed, we consider lagged values of the endogenous finan-

cial variables. The choice of the instruments is governed by two requirements. First, the instruments

should be strongly correlated with the endogenous regressors. To satisfy this requirement the finan-

cial variables employed as instruments and the number of lags are chosen to obtain significant first-

stage estimates. For this reason, we sometimes use the lagged values of another financial variable
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(e.g. cash) as an instrument for the financial variable under study (e.g. short-term debt).5 Second, the

instruments should be expected to satisfy the strict exogeneity condition, i.e., equation (2) above.

To achieve this requirement, we select the number of lags such that all values of the instruments

pre-date the sample period under analysis by a considerable margin. Consequently, even though

the financial variables we consider are potentially forward-looking in nature, we do not expect the

instruments to be correlated with the idiosyncratic error terms. Furthermore, to formally evaluate

whether our instruments satisfy the strict exogeneity assumption, we employ the test proposed in

Wooldridge (2010).

Throughout the analysis, we employ just-identified 2SLS models for two reasons. First, just-

identified 2SLS estimates are median-unbiased whereas those obtained using overidentified 2SLS

are biased towards the OLS estimates (Angrist and Pischke, 2009a, p. 209; Angrist and Pischke,

2009b). Second, as the instruments we utilise are strongly correlated with the endogenous regres-

sors, there is no strong case to be made for using overidentified models.

Regarding the second condition required for the consistency of the FE-IV estimator stated in

equation (3), we presume that it is satisfied as βi is allowed to be arbitrarily correlated with the

systematic components of zit. Moreover, given that our instruments predate the sample period, we

do not expect there to be any correlation between the within-firm variations in our instruments and

the random coefficients βi. Condition (4) is relatively weak as it merely involves the covariance

between the within-firm variations in (fit, qit)
′ and the random coefficients (βf

hi, β
q
hi)

′, respectively,

not to depend on the within-firm variations in the instrumental variables. The full rank condition

(5) requires that after netting out the unobserved heterogeneity there is still sufficient correlation

between the instruments and the covariates. Finally, condition (6) is very weak in that it requires

only sufficient variation in the transformed instruments.

In addition to the specification in (1), we consider the following alternative CRC model:

investmentit = ci + βf
1ifit + βf

2ifitdt + βq
1iqit + βq

2iqitdt + uit

i = 1, 2, . . . , N ; t = 1, 2, . . . , T.
(7)

This is a simpler version of specification (1), featuring ci without the δidt term. That is, the un-

observed firm-specific component of investment is restricted to be the same in the non-crisis and

the crisis period. We estimate this specification employing the fixed effects estimator, both without

and with instrumental variables. In the former case, we obtain our estimates by applying results
5To ensure that our results are not artefacts of such choices, we also investigate the influence of each financial variable

using the lagged values of the same variable as its instrument. These results are presented at the end of the paper in Tables

35–36.
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in Wooldridge (2005), whereas in the latter case we can again apply the findings in Murtazashvili

and Wooldridge (2008). Differently from when employing instrumental variables, estimating the

coefficients in equation (7) under the assumption that all the covariates are strictly exogenous does

not require including time dummies after the within transformation, and it only requires the mild

condition E[βi|ẍit] = E[βi], t = 1, 2, . . . , T .

To differentiate between (1) and (7), we call specification (7) a correlated random coefficient

(CRC) model and specification (1) a CRC model with compound unobserved heterogeneity (CRC-

CUH). The three estimators (CRC, CRC-IV, CRC-IV-CUH) enable us to evaluate the importance of

both instrumenting our explanatory variables of interest and allowing unobserved heterogeneity at

the firm level to change when entering the crisis period.

5.2 The pre-crisis and crisis samples

In order to study the sensitivity of investment to financial resources before and during the financial

crisis, we split the whole sample (2006:Q3–2012:Q2) into a pre-crisis and a crisis subsample. What

is more, we partition the crisis period into a financial crisis and a sovereign debt crisis subsample.

A natural candidate indicator to date the beginning of the financial crisis is the three-month

Euribor-OIS spread (Figure 4), which is the difference between the three-month Euribor and the

corresponding overnight index swap (OIS) rate. Both the Euribor and the OIS rate measure the

cost of unsecured borrowing in the interbank market, but unlike the Euribor, the OIS entails only

a nominal counterparty risk. Therefore, the Euribor-OIS spread can be viewed as an indicator of

banks’ perception of counterparties’ creditworthiness and availability of funds for interbank lending

purposes.6

As Figure 4 illustrates, the Euribor-OIS spread was stable and relatively low at the beginning of

the sample period (less than 10 basis points). Then, in August 2007, because of the rising number of

defaults on subprime mortgages in the US, it increased to a level of 60 basis points. In October 2008,

after the collapse of Lehman Brothers, the spread soared to a record of 195 basis points, marking

the eruption of the credit crunch. For this reason, we date the beginning of the financial crisis in

Europe in 2008:Q3, just before the bankruptcy of Lehman Brothers, which occurred on September

15, 2008.

Furthermore, in order to isolate the impact of the sovereign debt crisis, the crisis period is divided

into a financial crisis and a sovereign debt crisis subsample. Conventionally, we date the start of the

sovereign debt crisis in 2010:Q3. The last part of the sample in Figure 4 shows that the Euribor-OIS
6See Caballero, Farhi and Gourinchas (2008).
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spread jumped again in August 2011, owing to fears of contagion of the sovereign debt crisis to

Spain and Italy, and remained at historically high levels in the following months.

In total, as illustrated in Figure 5, we consider four different sample periods to perform the

econometric analysis. The full sample covers the period 2006:Q3–2012:Q2. The first sample period

starts in 2006:Q3 and goes on until 2010:Q2. The pre-crisis and crisis periods both span 8 quarters,

in order to average out any seasonal patterns in the data (Duchin, Ozbas and Sensoy, 2010). In

the second sample period, the pre-crisis lasts only four quarters and the crisis starts one year earlier

(2007:Q3). This alternative dating of the financial crisis is motivated by the evolution of the Euribor-

OIS spread, which started to increase already in the summer of 2007.

The third sample covers the period 2006:Q3–2008:Q2. In this case, the crisis period lasts only

four quarters (2007:Q3–2008:Q2), and it is used in order to obtain results for the same time span as

in Duchin, Ozbas and Sensoy (2010). The fourth sample is simply the first one appended with the

sovereign debt crisis period (2010:Q3–2012:Q2).

5.3 Investment and financial positions of firms during the financial crisis

In this section, we examine the relationship between capital expenditures and financial positions of

firms prior and during the financial crisis, employing the three estimators discussed in Section 5.1.

The first (CRC) is a standard fixed effects estimator applied to the specification in (7) which does

not rely on instrumental variables.7 The second, addressing the potential endogeneity of the financial

variables of our interest, is a fixed effects instrumental variables estimator of the specification in

(7), termed CRC-IV. Similarly, the third estimator (CRC-IV-CUH) relies on instrumental variables

but it is instead applied to the specification in (1). Throughout the analysis, we employ standard

errors clustered at the firm level. In order to provide evidence in support of the validity of the

instruments employed, we report the outcome of the Kleibergen-Paap Lagrange Multiplier (LM)

underidentification test (Kleibergen and Paap, 2006). The null hypothesis of the Kleibergen-Paap

LM test is that the structural equation is underidentified (i.e., the rank condition fails).

Table 4 focuses on the sensitivity of investment to cash holdings and displays estimates for the

baseline sample period, 2006:Q3–2010:Q2, with the financial crisis starting in 2008:Q3.

In column (1), the CRC coefficient estimates imply that a higher Tobin’s Q was accompanied by

a higher investment intensity over the whole sample period, given that the coefficient on q is positive

and significant (0.410) whereas the one on q×d (which measures the change in the correlation when
7For all the fixed-effects models (cash, short-term debt and net short-term debt), we carried out the Hausman test and

we always rejected the random effects specification in favour of the fixed effects. Results are available from the authors

upon request.
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moving from the pre-crisis to the crisis) is negative and significant, but lower in magnitude (-0.178).

Given that Tobin’s Q was on average 0.33 lower in the crisis than in the pre-crisis period and the

marginal effect of Tobin’s Q on investment in the crisis period is 0.232, the predicted change in

investment due to the average variation in Tobin’s Q is -0.0766 percentage points. This is less than a

quarter of the average fall in investment of 0.33 percentage points, but the estimates imply marginal

effects similar to those in Duchin, Ozbas and Sensoy (2010). On the other hand, higher cash reserves

were associated with lower capital expenditures in the pre-crisis period, even though the relationship

became less strong during the crisis. However, this negative correlation could merely reflect that

firms lacking investment opportunities accumulated cash, which would imply that cash reserves are

endogenous to investment.

To address this potential endogeneity of cash reserves,8 we proceed by estimating the same spec-

ification as in column (1) with instrumental variables (two-stage least squares), instrumenting cash

with its lagged values. We use as an instrument cash reserves lagged 18 quarters. The Kleibergen-

Paap LM test statistics is 7.49, and at this value the null hypothesis is strongly rejected, suggesting

that the instruments are adequate to identify the equation. Furthermore, by using cash holdings

lagged 18 quarters, all values of the instrumental variable pre-date the sample period under analysis

– which consists of sixteen quarters – and therefore our identification assumption can be expected

to be satisfied.9

The CRC-IV estimates, contained in column (2), differ considerably from those in column (1)

and lend support to cash being correlated with unobserved within-firm changes in investment oppor-

tunities. Notably, the coefficient on cash is no longer statistically significant, whereas that on the

interaction between the crisis indicator and cash (cash× d) is larger in magnitude than the estimate

obtained without instrumental variables. However, given that the sum of the coefficients on cash

and cash × d is not significantly different from zero, we cannot conclude that during the financial

crisis higher cash holdings were associated with higher investment intensity.

In column (3), we present CRC-IV-CUH estimates for the specification in equation (1), in which

both the observed measures and unobserved firm-specific characteristics are allowed to affect invest-
8Formal tests indicate that cash reserves (as well as short-term debt) are not exogenous (Wooldridge, 2010, p. 132).

More specifically, when plugging the residuals obtained in the first-stage instrumental variables regression into the CRC

specification, the corresponding coefficients are jointly significantly different from zero. Results are available from the

authors upon request.
9Formal tests also indicate that this instrument and the instruments used in the sequel when considering specifications

with short-term debt and net short-term debt are strictly exogenous (Wooldridge, 2010). Namely, when adding the instru-

ment forwarded one period into the specification in (1) and estimating it with instrumental variables, the corresponding

coefficient estimate is not significantly different from zero. Results are available from the authors upon request.
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ment differently before and during the financial crisis. For comparability purposes, we use the same

instruments as in column (2), i.e., cash reserves lagged 18 quarters. According to the Kleibergen-

Paap LM test statistics, we reject the null hypothesis of underidentification, hence the instruments

can be considered to be adequate. Looking at the coefficient estimates, it is worth noting that a

statistically significant differential impact of cash on investment (cash× d) no longer obtains. Fur-

thermore, given that the sum of the coefficients on cash and cash × d is not significantly different

from zero, we cannot conclude that during the financial crisis firms with high cash reserves invested

more than firms with low cash holdings, when controlling for the effect of unobserved firm char-

acteristics on investment separately during the pre-crisis and the crisis period. Note that if cash

reserves were correlated with unobserved firm-specific characteristics and the effect of the latter on

investment changed with the onset of the crisis, omitting the term δid
f
t in equation (1) would imply

that the coefficient on cash × d is inconsistently estimated. This rationalizes the fact that the coef-

ficient on the interaction term between cash and the crisis indicator is statistically significant when

imposing the restriction that unobserved firm characteristics have a constant effect on investment

throughout the sample period (columns (1)–(2)). Note that allowing for a change in the unobserved

firm-specific component of investment also affects the coefficients on Tobin’s Q. The corresponding

estimates in column (3) imply that on average 30 per cent of the drop in investment is captured by

the the fall in Tobin’s Q.

In Table 5, we extend our analysis by studying the role of leverage in investment decisions. Also

in this case we focus on the baseline sample period, 2006:Q3–2010:Q2, with the financial crisis

starting in 2008:Q3. One should bear in mind that our measure of short-term debt refers to debt

maturing within one year. The hypothesis we seek to test is whether firms with different degrees of

short-term indebtedness displayed different investment intensities during the financial crisis.

Column (1) reports the CRC estimates. The positive fixed effects estimate of the short-term debt

coefficient in the pre-crisis period is statistically significant at the 1% level, but relatively low in

magnitude. The interaction term between the financial crisis dummy and short-term debt (st debt×
d) is instead negative, larger in absolute value than that on st debt, and significant at the 0.1% level.

Moreover, as evidenced by the F-test on the hypothesis E[βf
1i + βf

2i] = 0, during the financial crisis

highly leveraged firms appear to have reduced their capital expenditures by more than unleveraged

ones. Also according to this specification, a higher Tobin’s Q is accompanied by a higher investment

intensity.

The results based on the CRC-IV estimates are shown in column (2). We use as instruments cash

reserves lagged 20 quarters and the interaction of cash reserves lagged 22 quarters with the crisis

indicator. The Kleibergen-Paap LM underidentification test rejects the null hypothesis at 8% level.
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According to the CRC-IV estimates, the relationship between investment and short-term debt during

the financial crisis is no longer statistically significant. The positive association between short-term

debt and investment in the pre-crisis period, on the other hand, continues to hold (the corresponding

coefficient is still significant at the 10% level).

Column (3) presents the CRC-IV-CUH estimates. The same instruments as in column (2) are

used. According to the Kleibergen-Paap LM test, the model is correctly identified. In this case,

the coefficients on neither st debt nor st debt × d are statistically significant (the corresponding

t-statistics are equal to 0.60 and to -0.43, respectively). This and the p-value of the F-test on the

sum suggest that, when controlling for the effect of unobserved firm characteristics on investment

separately during the pre-crisis and the crisis period, no significant relationship between investment

intensity and the level of short-term debt obtains. The coefficient on Tobin’s Q, instead, is positive

and highly significant, as in column (2). Moreover, the estimates imply similar, economically sig-

nificant marginal effects of Tobin’s Q on investment as those obtained from the specification with

cash holdings in Table 4.

Lastly, in Table 6, we focus on the sensitivity of investment to net short-term debt, which rep-

resents net short-term indebtedness. The baseline sample period is again used (2006:Q3–2010:Q2),

with the financial crisis starting in 2008:Q3.

According to the CRC estimates, the coefficient on q is positive and highly significant, while

that on q × d is negative and also significant at the 0.1% level, even though lower in magnitude.

The coefficient on net st debt is equal to 0.78 and highly significant, meaning that investment

was higher for firms with high net short-term debt in the pre-crisis sample. At the same time, the

coefficient on net st debt × d is highly significant and negative, equal to -0.94. However, the

sum of the coefficients on net st debt and net st debt × d is not significantly different from zero,

suggesting that during the financial crisis there were no significant differences in the investment

intensities of firms with different levels of net short-term debt.

Column (2) presents the CRC-IV estimates. We use as instruments cash reserves lagged 24

quarters. According to the Kleibergen-Paap LM test, the null hypothesis of underidentification is

strongly rejected. The coefficient on Tobin’s Q continues to be positive and highly significant.

Moreover, the negative estimate on net st debt× d is significant at the 10% level. However, all the

other coefficients are not significant at conventional levels.

Lastly, column (3) focuses on the CRC-IV-CUH estimates. The same instruments as in column

(2) are used. Also in this case the Kleibergen-Paap LM test statistics indicates that underidentifica-

tion is not an issue. The coefficient on q is positive and significantly different from zero, whereas

the one on q × d is insignificant. Yet, two differences emerge with respect to column (2). First, the
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coefficient on net st debt× d becomes larger in absolute value. Second, the sum of the coefficients

on net st debt and net st debt × d, equal to -6.81, becomes statistically significant at the 10%

level. That is, a 10 percentage point increase in net short-term debt relative to total assets would

have reduced quarterly investment intensity during the financial crisis by 0.68%. Relative to the

average investment intensity of 1.1% over the whole sample period, this is a considerable marginal

effect. In sum, the estimates in column (3) suggest that investment during the crisis declined more

strongly for firms with high net short-term debt than for companies with low net short-term debt.

Let us proceed by providing an interpretation of the strength of the instruments employed in

Table 6. To do so, we present, in Table 7, the first-stage estimates corresponding to columns (2) and

(3) of Table 6. The results show that net short-term debt varies negatively with lagged values of cash

holdings. This suggests that firms with above-average cash holdings in the past had lower levels of

net short-term debt over our sample period. The fact that this negative relationship holds for cash

reserves lagged 24 quarters suggests that deviations of this financial variable from its time average

are highly autocorrelated for the firms in our sample.

To further gauge the economic significance of these results, let us relate the coefficient estimates

to the average changes in the two observed explanatory variables, Tobin’s Q and net short-term debt.

The average Tobin’s Q in the crisis period was 0.33 lower that in the pre-crisis period. Multiplying

this difference with the marginal effect of Tobin’s Q on investment during the crisis period (0.41 +

0.047) yields a predicted change of -0.15 percentage points. Net short-term debt, on the other hand,

increased on average by 0.0111 between the pre-crisis and the crisis period. Thus, given that the

marginal effect of net short-term debt on investment during the crisis is equal to -6.81, the ceteris

paribus response of investment to the change in net short-term debt amounts to -0.076. That is,

the predicted change in investment due to the average variations in Tobin’s Q and net short-term

debt is -0.23 percentage points, which is nearly 70 per cent of the average fall in investment of

0.33 percentage points. The remaining 30 per cent of the decrease is captured by the variation in

unobserved heterogeneity at the firm level, time dummies and the residuals. Therefore, our results

suggest that net-short term debt accounted for approximately one third of the variation in investment

explained by the two regressors.

In order to investigate whether these findings are sensitive to the instruments chosen, in Table

8 we present additional results on the sensitivity of investment to net short-term debt. We focus on

the model in equation (1). To ease comparison, column (1) reports results relative to a specification

in which we use as instruments cash reserves lagged 24 quarters, as in Table 6. The remaining

columns, on which we focus on, refer to specifications with different sets of instruments. In all

cases, the null hypothesis of underidentification is strongly rejected based on the Kleibergen-Paap
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LM test, providing evidence in support of the validity of the chosen instruments.

In columns (2), (3) and (4), the coefficient on net st debt is never significant at conventional

levels. The coefficient on net st debt× d is instead significant at the 10% level in column (4), even

though the sum of the coefficients on net st debt and net st debt× d turns out to be insignificant.

Conversely, in columns (2) and (3), the sum of the coefficients on net st debt and net st debt× d

is statistically different from zero almost at the 10% level, pointing to a negative effect of short-term

debt net of cash reserves on investment during the financial crisis. It is worth pointing out that the

coefficient estimates across specifications imply similar, economically significant marginal effects

during the crisis period.

To summarise, focusing on the baseline sample period 2006:Q3–2010:Q2, we find that nei-

ther cash holdings nor short-term debt individually had a statistically significant effect on corporate

investment. However, short-term debt net of cash reserves negatively affected capital expenditures

during the financial crisis. Furthermore, our control variable of observable investment opportunities,

Tobin’s Q, correlates strongly with investment, no matter the specification and estimation method

used.

5.4 The sovereign debt crisis

In this section we extend the crisis sample to 2012:Q2, in order to include the sovereign debt crisis

period. That is, the crisis dummy takes the value one during the financial and sovereign debt crises

(2008:Q3–2012:Q2) and is zero otherwise (2006:Q3–2008:Q2). This longer crisis period allows us

to examine whether the results presented above apply not only to the financial crisis but also to the

sovereign debt crisis.

Table 9 focuses on cash holdings. Overall, results are similar to those in Table 4. More in

particular, the coefficient on q is always positive and significant, while the one on q×d is significantly

different from zero only in column (1). In addition, the coefficient on cash is significant only

according to the CRC estimates. Differently from Table 4, the coefficient on cash × d is never

significant, no matter the estimator and the model used. Moreover, although the point estimate on

cash × d in column (3) is positive and large in magnitude, it cannot be judged to be significantly

different from zero at conventional levels. The instruments can be considered valid, given that the

Kleibergen-Paap LM test statistics rejects the null hypothesis of underidentification at the 10% level

both in column (2) and in column (3). In sum, when the analysis is extended to the entire 2006:Q3–

2012:Q2 sample, the finding that cash reserves were not, even in the crisis period, a significant

determinant of investment continues to hold. The possibility that cash holdings exerted an influence
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on investment only during the sovereign debt crisis, which we cannot yet rule out, is considered later

in this section.

Similar conclusions can be drawn when looking at Table 10, which focuses on short-term debt

over the entire 2006:Q3–2012:Q2 sample. The estimates in column (1) are little changed with

respect to the corresponding ones in Table 5. In column (2), instead, the point estimates are slightly

different from those in Table 5. Moreover, the coefficient on st debt is significant at the 5% level,

while in Table 5 the corresponding coefficient is significant at the 10% level. Also the coefficient

estimates in column (3) are somewhat different from those in Table 5. However, as in Table 5,

neither the coefficients on st debt and st debt× d nor their sum are statistically significant. To sum

up, we conclude that short-term debt did not exert an influence on investment either in the pre-crisis

or in the crisis period, even when the latter is extended to 2012.

Table 11 reports the estimates for net short-term debt, which in Table 6 was found to have

affected investment negatively during the financial crisis. In column (1), the coefficients are close

to those displayed in Table 6. In particular, the coefficient on net st debt is positive, while the one

on net st debt × d is negative and larger in absolute value than the former. Moreover, both are

significantly different from zero. Column (2) displays estimates for q and q × d that are similar to

those in Table 6. The coefficient on net st debt× d instead is no longer significantly different from

zero at the 10% level. Other differences emerge when examining column (3). Namely, neither the

coefficients on net st debt and net st debt × d nor their sum are statistically different from zero.

This is in contrast with Table 6, where the coefficient on net st debt × d was negative, large in

absolute value and statistically significant. These results suggest that short-term debt net of liquidity

negatively affected corporate investment only during the financial crisis. Still, in what follows, we

examine carefully whether net short-term debt had any effect on investment during the sovereign

debt crisis by treating it as a separate crisis period. Compared to the estimates pertaining to the

shorter crisis period, the results in Tables 9–11 suggest that Tobin’s Q remained an economically

significant determinant of investment also during the sovereign debt crisis, as evidenced by the

similar marginal effects during the longer crisis period.

To further investigate the influence of firms’ financial positions on their capital expenditures

during the sovereign debt crisis, we add in equations (1) and (7) interaction terms with a sovereign

debt crisis indicator that takes the value one during the sovereign debt crisis period and is zero

otherwise. Thus, differently from the specifications considered in Tables 9, 10 and 11 above, we

consider two sets of interaction terms, one accounting for the effect of the financial crisis and the

other designed to capture the impact of the sovereign debt crisis. We wish to test whether financial

factors influenced investment differently during the sovereign debt crisis than during the financial

27



crisis.

Therefore, the model in (1) with the additional set of interaction terms becomes:

investmentit = ci + δ1id
f
t + δ2id

s
t + βf

1ifit + βf
2ifitd

f
t + βf

3ifitd
s
t

+ βq
1iqit + βq

2iqitd
f
t + βq

3iqitd
s
t + uit, (8)

where the dummy variable dft is equal to one during the financial crisis (2008:Q3–2010:Q2), while

dst is equal to one during the sovereign debt crisis (2010:Q3–2012:Q2), and zero otherwise. Simi-

larly, additional interaction terms for the sovereign debt crisis are added to the alternative model in

(7).

Note that in this specification, firm fixed effects, the financial variable of interest and Tobin’s

Q are interacted with the sovereign debt indicator as well as with financial crisis one. That is, the

coefficients on both the observed and the unobserved explanatory variables may change as we move

from the pre-crisis period to the financial crisis and from the financial crisis to the sovereign debt

crisis. It is worth pointing out that estimating the model in equation (8) should deliver the same point

estimates for the pre-crisis and the financial crisis period as the specification in (1). Any differences

between the coefficient estimates reported below and the corresponding ones in Tables 4–6 stem

from the composition of the sample, due to data availability, and the instruments employed being

different.

Results are given in Table 12 for cash reserves, while Table 13 refers to short-term debt and

Table 14 to net short-term debt. In Table 12, although the coefficients (on q, q × df , cash and

cash × df ) capturing conditional dependencies during the pre-crisis and the financial crisis differ

slightly from those in Table 4, one can draw the same conclusions as above. In particular, the CRC-

IV-CUH estimates suggests that in neither the pre-crisis nor the financial crisis period was there a

dependence between investment and cash holdings. If instead one’s inferences were based on the

CRC-IV estimates, one could claim that cash reserves exerted a positive differential effect on capital

expenditures during the financial crisis (as the point estimate on cash × df is almost significant at

the 10% level). As to the sovereign debt crisis, none of the specifications suggest that there was a

positive relationship between investment and cash holdings during this crisis period. In other words,

our conclusion about cash reserves not being a significant determinant of investment during the

financial crisis also applies to the sovereign debt crisis. Moreover, the results in Table 12 show that

the statistically insignificant coefficient on the interaction term between the crisis indicator and cash

reserves in Table 9, where the two crisis periods are pooled together, is not driven by the financial

crisis period.

Analogously, the estimates in Table 13 pertaining to the pre-crisis and the financial crisis pe-
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riod are similar to the corresponding ones in Table 5. Namely, in columns (2) and (3), no evi-

dence emerges suggesting that short-term debt was a significant determinant of investment between

2006:Q3 and 2010:Q2. What is more, the statistically significant differential effect of short-term

debt during the sovereign debt crisis (the coefficient on st debt × ds) in column (1) no longer ob-

tains when employing instrumental variables. This and the F-tests on the sums of the coefficients

suggest that short-term debt exerted no significant influence on capital expenditure not only during

the financial crisis but also during the sovereign debt crisis. In other words, the effect of short-term

debt on investment does not appear to have changed when the financial crisis turned into a sovereign

debt crisis.

Also in Table 14, the coefficient estimates for the pre-crisis and the financial crisis do not differ

markedly from the corresponding ones in the specification examining the period until 2010:Q2, in

Table 6. This shows that the results obtained using the baseline sample period are robust to the

variation in the sample of firms resulting from employing additional instruments and prolonging

the sample period. As to the differential impact of net short-term debt on investment during the

sovereign debt crisis, one notices that in column (3) a statistically significant effect (at the 10% level)

obtains also during this latter crisis period. Even though the coefficient on net st debt×ds is smaller

in absolute value than that on net st debt× df , they are not significantly different from each other

(an F-test of equality yields a p-value of 0.31). Thus, we can conclude that the negative differential

effect of short-term debt net of cash reserves on investment was of a similar magnitude during the

sovereign debt crisis as during the financial crisis. However, the overall effect of net st debt on

investment is only significant for the financial crisis, as can be seen from the p-values of the F-tests

on the sums. The fact that we found no differential effect of net short-term debt when pooling the two

crisis periods together (Table 11) could be due not allowing the impact of unobserved firm-specific

characteristics to change when entering the sovereign debt crisis period.

Taken together, the estimates with an additional set of interaction terms for the sovereign debt

crisis suggest that Tobin’s Q remained an economically significant determinant of investment also

during the sovereign debt crisis, albeit having a somewhat smaller marginal effect than during the

financial crisis. As to net short-term debt, the estimates suggest that it was also economically signif-

icant determinant of investment during the sovereign debt crisis. In particular, a 10 percentage point

increase in net short-term debt, would have been associated with 0.19% lower investment intensity

during the sovereign debt crisis.
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5.5 Alternative definitions of the financial crisis

In this section we conduct a series of robustness tests. The aim is to assess the sensitivity of the

results to a different dating of the financial crisis. In particular, we use two alternative definitions

of the financial crisis period: i) 2007:Q3–2010:Q2; ii) 2007:Q3–2008:Q2. In the first case, the

financial crisis is simply defined to have started a year earlier than in the previously considered

baseline sample split. In the second case, it is additionally supposed that the financial crisis ended

in 2008:Q2. Dating the onset of the financial crisis to 2007:Q3 is motivated by the evolution of

the three-month Euribor-OIS spread in Figure 4, which climbed to over 60 basis points already in

summer 2007, due to the subprime crisis in the US.

In what follows, we present results from employing the alternative definitions of the financial

crisis period for each of our three variables of interest. First, we consider the sample in which the

financial crisis spans the period 2007:Q3–2010:Q2. Table 15 reports results for cash holdings, Table

16 for short-term debt and Table 17 for net short-term debt.

In Table 15, the estimates are little changed from those in Table 4. The coefficient on q in

column (3) is an exception, not being statistically significant, unlike the corresponding estimate in

Table 4. This may be due to the fact that the sample size in the pre-crisis period is too small (and

the number of regressors too large), reducing the power of the t-test. However, the sum of the

coefficients q and q× d is highly significantly different from zero (an F-test yields a p-value smaller

than 10−5). Another difference with respect to Table 4 is the coefficient on cash × d in column

(2), which in Table 15 is not statistically significant. Similarly, the sum of cash and cash × d is

not significantly different from zero (p-value = 0.20). That is, the results in Table 15, based on the

first alternative definition of the financial crisis, provide even less evidence about any conditional

dependence between cash reserves and investment than the estimates in Table 4.

Also the results for short-term debt in Table 16 are similar to those obtained using the baseline

sample period, in Table 5. However, as in the specification with cash reserves, the coefficient on q

is not significant in column (3), unlike when employing the baseline sample split. Nevertheless, the

sum of the coefficients q and q × d is highly significant (p-value < 10−6). No evidence emerges

though suggesting that short-term debt exerted an influence on investment either during the pre-

crisis or the crisis period (the sum of the coefficients on st debt and st debt× d is not significantly

different from zero in columns (2) and (3)).

Table 17 focuses on net short-term debt. Also for this variable, no stark differences emerge with

respect to the baseline sample split, in Table 6. As in Tables 15 and 16, the coefficient on q, capturing

any effect on investment during the four-quarter pre-crisis period, is not significantly different from
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zero according to the CRC-IV-CUH estimates. However, there is evidence of a positive conditional

dependence between Tobin’s Q and investment during the crisis period. As to net short-term debt,

the coefficient capturing its differential impact on investment during the financial crisis is statistically

significant (at 6% level), as in Table 6. However, differently from when using the baseline sample

period, the sum of the coefficients on net st debt and net st debt× d is not significantly different

from zero (p-value = 0.24). This suggests the negative effect of net short-term debt on investment

emerged rather during the more acute phase of the financial crisis, starting in 2008:Q3, than in the

preceding year.

As a further check, we consider the third sample in Figure 5, which covers the shorter period

2006:Q3–2008:Q2, with the financial crisis starting in 2007:Q3. Note that with respect to the base-

line 2006:Q3–2010:Q2 sample, the number of observations essentially halves. This sample split is

also used by Duchin, Ozbas and Sensoy (2010), who argue it allows one to identify the effect of

a negative shock to the supply of external finance given that in 2007:Q3–2008:Q2 the crisis was

mainly a financial phenomenon. The results reported in Tables 18, 19 and 20 refer to cash holdings,

short-term debt and net short-term debt, respectively.

Most of the coefficient estimates in the three tables are statistically insignificant at conventional

levels. As in Tables 15–17, also the coefficient on Tobin’s Q is not significantly different from zero

when the CRC-IV-CUH specification is considered. However, in Tables 18 and 20 the sum of the

coefficients on q and q × d is significant (at 1% and 2% level, respectively). As to our variables

of interest – cash reserves, short-term debt and net short-term debt – and their interactions with

the crisis indicator, neither the CRC-IV nor the CRC-IV-CUH delivers any statistically significant

estimates with two exceptions. The coefficient estimate of st debt× d obtained using the CRC-IV-

CUH (Table 19) and that of net st debt delivered by the CRC-IV (Table 20) are both significant at

the 10% level. The significance of the former finding, however, is undermined by the fact that the

sum of the coefficient on st debt and st debt × d is not significantly different from zero (p-value

= 0.17). The latter result, on the other hand, no longer obtains when employing the CRC-IV-CUH,

suggesting that it stems from not allowing the effect of unobserved firm-specific characteristics on

investment to change. In sum, the results suggest that firms’ financial positions did not exert a

significant influence on investment during the first phase of the financial crisis, 2007:Q3–2008:Q2.

However, these findings have to be treated cautiously, as the analysis is based on only two years of

quarterly data. In other words, the fact that we do not find statistically significant coefficients may

reflect the small sample size of both the pre-crisis and crisis periods.
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5.6 Different sample composition

In this section we examine the robustness of our findings to considering only the core euro-area

countries and the UK, which we expect to have been affected by the financial crisis differently than

the peripheral countries. Then, we focus on companies belonging to the construction, manufactur-

ing, transportation and communications sectors, disregarding those in the other sectors, and assess

how our estimates change as the sample composition is altered in this way. Finally, we investi-

gate how our results are affected when excluding companies that are at least partially state owned.

Throughout we consider the baseline timing, 2006:Q3–2010:Q2, with the financial crisis starting in

2008:Q3. We do not examine the sovereign debt crisis period for the reason that above we found

significant effects only during the financial crisis.

We first restrict our attention to the core euro-area countries – Austria, Belgium, France, Ger-

many, the Netherlands – and the United Kingdom, accounting for approximately 70 per cent of the

firms in the whole sample. Table 21 refers to cash holdings, Table 22 to short-term debt and Table

23 to net short-term debt.

Compared to the results for the whole sample in Table 4, the estimates in Table 21 are similar

in magnitude and statistical significance. There is a difference, though, between the two in the co-

efficient on cash× d in column (2). In particular, the estimate obtained by excluding the peripheral

countries is not statistically significant. That is, cash reserves cannot be judged to have exerted a

positive differential impact on investment even when employing the CRC-IV specification. More-

over, as in Table 4, the sum of the coefficients on cash and cash× d when considering the CRC-IV

estimates is not significantly different from zero.

Similarly, when comparing the estimates in Table 22 with those in Table 5, no marked differences

emerge. However, unlike when employing the full sample, a statistically insignificant coefficient on

st debt obtains when the CRC-IV is employed. Also according to the CRC-IV-CUH estimates, there

is no evidence of any conditional dependence between short-term indebtedness and investment. This

and the other similarities between the results in Tables 5 and 22 suggest that our results on short-term

debt are not driven by firms in the peripheral countries.

Table 23 reports the results for net short-term debt. Again, the estimates are little changed

relative to the full sample. In particular, all the coefficients have the same sign and are close in

magnitude to those in Table 6. Examining the statistical significance of the estimates, one observes

that the coefficient on net st debt is no longer significant at the 10% level when employing the

CRC-IV-CUH. However, the sum of the coefficients on net st debt and net st debt × d remains

significantly different from zero at the 10% level. This suggests that the conditional dependence
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between short-term debt net of cash reserves and investment is not attributable only to firms in the

peripheral countries. The fact the estimated marginal effect of net short-term debt on investment

during the financial crisis (-4.12) is smaller than in the full sample could simply reflect the smaller

average increase in net short-term debt in the core countries, being less than half of that in the full

sample.

Next, we present the results obtained when focusing on the construction, manufacturing, trans-

portation and communications sectors. Firms belonging to agriculture, forestry and fishing, mining,

wholesale trade, retail trade, and services have been dropped from the sample. The choice of the

smaller set of sectors is motivated by the on average lower cash holding and the higher short-term

debt of the firms therein. Results are given in Tables 24 (cash reserves), 25 (short-term debt) and 26

(net short-term debt). Consistently with the previous findings, no evidence emerges to suggest that

cash or short-term debt, considered separately, were significant determinants of investment over the

sample period. Similarly, the results for net short-term debt are in broadly line with those in Table 6.

Nonetheless, according to the CRC-IV-CUH estimates, net short-term debt exerted a larger differen-

tial effect on investment during the crisis than in the full sample (the coefficient on net st debt× d

becomes 50% larger in absolute value). The fact that the sum of the coefficients on net st debt and

net st debt × d is no longer statistically significant can be attributed to the statistically insignif-

icant coefficient on net st debt. However, note that the sum of the coefficients in absolute value

exceeds the corresponding one in Table 6. As to the Kleibergen-Paap LM test statistics, measuring

the strength of the instruments employed, the higher p-values are presumably linked with the smaller

number of observations in this restricted sample.

Finally, we restrict attention to companies that are not state owned. Specifically, we exclude all

firms for which the percentage of outstanding shares held by the state exceeds 1%. This exercise is

motivated by the literature on the effects of public ownership on corporate decisions, including in-

vestment (see, e.g., Megginson, Nash and Van Randenborgh, 1994; Kotter and Lel, 2011; Boubakri,

Cosset and Saffar, 2013).10 Tables 27, 28 and 29 present the results of this analysis, and refer

respectively to cash reserves, short-term debt and net short-term debt. One notes that the coeffi-

cient estimates are almost identical to those in Tables 4–6. Thus, no evidence emerges to suggest

that our results are driven by partially state-owned companies, which tend to be among the most

capital-intensive firms in most EU countries.
10These papers are part of a wider literature looking at the effects of large shareholders and public ownership on the

quality of corporate governance; see, e.g., Borisova et al. (2012) and Borisova et al. (2015). As highlighted by La Porta

et al. (1998), large ownership concentration may be a reflection of poor investor protection, especially in French-civil-law

countries.
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Let us conclude this section with a brief summary of our findings. On the one hand, our main

result – net short-term debt having influenced investment during the financial crisis – also obtains

when we restrict our attention to firms located in the core euro-area countries (Austria, Belgium,

France, Germany, and the Netherlands) and the United Kingdom. Moreover, there is some evidence

that the sensitivity of investment to net short-term debt, although somewhat imprecisely estimated,

was larger in the construction, manufacturing, transportation and communications sectors.

5.7 Specification with both cash and short-term debt

We continue by investigating further the result of net short-term debt being a significant determinant

of investment in our sample. More specifically, we estimate a specification which includes both cash

and short-term debt as explanatory variables. In this way, we relax the assumption underlying the

specification with net short-term debt that the coefficients on cash and short-term debt are equal in

magnitude but have the opposite signs. In other words, we can shed light on whether short-term debt

exerted a stronger influence on investment than cash, or vice versa. The results from this exercise

are reported in Table 30, where f1 refers to short-term debt and f2 to cash.

Focusing on the CRC-IV-CUH estimates, the sum of the coefficients on st debt and st debt× d

is statistically significant at the 10% level, while neither the coefficients on cash and cash × d nor

their sum are significantly different zero. Thus, the results suggest that the influence of net short-

term debt on investment during the financial crisis operated more through short-term debt, for a

given level of cash, than the other way round. It also worth noting that according to these estimates

the marginal effect of short-term debt on investment, for a given level of cash holdings, is larger than

according to the specification with net short-term debt in Table 6. More specifically, a 10 percentage

point increase short-term debt relative to total assets would reduced investment intensity by 1.9%.

Finally, it is worth pointing out that the reason why the estimates in Table 5 suggest that short-term

debt has no influence on investment is that cash holdings are not controlled for. Thus, the results

therein may reflect not only the influence of short-term debt but also partly that of cash.

5.8 Relation of the results to the literature

We conclude the discussion of our results by comparing them to the most closely related literature.

This allows us to highlight their economic significance and how they shape our understanding of the

role of financial factors for investment. We begin by relating our findings to those in Duchin, Ozbas

and Sensoy (2010), as their econometric approach is similar to ours and we follow their variable

definitions. Subsequently, we discuss the relationship of our results with other closely related works.
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Instead of relying on instrumental variables, Duchin, Ozbas and Sensoy (2010) employ lagged

values of their financial variables of interest as proxies for the contemporaneous values of these

variables. Given that the correlation between investment and the contemporaneous values of finan-

cial variables is plausibly larger than the correlation between investment and the lagged values of

financial variables, their estimates are to be interpreted as lower bounds on their marginal effects of

interest. Moreover, Duchin, Ozbas and Sensoy (2010) do not allow either the coefficients of other

explanatory variables or the unobserved firm-specific component of investment to change with the

onset of the financial crisis. With these caveats in mind, let us compare the magnitudes of their

coefficients to ours. As to Tobin’s Q, Duchin, Ozbas and Sensoy (2010) obtain coefficient estimates

around 0.2 whereas ours vary predominantly between 0.25 and 0.45. As regards the influence of

financial variables, let us focus on net short-term debt as according to our preferred specification

CRC-IV-CUH cash and short-term debt were not, when considered separately, significant determi-

nants of investment. We obtain coefficient estimates on net short-term debt which are approximately

an order of magnitude larger than the estimate in Duchin, Ozbas and Sensoy (2010). Although this

difference could partly reflect the on average higher level of short-term debt relative to total assets in

our sample than theirs (0.083 vs. 0.035), it also suggests that net short-term debt was economically

considerably more significant determinant of investment among the firms we analyse than those of

theirs.

To conclude the comparison of our results with those of Duchin, Ozbas and Sensoy (2010), we

present a set of additional results which make our estimates more comparable to theirs. Namely,

we estimate the influence of net short-term debt on investment when including cash flow as an

additional control.11 Table 31 contains the results of this exercise. One notices that the estimates

are little changed from the baseline results in Table 6. Hence, the observations made above about

the economic significance of net short-term suggested by our estimates relative to those in Duchin,

Ozbas and Sensoy (2010) continue to hold.

Let us continue by relating our results to the literature on the influence of financial variables on

investment which does not distinguish between crisis and non-crisis periods. Within this literature,

Cummins, Hassett and Oliner (2006) address the potential bias arising from using Tobin’s Q as a

measure of investment opportunities. Using earnings forecasts to measure investment opportunities,

they find coefficients on Tobin’s Q most of which lie between 0.1 and 0.15. The fact that our

estimates during the non-crisis period are approximately twice theirs suggests that the sensitivity

of investment to fundamentals in our sample was relatively high even during the pre-crisis years.
11Cash flow is defined as Duchin, Ozbas and Sensoy (2010). The source is the Standard and Poor’s Capital IQ database.
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Cummins, Hassett and Oliner (2006) investigate the robustness of their findings by also estimating

a dynamic specification in first differences.12 Although the variables of our interest are unlikely to

exhibit pronounced dynamics over the relatively short pre-crisis and crisis periods, we conclude by

doing likewise.

Including lagged investment intensity as a covariate in our model is not straightforward as

the consistency of the CRC-IV-CUH estimator relies on a strict exogeneity assumption for the

instrumental variables which explicitly rules out lagged dependent variables (Murtazashvili and

Wooldridge, 2008). To overcome this limitation we employ the following estimation procedure.

First, we remove unobserved heterogeneity by first differencing, ignoring the observations for the

period when the unobserved component of investment is allowed to change.13 Then we estimate the

resulting equation with instrumental variables, using values of investment which pre-date the sample

period as instruments for one-period lagged investment. Assuming sequential exogeneity of regres-

sors this procedure yields consistent estimates in a model which assumes constant effects across

firms. Consequently, in this exercise, we estimate a model which differs from the specification in

(1) in that the coefficients βk
h are not allowed to differ across firms.

The results from estimating the dynamic specifications with fixed coefficients βk
h across firms,

which have been accordingly renamed FE (Fixed Effects), FE-IV (FE-Instrumental Variables), and

FE-IV-ISS (FE-IV-Individual Specific Slopes), are presented in Tables 32 (cash reserves), 33 (short-

term debt) and 34 (net short-term debt). One notes that the coefficient estimates on Tobin’s Q

and the financial variables are somewhat different than those in Tables 4, 5 and 6. Although the

coefficients on q and q×d are not individually significant, their sum is significant almost at the 10%

level according to the FE-IV-ISS estimates in all three specifications (p-values are equal to 0.025,

0.11 and 0.0081). That is, also according to these results, Tobin’s Q was a significant determinant

of investment during the financial crisis with approximately the same magnitude (sum of q and

q × d) of Table 4, 5 and 6. Moreover, although the influence of net short-term debt is, probably

due to weaker instruments and to the reduced degrees of freedom involved by the introduction of

the lagged outcome as regressor, less precisely estimated, it remains an economically significant

determinant of investment.

Stronger assumptions are required to estimate the dynamic model, namely sequential exogeneity

of regressors and fixed coefficients βk
h , which are instead completely relaxed in our proposed speci-

fication (1). We argue the differences observed in the pre-crisis period in the levels of Tobin’s Q and
12A dynamic model of investment is also estimated by Bond and Cummins (2002).
13That is, after taking first differences, we drop the observations for 2008:Q3, which is the first period of the crisis

subsample.
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net short-term debt in comparison to the CRC-IV-CUH model, are the signal of asymmetric and/or

large variance distributions of the coefficients across firms which, when not appropriately taken into

account like in a model with fixed coefficients βk
h , can act as a potential source of bias.

6 CONCLUSION

In this paper, we have examined whether there was a conditional dependence between corporate

investment and firms’ financial positions, how it changed with the onset of the financial crisis and

when moving from the financial crisis to the sovereign debt crisis period. We have employed a panel

of listed firms in the euro area and the United Kingdom, economies which experienced steep falls

in aggregate investment. The main hypothesis we have investigated is whether financial resources

were a significant determinant of investment during the financial crisis, but not prior to its onset.

Following the previous literature, we have focused on short-term liquidity and indebtedness, as they

can be expected to influence the investment decisions of firms which cannot entirely fund their

capital expenditures by raising external funds.

We have utilised an econometric specification which belongs to the family of correlated random

coefficient panel data models (Murtazashvili and Wooldridge, 2008). Given that we have let not

only the observed independent variables but also the unobserved heterogeneity at the firm level to

interact with a crisis indicator, the conditional dependencies between investment and all the explana-

tory variables are allowed to change when moving from the pre-crisis to the crisis period. Moreover,

the family of correlated random coefficient models allows each βk
hi coefficient to vary across firms

(i = 1, 2, . . . , N ). In order to address the possible endogeneity issues arising from changes in cash

holdings and short-term debt being correlated with unobserved variations in investment opportu-

nities, we have instrumented firms’ financial resources with their lagged values, choosing the lag

lengths to ensure that the instruments pre-date our sample period.

Our analysis has yielded the following results. First, we have found that to attain plausible

identification it is necessary to allow unobserved firm-level heterogeneity of investment to change

with the onset of the financial crisis. In other words, assuming that the unobserved firm-specific

component of investment remained constant throughout the sample period appears to induce biased

coefficient estimates of the financial variables of our interest. Second, our results suggest that neither

cash reserves nor short-term debt were significant determinants of investment over our sample period

(2006:Q3–2012:Q2). Moreover, no evidence has been found that the effect of these two variables on

investment was different before and after the onset of the financial crisis. However, we have found

that investment depended negatively on short-term debt net of cash reserves during the financial
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crisis, while there was no such negative conditional dependence in the pre-crisis period. Also, no

significant relationship between net short-term debt and investment has been detected during the

sovereign debt crisis.

Our insights, pointing to a negligible role played by cash holdings and short-term debt, consid-

ered individually, in accounting for investment dynamics, sharpen our understanding about the role

of leverage and available internal funds in shaping firms’ investment decisions. Namely, our findings

suggest that during the financial crisis neither short-term liquidity nor indebtedness ceteris paribus

affected firms’ ability to invest. Rather, we find that investment declined particularly markedly for

those publicly-traded firms with high levels of short-term debt net of their cash holdings, or con-

versely for firms with low cash reserves relative to the level of their short-term indebtedness. Given

that net short-term liquidity measures a firm’s capability to repay all short-term obligations if it was

called to do so at once, our results support the hypothesis that firms were either unwilling or unable

to roll over their short-term liabilities in the midst of the financial crisis, which in turn constrained

their investment decisions.

Our study is new in highlighting the particular attention that policy makers should pay to the

interaction between the levels of short-term debt and liquidity. Both variables, considered separately

rather than in conjunction, exert a small economic impact on corporate investment, which also most

of the times turns out to be statistically insignificant. Our results also suggest that, in order to gauge

the vulnerability of the corporate sector to external financial shocks and subsequent real effects

on firm’s investment, one relevant variable whose developments should be carefully monitored is

represented by short-term indebtedness net of cash reserves. Going beyond, in our view, this latter

indicator might also be used for classifying firms according to their exposure to stress scenarios.

In our analysis, we have been able to identify the parameters of interest by interacting firm-level

heterogeneity with a crisis indicator. In terms of future research, a possible strand of investigation is

to adopt a fully nonparametric framework allowing to capture unobserved heterogeneity in an even

more flexible fashion than traditional models with additive individual unobserved components.
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TABLES AND FIGURES

Table 1: Descriptive statistics

Variable N. obs. Mean St. Dev. Min Max

Capital expenditure / total assets (%) 37193 1.128 1.244 -0.436 8.462

Cash reserves / total assets 43778 0.141 0.158 0.001 0.890

Short-term debt / total assets 37612 0.083 0.088 0.000 0.512

Net short-term debt / total assets 37389 -0.0304 0.157 -0.713 0.441

Tobin’s Q 30809 1.341 0.674 0.029 9.608

Market capitalization (EUR millions) 35472 2682 8812 40.01 124251

Notes. This table presents summary statistics for the main variables used in the empirical analysis. The statistics are

calculated over the sample period 2006:Q3–2012:Q2 and refer to values obtained for adjusted data. Abbreviations: N.

obs., number of observations; St. Dev., standard deviation; Max, maximum; Min, minimum.
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Table 2: Distribution of firms by country

Country Number of firms

Austria 54

Belgium 92

Cyprus 30

Estonia 14

Finland 100

France 536

Germany 470

Greece 146

Ireland 82

Italy 213

Latvia 15

Lithuania 18

Luxembourg 49

Malta 16

Netherlands 121

Portugal 35

Slovakia 21

Slovenia 16

Spain 112

United Kingdom 1112

Total 3252
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Figure 1: Average investment and Tobin’s Q: 2006:Q3–2012:Q2
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Figure 2: Average cash reserves and short-term debt: 2006:Q3–2012:Q2
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Figure 3: Average net short-term debt: 2006:Q3–2012:Q2
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Table 3: Investment before and after the crisis: average investment and mean-comparison t-tests

Before Financial difference Sovereign difference

crisis crisis (before vs. debt (financial vs.

financial) crisis sovereign)

Panel A: Cash reserves and average investment

Low cash reserves 1.446 1.020 0.426 1.046 -0.026

(13.22) (-0.963)

Medium cash reserves 1.320 0.987 0.333 0.972 0.015

(11.51) (0.583)

High cash reserves 1.283 0.989 0.294 0.997 -0.008

(8.833) (-0.275)

Panel B: Short-term debt and average investment

Low ST debt 1.278 0.984 0.294 0.953 0.031

(9.131) (1.085)

Medium ST debt 1.383 1.026 0.356 1.025 0.001

(10.81) (0.047)

High ST debt 1.477 1.047 0.431 1.037 0.010

(12.03) (0.341)

Panel C: Net short-term debt and average investment

Low net ST debt 1.332 1.030 0.302 0.979 0.051

(8.759) (1.709)

Medium net ST debt 1.275 0.923 0.352 0.933 -0.010

(12.02) (-0.408)

High net ST debt 1.523 1.095 0.427 1.093 0.002

(11.57) (0.062)

Note: “Before crisis” refers to the period 2006:Q3–2008:Q2. “Financial crisis” refers to the period 2008:Q3–2010:Q2,

while “Sovereign debt crisis” to the period 2010:Q3–2012:Q2. Low, medium and high indicate the first, second, and

third terciles of cash reserves, short-term debt and net short-term debt as of 2006:Q2. In parentheses, t-tests on the

equality of means in different periods. The null hypothesis is that the two means are equal. Variances in the groups are

not assumed to be equal to each other.
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Figure 4: Euribor-OIS spread
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Figure 5: Different samples used for estimation
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