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Abstract

:

This paper investigates the direct theoretical relationship between the variance of stock returns (σ2E) and financial leverage (L) considering both corporate and personal taxes. Using a dataset of U.S. industrial firms, we examine the variance of stock returns as a function of the firm’s financial leverage. We demonstrate that (1) the variance of stock returns is positively related to the firm’s financial leverage, (2) the relationship between the variance of stock returns and financial leverage is positive when corporate and personal taxes are also considered, and (3) with regard to the relationship between the variance of stock returns and financial leverage, using market measures of the latter tends to generate a higher coefficient of determination and a more accurate approximation of the theoretical relationship between financial leverage and the variance of stock returns.
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1. Introduction


Volatility, which is commonly measured by the standard deviation of stock returns, has received a great deal of attention in the literature, as it is the key factor in portfolio theory, option valuation, and asset pricing models. Volatility is important to academics, policy makers, and financial market participants. For policy makers, a volatile stock market can be a source for concern, because the instability of the stock market creates uncertainty, which may have an adverse effect on growth prospects. In fact, volatility can be helpful for the formulation of the economic policies, rules, and regulations related to the stock market. Investors use the variance of stock returns as a measure of risk to assess the performance of their past and future investments. Also, volatility has a central role in the pricing theories of derivatives. The Black-Scholes option pricing model treats volatility as the only parameter, among the strike price, time to expiration, interest rate, and stock price that must be forecasted. Finally, academics try to identify the factors that affect the volatility of stock returns and its role in determining capital structure valuation.



While the literature is replete with studies devoted to the characteristics of the variance of stock returns (henceforth: σ2E or σE), there are very few studies to the best of our knowledge on the direct relationship between financial leverage (henceforth: L) and σE, a fortiori when both corporate and personal taxes exist. The closest type of studies that does refer to the impact of L on σE is what is commonly named in the literature as “leverage effect” studies in which the impact of L on σE is evident only indirectly. In such studies, financial leverage is provided as a potential explanation for the asymmetric σE found under various market conditions. This possible explanation can be easily demonstrated based on the pioneering “leverage effect” works of Black (1976) and Christie (1982) described by Equation (1) below:


σE = ΔE/E = ΔV/E = (ΔV/V) × (V/E) = (ΔV/V) × [(E+D)/E)] = (ΔV/V) × L = σV × (1 + L)



(1)




where V is the value of the firm, E is the value of outstanding equity, and D is the value of debt, so that V = E + D. According to this formulation, if debt is risk-free, a change in the value of the firm’s assets (ΔV) is passed entirely through to the equity: ΔE = ΔV. Thus, Equation (1) expresses the change in the value of a firm’s stock caused by a given ΔV. Meaning, σE = σV(1 + L), where σV is the standard deviation of asset returns, and σE is the standard deviation of equity returns. An important and well documented empirical feature in many financial markets is the financial leverage effect (Black 1976; Christie 1982). According to the latter, a higher return reduces L (because a positive return increases the value of the equity, while the risk free debt is unchanged) and is therefore expected to lower the volatility of equity returns. In contrast, a lower return should have the opposite effect on σE. That is, an increase in L also increases σE.



To summarize, to the best of our knowledge, the existing studies in the literature have not tested the direct theoretical relationship between σE and L when both corporate and personal taxes exist. The purpose of this study is to test directly whether and to what extent the theoretical relationship between σE and L established in the literature holds in the real corporate world, particularly when corporate taxes and personal taxes are considered. To overcome the potential problem of measurement errors and for the sake of a sensitivity analysis, we use both book and market measures of leverage with two methods of calculating corporate and personal taxes. Finally, we test which of the risk free debt theoretical models (the perfect capital market model, the corporate taxes only model, or the theoretical model that includes both corporate and personal taxes) best describes the real relationship between σE and L. We make this differentiation by comparing the observed parameters from the regression analysis with the theoretical values implied by each model. We contribute to the literature by employing a direct and thorough empirical test of the theoretical relationship between σE and L. The direct test should fill a gap in the literature on capital structure theory and can assist portfolio managers, investors, and policy makers.



To emphasize, our study extends the literature in several aspects. First, we test three (rather than one) theoretical models in the context of the σE-L relationship. Second, we actually compare the OLS (Ordinary Least Squares) regression coefficients in all three models with their theoretical counterparts and examine whether the differences between these values are statistically significant—an important investigation that has not been conducted so far in the literature. Third, while prior studies simply employed a standard regression analysis of the relationship between σE and L and some other variables, conducting what we call an indirect-test, we in contrast apply a direct test approach by testing the theoretical relationship between σE and L directly. In addition, we employ direct estimates of the additional variables that are present in the theoretical models, such as corporate and personal taxes, and we also use both book and market leverage measures.



This paper is organized as follows. Section 2 provides a detailed scientific background of both theoretical and empirical studies of the relationship between σE and L. Section 3 presents the main hypotheses and the methodology. In Section 4, we describe the sample, the selection process, and data sources used for the construction of the sample. Section 5 discusses the empirical results, while Section 6 concludes.




2. Scientific Background


Many of the recent studies about financial leverage (L) and volatility (σE) introduce the leverage effect hypothesis, which posits that stock returns and volatility are negatively correlated. One explanation for the negative relationship is that an increase in volatility leads to an increase in the expected return on the equity, which results in a decline in stock prices. An alternative explanation is referred to financial leverage, where a drop in stock prices leads to an increase in financial leverage, resulting in an increase in the volatility of stock returns.



Using a sample of 30 stocks, mostly Dow Jones Industrials, from 1964 to 1975, Black (1976) was the first to demonstrate the so-called leverage effect in the context of asymmetric equity volatility. He showed that stock volatility was negatively correlated with stock returns, meaning that volatility tends to grow as stock prices drop. He argues that a possible explanation for the negative relationship is due to a financial leverage effect, meaning when stock prices fall, financial leverage increases, leading to an increase in the volatility of stock returns. He also states that a similar effect may occur even if the firm has almost no debt because of the presence of so-called “operating leverage” (fixed costs that cannot be eliminated, at least in the short run). Therefore, a stylized fact is that financial leverage may be the factor accounting for this negative relationship. However, the empirical evidence for this effect is not conclusive. Moreover, crises, such as the 2008 subprime crisis (which is a debt crisis), may call for another reconsideration of the leverage effect discussed in the literature. On the one hand, in this subprime crisis, stock prices actually fell, leading to a higher financial leverage, but on the other hand, the crisis itself was a debt crisis, which caused a crash in bond prices, causing the opposite effect on the financial leverage. From this viewpoint, this study is motivated to test the direct σE-L relationship to investigate the true effect of financial leverage.



Early studies, such as those of Christie (1982), Cheung and Ng (1992), and Duffee (1995), found that volatility seems to rise when stock prices go down and decline when stock prices go up. Schwert (1990) showed that stock market volatility increases during recessions and after a large drop in stock prices. He found that the higher the financial leverage of the market, the greater the volatility. Figlewski and Wang (2000) noted a strong leverage effect for falling stock prices, but for positive returns they found a very weak or even non-existent leverage effect. They called these findings the “down market effect”, because it is much stronger when the market is falling. Titman and Wessels (1988) reported a negative association between earnings volatility and leverage. Lemmon et al. (2008) found a negative effect of cash flow volatility (measured by the standard deviation of historical operating income) on the leverage decisions of firms. Bollerslev et al. (2012) established a negative correlation between volatility and current and lagged returns, which lasts for several days, weak correlations between the returns and the lagged volatility, and strong correlations between high frequency returns and their absolute values. Their findings support the dual presence of a prolonged leverage effect at the intra-daily level and an almost instantaneous volatility feedback effect. Ait-Sahalia et al. (2013) used a natural estimate of the empirical correlation between daily returns and changes in daily volatility estimated from high frequency data. Using the well-known Heston model, they found that at high frequencies and over short horizons, the estimated “leverage parameter” is close to zero instead of being an expected strong negative value. At longer horizons, the effect is present, especially when using option-implied volatility. The authors also provided theoretical results to disentangle the biases involved in estimating the leverage parameter and isolated the sources one by one: Discretization bias, smoothing bias, estimation error, and noise correction error. In addition, they also considered the influence of price jumps on estimating the correlation between Brownian shocks to price and volatility. Using a simulation study, they successfully recovered the leverage parameter using a simple OLS regression.



To summarize, while there are numerous indirect studies that connect financial leverage with the volatility of stock returns, this study is motivated to test the direct effect of L on σE. To the best of our knowledge, this is the first study that implements in this manner such a test.




3. Theory, Hypotheses, and Methodology


Based on Modigliani and Miller’s (1958, 1963) capital structure theory, the standard deviation of equity returns (σE) is a function of the financial leverage of the firm (L) and the specific market imperfections considered. To derive the σE expressions, we first present the formulations for the required return on equity (KE). Yagil (1982) devised a general theoretical expression to describe KE as a function of the required return for an unlevered firm, the firm’s financial leverage, the corporate and personal tax rates, and when debt is also risky and associated with bankruptcy costs:


KE = KU + [KU [(1 − Ψ) − r(1 − TC)(1 − TE)]L,



(2)




where KE is the required return on equity for the levered firm, KU is t required return on equity for the unlevered firm, Ψ equals (1 − q − T), where q is the bankruptcy factor as a percentage of the firm’s debt, T is the tax ratio given by the term (1 − TC)(1 − TE)/(1 − TD), TC is the corporate tax rate, TE is the personal tax rate applicable to equity holders, TD is the personal tax rate for debt holders, r is the required return on debt, and L is the financial leverage ratio of the firm given by D/E where D and E are the values of the debt and equity, respectively1.



If capital markets are perfect, and debt is risk free, and neither corporate nor personal taxes exist, then Ψ = 0 and Equation (2) reduces down to:


KE = KU + [(KU − r)L],



(3)




which is similar to Modigliani and Miller’s proposition 2 for the cost of equity in the absence of taxes.



If debt is risk free and corporate taxes are the only market imperfection, then Ψ from Equation (2) is reduced down to: [1 − (1 − TC)] or simply TC and the resulting relationship becomes:


KE = KU + [KU(1 − TC) − r(1 − TC)]L,



(4)




which can also be organized as:


KE = KU + (1 − TC)(KU − r)L,



(5)




where Equation (5) is equivalent to the corporate tax expression in Modigliani and Miller (1963, p. 439). If in addition to corporate taxes, personal taxes also exist, while debt is still risk free, then q = 0 and Ψ simply reduces to (1-T), and, consequently, Equation (2) reduces to the following:


KE = KU + T [KU − r(1 − TD)]L.



(6)







In theory, as the tax rate on interest income increases relative to the tax rate on equity income, bondholders demand relatively higher pretax returns to leave them equally well off on an after-tax basis. The resulting higher interest cost reduces the tax benefit from debt accruing to equity holders. As a result, the equity risk premium from leverage should increase with the personal tax penalty on interest income according to Miller (1977).



Next, we turn to the derivation of the variance (or standard deviation) for each of the K expressions above. The σE-L expressions corresponding to Equations (3), (5), and (6) are as follows:


σE = σU + σUL,



(7)








σE = σU + σU(1 − TC)L,



(8)






σE = σU + σU(TL).



(9)





Next, we explain the methodology of testing the σE-L theoretical models. We divide our tests into two main stages. In the first stage, we test the direct relationship between σE and L using an ordinary least squares (OLS) regression analysis for the following three cases: No taxes, corporate taxes only, and both corporate and personal taxes. The second stage of our test will present comparative tests whose purpose is to determine which of the above three cases better corresponds to the real world relationship. We use two methods of testing: Method 1 and method 2. Method 1 involves the comparison of the observed γ0, γ1 (from each direct regression) with their theoretical counterparts, γ0*, γ1*.



The alternative test method (method 2) involves two stages. The first stage is the following regression estimation of Equation (7):


σE = γ0 + γ1[L].



(10)







Using this estimation procedure, γ1 should account for the effect of all market imperfections. Thus, in the second stage, we compare γ0 with σU, where σU is derived from the corresponding model, and we compare γ1 with the theoretical slope in the corresponding theoretical model. For example, for model (3a), where corporate and personal taxes are the only market imperfections, γ0 should be equal to σU, where σU = σE/(1 + TL), and γ1 should be equal to σUT. Note that in all three cases (a perfect capital market, corporate taxes, and corporate and personal taxes), we should expect a positive slope, representing the positive relationship between σE and L.




4. Data and Variable Measurement


4.1. Data


We gathered the financial and market data from two main sources: The COMPUSTAT database and the Yahoo stock screener. Testing the various theoretical models outlined above requires a reference to the risk class issue. Theory states that the σU should be identical across all firms in the same risk class. Consequently, an empirical problem that can arise is that σU is supposed to be constant in the defined risk class, but, practically, it may vary across the companies in the same risk class. Taken to the extreme, σU may practically even vary from one company to another. The empirical tradeoff involved then is between selecting a very small sample in order to maintain a homogenous risk class on the one hand, and the low statistical reliability that may be associated with a relatively small sample. Given this tradeoff, we selected our sample to consist of the industrial sector according to the GICS (Global Industry Classification Standards) definition of COMPUSTAT and, at the same time, is sufficiently large to obtain statistically reliable results. Furthermore, to reduce the “survival bias” discussed in the literature, our sample in the various years contains precisely the same set of companies (which naturally reduced the size of our initial sample). In addition, to minimize the potential measurement errors caused, among other things, by our relatively broad risk class assumption, we employed various sensitivity analyses and robustness tests discussed later in this study. Our sample time period ended at 2007 since the Haifa university subscription to COMPUSTAT expired at the end of 2007. Also, to focus on the most recent normal years available, the starting point year was defined here as 2003, since prior years to 2003 were associated with the rise and burst of the so called high tech bubble. The initial sample consisted of all 306 firms and companies covered by COMPUSTAT in the sample time period. We then required complete data in each sample year on the company’s total debt, current liabilities, total equity, total taxes paid, pretax income, total dividend paid, and preferred stocks in each year and also the historical 60 monthly returns. This screening procedure reduced our sample to 182 firms. Since no data was available for estimating the “cov(KU,r)” term, our empirical analysis will be based on the debt risk free models described in the previous section. This is also consistent with the empirical approach adopted by many prior empirical studies, which only employed models in which debt is assumed to be risk free.




4.2. Variable Measurement


The variables in our study include the financial leverage (L), the standard deviation of stock returns (σE), and the tax rates—corporate and personal (TC, TD, and TE). We gathered all of the required data from the balance sheets and income statements of each firm in each sample year and market data, such as stock prices and returns.



To test for the robustness of our results and overcome the potential problem of measurement errors, we used several estimates of the financial leverage and tax variables combined with different methods of estimating them.



4.2.1. Financial Leverage


The literature is replete with financial leverage measures that include both market and book measures for equity and debt. Barclay et al. (2006) show how book leverage is theoretically preferred in regressions involving financial leverage. Using book values may be justified by a survey of Graham and Harvey (2001), who reports that managers focus on book values when considering the financial structure of the firm. Welch (2004) argues against book values, and Fama and French (2002) find different results for book and market leverage. On the other hand, Bowman (1980) has used various estimates of the financial leverage in terms of both book and market values, and concluded that the estimates are not statistically different from each other in terms of the relationship between risk and leverage. Thus, the literature is not unanimous about the optimal way of assessing the appropriate financial leverage measure. Appendix A provide a review of various proxies for financial leverage in the empirical literature.



Since financial leverage is a central variable in this study, we used two L measures based on the long-term debt of the firm: Lev1 = LTD/EquityBV and Lev2 = LTD/EquityMV. We also used two other L measures to include current liabilities: Lev3 = (LTD + CL)/EquityBV and Lev4 = (LTD + CL)/EquityMV. Lev denotes the financial leverage, LTD is long-term debt, Equity is the value of common equity, CL is the current liabilities, and the subscripts, BV and MV, stand for the book and market values, respectively. EquityMV includes the market value of common equity given by the product of the number of common shares outstanding and the mean of the 12 monthly closing stock prices. The estimate of the financial leverage (Lev) for each year is based on the mean value of the preceding five years. We constructed two such estimates—Relative and Absolute. The Relative Lev estimate for a given year is the mean value of the Lev variable across the preceding five years, while the Absolute Lev is given by the 5-year mean value of the “debt” numerator divided by the 5-year mean value of the “equity” denominator. Following previous relevant empirical works, we used the book value of debt. Additional estimates include using preferred equity in the “debt” component. The preferred stock estimates are not presented here, because the results with and without preferred stock remained similar. To summarize, eight different versions of the financial leverage variable are considered here—four using the Absolute method and four using the Relative method of leverage calculation. Each one of the eight leverages (both book and market measures) will be used to test the theoretical models. Accordingly, each one of them will be employed in the unlevering formulas.




4.2.2. Corporate and Personal Taxes


Testing Equations (7)–(9) requires estimates of the corporate tax rate (TC) and the personal tax rates applicable to the equity holders (TE) and the debt holders (TD). Most proxies for the corporate tax rate are based on the total income tax expense divided by the pre-tax income (Fan et al. (2012); Arena and Roper (2010); Dyreng et al. (2010); Butler et al. (1991)), or by assuming a constant corporate tax rate (DeAngelo et al. (2011); Kemsley and Nissim (2002); Marston and Perry (1996)). Following the first set of studies, we used the total tax expense divided by the pretax income as a proxy for the corporate tax variable. The estimate of the corporate tax rate (TC) for each year is based on the mean value of the preceding five years. Again, we constructed two such estimates—Relative and Absolute. The Relative TC estimate for a given year is the mean value of the TC variable across the preceding five years, while the Absolute TC is given by the 5-year mean value of the firm’s total tax expense divided by the 5-year mean value of the firm’s taxable income. Butler et al. (1991) set the outliers of corporate tax rates to 40%, because such rates are likely to be associated with non-recurring or unusual items. They state that this procedure is necessary for approximately 15% of the sample firms. We follow that procedure here for approximately 12% of the sample. We set the corporate tax rates that exceed 60% to the mean value plus two standard deviations, and the corporate tax rates that are less than 20% to the mean value minus two standard deviations.



The personal tax rate is a function of the tax rates faced by debt holders (TD), and the tax rate faced by equity holders (TE). Two factors determine the latter: The tax rates on dividend (Td) and capital gains (Tcg) income. Following Dhaliwal et al. (2006) (henceforth: DHL), we set TD to the highest statutory tax rate on interest income. We also estimated TE according to DHL’s modification of the tax rate on equity income to represent a weighted-average tax rate on dividend and capital gains income by the following term: [d·Td + (1 − d)·α·Tcg], where d is the amount per after-corporate tax dollar of earnings that is distributed to shareholders in the form of a dividend. d represents the dividends paid for the most recent year divided by the average earnings over the prior three years, and accordingly, (1 − d) is the retention rate.



Following the procedure used by Dhaliwal et al. (2006), we winsorize d at zero and one. Td is the personal tax rate on dividend income, set to equal TD for the years prior to 2003, and 15% thereafter. Tcg is set to equal the top statutory tax rate on long-term capital gains income, which equals 20% for 1998 through to 2002 and 15% thereafter. α is the benefit of capital gains deferral. This benefit stems from the lower present value of future tax payments, especially if the capital gains are realized in future time periods when the investor’s personal tax rate is lower than the corresponding tax rate in the present. A very informal rule is to multiply the statutory capital gains tax rate by 0.25 to capture the fact that the present value of the expected capital gains taxes is small2.



Following Van Binsbergen et al. (2010); Graham (1999); Dhaliwal et al. (2006), we assumed that α = 0.25. To summarize, the personal tax rate is a function of TD, Td, Tcg, and d, and equal to (1 − TE)/(1 − TD).






5. Empirical Findings


5.1. Descriptive Statistics


Table 1 reports the descriptive statistics for our sample. The values reported are measured in $millions and include the mean, median (Med), standard deviation (SD), coefficient of variation (CV), minimum (Min), and maximum (Max). For example, the mean value of the total liabilities of the firms is $6720.1 million, and the mean value of their common equity is $2269.7 million. The standard deviations of these corresponding variables are $533.9 and $312.7 million, which reflect a coefficient of variation (CV) of 0.08 and 0.14, respectively.



Table 1 also reports our measurements for the financial leverage according to eight measures of L according to the Relative and Absolute computation methods.



The Lev1 rows in Table 1 present the descriptive statistics of the ratio of long-term debt to (book) equity, and the Lev2 rows report the descriptive statistics when the market value of equity is used. Similarly, the Lev3 rows present the descriptive results of the ratio of total debt to total (book) equity, and the Lev4 rows report these results when the market value of equity is used. For example, the mean value of long-term debt to total book equity by the relative computation method (Relative Lev1) is 0.84 and 0.51 by Lev2. Similarly, the mean value of Lev3 is 1.65 and 1.02 for Lev4. It is clear that market, rather than book measures, tend to generate lower L values, because the market value of equity is generally higher than the book value of equity.



Table 1 also reports the descriptive statistics for the measurement of the dependent variable (σE). σE is the historical standard deviation (HSD) for each firm based on the monthly stock returns in five years prior to each sample year. The mean (median) value of σE across the years is 0.114 (0.096) and the min–max range is 0.048–0.421. Additional descriptive statistics for other key variables, such as corporate (TC) and personal taxes (TE and TR), are also included in Table 1. For example, the mean value of the corporate tax rate by the Absolute-computation method (Absolute TC) is 0.348, while by the Relative-computation method (Relative TC) measure the corresponding mean value is 0.358 by the absolute corporate tax measure. Overall, the estimation of the corporate tax rate by either the Absolute or the relative computation methods yields similar TC measures for each of the sample years, and therefore we report here only the mean value across the years.




5.2. Regression Results


Table 2 presents the findings for the tested models with respect to the following cases: Perfect capital markets, corporate taxes, and both corporate and personal taxes. The results are reported for two different L measures [Lev4(Mv) and Lev3(Bv)], which are based on the total debt of the firm. Using other L measures yields similar results. The statistics reported for each regression are the intercept, slope, R-squared, and the significance of the slope OLS coefficient by the null hypothesis HO: γ1 = 0 vs. H1: γ1 ≠ 0. Since the intercept was significant at the 1% level in all cases, only the significance of the slope is reported in the tables. Additional tests comparing whether each regression parameter is equal to its theoretical counterpart in each sample year are provided in Table 3 and Table 4.



The main results that emerge from Table 2 here imply a positive and significant relationship between σE and L. This result holds in each case tested: The perfect capital market case (Equation (7)—Model (1a)), corporate taxes only (Equation (8)—Model (2a)), and both corporate and personal taxes (Equation (9)—Model (3a)). Though not reported here, the positive relationship also holds for each of the sample years and for all eight leverage estimates whether the Absolute or Relative method is employed. Note that the overall results tend to support the positive relationship between σE and L, but the R-squared is higher when using market measures of L rather than book measures. For the case of a perfect capital market in Table 3, the mean value of R-squared is 0.189 for the Relative Lev4 and 0.110 for its corresponding book measure (Relative Lev3). For the corporate tax case, the mean value of R-squared is 0.184 for the Relative Lev4 and 0.103 for its corresponding book measure (Relative Lev3). Finally, for the corporate and personal taxes case, the mean value of R-squared is 0.190 for the Relative Lev4 and 0.111 for its corresponding book measure (Relative Lev3). We obtained similar results when the financial leverage is based on long-term debt (Lev1, Lev2) rather than total debt (Lev3, Lev4). A comparison between the book and market slope regression parameters in each case implies that the extra penalty for volatility with the use of book measures may be more moderate than using market measures. For example, the mean value of the slope measures for the Lev4 across the years is 0.021 (the perfect capital market case), 0.032 (corporate taxes), and 0.022 (both corporate and personal taxes). Similarly, the mean value of the slope measures for Lev3 is 0.011 (the perfect capital market case), 0.016 (corporate taxes), and 0.011 (both corporate and personal taxes).




5.3. Comparative Analysis and Robustness Tests


We test the degree to which the observed regression coefficients, γ0 (intercept) and γ1 (slope), in each model correspond to their theoretical model counterparts, designated here as γ0* and γ1*. We use two methods to conduct this comparison—method 1 and method 2. In the first method, the corresponding explanatory variables are [L], [(1 − TC)L], and [TL] for the perfect capital market case, the corporate taxes case, and both the corporate and personal taxes, respectively. Thus, in all three cases, the null hypothesis is H0: γ0 = σU* and γ1 = σU*, where σU* is the theoretical value derived from each model.



In the second method, we first run the following cross-sectional regression model, which is the estimated regression of the perfect capital market case described earlier in Equation (7):


σE = γ0 + γ1[L].



(11)







In the first step, we run Equation (11) to estimate the observed γ0 and γ1. In the second step, we compare the regression’s γ0 with γ0*, where γ0* is the theoretical value derived from each model and γ1 to γ1* implied in each theoretical model. For the perfect capital market [model (1a)], γ0* = σU = σE/(1 + L) and γ1* is also σU. For the corporate taxes case [model (2a)] in Equation (8), γ0* = σU = σE/[1 + (1- TC)L] and γ1* is σU(1 − TC). Finally, for the corporate and personal taxes case [model (3a)] in Equation (9), γ0* = σU = σE/[1 + TL] and γ1* is σUT. Similarly, we compare the regression γ0 and γ1 with the intercept and slope as detailed above.



Table 3 presents the theoretical values derived from each model according to two different measures of L, and the T tests for [γ0 − γ0*] and [γ1 − γ1*] in each year using each L measure. We mark the p-value, which is significant at least at the 5% level, with an asterisk, *. The last row of each group of models in Table 3 presents the observed parameters (γ0 and γ1) in the first stage of method 2. Every other row presents the implied theoretical values of the intercept and slope (γ0* and γ1*) if the specific model holds true.



For example, looking at 2006, if model (2a) (the corporate taxes case) holds true, by the null hypothesis (under Relative Lev4 and Relative TC) γ0* is 0.063 and γ1* is 0.041. In other words, if model (2a) holds true, the observed parameters in the last row (0.082 and 0.021 for the intercept (γ0) and slope (γ1)) should not be statistically different from their theoretical values above (γ0* is 0.063 and γ1* is 0.021). Since the final results remain the same in all of our financial leverage estimates, we report here the findings using Lev3 and Lev4 only.



We begin by testing the approximation of the observed values relative to their theoretical counterparts using method 1. This method of comparison relies on the direct testing of each model outlined earlier (that is, (1a), (2a), and (3a)). Note that we test each model directly and then compare the observed parameters (γ0 and γ1) to the theoretical values (γ0* and γ1*) derived from each model. Given that we run the explanatory variables of L, (1 − TC)L and TL directly versus the standard deviation of equity returns, in all cases, both γ0 and γ1 should be equal to σU, where σU is derived directly from the relevant model. A more detailed explanation is as follows. Equation (12) below is the theoretical model in which debt is risk free, and corporate tax is the only market imperfection (model (2a)):


σE = σU + σU[(1 − TC)L].



(12)







Testing this equation directly means that σE is the dependent variable, and the term in the squared parentheses, [(1 − TC)L], is the explanatory variable. Accordingly, the specification model here is Equation (13) below:


σE = γ0 + γ1[(1 − TC)L].



(13)







Thus, if Model (2a) holds true, then both γ0 and γ1 should be equal to σU* (where σU is derived from the theoretical model in Equation (7)). Hence, we compare the value of σU* with the observed intercept and slope (expressed by γ0 and γ1) obtained by the direct test we conducted.



Table 3 presents the results of the observed parameters of γ0 and γ1 (panel A) using method 1, and the significance for the [γ0 − σU*] and [γ1 − σU*] differences (panel B). All of the tests indicate significant gaps for [γ1 − σU*] and mostly significant for [γ0 − σU*]. The gaps are significant for the five years in the sample and for all eight leverage estimates whether the market or book measures are used and whether the Absolute or Relative method is employed for corporate taxes and financial leverage. While the majority of the differences are significant, using market measures generally minimizes the differences between the theoretical and actual values. For example, in 2007, the mean value of [γ0 − σU*] is 0.022 using the Relative Lev4 and 0.037 using its corresponding book measure—Relative Lev3. Similarly, though not reported here, the mean value of [γ1 − σU*] is −0.039 using the Relative Lev2 and −0.043 using its corresponding book measure—Relative Lev1. Long term debt measures illustrate similar results. Combining these results with the higher coefficient of determination may suggest that using market measures accords better with the theoretical models.



The results for method 2 presented in Table 4 are similar for the results of method 1 in Table 3. Most the results of the t tests conducted for the differences in the [γ0 − γ0*] gaps clearly show that the gaps are significant for the five years in the sample and for all leverage estimates whether the Absolute or Relative method is employed. As with the [γ0 − γ0*] gaps, we find that most of the [γ1 − γ1*] gaps are significant. Also, the gaps are relatively lower using market rather than book measures of L. For example, in 2006, the mean [γ0 − γ0*] gap is 0.025 for the market measure compared with 0.036 using the book measure of L. Similarly, the mean [γ1 − γ1*] gap is 0.025 and 0.030 (in absolute terms) for the market and book measures of L, respectively.





6. Summary and Conclusions


This paper contributes to a large body of research on capital structure theory by testing the direct theoretical relationship between the variance of stock returns (σ2E) and financial leverage (L). The purpose of this study and its motivation was to test the association between σE and L when corporate and personal taxes exist. Using a sample of U.S. industrial firms traded on the New York Stock Exchange, we provide empirical evidence that the association between σE and L is affected by the level of corporate and personal level taxes.



The main findings of this research are as follows. First, σE was positively related to financial leverage in all sample years tested, and this positive relationship was robust regardless of whether financial leverage was measured in book or market terms, and whether the tax estimates were based on Relative or Absolute methods of measurement. Second, the relationship between σE and L was positive in all of the three theoretical models tested here: The perfect capital market, corporate tax model, and both corporate and personal tax model. Finally, using market measures generated better results in terms of R squared, and reduced the differences between the theoretical and actual parameters. These results might support and motivate the use of market measures of financial leverage rather than book measures.



Our study contributes to the existing literature in the following aspects: First, our research tested three theoretical models in the context of the σE-L relationship, and in this respect it extends prior studies. Second, for all of these three models, we compared the OLS regression coefficients with their theoretical counterparts and examined whether the differences between these values were statistically significant—an important investigation that has not been conducted so far in the literature. In addition, to test whether the σE-L relationship is positive, an attempt was also made to capture the degree to which the theoretical models were practically confirmed. Third, as emphasized earlier in this study, most prior studies only employed a standard regression analysis of the relationship between σE and L and some other variables, conducting what we call here the indirect-test approach. Furthermore, taxes were excluded from these tested regressions. Our study, in contrast, was entirely devoted to testing the theoretical relationship between σE and L—adopting what we call in this study the direct-test approach. In addition, we employed direct estimates of the additional variables that are present in the theoretical models, such as corporate and personal taxes, as well as both book and market leverage measures.



The comprehensive approach employed in this study may enhance the understanding of the nature of the theoretical relationship between σE and L when both corporate and personal taxes exist, and may help comprehend the degree to which this theoretical relationship is confirmed in the real corporate world.



One limitation of this study, which may also be an opportunity for future research, is the incorporation of risk in addition to risk free debt. Future study should involve an estimation of the “cov(KU,r)” term, which will likely need an intensive data search, and the employment of methodological assumptions.
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Appendix A. Summary of Financial Leverage Proxies


The table indicates the type of financial leverage from which the proxy was derived and the specific paper that obtained these proxies. Further information about the construction of the specific variable appears in the comments column.
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Table A1. Summary of Literature Financial Leverage Proxies.






Table A1. Summary of Literature Financial Leverage Proxies.





	
Authors

	
Proxy for Financial Leverage

	
Comments






	
Faff et al. (2002, NAJE)

	
Total Liabilities/Total Equity

	
Equity and preferred stock are measured as market values, whereas liabilities are measured as book values




	
(Total Liabilities + Preferred Stock)/Total Equity

	
Equity and preferred stock are measured as market values, whereas liabilities are measured as book values




	
Ghosh and Jain (2000, JCF)

	
(LTD + Current Liabilities)/(book value of debt + market value of equity)

	
Ghosh and Jain (2000, JCF)




	
Lang et al. (1996, JFE)

	
(Short term debt + Long term debt)/total assets

	
They used only book values rather than market values




	
Bradley et al.(1984, JF)

	
LTD/(LTD + Total EQUITY)

	
LTD-book value, equity-market value




	
Bowman (1980, JAR)

	
Four variations of book and market values

	
Equity is common stockholders’ equity. Debt is equal to total assets minus common stockholders’ equity




	
Market value of common stockholders’ equity is calculated by the market value per share of common stock times the number of common shares outstanding




	
Breen and Lerner (1973, JF)

	
LTD/Common Equity

	
Ratio of only long term debt to common equity, the second measure of total debt to equity showed similar results and is not reported




	
Total Debt/Common Equity

	
Book values




	
Rosenberg and McKibben (1973, JF)

	
Senior Securities/total assets

	
Based on Book valuesCalculated as a 5-year average




	
Errunza (1979, FM)

	
Total Debt/Total Assets

	




	
Beaver et al. (1970, AR)

	
Total Senior Securities including current liabilities/Total Assets




	
LTD/Total Assets
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	1
	
The general variance expression corresponding to the general K expression given by Equation (2), which incorporates both corporate and personal taxes as well as risky debt and bankruptcy costs is Equation (2a):


σ2E = σ2U [1 + (1 − Ψ)L]2 + σ2D(1 − TC)2(1 − TE)2L2 − 2cov(KU, r)



(2a)
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We would like to thank John Graham for clarifying this point to us.
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Table 1. Descriptive statistics of the corporate variables ($M).






Table 1. Descriptive statistics of the corporate variables ($M).














	
	Mean
	Med
	SD
	CV
	Min
	Max





	Total Liabilities
	6720.10
	6705.60
	533.9
	0.08
	6098.40
	7556.30



	Common Equity
	2269.70
	2280.80
	312.7
	0.14
	1833.50
	2693.20



	Total Assets
	8989.70
	8872.40
	834.6
	0.09
	7931.90
	10,249.50



	Current Liabilities
	2931.60
	2929.50
	219.1
	0.07
	2657.20
	3206.80



	Long-Term Debt
	2429.90
	2272.40
	365.8
	0.15
	2053.50
	2998.80



	Deferred Taxes
	308.2
	311.3
	35.6
	0.12
	251.9
	345.8



	Pref. Equity
	1.8
	1.5
	0.9
	0.5
	0.7
	3



	Common Shares
	173.5
	174.1
	2.2
	0.01
	170.5
	175.6



	Pretax Income
	517.2
	501.6
	148.3
	0.29
	341
	709.4



	Tax Expense
	140.6
	134.4
	42.2
	0.3
	95.4
	198



	Relative Lev1
	0.84
	0.81
	0.06
	0.07
	0.77
	0.92



	Relative Lev2
	0.51
	0.51
	0.08
	0.16
	0.4
	0.59



	Relative Lev3
	1.65
	1.61
	0.09
	0.05
	1.56
	1.78



	Relative Lev4
	1.02
	1.03
	0.15
	0.15
	0.82
	1.19



	Absolute Lev1
	0.8
	0.81
	0.04
	0.05
	0.76
	0.84



	Absolute Lev2
	0.38
	0.34
	0.15
	0.4
	0.23
	0.61



	Absolute Lev3
	1.55
	1.55
	0.07
	0.05
	1.45
	1.64



	Absolute Lev4
	0.74
	0.69
	0.26
	0.35
	0.49
	1.14



	σE
	0.114
	0.096
	0.057
	0.499
	0.048
	0.421



	Absolute TC
	0.348
	0.347
	0.067
	0.193
	0.209
	0.519



	Relative TC
	0.358
	0.354
	0.078
	0.219
	0.205
	0.572



	D
	0.205
	0.17
	0.222
	1.078
	0
	1



	TE
	0.061
	0.057
	0.025
	0.411
	0.038
	0.15



	TR
	1.445
	1.451
	0.038
	0.027
	1.308
	1.481







Notes: Table 1 reports the descriptive sample statistics. All financial statement data are gathered from the COMPUSTAT database. The values reported are measured in $millions except for common shares outstanding. The reported statistics are the mean, median (med), standard deviation (SD), coefficient of variation (CV), minimum (min), and maximum (max). Lev1 is the ratio of LTD/EquityBV, Lev2 is the ratio of LTD/EquityMV, Lev3 is the ratio of (LTD + CL/EquityBV), and Lev4 is the ratio of (LTD + CL/EquityMV), where Lev denotes the financial leverage, LTD is long-term debt in book value, equity is the total value of common equity, CL is the current liabilities, and the subscripts, BV and MV, stand for book and market values, respectively. The estimate of the financial leverage for each year is based on the mean value over the preceding five years. Two such estimates have been constructed—Relative and Absolute. The relative Lev estimate for a given year is the mean value of the Lev variable across the preceding five years, while the Absolute Lev is given as the 5-year mean value of the “debt” numerator divided by the 5-year mean value of the “equity” denominator. σE is the historical standard deviation (HSD) of stock returns based on 60 monthly observations. The Relative TC estimate for a given year is the mean value of the TC variable across the preceding five years, while the Absolute TC is given by the 5-year mean value of the firm’s total tax expense divided by the 5-year mean value of the firm’s taxable income. The table also reports the payout ratio (d), the personal tax rate (TE), and the taxes ratio [(TR); TR = (1 − TE)/(1 − TD)]. TE is the tax rate applicable to equity holders, and TD is the tax rate applicable to debt holders. TD is the highest statutory tax rate on interest income, which is 39.6% for 1998 through to 2000, 38.6% for 