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ABSTRACT

This study provides an empirical examination of the determinants of corporate debt maturity at the individual firm level data.  The evidence offers strong support for the excess bond returns affecting debt maturity.  Firms issue long-term debt when the excess bond returns are low.  Furthermore, firms with few growth options, large, and of low-quality have more long-term debt in their capital structure. Macroeconomic variables such as term spread and inflation also affect the debt maturity decisions, which imply that managers time the debt market.  There is, however, little evidence in support of regulatory and short-term interest rates impact on the debt structure.

INTRODUCTION


There has been a large discussion about the corporate management of financial policy in order to minimize the cost of capital borrowing.  According to Stiglitz (1974) as well as Modigliani and Miller (1958), in efficient and integrated markets, the optimal financial management policy cannot decrease the costs of capital due to the interrelation between the different types of capital costs.  Consequently, there is no gain from substituting debt over equity. 

However, there has been evidence found against this claim, providing that equity financing is related to the predictability of stock returns.  For example, firms issue equity when the equity premium is low in order to time an inefficient market and reduce the costs of capital borrowing or/and to optimize capital structure together with expected returns (Baker et al., 2003).  On the other hand, there is relatively smaller literature on debt financing.  For example, according to Bosworth (1971), debt maturity is related to market conditions such as the interest and inflation rates.  Furthermore, Barclay and Smith (1995) find firms with higher information asymmetries to issue short-term debt.  They locate a positive relationship between debt-maturity and dividend yield as well as a negative relationship between the maturity of debt and the term-spread (Barclay and Smith, 1995).  Although the above papers provide a support for the association between debt and returns, none offers information on the cost of capital borrowing at different times of debt maturity due to lack of analysis of returns data. 

The relationship between debt maturity and costs of capital borrowing is examined by Baker et al. (2003). In their paper, they analyze the variation in the maturity of debt as a result of debt market conditions (inflation and interest rates) and predicted excess bond returns. They utilize aggregate annual time-series data and find a close relation between debt maturity and predictable variation in the excess bond returns.  According to their findings, firms issue long-term debt when bond returns are low and short-term debt when returns are high.  They explain the above evidence as managers timing an inefficient capital market using public information to guide their debt maturity decisions.  They are, however, unable to conclude whether firms actually reduce the overall cost of capital borrowing from timing the market as a result of difficulties in interpreting the predictions of the regression results (Baker et. al., 2003).

This paper extends the empirical analysis performed by Baker et al. (2003) to the pooled time- cross-sectional data in order to examine the relationship between the excess bond returns and the corporate debt maturity structure.  In addition, the analysis extends previous studies such as Barclay and Smith’s (1995) by incorporating the bond returns information in the corporate debt maturity structure research. As a result, the study accounts for the relationship between debt maturity and the cost of borrowing at different maturities. 

The goal for this paper is to examine the hypothesis of the effect of the excess bond returns on the debt maturity structure at the individual firm level data.  It is predicted that firms issue long-term debt when bond returns are low.  The results are expected to support the debt market timing theory as found by Baker et al. (2003).  The notion of the corporate debt maturity structure is explained by the determinants of debt structure as well as debt market conditions.  It is predicted that small and unregulated firms with more investment growth options have less long-term debt and managers use debt maturity to signal important information to the market.  Furthermore, high and low risk quality firms issue more long-term debt compared to intermediate risk quality firms.  Additionally, according to Baker et al. (2003) debt maturity is also related to debt market conditions such as interest and inflation rates as well as term spread.  It is expected that the macroeconomic variables are negatively related to the maturity of debt.
The research objective is achieved by investigating the relationship between the excess bond return as well as the determinants of the firm’s debt and the corporate debt maturity structure.  In order to perform the analysis, the pooled time- cross-sectional (panel) data for year 1991- 2000 from COMPUSTAT as well as the Federal Reserves files are utilized.  The variables used in the econometric analysis are: the dependent variable: share of long-term debt, explanatory variables: excess bond returns, market-to-book ratio, regulatory dummy variable, log of market value of firm, abnormal earnings, term spread, inflation, and short-term interest rates. 

There are several estimation methods employed to estimate the relationship between debt maturity and its determinants.  First, the pooled OLS estimation is utilized; however, there is a problem of unobserved error term dependence, which result in biased and inconsistent findings (Wooldridge, 2002).  In order to correct for this issue, a cross-sectional OLS regression method is utilized in a combination with the time-series mean of each variable for an individual firm.  However, this method only accounts for the variation across firms without analyzing the time-variation (Barclay and Smith, 1995). 

In order to investigate the time-series dispersion, a fixed or random effects regression models are employed.  In the fixed effects regression, the cross-sectional variation is arbitrarily correlated with the explanatory variables.  In the random effects regression model, it is assumed, on the other hand, that the cross-sectional variation is random and it is a part of the unobserved variation included in the error term.  The Hausman specification test is used to test for the sufficiency of random effects estimation.  Finally, in order to correct for the existing heteroskedsticty and serial correlation across panels, the generalized least squares estimation is used to obtain efficient estimators (Wooldridge, 2002).  

The results obtained from estimation provide evidence in support of a negative relationship between the debt maturity and the excess bond returns.  Furthermore, the market-to-book ratio, abnormal earnings as well as market variables: term spread and inflation are negatively related to the share of long-term debt. However, no statistically significant relationships were found for regulatory dummy and short-term interest rate although the variables presented the predicted sign on their coefficients. 


The obtained results imply that managers time the debt market and incorporate the debt market conditions and excess bonds returns in their debt financing decisions.  Furthermore, firms do issue long-term debt when the excess bond returns are low and firms with few investment growth opportunities, large and high quality have a large share of long-term debt in their financing structure.  The research results add to the undeveloped literature of debt financing by extending the analysis of the impact of debt determinants on debt maturity by analyzing returns data and providing evidence for relationship between debt maturity and cost of borrowing at different maturities.
Theoretical Framework

The notion of the corporate debt maturity structure is explained by determinants of debt structure and debt market conditions.  According to Barclay and Smith (1995), debt determinants are part of the agency cost and signaling hypotheses.  Agency cost states that risky debt financing may enlarge the suboptimal investment incentives when a firm’s investment opportunity set includes growth options.  Managers undertake underinvestment decisions controlled by issuing a short-term debt maturing before the firm’s growth opportunity is exercised (Myers, 1977).  Consequently, the agency cost hypothesis states that firms with larger growth options in their investment opportunity set issue more short-term debt. 

Additionally, firms with relatively large amounts of investment opportunities tend to be smaller and take on short-term debt to avoid the fault investment decisions and pay lower issuance costs (Barclay and Smith, 1995).  Finally, regulated firms issue longer debt maturity than unregulated firms.  This follows from the fact that managers of regulated firms have less discretion over future investment, which lowers the adverse impact of the long-term debt.  Consequently, a longer maturity period is preferred by the regulated companies (Barclay and Smith, 1995). As a result, it is predicted that small and unregulated firms with more growth options have less long-term debt.
In the signaling hypothesis, the pricing of long-term debt is more sensitive to changes in firm value compared to the short-term debt.  For example, high-quality firms tend to issue more short-term debt compared to low-quality firms due to lower refinancing and mispricing costs.  On the other hand, low-quality firms obtain overpriced long-term debt.  Consequently, based on the signaling hypothesis, high-quality firms issue short-term debt, so there is a negative relationship between the corporate debt maturity and the quality level of the firm (Barclay and Smith, 1995). 
Additionally, according to Baker et al. (2003) debt maturity is also related to debt macroeconomic variables such as inflation, interest rates, term spread, and excess bond returns.  It is expected that these variables are negatively related to the maturity of debt. For example, firms issue long-term debt when the excess bond returns are low (Baker et. al., 2003).  Furthermore, Stohs and Mauer (1996) find debt maturity to be negatively related to the term spread and Marsh (1982) finds that the amount of debt varies with interest rates.  Finally, the fact that debt maturity is responsive to the changes in macroeconomic variables is called the debt market-timing. Baker et. al (2003) find evidence for managers timing the debt market by utilizing publicly available information on market conditions as a guide to their debt maturity decisions.
Data

In order to investigate the relationship between debt maturity and its determinants, a large sample is constructed, following Barclay and Smith’s (1995) and Baker’s et al. (2003) sampling method. The time- and cross-sectional data set merges the COMPUSTAT industrial annual file
 of debt determinants and the Federal Reserves file
 of macroeconomic variables.  The sample is restricted to firms with Standard Classification codes from 2000 to 5999 to focus on the industrial corporate sector.  Furthermore, firms utilized in the study are present in the sample over the specified time period and have complete data for the explanatory variables. Consequently, the total number of firms included in the empirical analysis is 652.  The data span is 1991 through 2000
.  The time- and cross-sectional data series are: debt determinants: 1) total assets, common shares outstanding, debt due in one, two, three, four and five years, earnings per share, total equity, and stock price; 2) macroeconomic variables: twenty-year government bond and commercial paper return, six-month treasury bill yield, inflation, and term spread. 
COMPUSTAT reports the amount of long-term debt payable in years one through five from the firm’s fiscal year end.  Following Barclay and Smith (1995), the maturity structure of a firm’s debt is defined as the percentage of the firm’s total debt that has a maturity of more than three years.  Several firms have less than zero percent or more than 100 percent of their total debt maturing in more than three years.  Since these observations reflect data-coding errors, they are ignored.

Excess bond returns are measured by an index of investment-grade corporate bonds over commercial paper.  The corporate bond indecies track portfolios that are continually redefined to a constant 20-year maturity.  Excess government and corporate bond returns are the difference between the long-term corporate bond and commercial paper returns, respectively (Baker et al., 2003).  

There are four debt determinant variables used in this study: market-to-book ratio, a regulatory dummy variable (described below), firm size, and abnormal earnings.  Consistent with the agency hypothesis, the market-to-book ratio is a proxy for the firm’s investment opportunity set.  The market value of the firm’s assets is estimated as the book value of assets minus the book value of equity plus the market value of equity (the price of shares multiplied by the total number of shares outstanding).  The market-to-book ratio is the estimated market value of assets divided by the book value assets (Barclay and Smith, 1995).    

To estimate the effect of regulation on debt maturity, a dummy variable is constructed.  It takes a value of one for regulated firms, and zero otherwise.  Regulated industries include airlines, telecommunications, as well as gas and electric utilities.  The firm size is the estimated natural logarithm of the market value of the firm (Barclay and Smith, 1995).
Signaling models assume that managers have better information about the firm’s value than investors.  To estimate the firm’s quality empirically, the firm’s abnormal earnings are defined as a proxy.  The variable is measured as the difference between next year’s and this year’s earnings per share scaled down by this year’s share price.  It is assumed that high-quality firms have positive abnormal earnings, and low-quality firms have negative abnormal earnings (Barclay and Smith, 1995).  Following Barclay and Smith (1995), observations with the absolute value of abnormal earnings greater than five were disregarded.  The exclusion of the extreme values might affect the coefficient for the abnormal earnings, but should not influence the other variables in the analysis.

Debt market conditions are represented by three variables: inflation, the real short-term rate, and the term spread.  Inflation is the annual percentage change in the Consumer Price Index.  The real short-term rate is estimated as the annualized Treasury bill return minus inflation.  The term spread is the difference between the Treasury bond yield and the annualized Treasury bill return.  In order to account for the cross-sectional variation of the debt determinants data, the market variables ending dates are matched with the firm’s fiscal year end (Baker et al., 2003).  The descriptive statistics for each variable used in the analysis is presented in Table 1A in the Appendix.

Empirical Model

The debt-maturity decision is one of several financing choices that the firms make simultaneously.  When debt is used to finance a firm’s market activity, debt maturity, priority, and source must be also chosen.  Furthermore, changes in macroeconomic variables such as inflation and interest rates are also taken into account when financing choices are made.  Consequently, a system of simultaneous equations can control these joint decisions; however, financial theory does not provide the appropriate restrictions allowing for such analysis.  Consequently, the debt-maturity model is a reduced-form regression based on the simultaneous equations system (Barclay and Smith, 1995; Baker et. al, 2002).
The corporate debt-maturity model utilized here follows the model described by Barclay and Smith (1995), as well as Baker et. al (2002). As a result, the theoretical debt-maturity model is presented as follows:
LTDit = f (MBit, LMVit, AEit, EBRit, TSit, INFit, STRit,RDi)
(1)

where LTDit is the share of long-term debt to total debt, MBit denotes the market-to-book ratio, LMVit is the natural logarithm of market value of the firm, AEit is the abnormal earnings, EBRit is the excess bond returns, TSit is the term spread, INFit denotes the inflation, and STRit is the short-term interest rate. The subscript i denotes the ith firm (i = 1,…, 652), and the subscript t represents the tth year (t = 1991,…, 2000). RDi is the firm regulation dummy variable, which does not vary over time.
Following the model specifications used by Barclay and Smith (1995) as well as Baker et. al (2002), the debt-maturity model estimated in this analysis is as follows:

LTDit = αi + β1MBit + β2RDi + β3LMVit + β4AFEit + β5EBRit +β6TSit + β7INFit + β8STRit 

+ D’λi + vit           (2)

where D’ is a row vector of dummy variables created for each firm’s month of fiscal year-ending, excluding the month of December and λi is a column vector of associated weights. The variable was added to control for the possibility of seasonal time heterogeneity in the model. Furthermore, it is assumed that the disturbance term in equation (2) is specified as a one-way error component model:

uit = αi + vit                (3)

where vit ~ NIID (0,  (v2); i = 1,..., 652; t = 1991,..., 2000; αi denotes a firm-specific effect, and vit is the idiosyncratic error term (Hsiao, 1986).  

In order to adequately specify the equation to be estimated, the debt-maturity model is tested for violation of assumptions such as: normality, heteroskedasticity, autocorrelation, and multicollinearity
.  The software utilized in this analysis is Stata 8.  In order to test the normality assumption, the Bera and Jarque’s LM skewness-kurtosis test for normality is used
.  The problem of heteroskedasticity is examined utilizing the Breusch-Pagan test
 with a null hypothesis of the uit being serially uncorrelated.  Finally, violation of autocorrelation is identified by testing the idiosyncratic errors vit for serial correlation
. 
In the corporate finance literature, the financial panel data is analyzed using three types of estimation techniques: pooled OLS, OLS cross-sectional, and random or fixed effects regressions.  The precision and efficiency of the estimates of model parameters is dependent on different model specifications.  As a result, all outcome sets are reported and discussed in the present investigation. 

The basic technique for estimating the debt-maturity model is pooled OLS estimation.  To perform this procedure, the model is rewritten as follows:

 LTDit = β0+ β1MBit + β2RDi + β3LMVit + β4AFEit + β5EBRit + β6TSit + β7INFit + β8STRit 

+ D’λi + uit     (4)

where uit = αi + vit; vit ~ NIID (0, (v2); i = 1,..., 652;  t = 1991,..., 2000. The underlying assumptions of this model are: 1) the explanatory variables (xit) in each time period are uncorrelated with the idiosyncratic error in each time period: E(xit’vit) = 0, i = 1,..., 652,  t = 1991,…, 2000; and 2) the explanatory variables are uncorrelated with the unobserved effect in each time period: E(xit’αi) = 0, i = 1,..., 652,  t = 1991,…, 2000. The regression estimation provides consistent estimators as long as the underlying assumptions are satisfied (Barclay and Smith, 1995; Wooldridge, 2002).


Since the OLS assumption of serially uncorrelated composite errors is not satisfied in the pooled OLS specifications, the t-statistics are overstated.  To account for the potential error-dependence problem, a single cross-sectional regression with the time-series mean of each variable by firm is used to perform the regression analysis.  Running the OLS cross-sectional equations eliminates the problem of serially correlated composite errors. The estimated model is re-specified as follows:

LTDi = αi + β1MBi + β2RDi + β3LMVi + β4AFEi + β5EBRi + β6TSi + β7INFi + β8STRi + D’λi + vi (5)
where vi ~ NIID (0, (v2); i = 1,..., 652; t = 1991,..., 2000 (Barclay and Smith, 1995; Wooldridge, 2002).

Estimating the model by the cross-sectional regressions preserves the dispersion across firms; however, it does not exploit the time-series variation in the observations (Barclay and Smith, 1995).  To correct for the serially correlated errors, a random or fixed effects regression model can be utilized.  In a random effects model, the αi is included in the error term, and the model takes the following specification:

LTDit = β0 + β1MBit + β2RDi + β3LMVit + β4AFEit + β5EBRit + β6TSit + β7INFit + β8STRit + D’λi + uit (6)

where uit = αi + vit; αi ~NIID (0, (α2); vit ~ NIID (0, (v2); i = 1,..., 652; t = 1991,..., 2000. In the random effects approach, αi is incorporated in the composite error term under the assumption that it is orthogonal to the explanatory variables, (xit), E(xit’αi) = 0, i = 1,..., 652, t = 1991,..., 2000. Furthermore, the method accounts for the implied serial correlation in the composite error, uit = αi + vit, identical to the generalized least squares (GLS) estimation (Wooldridge, 2002). 

In the fixed effects model, the model specification is as follows:

LTDit = αi + β1MBit + β2RDi + β3LMVit + β4AFEit + β5EBRit + β6TSit + β7INFit + β8STRit + D’λi + vit (7)

where vit ~ NIID (0, (v2); i = 1,..., 652; t = 1991,..., 2000. In the fixed effects analysis, αi is arbitrarily correlated with xit, E(xit’αi) ≠ 0, i = 1,..., 652, t = 1991,..., 2000 (Wooldridge, 2002). In order to identify whether fixed or random effects estimation technique is appropriate for the analysis, the Hausman test is performed to examine the appropriateness of the random effects estimator
.  Based on the test result, one of the methods is chosen to perform the econometric analysis (Wooldridge, 2002).

As noted earlier, the problem of heteroskedsticity and autocorrelation is a common issue associated with panel data; GLS estimation can correct for violations of the underlying assumptions.  On the other hand, the random effects model accounts for the serial correlation in the composite error term and, therefore, corrects for the serial correlation of errors (Wooldridge, 2002). 

Finally, the last problem associated with panel data is the problem of heteroskesdasticity and serial correlation across panels.  The fixed and random effects models overlook these correlations and, therefore, yield inefficient estimators.  By correcting for heteroskedasticity and autocorrelation across panels
, the estimation procedure yields an error variance-covariance estimator, which is robust to the common problems associated with panel data (Stata 8 Manual, 2005).
Estimation Results

The purpose of the study was to examine the relationship between debt maturity and excess bond returns and to investigate the impact of debt determinants and macroeconomic variables.  In order to adequately specify the equation to be estimated, the debt-maturity model was tested for violation of assumptions such as: normality, heteroskedasticity, and autocorrelation.  The results of the tests are presented in Tables 3A and 4A in Appendix.  These results revealed significant heteroskedasticity and serial correlation
 issues.  In order to account for misspecification problems, different model specifications were estimated including pooled and cross-sectional OLS, as well as GLS regressions.  The precision and efficiency of the parameter coefficients were found to be sensitive to the chosen form.  Finally, the Hausman specification test was utilized to examine the appropriateness of random effects estimation
.  As presented in Table 3A, fixed effects estimation appears to be the appropriate model choice; however, both types of results, random and fixed effects, are presented for comparison purposes.


Results presented in Table 2A suggest that debt maturity decisions are related to excess bond returns, debt determinants, and macroeconomic variables.  The pooled OLS model specification indicates excess bond returns are negatively related to debt maturity (b6 = -0.2884) at the 10% significance level.  Furthermore, market-to-book ratio and abnormal earnings are inversely associated with the debt maturity variable at the 1% and 5% levels, respectively.  Log market value is positively correlated to the dependent variable at a 1% level of significance.  There is no regulatory effect found on the debt maturity decisions, although the coefficient on the dummy variable is positive, as predicted.  Furthermore, none of the macroeconomic variables are statistically significant, yet all of them are negatively related to the dependent variable, which is in agreement with theoretical predictions.  Finally, there is a statistically significant difference for the firms with fiscal year-ending in March and November and the amount of long-term debt issued compared to the firms with fiscal year-ending in December. For example, firms with fiscal year end in March tend to issue more short-term debt. 

To account for the error-dependence problem in pooled OLS estimation, a single cross-sectional regression with the time-series mean of each variable by firm was used to estimate the model.  The excess bond returns are statistically significant at the 5% level of significance and have a coefficient of b6 = -0.12034.  The debt determinants: the market-to-book ratio and abnormal earnings negatively relate to the long-term debt decisions and have higher magnitudes compared to those obtained in the pooled OLS estimation (MTB: b1 = -0.01305 vs. b1 = -0.00613; AB: b4 = -0.08694 vs. b4 = -0.01413).  Log market value is positively associated with debt decisions and is higher compared to the pooled OLS estimate.  Again, no market variables are statistically significant and term spread carries a positive sign.  Finally, there is no statistical difference for the amount of long-term debt in capital structure for firms with fiscal year end in December and other months.

The cross-sectional regressions preserve dispersion across firms, but do not exploit time-series variation in the observations (Barclay and Smith, 1995).  The fixed effects regression model was estimated to correct for this problem.  As mentioned earlier, both fixed and random effects results are reported and discussed.  For the random and fixed effects regressions, there is a difference between the parameter coefficients and their efficiency levels.  In the fixed effects estimation, the excess bond returns are negatively related to debt maturity (b6 = -0.23886).  The coefficient is smaller than the random effects coefficient by 0.02, yet it is less efficient.  Furthermore, the log of firm market value is positively associated with the debt maturity (b3 = 0.11800), and it is the only debt determinant statistically significant in the model.  The coefficient is larger than the random effect estimate coefficient (b3 = 0.05250) and has a larger standard error.  Parameter estimates for market-to-book ratio and abnormal earnings diverge under the two models; in the random effects equation both variables are statistically significant and inversely correlated with the dependent variable, while in fixed effects equation both variables are statistically insignificant.  In the fixed effects model, only term spread is statistically significant among the macroeconomic variables; the positive coefficient contradicts theoretical predictions.  Finally, in the case of random effects regression, there is a statistically significant difference between the firms with fiscal year-ending in March and November in the level of long-term debt issued compared to the firms with fiscal year end in December. Due to multicolinearity observed in the case of fixed effects, most of the seasonal dummy variables were dropped from the estimation by Stata 8.

Heteroskedasticity and autocorrelation across panels is corrected by generalized least square estimation applying the correction for heteroskedasticity and first-order autocorrelation across panels with autocorrelation coefficient of ρ = 0.4070.  The modification improved the precision and efficiency of the parameter coefficients in the regression compared to the previous specifications.  The excess bond returns are statistically significant at the 5% level, and negatively correlated to debt maturity decision (b6 = -0.06003).  The parameter coefficient is the lowest among all specifications.  As before, market-to-book ratio and abnormal earnings are negatively related to the debt maturity decision.  Log firm market value is positively related to debt maturity (b3 = 0.01366) at the 1% significance level.  In the case of macroeconomic variables, term spread and inflation are negatively associated with debt maturity at the 10% and 5% levels, respectively.  These coefficients have the largest magnitudes among all the regression specifications.  Finally, there is a statistically significant difference in the debt-maturity decisions for firms with fiscal year-ending in January, March, May, June, and November compared to those with fiscal year-ending in December. For example, firms with fiscal year end in January, May, June, and November have a higher share of long-term debt compared to those in December. 

The test-statistics and log likelihood values indicate that each regression in Table 2A is significant at conventional levels.  Comparing the models’ R-square values suggests that variation in debt maturity structure across firms provides some of the explanatory power in these regressions. 

As presented above, there is a negative relationship between debt maturity and excess bond returns, in all specifications.  Furthermore, market-to-book ratio, abnormal earnings, as well as the market variables term spread and inflation are negatively related to the share of long-term debt.  The firm size is positively related to debt maturity.  Finally, there is a difference in long-term debt issues for firms with fiscal year-ending in January, March, May, June, and November. However, no statistically significant relationships were found for the regulatory dummy and short-term interest rate, although the signs for these coefficients are consistent with theoretical predictions.  Results here indicate the precision and efficiency of the model were sensitive to the model specification; corrections for violations of underlying assumptions are responsible for the magnitudes of these differences.  

Discussion and Conclusion

The examination of the excess bond returns as well as the debt and market determinants of corporate debt maturity supports the hypothesis that excess bond returns are negatively associated with debt maturity.  For example, firms tend to issue long-term debt when excess bond returns are low.  Furthermore, results here are consistent with Barclay and Smith’s (1995) findings that firms with more growth options in their investment opportunity set issue more short-term debt.  As a result, reducing debt maturity helps control the underinvestment problems as presented by Myers (1977).  There is also evidence for a strong positive association between firm size and debt maturity in which large firms issue a significantly higher share of long-term debt.  Finally, there is support for the hypothesis that firms use the maturity of debt to signal information to the market.  In accordance with Barclay and Smith’s (1995) finding, high-quality firms issue short-term debt, while low-quality firms issue long-term debt.  There is no evidence found in support for regulatory status on debt maturity, although the variable does carry the predicted sign, implying that regulated firms issue more long-term debt. 

The results obtained for the market variables are consistent with the hypothesis that managers time the debt market using publicly available information on market conditions as a guide to their maturity decisions.  The evidence supports the inverse relationship between the corporate debt maturity and the macroeconomic variables inflation and term spread.  Firms borrow long when debt market conditions suggest that the relative cost of long-term debt is low.  Although there is no evidence found in support of impact of short-term interest rates on debt maturity, the variable carries the predicted negative sign. 

The sign and the magnitude of impact of the term spread changes depending on the model specification.  These differences can be explained by linking the variable to the impact of taxes on the debt maturity decisions.  Due to a firm’s default on debt payments, the expected value of the firm’s tax liabilities depends on the debt maturity structure as long as it is not flat.  For example, if the term structure is upward sloping, issuing long-term debt reduces the firm’s expected tax liability and, therefore, increases the firm’s market value.  As a result, there is a positive relationship between long-term debt and a slope of the term structure (Brick and Ravid, 1985).  The limited impact of the term spread is explained by Lewis’ (1990), as taxes having no effect on the optimal debt maturity when the optimal debt-asset ratios and debt maturity structure are chosen simultaneously.

The analysis here has some potential limitations.  First, results obtained in this study are affected by a survivorship bias due to the sample generating process, which only included firms with complete data for the entire 10 years of study.  The firms that are included in the sample as a result are most likely to be larger and older with less investment opportunities.  These firm characteristics bias the sample towards finding issuance of long-term debt.  On the other hand, the bias works against finding the inverse relationship between debt maturity and excess bond returns as well as macroeconomic variables. High volatility of the explanatory variables over the time of the analysis makes it harder to obtain the predicted results.  Consequently, based on the bias possibility, the results for firm characteristics have to be taken lightly.

Second, as discussed by Barclay and Smith (1995), the debt-maturity analysis could be better executed if more disaggregated data were used in the study. For example, firms with more growth options in their investment opportunity set issue more short-term debt; however, it is questionable whether the total variation might result in variation among instruments with different maturities such as short-term bank debt or long-term public debt.  A more detailed examination of the mix of debt instruments issued by different companies would add to the depth and understanding of firms obtaining the observed debt structure (Barclay and Smith, 1995).

Further research of the debt maturity structure should not only include the mix of debt instruments, but also one, two, and three-year cumulative excess bond returns.  By including the cumulative returns in the model, debt maturity sensitivity to the impact of long- and short-term returns could be estimated.  Such analysis would provide further information on the cost of debt borrowing at different maturities.  Additionally, the sample used in the analysis should include information for as many firms and years as are available, in order to increase the precision and efficiency of the results.  Furthermore, a large number of firms included in the sample will decrease the possibility of survivorship bias and offer a more representative sample of firms, so obtained results could be extrapolated and interpreted for all firms in general. 
In conclusion, the analysis found evidence in support of impact of debt determinants and macroeconomic variables on the structure of debt maturity.  Furthermore, as suggested by Backer et al. (2003), empirical studies of debt maturity need to incorporate the market conditions and the excess bond returns in order to adequately explain patterns in debt maturity data.
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Appendix A

Table 1A

Data Descriptive Statistics
	Variable
	
	Mean
	Standard Deviation
	Min Value
	Max Value

	Share of Long-Term

Debt to Total Debt
	overall
	0.587608
	0.2489763
	0
	1

	
	between
	
	0.1307427
	0.085569
	0.938587

	
	within
	
	0.2119414
	-0.23633
	1.29564

	Market-to-Book Ratio
	overall
	1.549547
	0.9116479
	0.360198
	22.81232

	
	between
	
	0.707687
	0.639052
	7.222132

	
	within
	
	0.575302
	-1.81968
	21.19958

	Regulatory Dummy Variable
	overall
	0.21319
	0.4095923
	0
	1

	
	between
	
	0.4098753
	0
	1

	
	within
	
	0
	0.21319
	0.21319

	Log of Market Value
	overall
	2.698775
	0.9371075
	0.152839
	5.435521

	
	between
	
	0.9146363
	0.550687
	5.332079

	
	within
	
	0.2067988
	0.473086
	4.102186

	Abnormal Earnings
	overall
	0.030876
	0.4310666
	-5
	5

	
	between
	
	0.1028505
	-0.35749
	0.820588

	
	within
	
	0.4186344
	-5.67963
	4.901274

	Excess Bond Returns
	overall
	0.010944
	0.022473
	-0.052
	0.079

	
	between
	
	0.004737
	-0.00534
	0.01641

	
	within
	
	0.021968
	-0.03572
	0.080104

	Term Spread
	overall
	0.012496
	0.0120939
	-0.0068
	0.0351

	
	between
	
	0.0017139
	0.01113
	0.01565

	
	within
	
	0.011972
	-0.00967
	0.034366

	Inflation
	overall
	0.027276
	0.0068753
	0.0137
	0.0565

	
	between
	
	0.0009295
	0.02662
	0.029

	
	within
	
	0.0068123
	0.011976
	0.055196

	Short-Term Rate
	overall
	0.021536
	0.0127056
	-0.0549
	0.0501

	
	between
	
	0.0066697
	-0.01892
	0.02339

	
	within
	
	0.0108171
	-0.01444
	0.090556

	January Dummy
	overall
	0.062883
	0.2427718
	0
	1

	
	between
	
	0.2429396
	0
	1

	
	within
	
	0
	0.062883
	0.062883

	February Dummy
	overall
	0.019939
	0.1398002
	0
	1

	
	between
	
	0.1398968
	0
	1

	
	within
	
	0
	0.019939
	0.019939

	March Dummy
	overall
	0.055215
	0.2284164
	0
	1

	
	between
	
	0.2285743
	0
	1

	
	within
	
	0
	0.055215
	0.055215

	April Dummy
	overall
	0.015337
	0.1229004
	0
	1

	
	between
	
	0.1229853
	0
	1

	
	within
	
	0
	0.015337
	0.015337

	May Dummy
	overall
	0.026074
	0.1593665
	0
	1

	
	between
	
	0.1594766
	0
	1

	
	within
	
	0
	0.026074
	0.026074

	June Dummy
	overall
	0.07362
	0.2611709
	0
	1

	
	between
	
	0.2613514
	0
	1

	
	within
	
	0
	0.07362
	0.07362

	July Dummy
	overall
	0.016871
	0.1287986
	0
	1

	
	between
	
	0.1288876
	0
	1

	
	within
	
	0
	0.016871
	0.016871

	August Dummy
	overall
	0.019939
	0.1398002
	0
	1

	
	between
	
	0.1398968
	0
	1

	
	within
	
	0
	0.019939
	0.019939

	September Dummy
	overall
	0.075153
	0.2636589
	0
	1

	
	between
	
	0.2638411
	0
	1

	
	within
	
	0
	0.075153
	0.075153

	October Dummy
	overall
	0.049233
	0.216371
	0
	1

	
	between
	
	0.216201
	0
	1

	
	within
	
	0.0117498
	-0.05077
	0.949233

	November Dummy
	overall
	0.016871
	0.1287986
	0
	1

	
	between
	
	0.1288876
	0
	1

	
	within
	
	0
	0.016871
	0.016871


Table 2A

Estimation Results for the Corporate Debt Maturity Model

	Independent Variables
	Pooled OLS
	Cross-Sectional OLS
	Fixed Effects
	Random Effects
	GLS Model Corrected for Panel Heteroskedasticity and AR(1)

	Intercept
	0.43717***
	0.08306
	0.27612***
	0.47550***
	0.59842***

	
	(17.22)
	(0.08)
	(5.06)
	(15.93)
	(39.03)

	Market-to-Book Ratio
	-0.00951***
	-0.13057*
	-0.00474
	-0.00796**
	-0.00674**

	
	( -2.79)
	(1.80)
	(-0.99)
	(-1.99)
	(-2.16)

	Regulatory Dummy Variable
	0.01040
	0.01082
	Dropped
	0.00809
	0.00656

	
	(1.29)
	(0.83)
	
	(0.63)
	(0.99)

	Log of Market Value
	0.04724***
	0.04365***
	0.11800***
	0.05250***
	0.01366***

	
	(13.42)
	(7.40)
	(7.37)
	(9.71)
	(4.48)

	Abnormal Earnings
	-0.01543**
	-0.08694*
	-0.00955
	-0.01269*
	-0.01212**

	
	(-2.19)
	(-1.79)
	(-1.44)
	(-1.94)
	(-2.18)

	Excess Bond Returns
	-0.23884*
	-0.12034***
	-0.23886*
	-0.25854**
	-0.06003***

	
	(-1.87)
	(-2.34)
	(-1.70)
	(-2.03)
	(-2.42)

	Term Spread
	-0.02786
	0.02743
	0.70750*
	0.029691
	-0.29725*

	
	(-0.08)
	(0.34)
	(1.89)
	(0.09)
	(-1.67)

	Inflation
	-0.34899
	-0.46010
	-0.26200
	-0.34895
	-0.57826**

	
	(-0.54)
	(-0.04)
	(-0.44)
	(-0.59)
	(-2.16)

	Short-Term Rate
	-0.27210
	-0.19125
	-0.09694
	-0.25854
	-0.11847

	
	(-0.72)
	(-0.98)
	(-0.28)
	(-0.75)
	(-0.85)

	January Dummy
	0.01737
	-0.04619
	Dropped
	0.01713
	0.03400***

	
	(1.29)
	(-0.34)
	
	(0.8)
	(2.54)

	February Dummy
	-0.00884
	0.11801
	Dropped
	-0.00758
	0.00954

	
	(-0.40)
	(0.22)
	
	(-0.21)
	(0.04)

	March Dummy
	-0.0646***
	0.04413
	Dropped
	-0.06550***
	-0.05803***

	
	(-4.55)
	(0.09)
	
	(-2.96)
	(-5.91)

	April Dummy
	-0.00073
	0.00564
	Dropped
	0.00377
	-0.02318

	
	(-0.03)
	(0.03)
	
	(0.01)
	(-1.06)

	May Dummy
	0.00897
	-0.04860
	Dropped
	0.00953
	0.44310*

	
	(0.37)
	(-0.36)
	
	(0.28)
	(1.65)

	June Dummy
	0.00786
	-0.09589
	Dropped
	0.01010
	0.07890***

	
	(0.64)
	(-0.38)
	
	(0.52)
	(9.54)

	July Dummy
	0.00369
	-0.12577
	Dropped
	0.00524
	0.02657

	
	(0.15)
	(-0.38)
	
	(0.36)
	(1.01)

	August Dummy
	0.00967
	0.00738
	Dropped
	0.01286
	-0.00612

	
	(0.44)
	(0.08)
	
	(0.14)
	(-0.33)

	September Dummy
	-0.00963
	-0.06278
	Dropped
	-0.00701
	0.01354

	
	(-0.12)
	(-0.52)
	
	(-0.37)
	(1.16)

	October Dummy
	-0.00170
	-0.00627
	0.07469
	0.00102
	0.00293

	
	(-0.81)
	(-0.14)
	(0.32)
	(0.04)
	(0.24)

	November Dummy
	0.06158***
	-0.00320
	Dropped
	0.06315*
	0.11411***

	
	(2.6)
	(-0.02)
	
	(1.66)
	(16.49)

	R-Square
	0.0388
	0.1218
	0.0122
	0.0101
	

	
	
	
	
	
	

	Test -Statistic
	F (19,6500) = 13.79
	F(19, 632) = 5.17
	F(8, 5860) = 9.02
	Wald Χ2(19) = 137.54
	 Wald Χ2(19) = 596.82

	
	
	
	
	
	

	Log Likelihood
	 
	 
	
	 
	1601.881


a *** represents the significance level of 1%; ** represents the significance level of 5%; * represents the significance level of 10%.
Table 3A

Specification Test of the Corporate Debt Maturity Model

	Test
	Null Hypothesis
	Test Statistic
	Probability> Test Statistic

	
	
	
	

	Breusch-Pagan Test for Heteroskedasticity
	Constant Variance
	Χ2(1) = 91.47
	0

	
	
	
	

	Test of Residuals
	Serial Correlation
	t = 20.45
	0.006

	
	
	
	

	Breusch and Pagan Lagrange Multiplier Test for Random Effects
	Constant Variance
	Χ2(1) =   844.55
	0

	
	
	
	

	Hausman Specification Test
	Difference in Coefficients Not Systematic
	Χ2(8) =  22.24
	0.0045

	
	
	
	

	Likelihood-Ratio Test for Heteroskedasticity Across Panels
	No Panel Heteroskedasticity
	Χ2(651)=   2024.73
	0

	
	
	
	

	Wooldridge Test For Autocorrelation Across Panels
	No First-Order Autocorrelation
	F(1, 651) = 78.425
	0


Table 4A

Bera and Jarque’s LM Skewness-Kurtosis Test for     Normality

	Independent Variables
	Pr(Skewness)
	Pr(Kurtosis)
	Adjusted Χ2(2)
	Probability> Χ2

	Market-to-Book Ratio
	0
	0
	
	

	Regulatory Dummy Variable
	0
	0.548
	
	

	Log of Market Value
	0.556
	0
	
	

	Abnormal Earnings
	0
	0
	
	

	Excess Returns
	0.633
	0.215
	1.76
	0.414

	Term Spread
	0
	0
	
	

	Inflation
	0
	0
	
	

	Short-Term Rate
	0
	0
	
	

	January Dummy
	0
	0
	
	

	February Dummy
	0
	0
	
	

	March Dummy
	0
	0
	
	

	April Dummy
	0
	0
	
	

	May Dummy
	0
	0
	
	

	June Dummy
	0
	0
	
	

	July Dummy
	0
	0
	
	

	August Dummy
	0
	0
	
	

	September Dummy
	0
	0
	
	

	October Dummy
	0
	0
	
	

	November Dummy
	0
	0
	
	


� COMPUSTAT Industrial Annual File, � HYPERLINK "http://www.compustat.com" ��www.compustat.com�, Viewed: March 13th, 2005.


� Federal Reserves File, � HYPERLINK "http://www.federalreserve.gov" ��www.federalreserve.gov�, Viewed: March 13th, 2005.


� The construction method of the sample might cause a survivorship bias.  The survivorship bias is a tendency for failed companies to be excluded from performance studies due to the fact that they no longer exist.  The bias is positively skewed because only companies successful enough to survive until the end of the period are included (Investorwords.com, Viewed: 04/19/2005).  In the present investigation, only firms with complete data for 1991-2000 are included in the analysis.  The bias affects the results towards finding the predicted relationship between the debt maturity and debt determinants, because most of the surviving firms are larger and older with less investment opportunities and, therefore, issue more long-term debt.  On the other hand, the bias prevents the analysis from finding the results predicted for the macroeconomic variables due to their high volatility over the time period of the study.


� Multicollinearity is automatically checked in Stata 8 when there is more than one dummy variable in the equation. When multicollinearity is detected, the software corrects the equation by dropping out some dummies (Stata 8 Manual, 2005).


� Bera and Jarque’s LM skewness-kurtosis test:


Ho: (T)0.5α3^~N(0, 6) and (T)0.5α4^~N(0, 24)


Use this test for α3^ = 0 and α4^ = 3.  The test is, however, sensitive to outliers and rejection of the null provides no information about the alternative distribution to be used (McGuirck, Spring 2004).


� Breusch-Pagan tests: 


Ho: (α2 = 0 vs. Ha: (α2 ( 0   


This test demonstrates that under the null hypothesis the uit are serially uncorrelated. The null hypothesis is rejected for negative values of (α2 (Wooldridge, 2002).


� Testing autocorrelation in panel data uses the time-demeaned errors (vit..), which are found to be negatively correlated when the vit‘s are uncorrelated. The null hypothesis for this test is that the time-demeaned errors are serially correlated. If serial correlation is found, the asymptotic variance matrix estimator and test statistics can be adjusted (Wooldridge, 2002).  


� A Hausman test compares two estimators.  Under the null, the fixed and random effects estimators are consistent, but one is more efficient; under the alternative, the more efficient of the two becomes inconsistent but the less efficient remains consistent.  Thus if the null is not rejected, the two estimators should be similar; divergence indicates rejection of the null.  The test statistic is as follows:


W = ( β^F − β^R)Σ^-1( β^F − β^R),  W ~ Χ2 (k)


where k is the number of estimated coefficients and  Σ^-1 is the difference of the estimated covariance matrices from the two estimators. Rejection of the null implies the effects are correlated with the individual variances, and the fixed effects should be used for estimation (Stata 8, 2005).


� The Stata 8 software tests for panel-level heteroskedasticity and autocorrelation. The heteroskedasticty test compares the maximum likelihood of the model with panel-level heteroskedasticity to the model with homoskedasticity across panels.  The autocorrelation across panels is tested based on the assumption that the idiosyncratic errors, vit, are serially uncorrelated in the random and fixed effects model specifications (Stata 8 Manual, 2005; Wooldridge, 2002).


� Bera and Jarque’s LM skewness-kurtosis test for normality: Χ2(2) = 1.76, p-value = 0.414;


Breusch-Pagan test for heteroskedasticity: Χ2 (1) = 91.47, p-value = 0;


Test of residuals: t = 20.45, p-value = 0.006;


Likelihood-ratio test for heteroskedasticity across panels : Χ2 (651)=   2024.73, p-value = 0;


Wooldridge test for autocorrelation across panels test: F(1, 651) = 78.425, p-value = 0. 


� Hausman specification test: Χ2 (8) =  22.24, p-value = 0.0045.
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