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1. INTRODUCTION 

In their seminal paper, Modigliani and Miller (1958) show that in perfect capital 

markets, capital structure is irrelevant, and a firm’s financing and investment 

decisions are independent. Subsequent theoretical research has relaxed the perfect 

capital market assumption and examined how various market frictions and 

imperfections give rise to potential interactions between corporate financing and 

investment. Myers (1977) demonstrates that in high-growth firms with risky debt, 

managers acting in the interest of shareholders may forgo positive-NPV projects 

because the payoff of these projects would at least partially accrue to debt-holders, 

hence leading to an underinvestment or ‘debt-overhang’ problem. Alternatively, 

Jensen (1986) and Stulz (1990) argue that in low-growth firms with large free cash 

flows, leverage can be used as a disciplining device because it discourages managers 

from overinvesting in risky projects. These agency models clearly show that the 

conflicts of interest among managers, shareholders and debt-holders over the exercise 

of investment will create potential underinvestment and overinvestment incentives, in 

which corporate financing and investment decisions become interrelated. 

The major body of empirical research examines either corporate financing or 

investment in isolation.1 Based on McConnell and Servaes (1995) and Lang et al. 

(1996), a number of recent studies have explored the potential impact of corporate 

financing on investment decisions. Aivazian et al. (2005a), for example, find that 

leverage has a significantly negative effect on investment, which is consistent with the 

overinvestment hypothesis.2 In a related paper (Aivazian et al., 2005b), the same 

authors show that after controlling for leverage, debt maturity also has a negative 

impact on investment; this finding is interpreted as consistent with the 

underinvestment hypothesis. While these studies examine the effect of corporate 

financing on investment, a related strand of research investigates how investment 

opportunities affect corporate financing policies. Johnson (2003) and Billett et al. 

(2007) examine the impact of growth options on the joint choice of leverage and debt 

                                                 
1 See, for example, Rajan and Zingales (1995) and Barclay and Smith (1995) for classic capital 
structure studies of leverage and debt maturity, respectively; see Fazzari et al. (1988) and Kaplan and 
Zingales (1997) for early investment studies. 
2 See Ann et al. (2006) for a US-based study of diversified firms. See also Firth et al. (2008), who 
follow Aivazian et al.’s (2005a) approach and examine the impact of leverage on investment for 
Chinese listed firms. 
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maturity in the presence of underinvestment incentives and the liquidity risk 

associated with short-term debt.3 They show that high-growth firms adopt low-

leverage and/or short-term debt maturity policies to mitigate the underinvestment 

problem. Moreover, these policies are found to be strategic substitutes in that using 

short-term debt maturity attenuates the negative impact of growth opportunities on 

leverage (Johnson, 2003).  

The aforementioned studies separately examine the effect of investment 

opportunities on a firm’s financing decisions, and the reverse causality according to 

which corporate financing also affects investment decisions ex post. Hence, an 

important question remains as to how these financing and investment strategies 

interact in a dynamic framework in which growth opportunities with respect to a 

firm’s investment set affect its joint policy of leverage and debt maturity, which in 

turn influences its investment activities. The objective of this paper is to empirically 

investigate the interdependent relations among financial leverage, debt maturity 

structure, growth opportunities and investment using a unified framework. 

Specifically, it aims to address the following questions. How is the firm’s joint choice 

of leverage and debt maturity affected by agency problems such as underinvestment 

incentives? How and to what extent do potential liquidity risk problems constrain 

these financing decisions, especially the choice of short-term debt maturity? Do 

leverage and debt maturity act as strategic substitutes in controlling underinvestment 

incentives? Does a short-term debt maturity (or low-leverage) strategy attenuate the 

potential negative effect of growth opportunities on leverage (or debt maturity)? 

Finally, is the ex ante restructuring of leverage and debt maturity effective in 

controlling agency problems, and ex post, how does it affect the optimal investment 

strategy? 

The paper contributes to the existing literature on interactions between 

corporate financing and investment in the following ways. First, this is one of the first 

studies to investigate the relation between investment opportunities and the choice of 

leverage and debt maturity ex ante as well as the effects of these financial policies on 

investment decisions ex post. We develop a system of structural equations that models 

financial leverage, debt maturity and firm investment simultaneously and allows us to 

test whether growth opportunities inversely affect leverage (or debt maturity) and 

                                                 
3 Billett et al. (2007) further examine the effect of growth opportunities on the use of debt covenants. 
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whether the direction of this relation is conditional on debt maturity (or leverage).4 

The use of structural equations in which firm investment is modelled as an 

endogenous variable also facilitates an examination of the varied and complex effects 

of leverage and debt maturity on investment. A further advantage of the system-based 

model over a single-equation approach is the ability to test several predictions about 

leverage, debt maturity and investment while allowing for simultaneity, endogeneity 

and dynamics in a firm’s financing and investment decisions.  

In terms of methodology, our empirical analysis is conducted in a panel data 

setting, which controls for heterogeneity among individual firms. We employ a two-

stage estimation procedure in which the instrumental variable (IV) and the generalised 

methods of moments (GMM) estimators are adopted in the second stage to improve 

the consistency and efficiency of the estimates.  

Finally, the system-based model developed in this paper is tested using an 

unbalanced panel dataset of UK firms over the period 1996−2003. Since most existing 

research in this area is US-based, it is of particular interest to examine corporate 

financing and investment behaviours in a country with a market-oriented environment 

similar to that of the US. Furthermore, the literature has documented a number of 

important differences in the corporate financing patterns of UK and US firms, which 

are relevant for our research questions. For example, UK firms generally have lower 

leverage (Rajan and Zingales, 1995; Antoniou et al., 2008) and shorter debt maturity 

structures (Datta et al., 2005; Marchica, 2007) compared to their US counterparts.5 

The use of lower total debt and the greater reliance on debt with short-term maturities 

observed in UK firms are particularly relevant for analysing Myers’ (1977) 

underinvestment hypothesis and Diamond’s (1991, 1993) liquidity risk theory. 

The paper documents several new findings. First, firms facing high growth 

opportunities reduce leverage, consistent with Myers’ (1977) hypothesis regarding the 

role of a low-leverage strategy in moderating underinvestment incentives. The results, 

however, do not support the prediction that firms also actively shorten the maturity of 

                                                 
4 The use of a system-based framework is consistent with recent theoretical and empirical research on 
the interdependence of corporate financing and investment (e.g., Elyasiani at al., 2002; Barclay et al., 
2003; Dessi and Robertson, 2003; Johnson, 2003; Billett et al., 2007).  
5 Antoniou et al. (2008) document an average market (book) leverage ratio of 0.21 (0.18) for UK firms 
and 0.27 (0.27) for US firms. The proportion of short-term debt due within one year to total debt is 
22% for an average US firm; see Table 1 in Datta et al. (2005). In our UK sample, short-term debt due 
within one year on average represents 46% of total debt; see Table A3 in Appendix 2. 



 5

their debt to alleviate underinvestment, suggesting that liquidity risk constrains the 

use of a short-term debt maturity strategy. Unlike Johnson (2003) and Billett et al. 

(2007), we find that debt maturity is unaffected by growth opportunities and thus does 

not attenuate the negative effect of growth opportunities on leverage. Second, 

leverage and debt maturity exhibit a robust, positive relation, which is consistent with 

Diamond’s (1991, 1993) liquidity risk hypothesis but is inconsistent with the 

argument that debt maturity and leverage are strategic substitutes for controlling 

underinvestment incentives. Combining these two results highlights the relative 

importance of the liquidity problem as compared to the underinvestment problem in 

determining a firm’s initial choice of leverage and debt maturity. Third, there is little 

evidence that by actively lowering leverage to mitigate underinvestment incentives, 

firms will be able to make more value-increasing investments. Leverage exerts a 

strong, direct negative effect on the level of investment ex post possibly due to an 

agency cost of debt that cannot be completely alleviated. This finding is most 

consistent with the overinvestment hypothesis regarding the disciplining role of 

leverage for firms with limited growth prospects and large cash flows. Finally, while 

debt maturity does not have a direct negative impact on investment, firms with more 

(less) short-term debt are able to exploit more (fewer) valuable growth opportunities 

and make more (fewer) investments ex post. 

The remainder of the paper is organised as follows. Section 2 develops a 

theoretical framework that highlights the potential interactions among leverage, debt 

maturity, growth opportunities and investment. Section 3 proposes a system of 

equations that simultaneously models leverage, debt maturity and investment. Section 

4 discusses the data and methods used in the paper. Section 5 presents the empirical 

results and several robustness tests. Section 6 concludes. 

2. THEORETICAL FRAMEWORK 

Myers (1977) develops a principal-agent model that highlights potential interactions 

among growth opportunities, leverage and debt maturity. He shows that due to the 

agency cost of outstanding debt, the shareholder-manager coalition in control of a 

firm with high-growth opportunities might pass up positive-NPV projects. This 

underinvestment problem arises because with risky debt, the payoff of such projects at 

least partially accrues to the debt-holders (i.e., the principal) rather than fully accruing 

to the shareholders and managers (i.e., the agent). The more valuable growth options 
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the firm has, the greater the degree of the underinvestment or so-called ‘debt 

overhang’ problem it faces. These underinvestment incentives can be mitigated, 

however, if in anticipation of valuable growth prospects, the firm lowers its leverage 

and/or shortens the maturity structure of its debt (Myers, 1977).6 Lowering leverage 

directly reduces the cost of risky ‘debt overhang’ and allows valuable growth 

opportunities to be taken. Alternatively, using short-term debt that expires before an 

investment project is implemented enables shareholders to gain the full benefit from 

the new project through renegotiation of the debt contracts, thereby mitigating the 

underinvestment problem.  

The interactions among growth opportunities, leverage and debt maturity are 

affected by (i) the substitutability of leverage and debt maturity in controlling the 

underinvestment problem and (ii) the liquidity risk associated with short-term debt. If 

leverage and maturity are considered strategic substitutes, firms using short-term debt 

to sufficiently resolve the underinvestment problem have less incentive to lower 

leverage. Hence, it can be argued that shortening debt maturity helps attenuate the 

negative effect of growth opportunities on leverage (Johnson, 2003).7 Similarly, firms 

that can sufficiently control underinvestment incentives by reducing leverage will 

have less incentive to use short-term debt. The negative effect of growth opportunities 

on debt maturity can be attenuated by the initial decision to use low leverage. In sum, 

it is hypothesised that the impact of growth opportunities on leverage (or debt 

maturity) is conditional on debt maturity (or leverage).  

The liquidity risk hypothesis developed by Diamond (1991, 1993) and Sharpe 

(1991) has important implications for the interactions among growth, leverage and 

debt maturity. Liquidity risk may impose a constraint on a firm’s choice of short-term 

debt maturity, which may be required to control the underinvestment problem. Due to 

asymmetric information regarding investment, firms using short-term debt may not be 

able to roll over the outstanding debt contracts when their investment projects 

generate a negative NPV. Too much short-term debt creates significant liquidity risk, 

                                                 
6 Debt covenants provide another vehicle to control the underinvestment problem. See Smith and 
Warner (1979) for a review and Billett et al. (2007) for a recent empirical study of covenants.  
7 Furthermore, from a trade-off perspective, a short-term debt maturity policy that reduces the agency 
cost of debt enables the firm to use more leverage, leading to a potential indirect, negative relation 
between long-term debt maturity and leverage. Note also that when high-growth firms shorten their 
debt maturity by issuing new short-term debt, the total debt ratio tends to increase, resulting in a 
mechanical, positive relation between growth opportunities and leverage. 



 7

thereby increasing bankruptcy costs and constraining debt capacity (Childs et al., 

2005). Thus, the economic relation between growth opportunities and debt maturity is 

determined by the trade-off between the decreased agency cost (i.e., underinvestment) 

and increased bankruptcy cost (i.e., liquidity risk) of short-term debt. When firms 

have the ability to moderate liquidity risk, mitigating incentive problems are of first-

order importance so that a short-term debt maturity strategy can be adopted to resolve 

the underinvestment problem. When firms have less financial flexibility, they will 

tend to lower their leverage ratio but still may not choose to shorten the maturity of 

their debt because of liquidity constraints (Childs et al., 2005).8 

The implications of this liquidity risk argument are twofold. In the presence of 

significant liquidity risk, a low-leverage strategy may be preferred to a short-term 

debt maturity strategy as a solution to the underinvestment problem. While growth 

opportunities are predicted to exert a strong negative impact on leverage, the effect of 

growth on debt maturity reflects the trade-off between the benefit of using short-term 

debt to mitigate underinvestment incentives and the cost of the associated liquidity 

risk. Second, the liquidity risk hypothesis suggests a positive, direct relation between 

leverage and long-term debt maturity. Firms that maintain short-term (long-term) debt 

maturity will face high (low) liquidity risk and will have an incentive to reduce 

(increase) leverage. In sum, the sign of the relation between leverage and debt 

maturity is determined by the net effect of the reduced underinvestment problem (i.e., 

a substitution effect) and increased liquidity risk (i.e., a complementary effect).  

Myers’ (1977) underinvestment hypothesis also provides important empirical 

implications for the interactions among leverage, debt maturity, and investment 

outcomes ex post.9 The discussion above demonstrates how lowering leverage and/or 

shortening debt maturity can help mitigate underinvestment incentives. The argument 

follows that if in anticipation of high-growth options, firms can resolve the 

underinvestment problem completely by ex ante restructuring of leverage and debt 

maturity, they will be able to exploit more growth opportunities ex post. In particular, 

a low-leverage and/or a short-term debt maturity strategy allow more growth options 

                                                 
8 In an extreme case in which liquidation probabilities are too high, firms may have to lengthen the 
maturity of their debt though this strategy may lead to a more severe underinvestment problem. 
9 Jensen’s (1986) overinvestment problem also implies a negative relation between leverage and firm 
investment as briefly discussed in the Introduction. This issue will be examined in detail in Section 
5(iv).  
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to be taken, resulting in a higher level of investment. Lowering leverage and/or 

shortening debt maturity are thus predicted to magnify the positive effect of growth 

opportunities on investment. 

This prediction, however, depends on the assumptions that growth 

opportunities are fully recognised and that underinvestment incentives can be 

controlled completely through the ex ante restructuring of leverage and debt maturity 

(Aivazian et al., 2005a). A violation of any of these two assumptions will give rise to 

a negative effect of leverage and/or debt maturity on investment. For example, it can 

be argued that it is costly to implement these strategic financing adjustments. 

Specifically, if renegotiation and transaction costs incurred to repurchase debt or to 

shorten the maturity of debt outweigh the benefit of attenuated underinvestment, firms 

will be better off not adjusting leverage and debt maturity.10 Similarly, when the cost 

of the liquidity risk associated with short-term debt is greater than the reduced cost of 

underinvestment problems, firms will have less incentive to shorten their debt 

maturity. Overall, transaction costs and liquidity risk may constrain firms from fully 

adjusting their leverage and debt maturity structure, resulting in underinvestment ex 

post. 

Furthermore, when growth opportunities are not anticipated sufficiently early 

and completely, there is even less scope for alleviating underinvestment incentives 

(Aivazian et al., 2005a). Renegotiation with the debt-holders will have to be 

completed quickly, thus increasing the bargaining and transaction costs faced by the 

firm. These increased costs will further prevent the firm from adjusting their leverage 

and debt maturity. Hence, firms with a high leverage ratio and/or a long-term debt 

maturity ex ante will be likely to forgo valuable growth opportunities, implying a 

negative effect of leverage and debt maturity on their ex post investment levels.  

3. ECONOMETRIC MODELS 

To test the theoretical framework proposed in Section 2, we develop a system-based 

model consisting of three structural equations, thus simultaneously modelling 

leverage, debt maturity and firm investment. 

                                                 
10 See also Leary and Roberts (2005) for some recent evidence on the costly adjustment of leverage. 
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(i) Leverage Equation 

We specify the leverage equation as a dynamic partial adjustment model (e.g., Ozkan, 

2001; Flannery and Rangan, 2006) and further augment it by including debt maturity 

and its interaction term with growth opportunities as follows:  

LEVLEV
ti βx ,,3,2,11,0, +×++++= − titititiLEVti MATGTHGTHMATLEVLEV αααδα

 

  tii u ,++ µ , 
(1) 

where tiLEV , , tiMAT ,  and tiGTH ,  denote market leverage, debt maturity (measured 

by the ratio of long-term debt due in more than one year to total debt) and growth 

opportunities (market-to-book) at time t, respectively.11 LEV
tix ,  is a k×1  vector of the 

(k) determining factors of leverage; LEVβ  is a 1×k  vector of the coefficients; and iµ  

represents the time-invariant unobservable firm and/or industry-specific fixed effects, 

which capture firm and industry characteristics.12 itu  is the error term such that 

),0(~ 2
uit iidu σ .  

Equation (1) has a number of noteworthy features. First, a lagged value of 

leverage is included to control for dynamic adjustment towards target leverage as 

predicted by the trade-off theory of capital structure (Ozkan, 2001; Flannery and 

Rangan, 2006). The speed of adjustment, as represented by )1( LEVδ− , is expected to 

be significantly positive.  

The model specification also includes debt maturity and growth opportunities 

as explanatory variables; their respective coefficient estimates capture the direct 

effects on leverage. Myers’ (1977) underinvestment hypothesis predicts a negative 

coefficient on growth opportunities. As discussed in Section 2, the liquidity risk and 

underinvestment hypotheses have conflicting predictions regarding the relation 

between debt maturity and leverage. Hence, the net effect of debt maturity on 

                                                 
11 Johnson (2003) measures debt maturity by using the ratio of short-term to total debt. For UK firms, 
however, such a measure may proxy for creditor identity given the relatively higher proportion of bank 
debt in short-term debt (e.g., Marchica, 2007). Thus, the long-term debt maturity measure is considered 
a more appropriate measure of debt maturity in the UK context. Empirically, the use of this measure is 
consistent with previous research; see, for example, Antoniou et al. (2006). 
12 In a robustness test, we include firm-invariant time-specific effects, which control for potential 
macroeconomic shocks, changes in the state of the economy, interest rates and prices, accounting 
standards and other regulations, and so on. Unreported results are qualitatively similar for the leverage 
equation, but are less satisfactory for the debt maturity and investment equations.  
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leverage will be determined empirically by the trade-off between the cost of the 

liquidity problem and that of underinvestment incentives. 

Furthermore, we follow Johnson (2003) and use an interaction term between 

debt maturity and growth opportunities in order to test whether debt maturity 

attenuates the expected negative effect of growth opportunities on leverage. In 

Equation (1), the effect of growth opportunities on leverage is given by 

MATGTHLEV 32/ αα +=∂∂ , where 2α  is the stand-alone coefficient on growth 

opportunities, and 3α  the coefficient on growth interacted with debt maturity. The 

first term represents a potential direct negative effect of growth opportunities on 

leverage, while the second term represents an indirect attenuation effect of short-term 

debt maturity. If the coefficient on the interaction term, 3α , is negative, then the 

shorter the firm’s debt maturity is, the smaller the (inverse) impact of growth on 

leverage will be. For firms that can sufficiently control the underinvestment problem 

through a short-term debt maturity strategy, the negative effect of growth 

opportunities on leverage can theoretically be eliminated (Johnson, 2003).  

Finally, the vector of control variables, LEV
tix , , includes four conventional 

determinants of leverage drawn from previous research (Titman and Wessels, 1988; 

Ragan and Zingales, 1995), including non-debt tax shields, tangibility, profitability 

and firm size; see Table A1 in Appendix 1 for variable definitions.13 Non-debt tax 

shields are a substitute for the tax benefits of debt, and so firms with high non-debt 

tax shields are predicted to have less debt (DeAngelo and Masulis, 1980). The 

collateral value of assets (i.e., tangibility) can be used as a security to avoid the asset 

substitution effect and to reduce the agency costs of debt; hence, firms with high 

tangibility should carry more debt (see Frank and Goyal, 2007). The relation between 

profitability and leverage is negative according to the pecking order theory (Myers, 

1984; Myers and Majluf, 1984), but it can also be positive as predicted by the trade-

off framework (Modigliani and Miller, 1963; Jensen, 1986). Firm size is predicted to 

exert a positive effect on leverage because large firms face low agency, bankruptcy 

and transaction costs and are less vulnerable to asymmetric information and adverse 

                                                 
13 In robustness tests, we use additional control variables such as earnings volatility, firm quality and 
the tax ratio. The unreported estimation results are qualitatively similar to those presented here. 
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selection; they hence have easier access to financial markets (see Frank and Goyal, 

2007).  

(ii) Debt Maturity Equation 

Consistent with the model specification for the leverage equation, the estimated model 

for debt maturity is specified as follows: 

MATMAT
ti βx ,,3,2,11,0, +×++++= − titititiMATti LEVGTHGTHLEVMATMAT γγγδγ  

  tii v ,++π , 
(2) 

where MAT
tix ,  represents a l×1  vector of the l determining factors of debt maturity; 

MATβ  denotes a 1×l  vector of the coefficients; iπ  is the unobservable firm and/or 

industry-specific fixed effects; and itv  is the error term such that ),0(~ 2
vit iidv σ . 

In Equation (2), we extend previous empirical models on debt maturity 

(Barclay and Smith, 1995; Ozkan, 2000) in several dimensions to capture potential 

interactions among leverage, debt maturity and growth opportunities. As in the 

leverage equation, lagged maturity is included to control for the dynamics of debt 

maturity. Recent theoretical and empirical findings suggest that firms have an optimal 

debt maturity structure (Brick and Ravid, 1985; Kane et al., 1985; Jun and Jen, 2003) 

towards which they seek to adjust in the long run (Ozkan, 2000; Antoniou et al., 

2006).14 In Equation (2), leverage and growth opportunities enter as right-hand-side 

regressors; their respective coefficients capture the direct effects on debt maturity. 

The coefficient estimate of leverage is expected to be consistent with that of debt 

maturity in the leverage equation in terms of both sign and magnitude.  

We also include an interaction term between growth opportunities and 

leverage to capture a potential attenuation effect of leverage on the hypothesised 

negative relation between growth and debt maturity. The net effect of growth 

opportunities on debt maturity is given by LEVGTHMAT 32/ γγ +=∂∂ , where 2γ  

and 3γ  are the coefficients on growth and growth interacted with leverage, 

respectively. The sign of the coefficient on the interaction term, 3γ , indicates whether 

leverage attenuates a potential negative effect of growth opportunities on debt 

                                                 
14 Lewis (1990) shows, however, that debt maturity structure is irrelevant in a multi-period financing 
framework, in which capital structure and debt maturity decisions are made simultaneously and the 
only market imperfection is taxation. 
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maturity. If firms can reduce leverage to alleviate the underinvestment problem, they 

may have less incentive to shorten their debt maturity structures; hence the coefficient 

3γ  should have a negative sign. Furthermore, if the underinvestment problem can be 

controlled sufficiently through a low-leverage policy, firms may not even choose to 

shorten the maturity of their debt, implying no economic relation between growth 

opportunities and debt maturity.15  

Following previous empirical research (e.g., Antoniou et al., 2006), the vector 

of regressors, MAT
tix , , includes six determinants of debt maturity, namely, firm size, 

asset maturity structure, tax ratio, term structure of interest rates, volatility and firm 

quality; see Table A1 in Appendix 1 for variable definitions. Larger firms with lower 

asymmetric information and agency costs have easier access to long-term debt 

markets, implying a positive relation between debt maturity and firm size (Antoniou 

et al., 2006). Theoretical and empirical research shows that firms tend to match their 

debt maturities to their asset maturities (Hart and Moore, 1994; Stohs and Mauer, 

1996), suggesting a positive relation between these two variables. Tax-based models 

show that debt maturity decreases with the tax advantage of debt (Kane et al., 1995) 

but increases with the slope of the yield curve (Brick and Ravid, 1985). Volatility is 

predicted to have a negative effect on optimal debt maturity because firms with highly 

volatile value face high bankruptcy costs and are expected to use more long-term debt 

than short-term debt (Kane et al., 1985). The signalling hypothesis suggests that firms 

with high asymmetric information choose to signal their good quality by issuing 

short-term debt (Flannery, 1986), implying a negative relation between debt maturity 

and firm quality. 

(iii) Investment Equation 

Existing empirical research on the interactions of corporate financing and investment 

generally estimates a Tobin’s q model of investment (Lang et al., 1996; Aivazian et 

al., 2005a; 2005b).16 Therefore, we employ this model specification here to facilitate 

                                                 
15 Note, however, that growth opportunities may also have an insignificant impact on debt maturity if 
high liquidity cost outweighs the benefit of short-term debt in controlling underinvestment incentives. 
16 While the Tobin’s q model is widely used in the literature, it is also subject to a number of criticisms. 
See, for example, Hayashi (1982) and Erickson and Whited (2000). See also Goergen and Renneboog 
(2001) for a survey of four classes of investment models, including the neoclassical model, the sales 
accelerator model, the Tobin’s Q model and the Euler equation model. See Bond et al. (2003) and 
Guariglia (2008) for recent studies using error correction models. 
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comparisons with previous evidence. To control for the effect of corporate financing 

on investment, we include leverage and debt maturity (Aivazian et al., 2005a, 2005b; 

Hovakimian, 2009) as well as their respective interaction terms with growth 

opportunities as explanatory variables as follows: 

1,31,21,11,0, −−−− ++++= titititiINVti GTHMATLEVINVINV ϕϕϕδϕ  

  tiitititi wCFMATGTHLEVGTH ,1,61,51,4 +++×+×+ −−− φϕϕϕ ,
 

(3) 

where tiINV ,  is firm investment, measured by capital expenditures less depreciation 

divided by total assets at time t  (Aivazian et al., 2005a, 2005b); 1, −tiCF  represents 

cash flow at t−1; iφ  is the unobservable firm and/or industry-specific fixed effect; and 

tiw ,  the error term such that ),0(~ 2
, wti iidw σ . 

Growth opportunities are proxied by Tobin’s q, which in turn is measured by 

the market value of the firm’s total assets divided by the book value of these assets. In 

the Tobin’s q model, the expectation of future profitability is captured by forward-

looking stock market valuation, and so absent severe financial constraints, firms with 

high growth options will be able to make more investments. This implies a positive 

relation between lagged growth opportunities and current investment expenditures. 

Cash flow is included to control for the firm’s financial constraints (Fazzari et al., 

1988). The coefficient on this variable represents the degree of cash flow sensitivity to 

investment, which equals zero if firms are not financially constrained but is 

significantly positive if firms face some form of financial constraint.17 Lagged 

investment is included as an explanatory variable to capture a potential accelerator 

effect of investment (Aivazian et al., 2005a, 2005b).  

In Equation (3), we include leverage and debt maturity to control for the 

potential interactions of financing and investment decisions (Aivazian et al., 2005a, 

2005b).18 The preceding discussion suggests that in the presence of unanticipated 

growth prospects and/or high contracting costs, the initial joint policy of leverage and 

                                                 
17 This interpretation is the subject of a heated debate in the investment literature (e.g., Kaplan and 
Zingales, 1997; Cleary, 1999; Fazzari et al., 2000; Kaplan and Zingales, 2000; Cleary, 2006; Cleary et 
al., 2007). Nevertheless, this issue is not the main focus of this paper. 
18 Hennessy (2004) estimates a similar model and includes a debt overhang correction term (i.e., the 
ratio of bondholders’ recovery in default over capital) to capture the effect of underinvestment 
incentives. 
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debt maturity may inversely affect the level of investment ex post. In particular, high-

leverage and/or long-term debt maturity curtails investment, suggesting negative 

coefficients on both leverage and debt maturity.  

Finally, our investment equation includes two interaction terms, one between 

growth opportunities and leverage and the other between growth opportunities and 

debt maturity. Using these two interaction terms facilitates an assessment of the 

indirect effect of growth opportunities on investment, conditional on the initial choice 

of leverage and debt maturity. The effect of growth opportunities on investment is 

given by =∂∂ −1,, / titi GROWTHINV  1,51,43 −− ++ titi MATLEV ϕϕϕ , where 3ϕ  is the 

coefficient on growth opportunities (i.e., the stand-alone effect), and 4ϕ  and 5ϕ  are 

the coefficients on the two interaction terms. As discussed in Section 2, firms that 

lower leverage and/or shorten the maturity of their debt ex ante are expected to make 

more investments ex post. In contrast, firms that maintain high leverage and/or long-

term debt maturity are less likely to exploit valuable growth opportunities; hence, the 

coefficients on the two interaction terms should have a negative sign.  

4. METHODOLOGY AND DATA 

(i) Methodology 

The model developed in the previous section consists of three equations in which 

leverage, debt maturity and investment are treated as endogenous.19 Estimation of 

each equation separately will result in biased and inconsistent estimates due to a 

simultaneous-equations bias. To deal with this problem, we adopt a two-stage 

estimation procedure that involves replacing the endogenous variables with their 

predicted values from the reduced-form regressions on the exogenous variables 

(Wooldridge, 2002). In what follows, we show in detail how estimation is performed. 

                                                 
19 Although firm investment is not included as a regressor in the leverage and debt maturity equations, 
it is the dependent variable in the investment equation and is treated as an endogenous variable in the 
system. Note further that estimating the investment equation independently and separately from the 
system is likely to lead to inconsistent and biased results due to the endogeneity of the two regressors, 
namely, leverage and debt maturity (Lang et al., 1996; Aivazian et al., 2005a, 2005b). The same 
argument applies to the leverage and debt maturity equations. Hence, while we discuss the three 
equations separately in Section 3, it is essential to model and estimate them under the proposed system-
based framework. 
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 In order to adopt the two-stage approach, it is necessary to identify the 

instruments for the endogenous variables in our model.20 In the leverage equation, the 

instruments for debt maturity can be selected from five exogenous variables available 

in the debt maturity and investment equations, including asset maturity, tax ratio, term 

structure, volatility, firm quality and cash flow. Since tax ratio, volatility, firm quality 

and cash flow are potentially correlated with leverage (Harris and Raviv, 1991; Frank 

and Goyal, 2009), only asset maturity and term structure are chosen as the instruments 

for debt maturity (Elyasiani et al., 2002; Aivazian et al., 2005a, 2005b). In the debt 

maturity equation, leverage is instrumented by non-debt tax shields, tangibility and 

profitability, which are not theoretically related to debt maturity structure (Johnson, 

2003). In the investment equation, the instruments for lagged debt maturity and 

lagged leverage are the same as those used in the first two equations, except that here 

lagged values are used instead of values in levels.  

 Conventional techniques such as the two-stage least squares estimators (2SLS) 

employ the OLS or fixed-effects (FE) estimators in the second stage of estimation. 

Although this approach overcomes the simultaneity problem, applying it to our model 

will produce biased and inconsistent estimates because all three equations in the 

system are dynamic panel models in which the lagged dependent variables are 

correlated with the individual effects. For example, there is a potential correlation 

between 1, −tiLEV  and iµ  in Equation (1). We address this problem by adopting the IV 

and GMM estimators in the second stage of estimation.  

The IV approach involves transforming the dynamic equations by first-

differencing them to eliminate the individual effects and their potential correlation 

with the lagged values of the dependent variables (Anderson and Hsiao, 1982). 

Applying this technique to the proposed system yields the following transformed 

equations: 

titititiLEVti MATGTHGTHMATLEVLEV ,3,2,11,, ×∆+∆+∆+∆=∆ − αααδ  

  tiu ,, ∆+∆+ LEVLEV
ti βx ,  

(4) 

titititiMATti LEVGTHGTHLEVMATMAT ,3,2,11,, ×∆+∆+∆+∆=∆ − γγγδ  (5) 

                                                 
20 Since the number of exogenous variables excluded from Equations (1), (2) and (3) is larger than the 
number of endogenous variables included in those equations, the identification condition is satisfied. 
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  tiv ,, ∆+∆+ MATMAT
ti βx , 

1,31,21,11,, −−−− ∆+∆+∆+∆=∆ titititiINVti GTHMATLEVINVINV ϕϕϕδ  

  titititi wCFMATGTHLEVGTH ,1,61,51,4 ∆+∆+×∆+×∆+ −−− ϕϕϕ . 
(6) 

It is readily seen that the first-lagged dependent variable in first differences can be 

instrumented by the second-lagged value in levels, e.g., 1, −∆ tiLEV
 
as instrumented by

 

2, −tiLEV  in Equation (4). Similarly, 1, −∆ tiMAT  and 1, −∆ tiINV  can be instrumented by 

2, −tiMAT  and 2, −tiINV
 
in Equations (5) and (6), respectively. This IV-type estimator is 

consistent because the second-lagged value in levels (e.g., 2, −tiLEV ) is related to the 

first-lagged value in differences (e.g., 1, −∆ tiLEV ) but is not related to the error term in 

first differences (e.g., itu∆ ).  

To improve the efficiency of the IV estimation, we consider the two-step 

GMM estimator, which further exploits all linear restrictions under the assumption of 

no serial correlation (Arellano and Bond, 1991).21 This approach also involves first-

differencing the dynamic equations as outlined above and then creating a matrix of 

instruments by using the orthogonality conditions between the lagged values of the 

dependent variable and the error term. For the purpose of illustration, the GMM 

instruments for 1, −∆ tiMAT  in the transformed debt maturity equation, given by 

Equation (5) include a set of t−2 elements ),...,,( 13,2, ititi MATMATMAT −− . This GMM 

approach is essentially a generalisation of the IV method that only uses the second-

lagged value in levels as instruments (e.g., 2, −tiMAT ).22 

                                                 
21 It is well-established in the econometrics literature that the two-step GMM estimator is more 
efficient than the one-step approach because it is robust to any form of heteroscedasticity and cross-
correlation. Moreover, we apply Windmeijer’s (2005) small-sample correction to the two-step GMM 
standard errors, which are potentially downward-biased, especially when the number of instruments is 
large. 
22 In a robustness test, we employ Blundell and Bond’s (1998) system GMM estimator (SYSGMM), 
which arguably further improves the efficiency of Arellano and Bond’s (1991) GMM approach by 
using additional instruments in the original level equations. However, the unreported SYSGMM 
estimation results are not satisfactory for the debt maturity and investment equations due to the 
problem of weak instruments and serial correlation, as indicated by the Sargan and AR(2) tests. 
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(ii) Data 

We examine an unbalanced panel dataset of UK firms that was collected from the 

Datastream database. We impose four restrictions on the data. First, firms operating 

in financial sectors (i.e., banks, insurance and life assurance companies and 

investment trusts) and in utilities sectors (i.e., electricity, water and gas distribution) 

are excluded because they are subject to different regulatory accounting 

considerations. Second, in order to use the IV and GMM estimators that require the 

use of lags, only firms that have five years or more of observations are retained. 

Third, observations that have missing data for the variables of interest are removed. 

Fourth, we follow the literature and winsorise all variables at the 1st and 99th 

percentiles to alleviate the effect of outliers (Cleary, 1999; Aivazian et al., 2005a; 

2005b). The final panel data set consists of 678 firms with 4,170 firm-year 

observations from 1996 to 2003. Appendix 2 summarises the structure of the 

unbalanced panel data. Table 1 provides descriptive statistics of the variables.  

5. EMPIRICAL RESULTS 

In this section, we first summarise and discuss the empirical results. We then examine 

the robustness of the evidence for the underinvestment hypothesis by taking into 

consideration the overinvestment problem, which has similar implications for the 

interactions among leverage, growth opportunities and investment. We conclude with 

a discussion of several additional robustness tests of the main findings. 

(i) Results for the Leverage Equation 

Table 2 presents the two-stage regression results for the leverage equation based on 

Equation (1). Columns (1), (3) and (5) use the IV estimator, while columns (2), (4) 

and (6) adopt the two-step GMM estimator. The first two columns report the results 

for the baseline specifications. The next four columns report the results for the 

restricted models in which growth and its interaction term with debt maturity are 

omitted. Overall, the results for all six models are appropriate, with most of the 

coefficients on the control variables being significant and having the expected signs. 

While the GMM estimator employs more instruments and is potentially more efficient 

than the IV approach, both the IV and GMM estimates are broadly similar in terms of 

their sign and magnitude. Moreover, the Sargan and AR(2) tests suggest that all six 

models are generally satisfactory. The coefficient on lagged leverage is significantly 
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positive at the 1% significance level, which supports the choice of a dynamic 

specification for modelling leverage adjustment and is consistent with capital 

structure trade-off theory. The magnitude of this coefficient is less than 0.30, 

suggesting that UK firms have a rapid speed of adjustment, with more than 70% of 

the deviation from target leverage being closed within a year.  

The coefficient on debt maturity is found to be significantly positive at the 5% 

significance level, except in model (5). This finding is consistent with Elyasiani 

(2002), Barclay et al. (2003) and Johnson (2003) and supports the liquidity risk 

hypothesis that predicts a direct positive relation between debt maturity and leverage 

(Diamond, 1991, 1993; Childs et al., 2005). Firms with a short-term debt maturity 

structure face a potential liquidity risk problem, which can be mitigated by adopting a 

low-leverage policy. In contrast, firms with long-term debt face a less severe liquidity 

risk and will be able to use more leverage.  

The results for the interaction term between debt maturity and growth 

opportunities are mixed. In the baseline specifications in columns (1) and (2), this 

interaction term is negative but insignificant. In columns (5) and (6), growth is 

excluded to eliminate any potential correlation with its interaction with debt maturity, 

and the results show that this interaction term has a significantly negative effect on 

leverage at the 1% significance level. Overall, these results suggest that for firms with 

high growth, the overall positive relation between maturity and leverage may become 

weaker. Theoretically, the direction and magnitude of this relation is determined by 

the trade-off between the cost of the liquidity problem and that of underinvestment. 

While firms with long-term debt maturity face low liquidity risk and have incentives 

to increase leverage, those facing particularly high growth prospects may only 

moderately raise leverage. That is, using too much leverage might expose high-

growth firms to underinvestment incentives, which are more likely to arise in high-

growth states. In contrast, for low-growth firms the underinvestment problem is less 

severe; as a result, liquidity risk considerations dominate, suggesting a strong positive 

relation between leverage and debt maturity.  

Furthermore, the coefficient on the interaction term is relatively small in 

magnitude as compared to the coefficient on maturity. The highest (smallest) 

coefficient estimate of debt maturity is 0.562 (0.329), while that of the interaction 

term is 043.0− ( 012.0− ). Thus, the highest (smallest) total effect of debt maturity on 

leverage at the mean growth of 1.795 is equal to 0.485 (0.307). This total effect 
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remains positive at the highest growth value. Therefore, even when considerable 

growth opportunities are available, the partial derivative of leverage with respect to 

debt maturity is always positive. This finding shows that the cost of the liquidity risk 

problem outweighs that of underinvestment, suggesting that liquidity risk 

considerations play a more important role in determining a firm’s financial policy. 

The results in columns (1), (2), (3) and (4) provide consistent evidence that 

growth opportunities have a negative impact on leverage at least at the 5% 

significance level.23 This finding is in line with prior empirical evidence (Homaifar et 

al., 1994; Rajan and Zingales, 1995; Ozkan, 2001; Johnson, 2003) and provides 

strong support for the underinvestment hypothesis (Myers, 1977).  

The overall effect of growth opportunities on leverage is also influenced by an 

indirect effect of growth on leverage, which is captured by the interaction term 

between growth and debt maturity. In the baseline models in columns (1) and (2), the 

coefficient on this interaction term is negative but insignificant. This finding provides 

little evidence for the attenuation effect of debt maturity and is inconsistent with 

Johnson (2003). Irrespective of the choice of debt maturity, firms adopt a low-

leverage strategy to control underinvestment problems. In columns (5) and (6), the 

interaction term between growth and debt maturity has a negative impact on leverage 

at the 1% significance level. Caution should be taken in interpreting this finding, as it 

may be driven by the inverse relation between leverage and growth opportunities, 

which is omitted in these models. Furthermore, a potential attenuation effect of debt 

maturity should only arise when short-term debt is used actively to alleviate the 

underinvestment problem. In the next subsection, we interpret the results for the debt 

maturity equation and provide further insights to the present discussion.  

(ii) Results for the Debt Maturity Equation 

Table 3 presents the results for the debt maturity equation. As in Table 2, we report 

the IV estimation results in columns (1), (3) and (5) and the two-step GMM results in 

columns (2), (4) and (6). The first two columns contain the results for the baseline 

specifications based on Equation (2). In the last four columns, we present the results 

for alternative specifications of debt maturity in which growth opportunities and its 

interaction with leverage are excluded.  
                                                 
23 In unreported tests, we obtain qualitatively similar results when estimating the static and dynamic 
models of leverage in one stage and either excluding debt maturity or assuming it is exogenous. 
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A general examination reveals that the results for the debt maturity equation 

are appropriate but are less significant than those reported in Table 2 for the leverage 

equation.24 Furthermore, the theoretically more efficient GMM estimations yield 

better results than the IV estimations in terms of the significance of the coefficients. 

Hence, the following analysis focuses on the GMM estimation results. Regarding the 

control variables, only firm size and tax ratio are significant at the 1% significance 

level and have the expected signs. Firm quality measured by abnormal earnings is 

significant at the 5% level as shown in columns (2), (4) and (6) but does not carry the 

expected negative sign. The dynamic panel framework used to model debt maturity is 

appropriate as lagged debt maturity has a significantly positive coefficient at the 1% 

significance level in all six models. This finding is consistent with recent theoretical 

and empirical research on optimal debt maturity structures (Jun and Jen, 2003; Ozkan, 

2000; Antoniou et al., 2006).  

 The results show that leverage is significantly positive at the 1% level in 

columns (2), (4) and (6), weakly significant in columns (1) and (5), and insignificant 

in column (3). The finding that leverage increases with debt maturity is consistent 

with the results in the leverage equation and suggests that the positive relation 

between leverage and maturity is robust to different model estimations. It provides 

further evidence that high liquidity risk caused by a high-leverage policy can be 

moderated by long-term debt maturity (Diamond, 1991, 1993) and that long-term 

(short-term) debt maturity and high (low) leverage can be used as complementary 

strategies to avoid the threat of suboptimal liquidation. Empirically, this finding is 

consistent with previous studies estimating a single debt maturity equation (Stohs and 

Mauer, 1996; Antoniou et al., 2006) as well as studies adopting the simultaneous-

equations approach (Elyasiani et al., 2002).  

The results in columns (1), (2), (5) and (6) reveal that the coefficient on the 

interaction term between growth opportunities and leverage is insignificant. Hence, 

the overall effect of debt maturity on leverage is unaffected by the level of growth 

opportunities. Debt maturity increases with leverage irrespective of the presence of 

growth prospects and the associated underinvestment problem. The finding does not 

support the role of short-term debt as a substitute for a low-leverage strategy, and it 

                                                 
24 Diagnostic tests show that all the models use valid instruments and do not have second-order 
autocorrelation; see the AR(2) and Sargan tests. 
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poses an interesting question as to whether UK firms consider debt maturity as a tool 

to mitigate underinvestment incentives. 

As Table 3 shows, the coefficient on growth opportunities is positive and only 

weakly significant at the 10% significant level, except in column (1) where it is 

insignificant.25 Taken together with the above finding, this suggests that there is no 

economic relation between growth opportunities and debt maturity. Firms lower 

leverage but do not shorten the maturity of their debt in order to moderate the 

underinvestment problem. This finding is partially consistent with Myers’ (1977) 

prediction that both leverage and debt maturity should be inversely related to growth 

opportunities. Empirically, it is inconsistent with Barclay et al. (1995), Barclay et al. 

(2003) and Johnson (2003), who document strong evidence for a negative relation 

between growth opportunities and debt maturity in the US. The finding is inconsistent 

with prior UK evidence by Ozkan (2000) but is in line with Antoniou et al. (2006). 

The results are also in line with Stohs and Mauer (1996) and particularly with 

Elyasiani et al. (2002), who adopt the simultaneous-equations approach to model 

leverage and debt maturity.  

There are a number of possible reasons why growth opportunities and debt 

maturity are not related. Using a single-equation approach, Stohs and Mauer (1996) 

find that in a debt maturity model in which leverage is included as an exogenous 

regressor, growth opportunities do not have a significantly negative effect on 

maturity.26 They suggest that firms with high growth have low leverage and therefore 

little incentive to shorten the maturity of their debt to alleviate underinvestment 

problems. Our results are broadly in line with this argument, though it remains 

questionable whether lowering leverage alone can completely eliminate 

underinvestment incentives so that a short-term debt maturity strategy is not required. 

A reduction in leverage generally leads to the loss of interest tax shields, and so firms 

will only lower leverage until the benefit of the reduced agency problem can offset the 

loss of the tax shields. Childs et al.’s (2005) theoretical model of the interaction 

between corporate financing and investment provides a more plausible explanation for 

the insignificant relation between growth opportunities and debt maturity. It posits 

                                                 
25 This finding is robust to the single-equation framework in which we estimate the debt maturity 
equation without including leverage as a regressor or assuming that leverage is exogenous. 
26 Note, however, that this single-equation approach may suffer from potential simultaneous-equations 
bias. 
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that when firms have little financial flexibility to change their capital structure and 

debt maturity structure, they will lower leverage but will not shorten the maturity of 

their debt. While using short-term debt maturity can mitigate the agency cost of 

underinvestment, it may considerably increase the cost of suboptimal liquidation. To 

the extent to which the cost of the liquidity risk outweighs the benefit of a reduction in 

agency costs, it will no longer be beneficial for a firm to shorten the maturity of its 

debt.27 This argument is particularly consistent with our observation that UK firms 

rely considerably on short-term debt, thus facing potentially high liquidity risk that 

may constrain them from further shortening the maturity of their debt; see also Table 

A3 in Appendix 2. 

Finally, the finding that there is no economic relation between growth 

opportunities and debt maturity helps explain the results for the leverage equation. 

Since firms only use leverage to mitigate underinvestment incentives, the choice of 

debt maturity does not affect the relation between growth opportunities and leverage. 

Debt maturity and leverage are complements in moderating suboptimal liquidation but 

are neither complements nor substitutes in controlling underinvestment problems. The 

finding demonstrates why the interaction term between growth opportunities and debt 

maturity is insignificant in the leverage equation and further corroborates the evidence 

that debt maturity does not exert any attenuation effects on the relation between 

growth opportunities and leverage.  

(iii) Results for the Investment Equation 

Table 4 presents the results for eight models of investment with the baseline 

specifications reported in the first two columns. The IV estimator is used in columns 

(1), (3), (5) and (7), and the two-step GMM estimator is used in columns (2), (4), (6) 

and (8). The control variables enter the investment equation with the expected signs. 

Lagged investment is statistically significant in all models at the 5% significance level 

except in model (6), thus supporting the existence of an accelerator effect in which 

current investment is partly determined by past investment. The results also show that 

lagged growth opportunities have a positive impact on the current level of investment 

at the 1% significance level except in columns (5) and (6), which is largely consistent 

                                                 
27 Recent dynamic models by Titman and Tsyplakov (2007) and Moyen (2007) quantify the cost of 
debt overhang and postulate that underinvestment remains a problem with both long-term and short-
term debt and thus cannot be alleviated simply by shortening debt maturity.  
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with the argument that high-growth firms tend to make more investments. The results 

for lagged cash flow are mixed, with the coefficient being positive at the 1% 

significance level in models (3), (4) and (8) but insignificant in the other models.  

The results in columns (1), (2), (5) and (6) show that lagged leverage is 

negatively related to firm investment at the 1% significance level. This finding is 

consistent with previous empirical evidence (Lang et al., 1996; Aivazian et al., 2005a, 

2005b) and supports the prediction of agency theory that there is a negative relation 

between leverage and investment.28 As discussed in Section 2, such evidence may 

support the underinvestment hypothesis for two reasons. When underinvestment 

incentives are not sufficiently alleviated due to the high costs of leverage adjustments 

or high growth opportunities are not recognised sufficiently early, the maintenance of 

high leverage or the insufficient reduction of leverage ex ante will result in 

underinvestment ex post.  

The coefficient on the interaction term between lagged leverage and growth 

opportunities is insignificant except in model (5), where it is weakly significant at the 

10% significance level. Similar results are also obtained in models (3) and (4), where 

lagged leverage is not included to eliminate any potential correlation between 

leverage and its interaction with growth opportunities. With respect to the overall 

effect of growth opportunities on investment, this finding does not support the 

hypothesis that adopting an initial low-leverage policy helps magnify the positive 

relation between growth opportunities and investment. If a low-leverage strategy was 

an effective vehicle to control underinvestment problem, one would expect the 

coefficient on the interaction term to be significantly negative. Our results, in contrast, 

suggest that while high-growth firms actively lower leverage to moderate incentive 

problems, the reduction in the agency cost of risky debt overhang may be small in 

magnitude, making them unable to pursue more valuable growth opportunities ex 

post. 

The results in columns (1), (2), (7) and (8) provide no empirical support for an 

economic relation between debt maturity and firm investment, which is inconsistent 

with previous evidence (e.g., Aivazian et al., 2005b). However, we find that the 

coefficient on the interaction term between debt maturity and growth opportunities is 

                                                 
28 Adedeji (1998) analyses a cross-section sample of UK firms in 1996 and finds that leverage does not 
have a negatively significant effect on investment. Unlike our study, however, the author measures 
investment by the change in total assets over the period 1993-1996. 
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negative at the 1% significance level in models (1)−(4) and (7)−(8). Note that the total 

effect of growth opportunities on investment is the sum of the stand-alone coefficient 

on growth opportunities and the coefficient on this interaction term multiplied by debt 

maturity. This finding, therefore, suggests that long-term debt maturity attenuates the 

positive relation between lagged growth opportunities and the current level of 

investment. Taken together with the previous finding from the debt maturity equation, 

this suggests that while firms do not actively shorten the maturity of their debt to 

mitigate underinvestment incentives, long-term debt maturity limits firms from 

exploiting valuable growth opportunities and creates underinvestment ex post.  

(iv) Underinvestment and Overinvestment Incentives  

Jensen and Meckling (1976) and Jensen (1986) show that managers in low-growth but 

cash-generating industries have incentives to invest in risky projects because they 

only bear partial costs should the project generate a negative NPV. One possible 

measure to alleviate this overinvestment problem is to increase the level of debt, 

which pre-commits managers to pay out interest and principal, thereby reducing the 

free cash flow available that otherwise would be over-invested in new projects 

(Jensen, 1986; Stulz, 1990). The prediction follows that, for firms with low-growth, 

more debt should be used to deter overinvestment; i.e., leverage is negatively related 

to growth opportunities and investment outcomes.  

While underinvestment and overinvestment problems have several similar 

predictions for the potential interactions among leverage, growth opportunities and 

investment, they have different implications for firms with different growth prospects. 

The underinvestment problem analysed in the previous sections is more likely to be 

present in high-growth firms, while the overinvestment problem is more likely to arise 

in low-growth firms. To test the robustness of the evidence for the underinvestment 

hypothesis and to examine potential result differences for high-growth versus low-

growth firms, we re-estimate the system-based model given by Equations (1), (2) and 

(3) using an additional interaction term between a variable of interest and a high-

growth dummy variable equal to 1 if growth is above median growth and 0 otherwise.  

The results in Table 5 for the leverage equation show that for low-growth 

firms, leverage is positively related to growth opportunities at the 1% significance 

level, which is inconsistent with the overinvestment hypothesis. In contrast, the 

coefficient on leverage interacted with the high-growth dummy is significantly 
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negative and has a larger magnitude than the coefficient on growth opportunities, 

suggesting that the overall effect of growth opportunities on leverage is significantly 

negative for high-growth firms. This finding corroborates the results in Table 2 in 

supporting the underinvestment hypothesis.  

The results in Table 6 show that the coefficients on growth opportunities and 

the interaction with the high-growth dummy variable are insignificant across all debt 

maturity specifications. This finding is consistent with the results reported in Table 3 

and indicates that growth opportunities do not exert any significant effects on debt 

maturity for both low- and high-growth firms.  

Next, we include leverage interacted with the high-growth dummy as well as 

debt maturity interacted with the high-growth dummy in the investment equation. For 

brevity, we only report the two-step GMM estimates in Table 7. The results reveal 

that the coefficient on leverage is significantly negative at the 1% significance level, 

while the coefficient on leverage interacted with the high-growth dummy is 

insignificant. This suggests that leverage only has a significant impact on investment 

in the case of low-growth firms, which is consistent with the overinvestment 

hypothesis regarding the disciplining role of leverage for firms with limited growth 

prospects (Jensen, 1986; Stulz, 1990). The interaction term between debt maturity and 

the high-growth dummy is positive and significant at the 1% significance level. 

However, the stand-alone coefficient on debt maturity is insignificant. Hence, we find 

little empirical support for a significant relation between debt maturity and investment 

for both low- and high-growth firms.  

(v) Operating Leases, Leverage, Debt Maturity and Investment 

Recent accounting research suggests that operating leases represent a significant 

source of off-balance sheet asset financing and that they should be taken into 

consideration when evaluating a firm’s financing and investment activities (Imhoff et 

al., 1991; Beattie et al., 1998; Beattie et al., 2000). Following this argument, we assess 

the robustness of our empirical findings by explicitly accounting for operating 

leases.29 We collect data on lease commitments in each of the next five years and after 

five years from the Worldscope database and then merge these data with our original 

panel dataset. Missing values are set to zero under the assumption that the 

                                                 
29 We are grateful to the referee for this suggestion. 
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corresponding leasing data are immaterial and do not warrant separate disclosure.30 

The capitalised value of operating leases is then estimated using a widely-used DCF 

method suggested by Imhoff et al. (1991).31 

The mean capitalised lease liability is estimated at £18 million, accounting for 

nearly 9% of the mean total debt before capitalisation. Of this estimate, £9.4 million 

can be categorised as long-term (i.e., due in more than one year), representing about 

6.5% of pre-capitalisation long-term debt.32 Capitalised lease assets amount to £12 

million, representing 1.7% of total assets before capitalisation. The mean increase in 

capital expenditures post-capitalisation is 8.6% (or £3 million in value). Leverage 

increases by 2.2% while debt maturity decreases by 4.4% after the capitalisation 

process. Adjusted investment based on net capital expenditures increases by 2%, 

while growth opportunities marginally decrease by 0.01. Profitability and cash flow 

both increase by approximately 2.5% after capitalisation. Overall, the above results 

show that the capitalisation of operating leases has a moderate effect on the main 

variables under consideration in this paper.  

We next re-estimate our system-based model given by Equations (1), (2) and 

(3) using the variables adjusted for capitalised operating leases. The results for the 

leverage, debt maturity and investment equations are reported in Tables A4, A5 and 

A6 in Appendix 3, respectively. A general examination of these results suggests that 

the main empirical findings of the paper still hold well. In the leverage model, growth 

opportunities have a significantly negative impact on leverage, which is consistent 

with the underinvestment hypothesis. The coefficient on the interaction term between 

growth opportunities and debt maturity is insignificant, which is not supportive of the 

attenuation effect. Leverage and debt maturity exhibit a significantly positive relation 

in both the leverage and debt maturity equations, which is in line with the liquidity 
                                                 
30 In 2004, Datastream removed its Company Account database and replaced it with the Worldscope 
database, which provides leasing data in a format consistent with Imhoff et al.’s (1991) approach.  
31 This DCF method has been employed by credit rating agencies since the early 1990s.  Beattie et al. 
(1998) adapt Imhoff et al.’s (1991) capitalisation procedure for a sample of UK firms; see also Beattie 
et al. (2000) and Goodacre (2001). However, this modified approach requires the data on leases (i.e., 
leasing footnotes to annual reports) to be collected manually and may be inconsistent with the 
standardised leasing data available on Worldscope used in this paper. 
32 We follow Imhoff et al. (1991) and assume that the capitalised lease asset represents 70% of the 
capitalised lease liability. Shareholders’ equity is adjusted to reflect the cumulative profit and loss 
impact of capitalisation. EBITD is increased by the operating lease rental payments, which are assumed 
to equal next year’s lease commitment (Beattie et al., 1998). Capital expenditures is adjusted by the 
annual change in the capitalised lease liability; see also Damodaran (2009). 
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risk hypothesis. In the latter model, there is little evidence that growth opportunities 

have a significantly negative impact on debt maturity.33 In the investment equation, 

investment is negatively affected by leverage but not by debt maturity; the former 

finding is consistent with agency theory. In sum, the results after accounting for 

operating leases are qualitatively similar to our main empirical findings.34 

(vi) Robustness Tests 

In this section, we conduct several additional robustness tests of our empirical 

findings by using alternative measures of debt maturity and investment, and 

considering alternative specifications of the investment model. 

In the empirical analysis above, we consider debt maturity as the ratio of long-

term debt due in more than one year to total debt. This measure is appropriate given 

the UK context (see footnote 11) and is generally consistent with measures used in 

recent research on debt maturity (e.g., Antoniou et al., 2006). Our unreported tests 

further show that the main empirical findings are insensitive to our choice of the debt 

maturity measure. We obtain qualitatively similar results when considering debt 

maturity as the ratio of debt due in more than two years to total debt.  

While we follow the majority of research on the interaction between corporate 

financing and investment (Lang et al., 1996; Aivazian et al., 2005a, 2005b; Firth et 

al., 2008) and measure investment as net capital expenditures, some recent studies 

suggest that research and development (R&D) expenses could also be considered a 

form of investment (e.g., Kaplan and Zingales, 1997).35 To address this, we collect 

data on R&D expenses and merge them with our original dataset. We then define 

investment as the sum of net capital expenditures and R&D, all divided by fixed 

assets lagged one period. The unreported results regarding the impact of leverage and 

debt maturity on investment are qualitatively similar. However, unlike the results in 

Table 4, the interaction term between growth opportunities and debt maturity only has 

                                                 
33 While the Sargan test is rejected in debt maturity models, the AR(2) test is not, suggesting that the 
error is not serially correlated and the IV and GMM estimates are still consistent. 
34 Yan (2006) suggests that leases and debt may act as strategic substitutes in controlling market 
imperfections including underinvestment incentives. While this hypothesis warrants further empirical 
research, our main findings are generally robust to the cases where leases (both capital and ‘capitalised’ 
operating) are included in or excluded from debt. 
35 We thank the referee for pointing this out. 
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a significant and negative effect on investment in two models.36 In a related and final 

robustness test, we consider an alternative specification for the investment model. 

Specifically, following Whited (1992) and Bond and Meghir (1994), we estimate an 

Euler equation for investment. The results from this alternative specification are 

qualitatively similar to those obtained by estimating the Tobin’s q model of 

investment. 

6. CONCLUSIONS 

This paper examines the potential interactions of corporate financing and investment 

decisions in the presence of incentive problems in order to address two main research 

questions. First, it investigates how a firm makes a joint choice regarding leverage 

and debt maturity in order to alleviate the underinvestment problem caused by risky 

debt overhang. Second, it examines the extent to which this ex ante restructuring of 

leverage and debt maturity affects the firm’s investment outcomes. We develop a 

system-based framework that models the theoretical links among leverage, debt 

maturity and investment while controlling for endogeneity and dynamics in these 

financing and investment decisions. Our results provide a number of fresh insights 

into the interactions between corporate financing and investment. 

Using UK company data over the period 1996−2003, we find that firms with 

valuable growth opportunities control the underinvestment problem by reducing 

leverage but not by shortening the maturity of their debt. There is no significant 

economic relation between debt maturity and growth opportunities; debt maturity 

does not attenuate the negative effect of growth opportunities on leverage as reported 

in previous US-based studies such as Johnson (2003) and Billett et al. (2007). Firms 

prefer a low-leverage strategy to a short-term debt maturity strategy because using too 

much short-term debt exposes them to the high cost of suboptimal liquidation, which 

may outweigh the benefits of reduced agency costs (Childs et al., 2005). In the UK 

context, this argument is particularly relevant as UK firms rely considerably on short-

term debt and are more likely to be constrained from shortening their debt maturity. 

Overall, the above finding is only partially consistent with the underinvestment 

                                                 
36 Note, however, that R&D expenses may proxy for future growth prospects (Titman and Wessels, 
1988; Johnson, 2003), in which case there may be a potential simultaneity problem in the investment 
equation as investment including R&D expenses and growth opportunities are interdependent. 
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hypothesis, which predicts that leverage and maturity are negatively affected by 

growth opportunities.  

The paper also provides strong empirical support for a positive relation 

between leverage and debt maturity structure, suggesting that these financing 

instruments can be used as strategic complements in moderating liquidity risk. This 

finding does not support the argument that leverage and debt maturity are strategic 

substitutes in controlling underinvestment incentives and thus should exhibit a 

negative relation. Taken together with the first finding, this paper argues that liquidity 

risk and financial flexibility considerations play a more important role than 

underinvestment incentives in determining a firm’s joint choice of leverage and 

maturity.  

Furthermore, we find that while UK firms adopt a low-leverage strategy in 

order to alleviate underinvestment incentives, there is little evidence that this strategy 

enables them ex post to exploit more valuable investment opportunities. In contrast, 

the results suggest that leverage exerts a negative effect on investment. One possible 

explanation for this finding is that lowering leverage does not sufficiently and 

completely alleviate underinvestment incentives; as a result, outstanding debt curtails 

investment ex post. This finding is most consistent with the overinvestment 

hypothesis that posits a disciplining role of leverage for firms with limited growth 

opportunities. Finally, the results show that while debt maturity does not have any 

direct impact on investment, having long-term debt maturity appears to discourage 

firms from exploiting valuable growth opportunities and creates underinvestment ex 

post. 
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APPENDIX 1 

Table A1 

Variable Definitions 
Panel A: Leverage equation 
Leverage is measured by total debt divided by the market value of equity plus book value of debt 

No Control variable  Definition 
Expected 

sign 

1 Growth opportunities 
Market value of equity plus book value of debt  
divided by total assets 

- 

2 Tangibility Ratio of fixed assets to total assets + 
3 Profitability  Ratio of EBITD to total assets +/- 
4 Non-debt tax shields Ratio of depreciation to total assets - 
5 Size Log of total assets in 1995 price + 

 

Panel B: Debt maturity equation  
Debt maturity is measured by long-term debt that matures after one year divided by total debt 

No Control variable  Definition 
Expected 

sign 

1 Growth opportunities 
Market value of equity plus book value of debt 
divided by total assets 

- 

2 Asset maturity structure 
Net property, plant and equipment (PPE) 
divided by depreciation  

+ 

3 Size Log of total assets in 1995 price + 

4 Volatility 
Difference between annual % change in EBITD 
and average of this change 

- 

5  
Firm quality (Abnormal 
earnings) 

First difference of EPS in years t+1 and t to 
share price in year t 

- 

6 Term structure 
Difference between ten year government bond 
and three-month treasury bills 

+ 

7 Tax Total tax charge divided by pre-tax income +/- 

 

Panel C: Investment equation  
Investment is measured by capital expenditures less depreciation, all divided by lagged fixed assets 

No Control variable  Definition Expected 
sign 

1 Tobin’s Q 
Market value of equity plus book value of debt 
divided by total assets 

+ 

2 Cash flow  
EBITDA plus depreciation, all divided by total 
assets 

+/- 
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APPENDIX 2 

Table A2 

Structure of the Unbalanced Panel Data Set 

Panel A 

Year Number of Observations % of the Sample 

1996 136 3.26 

1997 561 13.45 

1998 652 15.64 

1999 678 16.26 

2000 678 16.26 

2001 676 16.21 

2002 625 14.99 

2003 164 3.93 

Total 4170  
 

Panel B 

Number of year observations Number of Companies % of the Sample 

5 111 16.37 

6 357 52.65 

7 207 30.53 

8 3 0.44 

Total 678  

Notes: 
We collect an unbalanced panel dataset of UK firms from the Datastream database and impose four 
restrictions. First, firms operating in financial sectors (i.e., banks, insurance and life assurance 
companies and investment trusts) and in utilities sectors (i.e., electricity, water and gas distribution) are 
excluded because they are subject to different regulatory accounting considerations. Second, in order to 
use the dynamic panel econometric techniques, only firms that have five years or more of observations 
are retained. Third, observations that have missing data for the variables of interest are removed. The 
final panel data set consists of 678 firms with 4,170 firm-year observations from 1996 to 2003. 
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Table A3  

Debt Maturity Structures 

Proportion of Debt All Firms  Small Firms Large Firms 

 Mean Median Mean Median Mean Median 

Due within 1 year 0.46 0.41 0.56 0.55 0.36 0.27 

Due in more than 1 year 0.54 0.59 0.44 0.45 0.64 0.73 

 - between 1 and 5 years 0.32 0.28 0.24 0.14 0.41 0.41 

   +between 1 and 2 years 0.09 0.03 0.09 0.03 0.10 0.03 

   +between 2 and 5 years 0.23 0.13 0.15 0.03 0.31 0.26 

Due in more than 2 years 0.44 0.45 0.34 0.31 0.53 0.59 

Due in more than 5 years 0.21 0.09 0.19 0.09 0.23 0.10 

Notes: 
This table presents an analysis of the proportion of debt with different maturities to total debt. Firms 
are classified into “small firms” (“large firms”) if their size is less (greater) than the median size of the 
total sample, where size is the natural logarithm of total assets in 1995 price. 
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APPENDIX 3 

Table A4 

Regression Results for the Leverage Equation with  

Operating Lease Capitalisation 

Dependent variable: Leverage 
Independent 

variable 
Exp 
Sign 

(1)  (2)  (3)  (4)  (5)  (6) 

Leverage(t-1) + 0.215**  0.210***  0.205**  0.204***  0.243***  0.233*** 

  (0.086)  (0.069)  (0.086)  (0.070)  (0.092)  (0.073) 

Maturity (t) +/- 0.375***  0.183***  0.370***  0.183***  0.390**  0.202*** 

  (0.109)  (0.043)  (0.110)  (0.043)  (0.111)  (0.043) 

Maturity×Growth (t) - -0.018*  -0.013*  -  -  -0.029*  -0.032 

  (0.010)  (0.008)  -  -  (0.016)  (0.020) 

Growth(t) - -0.014**  -0.019***  -0.020***  -0.023***  -  - 

  (0.006)  (0.005)  (0.005)  (0.004)  -  - 

Tangibility(t) + 0.131  0.225***  0.129  0.220***  0.100  0.202*** 

  (0.095)  (0.060)  (0.095)  (0.060)  (0.099)  (0.063) 

Non-debt tax shields(t) - 0.267  -0.076  0.183  -0.132  0.315  0.005 

  (0.343)  (0.238)  (0.328)  (0.232)  (0.361)  (0.271) 

Profitability(t) +/- -0.046  -0.091***  -0.045  -0.090***  -0.049  -0.090*** 

  (0.033)  (0.021)  (0.033)  (0.020)  (0.036)  (0.025) 

Size(t) + -0.023  0.008  -0.023  0.007  -0.013  0.020 

  (0.026)  (0.014)  (0.026)  (0.014)  (0.030)  (0.017) 

Estimators  IV  GMM  IV  GMM  IV  GMM 

First differences  Yes  Yes  Yes  Yes  Yes  Yes 
Number of observations  2814  2814  2814  2814  2814  2814 

AR(1) test  -4.33***  -5.38***  -4.33***  -5.32***  -4.51***  -5.10*** 
AR(2) test  -0.03  -0.42  -0.07  -0.53  -0.08  -0.29 
Sargan test   4.14(6)  33.83(26)  4.96(6)  34.07(26)  4.51(6)  34.57(26) 

Notes: 
This table reports the estimation results from the regression of leverage on lagged leverage, debt 
maturity, growth opportunities, debt maturity interacted with growth opportunities and the control 
variables based on Equation (1). All variables are adjusted to account for off-balance-sheet operating 
leases. See Table A1 for variable definitions. The results are estimated using a two-stage procedure; the 
results in the first stage used to generate the estimated values of maturity or leverage are not reported. 
Columns (1), (3) and (5) adopt the IV estimation method, using the second-lagged leverage as an 
instrument for the first-lagged leverage. Columns (2), (4) and (6) adopt the two-step GMM estimation 
method, using from the third-lagged leverage to sixth-lagged leverage as instruments for the first-
lagged leverage. The instruments for debt maturity include asset maturity and term structure. Lagged 
control variables are also included as instruments to yield better fit. Year dummies are not included in 
any models. Standard errors of coefficients are reported in parenthesis. *, ** and *** indicate the 
coefficient significant at 10%, 5% and 1% levels, respectively. See Table 2 for notes on test statistics. 
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Table A5 

Regression Results for the Debt Maturity Equation with  

Operating Lease Capitalisation 

Dependent variable: Debt maturity 
Independent 

variable 
Exp 
Sign 

(1)  (2)  (3)  (4)  (5)  (6) 

Maturity(t-1) + 0.006  0.009***  0.006  0.010**  0.006  0.009*** 

  (0.006)  (0.003)   (0.007)  (0.004)  (0.007)  (0.003) 

Leverage (t) +/- 0.575**  0.702***  0.714**  0.860***  0.809***  0.855*** 

  (0.245)  (0.159)   (0.360)  (0.200)  (0.229)  (0.135) 

Leverage×Growth (t) - 0.281***  0.349***  -  -  0.212***  0.291*** 

  (0.086)  (0.085)   -  -  (0.076)  (0.079) 

Growth(t) - -0.039***  -0.025   -0.005  0.005  -  - 

  (0.015)  (0.016)   (0.016)  (0.014)  -  - 

Size(t) + 0.160***  0.171***   0.129***  0.129***  0.171***  0.171*** 

  (0.027)  (0.033)   (0.031)  (0.036)  (0.031)  (0.037) 

Maturity of assets(t) + 0.006  -0.000   0.003  0.000  0.003  -0.000 

  (0.008)  (0.009)   (0.009)  (0.009)  (0.008)  (0.009) 

Tax ratio(t)  +/- -0.002  0.001   -0.001  0.001  -0.001  0.002 

  (0.003)  (0.002)   (0.003)  (0.002)  (0.003)  (0.002) 

Term structure(t) + -0.014**  -0.007   -0.014*  -0.006  -0.013*  -0.006 

  (0.007)  (0.007)   (0.007)  (0.008)  (0.007)  (0.007) 

Volatility(t) - -0.003*  -0.001  -0.003  -0.001  -0.003*  -0.000 

  (0.002)   (0.002)   (0.002)  (0.002)  (0.002)  (0.002) 

Quality(t) - 0.051  0.134   0.095  0.180*  0.096  0.169* 

  (0.089)  (0.092)   (0.105)  (0.099)  (0.092)  (0.090) 

Estimators  IV  GMM  IV  GMM  IV  GMM 

First differences  Yes  Yes  Yes  Yes  Yes  Yes 
Number of observations  2762  2762  2762  2762  2762  2762 

AR(1) test  -4.21***  -4.14***  -4.22***  -4.16***  -4.14***  -4.10*** 
AR(2) test  -0.05  0.27  -0.06  0.19  0.13  0.38 

Sargan test   
15.38(2) 
*** 

 100.31(19)
***   

24.61(2) 
*** 

 106.92(19)
***  

 
19.73(2) 
*** 

 
95.29(19) 
*** 

Notes: 
This table reports the estimation results from the regression of debt maturity on lagged debt maturity, 
leverage, growth opportunities, leverage interacted with growth opportunities and the control variables 
based on Equation (2). All variables are adjusted to account for off-balance-sheet operating leases. See 
Table A1 for variable definitions. Columns (1), (3) and (5) adopt the IV estimation method, using the 
second-lagged maturity as an instrument for the first-lagged maturity. Columns (2), (4) and (6) adopt 
the two-step GMM estimation method, using from the third-lagged maturity to fifth-lagged maturity as 
instruments for the first-lagged maturity. The instruments for leverage include non-debt tax shields, 
tangibility and profitability, all in levels. Year dummies are not included in any models. Standard errors 
of coefficients are reported in parenthesis. *, ** and *** indicate the coefficient significant at 10%, 5% 
and 1% levels, respectively. See Table 2 for notes on test statistics. 
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Table A6  

Regression Results for the Investment Equation with Operating Lease Capitalisation 

Dependent variable: Investment 

Independent variable Exp sign  (1)  (2)  (3)  (4)  (5)  (6)  (7)  (8) 

Investment(t-1) +  0.122*  0.083  0.187***  0.164  0.091  0.076  0.190***  0.183*** 

   (0.064)  (0.055)  (0.058)  (0.048)  (0.063)  (0.061)  (0.054)  (0.050) 

Leverage (t-1) -  -1.371**  -1.321***  -  -  -4.451***  -2.722***  -  - 

   (0.583)  (0.498)  -  -  (1.393)  (1.004)  -  - 

Leverage×Growth (t-1) -  -0.259*  -0.210  -0.212  -0.249  -0.681**  -0.489*  -  - 

   (0.135)  (0.154)  (0.201)  (0.174)  (0.338)  (0.292)  -  - 

Maturity (t-1) -  -0.400  -0.342  -  -  -  -  -0.676**  -0.431* 

   (0.321)  (0.252)  -  -  -  -  (0.334)  (0.250) 

Maturity×Growth (t-1) -  0.003  0.001  0.009  0.014  -  -  0.007  0.014 

   (0.010)  (0.010)  (0.014)  (0.012)  -  -  (0.010)  (0.010) 

Growth(t-1)  +  0.046**  0.041  0.064**  0.070**  0.052*  0.047  0.025  0.041*** 

   (0.021)  (0.028)  (0.029)  (0.029)  (0.031)  (0.032)  (0.017)  (0.016) 

Cash flow(t-1) +  0.007  0.048  0.542***  0.553  -0.603  -0.126  0.396  0.593*** 

   (0.159)  (0.131)  (0.163)  (0.129)  (0.387)  (0.276)  (0.288)  (0.197) 

Estimators   IV  GMM  IV  GMM  IV  GMM  IV  GMM 

First differences   Yes  Yes  Yes  Yes  Yes  Yes  Yes  Yes 
Number of 
observations 

  1456  1456  2136  2136  2136  2136  2136  2136 

AR(1) test   -3.79***  -3.55***  -3.44***  -3.14***  -3.60***  -3.21***  -3.19***  -3.02*** 
AR(2) test   -0.38  -0.55  0.99  0.52  -0.73  -0.44  0.48  0.58 
Sargan test    14.22(14)  31.37(27)  -  17.69(14)  2.68(3)  22.18(17)  5.17(3)  23.70(17) 

Notes: This table reports the results for the regression of investment on leverage, debt maturity, their interaction terms with growth opportunities, and the control 
variables, based on Equation (3). All variables are adjusted to account for off-balance-sheet operating leases. See Table A1 for variable definitions, Table 2 for notes 
on test statistics and instruments for debt maturity and leverage. Columns (1), (3), (5) and (7) adopt the IV estimation method, using the second-lagged investment as 
the instrumental variable for the first-lagged investment. Columns (2), (4), (6) and (8) adopt the two-step GMM estimation method, using from the third-lagged 
investment to fifth-lagged investment as instruments for the first-lagged investment. Year dummies are not included in any models. Standard errors of coefficients 
are reported in parenthesis. *, ** and *** indicate the coefficient significant at 10%, 5% and 1% levels, respectively.  
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Table 1 

Summary Statistics of Variables 

Variable Mean Std. Dev. Minimum Median Maximum 

Leverage 0.228 0.189 0.000 0.189 0.886 

Debt maturity  0.538 0.325 0.000 0.587 1.000 

Investment 0.082 0.459 -2.000 0.020 10.000 

Tangibility 0.337 0.241 0.005 0.290 0.997 

Non-debt tax shields 0.041 0.030 0.000 0.035 0.318 

Growth opportunities 1.794 1.470 0.500 1.324 9.800 

Profitability 0.078 0.228 -2.175 0.117 1.095 

Size 11.513 1.974 6.838 11.330 16.809 

Asset maturity structure 3.525 2.044 0.000 3.186 10.000 

Earnings volatility (%) 0.195 5.894 -30.000 -0.054 50.000 

Firm quality 0.006 0.070 -0.369 0.000 1.244 

Term structure (%) -0.170 1.029 -2.674 -0.147 2.361 

Tax ratio 0.217 0.380 -1.520 0.222 2.337 

Cash flow 0.127 0.238 -3.716 0.155 1.250 

Notes: 
Leverage is measured by total debt divided by the market value of equity plus book value of debt. Debt 
maturity is measured by long-term debt that matures after one year divided by total debt. Investment is 
measured by capital expenditures less depreciation divided by lagged fixed assets. Tangibility is the 
ratio of fixed assets to total assets. Non-debt tax shields are the ratio of depreciation to total assets. 
Growth opportunities are measured by the market value of equity plus book value of debt divided by 
total assets. Profitability is the ratio of EBITD to total assets. Size is the log of total assets in 1995 
price. Asset maturity structure is measured by net property, plant and equipment (PPE) divided by 
depreciation. Earnings volatility is the difference between the annual % change in EBITD and the 
average of this change. Firm quality is measured by the first difference of EPS in years t+1 and t to 
share price in year t. Term structure is the difference between ten year government bond and three-
month treasury bills. Tax ratio is total tax charge divided by pre-tax income. Cash flow is measured by 
EBITDA plus depreciation, all divided by total assets. We collected UK company data from the 
Datastream database. The final panel dataset consists of 678 firms with 4170 firm-year observations 
from 1996 to 2003. To avoid the effect of outliers, we follow previous research (Cleary, 1999; 
Aivazian et al., 2005a; 2005b) and winsorise the observations at the 1st and 99th percentiles. 
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Table 2  

Regression Results for the Leverage Equation 

Dependent variable: Leverage 
Independent 

variable 
Exp 
Sign 

(1)  (2)  (3)  (4)  (5)  (6) 

Leverage(t-1) + 0.215***     0.255***  0.213**      0.254***  0.233**      0.264*** 

  (0.099)  (0.076)  (0.101)  (0.076)  (0.096)  (0.076) 

Maturity (t) +/- 0.562**  0.353**  0.570**  0.356**  0.485*  0.329** 

  (0.294)  (0.149)  (0.300)  (0.150)  (0.294)  (0.149) 

Maturity×Growth (t) - -0.012  -0.013  -  -  -0.043***  -0.040*** 

  (0.014)  (0.012)  -  -  (0.007)  (0.006) 

Growth(t) - -0.021**  -0.018**  -0.027***  -0.025**  -  - 

  (0.009)  (0.008)  (0.004)  (0.004)  -  - 

Tangibility(t) + 0.155**  0.178***  0.149*  0.173***  0.179**  0.190*** 

  (0.081)  (0.055)  (0.084)  (0.056)  (0.079)  (0.057) 

Non-debt tax shields(t) - 0.101  -0.157  0.125  -0.137  -0.027  -0.219 

  (0.413)  (0.277)  (0.424)  (0.279)  (0.412)  (0.277) 

Profitability(t) +/- -0.121***  -0.130***  -0.121***  -0.130***  -0.125***  -0.132*** 

  (0.024)  (0.019)  (0.025)  (0.019)  (0.024)  (0.019) 

Size(t) + 0.003  0.014  0.002  0.014  0.014  0.019 

  (0.030)  (0.016)  (0.030)  (0.016)  (0.031)  (0.017) 

Estimators  IV  GMM  IV  GMM  IV  GMM 

First differences  Yes  Yes  Yes  Yes  Yes  Yes 
Number of observations  2814  2814  2814  2814  2814  2814 
RSS  100.012  65.49  101.905  65.87  85.759  63.042 

AR(1) test  -3.87***  -5.74***  -3.80***  -5.70***  -3.98***  -5.76*** 
AR(2) test  -1.87*  -1.73*  -1.87*  -1.75*  -1.73*  -1.66* 
Sargan test   7.94(6)  30.74(26)  7.81(6)  30.60(26)  9.64(6)  32.67(26) 

Notes: 
This table reports the estimation results from the regression of leverage on lagged leverage, debt 
maturity, growth opportunities, debt maturity interacted with growth opportunities and the control 
variables based on Equation (1). See Table A1 for variable definitions. The results are estimated using 
a two-stage procedure; the results in the first stage used to generate the estimated values of debt 
maturity are not reported. Columns (1), (3) and (5) adopt the IV estimation method, using the second-
lagged leverage as an instrument for the first-lagged leverage. Columns (2), (4) and (6) adopt the two-
step GMM estimation method, using from the third-lagged leverage to sixth-lagged leverage as 
instruments for the first-lagged leverage. The instruments for debt maturity include asset maturity and 
term structure. Lagged control variables are also included as instruments to yield better fit. Year 
dummies are not included in any models. AR(1) and AR(2) are tests for first-order and second-order 
serial correlation, asymptotically distributed as N(0,1) under the null of no first-order and second-order 
serial correlation, respectively; and Sargan test is a test for over-identifying restrictions, asymptotically 
distributed as 2χ , under the null of valid instruments. Standard errors of coefficients are reported in 

parenthesis. *, ** and *** indicate the coefficient significant at 10%, 5% and 1% levels, respectively. 
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Table 3  

Regression Results for the Debt Maturity Equation 

Dependent variable: Debt Maturity 
Independent 

variable 
Exp 
Sign 

(1)  (2)  (3)  (4)  (5)  (6) 

Maturity(t-1) + 0.386***  0.407***  0.387***  0.408***  0.383***  0.405*** 

  (0.047)  (0.046)  (0.047)  (0.046)  (0.047)  (0.045) 

Leverage (t) +/- 0.351*  0.511***  0.355  0.529***  0.312*  0.453*** 

  (0.206)  (0.156)  (0.233)  (0.174)  (0.190)  (0.144) 

Leverage×Growth (t) - 0.027  0.025  -  -  0.053  0.061 

  (0.066)  (0.059)  -  -  (0.057)  (0.051) 

Growth(t) - 0.013  0.016*  0.015*  0.019**  -  - 

  (0.009)  (0.009)  (0.009)  (0.008)  -  - 

Size(t) + 0.083***  0.076***  0.080***  0.073***  0.077***  0.070*** 

  (0.018)  (0.018)  (0.019)  (0.018)  (0.019)  (0.019) 

Maturity of assets(t) + 0.008  0.009  0.008  0.009  0.009  0.010 

  (0.006)  (0.006)  (0.006)  (0.006)  (0.006)  (0.006) 

Tax ratio(t)  +/- 0.000***  0.001***  0.000***  0.001***  0.000***  0.001*** 

  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000) 

Term structure(t) + -0.002  -0.001  -0.002  -0.001  -0.002  -0.001 

  (0.006)  (0.006)  (0.006)  (0.006)  (0.006)  (0.006) 

Volatility(t) - 0.000  0.001  0.000  0.001  0.000  0.001 

  (0.001)  (0.001)  (0.001)  (0.001)  (0.001)  (0.001) 

Quality(t) - 0.128  0.186**  0.130  0.190**  0.121  0.175** 

  (0.097)  (0.092)  (0.100)  (0.095)  (0.095)  (0.089) 

Estimators  IV  GMM  IV  GMM  IV  GMM 

First differences  Yes  Yes  Yes  Yes  Yes  Yes 
Number of observations  2762  2762  2762  2762  2762  2762 
RSS  261.982  272.286  262.415  273.164  260.843  270.184 

AR(1) test  -11.63***  -10.20***  -11.61***  -10.21***  -11.69***  -10.23*** 
AR(2) test  -0.317  -0.223  -0.296  -0.210  -0.283  -0.179 
Sargan test   3.638(3)  18.33(19)  3.734(2)  18.22(19)  3.471(2)  18.81(19) 

Notes: 
This table reports the estimation results from the regression of debt maturity on lagged debt maturity, 
leverage, growth opportunities, leverage interacted with growth opportunities and the control variables 
based on Equation (2). See Table A1 for variable definitions. Columns (1), (3) and (5) adopt the IV 
estimation method, using the second-lagged debt maturity as an instrument for the first-lagged debt 
maturity. Columns (2), (4) and (6) adopt the two-step GMM estimation method, using from the third-
lagged debt maturity to fifth-lagged debt maturity as instruments for the first-lagged debt maturity. The 
instruments for leverage include non-debt tax shields, tangibility and profitability, all in levels. Year 
dummies are not included in any models. Standard errors of coefficients are reported in parenthesis. *, 
** and *** indicate the coefficient significant at 10%, 5% and 1% levels, respectively.  See Table 2 for 
notes on test statistics. 
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Table 4. Regression Results for the Investment Equation 

Dependent variable: Investment 

Independent variable Exp sign  (1)  (2)  (3)  (4)  (5)  (6)  (7)  (8) 

Investment(t-1) +  0.178**  0.112**  0.286***  0.249***  0.185**  0.105*  0.224***  0.238*** 

   (0.088)  (0.055)  (0.094)  (0.073)  (0.078)  (0.061)  (0.086)  (0.064) 

Leverage (t-1) -  -2.409***  -2.072***  -  -  -3.179***  -2.403***  -  - 

   (0.662)  (0.495)  -  -  (1.015)  (0.829)  -  - 

Leverage×Growth (t-1) -  -0.255  -0.192  0.088  0.089  -0.471*  -0.269  -  - 

   (0.235)  (0.197)  (0.126)  (0.123)  (0.254)  (0.186)  -  - 

Maturity (t-1) -  -0.002  0.059  -  -  -  -  0.477  -0.486 

   (0.789)  (0.323)  -  -  -  -  (0.753)  (0.633) 

Maturity×Growth (t-1) -  -0.190***  -0.128**  -0.179**  -0.152**  -  -  -0.164***  -0.140*** 

   (0.060)  (0.060)  (0.056)  (0.050)  -  -  (0.051)  (0.045) 

Growth(t-1)  +  0.117***  0.079***  0.119***  0.100***  0.038  0.015  0.113***  0.102*** 

   (0.023)  (0.027)  (0.031)  (0.025)  (0.025)  (0.018)  (0.029)  (0.025) 

Cash flow(t-1) +  -0.161  -0.078  0.268**  0.282***  -0.435  -0.275  0.198  0.271** 

   (0.198)  (0.149)  (0.105)  (0.098)  (0.279)  (0.247)  (0.124)  (0.123) 

Estimators   IV  GMM  IV  GMM  IV  GMM  IV  GMM 

First differences   Yes  Yes  Yes  Yes  Yes  Yes  Yes  Yes 
Number of observations   1456  1456  2136  2136  2136  2136  2136  2136 
RSS   586.461  534.637  749.768  725.887  924.788  776.096  754.758  743.131 

AR(1) test   -2.77***  -2.58***  -4.84***  -4.18***  -4.54***  -4.11***  -4.33  -4.39*** 
AR(2) test   -0.46  -0.57  0.47  0.14  -0.59  -0.83  -0.25  -0.13 
Sargan test    17.45(14)  31.52(27)  -  15.70(14)  3.87(3)  20.39(17)  4.40(3)  19.87(17) 

Notes: 
This table reports the results from the regression of investment on leverage, debt maturity, their interaction terms with growth opportunities and the control variables 
based on Equation (3). See Table A1 for variable definitions, Table 2 for notes on test statistics and instruments for debt maturity and leverage. Columns (1), (3), (5) 
and (7) adopt the IV estimation method, using the second-lagged investment as the instrumental variable for the first-lagged investment. Columns (2), (4), (6) and 
(8) adopt the two-step GMM estimation method, using from the third-lagged investment to fifth-lagged investment as instruments for the first-lagged investment. 
Year dummies are not included in any models. Standard errors of coefficients are reported in parenthesis. *, ** and *** indicate the coefficient significant at 10%, 
5% and 1% levels, respectively. 
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Table 5  

High-Growth versus Low-Growth Firms – Leverage Equation 

Dependent variable: Leverage     

Independent variable 
Expected  

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

Leverage(t-1) +  0.188***     0.223***     0.185**      0.211***    

   (0.095)  (0.071)  (0.097)  (0.073) 

Maturity (t) +/-  0.496*  0.330**  0.512*  0.345** 

   (0.295)  (0.145)  (0.305)  (0.145) 

Maturity×Growth(t) -  -0.013  -0.014  -  - 

   (0.013)  (0.010)  -  - 

Growth(t) -  0.031***  0.035***  0.023**  0.028*** 

   (0.010)  (0.009)  (0.009)  (0.008) 

Growth×High growth dummy(t) -  -0.047***  -0.049***  -0.047***  -0.049*** 

   (0.008)  (0.006)  (0.008)  (0.007) 

Tangibility(t) +  0.163**  0.180***  0.155*  0.167*** 

   (0.080)  (0.053)  (0.083)  (0.056) 

Non-debt tax shields(t)  -  0.117  -0.140  0.147  -0.076 

   (0.400)  (0.268)  (0.413)  (0.270) 

Profitability(t) +/-  -0.118***  -0.124***  -0.118***  -0.124*** 

   (0.024)  (0.018)  (0.024)  (0.018) 

Size(t) +  0.005  0.011  0.004  0.011 

   (0.031)  (0.016)  (0.031)  (0.016) 

Estimators   IV  GMM  IV  GMM 

First differences   Yes  Yes  Yes  Yes 
Number of observations   2814  2814  2814  2814 
RSS   84.722  60.087  87.846  61.650 

AR(1) test   -3.59***  -5.42***  -3.48***  -5.37*** 
AR(2) test   -1.84*  -1.81*  -1.84*  -1.87* 
Sargan test    8.22(6)  27.59(26)  7.84(6)  28.37(26) 

Notes: 
This table reports the estimation results from the regression of leverage on lagged leverage, debt 
maturity, growth opportunities, debt maturity interacted with growth opportunities and the control 
variables based on Equation (1). The model is augmented by the inclusion of an interaction term 
between growth opportunities and a high-growth dummy variable. High-growth dummy is equal to 1 if 
growth is larger than median growth; otherwise, it is equal to 0. See Table A1 for variable definitions. 
Columns (1) and (3) adopt the IV estimation method, using the second-lagged leverage as an 
instrumental variable for the first-lagged leverage. Columns (2) and (4) adopt the two-step GMM 
estimation method, using from the third-lagged leverage to sixth-lagged leverage as instruments for the 
first-lagged leverage. The instruments for debt maturity include asset maturity and term structure. Year 
dummies are not included in any models. Standard errors of coefficients are reported in parenthesis. *, 
** and *** indicate the coefficient significant at 10%, 5% and 1% levels, respectively.  See Table 2 for 
notes on test statistics. 
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Table 6  

High-Growth versus Low-Growth Firms – Debt Maturity  Equation 

Dependent variable: Debt maturity     

Independent variable 
Expected 

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

Maturity(t-1) +  0.386***  0.408***  0.387***  0.408*** 

   (0.047)  (0.046)  (0.047)  (0.046) 

Leverage (t) +/-  0.361*  0.510***  0.328*  0.489*** 

   (0.211)  (0.161)  (0.203)  (0.161) 

Leverage×Growth(t) -  0.025  0.023  -  - 

   (0.065)  (0.059)  -  - 

Growth(t) -  -0.002  -0.002  0.0006  0.0002 

   (0.017)  (0.017)  (0.017)  (0.017) 

Growth×High growth dummy(t) -  0.014  0.017  0.013  0.017 

   (0.016)  (0.016)  (0.016)  (0.016) 

Size(t) +  0.083***  0.076***  0.082***  0.074*** 

   (0.019)  (0.018)  (0.018)  (0.018) 

Maturity of assets(t) +  0.008  0.009  0.009  0.009 

   (0.006)  (0.006)  (0.006)  (0.006) 

Tax ratio(t)  +/-  0.001***  0.001***  0.001***  0.001*** 

   (0.000)  (0.000)  (0.000)  (0.000) 

Term structure(t) +  -0.002  -0.001  -0.002  -0.001 

   (0.006)  (0.006)  (0.006)  (0.006) 

Volatility(t) -  0.000  0.001  0.000  0.001 

   (0.001)  (0.001)  (0.001)  (0.001) 

Quality(t) -  0.125  0.180**  0.120  0.177** 

   (0.097)  (0.092)  (0.097)  (0.091) 

Estimators   IV  GMM  IV  GMM 

First differences   Yes  Yes  Yes  Yes 
Number of observations   2762  2762  2762  2762 
RSS   261.97  272.11  261.48  271.55 

AR(1) test   -11.65***  -10.21***  -11.66***  -10.22*** 
AR(2) test   -0.30  -0.20  -0.28  -0.18 
Sargan test    3.60 (2)  18.84(19)  3.79(3)  19.10(20) 

Notes: 
This table reports the estimation results from the regression of debt maturity on lagged debt maturity, 
leverage, growth opportunities, leverage interacted with growth opportunities and the control variables 
based on Equation (2). The model is augmented by the inclusion of an interaction term between growth 
opportunities and a high-growth dummy variable. High-growth dummy is equal to 1 if growth is larger 
than median growth; otherwise, it is equal to 0. See Table A1 for variable definitions. Columns (1) and 
(3) adopt the IV estimation method, using the second-lagged maturity as an instrumental variable for 
the first-lagged maturity. Columns (2) and (4) adopt the two-step GMM estimation method, using from 
the third-lagged maturity to fifth-lagged maturity as instruments for the first-lagged maturity. The 
instruments for leverage include non-debt tax shields, tangibility and profitability, all in levels. Year 
dummies are not included in any models. Standard errors of coefficients are reported in parenthesis. *, 
** and *** indicate the coefficient significant at 10%, 5% and 1% levels, respectively.  See Table 2 for 
notes on test statistics. 
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Table 7  

High-Growth versus Low-Growth Firms – Investment Equation 

Dependent variable: Investment 

Independent variable Expected sign  (1)  (2)  (3) 

Investment(t-1) +  0.108**  0.119**  0.116** 

   (0.053)  (0.052)  (0.053) 

Leverage (t-1) -  -1.96***  -2.043***  -1.936*** 

   (0.438)  (0.512)  (0.459) 

Leverage×Growth (t-1) -  -0.286*  -0.183  -0.252 

   (0.165)  (0.207)  (0.206) 

Leverage×High growth dummy(t-1) -  -0.117  -0.099  - 

   (0.112)  (0.128)  - 

Maturity (t-1) -  0.102  0.045  0.073 

   (0.286)  (0.350)  (0.328) 

Maturity×Growth (t-1) -  -0.117***  -0.133**  -0.126** 

   (0.049)  (0.059)  (0.052) 

Maturity×High growth dummy(t-1) -  0.126***  -  0.107*** 

   (0.038)  -  (0.033) 

Growth(t-1)  +  0.084***  0.082***  0.087*** 

   (0.024)  (0.026)  (0.025) 

Cash flow(t-1) +  -0.078  -0.064  -0.061 

   (0.136)  (0.155)  (0.140) 

Estimators   GMM  GMM  GMM 

First differences   Yes  Yes  Yes 
Number of observations   1456  1456  1456 
RSS   525.51  535.63  526.73 

AR(1) test   -2.56**  -2.60***  -2.57*** 
AR(2) test   -0.47  -0.51  -0.42 
Sargan test    29.08(27)  31.03(27)  28.91(27) 

Notes: 
This table reports the results from the regression of investment on leverage, debt maturity, their 
interaction terms with growth opportunities and the control variables based on Equation (3). The model 
is augmented by the inclusion of two interaction terms between leverage and debt maturity and a high-
growth dummy variable. High-growth dummy is equal to 1 if growth is larger than median growth; 
otherwise, it is equal to 0. See Table A1 for variable definitions. All models adopt the two-step GMM 
estimation method, using from the third-lagged investment to fifth-lagged investment as instruments 
for the first-lagged investment. The instruments for leverage include non-debt tax shields, tangibility 
and profitability. The instruments for debt maturity include asset maturity and term structure. Year 
dummies are not included in any models. Standard errors of coefficients are reported in parenthesis. *, 
** and *** indicate the coefficient significant at 10%, 5% and 1% levels, respectively.  See Table 2 for 
notes on test statistics. 

 


