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ABSTRACT

This paper focuses exclusively on the question of how capital gain taxes affect the initial choice of executive
compensation between cash (salary and bonus) and deferred income (stock option and restricted stock grant). Because
restricted stock grants face a different tax treatment than stock options, we also study how capital gain tax cuts
influence the share of options and stock grants separately. Since executives endogenously respond to the imposition
of capital gains taxes, the tax consequences of these types of compensation can be complex being subject to ordinary
income, capital gains, employment and other taxes. To address endogeneity and properly identify the role of capital
gain tax on firm’s executive compensation, we exploit the Taxpayer Relief Act (TRA) of 1997 because it substantially
altered the capital gain tax rate without enacting other provisions that likely confound executive compensation
behavior. Since many issues about identification are pertinent for all forms of pay and are not properly addressed
in prior studies, we use a cleaner identification strategy via the Regression Discontinuity (RD) framework. In our
empirical RD design we use time as the running variable, with treatment occurring at the moment of the discontinuity.
Consistent with our prediction, after the passage of 1997 capital gain tax rate reduction, we find a significant increase
in deferred compensation specifically executive stock options. However, capital gain tax reduction policy does not
have any significant effect on cash compensation and restricted stock grants.
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1 Introduction

In the United States, capital gains taxes long have sparked interest among economists and policy makers.

Capital gains are generally taxed upon realization and appreciated assets are not subject to taxation when transferred

by bequest. These features of capital gains taxation may lead individuals to hold their assets for a longer time than

they otherwise would. Using plausible measures of economic status, Feenberg and Summers (1990) find that capital

gains receipts are highly concentrated among those with high incomes and the richest 2.0 percent of Americans receive

more than 50 percent of all capital gains.Carrol and Samwick (1998) suggest that a large fraction of these high-income

taxpayers are corporate executives and this group of individuals is particularly unique in their ability to use corporate

stock option in their compensation package.

Bebchuk and Grinstein (2005) and Frydman and Saks (2010) document that stock options and other

forms of incentive pay represent a larger share of the overall pay package of these executives. Tax policy seems like a

possible candidate since the rise in pay coincided with a marked drop in marginal income tax rates along with capital

gain and dividend tax cut. Under the current tax code, two executives that have the same amount of income and are

otherwise similar in their expenses and family situations may end up paying very different amounts of tax depending

on whether they generate most of their income from cash wages or from tax-preferred investments such as stock

option and restricted stock grant.1 Capital gains on assets that have been held for more than one year are generally

taxed at a substantially reduced rate when the gain is realized.The ability to delay paying capital gains tax until the

gains are realized constitutes a significant tax benefit to the high income corporate executives.2 As Congressional

Budget Office (CBO) notes, ”Because of the time value of money, such a deferral lowers the effective tax rate on

the gains to less than the taxpayers statutory tax rate.” Since capital gains are taxed much more lightly than salary

and wages, changes in capital gain tax rates can influence both the choice of executive deferred compensation in the

1A stock option is a financial instrument that represents the right to buy (call option) or sell (put option) a certain asset,
e.g. stock of a company, at a designated price during a predetermined period regardless of the development of the assets market
price. The owner of the option has the right to decide if he wants to exercise the option or not. If the option is not exercised
within the agreed time it becomes void. Stock grants occur when corporations give shares to their employees. They differ from
stock options in that they have no exercise price. Whereas a stock option only has value if the corporations share price is above
the exercise price, a stock grant has value as long as the share price is above zero.

2Gorry, Hassett, Hubbard and Mathur (2017) state that ”Deferring income can generate important tax benefits to individuals
for at least four reasons. First, when workers face uncertainty about future tax rates (because tax rates vary over time), having
a stock of deferred income creates an option value. Second, with graduated income tax brackets, deferring income can help
executives avoid taxes by pushing income forward into periods in which they earn less. Third, when capital gains are taxed
differently than labor income, the returns on deferred income (such as options) could also be taxed at a lower rate. Finally,
even with equal tax treatment, deferral allows individuals to earn returns on the pre-tax value of their savings. Each of these
mechanisms implies that executives have a greater incentive to defer income when they face higher tax rates.”
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form of stock and the timing of exercise of vested stock. Changing the timing of exercising stocks allows executives

to shift their income either forward or backward to reduce tax payments when there are anticipated changes in tax

policy. This paper, however, focuses exclusively on the question of how capital gain taxes affect the initial choice

of compensation between cash (salary and bonus) and deferred income (stock option and restricted stock grant) as

timing decisions have been extensively studied by Feldstein (1995) for the 1986 tax reform and Goolsbee (2000a,b)

for the 1993 tax changes.

Choosing between two components of deferred compensation, difference between tax rates on ordinary

income and long-term capital gains can affect individual executives preferences between dividends on restricted stock

grants, which are taxed as ordinary income, and stock option, which can result in gains taxed as long-term capital

gains. For dividend-paying stocks, because a fraction of their total returns is received in dividend yield, the proportion

of returns subject to capital gains taxes is lower than for non-dividend paying stocks.4 Therefore, ceteris paribus, a

capital gains tax rate change will have a larger impact on the return volatility of non-dividend paying stocks than

on dividend-paying stocks. Aggarwal and Samwick (1999a) find evidence that firms tie their managers’ pay more

closely to stock values when such values are less volatile, confirming a basic result of principal agent theory. At the

same time, capital gain tax cuts increase compensation in the form of stock options due to its inherent expected

tax benefit. These two opposing forces of capital gain tax cut on deferred compensation motivate us to investigate

separately whether tax cut resulted an increase in stock option over restricted stock grant.

However an important challenge for this study is to disentangle the pure capital gain tax effect from the

effects of other factors that are related to the long-run evolution of different tax rates. Because executives endogenously

respond to the imposition of capital gains taxes, the tax consequences of different types of compensation can be

complex - subject to ordinary income, capital gains, employment and other taxes. These rates changed infrequently

and when they do change, these changes typically correspond with changes in all tax rules, making identification

of their separate effects based on time series problematic. Most importantly, the capital gain tax rate faced by an

executive is a function of her tax bracket, which in turn is determined by her realized income. In case of deferred

compensation, income deferral lowers taxable income in the current period which also makes marginal tax rate

endogenous in this class of research. Moreover, a large number of possible omitted variables makes it difficult to

4Specifically, stock options are not dividend-protected. In contrast, restricted stock is dividend-protected; executives receive
dividends on restricted stock and do not refund them even if they fail to achieve the performance criteria.
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determine the causal effect of tax policy from time series correlations. A difference-in-difference method, such as

these used by Goolsbee (2000c) offer different identification problems in that the control and treatment groups are

both defined by income. Furthermore, the effect of capital gain taxes may only be observed at very low frequencies

if compensation practices adjust slowly over time. All of these cause identification econometrically challenging. Due

to these identification issues, researchers have not yet attempted to explore the causal effect of capital gain tax on

executive compensation components separately.

Fortunately, in late April 1997, information leaked that the Democratic White House and the Republican

Congressional leadership had reached an accord to reduce the capital gains tax rate keeping corporate tax rate,

personal income tax rate and dividend tax rate same. Thus the 1997 capital gains tax rate reduction provides a

rare opportunity to investigate the effects of capital gain tax on executive compensation package while leaving most

other factors constant. As a result, this setting enables us to isolate the impact of capital gain tax cut on executive

compensation and since many issues involving identification are pertinent for all forms of pay, we use a cleaner

identification strategy through the Regression Discontinuity (RD) framework. We compare the changes in deferred

and cash compensation before and after the capital gain tax cut shock. To account for omitted factors, we focus on

the short-term response to capital gain tax changes and identify the effect of tax policy by comparing pre-reform to

post-reform pay across executives.

To demonstrate the effect of capital gains tax on executive executive compensation, particularly deferred

compensation, we follow the equilibrium approach based on the demand and supply framework (Dai, Maydew,

Sheckelford and Zhang (2008)). In the presence of the capital gains taxes, executives (i.e. stock buyers) will require

a lower price to acquire the stock to compensate them for their future tax liability (the capitalization effect); while

stock sellers (i.e firms) will require a higher price to sell the stock to recover their current tax cost (the lock-in effect).

The former will shift the demand for the stock and the latter will move the supply for the stock at all price levels5.

The demand curve for the stock is downward-sloping so that executives are willing to buy more shares of the stock

at lower prices and fewer shares at higher prices, and on the other hand, the supply curve is upward-sloping so that

firms are willing to sell more shares at higher prices and fewer shares at lower prices, both before and after the capital

5Firms may grant stock option to enjoy tax benefits (Hite and Long, 1982). Stock options granted at-the money are typically
not taxed at the hand of the employee and not expensed by the firm at the time of grant. As a result of these tax and accounting
rules, researchers argue that firms should grant more stock options in periods when tax rates are low (e.g., Core and Guay,
1999, 2001; Ittner, Lambert and Larcker, 2003; Yermack, 1995)
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gains taxes. Therefore when the capital gain tax cut policy is in effect, executives will tend to own more stock instead

of cash compensation since the discounted value of tax liability is lower and makes the present value of stock cheaper.

Our study also differs from recent papers by examining the causal relationship between executive

compensation components and capital gain tax policy in the following key aspect. First, one important contribution

of our study is that the specific nature of our research question and alternative form of research design allow us

to better establish a causal relationship between executive compensation and capital gain tax. Prior studies have

acknowledged and attempted to address the likely endogeneity of tax policy (i.e. personal tax and corporate tax)

using instrumental variables. The reliability of instrumental variables of those studies is an important source of

concern and debate as different authors have used different instrumental variable for the same tax rate. Moreover,

there are almost no instruments or natural experiments that create as-good-as-random variation in compensation

contracts. Insistence on clean identification frequently results in the use of bogus instruments that almost certainly

violate the exclusion restriction. By focusing on the Taxpayers Relief Act of 1997 as a source of exogenous variation

of different component of executive compensation, we provide stronger econometric identification of the relations of

interest. In our empirical Regression Discontinuity (RD) design, we use time as the running variable, with treatment

occurring at the moment of the discontinuity. We treat corporate tax rate, individual’s marginal income tax rate and

dividend tax rate constant, at least during the periods when there were expected changes executive stock options

and cash compensation, while others assumed that these tax rates were endogenous. This helps to control for the

endogeneity of tax rates in order to provide causal estimates of the effect of capital gain taxes on different forms of

compensation.

Second, apart from stock options and restricted stock grants, it accounts for cash compensation as means

of providing incentives. The importance of this extension is in the fact that resulting capital gain tax reduction

indirectly affect executive cash compensation. A change in the capital gain tax rate affects after-tax payoffs of

both cash compensation and deferred compensation especially stock options, so the previous estimate on option

compensation may underestimate the capital gain tax impact to the extent that options may be substituted for cash

compensation or restricted stock or nontaxable compensation such as perquisites after a tax increase.

Third, it features additional and arguably superior dependent variables that directly measure the strength

of incentives built into the compensation package. In our regression set up, along with other important covariates we
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also control stock price volatility as a measure of firm’s position of risk. With efficient securities markets, share prices

”properly reflect” all that is know about prospective payoffs from current manager actions. Share price includes the

information content of net income itself. Moreover, share price is affected by economy-wide events such as interest

rate changes, which impose risks beyond those inherent in the firm. Estimates that ignore the effect of variance of

stock price on executive compensation will be biased toward zero.6 To the extent that net income (return on assets)

is relatively insensitive to economy-wide factors, the inclusion of share price volatility in the compensation contract

is important in attaining an efficient contract.

Our sample consists of firms in the intersection of ExecuComp and CRSP-Compustat from 1993 to 2001.

Our results are consistent with our predictions. Our empirical analysis reveals that a decrease in the capital gain

tax rate leads to a statistically significant increase in deferred compensation (as share of total compensation) and

it’s one of the major components, share of stock option, without any significant impact on cash compensation and

restricted stock grants. Stock option share manifest 7.99% increase at 5% significance level and deferred compensation

share shows 7.3% rise at 10% significance level after the policy came into effect. This result is expected because the

tax advantage of executive stock option increases with the reduction of capital gain tax rate. On the other hand,

restricted stock grants show negative association but statistically insignificant effect. We also check the sensitivity

of our results using a battery of checks. The broad thrust of our results and magnitude of coefficients are remain

unchanged.

The remainder of the paper is structured as follows: In section 2, we briefly discuss related literature.

Section 3 highlights Taxpayer Relief Act of 1997. Section 4 focuses discussion on theoretical framework, Section

5 briefly explains data, summary statistics and graphical evidence in favor of our empirical predictions. Section 6

discusses about empirical strategy and identification issues. Section 7 highlights empirical results and robustness

checks of our results. We conclude this of this paper in section 8.

6As an example, ”consider the effect of adding two firms to the sample, one with a high variance (and therefore low pay-
performance sensitivities) and the other with a low variance (and therefore high pay-performance sensitivities). Suppose that
the executives of both firms receive the same compensation because the high-variance firm had good performance and the
low-variance firm had poor performance. The effect of adding these two observations to a regression that does not control
for variance is to lower the estimated pay-performance sensitivity since the executives with better performance did not receive
higher compensation. As a result, the actual pay-performance sensitivity is higher than its estimate in the regression that does
not control for variance.Therefore prior studies may suffer from omitted variable bias and produce spurious results”.
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2 Related Literature

There is a large literature related to the elasticity of taxable income of corporate executives that I do

not attempt to summarize hare. Instead focus on studies related to capital gain tax and executive compensation,

which have received little attention in the literature compared to studies of elasticity of taxable income of high

income executives. We add to this literature by setting up an empirical framework that clearly identify the impact

of capital gain tax policy change on executive compensation components. Unlike previous literature, which find out

the correlation between executive incentive based compensation and capital gain tax using statutory capital gain tax

rate as an exogenous variable.

There have been several previous studies dealing with the impact of personal income taxation on the

design of executive pay packages. Hite and Long (1982), Miller and Scholes (1982) and Hall and Liebman (2000)

investigate the impact of the tax system on the design of executive compensation from the perspective of joint tax

efficiency of an executive and his employer, labeled as global contracting perspective by Scholes and Wolfson (1992).

They argue that salary, restricted stock grants, and stock option grants can all be understood as different means of

compensation deferral. Then, depending on the relative tax burden of these instruments, a company, holding the

after-tax present value of its cash flow constant, chooses an instrument with the highest present value of the after-tax

payout to the manager.

As shown by Hall and Liebman (2000), the joint tax efficiency predicts that nonqualified stock options

(NQSOs) always dominate cash pay as long as the underlying stock is expected to appreciate and the capital gains

tax rate is positive. The reason is that options avoid capital gains taxes on stock appreciation that the executive

would have to pay if he invests his after-tax wage in company stock. Another prediction is that the tax advantage

of options decreases with the ordinary income and corporate income tax rates and increases with the capital gains

tax rate. Hall and Liebman (2000) also provide an empirical test of this theory. When using the tax advantage of

options as the explanatory variable, they find that stock options become more important relative to cash pay when

the tax advantage of options increases. However, when using the three tax rates as the explanatory variables, the

ordinary income tax changes in the 1980s and early 1990s have no significant impact on the composition of executive

compensation between cash pay and stock options.Their sample ends in 1994, 1 year after Section 162(m) was enacted
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7 which caused a shift in compensation toward options and away from salaries and bonuses, so may not have shown

much impact in their data. Despite authors themselves acknowledging the possibility of endogeneity bias which arise

from a high degree of correlation between the top personal tax rate and the corporate rate, they do not employ

instruments to minimize bias. Using a sample of top executives in large firms from 1946 to 2005 with special focus on

the years from 1946 to 1972, Frydman and Molloy (2011) find a small short run response of salaries, qualified stock

options, and bonuses paid after retirement to changes in tax rates on labor income but they do not find significant

effects of changes in capital gains or corporate income tax rates on compensation components.

Given the increasing use of stock options in executive compensation offer, Gorry, Hassett, Hubbard and

Mathur (2017) examine how taxes may influence the choice of deferred compensation and document that income

deferral is an important margin of adjustment in response to tax rate changes. Using data from 1993-2005, they find

that deferral is responsive to personal tax rates but not responsive to corporate tax rate and capital gain tax rates.

Taxpayers Relief Act of 1997, lower tax rates on labor income in 2002 and a dividend tax cut along with another

capital gain tax cut in 2003 making the effect of capital gain taxes hard to identify. Another major limitations

of Gorry, Hassett, Hubbard and Mathur (2017) is that they fail to account for the effect of the dividend tax cut

2003 in their analysis which may affect executive’s deferred compensation components and may seriously undermine

their findings. Two opposing effects of capital gain tax and dividend tax rate reduction on deferred compensation

result insignificant outcome of capital gain tax cut on deferred compensation. Firms subject to the dividend tax

cut increase their dividend payments during the tax cut period, which may shift managerial option awards towards

restricted stock awards to maximize manager’s wealth.

There is also a well-developed literature examining the costs and benefits of stock option and restricted

stock grants as a component of employee compensation. Regarding executive options, Hanlon, Rajgopal and Shevlin

(2003) find that higher levels of stock options tend to be associated with future profitability suggesting that options

create positive incentive. But the empirical evidence that companies grant options to conserve cash is mixed. Core

and Guay (2001) find greater use of employee options in firms facing financial constraints whereas Ittner, Lambert

and Larcker (2003) find that companies with greater cash flows use options more extensively. In contrast, the market

appears to value restricted stock grants negatively, i.e., as a liability or a cost to current equity holders rather than an

7In 1993, section 162(m) of the Internal Revenue Code was enacted, limiting the deductibility of executive compensation in
excess of one million dollars, unless the compensation was performance-related.
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asset. This finding is consistent with the theoretical model of Lambert and Larcker (2004) and extended in Lambert

(2007), which shows that restricted stock is generally not the optimal contract form, and that option-based contracts

have both efficiency and incentive advantages.

3 Taxpayers Relief Act of 1997

President Clinton was reelected in 1996 without endorsing a capital gains tax rate cut, and his 1998

budget, introduced in March 1997, did not propose to reduce the capital gains tax rate. However, commentators

speculated that the President might accept a capital gains tax rate reduction in 1997 in exchange for Republican

concessions on other issues. In March 1997, Speaker Newt Gingrich and Senate Majority Leader Trent Lott dampened

expectations of a capital gains tax rate cut, stating that a balanced budget must take precedent over any tax cuts

although Gingrich softened his statements following an outcry by conservative Republicans, it remained uncertain

whether a balanced budget was feasible, not to mention a capital gains tax rate reduction. On March 19, the House

Ways and Means Committee Chair William Archer said that if a tax bill were enacted in 1997, there is no greater

than a 50-50 chance it would include reductions in the capital gains tax rate (Tax Notes, March 24, 1997).

In late April, 1997, information leaked that the Democratic White House and the Republican

Congressional leadership had reached an agreement to reduce the capital gains tax rate. For the Taxpayer Relief Act

of 1997 (TRA97), little information was released until Wednesday April 30, 1997, when the Congressional Budget

Office (CBO) surprisingly announced that the estimate of 1997 deficit had been reduced by $45 billion. Two days

later on May 2, the President and Congressional leaders announced an agreement to balance the budget by 2002 and,

among other things, reduce the capital gains tax rate. These announcements greatly increased the probability of a

capital gains tax cut. On Wednesday May 7, 1997, Senate Finance Chairman William Roth and House Ways and

Means Chairman William Archer jointly announced that the effective date on any reduction in the capital gains tax

rate would be May 7, 1997.

The capital gains tax rate was not specified in the agreement, but the business press immediately began

to speculate that maximum rates between 15 percent and 20 percent were likely, down from the current rate of

28 percent. After three months of haggling over details, the general features of the May budget agreement were

codified in the Taxpayer Relief Act of 1997 (TRA 97). Among other changes, it lowered the individual maximum

long-term capital gains tax rate to 20 percent. The sudden budget agreement following the CBOs unexpected revisions
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potentially provides an unusually powerful setting for assessing the value relevance of U.S. taxes.

Before this flurry of legislative action, the previous two changes in capital gains tax rates occurred in the

Economic Recovery Tax Act of 1981 and the Tax Reform Act of 1986. Neither act provides a powerful setting for

evaluating the composition of executive compensation scheme to capital gains tax changes because their development

and complexity impede attempts to isolate those responses as Both involved months of debate and substantial

restructuring of the tax system. In contrast, the 1997 changes to capital gains taxation potentially provide unusually

powerful settings to isolate tax effects as this bill was not as comprehensive, as complex, or as controversial as the

1981 and 1986 Acts. Additionally, with this bill the information about the capital gains tax changes appear to have

been conveyed to the equity markets relatively soon before becoming law causing market participants (firms and

executives) to adjust quickly their respective expectations about the probability of a change. 10

4 Theoretical Framework

The main argument in favor of deferred compensation plans over cash compensation is that they give

executives a greater incentive to act in the interests of shareholders by providing a direct link between realized

compensation and company stock price performance. In addition, offering employee deferred compensation in lieu

of cash compensation allows companies to attract highly motivated and entrepreneurial employees without (directly)

expending cash. Deferred compensation is typically structured so that only employees who remain with the firm

can benefit from them, thus also providing retention incentives. Finally, incentive based compensation encourages

executive risk taking, which can mitigate problems with executive risk aversion, given that deferred compensation

imposes greater costs on risk-averse employees than would cash compensation.

Consider an economy with two tax-sensitive agents (both firm and executive) are required to pay capital

gain taxes upon appreciation in stock value on the sale of the stock. The stock price and overall tax effect are

determined by both stock buyers (executives) and sellers (firms). In the presence of the capital gains tax, stock

buyers require a lower price to acquire the stock to compensate for their future tax liability (the capitalization effect).

This will shift the demand for the stock at all price levels. When corporate investor (i.e.firms) face higher capital

gains taxes than anticipated, the sale accelerates the tax payment and the seller loses the time value of money. The

10In Appendix A, we explain the other tax policies (Federal labor income tax, Corporate Tax, Dividend Tax and Capital
Gain Tax) of the United States during our sample period.
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seller therefore requires a higher price to sell the stock to recover the cost differential in the realized and anticipated

capital gains taxes. This will move the supply of the stock at all price levels.

To demonstrate the effect of a capital gains tax on executive compensation specially the demand for

deferred compensation, we use an equilibrium approach based on the demand and supply framework suggested by

Dai, Maydew, Sheckelford and Zhang (2008). We assume that the demand curve for the stock (deferred compensation)

is downward-sloping, so that executives are willing to buy (receive) more shares of the stock at lower prices and fewer

shares at higher prices, and that the supply curve is upward-sloping, so that firms are willing to sell (grant) more

shares in the form of deferred compensation at higher prices and fewer shares at lower prices, both before and after

capital gains taxes.

Figure 1 illustrates the effect of a change in the capital gains tax rate on deferred compensation. At

first, suppose that the initial capital gains tax rate is τ0C . The demand and the supply for any particular stock are

depicted as D and S in the graph and the two intersect each other at point A, which determines the equilibrium

price P0 and float of shares Q0. Now, consider a capital gains tax cut from τ0C to τ1C , τ1C < τ0C . The demand curve

shifts to the right from D to D1 due to the increase in demand associated with the capitalization effect.At the same

time, the supply curve also shifts to the right from S to S1 due to the increase in supply associated with the lock-in

effect. In equilibrium, the new demand and supply curves intersect each other at point B, which provides us with

a new equilibrium price, P1, and a new float of shares, Q1. It is obvious that whether the new price is higher or

lower depends on which effect dominates. However, the float of shares is clearly higher. In the event of a capital

gains tax increase, the shift in demand and supply is reversed. Consequently, the float of shares is unambiguously

decreased, whereas the change in equilibrium price remains ambiguous depending on which effect (capitalization or

lock-in) dominates.Therefore, the number of new shares granted to executives is inversely related to the capital gains

tax rates. In fact, when the capital gains tax is reduced, both the capitalization and the lock-in effects reinforce each

other to increase the number of shares actively traded between firms and executives. The above implications apply

to all stocks in deferred compensation with embedded capital gains.
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Figure 1: This figure illustrates how capital gains taxes affect executives demand and supply of a paricular
firm’s stock and thus affect its equilibrium price and float. (P0, Q0) is the equilibrium price and quantity
for the capital gains tax rate τ0

C and (P1, Q1) is the equilibrium price and quantity for the capital gains tax
rate τ1

C .

4.1 Issues with Regression Discontinuity Design When Time is Forcing Variable
(RDiT)

Identification in the RDiT setting is different from the standard cross-sectional RD. The standard RD is

identified in the N dimension, in contrast, RDiT is typically identified using variation in the T dimension. A necessary

assumption required for identification in any RD is that unobserved determinants of the outcome variable Y are

continuous with respect to the forcing variable. For RDiT, there will almost always be covariates that are discontinuous

in time. These covariates need to be included as controls, whereas in many cross-sectional RD frameworks these

covariates are used only to improve precision (Lee and Lemieux, 2010). As noted by Davis (2008), the RDiT can have

advantages over a pre/post analysis using OLS, which must assume there are no unobservables correlated with time.

The RDiT can allow for unobservables impacting the outcome variable, so long as they do not change discontinuously

at the threshold, and so long as the relationship can be controlled for nonparametrically. An additional benefit of

RDiT, discussed in Auffhammer and Kellogg (2011), is the possibility of uncovering spatially heterogeneous treatment

effects.

The assumptions needed for inference are also different from those in the cross-sectional RD. In particular,

the errors are likely to exhibit persistence.Two additional observations are worth making with regard to inference.
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First, for a local linear RDiT framework (which typically uses a small bandwidth), small-sample inference may be

necessary. This differs from the cross-sectional RD framework, where the researcher may have a large sample even

local to the cut-off. Second, some series (such as commodity prices) will contain unit roots and as such require

different procedures for inference than are found in cross-sectional RD designs.

In this set-up, the researcher knows the date c of a policy change, and thus assumes that for all t>c,

the unit is treated, and for all t<c, the unit is not. The inclusion of a exible time trend would then require only

an assumption that nothing changes discontinuously across the threshold date t = c, so that the impact of the

regulation - local to the date of the policy change - can be identified. The RDiT framework thus clearly accords

with the discontinuity at a threshold interpretation of RD designs, but it is less clear that it accords with the ”local

randomization” interpretation of RD.11The continuity assumption is weaker than, for instance, what is required

for identification in a pre/post analysis, which assumes that unobserved determinants of Y are not correlated with

time. As such, if this is the only assumption required, an RDiT may be identified even when a pre/post analysis

would not be. Any potential confounders - such as other policy changes-must be either controlled for directly or

be sufficiently well- absorbed by the global polynomial approximation. The polynomial must be specified such that

it is uncorrelated with any unobserved (or mis-specified) variation in the treatment effect.In particular, the use of

higher-order polynomial controls poses issues when the treatment effect varies over time. It is possible that the

polynomial could attenuate the estimated treatment effect much like a model that is oversaturated with fixed effects

(see Fisher et al. (2012)).

To absorb the time effects, researchers wants to include several years of data. However, this moves the

researcher away from the cut-off date when the treatment begins. Two assumptions are then needed: (1) that the

model is correctly specified. Any potential confounders - such as other policy changes-must be either controlled

for directly or be sufficiently well- absorbed by the global polynomial approximation. And, (2) the researcher must

assume the correct specification of the treatment effect. In particular, he/she must take a stand on whether the

treatment effect is smooth and constant throughout the post-period, or whether it varies (and, if so, how). Note

that these two assumptions may interact: the polynomial must be specified such that it is uncorrelated with any

unobserved (or mis-specified) variation in the treatment effect. In particular, the use of higher-order polynomial

11A brief discussion of RD in time is given in Lee and Lemieux (2010), motivated by the large number of studies that use age
as the running variable. The focus of that discussion is on the ”inevitability” of treatment.
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controls poses issues when the treatment effect varies over time. It is possible that the polynomial could attenuate

the estimated treatment effect much like a model that is oversaturated with fixed effects (see Fisher et al. (2012)).

If there is serial dependence in the residuals, standard errors must account for it. The existing RDiT

literature has generally addressed this by using clustered standard errors. When time is the running variable, however,

it is generally not possible to test for strategic behavior or selection around the threshold. While the researcher can

check for discontinuities in other covariates at the threshold, and for discontinuities in the outcome variable at other

thresholds, the researcher cannot check for discontinuities in the conditional density of the forcing variable. That the

density of the forcing variable (time) is uniform renders such tests logically irrelevant.

In conclusion, there is nothing inherently wrong with using time as the forcing variable in a regression

discontinuity design. Our focus in this paper is the growing number of papers (and, indeed, the vast majority of

RDs that use time as the forcing variable in the environmental economics literature today) that rely on time-series

variation for identification.As a result, estimates retrieved from RDiT are of a compound effect: the causal treatment

effect of interest and any unobserved sorting/anticipation/adaptation/avoidance effects that may exist but cannot

be tested for. The extent to which the results should be interpreted solely as the causal treatment effect of interest

depend on the researchers ability to make a compelling case that the sorting effects are not present. Furthermore,

the absence of these effects is a necessary but insufficient condition for identification.

5 Data

Data on executive compensation come from the Execucomp database provided by Standard and Poor as

a part of its Compustat database. These data are collected from proxy statements and 10K forms of publicly traded

companies based on US securities regulations. The dataset used in this article covers companies in the Standard

and Poors S&P 500, S&P Mid Cap 400, and S&P Small Cap 600 for the years 1993-2001. The Execucomp dataset

provides information about executive salaries, bonuses, restricted stock grants, stock-option grants and exercises,

long-term incentive payouts, other compensation and total holdings of companys shares and stock options at the end

of a fiscal year. Execucomp collects data on up to nine executives per firm per year, though most companies report

data for only the top five executives. The executives are identified by name and individual identification variables.

In addition, there is a unique executive-firm variable which links each executive to the specific firm at which he or
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she worked in each year. The Execucomp dataset has been used extensively by many researchers. In tax studies, it

has previously been used by, among others, Goolsbee (2000a, 2000b), Hall and Liebman (2000), Perry and Zenner

(2001), and Rose and Wolfram (2002).

The raw dataset, after eliminating observations with missing identifiers, contains 82058 executive-year

observations. I make several adjustments to the raw data. First, I exclude observations for which there is missing or

inconsistent information on cash- and stock-based compensation items, observations where stock and option ownership

are not reported separately and observations on executives who simultaneously work for more than one company.

This reduces the sample to 15484 observations. We also exclude observation if individuals reporting less than $250,000

in taxable income because the top rate went from 31 to 36.6 percent in this highest income tax bracket between 1992

and 1993.12 The final sample used in the analysis contains 15475 executive-years. Of these, 4751 describe CEOs and

10724 non-CEO executives. We also exclude firm-year observations with negative or missing pretax income, asset

value and missing observations necessary to calculate our variable of interest. Finally, we winterize all the parameters

excluding dummy variables at the 1st and 99th percentiles to minimize the effect of outliers.

5.1 Description of Variables and Summary Statistics

We define dependent variables as either deferred income or cash compensation as a share of total

compensation. We also use stock option and restricted stock grant as a share of total compensation in addition

to deferred and cash compensation. A more detailed description of their construction can be found in Appendix B.

We include a wide range of firm level characteristics that affect executive compensation identified in prior literature.

Our firm-specific variables include measures of firm’s profitability, size, market value of equity, stock price volatility

as measure of firm risk and finally lag and current stock return. We measure firm’s profitability using return on assets

and firms growth opportunities using it’s market value of equity. The prediction is that stock option grants will be

positively related to these value. In order to control possible scale effects we use size of firm’s assets measured by log

of total assets. Core and Guay (2004) find that executive stock and option incentives are positively related to firm

size as measured by equity value.

In addition, executives’ decision of how much income to defer may depend upon their expectations of

12All executives in our sample are in the top bracket and other income sources are unlikely to influence their marginal rate.
Moreover, our permanent income tax rate includes all income, so it is unlikely that the value of deductions and other sheltering
activity is large enough to cause these individuals to move out of the top tax brackets that most of them face.
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future stock returns, as well as the realizations of past stock returns. We include variables for lagged and current

stock returns to control for the fact that if stock returns performed low, executives would favor cash compensation

over stock options. Alternately, executives are more likely to choose compensation in the form of stocks if realized

past stock returns is high. To estimate returns, we obtained data on firm’s common stock returns from the Center for

Research in Security Prices (CRSP) for each month of each year in our sample and then defined the annual return as

the cumulative return over the 12-month period. These data were not available for all firms and for all years in our

sample, though we were able to merge approximately 70 percent of our sample companies to the stock return data.

In our regression set up, along with other important covariates we also control stock price volatility as

a measure of firm risk. With efficient securities markets, share prices will also ”properly reflect” all that is know

about prospective payoffs from current manager actions. Share price includes the information content of net income

itself. Moreover, share price is affected by economy-wide events such as interest rate changes, which impose risks

beyond those inherent in the firm. Estimates that ignore the effect of variance of stock price on the pay-performance

sensitivity will be biased toward zero.13To the extent that net income is relatively insensitive to economy-wide factors,

the inclusion of share price volatility in the compensation contract is important in attaining an efficient contract.

We run 12-month rolling Fama and MacBeth (1973) regressions of realized monthly stock price to obtain standard

deviation of monthly stock price using data beginning in 1993 so that I have access to the stock price measure when

Execucomp data become available in 1992. We than calculate mean standard deviation of 12-month stock price and

use this average value as the measure of firm risk for that respective firm-year.

In 1993, Section162(m) of the Internal Revenue Code was enacted which limits the deductibility of

executive compensation in excess of one million dollars unless the compensation was performance based. Because

options are classified as incentive pay and are therefore exempt from the rule, theory would predict that there is a

tax advantage to taking all pay in excess of one million dollars in stock options. Since this cap does not apply to

performance-based payments, options, long run incentive plans (LTIP) are effectively excluded. We include a variable

”Net Income Share” defined as total compensation over one million dollars. The variable takes the value of zero if

13As an example, consider the effect of adding two firms to the sample, one with a high variance (and therefore low pay-
performance sensitivities) and the other with a low variance (and therefore high pay-performance sensitivities). Suppose that
the executives of both firms receive the same compensation because the high-variance firm had good performance and the
low-variance firm had poor performance. The effect of adding these two observations to a regression that does not control
for variance is to lower the estimated pay-performance sensitivity since the executives with better performance did not receive
higher compensation. As a result, the actual pay-performance sensitivity is higher than its estimate in the regression that does
not control for variance.Therefore prior studies may suffer from omitted variable bias and produce spurious results.
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total compensation is below one million and one if the difference between total compensation and one million if above.

Descriptive statistics of all variables used in our empirical estimation can be found in Appendix B.1.

Table 1.0 presents summary statistics for the five measures of compensation as a share of total

compensation that we analyze in our empirical work. These statistics pertain to the 1993-2001 sample year and

level variables are denominated in thousands of dollars. Average ratio of cash compensation as a share of total

compensation is $0.471 whereas ratio of deferred compensation is $0.455. Stock options comprise the lion share of

deferred compensation and ratio of stock option is 0.245 whereas restricted stock grant ratio is 0.2094. Ratio of

taxable income as a share of total compensation is 0.6465 for top five executives whereas this ratio is 0.679 for non

CEO executives.

Table 1.0: Summary statistics for five measures of compensation as a share of total compensation

Observations Mean SD Median Minimum Maximum

Cash Compensation 15475 0.4710831 0.2148391 0.469363 0.0460825 0.9225098

Deferred Compensation 15475 0.4558107 0.2265337 0.4404444 0.0233474 0.9409441

Stock Option 15475 0.2450789 0.2149885 0.2102688 0.0 0.8324606

Restricted Stock Grant 15475 0.2094725 0.1620657 0.1681118 0.0040024 0.7457965

Taxable Income 15475 0.646501 0.5769183 0.5889997 0.0 14.1596
Source: Authors calculation using Execucomp database, 1993-2001

Table-2.0 reports average income, in real 1991 dollars, across years. There are cross-sectional variation

in compensation levels across executives because our data include not just the CEOs, but vice presidents, general

counsels, and so on. During our sample period, average total compensation increase from $1.414 million in 1993 to

$2.828 million in 2001. In other words, total real compensation increased by more than doubled whereas total taxable

income increased by only 49.8% in 9 years period. Before the Taxpayers Relief Act of 1997 became effective, taxable

income increase by 30.35% but after the capital gain tax cut this rate reduced down to 16.64%. Anecdotally, this drop

can most likely be attributed to the anticipation of tax benefit by deferring income. This in turn induced executives

to receive compensation in the form of stock options rather than cash. Over the sample, there was a large increase in

the use of deferred compensation. In 1993, salaries and bonuses were more than 55.0 percent of total compensation,

while options, and stock grants were about 15.0 percent. Between 1993 and 2001, this ratio declined to nearly 40.0

percent for salaries and bonuses but increased to 31.0 percent for options and stocks. Hence, the composition of

compensation changed significantly after the 1993 tax rate increase, with equity-based compensation comprising a
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much larger fraction of overall income. This trend gets momentum after the Taxpayers Relief Act of 1997.

Table 2.0: Mean real incomes (in 1991 dollars) and income shares by year. 1993-2001

Year Observations Cash Stock Restricted Deferred Real Real

Compensation Option Stock Compensation Total Income Taxable Income

1993 1364 0.5543453 0.1586182 0.2098847 0.3696579 1414.038 870.2423

1994 1485 0.5384846 0.2027017 0.1917395 0.3954675 1563.914 920.8099

1995 1630 0.5250499 0.1916533 0.2042582 0.3965838 1559.378 878.7511

1996 1774 0.4962856 0.2151737 0.2094319 0.4255026 1822.498 1134.64

1997 1872 0.4643638 0.2331639 0.2140065 0.4486888 2422.254 1564.671

1998 1946 0.4510777 0.2613917 0.2156342 0.4781671 2864.165 1616.42

1999 1777 0.4320438 0.3001937 0.2011309 0.5026671 3189.015 1524.915

2000 1838 0.4144528 0.293462 0.2191992 0.5145412 3639.054 1896.697

2001 1834 0.4047415 0.3127748 0.2154775 0.5298148 2828.89 1304.253

Source: Authors calculation using Execucomp database, 1993-2001

Restricted stock grants showed some increase over this period except for the year of 1994 and 1999 but at

a slower rate than stock option. This increase could be due to the nature of taxation of stock option. As mentioned

earlier, executives can choose to be taxed on stock grants at the time of the award or to be taxed on stock option

on a later date. Therefore, it is likely that some executives substituted away from stock grants and toward stock

option in order to pay the lower tax rates after 1997. The long-term trends in the nature of executive compensation

show a clear response to tax rates. Lower expected capital gain tax rates show a shift toward more equity-based

compensation that can be deferred especially in the form of stock option and shift away from cash compensation.

5.2 Graphical Evidence

Figures displayed in this section reveal substantial variation in executive compensation components

before and after the TRA 1997 implementation. Variation of executive compensation components around TRA

1997 indicate that composition of executive compensation scheme responds to changes in capital gain tax. These

variations are important for our empirical analysis because it is possible to make inferences about changes in different

components of executive compensation by comparing cash compensation and performance based compensation levels

within a relatively narrow time window. In the following figures, the vertical line indicates the implementation of

the Taxpayers Relief Act of 1997 (TRA 1997). Our empirical analysis focuses on the period 1993-2001, a nine year

window around the implementation of TRA 1997.

Figure 2 plots average cash compensation as a share of total compensation of top five executives officers.

We assume cash compensation consists of both salary and bonus compensation. Cash compensation started decreasing
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beginning in the year of 1993 after the implementation of IRC 162(m). Throughout our sample period, cash

compensation decrease nonlinearly. Although we observe a discrete jump of cash compensation before and after

1997, no inference can be made without further investigation.

Figure 2: Fitted line for cash compensation

Figure-3 plots the average option granted (Black-Scholes value) as a fraction of total compensation during

the period 1993-2001. Note that the fair value of stock option is determined using Black-Scholes option-pricing model

that takes into account the stock price at the grant date, the exercise price, the expected life of the option, the

volatility of the underlying stock and the expected dividends on it and the risk-free rate over the expected life of

the option. Average number of option granted is constructed by averaging top five executives each year for every

firm. Average Black-Scholes value of option started increasing after the composite tax law change beginning in 1993.

Throughout the sample period, there is a visible increase of executive stock option with non linear pattern. But this

increasing trend has got a momentum with a discrete jump in the year of 1997.
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Figure 3: Fitted line for stock option

Figure-4 plots the average of deferred compensation as a share of total compensation during our sample

period. Deferred compensation consists of both stock options and restricted stock grants. This plot exhibit the same

pattern as the Black-Scholes value of stock option and there is not much significant variation in the pattern of these

two figures. The only observable fact here is that the gap between pre and post trend at the cut point shrinks slightly

in figure 4 as compared to that of figure 3. So we can predict that the resultant effect on capital gain tax cut on

deferred compensation may be somewhat smaller than that of stock option.

Figure 4: Fitted line for Deferred Compensation

Figure-5 plots the average of restricted stock grants as a share of total compensation. From this figure,

it reveals that restricted stock does not follow any specific pattern throughout our sample period. Trend line before

and after capital gain tax cut event reveals an idiosyncratic pattern with different slope and intercept at cut-off
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point. Reasons for this irregular pattern of restricted stock grants during our sample period are straight forward.

First, there is less flexibility associated with restricted stock because the executive cannot choose to fully optimize

the timing of taxation. Second, restricted stocks are either taxed when issued or as soon as they become vested and

liquid. Further, restricted stocks are also not considered to be incentive pay so they may not qualify for a corporate

deduction if the executive is subject to the million dollar rule (IRS 162(m)). This may explain why very few firms in

our sample (17.77 percent) offer compensation in the form of restricted stock grants.

Figure 5: Fitted line for Restricted Stock Grant

5.3 Additional Evidence

Figures displayed in last subsection, it is virtually evident that both the slopes and the intercepts change

at the time of the tax policy change and the lines are no longer continuous.14To get a better sense of how the model

fits data, we compare the predicted regression models to the actual data for four compensation measures in Figures

6-10 using linear spline models. In the following figures, we allow for tax policy to have one effect for compensation

components before 1997 and a different effect on and after 1997.

14A piecewise regression model allows for changes in slope with the restriction that the line being estimated be continuous;
that is, it consists of two or more straight line segments with a break. At the point of the break, the slope becomes steeper
but the line remains continuous. A switching regression model is similar except that both the intercept and slope can change
at the time of the break; the regression line need not be continuous.
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Figure 6: Fitted line for cash compensation

Figure 6 plots the fitted line for cash compensation. It shows a continuous downward trend of executive

cash compensation throughout the sample period with a slight kink in the year of 1997. Similarly figure-7 and figure-

8 shows the fitted regression lines for stock options and deferred compensation respectively. For both cases, stock

option and deferred compensation increase with a visible kink after the introduction of capital gain tax reduction

policy. This is expected because executives anticipate at least some tax benefit by holding more stock options instead

of getting paid in cash. But in figure 9, the fitted regression line does not show any discontinuity before and after

the policy change for restricted stock grants.

Figure 7: Fitted line for stock option
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Figure 8: Fitted line for Deferred Compensation

Visual inspection of the above set of graphs can be a clue in determining nonlinearity and the discontinuity

of executive compensation components resulted from the capital gain tax policy change. It is evident that capital

gain tax reduction cause an increase in the share of stock options and deferred compensation but apparently does

not have any effect on restricted stock grant. From the first set of graphs in section 6.0, it is also apparent that a

quadratic model can appear to be consistent with the data.

Figure 9: Fitted line for Restricted Stock Grant

6 Empirical Strategy and Identification Issues

The graphical evidence presented from Figure-2 to Figure-9 suggested that some of the components of

executive compensation are closely related to capital gain tax reduction policy and we now analyze this relationship
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more formally. Our implementation of the RD design is similar to that of Devis (2008). We employ a regression

discontinuity (RD) design where compensation components of executive i at firm j on date t is denoted by yijt. TRA

is a binary variable equal to unity when the policy is in effect and zero otherwise. Xjt is a vector of observable

characteristics and f(yeart) is a a flexible polynomial in year. Vector Xjt includes an indicator variable for IRS

section 162(m), log asset, return on asset, market value of equity, stock price volatility as measure of firm risk and

finally lag and current stock return.15

yijt = β0 + β1.TRA+ β2.TRA.yeart + f(yeart) + β3Xijt + εijt (1)

Dependent variable yijt refers to either deferred income or cash compensation as a share of total

compensation and expressed in natural log. We also use stock option and restricted stock grant as a share of total

compensation in addition to deferred or cash as dependent variable. To control for the growth in total compensation

over the period, we consider compensation components as a share of total income rather than in levels. The coefficient

of interest- β2, is the treatment effect of the TRA policy on the compensation of executive i. When the dependent

variable is considered as deferred compensation, the coefficient β2 implies percentage change of executive deferred

compensation as a share of total compensation after the capital gain tax reduction policy became effective. In other

words, the coefficient β2 implies that each year executive deferred compensation as a share of total compensation

increase by β2 percentage point after the capital gain tax rate reduction policy legislated by the Taxpayers Relief Act

of 1997.

When considering the optimal use of different components of executive compensation such as cash, bonus,

stock option and restricted stock grant due to a federal tax policy; statutory, personal, corporate, and capital gain

taxes are all should be included in the model (Hall and Liebman (2000)).The idea behind this proposition is that

the current tax rate on labor income could be subject to endogeneity bias because the higher the taxable income,

the higher is the tax bracket into which that income falls. Again, since income deferral (using stock option and

restricted stock grant) lowers taxable income in the current period, the tax rate should be treated as endogenous.

The resulting correlation between yijt and TRA induces positive bias in OLS estimate of β2. Moreover, insistence

on clean identification frequently results in the use of bogus instruments that almost certainly violate the exclusion

restriction. Therefore, we will estimate β2 focusing on discontinuities in the neighborhood of Policy cutoff date as

15We will explain the justification of using these covariates at the end of this section.
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potential exogenous source of variation of executive compensation. During our sample period federal statutory tax

rate on labor income and statutory corporate tax rate were remained constant throughout the sample period at 36.9%

and 35% respectively but capital gain tax rate reduced from 28% to 20% legislated by Taxpayers Relief Act of 1997.

The estimate of β2 is therefore identified by the discontinuities of executive compensation components at the policy

date.

The principal advantage of focusing on discontinuities at the cutoffs lies in the fact that the expectation

of εijt representing unobservable determinants of executive compensation need not to be unrelated to the policy date

to obtain consistent estimates of β2. As long as E(εijt) is a smooth function of year, i.e., as long as underlying

determinants of yijt does not vary discontinuously in the neighborhood of policy date , a sharp RD design will

produce consistent estimate of β2. Our econometric model also includes a single, flexible polynomial in year, f(yeart)

which controls for unobserved, time-varying factors that evolve smoothly and may influence compensation component

but are unrelated to the policy.16 Following the approach of DiNardo and Lee (2004) and Devis (2008) and in line

with our graphical prediction, an second order polynomial was selected as the most parsimonious specification that

adequately describes the underlying time trend with a reasonable degree of smoothness.17’18 This approach permits

an identification assumption that is more relaxed than that of the commonly used difference-in-difference model.

In this RD approach, identification of the regulations effects also comes from the change in executive

compensation within a narrow window. Limiting the sample to include observations from a relatively narrow range

of dates is important because it helps disentangle the effect of TRA from the effect of other time- varying factors

that influence the components of executive compensation. Within this interval, the unobserved factors influencing

executive compensation are likely to be similar so that observations before TRA provide a comparison group for

observations after TRA. Besides, we do not extend our sample period beyond 2001 because beginning in 2002 and

16An alternative approach to the regression discontinuity design would be to use a difference-in-differences approach. However,
it is difficult to construct an appropriate control group.

17The most common method of polynomial selection in the literature chooses the order that smoothly describes the underlying
trend in the data, while presenting estimates for alternative polynomial orders Lee and Lemieux (2009). As this involves a
substantial element of modeler discretion, misspecification is a concern. As DiNardo and Lee (2004) note, misspecification of
the order can lead to biased estimates of the discontinuity and erroneous interpretations of statistical significance.

18A new NBER working paper by Andrew Gelman and Guido Imbens makes a strong argument not to use the higher-order
polynomial approach. Their case rests on three reasons. First,they can give huge weight to points that are far away from the
discontinuity. The RD estimate is essentially a difference between a weighted average of outcomes for treated observations on
one side of the discontinuity and a weighted average of outcomes for control observations on the other side of the discontinuity.
Fitting a high order polynomial can mean this weighted average is driven by observations that are far away from the threshold.
Second, estimates can be highly sensitive to the degree of the polynomial fitted. Third, confidence intervals can be too narrow
with high-order polynomials, leading to rejections of the null much more than should be the case i.e. there is a bias towards
finding a significant effect even if one doesnt exist.
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2003 federal government made a substantial change in the personal tax, capital gain tax and dividend tax policy which

affect after tax income of top earners. These and other potential confounding factors make observations substantially

less informative about the effect of TRA on executive compensation beyond 2001. As a final way to explore the

validity of the identifying assumptions underlying the regression discontinuity estimates, section 7.1 presents the

approach of graphing some risks (confounding factors) of outcome variables where continuity in the risk on either

side of the cutoff provided some evidence that these assumptions are satisfied. We also justify our baseline results by

using two placebo/falsification tests in section 7.1.1.

7 Estimation Results

The objective of this study is to shed light on how executives redesign their compensation package in

response to a reduction in the capital gain tax rate legislated by the Taxpayers Relief Act (TRA) of 1997. In order

to do so, we present empirical evidence on the impact of the TRA of 1997 policy on several components of executive

compensation using regression discontinuity design where time is used as a forcing variable.

Table 3.0: Effect of Taxpayers Relief Act of 1997 on Executive Compensation with Quadratic Time Trends:
Regression Discontinuity

Cash Deferred Stock Restricted

Compensation Compensation Option Stock Grant

TRA x fyear −0.0140141 0.0732716∗ 0.0799699∗∗ −0.0046434

(0.0345216) (0.0388933) (0.0400709) (0.0325499)

TRA x fyear −0.0158039 0.0741241∗ 0.0816074∗∗ −0.0054319

(Third order) (0.034125) (0.0384462) ( 0.0396101) (0.0321761)

Number of Observations 10124 10124 10124 10124
Standard errors are in parenthesis. Significance levels: *p <0.1, **p <0.05, ***p <0.01. See Appendix D for detail table.

Table 3.0 reports the RD estimates with quadratic time trends using Equation (1).The analysis reveals

that a decrease in the capital gain tax rate leads to a statistically significant increase in deferred compensation and

it’s one of the major components, stock options, without any significant impact on cash compensation and restricted

stock grants. Share of stock options manifest 7.99% increase at 5% significance level and deferred compensation share

shows 7.3% increase at 10% significance level after the policy came into effect. This result is expected because the

tax advantage of executive stock option increases with the reduction of capital gain tax rate. On the other hand,

restricted stock grants show negative association but statistically insignificant effect. This effect may arise because
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restricted stocks are either taxed when issued or as soon as they become vested and liquid. In other words, there

is less flexibility associated with restricted stock because the executive cannot choose to fully optimize the timing of

taxation. Further, restricted stocks are also not considered to be incentive pay so they may not qualify for a corporate

deduction if the executive is subject to the million dollar rule. These offsetting effects capital gain tax on the use

of options and restricted stock grants explain our findings on deferred compensation which is smaller in magnitude

and show weaker significance level than those of stock options. With a third order polynomial time trends, we find

similar results like second order polynomial case with respect to sign and magnitude. Across all specifications with

different polynomial time trends, it is a evident that the capital gain tax cut of 1997 resulted a reduction in the share

of restricted stock grant and increase in stock options. These results are consistent with our prediction.

7.1 Evaluating Assumptions of Regression Discontinuity Design

One of the fundamental assumptions of regression discontinuity design is that the risk of the outcome

would have been continuous at the cut-off in the absence of the intervention. This is a logical extension of the

exchangeability principle meaning that any discontinuity in the outcome probability can be attributed to exposure

alone. To quantitatively assess this assumption, we would need to observe the counterfactual outcome: composition

of compensation components in the same population over the same time period in the absence of the capital gain

tax reduction. Since this is not possible, researchers may assess the outcome in plausibly exchangeable alternative

populations or time periods. For our analysis, we took the approach of graphing some risks (confounding factors)

of outcome variables where continuity in the risk on either side of the cut-off provided some evidence that this

assumption was satisfied.

Figure 10: Fitted line for Return on Asset
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First, Hall and Liebman (1998) document a strong, positive relationship between stock-based compen-

sation and firm performance (return on asset) since 1980. If this proposition is true, our baseline results will be

biased if and only if firms performance is discontinuous at the point of intervention. This is what Han,Todd and

Van der Klaauw (2001) mentioned in their paper. They suggest that nonparametric identification of a constant

treatment effect with sharp RD design requires that all other factors affecting outcome variables besides the policy

are continuous at the policy date. From Figure-10, it is evident that average value of firms return on asset does not

show any discontinuity before and after the capital gain tax reduction policy in 1997.

Second, previous studies also argue that liquidity constraints are an important determinant of executive

compensation structure and find that firms with liquidity constraints use more equity compensation (such as deferred

compensation) in lieu of cash compensation (Dechow et al.(1996), Core and Guay (1999)). Yermack (1995) finds

that the ratio of stock option grants to cash compensation almost doubles in firms that are deemed to face liquidity

constraints. Consistent with Yermack’s (1995) results, Core and Guay (2001) report strong evidence that cash

constrained firms use equity grants in place of cash compensation. However, contrary to these studies and popular

belief, Ittner et al.(2003) find no evidence that cash constrained new economy firms rely on stock options to conserve

cash.

Figure 11: Fitted line for KZ index

If Yermack’s (1995) proposition is true, our baseline results will be biased if average liquidity constraint

index for most constrained firms (top tercile of KZ index) are discontinuous at the point of intervention.19 Intuition

19Since the financial constraints a firm face are not directly observable, the empirical literature finds itself having to rely
on indirect proxies (such as having a credit rating or paying dividends) or on one of three popular indices based on linear
combinations of observable firm characteristics such as size, age, or leverage (the Kaplan-Zingales, Whited-Wu, and Altman
Z-score indices).Judged by Google Scholar citations, the KZ index is the most popular measure of financial constraints. KZ
index originates from an influential debate between Fazzari et al. (1988) and Kaplan and Zingales (1997). The actual KZ index
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behind this reasoning is that capital gain tax reduction increase the expected tax benefit both for executives and

firms. Further, when future capital gain tax is expected to be lower, future tax deduction from deferred compensation

becomes more favorable relative to immediate tax deduction received from cash compensation. At the same time,

the use of stock based compensation is expected to be less costly for firms with low marginal tax rate. As a result

financial position of respective firms will improve which ultimately improve the index value towards less constrained

firms. Figure-11, it is evident that average KZ index for mostly constrained firms does not show any discontinuity

before and after the capital gain tax cut which in turn validate our baseline results.

Third, from our baseline regression, we find that capital gain tax reduction causes executives to increase

share of deferred compensation specially stock options in the compensation package-which ultimately affect their

permanent income and thereby increase marginal tax rate on permanent income of each executives. The permanent

income tax rate is the rate that would apply to the permanent income of the executive, which represents their income

in the absence of any deferral. Gorry, Hassett, Hubbard and Mathur (2017) define ”permanent income” as the

executive’s ”average total income” over all the years in their sample.20 We choose to use permanent income instead

of taxable income because permanent income criterion provides us a better means of identifying TRA effect since we

are using their average income over a sufficiently long period. We calculate federal marginal tax rate on permanent

income by using Federal Tax Schedule/NBER TAXSIM. From Figure-11 it is evident that marginal tax rate on

average permanent income increases after the capital gain tax reduction. When we consider top three executives, it

reveals that fitted line for average marginal tax rate on permanent income line passes above 38.0%. But when we

draw the same figure for non ceo executives this fitted line gradually decline and stays below the former.21

is due to Owen Lamont, Christopher Polk Jess Saa-Requejo (2001). A higher value of index corresponds to a firm that is more
financially constrained. We employ KZ index as a proxy for financially constrained firms.

20The reason they use total compensation is that this measure tells us the tax rate that the executive would pay if he or she
did not defer compensation using stock option and restricted stock grant. Therefore, this tax rate is the relevant rate to use to
measure responsiveness. A problem with averaging income and applying permanent income tax rates to that income is that it
may introduce errors and bias our results toward finding a zero response. However, if the responses for the top of the income
distribution are sufficiently large, we can still identify the effect.

21 This income measure may to some extent under measure the true permanent income since it does not include spousal and
noncompany-related sources of income, for which no measures are available. However, this unobserved income is also offset by
various deductions and exemptions that an executive may claim on her tax return. In addition, from the perspective of agency
theory, it is not just the marginal tax rate on the last dollar of earnings that matters, but rather the marginal tax rate that
applies within the range of income generated by stock and option grants.
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Figure 12: Fitted line for Marginal Tax Rate on Permanent Income

Figure 13: Fitted line for Marginal Tax Rate on Permanent Income

Fourth, corporate marginal tax rate should decline after the capital gain tax reduction because firms

grant stock option to enjoy tax benefits (Hite and Long (1982). Stock options granted at-the money are typically

not taxed at the hand of the employee and not expensed by the firm at the time of grant. As a result of these tax

and accounting rules, researchers argue that firms should grant more stock options in periods when tax rates are

low (e.g., Core and Guay (1999, 2001); Ittner, Lambert and Larcker (2003); Yermack (1995)) which in turn lowers

the marginal tax rate of firms. Figure-13 shows the fitted line for corporate marginal tax rate during our sample

period. Following previous literature, we include the firm-specific marginal corporate tax rates as an instrument for

federal corporate tax rate constructed by Graham(1996a). These are simulated tax rates which allow for variation

in the marginal corporate tax rates across firms due to the presence of tax loss carry forwards. In a follow-up paper,

Graham(1996b) shows that these simulated tax rates are a good proxy for the true marginal tax rates faced by firms.

Figure-13 shows a kink at the policy date and average marginal corporate tax rate decline slightly after the TRA

1997.
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Figure 14: Fitted line for Corporate Marginal Tax Rate

7.1.1 Placebo Test

One of the main virtues of the RD design is that it can be easily and intuitively presented and falsified

in empirical work. The standard pattern of validity tests for the RD includes the McCrary (2008)22 manipulation

test, covariate balance tests which are an indirect test of the smoothness assumption and placebo tests where the

location of the cutoff is artificially redefined. While the researcher can check for discontinuities in other covariates

at the threshold and for discontinuities in the outcome variable at other thresholds but researcher cannot check for

discontinuities in the conditional density of the forcing variable when time is considered as a forcing variable. That

the density of the forcing variable (time) is uniform renders such tests logically irrelevant. We run two placebo tests

by changing the timing of policy date. We change the date of treatment to (t-1) and (t+1) and re-run our baseline

equation with a second order polynomial of f(year). We find that the estimates for deferred compensation and stock

options are particularly sensitive to the policy date. This gives us confidence that our estimates are not spurious.

Table 4.0 shows results for placebo test when 1996 is considered as cutoff year. As expected, we do not

find any significant impact of capital gain tax reduction on any of the compensation components. Insignificant effect

of capital gain tax reduction on cash is expected because executive cash compensation does not bear any direct capital

gain tax benefits. Deferred compensation and it’s major component stock options also show insignificant association

with capital gain tax because any income form deferred compensation is taxed as the same rate as personal income

22McCrary (2008) proposed a very interesting and creative falsification method specifically tailored to RD designs. This
falsification test looks at whether there is a discontinuity in the density of the running variable near the cutoff, the presence of
which is interpreted as evidence of ’manipulation’ or ’sorting’ of units around the cutoff. This test is implemented empirically
by comparing the estimated densities of the running variable for control and treatment units separately. McCrarys originally
implementation used smoothed-out histogram estimators via local polynomial techniques. More recently, Otsu, Xu, and
Matsushita (2014) proposed a density test based on empirical likelihood methods, and Cattaneo, Jansson, and Ma (2016a)
developed a density test based on a novel local polynomial density estimator that avoids preliminary tuning parameter choices.
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Table 4.0: Regression Discontinuity Estimates using 1996 as a Policy Cutoff Year

Cash Deferred Stock Restricted

Compensation Compensation Option Compensation

TRA x fyear 0.0108731 −0.0165346 −0.0212745 0.0057026

(0.0160197) (0.0180484) (0.018589) (0.0151042)

Number of Observations 10124 10124 10124 10124
Standard errors are in parenthesis. Significance levels: *p <0.1, **p <0.05, ***p <0.01. See Appendix D for detail table.

tax rate before 1997 which render it difficult to separate these two tax effects. Table 5.0 shows results for placebo test

when 1998 is considered as a treatment year. Analogous to our baseline results, we also do not find any significant

impact of capital gain tax reduction on restricted stock grant and cash compensation. But treatment effect on stock

option and deferred compensation smoothly increase in the post policy period. Share of stock options manifest 11.29%

increase at 5% significance level and deferred compensation share shows 15.01% increase at 1% significance level if

the capital gain tax reduction policy would have been implemented in 1998. Compare to our baseline results, the

magnitude of these effects increase in the post policy period. The only exception compared to baseline results is that

capital gain tax reduction reduce share cash compensation by 7.05% at 10% significance level.

Table 5.0: Regression Discontinuity Estimates using 1998 as a Policy Cutoff Year

Cash Deferred Stock Restricted

Compensation Compensation Option Stock Grant

TRA x fyear −0.0705756∗ 0.1129145∗∗ 0.1501849∗∗∗ −0.0339616

(0.041131) (0.0463568) (0.0477591) (0.0387869)

Number of Observations 10124 10124 10124 10124
Standard errors are in parenthesis. Significance levels: *p <0.1, **p <0.05, ***p <0.01. See Appendix D for detail table.

7.2 Robustness Check

The aim of this study is to determine whether capital gain tax affects executive compensation and to

estimate the magnitude of the effect, if any, using Taxpayers Relief Act (TRA of 1997) as an exogenous shock. From

our empirical analysis, it is evident that the effect of TRA on executive cash compensation and deferred compensation

are different for their implied reasons. Again capital gain tax reduction effect on stock options and restricted stock

grants also differs. We investigate the sensitivity of our baseline results in a number of different ways. In the first set
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of sensitivity check, we examine the effect of Taxpayers Relief Act of 1997 adding additional contral variables in our

baseline regression. We also check robustness of our results for top three executives compensation instead of top five

executives and then for non-CEO executives using the same baseline RD specification.23

7.2.1 Adding Marginal Tax Rates of Executives as a Covariate in Baseline RD Set up

The identification of causal effects depends on explicit or implicit assumptions, which typically form the

core of a debate about the quality and credibility of a particular research design. In regression-based strategies,

this is the claim that variation in the regressor of interest is as good as random after conditioning on a sufficient

set of control variables. If the researcher has access to a variable for a potentially remaining confounder, tests of

the identifying assumption can be done by adding this variable as a control on the right-hand side (RHS) of the

regression. The identifying assumption is confirmed if the estimated effect of interest is insensitive to this variable

addition.

Table 6.0: Regression Discontinuity Estimates using Executives Marginal Tax Rates on Labor Income

Cash Deferred Stock Restricted

Compensation Compensation Option Stock Grant

TRA x fyear −0.0261214 0.0901418∗∗ 0.0927141∗∗ −0.0034404

(0.0347294) (0.0391217) (0.0402708) (0.0327409)

Number of Observations 10124 10124 10124 10124
Standard errors are in parenthesis. Significance levels: *p <0.1, **p <0.05, ***p <0.01. See Appendix E for detail table.

In our baseline regression, we do not consider the marginal tax rate on labor income as an explanatory

variable because statutory tax rate of labor income of top tire remain same during our sample period. Because

executives endogenously respond to the imposition of capital gains taxes, the tax consequences of different types of

compensation can be complex - subject to ordinary income, capital gains, employment and other taxes. The capital

gain tax rate faced by an executive is a function of her tax bracket, which in turn is determined by her realized

income. In case of deferred compensation, income deferral lowers taxable income in the current period which also

makes marginal tax rate endogenous in this class of research. We therefore add marginal tax rate on labor income

calculated by using NBER TAXIM as an additional control variable to see our baseline result is still hold. Table 6.0

reports these results. In this first set of sensitivity check, we find results are very similar to those in Table 3.0. As

23Note that Execucomp allow us to track top five highest paid executives listed in the ExecuComp database in the 1500
publicly traded USA firms. These includes CEO, but also other top executives, most often CFO, COO and subdivision CEOs.
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expected capital gain tax cut resulted an increase in both stock option and deferred compensation. Capital gain tax

cause increase share of deferred compensation by 9.0% and share of stock options by 9.27% which are 7.3% and 8.0%

in our baseline result. Similar to our baseline results,the sensitivity of capital gain tax cut on cash compensation and

restricted stock grant are insignificant.

7.2.2 Top Three Executives

Many empirical studies of corporate decisions implicitly assume a neoclassical view of the firm in which

top managers are homogeneous and selfless inputs into the production process. Under this quite narrow view,

different managers are regarded as perfect substitutes for one another. However, Gore et al (2004) find that there

are systematic differences in the compensation relations for CFOs and CEOs that are related to the executives

responsibilities. Though many researchers make the implicit assumption that CEO compensation is a proxy for

compensation of senior executives throughout a company, top managers have different levels and areas of authority

and they will have different measures of performance that can be used to provide incentives. After the CEO, the most

highly compensated senior executive position is President. Within firms, annual bonuses, deferred compensation,

and option-based compensation are relatively more important for CEOs than for non-CEO executives. Therefore, it

is interesting to see whether our baseline results hold for to the top three executives instead of top five executives

according to Execucomp database rank.

Table 7.0: Regression Discontinuity Estimates for Top Three Executives

Cash Deferred Stock Restricted

Compensation Compensation Option Stock Grant

TRA x fyear −0.0114862 0.0732243∗ 0.1068796∗∗ −0.0314492

(0.0427689) (0.0481052) (0.0500595) (0.0403685)

Number of Observations 6754 6754 6754 6754
Standard errors are in parenthesis. Significance levels: *p <0.1, **p <0.05, ***p <0.01. See Appendix E for detail table.

In this second set of sensitivity check, we find results are very similar to those in Table 3.0. As expected

capital gain tax cut resulted an increase in both stock option and deferred compensation. For top three executives,

capital gain tax cause share of deferred compensation by 7.32% which is same as our baseline result. But share of

stock options increase by 10.68% for top three executives compared to 7.99% for top five executives. Analogous to

our baseline results that the sensitivity of capital gain tax cut on cash compensation and restricted stock grant are

not statistically significant.
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7.2.3 Non-CEO Executives

We also test our baseline Regression Discontinuity results for non CEO executives. We find similar

results for executives according to the rank based on Execucomp database from two to five. As expected these low

rank executives stock option increase by only 8.47% whereas top three executives increase by 10.68% after the capital

gain tax reduction policy became effective. One important observation is that main beneficiaries of capital gain tax

reduction policy are executives with top ranks rather than executives with lower ranks which is reflected in Table 8.0.

Table 8.0: Regression Discontinuity Estimates for Non-CEO Executives

Cash Deferred Stock Restricted

Compensation Compensation Option Stock Grant

TRA x fyear −0.0322293 0.0949152∗∗ 0.0847353∗ 0.0119187

(0.0383525) (0.0434319) (0.0442941) (0.0362892)

Number of Observations 7760 7760 7760 7760
Standard errors are in parenthesis. Significance levels: *p <0.1, **p <0.05, ***p <0.01. See Appendix E for detail table.

7.2.4 Executives with Rank more than Five

Execucomp collects data on up to nine executives per firm per year, though most companies report data

for only the top five executives. Following prior literature, our empirical analysis is based on top five executives. In

order to show our results are free form possible selection bias problem, we run our baseline regression for executives

with rank six form our sample. Table 10.0 reports these results. We do not find any significant effect of capital gain

tax reduction on either cash compensation of deferred compensation. Executive stock options also show insignificant

association for this rank of executives.

Table 9.0: Regression Discontinuity Estimates for Executives with Rank Six

Cash Deferred Stock Restricted

Compensation Compensation Option Stock Grant

TRA x fyear 0.0256185 0.3198401 0.3113101 0.00245

(0.2505515) (0.3092374) (0.2905123) (0.2480078)

Number of Observations 213 213 213 213
Standard errors are in parenthesis. Significance levels: *p <0.1, **p <0.05, ***p <0.01. See Appendix E for detail table.
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8 Conclusion

We investigate whether the capital gain tax cut of 1997 resulted in an increase in executive deferred

compensation or instead represented a substitution between deferred compensation and cash compensation.We also

test whether capital gain tax has any significant effect on the choice between two components of deferred compensation

i.e.stock option and restricted stock grant. To test our prediction in a theoretical framework, we assume, the overall

tax effect on components of executive compensation will be affected by both stock buyers (executives) and sellers

(firms) in equilibrium. However,an important challenge for this study is to disentangle the pure capital gain tax effect

from the effects of other factors that are related to the long-run evolution of different tax rates. Because executives

endogenously respond to the imposition of capital gains taxes, the tax consequences of different types of compensation

can be complex - subject to ordinary income, capital gains, employment and other taxes. We choose the Taxpayer

Relief Act (TRA) of 1997 because it substantially altered the capital gains tax rate without enacting other provisions

that likely confounded executive compensation behavior.

One important contribution of our study is that the specific nature of our research question and alternative

form of research design allow us to better establish a causal relationship between executive compensation and capital

gain tax. Our study differs from prior studies in several respects. Prior studies have acknowledged and attempted

to address the likely endogeneity of tax policy using instrumental variables. We provide stronger econometric

identification of the relation of interest. In our empirical RD design, we use time as the running variable, with

treatment occurring at the moment of the discontinuity. Our study complements existing literature in that it provide

new evidence, by adding idiosyncratic volatility shocks in this relationship, to see the responsiveness of executives

incentive provision for riskier firms when firms are faced with capital gain tax change.

Our sample consists of firms in the intersection of ExecuComp and CRSP-Compustat from 1993 to 2001.

Our results are consistent with our predictions. Our empirical analysis reveals that a decrease in the capital gain

tax rate leads to a statistically significant increase in deferred compensation (as share of total compensation) and

it’s one of the major components, share of stock option, without any significant impact on cash compensation and

restricted stock grants. Stock option share manifest 7.99% increase at 5% significance level and deferred compensation

share shows 7.3% rise at 10% significance level after the policy came into effect. This result is expected because the

tax advantage of executive stock option increases with the reduction of capital gain tax rate. On the other hand,
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restricted stock grants show negative association but statistically insignificant effect. We also check the sensitivity

of our results using a battery of checks. The broad thrust of our results and magnitude of coefficients are remain

unchanged.

This paper joins existing literature in public economics (see Hall and Liebman (2000), Frydman and

Saks (2010), Gorry, Hassett, Hubbard and Mathur (2017), among others) in providing evidence that capital gains

taxes affect initial choice of executive compensation.Together, these papers challenge a common assumption in public

economics that capital gain taxes affect the choice of executive compensation components. Our study support this

prediction.We can extend our model by investigating how executive compensation vary with firm specific risks.

Capital gain tax cut increases the return volatility of stocks with larger accrued capital gains (i.e. executive stock

option). At the same time, a capital gains tax rate reduction may be associated with even higher increase of expected

return for these stocks. These two countervailing effects of capital gain tax cut on executive incentive/performance

compensation could be an interesting topic to investigate whether the effect of capital gain tax cut on different

component of executive compensation package vary predictably according to a firm’s stock volatility. More specifically,

it is of interest to see whether capital gain tax reduction policy affect stock-based incentives and pay-based incentives

differently based on firm’s risk status.
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Appendix A Tax Policies of the United States During 1986-2001

A.1 Federal Income Tax and Corporate Income Tax

For the 1991 and 1992 tax years, the top marginal rate was increased to 31% in a budget deal President

George H. W. Bush made with the Congress.The Omnibus Budget Reconciliation Act of 1993 (OBRA93) created two

new income tax brackets above the top threshold established in 1991. A 36% rate applied to income above $115,000

and a 39.6% rate applied to income above $250,000. OBRA93 also included a provision to limit the deductibility of

executive compensation. This provision, Section 162(m) in the U.S. Revenue Code, placed a $1 million deductibility

cap on the compensation of the CEO and the four other most highly paid exeutive officers, as disclosed in the proxy

statement, for a public company. The rule change was first proposed during President Clintons campaign, and was

passed as part of OBRA93. Because OBRA93 moved rates in the opposite direction of TRA86, substantial literature

exists exploiting its changes as well. Following through on campaign promises, President Bush cut taxes twice, in

the Economic Growth and Tax Relief Reconciliation Act of 2001 (EGTRRA) and the Jobs and Growth Tax Relief

Reconciliation Act of 2003 (JGTRRA), collectively known as the ”Bush Tax Cuts.” EGTRRA lowered the top tax

bracket from 39.6% to 38.6% by 2002, keeping the income threshold for the top bracket the same. The reductions

were designed to be slowly phased in, but the pace of the phase-in was accelerated in JGTRRA. JGTRRA cut rates

from 38.6% in 2002 to 35% in 2003, and raised the income bracket threshold for the top rate by slightly less than

$5,000 for households. The rate decrease for the top bracket sunset in 2010.

The U.S. corporate tax rate has changed twice in the last three decades. Prior to the sweeping Tax

Reform Act of 1986, the U.S. federal corporate rate was 46 percent, which was above the OECD average. It was

slashed during President Ronald Reagan’s administration from 46% down to 34%, before settling at 35% for the past

quarter-century.

A.2 Dividends and Capital Gains Tax

In 1986, dividends became fully taxable, albeit at a top rate of 28% following the Tax Reform Act of

1986. The top tax rate on dividends then increased following the tax rate increases enacted in 1990 and 1993. By

1993, dividends earned by high-income taxpayers were subjected to a 39.6% federal income tax rate. In 2003, the tax

rate on dividends was lowered and synchronized with the new tax rate on long-term capital gains (15%). The 15%

dividends tax rate is now scheduled to sunset at the end of 2012. Dividends will also be subject to the additional

3.8% Medicare tax beginning in 2013 for individuals with annual wages over $200,000 ($250,000 for married couples).

Capital gains tax rates have been changed many times since 1981. Before the Tax Reform Act of 1986, the

top marginal tax rate was 20%. The Tax Reform Act of 1986 raised it to 28%, although effective tax rates exceeded

28% for many high-income taxpayers because of interactions with other tax provisions. The Taxpayer Relief Act

of 1997 contains the latest changes in the taxation of capital gains within our sample period. The Act lowers the

tax rate on most gains and makes the tax rate dependent on holding period. As before, gains on assets held for at

least a year qualify for long-term treatment and a maximum tax rate of 28 percent, well below the maximum rate on

ordinary income. In addition, assets held for at least 18 months qualify for a maximum tax rate of 20 percent, and

assets held for at least five years (and purchased after the year 2000) will face a top rate of just 18 percent. The Act

also exempts from tax almost all gains from sales of owner-occupied housing.The new, lower long-term capital gains

rates apply to individuals, estates, and trusts. Small business owners (sole proprietorships, partners in partnerships,

and shareholders in S corporations) who have capital gain transactions through sales of stocks and other capital

assets will also be subject to the new lower rates on sales or exchanges occurring after May 6, 1997.
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Appendix B Definition of Variables

Table 1.0: Definition of the Variables

Definition Definition Measurement/Data Source

Real Taxable Income Salary+Bonus+LTIP+Exercised Options+Other Annual/Execucomp

Real Total income Salary+Bonus+LTIP+Other Annual+Options Awarded (Black-Scholes value)+Restricted Stock Grants+All Other Total/Execucomp

Real Deferred income Options Awarded (BlackScholes value)+Restricted Stock/Execucomp

Income from option awards BlackScholes value of Options Awarded/Execucomp

Income from restricted stock grants Execucomp

Real Salary Income Salary/Execucomp

Real Income from Bonus Bonus/Execucomp

Real Cash Compensation Salary+Bonus/Execucomp

Federal Marginal Tax Rate Federal Tax Schedule/NBER TAXSIM

on Permanent income

Firm Specific Corporate Graham (1996a)

Marginal Tax Rate

Stock Return Cumulative Return over 12 months period/CRSP

Stock Return Volatility CRSP

B.1 Summary Statistics of Explanatory Variables

Table 2.0: Descriptive Statistics: 1993-2001

Variable Observation Mean Standard Deviation Minimum Maximum

Salary 81991 0.4079004 0.2468257 0.0188946 1.0

Bonus 81991 0.1821628 0.1558296 0 0.7026317

Cash Compensation 81991 0.5910844 0.2749251 0.0428291 1.0

Stock Option 81991 0.291985 0.2742861 0 0.9378413

Restricted Stock Grant 81991 0.0384726 0.1022729 0 0.5347211

Deferred Compensation 81991 0.3317284 0.2815705 0 0.9459876

Stock Return 81431 0.2935007 0.2261718 0.0047413 0.7942014

Return on Asset 81988 0.0632989 0.1521195 −6.361698 1.353735

Market Value of Equity 81989 7.060947 1.547573 3.755843 11.25571

Log(Asset) 82031 7.176214 1.734026 3.803636 11.92969

Stock Volatility 82022 0.1791046 0.0320389 0.129718 0.2353613

Net Income Share 82049 0.4086339 0.4915844 0 1.0
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Appendix C Regression Discontinuity Estimates

Table 3.0: Effect of Taxpayers Relief Act of 1997 on Executive Compensation with Quadratic Time Trends:
Regression Discontinuity

Cash Deferred Stock Restricted

Compensation Compensation Option Compensation

TRA x Year −0.0140141 0.0732716∗ 0.0799699∗∗ −0.0046434

(0.0345216) (0.0388933) (0.0400709) (0.0325499)

Net Income Share −0.2094771∗∗∗ 0.1867848∗∗∗ 0.1227929∗∗∗ 0.0633627∗∗∗

(0.0038947) (0.0043879) (0.0045207) (0.0036722)

Market Value of Equity −0.0455004∗∗∗ 0.0495681∗∗∗ 0.0453455∗∗∗ 0.0039979∗

(0.0022989) (0.00259) (0.0026684) (0.0021676)

Log(Asset) 0.0321809∗∗∗ −0.0385443∗∗∗ −0.0376389∗∗∗ −0.0006042

(0.0019033) (0.0021444) (0.0022093) (0.0017946)

Return on Asset 0.2568087∗∗∗ −0.2595324∗∗∗ −0.2045896∗∗∗ −0.0530623∗∗∗

(0.0178736) (0.020137) (0.0207468) (0.0168528)

Average Stock Return (t-1) −0.0066938 0.0380307 0.0393719 −0.0002867

(0.0299435) (0.0337354) (0.0347569) (0.0282333)

Average Stock Return 0.02922∗ −0.0709778∗∗∗ −0.0993208∗∗∗ 0.0286389∗

(0.0175725) (0.0197979) (0.0203974) (0.0165689)

Share Price Volatility −0.0038437∗∗∗ 0.0033993∗∗∗ 0.0043186∗∗∗ 0.0000454

(0.0003804) (0.0004286) (0.0004416) (0.0003587)

TRA 28.00556 −146.3655∗ −159.7527∗∗ 9.284461

(68.93703) (77.66708) (80.01876) (64.99985)

Year −9.896548 37.8999∗∗ 42.41953∗∗ −3.57994

(14.77718) (16.64853) (17.15263) (13.93322)

Year Square 0.0024762 −0.0094934∗∗ −0.0106256∗∗ 0.0008966

(0.0037038) (0.0041729) (0.0042992) (0.0034923)

Adjusted R-Squared 0.3817 0.2955 0.1838 0.0446

Number of Observations 10124 10124 10124 10124

Standard errors are in parenthesis. Significance levels: *p <0.1, **p <0.05, ***p <0.01.
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Appendix D Evaluating Assumptions of Regression Discontinuity
Design

Table 4.0: Regression Discontinuity Estimates with Quadratic Year Function using 1996 as a Policy Cutoff
Year

Cash Deferred Stock Restricted

Compensation Compensation Option Compensation

TRA (t-1) x Year 0.0108731 −0.0165346 −0.0212745 0.0057026

( 0.0160197) (0.0180484) (0.018589) (0.0151042)

Net Income Share −0.209356∗∗∗ 0.1864612∗∗∗ 0.12237∗∗∗ 0.0634601∗∗∗

(0.0038946) (0.0043878) (0.0045192) (0.003672)

Market Value of Equity −0.0455335∗∗∗ 0.0495056∗∗∗ 0.0453684∗∗∗ 0.0039084∗

(0.0022973) (0.0025882) (0.0026657) (0.002166)

Log(Asset) 0.0322233∗∗∗ −0.0385621∗∗∗ −0.0377283∗∗∗ −0.0005303

(0.0019032) (0.0021442) (0.0022084) (0.0017944)

Return on Asset 0.256411∗∗∗ −0.2577242∗∗∗ −0.2027424∗∗∗ −0.0530727∗∗∗

(0.0178543) (0.0201153) (0.0207179) (0.016834)

Average Stock Return (t-1) 0.0249714 −0.0530016∗∗∗ −0.0952085∗∗∗ 0.0216993∗

(0.0158942) (0.017907) (0.0154197) (0.012529)

Average Stock Return 0.0289877∗∗ −0.0735157∗∗∗ −0.0804118∗∗∗ 0.0279721∗

(0.0132884) (0.0149712) (0.0184434) (0.0149859 )

Share Price Volatility −0.0038252∗∗∗ 0.0034967∗∗∗ 0.0033446∗∗∗ 0.0000672

(0.0003807) (0.0004289) (0.0004418) (0.000359)

TRA (t-1) −21.72286 33.0497 42.52987 −11.40158

(31.97323) ( 36.02227) (37.1013) (30.14612)

Year 5.014163 −11.4006∗∗ −15.47066∗∗∗ 4.490921

(4.572993) (5.15211) (5.306438) (4.311669)

Year Square −0.0012587 0.0028574∗∗ 0.003876∗∗∗ −0.0011241

(0.001147) (0.0012923) (0.001331) (0.0010815)

Adjusted R-Squared 0.3818 0.2956 0.1844 0.0448

Number of Observations 10124 10124 10124 10124

Standard errors are in parenthesis. Significance levels: *p <0.1, **p <0.05, ***p <0.01.

Table 5.0: Regression Discontinuity Estimates with Quadratic Year Function using 1998 as a Policy Cutoff
Year

Cash Deferred Stock Restricted

Compensation Compensation Option Compensation

TRA (t+1) x Year −0.0705756∗ 0.1129145∗∗ 0.1501849∗∗∗ −0.0339616

( 0.041131) (0.0463568) (0.0477591) (0.0387869)

Net Income Share −0.2093714∗∗∗ 0.1866353∗∗∗ 0.1225855∗∗∗ 0.0634214∗∗∗

(0.0038938) (0.0043885) (0.0045212) (0.0036718)

Market Value of Equity −0.0457034∗∗∗ 0.0497611∗∗∗ 0.0456487∗∗∗ 0.00389∗

(0.0022991) (0.0025911) (0.0026695) (0.002168)

Log(Asset) 0.0324211∗∗∗ −0.0387522∗∗∗ −0.037977∗∗∗ −0.0004776

(0.0019045) (0.0021465) (0.0022114) (0.001796)

Return on Asset 0.2598801∗∗∗ −0.2627825∗∗∗ −0.209512∗∗∗ −0.0514124∗∗∗

(0.0178747) (0.0201457) (0.0207551) (0.016856)

Average Stock Return (t-1) −0.01507 0.0400609 0.0458872 −0.0044267

(0.0302419) (0.0340841) (0.0351152) (0.0285184)

Average Stock Return 0.0390755∗ −1.0472514∗∗∗ −0.0805816∗∗∗ 0.0321306∗∗

(0.0153553) (0.0173062) (0.0178297) (0.0144802)

Share Price Volatility −0.0038599∗∗∗ 0.0035263∗∗∗ 0.0034044∗∗∗ 0.0000378

(0.0003805) (0.0004288) (0.0004418) (0.0003588)

TRA (t+1) 140.9756∗ −225.5092∗∗ −299.9577∗∗∗ 67.83978

(82.14788) (92.58484) (95.38559) (77.46616)

Year −34.74217∗ 49.7885∗∗ 67.6762∗∗∗ −16.16687

(18.79265) (21.18027) (21.82099) (17.72163)

Year Square 0.008703∗ −0.0124759∗∗ −0.0169584∗∗∗ 0.0040513

(0.0047097) (0.005308) (0.0054686) (0.0044412)

Adjusted R-Squared 0.3819 0.2953 0.1835 0.0447

Number of Observations 10124 10124 10124 10124

Standard errors are in parenthesis. Significance levels: *p <0.1, **p <0.05, ***p <0.01.
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Appendix E Robustness Check

Table 6.0: Baseline Regression Discontinuity Estimates by adding Marginal Tax Rates of Individual
Executives

Cash Deferred Stock Restricted

Compensation Compensation Option Compensation

TRA x Year −0.0268099 0.0906231∗∗ 0.0950105∗∗ −0.0050051

(0.0347301) (0.0391191) (0.0403125) (0.0327636)

Net Income Share −0.2094015∗∗∗ 0.1866822∗∗∗ 0.1227041∗∗∗ 0.0633648∗∗∗

(0.0038929) (0.0043849) (0.0045186) (0.0036725)

Market Value of Equity −0.0455145∗∗∗ 0.0495872∗∗∗ 0.045362∗∗∗ 0.0039975∗

(0.0022978) (0.0025882) (0.0026671) (0.0021677)

Log(Asset) 0.0321385∗∗∗ −0.0384868∗∗∗ −0.0375891∗∗∗ −0.0006054

(0.0019025) (0.0021429) (0.0022083) (0.0017948)

Return on Asset 0.2563527∗∗∗ −0.258914∗∗∗ −0.2040536∗∗∗ −0.0530752∗∗∗

(0.0178657) (0.0201235) (0.0207374) (0.0168541)

Average Stock Return (t-1) −0.0136525 0.0474668 0.0475514 −0.0004834

(0.0300062) (0.0337982) (0.0348293) (0.0283072)

Average Stock Return 0.0235866 −0.0633387∗∗∗ −0.092699∗∗∗ 0.0284797∗

(0.0176499) (0.0198805) (0.0204869) (0.0166506)

Share Price Volatility −0.0038403∗∗∗ 0.0035252∗∗∗ 0.0033953∗∗∗ 0.0000455

(0.0003803) (0.0004283) (0.0004414) (0.0003587)

Marginal Income Tax Rate −0.4414459∗∗∗ 0.5986107∗∗∗ 0.5188868∗∗∗ −0.0124777

(0.1361028) (0.1533028) (0.1579794) (0.1283963)

TRA 53.55201 −181.007∗∗ −189.7807∗∗ 10.00654

(69.3533) (78.11782) (80.50087) (65.42633)

Year −14.91037 44.69876∗∗∗ 48.3129∗∗∗ −3.721659

(14.8509) (16.72768) (17.23798) (14.01)

Year Square 0.0037332 −0.0111981∗∗∗ −0.0121032∗∗∗ 0.0009321

(0.0037223) (0.0041927) (0.0043206) (0.0035116)

Adjusted R-Squared 0.3823 0.2965 0.1846 0.0445

Number of Observations 10124 10124 10124 10124

Standard errors are in parenthesis. Significance levels: *p <0.1, **p <0.05, ***p <0.01.
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Table 7.0: Baseline Regression Discontinuity Estimates with Quadratic Year Function for Top Three
Executives

Cash Deferred Stock Restricted

Compensation Compensation Option Compensation

TRA x Year −0.0114862 0.0732243p0.12 0.1068796∗∗ −0.0314492

(0.0427689) (0.0481052) (0.0500595) (0.0403685)

Net Income Share −0.2098697∗∗∗ 0.1850858∗∗∗ 0.1222305∗∗∗ 0.0625406∗∗∗

( 0.005125 ) (0.0057644 ) ( 0.0059986 ) ( 0.0048374 )

Market Value of Equity −0.0460788∗∗∗ 0.0498612∗∗∗ 0.0438561∗∗∗ 0.0056707∗∗

(0.0028629) (0.0032201) (0.0033509) (0.0027022)

Log(Asset) 0.0313388∗∗∗ −0.0373504∗∗∗ −0.0354169∗∗∗ −0.0015977

(0.0023753) (0.0026717) (0.0027803) (0.002242)

Return on Asset 0.25656∗∗∗ −0.2691119∗∗∗ −0.2204991∗∗∗ −0.048029∗∗

(0.0223432) (0.0251311) (0.026152) (0.0210893)

Average Stock Return (t-1) −0.0030438 0.0351006 0.0590919 −0.0225695

(0.0371213) (0.041753) (0.0434492) (0.035038)

Average Stock Return 0.0358003 −0.0656873∗∗∗ −0.1026875∗∗∗ 0.0366279∗

(0.0217636) (0.0244791) (0.0254735) (0.0205422)

Share Price Volatility −0.0042722∗∗∗ 0.0042848∗∗∗ 0.0043186∗∗∗ −0.0001048

(0.0004681) (0.0005266) (0.0005479) (0.0004419)

TRA 22.96354 −146.2679p0.12 −213.498∗∗ 62.82485

(85.40637) (96.06267) (99.96519) (80.61306)

Year −9.476228 36.36422∗ 54.79551∗∗ −17.36189

(18.3172) (20.60266) (21.43964) (17.28917)

Year Square .0023701 −.0091089∗ −.013727∗∗ .00435

(0.0045911) (0.005164) (0.0053737) (0.0043334)

Adjusted R-Squared 0.3610 0.2788 0.1736 0.0378

Number of Observations 6754 6754 6754 6754

Standard errors are in parenthesis. Significance levels: *p <0.1, **p <0.05, ***p <0.01.

Table 8.0: Baseline Regression Discontinuity Estimates with Quadratic Year Function for Non-CEO
Executives

Cash Deferred Stock Restricted

Compensation Compensation Option Compensation

TRA x Year −0.0322293 0.0949152∗∗ 0.0847353∗∗ 0.0119187

(0.0383525) (0.0442941) (0.0500595) (0.0362892)

Net Income Share −0.2220443∗∗∗ 0.1955305∗∗∗ 0.1304611∗∗∗ 0.0643483∗∗∗

(0.0044348) (0.0050222) (0.0051219) (0.0041962)

Market Value of Equity −0.0411378∗∗∗ 0.0465∗∗∗ 0.0432682∗∗∗ 0.0029756

(0.002577) (0.0029183) (0.0029762) (0.0024383)

Log(Asset) 0.0331463∗∗∗ −0.0393709∗∗∗ −0.0388451∗∗∗ −0.0001882

(0.0021076) (0.0023867) (0.0024341) (0.0019942 )

Return on Asset 0.2548112∗∗∗ −0.2562453∗∗∗ −0.1979765∗∗∗ −0.0551618∗∗∗

(0.0194053) (0.0219754) (0.0224116) (0.0183613)

Average Stock Return (t-1) −0.0176225 0.0519822 0.0369963 0.0158547

(0.0332609) (0.037666) (0.0384137) (0.0314715)

Average Stock Return 0.0202367 −0.0603395∗∗∗ −0.0805832∗∗∗ 0.0207516

(0.0195644) (0.0221555) (0.0225953) (0.0185118)

Share Price Volatility −0.0034971∗∗∗ 0.0030016∗∗∗ 0.0029403∗∗∗ −3.80e− 06

(0.0004269) (0.0004834) (0.000493) (0.0004039)

TRA 64.37308 −189.575∗∗ −169.2478∗∗ −23.79887

(76.58723) (86.73041) (88.4522) (72.46686)

Year −16.84008 46.24167∗∗ 40.69615∗∗ 6.306631

(16.42781) (18.60351) (18.97283) (15.544)

Year Square 0.0042176 −0.0115855∗∗ −0.0101959∗∗ −0.0015804

(0.0041175) (0.0046629) (0.0047554) (0.003896)

Adjusted R-Squared 0.4087 0.3134 0.1992 0.0491

Number of Observations 7760 7760 7760 7760

Standard errors are in parenthesis. Significance levels: *p <0.1, **p <0.05, ***p <0.01.
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