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Abstract
Recent studies argue that CEO option compensation affects executives’ behavior toward 
risk. Specifically, the literature provides seemingly conflicting evidence regarding the 
impact of equity compensation (particularly option holding) on financing activities. We 
propose and test a nonlinear (e.g., inverted U-shaped) relation between corporate borrow-
ing and option compensation. Consistent with our hypothesis, we empirically show that, in 
the low range of the option vega, a firm’s debt ratio increases as the option vega increases. 
However, in the high range of the option vega, we find the opposite relation. Our explana-
tion is based on the contrasting effects of option compensation on managerial incentives 
toward risk. The positive wealth effect on leverage arises from the convexity of the option 
compensation, while a negative risk-premium effect exists due to managerial risk aversion. 
This reconciles the conflicting relation between leverage and option compensation that is 
often observed in the literature.

Keywords  Corporate borrowing · Option compensation · Option vega · Risk aversion

JEL Classification  G32 · J33

1  Introduction

Option compensation has been a critical element of executive compensation for the last 
few decades because it is perceived to reduce agency problems by increasing the align-
ment between managerial and shareholder interests (Hall and Liebman 1998; Aggarwal 
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and Samwick 1999). However, recent studies present two conflicting arguments regarding 
the direction that CEO option compensation affects executives’ behavior toward risk. One 
argument is that given the positive relation between the option value and underlying stock 
volatility, a manager who is compensated with option grants tends to take on more risky 
(volatility-increasing) decisions such as financing decisions to increase his/her wealth (see 
Guay 1999; Coles et  al. 2006; Chava and Purnannandam 2010).1 The other argument is 
that risk-averse managers are also concerned about their exposure to firm-specific risk aris-
ing from equity compensation, and thus have incentives to reduce the risk exposure such 
as debt levels. For example, Guay (1999) and Lewellen (2006) show a negative relation 
between debt financing and option convexity.

Given this seemingly conflicting evidence regarding the impact of equity compensa-
tion (especially option holding) on financing activities, we propose and test a hypothesis 
that, all other things being equal, the relation between debt financing as a major risk-taking 
activity and option compensation may depend on the level of option convexity, measured 
by the option’s vega.2 Specifically, at a low option vega level, managers tend to use more 
leverage (and thus higher equity risk) to enhance their option compensation. However, 
beyond a certain level of option vega, risk-averse managers begin to face a high cost for 
risk bearing and attempt to reduce overall risk by reducing leverage. Our findings are con-
sistent with this hypothesis after controlling for other possible determinants of debt financ-
ing activities and for the endogeneity concerns regarding reverse causality that the financ-
ing decision itself may also affect option convexity. To the best of our knowledge, this 
non-linear effect of convex option compensation on risk-taking behavior has not yet been 
recognized in the literature.

Recent studies have empirically analyzed CEO option compensation as determinants of 
corporate financial policy and corporate risk (Kim et al. 2017; Iqbal and Vähämaa 2019). 
Kim et  al. (2017) argue that the equity incentives/risk-taking relation is critically deter-
mined by the impact of financial leverage on CEO career concerns and external monitoring 
by bondholders. Meanwhile, Iqbal and Vähämaa (2019) examine the relation between the 
systematic risk in the financial industry and option delta and vega in the CEO compensa-
tion. However, few studies have investigated the two potentially contrasting effects (i.e., 
wealth effect and risk premium effect) of CEO option convexity on financial leverage.

Thus, this study contributes to the literature by investigating whether variation in a 
firm’s debt financing policy is caused by risk-averse CEOs’ response to the convexity of 
CEO option compensation. Consistent with our hypothesis, we empirically show that there 
is a nonlinear (e.g., inverted U-shaped) relation between corporate borrowing and option 
compensation. This reconciles the conflicting relation between leverage and option com-
pensation that is often observed in the literature.3

1  Agrawal and Mandelker (1987) and Mehran (1992) find that CEOs with high option holdings have incen-
tives to increase firm leverage. Meanwhile, Yermack (1995) finds no evidence of a significant relation 
between equity-based compensation and leverage.
2  Guay (1999) provides evidence that stock options significantly increase the convexity of the relation 
between managers’ wealth and stock price. We use a firm’s option vega to measure option convexity as in 
Guay (1999). The option vega is defined as the change in the manager’s option value for a given change in 
the value of stock return volatility.
3  The financial crisis of 2008–2009 has triggered an interesting recent literature that examines the rela-
tion between executive compensation structures and risk-taking behavior in the financial industry. Refer to 
Bhagat and Bolton (2014), Minhat and Abdullah (2016), and Gande and Kalpathy (2017). Also refer to 
Malmendier and Tate (2005) and Yung and Chen (2018) for empirical evidence of the relation between 
risk-taking investment and CEO characteristics such as confidence and ability.
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The remainder of this paper is structured as follows. Section 2 discusses the literature on 
the effect of option compensation on risk-increasing behavior, especially on debt financing 
activity, thus deriving our hypothesis. Section 3 describes the data and empirical method-
ology, while Sect. 4 provides empirical results. Finally, Sect. 5 concludes the paper.

2 � Option convexity, risk aversion and financing decisions

Suppose that a risk-averse CEO is provided with equity-based incentive compensa-
tion (e.g., stocks and options) that links his/her pay to the stock price, thus provid-
ing incentive alignment between shareholders and the manager. As Guay (1999) argues, 
a risk-averse CEO may then have an incentive to make his/her financing decisions 
based on two contrasting effects of equity-based compensation—the wealth effect and 
risk-premium effect. Following Pratt’s (1964) result on the relation between the risk-
averse manager’s utility from a risky payoff and that from a certain payoff, the certainty 
equivalent is equal to E(wealth)–risk premium. He expresses the relation in his Eq.  (2): 
∂CE/∂σ = ∂E(wealth)/∂σ—∂(risk premium)/∂σ, where CE is the certainty equivalent of the 
manager’s utility, E(wealth) is expected wealth from managerial compensation, the risk 
premium is paid to managers for bearing risk due to uncertain compensation, and σ is firm 
volatility. That is, on one hand, the CEO’s option compensation promotes incentives for 
him/her to take more risk-enhancing activities that would increase his/her wealth (i.e., the 
wealth effect) due to option convexity. However, the CEO’s incentive to reduce volatility 
arises with excessive option compensation because the risk-premium (i.e., cost of volatil-
ity) becomes dominant over the wealth effect.4 As a result, we may expect a positive or 
negative relation between firm leverage and option vega, depending on the relative magni-
tude of the wealth effect compared to that of the risk-premium effect.5

One important and interesting implication of this theoretical argument is that there 
may be a nonlinear relation between debt financing and option compensation. Below a 
certain threshold, the CEO may want to increase leverage to increase equity risk because 
his/her option compensation increases as a result of the increased equity risk (i.e., the 
wealth effect) as long as the wealth effect dominates the negative risk-premium effect (i.e., 
∂CE/∂σ > 0 and thus ∂Debt/∂Convexity > 0). However, beyond that threshold, the risk-pre-
mium effect dominates instead, and the CEO may wish to reduce equity risk (lowering the 
debt ratio) due to risk-reducing incentives (i.e., ∂CE/∂σ < 0 and thus ∂Debt/∂Convexity < 0). 
The purpose of this study is to propose and test this potential nonlinear relation (more 

4  It is well recognized in the literature that expected wealth increases with risk when a CEO’s stock-based 
compensation is convex. Refer to Jensen and Meckling (1976), Haugen and Senbet (1981), and Guay 
(1999), among others. Since the CEO faces a risky payoff from the incentive compensation, s/he demands 
a risk premium. Lewellen (2006) also recognizes the wealth benefit and volatility cost (due to the man-
ager’s risk aversion) of option compensation. See Lambert et al. (1991), Carpenter (2000), Hall and Murphy 
(2002), and Ross (2004) for further review regarding the importance of risk aversion on the part of manag-
ers.
5  Guay (1999) provides evidence that more option grants lead to higher convexity of option compensation. 
Lewellen’s (2006) numerical simulation shows a risk-reducing (risk-increasing) behavior for firms with in-
the-money (out-of-the-money) options.
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specifically, an inverted U-shaped relation) between firm leverage and option compensation 
(convexity).6

3 � Data and empirical methodology

3.1 � Data and sample selection

We collect CEO compensation data from the ExecuComp database. The study sample 
period encompasses 1993–2014. Although ExecuComp provides the raw data from 1992, 
we drop the first year because its data are limited. We perform an additional data match 
between firms in ExecuComp and Compustat to obtain financial variables, and exclude 
both the financial industry (SIC codes between 6000 and 6999) and utility industry (SIC 
codes between 4900 and 4999) to avoid any regulation effects. Eliminating observations 
with missing variable values, our final sample consists of 1096 firms with 13,371 firm-year 
observations. In order to reduce the effect of possible spurious outliers, all variables are 
winsorized at the 1% and 99% levels. All variable definitions are reported in “Appendix”.

3.2 � Empirical methodology

We employ the option vega as a measure of option convexity (i.e., the sensitivity of the 
option value to stock price volatility), provided by Core and Guay (2002) and Coles 
et al. (2006). Following Chava and Purnannandam (2010), we use Ln (1 + Vega) and Ln 
(1 + Delta) as the option vega and option delta to reduce their skewness. We use second-
degree polynomial regression to estimate the nonlinear relation between firm leverage and 
option incentives with some control variables. The following equation describes the regres-
sion model:

Coles et al. (2006) suggest that more option grants increase the exposure to risk (higher 
option delta), which implies the option delta may impact debt financing. Thus, we add the 
option delta as a control variable. Furthermore, we employ total assets as a proxy for firm size, 
and the market-to-book ratio and Z-score (defined in 1990) to control for the effects of growth 
opportunities and financial distress on corporate borrowing, respectively. Following Chava 
and Purnannandam (2010), we also use ROA, net working capital, and dividend payment as 
additional control variables, reflecting the effect of a firm’s internal cash flow position on debt 
financing. In addition, we include governance variables such as CEO tenure, board size, and 
board independence as control variables to reflect the monitoring effect on corporate borrow-
ing, following Lewellen (2006).7 We add investment activities such as capital expenditures 

(1)Firm Leverage = �0 + �1Option Vega + �2Option Vega
2 + β

n
Controls + �

7  Lewellen (2006) argues that CEOs may have discretion over a firm’s capital structure because of imper-
fections in corporate governance, which motivates the inclusion of corporate governance variables as con-
trol variables. In fact, our results show significant impacts of some governance variables, such as CEO ten-
ure, board independence, and board size.

6  Core and Guay (2002) suggest an optimal level of annual stock option grants, but do not examine the rela-
tion between risk-taking behavior and option-pay incentives. Ross (2004) also emphasizes managers’ risk-
aversion as an important determinant of risk-taking behavior.
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and R&D expenditure as control variables because they may also interact with debt financ-
ing (refer to Cole et al. 2006). A positive (negative) sign on the coefficient of the option vega 
squared indicates a U-shaped (inverted U-shaped) relationship.

3.3 � Descriptive statistics

Table 1 presents the descriptive statistics of this study’s variables. The mean (median) CEO 
wealth increases by $122,000 ($54,000) for a 1% increase in a firm’s stock volatility and by 
$551,000 ($227,000) for a 1% increase in stock price. As we employ the natural log transfor-
mation, the mean (median) of Ln (1 + Vega) and Ln (1 + Delta) are about 3.723 (4.001) and 
5.406 (5.430), respectively. The average (median) value of firm leverage is 0.228 (0.224).

4 � Empirical results

4.1 � Multivariate regression results

Table  2 presents the results of our multivariate regression analysis of firm leverage and 
option vega.8 To control for variation across time and industries, we include year and 
industry (based on the first two digits of the Standard Industrial Classification) dummies.

Table 1   Descriptive statistics

This table presents the descriptive statistics for the measure of firm-level CEO option compensations and 
control variables. The definition of the variables is as described in “Appendix”

Variables N Mean Median SD Min Max

Vega 13,665 122.221 53.672 176.303 0.000 1210.990
Ln(1 + Vega) 13,665 3.723 4.001 1.791 0.000 7.100
Delta 13,665 550.978 227.063 1030.197 2.113 11,432.040
Ln(1 + Delta) 13,665 5.406 5.430 1.380 1.136 9.344
Leverage 13,665 0.228 0.224 0.165 0.000 0.859
Asset 13,665 7.678 7.589 1.474 4.101 11.304
MTB 13,665 1.908 1.568 1.039 0.764 8.236
NWC 13,665 0.194 0.174 0.183 − 0.158 0.744
CAPX 13,665 0.054 0.041 0.045 − 0.003 0.279
R&D 13,665 0.024 0.000 0.043 0.000 0.291
Z-score 13,665 2.170 2.162 1.139 − 4.339 5.358
ROA 13,665 0.147 0.139 0.074 − 0.200 0.432
Divpayer 13,665 0.634 1.000 0.482 0.000 1.000
Tenure 7836 7.418 5.671 6.289 0.567 35.603
Boardsize 7836 2.329 2.303 0.187 1.946 2.708
Boardindep 7836 0.741 0.778 0.144 0.222 0.923

8  Jiraporn and Chintrakarn (2013) also employ a second-order polynomial regression to check the inverted-
U shaped relation between CEO pay slices and corporate social responsibility.
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We first examine the relation between option vega and firm leverage; these results are 
shown in Models (1) to (4) of Table 2. In Models (1) and (3), we only analyze the linear 
relation between option vega and firm leverage as the base model. In Model (1), it shows a 
negative relationship; however in Model (3), when governance variables are included, the 
significant relation between option vega and firm leverage disappears, probably due to the 
significant reduction in the sample size. In Models (2) and (4), we include the quadratic 
term of the option vega and firm characteristic control variables, while we add governance 
variables in Model (3) and (4). In Models (2) and (4), both results show a consistently 
strong non-monotonic relation between leverage and the option vega. Specifically, the coef-
ficient on Ln (1 + Vega) is positive and significant, while the coefficient on (Ln(1 + Vega))2 
is significantly negative. Therefore, we confirm a strong inverted U-shape relation between 
leverage and option vega. Specifically, at the low option vega level, an increase in the 
option vega leads to greater use of debt, consistent with the positive risk-taking incentives 
arising from the wealth effect. However, in the high range of the option vega, a manager 
may want to reduce the debt ratio as the option vega increases, consistent with the risk-
premium (i.e., cost of volatility) effect dominating the wealth effect.9

Together, these results suggest that, in addition to other relevant factors, managerial 
incentives toward risk play a significant role in financing decisions. In particular, there 
seems to be a nonlinear relation between firm leverage and option compensation, support-
ing the idea that a risk-averse CEO chooses firm leverage optimally in response to the level 
of option convexity. The result of our analysis remains strong and consistent after we con-
trol for the effect of other important determinants of debt/equity choice and corporate gov-
ernance variables.

Figure 1 presents a graph that depicts the estimated inverted U-shaped relation between 
debt financing and option vega using the estimated regression coefficients from the second 
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Option Convexity: Ln(1+Vega)

Debt ratio as a function of Option Vega

Fig. 1   Simulated relation between debt ratio and option vega. The graph is based on the regres-
sion coefficients in Table  2 (Model 2) in Eq.  (2) below, where β0 = 0.312; β1 = 0.0051; β2 =−0.0012. 
D = �0 + �1OpC + �2OpC

2 OpC = Ln(1 + Vega). The optimal option convexity is 2.125 which is obtained 
by—β1/(2*β2)

9  Lambert et al. (1991) also suggest a nonlinear relation between option compensation and firm volatility. 
Unlike Guay (1999), they assume an optimal level of overall firm volatility that maximizes firm value.
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Model of Table 2. Focusing on the estimated coefficient for the option vega and its square, 
we obtain the following quadratic equation:

We use the estimated coefficients from the second Model of Table 2 to calculate the opti-
mal level of convexity. Focusing on the coefficient estimated on option vega and its squared 
terms, we obtain the quadratic Eq.  (1) where β0 = 0.3116; β1 = 0.0051; β2 =−0.0012. The 
optimal convexity is 2.125 which is obtained by—β1/(2*β2).

Figure 1 shows a simulated inverted U-shaped relation between the debt ratio and option 
vega, based on the regression estimated using our data. The optimal level of the option 
vega measured by Ln(1 + Vega) is about 2.125, with a corresponding debt ratio of approxi-
mately 32%. It is interesting to observe that the simulated optimal level of the option vega 
is below its sample mean (= 3.7) and median (= 4.0).

4.2 � Endogeneity due to reverse causality and two‑stage least squares (2SLS) 
regression

In this section, we address a potential endogeneity issue due to reverse causality, in which 
the leverage level may affect option compensation. We estimate a two-stage least squares 
(2SLS) regression using two instrumental variables for the option vega, the option vega in 
the earliest year and the industry-average option vega, in the 2SLS estimation, following 
Jiraporn and Chintrakarn (2013).10 The logic is as follows. We first identify the option vega 
in the earliest year for each firm in the sample. It is very unlikely that this earliest vega is 
affected by subsequent firm leverage, so reverse causality is not expected. Similarly, each 
firm’s leverage is not likely to affect the industry-average option vega because there are so 
many firms in each industry with diverse option vegas across firms. Furthermore, a valid 
instrument should be strongly correlated with the option vega. In Model (5) of Table 2, 
we include these two instrumental variables for option vega and all control variables as 
specified in the baseline model. As expected, both instrumental variables have strong posi-
tive associations with the option vega, significant at the 1% level. Moreover, according to 
Angrist-Pischke’s (2008) F-statistic for weak instruments, we find that the two instruments 
are very strong at the 1% significance level.

In the second-stage regression results in Model (6) of Table  2, we employ the base-
line regression model, except that we replace the option vega with the instrumented option 
vega and its squared term. We find that the coefficients of the instrumented option vega 
and its squared term remain strong, consistent with the results of the prior multivariate 
regressions. Therefore, the 2SLS result corroborates our finding that there is an inverted 
U-shaped relation between option vega and firm leverage. Thus, the results of our analysis 

(2)D = �0 + �1Option Vega + �2OptionVega
2

10  We recognize some attempts to minimize the endogeneity issue by examining the exogenous impact of 
CEO compensation on risk-taking behavior. For example, Hayes et  al. (2012) examine the link between 
option compensation and risk-taking behavior by using Financial Accounting Standards (FAS) 123R and 
the change in accounting treatment of options. They do not find a strong relation between the option pay 
and risky investments. More recently, Tosun (2016) employs the Internal Revenue Code 162 tax law as an 
exogenous shock to compensation structure to consider firm leverage changes as a result of CEO option 
compensation changes.
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seem to be robust in terms of the issue of reverse causality and support our hypothesis.11 
Finally, as shown in Models (7) and (8) of Table 2, a non-monotonic association between 
leverage and option vega is confirmed when corporate governance is controlled.

Table 3   Subsampling regression analysis

This table examines the association between Option Vega and Leverage. Other control variables are as 
described in Table 1. VIFs of all variables are less than 10. t-statistics are reported in parentheses. ***, **, 
and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively

Variables (1) (2) (3) (4)
Low vega High vega Out of the money In the money

Constant 0.2982*** 0.3382*** 0.3266*** 0.3199***
(10.836) (26.676) (12.245) (20.418)

Ln(1 + Vega) −0.0017 −0.0032** 0.0124*** −0.0052
(−0.446) (−2.034) (2.800) (−1.462)

(Ln(1 + Vega))2 −0.0027*** −0.0000
(−3.064) (−0.090)

Ln(1 + Vega) −0.0047** −0.0026* −0.0051*** 0.0009
(−2.379) (−1.937) (−2.636) (0.628)

Asset 0.0214*** 0.0144*** 0.0166*** 0.0155***
(7.887) (11.338) (6.615) (11.871)

MTB −0.0232*** −0.0188*** −0.0226*** −0.0190***
(−6.088) (−11.541) (−6.222) (−11.579)

NWC −0.2358*** −0.2072*** −0.2511*** −0.2012***
(−9.943) (−20.849) (−11.739) (−19.929)

CAPX −0.3380*** −0.4257*** −0.3754*** −0.4449***
(−4.300) (−12.416) (−5.329) (−12.697)

R&D −0.6610*** −0.5433*** −0.5375*** −0.5586***
(−6.694) (−15.077) (−6.849) (−14.893)

Z-score −0.0480*** −0.0488*** −0.0511*** −0.0474***
(−11.731) (−28.547) (−14.642) (−26.783)

ROA 0.2409*** 0.2640*** 0.3237*** 0.2379***
(4.168) (10.578) (6.597) (9.150)

Divpayer −0.0245*** −0.0192*** −0.0178*** −0.0193***
(−3.697) (−6.624) (−2.991) (−6.551)

Year dummies Yes Yes Yes Yes
Industry dummies Yes Yes Yes Yes
Observations 2373 11,292 3091 10,574
Adjusted R2 0.526 0.449 0.475 0.456

11  We also employed firm fixed-effects regression and found insignificant results. The fixed-effects regres-
sion assumes that there is sufficient time variation in the option vega within firms. Similar to Coles et al. 
(2006) and Zhou (2001), we attribute the insignificant result in the firm fixed-effects analysis to the lack of 
variation in our sample’s option vega over time within firms.
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4.3 � Subsampling analysis

In this section, we conduct a subsampling analysis to find out whether the nonlinear rela-
tions between the financing decisions and option compensation described above remain 
under various conditions. In Table 3, we show the results of the regression analyzing the 
impact of option compensation on firm leverage depending on the level of option vega and 
option market characteristics (e.g., option “moneyness”).12 Due to a significantly-reduced 
number of observations in this subsample estimation, we do not include the governance 
variables to obtain more efficient coefficient estimates.

In Models (1) and (2), we separate pooled samples into a high vega group and low 
vega group based on optimal convexity, which is calculated to be 2.125 from the quadratic 
Eq.  (1) where β0 = 0.3116; β1 = 0.0051; and β2 =−0.0012. We exclude the quadratic term 
of the option vega in our model to verify whether the coefficient of option vega is signifi-
cantly different for the low and high vega groups. Although the coefficient of the option 
vega is not significant (i.e., a flat slope) in the low vega group as shown in Model (1), 
the coefficient of option vega in the high vega group is negatively significant as shown in 
Model (2) (i.e., a negative slope). These results support the nonlinear relation between firm 
leverage and option compensation.

We further examine the association between the option compensation and firm leverage 
as a function of the CEOs’ option moneyness. The amount of risk exposure that manag-
ers are willing to take can depend on the moneyness of their stock option holdings. When 
it comes to the case of in-the-money options, managers tend to use less leverage because 
their portfolio becomes more sensitive to stock price changes and thus the volatility cost of 
debt increases, as argued in Lewellen (2006). In contrast, we expect risk-taking incentives 
to be relatively stronger in the out-of-money sample due to the wealth effect, thus resulting 
in a more significant nonlinear relation between financial leverage and option vega. That is, 
managers may optimally choose firm leverage, balancing between the positive wealth effect 
and the negative risk-premium (or volatility cost) effect.

Following Campbell et  al. (2011) and Core and Guay (2002), we estimate the aver-
age exercise price of the aggregated options. First, we compute the realizable value per 
option by dividing the total realizable value of the exercisable options by the number of 
exercisable options. Second, we obtain the estimated average exercise price of the options 
by subtracting the per-option realizable value from the stock price at the fiscal year end. 
The option is in-the-money (out-of-the-money) when the year-end stock price is greater 
(smaller) than the average exercise price.

We report the regression results of the quadratic relation between financial leverage and 
option vega for the subsample of the out-of-the-money in Models (3) and the in-the-money 
groups in Model (4). Consistent with our hypothesis, we confirm that the inverse U-shaped 
relation between option compensation and firm leverage strongly remains for the out-of-
money sample, while we do not find the quadratic relation for the in-the-money sample. 
The empirical result is also consistent with the simulated relation between leverage and 
option vega as shown in Fig. 2.

12  We appreciate an anonymous referee for bringing up this excellent idea.
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5 � Conclusion

We document that there is a nonlinear (e.g., inverted U-shaped) relation between the 
debt ratio and option vega. This result supports our hypothesis that a risk-averse man-
ager optimally chooses financing activities by balancing between the wealth effect and 
risk-premium effect of his/her option-based compensation. That is, the manager’s utility 
is enhanced by the increased wealth from the convex option compensation when equity 
risk increases (i.e., the wealth effect) with higher debt financing. Thus, we expect to 
observe that the CEO would choose more debt with a higher level of option compen-
sation. However, the risk premium required by the risk-averse CEO also increases as 
the option compensation increases. Beyond a threshold of equity risk where the risk-
premium effect begins to dominate the wealth effect, more option compensation will 
incentivize the CEO to reduce the debt level to reduce equity risk. This non-monotonic 
relation is particularly evident for the out-of-the-money option sample. In conclusion, 
we suggest that, among other factors, managerial incentives, driven by equity compen-
sation, toward risk may play an important role in determining firm leverage; we further 
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Debt Ratio as a function of Option vega
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(b)

Fig. 2   Simulated relation between debt ratio and option vega under in-the-money versus out-of-the-money 
sample. a and b presents the relation between leverage and option convexity based on the regression coef-
ficients for the out-of-the-money sample (in-the-money) in Table 3
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contribute to the literature by reconciling the positive and negative relations between 
firm leverage and option compensation shown in the literature.
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Appendix: Definitions of variables

Variable name Description

Vega The sensitivity of the manager’s wealth to the firm’s stock return volatility as defined in 
Coles et al. (2006)

Ln(1 + Vega) The natural logarithm of (1 + vega of CEOs’ compensation)
Delta The sensitivity of the manager’s wealth to the firm’s stock price as defined in Coles et al. 

(2006)
Ln(1 + Delta) The natural logarithm of (1 + delta of CEOs’ compensation)
Leverage The ratio of total debt (debt in current liabilities + long-term debt) to total assets
Asset The natural log of assets
MTB The ratio of market value (book value of assets—less the book value of equity + the market 

value of equity) to total assets
NWC The ratio of net working capital to the total assets
CAPX The ratio of Capital investment (capital expenditures – sale of property) to total assets
R&D The ratio of R&D investment (research and development expense) to total assets
Z-score The modified z-score as defined in 1990 and is equal to 3.3(EBIT/Total Assets) + 1.0(Sales/

Total Assets) + 1.4 (Retained Earnings/Total Assets) + 1.2 (Working Capital/Total Assets)
ROA The ratio of net income (operating income after depreciation plus depreciation) to total 

assets
Divpayer A dummy variable that is set to the value of one if the firm paid a dividend in the year
Tenure The number of years the CEO has served in position at given year
Boardsize The natural log of number of directors sitting on the board
Boardindep The percentage of independent non-executive directors on the board at given year
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