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1. Introduction:
      A number of theoretical papers, Myers (1977), Barnea, Haugen, and Senbet (1985), Flannrey (1986), and Kan, Markus and McDonald (1985), have focused on the determinants of corporate debt structures. Three theories: contracting-cost theory, signaling and liquidity risk theory, and tax benefit theory, try to identify the maturity structure of corporate debt. Increasingly, many researches move beyond
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examining the determinants of corporate debt maturity structure. For example, Barclay and Smith (1995) use pooled data taken from COMPOSTATE for a period spanning from 1971 to 1991 and run pooled regression, cross-sectional regression and fixed effect regression to examine the first three theories of corporate debt maturity structure. Their results are consistent with the contracting-cost theory, all the parameters related to the theory are significant, but they fined limited evidence for signaling hypothesis, and they strongly reject the tax benefit hypothesis.
      On the other-hand, Stohs and Mauer (1996) use the same econometric methodology in testing the determinants of corporate debt maturity structure, but they expand the test to examine the matching hypothesis. Their results are consistent with signaling hypothesis, liquidity hypothesis and matching hypothesis, but they strongly reject the contracting hypothesis and economically reject the tax benefit hypothesis.

      Both studies ignore the statistical method to test for the existence of fixed effects on the balanced panel data that they use. Also they ignore the existence of the random effect, which commonly exist in the large sample panel. This ignorance could lead to bias and inconsistent estimation for the parameters of the regression as the econometric literature suggests, which may explain their different results.

      However, which theory is better in explaining the maturity of debt structure? One approach to the problem is to re-examine the determinants of debt structure using more robust technique. Our approach is different than others in that we apply a different methodology to examine same theories.

      The paper is constructed as follows. After the introduction in section I, Section II develops the hypothesis to be tested. Section III describes the data and the methodology. In section IV, we test the hypotheses and explain the results. Section V concludes the paper.

2. Debt Maturity Structure Theories:
      The literature includes four theories about the determinants of corporate debt maturity structure: contracting cost theory, signaling and liquidity risk theory, tax benefit theory and maturity matching theory. We consider each in turn by defining
the suggested variables that could have an effect on the debt maturity structure.

A.  Contracting cost theory:
      Myers (1977) introduced the contracting cost theory of debt maturity structure, according to the theory; short-term debt alleviates underinvestment problem if it matures before the exercise growth options, as there stays an opportunity for lenders and firms to re-form the contract. Likewise, Barnea et al. (1980) argue that long-term debt may deepen asset substitution problem since the value of long-term debt is more sensitive to changes in firms’ value of assets. This contracting costs hypothesis is empirically supported by Barclay and Smith (1995), and Guedes and Opler but not by Stohs and Mauer.

A.1. Investment Opportunity Set:
      Myers (1977) argues that risky debt financing may produce substantial investment incentives when a firm’s investment opportunities set includes growth options. Managers may fail to exercise profitable options because long-term debt captures a portion of equity-holders benefits in the form of increasing the agency cost of debt. In some cases bondholders capture enough of the benefits so that positive NPV projects may not be attractive to equity-holder, which may lead to under investment problem.

      One solution to the problem that Myers (1977) suggests is issuing short-term debt that matures before the exercise of the growth options. The contracting cost theory thus implies that firms whose assets have a large proportion of growth options use short-term debt. 

A.2. Firm’s Size:
      Smith and Warner (1979) argue that smaller firms with higher business risk are more likely experience agency cost problem as a result of risk shifting and claim dilution. Haugen (1980) and Senbate (1985) argue that these agency conflicts may enhance managers of small firms to shortening maturity. Titman and Wessels (1988) find an inverse relation between size and short-term debt and argue that smaller firms cannot provide the  high cost of issuance related to  long-term debt. Furthermore, Mitchell (1991) suggests that unquoted firms prefer to issue short-term debt to avoid information asymmetry. Furthermore, Ozkan (2000) provides evidence that debt maturity is negatively correlated with the size and book-to-market. 

B. Signaling and Liquidity Risk Theory:
      Flannery (1986) predicts that high quality firms prefer short-term debt to signal their high performance in the industry. The empirical finding of Stohs and Mauer (1996) provides evidence of such theoretical justification. On other hand, Diamond (1991) provides evidence that even low quality firms tend to prefer short-term debt to reduce the liquidity risk; the issuance of long-term debt would only be wortheness to medium-rated firms.  Both arguments empirically supported by Barclay and Smith (1995).

B.1. Liquidity Risk:
      The risk of not being able to refund debt because of deterioration in financial or economic conditions can motivate firms to lengthen their debt. Diamond (1991) develops a model relates the liquidity risk associated with short-term debt. As in the model bad news about firm’s performance may have a strong effect if it arrives at the same time of the debt refinancing. As a result, creditors may refuse to lend the firm or may ask for higher default premium. Thus, short-term debt exposes the firm to liquidity risk, so managers may prefer to finance their investment opportunity set using long-term debt.  Another sight to the problem, that firm with low leverage, firms that face liquidity risk, have no incentive to short-term debt while firms with high leverage will prefer to finance its opportunity set using short-term debt.

B.2. Firm’s Quality:
      Flannery (1986) suggests that rational investors will try to infer the insiders’ information from the firm’s capital structure since insiders are better informed than outsiders. He evaluates the extent to which debt maturity structure can signal the insiders’ information about firm’s quality. If investors in the bond market find it difficult to recognize bad firms from good firms, good firms will consider their long-term debt to be underpriced. Therefore, they will use short-term debt to be overpriced and issue these bonds. In equilibrium underpriced firms issue short-term debt while overpriced firms issue long-term debt. Recently, several papers examine the possible determinants of firms’ debt maturity decisions. For example, Mitchell (1993) provides evidence that firms with high leverage tend to issue short-term debt. On the other hand,  Guedes and Opler (1996) report a negative correlation between leverage and maturity

C. Tax Benefit Hypothesis:
      Kan, Marcus and McDonald (1985) suggest a tax-based rationale for optimal debt maturity structure. Their model suggests that optimal level of debt maturity involves a trade-off between the flotation cost of debt and pre-period tax-advantage of debt. The model shows that firms issue long-term debt when there are increases in the flotation costs. Also, firms tend to issue short-term debt as tax advantages of debt decrease. So firms decrease debt maturity as the effective tax rate and the volatility of the firm’s value tend to increase. Brick and Ravid (1985) contend that when the yield curve is normal, long-term debt is most favorable since the savings from leverage due to interest tax shield is speeded up (borrower’s incentive) and recognition of interest income is delayed (lender’s incentive). Guedes and Opler (1996) reject the hypothesis while Stohs and Mauer (1996) suport it.

3. Methodology and Data:
A. Methodology:

      The basic framework for panel data estimation is a regression model of the form:
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      There are K regressors in the Xit, not including the constant term. The individual effect is αi, which is taken to be constant over time t and specific to the individual cross-sectional unit i. In the panel data estimation, there are two basic frameworks used to generalize the model. The fixed effect approach takes αi to be a group specific constant term in the regression model. The random effects approach specifies that αi is a group specific disturbance, similar to εit except that for each firm there is a single draw that enters the regression identically in each period. I will consider these two approaches in turn.

i)  Fixed Effects:
      A common formulation of the model assumes that differences across firms
cannot be captured as differences in the constant term. Thus in (1), each αi is an unknown parameter to be estimated. Let Yi and Xi be the T observations for the ith firm. And let εi be associated T*1 vector of disturbances. Then we may write (1) as
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       where i is a diagonal n*n matrix specifies each firm, which can be written as

[image: image3.wmf][

]

)

3

(

..........

2

1

e

a

b

+

ú

ú

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ê

ê

ë

é

=

X

d

d

d

Y

n


      where di is a dummy variable indicating the ith firm. And let the nT*n matrix  D=[d1   d2  ….. dn] then
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      This model is the least squares dummy variables (LSDV), which is used in the fixed effect model.

ii) Random Effects:

      It could be more appropriate to view individual specific constant terms as randomly distributed across cross-sectional firms. Consider, then the reformulation of the model.

[image: image5.wmf])

5

(

it

i

it

i

it

u

X

B

Y

e

a

+

+

¢

+

=


      The component ui is the random disturbance characterizing the ith observation and is constant overtime. In the analysis of firms we can view them as the collection of factors not in the regression that are specific to the family (εi + uit). The variance covariance matrix can be estimated using Feasible Generalized Least Squares (FGLS) estimator V = ΩΘIn, where Ω is the variance covariance matrix for (εi and uit) for each firm individually.
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iii) Model Specification:
An inevitable question that always arises in panel data estimation is: which model should be used? Mundlak (1978) argues that we should always treat the 
individual effect as random. The fixed effects model is simply analyzed conditionally on the effects present in the observed sample and is costly in terms of degrees of freedom lost especially in longitudinal data set, which is widely used in corporate finance literature. But unfortunately, this approach does not always provide the consistent inference due to the omitted variables in the random model. Huasman (1978) suggests a test for the orthogonality of the random effect and the regressors. The test is based on a hypothesis of 
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no correlation, under the null, both (LSDV) and (GLS) are consistent but (LSDV) is inefficient, whereas under the alternative, (LSDV) is consistent but (GLS) is not. The test is chi-squared statistic based on the Wald criterion:

      where, ∑-1  is the estimated variance covariance matrix of the slope estimator in the (LSDV) model and the estimated variance covariance matrix in the random effect model. Under the null hypothesis of random effect the W is asymptotically distributed as X2 with K degrees of freedom.
      Another issue is related to the specification of the fixed effect. Suits (1984) suggests an F-test to examine the differences across firms. Under the null, the efficient estimator is pooled least squares. The F-ratio used for the test is
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where u indicates the unrestricted model and p indicates the pooled regression with only a single overall constant term.
B.  Data:

      We identify a sample of firms on the CIS tape during the (1989-2003) period. The sample was restricted to firms with Standard Industrial Classification (SIC) codes from 2000 to 5999 to focus on the industrial corporate sector. The original data set consists of 243 “unbalanced panel” firms observed yearly. Several of the firms merged during this period and several others explained strikes. Even though we didn’t exclude those firms from the study since the methodology we use can deals efficiently with unbalanced panel data, which gives better estimation than the reduced balance one. Also the Center for Research in Securities Prices (CRSP), New York Stock Exchange (NYSE), American Stock Exchange (AMEX) and NASDAQ files have been used to declare the yearly stock price for each company. The data includes all historical available observations found on the CIS tape of the University of New Orleans.  

4. The Model’s Variables and Related Proxies:
      In this section we identify the endogenous and exogenous variables related to debt maturity structure theories. we use a related proxy to highlight the effect of each variable on the debt maturity. 

A. The dependent variable: Debt maturity:
      There is no firm agreement about the maturity of short or long term leverage. For example, Scherr and Hulburt  (2001) consider the debt as a short-term if it is due before a year.  Barclay and Smith (1995) define short-term debt as a debt that mature before three years. Schiantarelli and Sembenelli (1997) consider a maturity of less than five years as short-debt. Following Barclay and Smith (1995), we measure debt maturity as a ratio of long-term debt to total debt (long-term debt plus debts in current liabilities). We collect the data for those variables from COMPOSTAT. The file reports the long-term debt for five maturities from year one to year five. For this study, we choose a 3-year debt maturity.

B. Exogenous variables:

B.1. Investment Opportunity Set:
      Smith and Watts (1992) show that investment opportunity set, firm’s growth options, can be estimated as the ratio of market value of the firm’s assets to the book value of its assets (MV/BV). The market value of the firm’s assets is estimated as the book value of total assets minus the book value of total equity plus the market value of equity. Contracting cost theory expects an inverse relationship between debt maturity and (MV/BV).

B.2. Firm Size:
      Firm size is estimated as the natural logarithm of the firm market value. The
market value of the firm’s assets is estimated as the book value of total assets minus the book value of total equity plus the market value of equity. Contracting cost theory expects a positive relation between debt maturity and firm size

B.3. Firm’s Quality:

      As suggested by Flannary (1986) the first difference of earning per share scaled by the stock price can be used as a proxy for the firm’s quality. The signaling and liquidity risk hypothesis expects an inverse relation between debt maturity and firm quality. Dennis et al. (2000) use abnormal earnings as a measure of firm’s quality. We prefer to use Barklay and Smith and Stohs and Mauer (1996) definition to avoid market model bias.

B.4. Firms Tax Rate:

      The firm effective tax rate is measured by the ratio of income tax-expense to pre tax income. The tax benefit hypothesis expects an inverse relation between debt maturity and effective tax rate.

B.5. Firms Asset Variability:

      Following Stohs and Maurer (1996), we measure firm asset variability as the standard deviation of the first order difference in earning before interest, tax and depreciation scaled by the average book value of assets. Scholes and Wolfson (1992) use the ratio of tax paid to taxable income as a measure of effective tax rate. The tax benefit hypothesis expects a negative relation between debt maturity and the variability of the firm.

B.6. Term Structure:

      The slope of term structure is measured as the difference between the month-end yields on a 10-year government bond and a 6–month government bond. The tax benefit hypothesis predicts a positive relation between debt maturity and term structure.

5. Empirical results:
A. Descriptive Statistics:

A.1. Univariate Analysis:

      Table I reports the univariate analysis for the dependent and the exogenous
variables. Panel A report the descriptive statistics across the full sample of 243 firms using the mean for each variable. Panel B reports the descriptive statistics of the pooled series across 243 firms and 11 years. The mean value firm has an average long-term debt to total-debt of 0.5737, a market book ratio of 1.657, a firm size of 3.53, an effective tax rate of 0.37, a variability of return of 0.046, and a percentage change of earning per share of 0.0082. The deviations of the variables fluctuated between 19.5 and 0.385; the analysis shows that the variability of return has the highest fluctuation among all variables.

A.2. Correlation Matrix for the Variables: 

      Table II reports the correlation matrix among the listed variables for the pooled time-series cross-sectional data. As predicted by the contracting cost theory, there is a negative correlation between the investment opportunity set and the debt maturity. Also the correlation sign between debt maturity and the firm size is negative as predicted. Observe that the correlation signs for the variables related to tax benefit and liquidity hypotheses are the opposite of the predicted sign. Also observe that the correlations among the explanatory variables are very low and less than the correlations among the explanatory variables and the dependent variable. This insures that multicolleniarity does not exist in the regression estimation.

B. Panel Data Analysis:

      Table III reports the fixed effect results, the F-statistic for testing the hypothesis that differences across groups are equal is highly significant, as a result we reject the null that the pooled regression is efficient. The Hausman statistic is 3.5. The critical value of the Chi-Squared table with six degrees of freedom is 12.59, which is far larger than the test value. The hypothesis that the individual effects are uncorrelated with the other regression cannot be rejected; we would conclude that of the two alternatives we have considered, the random effect model is the better choice.

      The random effects and cross sectional regressions provides strong evidence of the contracting cost theory, both market-to-book ratio and the log of the firm market value are highly significant and the sign of the parameters are consistent with the theory. The fixed effect regression provides little evidence about the contracting cost theory since the market-to-book ration is insignificant. The result of the comparison is clear; model misspecification can change the results.

      Inconsistent with tax benefit hypothesis, the coefficient on the firm effective tax rate is positive but insignificant, the P-Value of the parameter is [0.232]. For the firm asset variability the predicted sign is negative, all the regressions except OLS report a positive sign with insignificant level of interval. The same result has been conducted for the term structure the sign is negative and insignificant; as a result I strongly reject the tax benefit hypothesis.

      Under the random effects model the coefficient of abnormal return earnings is negative as suggested by the theory but it is insignificant, the P-value of the parameter is [0.146], so I reject the liquidity and signaling hypothesis. 

6. Conclusions:
      We examine the determinant of maturity debt structure for 243 industrial firms during the period 1989-2001. Three theories suggested by the literature have been tested. These theories are the contracting cost theory, liquidity and risk theory and tax benefit hypothesis. We found a strong evidence support the contracting cost theory. The examination suggests that firms with more growth options in their investment opportunity set are more likely to issue short-term debt. This finding is consistent with Myers (1977) in that risk debt financing may produce substantial investment incentives when a firm’s investment opportunity set includes growth options, managers try o issue short-term debt to solve the under-investment problem. Also we found that smaller firms with higher business risk are more likely to issue short-term debt than larger firms. The result is consistent with that of Haugan (1980) and Senabate (1985).

      Our evidence strongly rejects the tax benefit hypothesis and the liquidity and risk hypothesis, non of the parameters regression suggested by the tax benefit hypothesis, firm effective tax rate, variability of firms asset and term structure, has a sign consistent with the predicted one. Also we reject the liquidity and risk hypothesis, the parameter for the firm quality is insignificant. 
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Table I
      Descriptive statistics of Debt Maturity, Growth Options, Firm Size, Firm Quality, Effective Tax Rate, Earning variability, and Term structure

	Variable


	Mean
	Standard Deviation
	Minimum
	Median
	Maximum

	A. Descriptive statistics across firms (N=243)

	Debt Maturity
	.574
	0.004
	0.08
	0.779
	1.00

	Growth Options
	1.657
	0.0525
	0.07
	0.626
	5.83

	Size ($)
	0.354
	0.023
	-.2211
	3.012
	9.604

	Quality
	0.828
	0.159
	-5.836
	0.005
	322.9

	Tax Rate
	0.369
	0.605
	-4.371
	0.202
	5.866

	VAR
	0.046
	1.9.5
	0.0002
	0.6163
	1391.6

	Term Structure
	1.77
	1.66
	.22
	1.28
	5.24

	B. Descriptive statistics across firms and over time(N=2916)

	Debt Maturity
	0.574
	0.065
	0.072
	0.067
	1.000

	Growth Option
	1.657
	0.059
	1.1
	.43
	6.883

	Size ($)
	0.354
	0.041
	.043
	2.15
	11.24

	Quality
	0.828
	0.293
	-69.79
	.007
	401.9

	Tax Rate
	0.369
	0.931
	-8.63
	.202
	7.033

	Term Structure
	1.774
	1.84
	0.221
	2.147
	5.242


      Note.  The variables defined are as follows: Debt maturity is the ratio of long-term debt to total debt. Growth options is the ratio of market value of the firm’s assets to the book value of its assets (MV/BV). The market value of the firm’s assets is estimated as the book value of total assets minus the book value of total equity plus the market value of equity. Size is the natural logarithm of the firm market value. Quality is the first difference of earning per share scaled by the stock price. Tax rate is the ratio of income tax-expense to pre tax income. VAR is the measure of firm asset variability, which is estimated as the standard deviation of the first order deference in earning before interest, tax and depreciation scaled by the average book value of assets. Term structure is estimated as the difference between the month-end yields on a 10-year government bond and a 6–month government bond.

Table II
      Correlation Matrix of Dependent and Independent Variables of 243 firms for the Period 1989 through 2001

	Variable
	Debt Maturity
	Growth Options
	Size($)
	Quality
	Tax Rate
	VAR
	Term Structure

	Debt Maturity
	1.000
	
	
	
	
	
	

	Growth Options
	-0.2374
	1.000
	
	
	
	
	

	Size ($)
	0.58791
	-0.1761
	.0000
	
	
	
	

	Quality
	0.01658
	-0.0083
	.0747
	1.0000
	
	
	

	Tax Rate
	0.12576
	-0.0338
	.1205
	.0103
	1.0000
	
	

	VAR
	-0.2081
	0.5278
	-0.2358
	-0.0102
	-0.0503
	1.0000
	

	Term Structure
	-0.0287
	0.0257
	0.0282
	-0.0230
	-0.0972
	-0.0226
	1.0000


      Note.  The variables defined are as follows: Debt maturity is the ratio of long-term debt to total debt. Growth options is the ratio of market value of the firm’s assets to the book value of its assets (MV/BV). The market value of the firm’s assets is estimated as the book value of total assets minus the book value of total equity plus the market value of equity. Size is the natural logarithm of the firm market value. Quality is the first difference of earning per share scaled by the stock price. Tax rate is the ratio of income tax-expense to pre tax income. VAR is the measure of firm asset variability, which is estimated as the standard deviation of the first order deference in earning before interest, tax and depreciation scaled by the average book value of assets. Term structure is estimated as the difference between the month-end yields on a 10-year government bond and a 6–month government bond.

Table III
Panel Data Estimation of the Determinants of Corporate Debt Maturity

	Independent Variable
	Predicted Sign
	Pooled Regression
	cross-sectional Regression
	Fixed Effects Regression
	Random Effects Regression

	Intercept
	
	0.2754a

(8.900)
	0.258 a
(0.003)
	N.A
	0.1925 a
(4.157)

	Growth options
	-
	-0.0098 a
(-3.123)
	-0.02818 b
(-2.121)
	-0.0049

(-1.819)
	-0.0055 b
(-2.104)

	Size
	+
	0.0914 a
(14.77)
	0.0812 a
(5.536)
	0.1488 a
(9.089)
	0.1120 a
(11.42)

	Quality
	-
	0.0007

(0.4479)
	0.0062

(0.9535)
	-0.0011

(-1.717)
	-0.00095

(0.146)

	Tax Rate
	-
	0.0319

(1.360)
	0.1830

(1.354)
	0.0237

(1.300)
	0.02114

(1.196)

	VAR
	-
	-0.00007

(-0.0822)
	0.0028

(1.158)
	0.01934

(0.6938)
	0.00002

(1.269)

	Term structure
	+
	-0.0086

(-1.007)
	0.00547

(0.1901)
	-0.0085

(-1.346)
	-0.00698

(-1.122)

	R2
	
	0.369
	0.456
	0.7358
	

	F(79,369)
	6.9672 a
	
	
	
	

	Hausman’s statistic
	3.5877
	
	
	
	


      Note.  The variables are defined as follows: Debt maturity is the ratio of long-term debt to total debt. Growth options is the ratio of market value of the firm’s assets to the book value of its assets (MV/BV). The market value of the firm’s assets is estimated as the book value of total assets minus the book value of total equity plus the market value of equity. Size is the natural logarithm of the firm market value. Quality is the first difference of earning per share scaled by the stock price. Tax rate is the ratio of income tax-expense to pre tax income. VAR is the measure of firm asset variability which is estimated as the standard deviation of the first order deference in earning before interest, tax and depreciation scaled by the average book value of assets. Term structure is estimated as the difference between the month-end yields on a 10-year government bond and a 6–month government bond.

· a Significant at 5% level. b is Significant at 1% level.

· F-Suits test Under the Null the efficient estimator is pooled least square.

· Hausman’s test is insignificant (accepting the Null of random effects) 

· White-adjusted t-statistics in parentheses.

ملخص


      تبحث هذه الورقة محددات هيكل الديون لمئتين وثلاث وأربعين شركة صناعية متداولة في سوق نيويورك واميكس وناسداك، للفترة الواقعة ما بين عامي 1989 و2003. وتوصلت الدراسة إلى دليل يدعم نظرية تكلفة التعاقد ويتمثل في أنّ الشركات الصغيرة ذات مخاطر الأعمال المرتفعة والشركات ذات الفرص الاستثمارية المتوافرة تفضل إصدار الديون قصيرة الأجل. كما ترفض الورقة، في نتائجها، نظريتي منافع الضريبة ونظرية السيولة والخطر.


Abstract


      This paper empirically examines the determinant of corporate debt maturity structure for 243 industrial firms reported in NYSE, AMEX and NASDAQ for the period 1989-2003. The Hausman’s specification test is used to examine the fixed and random effects in the panel data. We find strong evidence supporting the contracting cost-theory that smaller firms with higher business risk and firms with more growth options in their investment opportunity sets are more likely to issue short-term debt. Also we strongly reject the tax benefit and liquidity & risk hypotheses, non of the parameters under the random regression are significant.
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