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Executive Compensation and Firm Performance: 

Adjustment Dynamics and Asymmetry
1.  Introduction

The relationship between executive compensation and firm performance has been the subject of intensive theoretical and empirical scrutiny by researchers from a variety of disciplines, ranging from economic theory and finance to managerial accounting and organizational management.
 Despite the vast amount of research a number of issues still remain unresolved.  Two issues, in particular, appear to have been left relatively unexplored. 

The first issue concerns the dynamic aspects of the relationship between executive compensation and firm performance. Most of the empirical research in this area has focused primarily on static models of executive compensation, thus ignoring the fact that economic relationships are inherently dynamic in nature, and that many economic processes display a dynamics of adjustment as well as persistence over time. In a static context, the CEO that performs well today is rewarded today, and the CEO that performs poorly today is penalized today. Conversely, in a dynamic environment, the CEO that performs well today is rewarded both today and tomorrow, and the CEO that performs poorly today is penalized both today and tomorrow. 

Recent work on dynamic agency models has strengthened this perspective (Wang, 1997). The need for an empirical examination of the dynamics of executive compensation has recently been recognized by several researchers. Indjejikian and Nanda (2002), for example, suggest that an above-target bonus for an executive is more likely to occur if the executive’s prior year bonus exceeds the target. Similarly, Boschen and Smith (1995) argue, in a vector autoregression (VAR) context, that there are long-term dynamic effects of stock price performance on compensation. Their results show that while the contemporaneous compensation response to stock price performance is small albeit significant, the compensation response to firm performance in subsequent periods is also significant, resulting in a cumulative response that is much larger than its contemporaneous counterpart. An implication of this conclusion is that failing to account for such dynamics may seriously distort the interpretation of the pay-performance relationship. Boschen, Duru, Gordon and Smith (2003) extend Boschen and Smith (1995) by adding accounting performance in addition to stock price performance and allowing a more complex dynamics and lag structures. Their findings indicate that compensation response to stock price performance differs from compensation response to accounting performance, as the former is positive and persistent over time, while the latter is positive in the early years and negative in the later years, resulting in a cumulative response that is not significantly different from zero. Conyon, Peck, and Sadler (2000) as well as Main, Bruce, and Buck (1996) study the dynamics of executive compensation in the UK using a panel data methodology and provide evidence that suggests that executive compensation in general is subject to an adjustment process, whereby the short-run effect of performance measures on executive compensation is amplified to give rise to a long-run equilibrium value. 

The second issue concerns the existence of asymmetries and non-linearities in the relationship between executive compensation and firm performance. Conceptually, the existence of asymmetries in the relationship between executive compensation and firm performance does not necessarily invalidate the principal-agent model, as this model implies that the compensation to high performance must be higher and the compensation to low performance lower, the more effort the compensation contract induces, but does not require or impose symmetric responses. As a matter of fact, it is not inconceivable that symmetry may not be optimal, as no theoretical reason exists to justify the presence of symmetric responses in compensation contracts. On the contrary, asymmetric responses may be built into compensation contracts as a means to alter the executive’s risk preferences, remove disincentives, or reinforce incentives. From this perspective, asymmetry may be consistent with agency theory and optimal contracting arrangements to the extent that encouraging a risk-taking behavior while shielding the executive from downside risks aligns the incentives of the executive with those of the shareholders. 

Asymmetry of performance effects entails a non-linearity in the relationship between executive compensation and firm performance. As a result, failure to account for such non-linearity may result in model misspecifications and empirical analyses which preclude a full assessment of the effects of performance on executive compensation. Yet, a striking feature of most empirical work to date is that no systematic attempts have been made to evaluate the presence of asymmetric effects of firm performance measures on executive compensation. There is little empirical evidence to date for the popular view (Crystal, 1991) that good performance is rewarded while poor performance is ignored, or that compensation contracts are disproportionably more sensitive to positive than negative performance realizations (Joskow and Rose, 1994). There is some evidence, however, that firms shield executive compensation from current charges against accounting performance that are not necessarily within the CEO’s control (Gaver and Gaver, 1998), and from the contemporaneous effect on accounting performance of restructuring charges (Dechow, Huson, and Sloan, 1994).
 

Our purpose in this study is to gain further insights into the nature of the relationship between chief executive officer (CEO) compensation and firm performance by examining empirically these two relatively unexplored areas of adjustment dynamics and asymmetry, using a panel of 594 US firms spanning a period of six years, from 1997 to 2002. A related contribution of the study is that we exploit the panel structure of the data by estimating an unbalanced dynamic model of executive compensation using the Generalized Method of Moments (GMM) estimators suggested by Arellano and Bond (1991).
 The Arellano and Bond (1991) estimation technique is currently the standard procedure for analyzing dynamic panel data. This technique corrects for bias inherent in estimation of dynamic panel models by ordinary least squares (OLS) and controls for all effects of fixed firm characteristics. This approach to analyzing compensation dynamics complements the VAR-based methods used, for example, by Boschen and Smith (1995) and Boschen, Duru, Gordon and Smith (2003). In Boschen and Smith (1995) and Boschen, Duru, Gordon and Smith (2003) the problem of inconsistency of dynamic panels with fixed effects is not directly addressed. The Arellano and Bond (1991) technique, however, can also be used in conjunction with VAR-based analysis to estimate dynamic effects, resulting in the calculation of impulse response functions based on autoregressive coefficients obtained in the Arellano and Bond (1991) GMM estimation. 

The remainder of the study proceeds as follows. Section 2 briefly reviews the literature on the relationship between firm size, firm performance and executive compensation. Section 3 extends the empirical framework of the standard static compensation model and outlines a dynamic model that incorporates an adjustment dynamics and specifies a non-linear and asymmetric relationship between executive compensation and firm performance. Section 4 examines a number of methodological issues relating to the estimation of dynamic panel data. The data and their sources are described in section 5, with section 6 detailing the main empirical results. A brief conclusion follows in section 7 that summarizes the empirical results.

2.  Overview of the literature


Early studies of executive compensation, such as Ciscel and Carroll (1980), Healy (1985), and Lewellen and Huntsman (1970), focused primarily on the linkages between executive compensation, firm size and profits. Subsequent research has confirmed the positive relation between firm size and executive compensation.
 Executive compensation increases with the size of the firm because of the higher level of skills and managerial talent required by the higher degree of complexity and diversity of activities within such organizations. In the more recent past, stimulated in part by theoretical developments in agency theory
 (Holmström, 1979), the emphasis has shifted to the investigation of the direct linkages between executive compensation and firm performance. Agency theory suggests that incentives of the CEO can be aligned with the preferences of the shareholders through compensation arrangements that reward the CEO for firm performance. Although the empirical order of magnitude of the relationship between compensation and performance still remains highly controversial, most of the research conducted in the past two decades has produced a significant amount of evidence in support of the hypothesis that firm performance positively affects executive compensation.
 

A related issue concerns the nature of the measures of firm performance. The statistical relationship between executive compensation and firm performance has been found to be highly sensitive to the particular measure of performance used. Researchers have examined the relationship between executive compensation and firm performance using accounting-based measures, such as return on equity and return on assets, as well as market-based performance measures, such as stock price and total shareholder return. At the same time, they have also recognized that each of these measures has drawbacks of its own. From the shareholder’s perspective, return is generated from stock price changes and is not defined in accounting terms. In theory, market-based measures are ex-ante, forward-looking measures of performance, as they reflect managerial decisions that induce future profitability. Conversely, accounting-based measures are ex-post, historical measures of performance, and are thus conceptually less relevant from the shareholder’s perspective. In practice, however, stock prices are a very noisy signal as they are frequently subject to significant market-wide fluctuations that mirror the determinants of the business cycle and the conditions of fiscal and monetary policy, and hence do not exclusively reflect executive performance. In contrast, accounting-based measures shield executive performance from much of the noise and the accountability associated with stock market fluctuations. Nevertheless, several studies have found evidence that executive compensation responds more to market-based than accounting-based performance measures. Coughlan and Schmidt (1985), Rich and Larson (1984), Murphy (1985), and Conyon, Peck, and Sadler (2000), among others, find significant empirical evidence that connects executive compensation to market-based returns. Baber, Janakiraman, and Kang (1996), on the other hand, report that such linkages are primarily associated with non-cash compensation. Additionally, Boschen, Duru, Gordon, and Smith (2003) present evidence that indicates that firms give less emphasis to accounting-based measures and increasingly rely on market-based measures. On the other hand, Lewellen and Huntsman (1970), Sloan (1993), and Carpenter and Sanders (2002), among others, find strong linkages between accounting-based measures of performance and executive compensation.

For the most part, research on executive compensation has been confined to cash compensation as a proxy for total compensation.
 Cash compensation comprises salary and bonuses, but does not include other forms of compensation, such as long-term incentives payouts and stock options grants. In studies through the early 1990s, use of cash compensation was justified on the basis of data availability and the relative magnitude of the cash component in total compensation. However, the changes that occurred in the last decade in the composition of compensation contracts, such as the enormous expansion of non-cash compensation, and the significant proliferation in the number of firms offering stock options to their executives and employees, together with the SEC mandated disclosure regarding stock option grants issued to executives,
 have resulted in an increased attention to the relevance of non-cash compensation in pay-performance studies.
 

3.  Model specification and relevant hypotheses

In this section we outline a model of executive compensation which departs substantially from the vast majority of the existing literature on two major grounds. First, we specify an adjustment dynamics that relates the actual (observed) level of executive compensation and its optimal (unobserved) equilibrium value. This allows us to consider both the short-run and the long-run components of executive compensation. Second, we postulate a non-linear, asymmetric relationship between performance and executive compensation, where positive and negative performance realizations of equal magnitude elicit an unequal compensation response.


Specifically, we assume that the long-run equilibrium level of executive compensation is a semi-log-linear function of performance and a log-linear function of size:
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where 
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 is a stochastic error, which is assumed to be serially uncorrelated with zero mean and constant variance, and independently distributed across firms. 


We further assume that under imperfect information, firms are not able, or choose not to immediately fully adjust toward the equilibrium value that is consistent with the values of all the variables in equation (1). Rather, they choose only partially to adjust the short-run level of executive compensation to the optimal long-run equilibrium level within the current period.
 In particular, suppose that the actual adjustment 
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(2)    

where 0 <
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< 1 is the adjustment coefficient, which defines the ability of firms to reach the long-run equilibrium level. If 
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 for all t; conversely, if 
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 measures the speed of adjustment taking place from t-1 to t. Agency theory provides a rationale for such adjustment costs. According to agency theory, the existence of informational asymmetries between the principal and the agent allows the principal to observe the agent’s output but not the agent’s actions. The problem would be easily solved by increasing resources allocated to the monitoring process and using this information in the contract. However, the acquisition of full information of the agent’s actions is both difficult and costly. Thus, the adjustment costs are agency costs to the less-informed party, i.e., the principal.  


Substituting equation (1) into (2) and solving for 
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 yields the dynamic, short-run version of the executive compensation model, which is a combination of the long-run equilibrium relationship (1) and the partial adjustment mechanism (2):
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 The estimates of the (implied) long-run parameters are a non-linear combination of the estimates of the short-run parameters and the adjustment coefficient, and can be deduced once the parameters of equation (3) have been estimated. Thus, the (implied) long-run elasticity of executive compensation with respect to firm size is
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Equation (3) is derived on the stylized assumption that the relationship between (the logarithm of) executive compensation and firm performance is linear. The effects of performance on executive compensation are assumed symmetric, i.e. whether 
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 < 0, they are equal in magnitude and opposite in sign. On the other hand, asymmetry in performance effects requires that when 
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 < 0 the effects on executive compensation are not just opposite in sign, but also different in magnitude. Equation (4) removes the symmetry assumption, and models the asymmetric effects in the compensation equation using, as an approximation, the absolute value specification of the performance measure with threshold at 
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where 
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 This asymmetric pattern of performance effects indicates that an improvement or a worsening of a positive performance is not necessarily equivalent to an improvement or a worsening of a negative performance.  Thus, for example, the effect on executive compensation of an increase of 10 percentage points in 
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[image: image50.wmf]it

p

 when 
[image: image51.wmf]it

p

is negative (say, from −30 to −20). Equation (3) is nested within the asymmetric specification of equation (4).  Noticeably, then, if 
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 is not significantly different from zero, equation (4) reduces to equation (3). This suggests the statistical test to assess the validity of the asymmetry assumption in equation (4). From equation (4) it follows that the long-run semi-elasticity of executive compensation with respect to performance has also a differential impact, which is equal to 
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Equation (4) incorporates the relevant empirical hypotheses underlying this study, which can be summarized as follows. First, the compensation equation displays a dynamics of adjustment. This hypothesis is rejected if the coefficient on the lagged dependent variable in equation (4) is not significantly different from zero, i.e., 
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 = 0.  Second, the effects of firm performance measures on executive compensation are asymmetric. This hypothesis is rejected if the coefficient on the absolute value of the performance variable,
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 are the coefficients of the lagged dependent variables using alternative measures of executive compensation. Noticeably, the rejection of the dynamic adjustment and asymmetry hypotheses provides evidence in support of the conventional representation of the executive compensation model. On the other hand, the acceptance of those hypotheses casts considerable doubt on the validity of the conventional model.

4.  Estimation issues

The executive compensation model given in equation (4) can be re-parameterized as a dynamic panel data model of the form:
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where i = 1,…, N indexes the firms, and t = 1,…, T indexes the time period. 
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 recognizes the presence of unobservable heterogeneity in the data due to the distinct characteristics of each firm as well as the distinct characteristics of the sector in which they operate. On the other hand, the time-specific effects 
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 are year-specific effects that change over time, but are common to all the firms in each of the time periods considered. They reflect, for example, the influence of macroeconomic variables, such as monetary and fiscal policy, that firms cannot control but directly or indirectly affect the executives’ decisions. 

Dynamic panel data models pose serious estimation challenges, as the conventional panel data estimators are inconsistent in the presence of a lagged dependent variable.
 Several alternative consistent estimators have been developed in the econometric literature to estimate dynamic panel data models when T is small. Most proposed solutions rely on first difference transformations of the data, coupled with some form of instrumental variable estimation. Anderson and Hsiao (1981) put forward two instrumental variables (IV) methods (Baltagi, 2001). They suggest to first-difference the model to remove the fixed effects and then instrument the one-period lagged difference of the dependent variable with the two-period lagged level or the two-period lagged difference to eliminate the correlation between the differenced error term and the differenced lagged dependent variable.
 

The Anderson and Hsiao estimator is a consistent estimator for a dynamic panel data model. However, Arellano and Bond (1991) show that the Anderson and Hsiao estimator is not necessarily an efficient estimator, and that significant efficiency gains may be achieved by using additional instruments. This means that if the lagged instrument 
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, and thus constitutes a valid instrument. As a result, Arellano and Bond (1991) suggest taking all available lags as instruments using Hansen’s (1982) Generalized Method of Moments (GMM), and demonstrate in a Monte Carlo simulation that this estimation procedure improves significantly the estimation efficiency.

Arellano and Bond (1991) propose two GMM estimators, which they refer to as the one-step and the two-step estimators. The one-step estimator is derived on the assumption that the errors are i.i.d., i.e., homoskedasticity of errors across units and over time, and uses a weighting matrix that takes account of the first-order moving average process with coefficient -1 in the differenced residuals. The two-step estimator, on the other hand, allows for heteroskedasticity of errors.
 The consistency of the GMM estimators, however, depends on the validity of the assumed moment restrictions. Arellano and Bond (1991) suggest two specification tests. The first test examines the hypothesis that there is no second order serial correlation of error terms. The test is based on the s2 statistic, which is asymptotically normally distributed under the null hypothesis.
 The null hypothesis of no second order autocorrelation is rejected if the value of s2 exceeds the critical value of the standard normal distribution. The second test is a test of the validity of the instruments.
 Arellano and Bond (1991) propose the Sargan test (Sargan, 1958), which is a test of the validity of the over-identifying restrictions. The test statistic is chi-squared distributed under the null hypothesis with degrees of freedom equal to the number of over-identifying restrictions. The null hypothesis is rejected if the Sargan statistic exceeds the critical value of the chi-squared distribution.

5.  Sample selection, variable measurements and descriptive statistics

This section describes the sample, data sources and variable measurement. All data for this study are drawn from Standard & Poor’s ExecuComp database.  The sample consists of an unbalanced panel of 594 US firms and covers the period 1997-2002. This sample is obtained from an initial sample of 2,255 US firms after imposing the condition that the tenure extended over the entire period of 1997 to 2002, with full years of tenure in the period 1998-2001, and at least 6 months of tenure in 1997 and 2002.
 This condition is imposed to guarantee homogeneity in the pay-performance relationship and to control to some degree for human capital heterogeneity within firms. In addition, the sample has at least two other advantages over other samples. First, the sample is a random sample which utilizes the most recent available information. Not only does it include newer firms, but also large firms are not overly represented
 as in the studies that use common data sources such as Forbes or Fortune. The sample contains data from a wide variety of firms: those in the Standard & Poor’s 500, Standard and Poor’s Mid-Cap 400, and Standard and Poor’s Small-Cap 600, which provide considerable variation in firm size. This is more likely to meaningfully validate previous work that has tended to re-use the same sample of firms. Second, the sample is taken over a period of time that follows the SEC regulations on disclosure requirements, and the FASB debate on accounting for stock options, which ultimately produced SFAS 123 “Accounting for Stock-based Compensation”. Thus, the sample corresponds to a period in which firms made compensation decisions in accord with current legislative and accounting environments, and this is more likely to add to the generalizability of the findings. 

Detailed information about industry composition of the sample is presented in Table 1. The sample encompasses 25 industries, with 2-digit SIC ranging from 01 to 87. Electrical equipment is the industry with the largest sample representation, with 63 firms or about 10.5 percent of the sample, followed by retail trade, with 56 firms or about 9.4 percent of the sample, and services, with 52 firms or about 8.7 percent of the sample. The industries with the smallest sample representation, instead, are mining and toy manufacturing, each with 5 firms, or slightly less than one per cent of the sample, and construction, with 8 firms or about 1.4 percent of the sample. 

< Insert Table 1 about here >

Two measures of executive compensation are used in this study: cash compensation and total (cash and non-cash) compensation. Cash compensation (CASHCOMP) is also referred to as the narrow measure of executive compensation and is defined as the sum of salary and bonus. Total compensation (TOTALCOMP), on the other hand, is referred to as the broad measure, as it includes both cash and non-cash compensation. Non-cash compensation is composed of long-term incentive payouts, the value of restricted stock grants, the value of stock option grants and any other compensation item for the year. Stock options are valued at the grant-date using ExecuComp’s modified Black and Scholes (1973) methodology. Firm performance is modeled using both accounting-based and market-based measures. Market-based performance is measured as total one-year shareholder return on common stock (TSR), defined as the closing price at fiscal year-end plus dividends divided by the closing price of the prior fiscal year-end. Accounting-based performance is measured by return on assets (ROA), defined as income before tax, extraordinary items, and discontinued operations divided by average total assets. Finally, firm size is proxied by net annual sales (SALES).


Table 2 presents descriptive statistics of the relevant variables together with the corresponding number of observations in the unbalanced panels of the sample. The average cash compensation and total compensation over the six-year period are $1.275 and $3.374 millions, respectively, and are much higher than the corresponding median values of $0.912 and $2.165 millions.
 This suggests that the median provides a better representation of the locational properties of the sample than the mean. Cash compensation has significantly lower dispersion than the broad measure of compensation. The reported standard deviations are informative of the variation of a variable over time and across firms. For example, the between-variation (across firms) of cash compensation is almost twice as large as its within- variation (over time). In contrast, the between-variation of total compensation is much closer to its within-variation. In other terms, if one were to draw two firms at random from the sample, the difference in total compensation would be expected to be nearly equal to the difference for the same firm in two randomly selected years. The mean of accounting returns is 3.16%, while the mean of stock market returns is 23.03%, and the average amount of sales is $3.516 billions.
 Consistent with prior literature, accounting returns have lower volatility, as measured by the overall standard deviation, than stock market returns. This is generally consistent with the smoothing effects of accruals.

Table 2 also reports the estimated coefficients of skewness and excess kurtosis for each series, which show strong evidence of significant deviations from normality. Statistical significance is assessed by noting that population skewness and excess kurtosis for a normal distribution are 0 and 3, respectively. We observe positive skewness in all the series except ROA, and leptokurtic characteristics in all the series. This is evidence that values below the mean are more frequent than values above the mean, and that extreme values in either direction are more common that expected statistically in the normal distribution. The logarithmic transformation of the data used, whenever possible, in model specification and estimation is intended to a large extent to alleviate these problems.

<Insert Tables 2 and 3 about here>

Table 3 presents the correlation matrix of the variables. Pearson product moment correlations coefficients between the relevant variables are presented below the diagonal, while Spearman rank order correlations coefficients are shown above. The highest correlation, as expected, is between CASHCOMP and TOTALCOMP (0.58). The correlation between SALES and CASHCOMP (0.45) is also strong and significant, as it is that between SALES and TOTALCOMP (0.38). Both measures of performance, TSR and ROA, also have a small significant positive univariate association with both measures of compensation, CASHCOMP and TOTALCOMP. The pair-wise correlations between SALES, ROA, and TSR are below 0.20, which does not raise multicollinearity concerns. Consistent with previous studies, there is also a positive and significant correlation between stock market returns, TSR, and accounting returns, ROA, as well as an inconclusive association between SALES and both measures of performance.

6.  Empirical results 


In this section we present the results of the estimation of the dynamic model based upon the Arellano and Bond’s GMM methodology discussed in section 4.
 All GMM estimations assume strict exogeneity
 of all the explanatory variables. Consequently, the instruments include the contemporaneous and lagged values of the explanatory variables and all the appropriately lagged values of the dependent variable. Unlike static estimation models, in dynamic model the first-difference transformation is applied to all variables, which is required by the Arellano and Bond’s approach in order to remove the fixed effects. Unfortunately, this comes at the cost of considerable reduction of the effective sample size. 

We present estimates of six alternative models. The first three models, Model 1 through Model 3, estimate the dynamic version of the model using the narrow measure of compensation (CASHCOMP). The next three models, Model 4 through Model 6, employ the broad measure (TOTALCOMP). Models 1 and 4 employ TSR as the performance measure and Models 2 and 5 include ROA as the performance measure. In order to avoid potential biases inherent in using either measure alone, in Models 3 and 6 both measures are included. Time effects, in the form of yearly dummy variables, as well as the constant term are included in all the estimated models. 


As a starting point, we present the statistical results of the estimation of the dynamic-symmetric executive compensation model. Tables 4 and 5 report the results for the symmetric specifications based on the narrow (cash) measure and the broad (cash and non-cash) measure of compensation, respectively. Each table reports the robust (one-step) and two-step estimates for each alternative model. In general, the results in Tables 4 and 5 indicate that, for all six estimated models, the relationship between CEO compensation and size is positive and statistically strong, regardless of the measure of performance. The estimates are generally in accord with the findings of previous studies.  The relationship between cash compensation and performance is statistically significant, regardless of whether the performance measures enter the compensation equation alone or together.  Conversely, the relationship between total compensation and performance indicates that only market performance is statistically strong. 
<Insert Tables 4 and 5 about here>
The estimation results indicate that there is strong evidence in support of the view that executive compensation displays an adjustment dynamics. This finding is broadly consistent with the VAR-based results of Boschen and Smith (1995) and Boschen, Duru, Gordon and Smith (2003) and confirms their conjecture that modeling executive compensation as a static model leads to a statistically misspecified model. The estimated coefficient on the lagged dependent variable is correctly signed and highly significant, regardless of the model specification, the measure of performance, and the type of GMM estimator. Additionally, the estimated coefficient is also sufficiently below unity to be reassuring about the stability and stationarity characteristics of the model. 

The validity of these results relies critically on the maintained hypotheses of symmetry. Tables 6 and 7 report the results of asymmetric specifications, based on the narrow (cash) measure and the broad (cash and non-cash) measure of compensation, respectively. The evidence presented in Tables 6 and 7 is at variance with the findings presented in Tables 4 and 5 and supports the hypothesis that the relationship between compensation and firm performance is non-linear, regardless of the measure of performance used. The findings with respect to size are reasonably close to those obtained under the symmetry assumption. The results with respect to performance, on the other hand, indicate that there is strong evidence of asymmetric effects. The estimated coefficients on abs(TSR) and abs(ROA) are significantly different from zero at any conventional level, regardless of whether the performance measures enter the compensation equation alone or together, and provide evidence that positive performance and negative performance affect executive compensation differently. The estimates of the asymmetric effects, reported in Panel B of Tables 6 and 7, indicate that a negative TSR is penalized more than a positive TSR is rewarded, while a positive ROA is more heavily rewarded than a negative ROA is penalized. 

<Insert Table 6 and 7 about here>
Referring to the robust one-step estimates of Model 3 in Tables 4 and 6 (cash compensation model), the point estimate of speed of adjustment is approximately 0.6 under both the symmetric and asymmetric specification hypotheses, meaning that 0.6 of the difference between the long-run equilibrium value and the actual value of executive compensation is eliminated in one year. Interestingly, this finding is also reasonably close to the estimates reported for the UK by Main, Bruce, and Buck (1996) as well as Conyon, Peck and Sadler (2000). The robust one-step estimates of Model 3 in Tables 5 and 7 (total compensation model) yield a slightly higher speed of adjustment of approximately 0.7. There appears to be no evidence, however, that the speed of adjustment differs between cash and total compensation. Using the parameter estimates of Model 3, the computed 95 percent confidence interval for the speed of adjustment in the cash compensation model is (0.607, 0.857), which practically coincides with the 95 percent confidence interval for the speed of adjustment (0.602, 0.857) in the total compensation model.  


The Sargan tests
 of the over-identifying restrictions, also reported in the tables, confirm the global validity of the instruments employed in the GMM estimation. This is further reinforced by the absence of second-order serial correlation, as indicated by the s2 statistic, and the joint significance of the explanatory variables, including the yearly dummy variables (except the constant), as reported by the Wald test, in all the estimated models.  Also, the robust (one-step) and two-step estimates are reasonably close, and the coefficients of the lagged dependent variable consistently lie between the Within Group (WG) and the Ordinary Least Squares (OLS) estimates as expected.
 In addition, the s1 statistic, which test for the presence of first-order autocorrelation in the differenced residuals, consistently fails to reject the hypothesis of a unit root in the first-order moving average structure of the residuals.
The estimates of asymmetric effects in Panel B are short-run estimates, and can be converted to long-run estimates by dividing them by
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 is the coefficient estimate of the lagged dependent variable. These estimates, reported in Panel C at the bottom of Tables 6 and 7, reveal that the inter-temporal impact of current realizations in ROA and TSR on executive compensation is substantial (assuming that all such realizations are permanent). In particular, based on the robust one step estimates in Model 3, a 10-percentage point change in positive ROA realizations affects the cash and total compensation packages of the median CEO by $368,943 and $435,209, respectively, compared to $35,589 and $64,090, respectively, using the symmetric specification results. The effect of a similar change in negative ROA realizations is, however, insignificant. Conversely, the effect of a 10-percentage point change in negative TSR realizations on cash and total compensation is $43,893 and $100,249, respectively, compared to $9,125 and $20,136, respectively, in the symmetric specification.

A comparison between the long-run estimates obtained under the asymmetric specification and those obtained under the symmetric specification indicates that the latter estimates substantially underestimate the impact of a change in ROA, when ROA is positive, and overestimate the impact of ROA, when ROA is negative. The converse is true in the case of TSR. The long-run estimates obtained under the symmetric specification overestimate the impact of TSR when TSR is positive, and underestimate the impact of TSR when TSR is negative. The specification bias operates in opposite directions, reflecting the differential non-linearity of TSR and ROA, and is amplified in the estimates of the long-run effects. It is also quite evident that the structure of asymmetry present in TSR does not mirror the structure of asymmetry present in ROA, and the hypothesis that the pattern of asymmetry in ROA is not significantly different from that in TSR is soundly rejected by the Wald test.
 

An issue that is not often examined in the empirical compensation literature concerns the heterogeneity in the pay to performance relationship (Coyon, Peck and Sadler, 2000). The period 1997-2002 has been a time of great turbulence for many US firms, especially as a result of the stock market bubble that exploded in the spring of 2000. Is the effect of a 1 percentage change in market returns in 1998, for example, the same as the effect of a corresponding change in 2001? Is the stock market downturn in the second half of the sample period reflected in a structural change of the pay to performance relationship? The issue of parametric heterogeneity of the pay to performance relation merits additional attention since the stability of such relation has undoubtedly important consequences in terms of the explanatory power of agency theory. In order to test this possibility the dynamic symmetric and asymmetric models were re-estimated over the sub-period 1997 through 1999 and the sub-period 2000 through 2002. The main results may be summarized as follows. In general,  the findings are not indicative that the downturn in the second half of the sample period is reflected in a structural change of the pay to performance relationship. The estimates on firm size and firm performance present only a trivial variation between the first and the second sub-periods, and between the two sub-periods and the full sample period. Further, in all cases the estimates remain statistically significant at the 5 per cent level or better. Using for brevity the results of model 3 in the asymmetric version of the cash compensation model, for example, the two-step estimates on firm size vary from 0.151 in the first sub-period to 0.142 in the second sub-period. Similarly, the estimates on ROA and abs(ROA) in the first sub-period are 1.230 and 1.120, respectively, while the corresponding estimates in the second sub-period are 1.373 and 1.351, respectively. The estimates on TSR  and abs(TSR) in the first sub-period are 0.176 and -0.124, respectively, while the corresponding estimates in the second sub-period are 0.143 and -0.131, respectively. A notable difference, however, can be found in the estimates of the lagged dependent variable. This estimate changes from 0.336 in the first sub-period to 0.211 in the second sub-period. This, in turn, implies that the more of difference between the long-run equilibrium value and the actual value of executive compensation is eliminated in the second sub-period than in the first.  

In case of total compensation, the only variation that can be observed is in the estimates on firm size. Using model 6 as a point of reference, the two-step estimates on firm size vary from 0.343 in the first sub-period  to 0.250 in the second sub-period. However, the estimates on ROA and abs(ROA) in the first sub-period are 0.737 and 0.712, respectively, while the corresponding estimates in the second sub-period are 0.788 and 0.603, respectively. Similarly, the estimates on TSR and abs(TSR) in the first sub-period are 0.151 and -0.135, respectively, while the corresponding estimates in the second sub-period are 0.124 and -0.112, respectively.  Finally, no notable differences can be observed in the coefficient estimates of the lagged dependent variable. The estimate changes from 0.168336 in the first sub-period to 0.191 in the second sub-period.   

In summary, the evidence provided by the estimates of the dynamic model of executive compensation lends strong support in favor of the main hypotheses: a) persistence and dynamic adjustments are operant in the executive compensation process; b) performance measures have non-linear asymmetric effects; c) accounting returns and market returns display differing patterns of asymmetry and non-linearity;
 and, finally, d) the parameter estimates appear robust to a partitioning the sample period that takes into account different developments of the stock market. Noticeably, however, although a formal test is not available, the evidence also appears to reject the hypothesis that cash compensation and total compensation follow a different adjustment dynamics, as the estimated coefficients on the lagged dependent variables are reasonably close in both magnitude and significance.
  

7.  Summary and concluding remarks

In this study we develop an empirical model to assess the importance of adjustment dynamics and asymmetries in executive compensation contracts. These issues are largely unexplored areas of agency theory. However, the empirical results of this study provide a great deal of evidence that suggests that ignoring them leads to serious misspecifications. We also show that these issues are important because they offer an answer to why in the current literature the estimates of the effects of performance on executive compensation appear to be so small to lose any economic significance.     

This study uncovers several new findings, which can be summarized as follows. First, we find that the dynamic version of the executive compensation model provides strong evidence that both accounting returns and market returns affect executive compensation. This holds true for the narrow definition of cash compensation as well as for the broader definition of total (cash and non cash) compensation. Consistent with previous studies, we also find that the response of executive compensation to accounting returns is much stronger than the response to shareholder returns. While theory offers little guidance to the size of the incentives that would be optimal from the standpoint of the shareholders, the strength of the relationship does indicate that in the late 1990s and early 2000s American CEOs had much more to gain from improving accounting returns than from improving market returns. Second, we find that the dynamic, short-run version of the executive compensation model provides strong evidence of adjustment dynamics. The dynamic nature of the process and the gradual adjustment toward an optimal level of executive compensation are confirmed empirically. 

Our findings clearly support findings by Boschen and Smith (1995), Main, Bruce, and Buck (1996), Conyon, Peck and Sadler (2000), as well as Boschen et al. (2003) that executive compensation displays an adjustment dynamics. It should be noted, however, that our findings with respect to the speed of adjustment are close to Main, Bruce, and Buck (1996) and Conyon, Peck and Sadler (2000) but differ substantially from Boschen and Smith (1995) and Boschen et al. (2003). This may reflect a variety of reasons, including differences in time periods and sample data as well as differences in functional specifications and estimation techniques. Further, our findings based on the asymmetric version of the model are also at odd with Boschen et al.(2003) with regard to the compensation response to the accounting-based measure of performance . 

Third, and most important, we find strong evidence of asymmetry and non-linearity in the relationship between executive compensation and firm performance. Jensen and Murphy (1990) argue that the effects of performance on executive compensation are too low to be consistent with formal agency theory. The asymmetric specification of the executive compensation model offers a resolution to the Jensen and Murphy’s puzzle, as our results indicate that the performance measures have effects on executive compensation levels that are not only statistically significant, but also economically meaningful. Thus, ignoring such asymmetries can lead to results that substantially understate the economic significance of the relationship between executive compensation and performance. Fourth, we also find that the structure of asymmetry is not invariant to the measures of performance. In fact, convexity appears to dominate the asymmetry of the relationship between executive compensation and market returns, while concavity is the main feature that characterizes the asymmetry of the relationship between executive compensation and accounting returns. Negative market returns are heavily penalized while positive market returns are only mildly rewarded. Conversely, positive accounting returns are heavily rewarded while negative accounting returns are not penalized at all. 

An apparently dualistic view of firm performance emerges from our results. Performance is viewed as good, and rewarded as such, when positive realizations in accounting returns are obtained, whereas performance is deemed poor, and penalized as such, when negative realizations in stock market returns occur. Consequently, when performance is judged in terms of accounting returns, good performance is rewarded more than poor performance is penalized. Conversely, when performance is judged in terms of market returns, poor performance is penalized more than good performance is rewarded. This evidence, in turn, seems to suggest that risk preferences may not be invariant to incentives. This is consistent with the theoretical construct of Weiseman and Gomez-Mejia (1998) which implies a dynamic relation between performance history and risk taking behavior. Weiseman and Gomez-Mejia (1998) argue that executives facing declines in performance are more likely to engage in risk taking behavior than those whose performance targets experience favorable variance. Similarly, Sanders (2001) argues that incentives and situational characteristics are likely to influence decisions of top executives. Executive compensation contracts may be constructed to encourage a risk-taking behavior in accounting-based performance, as executive compensation is relatively shielded from negative accounting returns realizations, and, at the same time, to strengthen a risk-averting behavior in market-based performance, as executive compensation is not insulated from negative stock market realizations. This conjecture is consistent with agency theory, as executives are more likely to understand the drivers of accounting-based returns than to recognize the factors that can explain stock prices. 

Inferences from this empirical study may be bounded by the temporal context in which it is embedded. The late 1990s, in particular, have been a singular time in America’s corporate history. The panel nature of the data makes the findings more robust; however, the economic outlook of the late 1990s may be fundamentally different from the one facing firms now or in the future. Consequently, future research will be needed to determine to what extent these results can be generalized to periods of different economic prospects. On the whole, however, the findings in this study help provide a better understanding of the nature of the relationship between firm performance and executive compensation, and indicate that the relationship between executive compensation and performance is far more complex and multifaceted than the vast majority of previous studies appear to have described it. 

References

Abowd, J.M., 1990, Does performance-based managerial compensation affect corporate performance? Industrial & Labor Relations Review 43, suppl., 52-73.

Anderson, T.W., and C. Hsiao, 1981, Estimation of dynamic models with error components, The Journal of the American Statistical Association 76, 598-606.

Arellano, M., 1989, A note on the Anderson-Hsiao estimator for panel data, Economics Letters 31, 337-41.

Arellano, M., and S. Bond,, 1991, Some test specification for panel data: Monte Carlo evidence and an application to employment equations, The Review of Economic Studies 58, 277-297.

Baltagi, B.H., 2001, Econometric analysis of panel data. Wiley, Chichester, NY.

Baber, W.R., S.N. Janakiraman, and S.H. Kang, 1996, Investment opportunities and the structure of executive compensation, Journal of Accounting and Economics 21, 297-318.

Bebchuk, L.A., and J.M. Fried, 2003, Executive compensation as an agency problem, Journal of Economic Perspectives 17, 71-92.
Bertrand, M., and S. Mullainathan, 2000, Agent with and without principals, The American Economic Review 90, 203-208.

Black, F., and M. Scholes, 1973, The pricing of options and corporate liabilities, Journal of Political Economy 81, 637-654.
Boschen, J.F., and K.J. Smith, 1995, You can pay me now and you can pay me later: The dynamic response of executive compensation to firm performance, Journal of Business, 68, 577-608.

Boschen, J.F., A. Duru,  L.A. Gordon, and K.J. Smith,  2003, Accounting and stock price performance in dynamic CEO compensation arrangements, The Accounting Review 78, 143-168.

Carpenter, M.A., and W.G., Sanders, 2002, Top management team compensation: The missing link between CEO pay and firm performance, Strategic Management Journal 23, 367-375.

Ciscel, D.H., and T.M. Carroll, 1980, The determinants of executive salaries: An economic survey, The Review of Economics and Statistics 62, 7-13.

Conyon, M.J., S.I. Peck, and G. Sadler, 2000, Econometric modeling of UK executive compensation, Managerial Finance 26, 3-20.

Cordeiro, J.J., and R. Veliyath, 2003, Beyond pay for performance: A panel study of the determinants of CEO compensation, American Business Review 21, 56-66.

Core, J.E., W.R. Guay, and R.E. Verrecchia, 2003, Price versus non-price performance measures in optimal CEO compensation contracts, The Accounting Review 78, 957-981. 

Coughlan, A., and R. Schmidt, 1985, Executive compensation, management turnover and firm performance, Journal of Accounting & Economics 7, 43-66.

Crystal, G.S., 1991, In search of excess: the overcompensation of American executives, W.W. Norton, New York, NY.

Dechow, P.M., and M.R. Huson, and R.G. Sloan, 1994, The effect of restructuring charges on executives’ cash compensation, The Accounting Review 69, 138-156.

Ely, K., 1991, Interindustry differences in the relation between compensation and firm performance, Journal of Accounting Research 29, 37-58.

Gaver, J.J., and K.M. Gaver, 1998, The relation between nonrecurring accounting transactions and CEO cash compensation. The Accounting Review 73, 235-253.

Hansen, L. P., 1982, Large sample properties of generalized method of moment estimators, Econometrica 50, 1029-1054.

Hsiao, C., 1986,  Analysis of panel data. Cambridge University Press, Cambridge, UK.

Healy, P., 1985, The effect of bonus schemes on accounting decisions, Journal of Accounting and Economics 7, 85-107.

Holmstrom, B., 1979, Moral hazard and observability, The Bell Journal of Economics 10, 74-91.

Indjejikian, R. J., and D. Nanda, 2002, Executive target bonuses and what they imply about   performance standards, The Accounting Review 77, 793-819.

Joskow, P.L., and N.L. Rose, 1994, CEO pay and firm performance: dynamics, asymmetries, and alternative performance measures, NBER Working Paper No. 4976, Cambridge, Mass.

Jensen, M.C., and K.J. Murphy, 1990, Performance pay and top-management incentives,   Journal of Political Economy 98, 225-264.

Kaplan, S., 1994, Top executive rewards and firm performance: A comparison of Japan and the US, Journal of Political Economy 102, 510-46.

Kiviet, J.F., 1995, On bias, inconsistency and efficiency of various estimators in dynamic panel data models, Journal of Econometrics 68, 53-78.

Lambert, R.A., 2001, Contracting theory and accounting, Journal of Accounting and Economics 32, 3-87.

Lewellen, W.G., and B. Huntsman, 1970, Managerial pay and corporate performance, The   American Economic Review 60, 710-720.

Main, B., A. Bruce, and T. Buck, 1996, Total board remuneration and company performance, The Economic Journal 106, 1627-1644.

Mishra, C. S., D.H. Gobeli, and D.O., May, 2000, The effectiveness of long-term   accounting-based incentive plans, Journal of Managerial Issues 12, 48-60.

Murphy, K. J., 1985, Corporate performance and managerial remuneration: An empirical   analysis, Journal of Accounting and Economics 7, 11-42. 

Murphy, K.J., 1986, Incentives, learning and compensation: A theoretical and empirical    investigation of managerial labor contracts. The Rand Journal of Economics 17, 59-76.

Murphy, K. J., 1999, Executive Compensation, in O. Ashenfelter and D. Card, eds., Handbook of Labor Economics, Vol. 3, North Holland, Amsterdam, Holland.

Nickell, S., 1981, Biases in dynamic models with fixed effects,  Econometrica 49, 1417-1426.

Rich, J. T., and J.A. Larson, 1984, Why some long-term incentives fail? Compensation    Review 16, 26-37.

Rosen, S., 1992, Contracts and the market for executives, in L. Werin and H. Wijkander, eds., Contract Economics. Basil Blackwell, Oxford, UK.

Sanders, W. G., 2001, Behavioral responses of CEOs to stock ownership and stock option pay, Academy of Management Journal 44, 477-492. 

Sargan, J.D, 1958, The estimation of economic relationships using instrumental variables.    Econometrica 26, 393-415.

Sloan, R. G., 1993, Accounting earnings and top executive compensation, Journal of    Accounting and Economics 16, 55-100.

Standard and Poor’s, 2004, S&P Compustat ExecuComp: The Executive Compensation Database. McGraw-Hill, Englewood, CO.

Wang, C., 1997, Incentives, CEO compensation, and shareholder wealth in a dynamic agency model, Journal of Economic Theory 76, 72-105.

Weisman, R. M.  and  L. R. Gomez-Mejia, 1998, A behavioral agency model of managerial risk taking, Academy of Management Review 23, 133-153.

Yermack, D., 1995, Do corporations award stock options effectively? Journal of   Financial Economics 39, 237-269.

	Table 1
Industry Composition



	Industry
	2-digit SIC
	Number of firms
	Percentage

	Mining 
	10,12,14
	5
	0.84

	Gas & Oil and Petroleum Refining
	13,29
	25
	4.21

	Construction
	15-16
	8
	1.35

	Food
	1,20-21
	15
	2.53

	Clothing
	22-23
	10
	1.68

	Wood Products
	24-26
	18
	3.03

	Telecomm. Printing & Publishing 
	27, 48
	28
	4.71

	Chemicals  
	28
	38
	6.40

	Rubber, Plastic, Stone, Clay & Glass
	30,32
	11
	1.85

	Primary and Fabricated Metals
	33-34
	20
	3.37

	Industrial Machinery
	35
	28
	4.71

	Electrical Equipment
	36
	63
	10.61

	Transportation Equipment 
	37
	15
	2.53

	Instruments
	38
	20
	3.37

	Toy Manufacturing
	39
	5
	0.84

	Transportation 
	40, 42-47
	22
	3.70

	Utilities
	49
	38
	6.40

	Wholesale Trade
	50-51
	19
	3.20

	Retail Trade
	52-59
	56
	9.43

	Banks
	60
	34
	5.72

	Other Financial Services
	61,62,64,67,69
	20
	3.37

	Insurance
	63
	22
	3.70

	Services
	70-79
	52
	8.74

	Healthcare & Professional Services 
	80,82,83,87
	22
	3.70


	Table 2

Descriptive Statistics


	
	CASHCOMP
	TOTALCOMP
	SALES
	ROA
	TSR

	Mean
	1275.63
	3374.23
	3516.62
	3.15
	23.03

	Median
	912.55
	2165.22
	964.86
	4.65
	8.46

	Minimum
	17.63
	420.60
	0.05
	-388.31
	-95.60

	Maximum
	16250.00
	17522.93
	206,082.10
	132.77
	1494.33

	Standard Dev.
	
	
	
	
	

	overall
	1315.56
	3255.32
	9493.93
	18.71
	87.35

	between
	1115.54
	2833.42
	9131.54
	13.35
	31.91

	within
	698.56
	2045.13
	2608.69
	13.12
	81.68

	Q1
	560.00
	1163.29
	363.72
	1.42
	-19.27

	Q3
	1527.00
	4377.85
	2641.58
	8.52
	40.24

	Skewness
	4.20
	1.85
	10.280
	-10.52
	5.69

	Excess kurtosis
	30.48
	6.37
	168.55
	175.19
	61.92

	No. of obs.
	3564
	3168
	3561
	3561
	3524

	Notes. All data are from Standard and Poor’s ExecuComp database. CASHCOMP is cash compensation, in thousands of dollars, defined as the sum of salary and bonus. TOTALCOMP is cash and non-cash compensation, in thousands of dollars. Non-cash compensation includes composed of long-term incentive payouts, the value of restricted stock grants, the value of stock option grants and any other compensation item for the year. SALES is net annual sales, in millions of dollars. ROA is return on assets, defined as income before tax, extraordinary items and discontinued operations divided by average total assets. TSR is total one-year shareholder return on common stock, defined as the closing price at fiscal year-end plus dividends divided by the closing price of the prior fiscal year-end. ROA and TSR are percentages. The within and overall standard deviations are calculated over the total number of observations. The between standard deviation is calculated over the number of firms.  Q1 and Q3 are the first and the third quartile, respectively. In a normal distribution, skewness is zero, and excess kurtosis is 3.




	Table 3

Sample Correlation Coefficients



	
	CASHCOMP
	TOTALCOMP
	SALES
	ROA
	TSR

	CASHCOMP
	1.000
	0.688
	0.665
	0.104
	0.107

	
	-
	(0.00)
	(0.00)
	(0.00)
	(0.00)

	TOTALCOMP
	0.582
	1.000
	0.498
	0.031
	0.032

	
	(0.00)
	-
	(0.00)
	(0.07)
	(0.07)

	SALES
	0.449
	0.379
	1.000
	-0.005
	-0.029

	
	(0.00)
	(0.00)
	-
	(0.77)
	(0.08)

	ROA
	0.093
	0.053
	0.033
	1.000
	0.249

	
	(0.00)
	(0.00)
	(0.05)
	-
	(0.00)

	TSR
	0.012
	0.020
	-0.046
	0.118
	1.000

	 
	(0.46)
	(0.25)
	(0.07)
	(0.00)
	-

	Notes. Pearson product moment correlation coefficients are shown below the diagonal; Spearman rank order correlation coefficients are shown above the diagonal. p-values are in parenthesis beneath the estimated correlation coefficients.




	Table 4

Arellano-Bond GMM Estimates

of the Dynamic Symmetric Model
Dependent Variable:
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ln CASHCOMPit


	    Panel A:
	Robust One-Step Estimates
	Two-Step Estimates

	
	Model 1
	Model 2
	Model 3
	Model 1
	Model 2
	Model 3

	Lagged Dep.Var.
	0.353
	0.335
	0.369
	0.281
	0.273
	0.298

	
	(4.56)
	(4.31)
	(4.66)
	(4.19)
	(4.03)
	(4.36)
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ln SALESit
	0.208
	0.146
	0.175
	0.228
	0.158
	0.194

	
	(2.84)
	(2.08)
	(2.37)
	(3.18)
	(2.30)
	(2.67)
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TSRit
	0.072
	
	0.068
	0.068
	
	0.063

	
	(5.84)
	
	(5.83)
	(5.52)
	
	(5.50)
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ROAit
	
	0.313
	0.249
	
	0.299
	0.235

	
	
	(3.97)
	(3.35)
	
	(3.82)
	(3.21)

	Wald test
	85.93
	75.12
	91.92
	84.77
	74.75
	92.36

	p-value
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	s1
	-6.90
	-6.63
	-6.97
	-5.68
	-5.54
	-5.70

	p-value
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	s2
	-0.83
	-1.23
	-0.88
	-1.03
	-1.35
	-1.06

	p-value
	0.41
	0.22
	0.38
	0.30
	0.18
	0.29

	Sargan test
	
	
	
	9.63
	9.83
	10.19

	p-value
	
	
	
	0.29
	0.28
	0.25

	      Panel B:                       Estimates of Long-Run Performance Effects
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	(4.24)
	
	(4.18)
	(4.45)
	
	(4.39)
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ROA
	
	0.471
	0.394
	
	0.410
	0.334

	
	
	(3.32)
	(2.86)
	
	(3.40)
	(2.90)

	No. of  obs.
	2365
	2376
	2365
	2365
	2376
	2365

	Notes. Variables are defined as in Table 2, except that the values of ROA and TSR are in decimals and not percentages. 
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 is the first difference operator. Year effects (in the form of yearly dummy variables) and a constant are included in all regressions. t-statistics are in parenthesis beneath the estimated coefficients. The Wald test is a test of the null hypothesis that the explanatory variables, including the year effects (except the constant) are jointly not significantly different from zero. s1 is the value of the Arellano and Bond Lagrange multiplier test of first-order serial correlation in the first-differenced residuals. s2 is the value of the Arellano and Bond Lagrange multiplier test of second-order serial correlation in the first-differenced residuals. The Sargan test, which is chi-squared distributed with 8 degrees of freedom (the number of over-identifying restrictions), is a test of the null hypothesis that the over-identified restrictions are satisfied. The Sargan test is not available for the robust one-step estimator.



	Table 5

Arellano-Bond GMM Estimates

of the Dynamic Symmetric Model
Dependent Variable: 
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	Panel A:
	Robust One-StepEstimates
	Two-Step Estimates

	
	Model 4
	Model 5
	Model 6
	Model 4
	Model 5
	Model 6

	Lagged Dep.Var.
	0.283
	0.259
	0.280
	0.272
	0.261
	0.267

	
	(4.37)
	(3.95)
	(4.34)
	(4.25)
	(4.02)
	(4.21)
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	0.327
	0.287
	0.304
	0.334
	0.294
	0.316

	
	(5.28)
	(4.40)
	(4.70)
	(5.41)
	(4.52)
	(4.90)
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TSRit
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	0.076
	
	0.071

	
	(2.54)
	
	(2.29)
	(2.70)
	
	(2.45)
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ROAit
	
	0.276
	0.213
	
	0.252
	0.189

	
	
	(2.02)
	(1.39)
	
	(1.85)
	(1.23)

	Wald test
	94.98
	92.11
	99.46
	93.80
	91.91
	97.92

	p-value
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	s1
	-9.32
	-9.24
	-9.35
	-9.19
	-9.53
	-9.24

	p-value
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	s2
	1.81
	1.72
	1.82
	1.78
	1.74
	1.79

	p-value
	0.07
	0.09
	0.07
	0.07
	0.08
	0.07

	Sargan test
	
	
	
	5.27
	4.88
	5.06

	p-value
	
	
	
	0.72
	0.77
	0.75

	        Panel B:                           Estimates of Long-Run Performance Effects
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	0.093
	0.105
	
	0.096

	
	(2.39)
	
	(2.18)
	(2.52)
	
	(2.32)
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ROA
	
	0.373
	0.296
	
	0.341
	0.258

	
	
	(1.97)
	(1.37)
	
	(1.81)
	(1.22)

	No of obs.
	2071
	2080
	2071
	2071
	2080
	2071

	Notes. Variables are defined as in Table 2, except that the values of ROA and TSR are in decimals and not percentages. 
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 is the first difference operator. Year effects (in the form of yearly dummy variables) and a constant are included in all regressions. t-statistics are in parenthesis beneath the estimated coefficients. The Wald test is a test of the null hypothesis that the explanatory variables, including the year effects (except the constant) are jointly not significantly different from zero. s1 is the value of the Arellano and Bond Lagrange multiplier test of first-order serial correlation in the first-differenced residuals. s2 is the value of the Arellano and Bond Lagrange multiplier test of second-order serial correlation in the first-differenced residuals. The Sargan test, which is chi-squared distributed with 8 degrees of freedom (the number of over-identifying restrictions), is a test of the null hypothesis that the over-identified restrictions are satisfied. The Sargan test is not available for the robust one-step estimator.




	Table 6

Arellano-Bond GMM Estimates

of the Dynamic Asymmetric Model
Dependent Variable: 
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	       Panel A: 
	Robust One-Step Estimates
	Two-Step Estimates

	
	Model 1
	Model 2
	Model 3
	Model 1
	Model 2
	Model 3

	Lagged Dep.Var.
	0.358
	0.296
	0.332
	0.290
	0.237
	0.269

	
	(4.66)
	(4.06)
	(4.48)
	(4.32)
	(3.77)
	(4.22)
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	0.225
	0.095
	0.141
	0.239
	0.112
	0.156

	
	(2.98)
	(1.65)
	(2.22)
	(3.25)
	(1.97)
	(2.49)
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	-0.130

	
	(-5.15)
	
	(-4.91)
	(-4.66)
	
	(-4.41)
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	0.173
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	0.155

	
	(7.24)
	
	(6.48)
	(6.73)
	
	(5.94)
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	1.421
	1.328
	
	1.343
	1.267

	
	
	(8.18)
	(7.83)
	
	(7.87)
	(7.67)
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ROAit
	
	1.530
	1.372
	
	1.446
	1.301

	
	
	(9.08)
	(8.35)
	
	(8.72)
	(8.11)

	Wald test
	118.28
	146.36
	216.14
	118.15
	141.63
	215.61

	p-value
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	s1
	-7.06
	-6.76
	-7.19
	-5.81
	-5.66
	-5.90

	p-value
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	s2
	-0.72
	-0.69
	-0.36
	-0.94
	-0.84
	-0.57

	p-value
	0.47
	0.49
	0.72
	0.35
	0.40
	0.57

	Sargan test
	
	
	
	9.74
	10.28
	10.65

	p-value
	
	
	
	0.28
	0.25
	0.22

	       Panel B:                       Estimates of Short-Run Asymmetric Performance Effects

	a) Positive Performance 
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	(2.81)
	
	(2.48)
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	(8.20)
	
	(8.40)
	(7.99)

	b) Negative performance 
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	Table 6 (continued)

Arellano-Bond GMM Estimates

of the Dynamic Asymmetric Model
Dependent Variable: 
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	           Panel C:                     Estimates of Long–Run Asymmetric Performance Effects

	a) Positive Performance 
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	(2.24)
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	(2.32)
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	(6.13)
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	(6.12)

	b) Negative performance 
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	(4.74)
	
	(4.68)
	(4.85)
	
	(4.63)
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ROA
	
	0.155
	0.066
	
	0.134
	0.056

	
	
	(1.79)
	(0.78)
	
	(1.75)
	(0.75)

	No of obs.
	2365
	2376
	2365
	2365
	2376
	2365

	Notes. Variables are defined as in Table 2, except that the values of ROA and TSR are in decimals and not percentages. 
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 is the first difference operator. Year effects (in the form of yearly dummy variables) and a constant are included in all regressions. t-statistics are in parenthesis beneath the estimated coefficients. The Wald test is a test of the null hypothesis that the explanatory variables, including the year effects (except the constant) are jointly not significantly different from zero. s1 is the value of the Arellano and Bond Lagrange multiplier test of first-order serial correlation in the first-differenced residuals. s2 is the value of the Arellano and Bond Lagrange multiplier test of second-order serial correlation in the first-differenced residuals. The Sargan test, which is chi-squared distributed with 8 degrees of freedom (the number of over-identifying restrictions), is a test of the null hypothesis that the over-identified restrictions are satisfied. The Sargan test is not available for the robust one-step estimator.




	Table 7

Arellano-Bond GMM Estimates

of the Dynamic Asymmetric Model

Dependent Variable: 
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	         Panel A:
	Robust One-Step Estimates
	Two-Step Estimates

	
	Model 4
	Model 5
	Model 6
	Model 4
	Model 5
	Model 6

	Lagged Dep.Var.
	0.288
	0.246
	0.272
	0.279
	0.248
	0.263

	
	(4.48)
	(3.78)
	(4.27)
	(4.38)
	(3.85)
	(4.16)
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	0.346
	0.251
	0.289
	0.353
	0.257
	0.301

	
	(5.53)
	(3.86)
	(4.47)
	(5.68)
	(3.97)
	(4.67)
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	0.787
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	0.758

	
	
	(3.10)
	(2.58)
	
	(3.03)
	(2.49)

	Wald test
	105.41
	97.03
	114.48
	104.51
	97.02
	113.56

	p-value
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	s1
	-9.42
	-9.32
	-9.51
	-9.32
	-9.61
	-9.41

	p-value
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	s2
	1.77
	1.77
	1.79
	1.74
	1.79
	1.76

	p-value
	0.08
	0.08
	0.07
	0.08
	0.07
	0.08

	Sargan test
	
	
	
	4.76
	4.99
	4.63

	p-value
	
	
	
	0.78
	0.75
	0.79

	       Panel B:                        Estimates of Short-Run Asymmetric Performance Effects

	a) Positive Performance 
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	b) Negative Performance 
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	Table 7  (Continued)

Arellano-Bond GMM Estimates

of the Dynamic Asymmetric Model
Dependent Variable: 
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	Panel C:                       Estimates of Long-Run Asymmetric Performance Effects

	a) Positive Performance 
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	b) Negative Performance 
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	(1.28)
	(0.77)
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	(0.64)

	No. of obs.
	2071
	2080
	2071
	2071
	2080
	2071

	Notes. Variables are defined as in Table 2, except that the values of ROA and TSR are in decimals and not percentages. 
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 is the first difference operator. Year effects (in the form of yearly dummy variables) and a constant are included in all regressions. t-statistics are in parenthesis beneath the estimated coefficients. The Wald test is a test of the null hypothesis that the explanatory variables, including the year effects (except the constant) are jointly not significantly different from zero. s1 is the value of the Arellano and Bond Lagrange multiplier test of first-order serial correlation in the first-differenced residuals. s2 is the value of the Arellano and Bond Lagrange multiplier test of second-order serial correlation in the first-differenced residuals. The Sargan test, which is chi-squared distributed with 8 degrees of freedom (the number of over-identifying restrictions) is a test of the null hypothesis that the over-identified restrictions are satisfied. The Sargan test is not available for the robust one-step estimator.




� For a review of the theoretical and empirical research on the subject, see Murphy (1999) and Rosen (1992).


� As noted above, such actions do not undermine the predictions of agency theory. Dechow, Huson, and Sloan (1994) argue that since restructuring charges are typically associated with permanent reductions in costs (e.g., layoffs) and/or increased operational synergy, such charges tend to increase firm value and it is in the firm’s best interest to encourage the CEO to take such actions. Eliminating the restructuring charge, which decreases current accounting measures, from the determination of compensation removes a disincentive for the CEO to take the steps necessary to maximize firm value. Gaver and Gaver (1998) demonstrate that nonrecurring losses on the income statement are not associated with CEO cash compensation, which suggests that compensation committees filter such losses from the determination of compensation. This action serves to reduce the riskiness of the CEO’s compensation, since nonrecurring losses (e.g., those due to the adoption of new accounting standards) are often beyond the control of the CEO.


� Panel data models have become increasingly popular in empirical research, due to both the increased availability of data and the development of more sophisticated econometric techniques. There are several advantages of using panel data over cross-section data. In addition to afford additional power of tests of hypothesis, panel data may allow the detection of relationships not directly apparent within the confines of cross-section data. Examples of recent studies in the executive compensation literature that employ panel data include Bertrand and Mullainathan (2000), Conyon, Peck, and Sadler (2000), Cordeiro and Veliyath (2003), and Yermack (1995). 





� See Conyon, Peck, and Sadler (2000), Carpenter and Sanders (2002), Cordeiro and Veliyath (2003), Indjejikian and Nanda (2002), and Yermack (1995), among others.  The relationship between executive compensation and firm size is one of the most consistent empirical results in the compensation literature, with most studies reporting a compensation elasticity with respect to size of about 0.30 (Rosen, 1992), implying that executive compensation increases by about a third as firm size doubles.  


� The classic principal-agent problem arises from the observation that ownership and management in large firms are usually separated. Employed to pursue the owner’s goals, the manager enjoys know-how and information advantages while the owner does not. The owner, as the principal, is thus confronted with the probability that the manager, as the agent, may not pursue the owner’s goals, and designs ex ante mechanisms to solve the problem of efficient contracting in the presence of incomplete information. If incomplete information is about pre-contract agent’s behavior, the principal faces a problem of adverse selection, which can be solved by self-selection mechanisms like signaling or screening. If, on the other hand, incomplete information is about post-contract agent’s behavior, the principal encounters a moral hazard dilemma, which can be solved by designing specific incentives schemes to foster the agent's effort. See Lambert (2001) and Bebchuk and Fried (2003) for an in-depth review and analysis of the agency problem.  


� See, for example, Murphy (1985, 1986), Jensen and Murphy (1990), Abowd (1990), Ely (1991), Boschen and Smith (1995), and Kaplan (1994), among others. 


� See, for example, Abowd (1990), Jensen and Murphy (1990), Lambert and Larker (1987), Mishra, Gobeli, and May (2000), Murphy (1985), and Sloan (1993), among others.  


� Beginning with fiscal year 1993, companies have been required by the Securities and Exchange Commission to annually report individual salary, bonus, other annual compensation, restricted stock grants, long-term incentives payouts, stock option grants, and all other compensation for the top five paid executives.


� Notable examples are Bertrand and Mullainathan (2000), Core, Guay, and Verrecchia (2003), Cordeiro and Veliyath (2003), and Main, Bruce, and Buck (1996), among others. 


� Compensation adjustments over time reflecting managerial talents of CEO as manifested through incentive contract and firm’s performance.


� Elasticity compares the percentage change of one variable x with the percentage change of the other variable y (dln(y) / dln(x)). Semi-elasticity, on the other hand, compares the level change in one variable x with the percentage change of the second variable (dln(y) / dx).


� A less intuitive derivation of this result can be obtained by recalling that the absolute value function is a rational function that can be written as abs(x) = sqrt(x2) for all real numbers x. Consequently, we can compute the derivative of abs(x) as follows: d /dx(abs(x)) = d /dx (sqrt(x2)) = x /abs(x) = 1 if x > 0, and  -1 if x < 0.


� The OLS estimator is biased and inconsistent, even if � EMBED Equation.3  ��� is not serially correlated, because � EMBED Equation.3  ���is correlated with� EMBED Equation.3  ���. Similarly, the OLS estimator in first differences is equally biased and inconsistent because of the correlation between � EMBED Equation.3  ��� and � EMBED Equation.3  ��� introduced by the correlation between � EMBED Equation.3  ���and� EMBED Equation.3  ���. By the same reason, the within-group (WG) estimator, which is a consistent estimator of equation (1) with the variables transformed in deviations from the mean, is also biased and inconsistent, as a consequence of the correlation between � EMBED Equation.3  ���and� EMBED Equation.3  ���. Anderson and Hsiao (1981), Nickell (1981) and Hsiao (1986) provide extensive discussions of this bias. In general, Nickell (1981) using both analytical and Monte Carlo techniques, shows that: a) for small T and γ > 0, the bias is always negative; b) the bias is larger the larger is γ; c) the bias does not tend to zero as γ tends to zero; d) the bias is larger, the smaller is T; e) the bias tends to zero as T tends to infinity. Thus the fixed effect estimator performs well only when the time dimension of the panel is large. This, however, is rarely the case with economic data. 


� In the context of equation (5), this implies instrumenting � EMBED Equation.3  ��� with either the two-period lagged level,� EMBED Equation.3  ��� or the two-period lagged difference, � EMBED Equation.3  ���, since both instruments are correlated with � EMBED Equation.3  ��� yet uncorrelated with � EMBED Equation.3  ���. Both instruments lead to a consistent (although still biased in finite samples) estimator of γ. Arellano (1989), however, shows that using the two-period lagged difference as an instrument results in an estimator that has a very large variance, and Arellano and Bond (1991) and Kiviet (1995) confirm, using Monte Carlo simulations, the superiority of the two-period lagged level as an instrument.


�  For a concise presentation of the GMM estimator, see Baltagi (2001).


�  As shown by Arellano and Bond (1991), the asymptotic standard errors for the two-step estimator are biased downwards. The one-step estimator, however, is asymptotically inefficient relative to the two-step estimator, even in the case of homoskedastic error terms. Thus, while the coefficient estimates of the two-step estimator are asymptotically more efficient, the asymptotic inference from the one-step standard errors might be more reliable.


�  See Arellano and Bond (1991) for details.


�  The central requirement for the validity of an instrument is that the instrument is not correlated with the error terms. If that is not the case, a moment restriction is violated.


� The non-rejection of the over-identifying restrictions does not necessarily imply that the model is correctly specified. In GMM estimation there are two sets of moment conditions: identifying and over-identifying moment conditions. The former set cannot be tested because these conditions are satisfied by the sample moments, while the second set is tested through the Sargan statistic. As long as the identifying restrictions cannot be tested there remains a potential source of violation of the population moment conditions. The non-rejection of the over-identifying restrictions is then only suggestive of the importance of the variables included in model specification.


� Details of the sample selection process may be summarized as follows. First, 148 firms were removed from the sample because the starting date of tenure of the Chief Executive Officer (CEO) was missing. Second, 59 firms were discarded because the CEO left prior to 1997, although still receiving compensation from the company. Third, 1437 firms were removed from the sample because the CEO either started later than the six-month cutoff date in 1997 or left prior to the six-month cutoff date in 2002. Finally, 17 firms were eliminated due to a substantial amount of missing data in the ExecuComp database. Compensation data were further examined for severe deviations from the mean, and data on total compensation revealed the presence of a significant number of outlying observations. Since the presence of outliers in panel data can affect the estimates in a dramatic way, data above the 95 and below the 5 percentiles were treated as outliers and removed from the sample.


� The sample has a mean market capitalization of $5.44 billions, and a median of $1.15 billions ($1.12 billions for the initial sample of 2255 firms). Three hundred-thirty seven (337) or 57% of the sample firms, compared to 54% of observations in the initial sample, have a market capitalization above $1 billion, and 257 or 43% of the firms have a market capitalization below $1 billion.


� Median values for cash and total compensation, for the initial 2255 firms, are $0.791 and $2.034 millions, respectively.  


� For the initial sample of 2255 firms, the mean of accounting returns is 1.8% while the mean of stock market returns is 31%, and the average sales is $4.005  billions. 


� The results of the estimation of the dynamic model based upon the Anderson and Hsiao instrumental variables approach are not too different from those obtained using the Arellano and Bond generalized method of moments methodology, and for that reason are not reported. The estimates, obtained using the Anderson and Hsiao instrumental variables approach based on the two-period lagged level of the dependent variable, are available upon request.   


�  A variable xit is strictly exogenous if E[xit εis] = 0 for all t and s.  


� The Sargan statistic also provides some evidence that the explanatory variables are better modeled as strictly exogenous, as the over-identifying conditions are rejected when the explanatory variables are modeled as predetermined (E[xit εis] � EMBED Equation.3  ��� 0 for  s < t but E[xit εis] = 0 for all s � EMBED Equation.3  ��� t) or endogenous (E[xit εis] � EMBED Equation.3  ��� 0 for all s � EMBED Equation.3  ��� t but E[xi t εis] = 0 for all s > t). The Sargan test is not reported for the robust one-step estimates because its asymptotic distribution is only known under the assumption of homoskedasticity of the error term. The Sargan test from one-step estimator for the homoskedastic case rejects the null hypothesis that the over-identifying restrictions are valid. Since the rejection of the null hypothesis of the Sargan test may indicate the presence of heteroskedasticity, one might expect efficiency gains from using the two-step estimator. Arellano and Bond (1991), however, generally recommend using the one-step results for inference on the coefficients, since they have found that the two-step standard errors tend to be biased downward in small samples. The results from the homoskedastic one-step estimator are not reported but are available upon request.


� As mentioned in Section 4, the fixed effects (WG) estimator is biased and inconsistent (unless T approaches infinity) when a lagged dependent variable is included as an additional explanatory variable in a panel data model. The ordinary least squares (OLS) estimator, which omits individual specific effects, is also biased and inconsistent if these effects are significant. The bias of the two estimators, however, operates in opposite directions. The ordinary least squares (OLS) estimate of the coefficient on the lagged dependent variable is biased upward because of the positive correlation between the individual specific effects and the lagged dependent variable. Conversely, the fixed effects (WG) estimate is biased downward because of the negative correlation between the within-transformed error term and the within-transformed lagged dependent variable. The OLS and WG estimates of the coefficient on the lagged dependent variable may thus be viewed as forming upper and lower bounds, respectively, on the true parameter. The results of the OLS and WG regressions indicate that: a) the estimated coefficients of the lagged dependent variable are significantly different from zero in all the estimated models; b) the estimated coefficients are approximately ten times larger in the OLS regressions than in the WG regression, which is an indication that the bias is substantial. Full details are available upon requests.


� These results rely on the assumption that changes are permanent. 


� Based on the robust one-step estimates in Model 3, the test statistic, which is chi-squared distributed with 2 degrees of freedom, yields a chi-squared value of 74.81 (p < 0.01) for the cash compensation model, and 7.43 (p < 0.05) for the total compensation model.  The two-step estimates yield slightly higher values.


� The findings of asymmetry and dynamic adjustment are robust to various specification changes of the model, including using ln ASSETS as an alternative measure of firm size and ROE (return on shareholder equity) as an alternative measure of accounting returns. In particular, the estimates of the adjustment coefficient as well as those of performance measures are qualitatively similar to those obtained using ln SALES and ROA, but there are two important exceptions. First, the estimated coefficients of abs (ROE) and ROE are substantially smaller than those of abs (ROA) and ROA. Second, the differenced residuals of the total compensation model show evidence of second-order autocorrelation at the 5 percent level when ROA is replaced by ROE. The findings of asymmetry and dynamic adjustment are also robust to changes in the sample size, including removing observations below the first quartile or above the third quartile. A notable difference, however, concerns the speed of adjustment. Removing observations below the first quartile are removed from the sample, the magnitude of estimated coefficients of the lagged dependent variable increase slightly to 0.418 (in the cash compensation model) and 0.424 (in the total compensation model). This remains fairly consistent with the main findings. However, when observations above the third quartile are removed from the sample, the discrepancy in the speed of adjustment becomes substantially more significant, as the estimated coefficient of the lagged dependent variable in the cash compensation model doubles in size, to 0.701, whereas the estimated coefficient of the lagged dependent variable in the total compensation model is not affected by the change. Full details are available upon request.


� Indirect evidence on the equality of the estimated coefficients of the lagged dependent variable can be obtained by noticing the significant overlapping of their respective confidence intervals. For example, based on the parameter estimates in Model 3, the 95% confidence interval for estimated coefficient of the lagged dependent variable in the cash compensation model is (0.143, 0.393), while the corresponding confidence interval for the estimated coefficient of the lagged dependent variable in the total compensation model is (0.147, 0.398). 
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