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Abstract

We show that firms with younger CEOs are more likely to experience stock price
crashes, including crashes caused by revelation of negative news in the form of
breaks in strings of consecutive earnings increases. Such strings are accompanied
by large increases in CEO compensation that do not dissipate with crashes. These
findings suggest that CEOs have financial incentives to hoard bad news earlier in
their career, which increases future crashes. This negative impact of CEO age effect
is strongest in the presence of managerial discretion. Overall, the findings highlight
the importance of CEO age for firm policies and outcomes.
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1. Introduction

A considerable body of literature suggests that managers might hide bad operating perform-
ance news from investors when faced with adverse outcomes that affect negatively their
personal wealth (Gibbons and Murphy, 1992; Bliss and Rosen, 2001). However, if man-
agers withhold and accumulate negative information for an extended period, this eventually
leads to bad news stockpiling within the firm and to severe stock overvaluation. When
stockpiling reaches a critical threshold level, it becomes too costly for managers or even im-
possible to continue withholding the accumulated negative information (Baik, Farber, and
Lee, 2011). When revealed at one time in the market, the bad news will lead to a substantial
revision of investors” expectations about the future prospects of the firm and, inevitably, to
a stock price crash (Jin and Myers, 2006).
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The literature generally ascribes stock price crashes to the failure of corporate govern-
ance control systems to alleviate agency problems (Hutton, Marcus, and Tehranian, 2009;
Kim, Li, and Zhang, 2011a; Callen and Fang, 2013; Andreou et al., 2016a; Kim and
Zhang, 2016). Despite this conceptual interest on agency problems, this literature focuses
on firm attributes and ignores agency problems that relate to CEO characteristics. In this
study, we suggest that pay-performance sensitivity creates incentives for bad news hoard-
ing. The incentives vary with CEO age and become a source of agency problems that leads
to the prediction that firms managed by younger CEOs are more likely to experience stock
price crashes.

The study draws motivation from prior literature suggesting that CEOs are highly con-
cerned about firm performance because performance directly affects their current and fu-
ture personal wealth through executive compensation packages (Gibbons and Murphy,
1992; Bliss and Rosen, 2001; Petrou and Procopiou, 2016). Thus, when the actions of
CEOs fail to deliver, concerns about their personal wealth can incentivize them to conceal
adverse operating outcomes from shareholders. However, the pay-performance sensitivity
of CEOs varies with CEO age. Younger CEOs could secure significant permanent increases
in compensation early in their career, which they can enjoy for a longer period.
Accordingly, younger CEOs might have more financial incentives to intentionally conceal
and accumulate adverse operating outcomes from investors, increasing in this respect the
probability of experiencing a stock price crash in the future.

We test these predictions using ExecuComp firms for the period 1995-2013. We meas-
ure firm-specific stock price crashes as the presence of an extreme negative firm-specific
weekly return (Hutton, Marcus, and Tehranian, 2009; Kim, Li, and Zhang, 2011a).
Controlling for other known determinants of stock price crashes, the results show that
firms managed by younger CEOs are more likely to experience a stock price crash. To in-
vestigate the mechanism underpinning this relationship, that is, the hoarding of bad news,
we focus on stock price crashes triggered by earnings announcements that break previous
years’ strings of consecutive earnings increases. Myers, Myers, and Skinner (2007) suggest
that breaks in strings of consecutive earnings increases emanate from stockpiling of nega-
tive news, particularly when the break occurs after a longer string. Thus, breaks in earnings
strings that trigger stock price crashes is a manifestation of agency risk pertaining to the
practice of bad news hoarding. In addition, the severity of agency risk is positively related
to the length of the string. Using these crashes, we still find that firms managed by younger
CEOs are more likely to experience a stock price crash, ascertaining that the mechanism of
stockpiling of negative information pertaining to adverse operating performance drives this
relationship. In corroboration, we find that the length of the string prior to the break is
more strongly associated with crashes when a younger CEO leads the company. Next, we
investigate CEOs’ pay-performance incentives by focusing on the evolution of CEO com-
pensation before (up to 3 years), during, and after (up to 1 year) stock price crashes.
Controlling for known determinants of CEO compensation, the results demonstrate large
increases in CEO compensation in periods of consecutive earnings increases. Interestingly,
CEO compensation does not revert to previous levels during and after the crash. These find-
ings imply that CEOs have strong financial incentives to generate strings of consecutive
earnings increases earlier in their career, resulting in a CEO agency problem that drives
stock price crashes.

To prevent moral hazard situations, agency theory identifies the board’s monitoring
role, among others, as a critical control system (Eisenhardt, 1989). Accordingly, we
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examine two organizational factors which compromise board monitoring and increase
managerial discretion, namely, the CEO duality in the governance structure (Jensen, 1993;
Dalton et al., 1998) and the degree of corporate diversification (Martin and Sayrak, 2003;
Ndofor, Wesley, and Priem, 2013). Our results show that these two factors strengthen the
relationship between younger CEOs and future crash risk. This finding raises important
considerations for the competence of the board to effectively monitor and control self-
interested young CEOs.

Our results are robust to alternative measures of stock price crash risk, such as the nega-
tive coefficient of skewness of firm-specific weekly returns (Chen, Hong, and Stein, 2001)
and the negative of the worst deviation of firm-specific weekly return (Bradshaw et al.,
2010). In addition, the results are robust to potential model misspecifications. Specifically,
a propensity score-matching analysis ensures that the CEO age effect is not driven by differ-
ences between firms managed by younger or older CEOs among observable: (i) firm charac-
teristics, such as firm size, growth, leverage, profitability, performance, and age, and (ii)
CEO characteristics, for instance tenure, turnover, retirement, in the money option hold-
ings and equity holdings.

We also consider a variety of alternative explanations. First, a reverse relationship run-
ning from crash risk to CEO age is likely to exist under two conditions: (i) stock price crash
risk relates to CEO turnover and firms hire younger CEOs, and (ii) stock price crash risk
exhibits persistence. However, we find no statistically significant difference in the age of
newly hired CEOs for firms that experience a stock price crash relative to firms that do not.
In addition, after examining firms that exhibit more difficulties in handling risk or inher-
ently risky firms, which may require more healthy, flexible, and energetic young CEOs, we
find no evidence that the age of newly hired CEOs is significantly different among firms
that experience a stock price crash and firms that do not. Hence, crash risk is unlikely to re-
late to the age of newly hired CEOs. Finally, as a complementary test of the reverse causal-
ity explanation, we re-run the main analysis and find qualitatively similar results after
excluding the first three years of CEO tenure, which are affected more by persistence in
crash risk, and thus potentially may cause a reverse relationship.

Second, physiological and psychological characteristics of the CEO and heterogeneous
abilities change with age, and some of these characteristics might provoke stock price
crashes. Such characteristics include the effects of ability, power, overconfidence, youthful
creativeness, and inexperience with corporate communications. Controlling for CEO dem-
onstrated ability, power, and overconfidence, the results remain unaltered. Youthful cre-
ativeness and inexperience with corporate communication are more problematic to control
directly because it is difficult to measure them precisely; nevertheless, we can observe their
consequences, and hence, we can design appropriate tests to examine their merit as alterna-
tive explanations of the CEO age effect. More specifically, youthful creativeness associated
with younger CEOs experimenting with novel strategies should predict fat tails generally,
not only one-sided exposure to crashes. In contrast to such an explanation, we find no rela-
tionship between CEO age and the probability of a positive jump in the firm-specific
weekly returns. Thus, CEO age appears to predict only negative jumps, that is, stock price
crashes. Similarly, inexperience of younger CEOs in corporate communication could lead
them to portray optimistic earnings expectations to analysts. In response, younger CEOs
might hoard bad news to meet or beat analyst earnings forecasts, increasing in this respect
future stock price crash risk. Excluding crashes that likely result from setting inappropriate
earnings expectations from the main analysis does not affect the CEO age effect.
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Finally, we examine the possibility that the CEO age effect reflects unobservable habit-
ual CEO characteristics (Graham, Li, and Qiu, 2012) that affect disproportionately
younger CEOs. Specifically, such characteristics can have implications for stock price
crashes and can lead to CEO turnover, particularly younger CEOs who are less reputable,
creating a sample selection bias that affects mostly younger CEOs. Nevertheless, this ex-
planation does not gain support because we still find CEO age effect for the subsample of
firms with CEOs that avoid turnover for at least 5 years. In this subsample, habitual CEO
characteristics should affect a firm’s crash risk similarly over a long period.

This study contributes to the literature on stock price crashes by showing that compen-
sation incentives create CEO-level variation in agency problems that increase the likelihood
of firms with younger CEOs to experience future stock price crashes due to hoarding of bad
news. Prior literature finds that crash risk relates to accounting opacity (Hutton, Marcus,
and Tehranian, 2009), tax avoidance (Kim, Li, and Zhang, 2011b), accounting conserva-
tism (Kim and Zhang, 2016), equity-based compensation (Kim, Li, and Zhang, 2011a),
and inefficient governance (Callen and Fang, 2013; Andreou et al., 2016a). However, what
motivates managers to conceal bad news largely remained unexplored in the literature.
This study’s main contribution fills this gap by providing novel evidence that CEOs have fi-
nancial incentives to pursue bad news hoarding activities earlier in their career, which sub-
sequently lead to stock price crashes.

In addition, the study contributes to the emerging literature that links heterogeneous
CEO characteristics to firm policies and outcomes (Bertrand and Schoar, 2003). In this
vein, recent studies find that CEO age significantly affects corporate investments. For in-
stance, Yim (2013) finds that financial incentives motivate younger CEOs to make more ac-
quisitions, whereas Serfling (2014) provides evidence that older CEOs invest less in
research and development, make more diversifying acquisitions and maintain lower operat-
ing leverage, resulting in lower firm risk. Our perspective is different and links CEO age to
future stock price crashes. This perspective has important implications for corporate gov-
ernance policies by raising concerns about the role of boards in monitoring and incentiviz-
ing CEOs. Specifically, the findings of our study should probe boards to devise appropriate
governance mechanisms that combat agency problems that emerge from CEO age.

The rest of the study is organized as follows. Section 2 develops our hypotheses and out-
lines the testable predictions. Section 3 describes the research design. Section 4 presents the
empirical results. Section 5 presents the robustness analysis results. Section 6 presents re-
sults on alternative explanations of the findings. Finally, Section 7 concludes the study.

2. Hypotheses Development

2.1 CEO Age and Crash Risk

Gibbons and Murphy (1992) argue that the “labor market uses a worker’s current output
to update its belief about the worker’s ability and then base future wages on these updated
beliefs”. Accordingly, superior performance affects a manager’s value in the labor market
and results in future compensation increases. Because of that relationship, younger CEOs
should have strong financial incentives to deliver superior (or to hide poor) performance to
gain early rises in compensation, which they will enjoy for a longer period. Consistent with
this argument, Yim (2013) finds that younger CEOs are more likely to pursue acquisitions
and that CEOs are rewarded as much as $300,000 in additional annual compensation for
each sizable acquisition they make. Similarly, Boschen et al. (2003) show that excess
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performance has a positive effect on the cumulative financial gain of CEOs. Such evidence
suggests that younger CEOs might be more sensitive about firm performance and that simi-
lar performance achievements have more wealth-related value for younger CEOs.

Drawing on agency theory (Jensen and Meckling, 1976), we suggest that different levels
of CEO pay for performance sensitivity, which depend upon CEOs’ ages, should create dif-
ferent responses to adverse operating outcomes. For instance, disclosure of negative infor-
mation about performance should harm the personal wealth of younger CEOs more
because the labor market will use this information to update beliefs about their abilities
and set a corresponding (lower) level of compensation (Gibbons and Murphy, 1992),
which, when accumulated across a CEO’s career, is more costly for younger CEOs.
Therefore, these CEOs have more incentives to hide negative information to avoid personal
wealth consequences, hoping that poor current performance will be offset by stronger fu-
ture performance. Hiding and accumulating bad news, however, is unsustainable in the
long run; eventually, bad news will spill out in the market when strong future performance
does not materialize (Jin and Myers, 2006; Bleck and Liu, 2007). Investors’ response to un-
expected bad news is fierce, leading to an abrupt downward revision of their expectations
about the firm’s long-term prospects, which triggers a stock price crash (Jin and Myers,
2006; Callen and Fang, 2015). The abovementioned discussion leads us to the following
hypothesis:

Hypothesis 1. Firms managed by younger CEOs are associated with higher levels of future stock
price crash risk.

2.2 The Moderating Effect of Management Discretion

CEOs are more prone to engage in moral hazard situations when they have discretion,
which they might use to compromise the effectiveness of the boards’ monitoring function
(Finkelstein and Hambrick, 1989; Ocasio, 1994). Such opportunities emerge in the pres-
ence of two organizational characteristics: the existence of CEO duality in the governance
structure and the degree of corporate diversification.

A CEO-Chair can acquire significant influence over the board, thereby weakening the
board’s ability to effectively monitor and control management decisions (Hambrick and
Finkelstein, 1987; Jensen, 1993; Dalton et al., 1998). This influence can be achieved in a
number of ways. First, CEO-Chairs, who nominate board directors, can select directors
who are loyal to them (Westphal and Zajac, 1995). Second, the duality structure can enable
CEOs to root themselves in the organization by creating norms of not questioning manage-
ment effectiveness (Finkelstein and D’aveni, 1994). Finally, these CEOs might control the
board’s distribution of attention to organizational matters, purposely discouraging ad-
equate attention to monitoring (Tuggle ef al., 2010). Consequently, when the CEO-Chair
position is held by younger CEOs who are more sensitive to adverse changes in firm per-
formance, it is more likely to suppress the board’s monitoring function to facilitate hoard-
ing of bad news from shareholders. Effectively, such behavior makes firms more prone to
future stock price crash risk. Consequently, we expect that:

Hypothesis 2. The relationship between CEO age and future stock price crash risk is stronger in
the presence of a CEO-Chair position.

Likewise, in diversified firms, there is greater organizational complexity, which can com-
promise in many ways the effectiveness of board monitoring (McKendall and Wagner,
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1997; Martin and Sayrak, 2003; Ndofor, Wesley, and Priem, 2013). First, due to decentral-
ized controls embedded in diversified firms, management decisions are based on informa-
tion originating from multiple units operating in different segments. This makes the
verification and the assessment of management decisions by board members more difficult.
Second, in such complex organizational setting, the correctness of the CEO’s judgment is
difficult to challenge because people in that position are expected to have the most know-
ledge and information about the subject of the decision. Finally, CEOs have the chance to
control what information is disclosed, in particular, information relating to the efficiency
of their actions. Consequently, such deficiencies limit investors’ capacity to collect and in-
terpret important information, which in turn can impede material input from being timely
incorporated into firm valuations (Cohen and Lou, 2012). Because of that, younger CEOs
in the presence of organizational complexity are more likely to hide bad news relating to
poor performance from shareholders, which increases the probability of a stock price crash.

Consequently, we expect that:

Hypothesis 3. The relationship between CEO age and future stock price crash risk is stronger in
more-highly diversified firms.

3. Research Design

3.1Sample

To construct our sample, we use several data sources. First, we estimate crash risk meas-
ures using firms listed in the Center for Research in Security Prices (CRSP). Similar to
earlier research, we exclude financial service firms (SIC 6000-6999) and utilities (SIC
4900-4999) because the financial characteristics in these industries are not the same as
in other industries (Kim, Li, and Zhang, 2011a). In addition, we exclude firm-years with
a stock price less than $2.5 at the end of the fiscal year and firm-years with fewer than
26 weeks of stock returns in a fiscal year (Hutton, Marcus, and Tehranian, 2009). For
the remaining firms, we gather CEO-related information from ExecuComp. We also col-
lect firm-related information from Industrial Segment and Compustat Industrial Annual
databases. The final sample with complete information covers the period 1995-2013
and consists of 18,649 firm-year observations, which correspond to 2,255 firms from
various industries.

3.2 Dependent Variables
Because the aim of this study is to investigate the effect of CEO age on stock price crashes,
we first estimate firm-specific weekly returns using the following index model regression:

Tiw = 0 + ﬂlﬂ'm,w—z + ﬁz)/”m,w—l + ﬁ}ﬁjrm,w + ﬂ4_jrm,w+1 + ﬂ‘i‘/rm‘w+2 + Ejaws (1)

where 7j,, is the return on stock j in week w, and 7,,,, is the CRSP value-weighted market
index in that week. Consistent with Dimson (1979), we include lead and lag variables for
the market index to allow for non-synchronous trading. This regression is useful to separate
firm returns into two components: (i) returns due to market-wide movements, as measured
by the fitted value of the regression; and (ii) firm-specific returns as captured by the re-
siduals of the regression. Our focus is on the residuals of the regression. Following the lit-
erature, we define the firm-specific weekly returns for firm j in week w (W;,,) as the natural
logarithm of 1 plus the residual (i.e., Wj, = In[1+¢&,]). This approach is necessary
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because the residuals of the regression are skewed. We use the residuals to estimate three
measures of crash risk. The primary crash risk measure is a binary variable that equals 1
when firm j experiences at least one crash week during the fiscal year ¢, and zero otherwise
(CRASH; ). A crash week is identified when the firm-specific weekly return is 3.2 standard
deviations below the average firm-specific weekly returns for the entire fiscal year (3.2 is
chosen to generate a frequency of 0.1% in the normal distribution).

As an alternative measure of crash risk, we also employ the negative coefficient of skew-
ness (NCSKEW), which equals the negative of the third moment of firm-specific weekly re-
turns for each firm in a year divided by the standard deviation of firm-specific weekly
returns raised to the third power (Chen, Hong, and Stein, 2001). Specifically, for a given
firm in a fiscal year ¢, we calculate NCSKEW as follows:

- [n(n - 1)% > \W;w]
(n= 1) - 2) (W2,

NCSKEW,, = , (2)

3
2

where 7 is the number of firm-specific weekly returns during the fiscal year z.

The third measure of crash risk is the extreme sigma (EXTR_SIGMA). EXTR_SIGMA
is the negative of the worst deviation of firm-specific weekly returns from the average firm-
specific weekly return divided by the standard deviation of firm-specific weekly returns
(Bradshaw et al., 2010). In particular, for a given firm j in a fiscal year #, we compute

EXTR_SIGMA as follows:

Wio = W W] ()

EXTR SIGMA,, = fMin{

aw
where W is the mean and oy is the standard deviation of the firm-specific weekly returns
over the fiscal year ¢. For both NCSKEW and EXTR_SIGMA, larger values signify greater

crash risk.

3.3 Main Explanatory Variables

Our main explanatory variable is the CEO age (AGE,_;).? In addition, we measure CEO
duality (DUALITY, 4) using a binary variable which equals 1 when the positions of CEO
and Chairman are held by the same person, and zero otherwise (Davidson et al., 2004).
Furthermore, a firm’s degree of diversification is measured using a sales-based
Herfindahl index (HERFINDAHL, ;). A smaller Herfindahl index indicates a greater de-
gree of firm diversification. All explanatory and control variables are described in the

Appendix.

1 Similar to Kim, Li, and Zhang (2011a), we use 3.2 standard deviations below the average firm-
specific weekly returns of the entire fiscal year as a reasonable benchmark to define extremely
negative returns. Our findings are qualitatively similar using alternative benchmarks, such as 3.09
standard deviations below the average firm-specific weekly returns of the entire fiscal year
(Hutton, Marcus, and Tehranian, 2009).

2 Note that in our regression tests, all of the explanatory/control variables are measured during the
period t—1 with respect to the crash risk. Thus, we model the probability of a stock price crash at
time t given all information at time t—1. In this respect, we require that the CEQ remains in the pos-
ition during the period from t—1to ¢t
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3.4 Control Variables

We use a set of control variables that are deemed potential predictors of stock price crash
risk. These variables include CEO characteristics, firm characteristics, investor characteris-
tics, and industry/year effects. Concerning CEO characteristics, we control for CEO firm-
specific experience (Hambrick and Fukutomi, 1991) using CEO tenure (TENURE, ).
Uncertainty concerning the ability of short-tenured CEOs to lead the firm due to deficient
firm-specific knowledge and experience (Simsek, 2007) creates pressure for such CEOs to
defend their job, for instance by hiding bad news. In that case, tenure should be inversely
related to future stock price crashes. We measure CEO tenure using the natural logarithm
of the number of years in a CEO post with a particular company (Henderson, Miller, and
Hambrick, 2006). We also control for departing CEOs who might overstate earnings, using
two binary variables that equal 1 when there is a change in a firm’s CEO in either the lead-
ing 1 or 2 vyears, respectively, and zero otherwise (CEO_CHANGE, ; and
CEO_CHANGE, ). Overstatement of earnings could be more severe when the CEO
change is known ex-ante, as in the case of CEO retirements (Ali and Zhang, 2015).
Accordingly, we additionally control for CEO retirement using a binary variable that
equals 1 when the CEO age is close to retirement (i.e., CEO age is 64-65 years), and zero
otherwise (RETIREMENT, ;). Generally, during periods of CEO departures, it is possible
that CEOs use accounting and/or investment decisions to increase performance-based com-
pensation in their final years at the expense of future earnings or to cover up the firm’s dete-
riorating performance that threatens their position (Murphy and Zimmerman, 1993). Both
decisions might lead to a stock price crash during either the pre- or the post-CEO departure
period, depending upon when bad news is revealed in the market.® Finally, we control for
CEO equity-based compensation using the intrinsic value of the vested and unvested in-the-
money options held by CEOs (ITM_OPTION_HOLDINGS, ;) and CEO equity holdings
(EQUITY_HOLDINGS,_,) using the natural logarithm of the market value of shares held
by CEOs.* Kim, Li, and Zhang (2011a) find that equity incentives relate positively to the
firm’s future stock price crash risk.

Concerning firm characteristics, following Chen, Hong, and Stein (2001) and Hutton,
Marcus, and Tehranian (2009), we include standard control variables such as past firm
size, defined as the natural logarithm of the market value of equity (Log(SIZE,_,)); firm
growth (MB,_), defined as the ratio of the market value to the book value of equity; firm
leverage (LEV,_,), defined as the firm’s total liabilities scaled by total assets; and firm oper-
ating performance, defined as income before extraordinary items to equity (ROE, ).
Small, high growth, highly leveraged and less-profitable firms are expected to exhibit more
stock price crashes. Also, Chen, Hong, and Stein (2001) find that firms with high past re-
turns are more prone to crash. Therefore, we control for past firm financial performance
using the average firm-specific weekly returns (RETURN,_;). In addition, we control for
firm age using the number of years that the firm is covered in COMPUSTAT
(FIRM_AGE;_;). More-experienced firms should be better at handling risk than less

3 If the reason for CEQ departure is poor performance and firms hire younger CEOs, then assuming
persistence in crash risk, CEO changes could induce a spurious CEO age effect on stock price
crashes. In Section 6, we explicitly test this alternative explanation and show that it does not affect
our findings.

4 According to Efendi, Srivastava, and Swanson (2007), intrinsic holding values capture information
on both possible equity overvaluation and price sensitivity.
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experienced firms. Thus, firm age should negatively relate to stock price crashes.
Furthermore, we control for the firms’ operational opacity using goodwill to total assets
(GOODWILL,_;), research and development to total assets (R&D,_1), and a binary vari-
able that equals 1 when the firm belongs to the technology industry (TECHNOLOGY,_,).°
According to Jin and Myers (2006), opaque firms are more likely to crash. Finally, we con-
trol for the firm’s degree of competitiveness (COMPETITIVENESS,_;) using the Lerner
index, measured as industry-adjusted firm operating profit to sales, and default risk
(PR_DEFAULT, 4), using Merton (1974) probability-to-default model as in Andreou
(2015). Pressure to deliver performance and inherent riskiness that characterizes such firms’
operations can make them more prone to crash. Concerning investor characteristics, we
control for investor heterogeneity or the difference of opinions among investors using the
de-trended average weekly stock trading volume (DTURN,_,;). Chen, Hong, and Stein
(2001) find that firms with high turnover are more likely to crash in the future.

In the regression, we also include industry effects to cover for idiosyncratic differences be-
tween industries that can make it easier/more difficult for managers to hide bad news
(Finkelstein and Hambrick, 1989). We control for industry fixed effects by including industry
binary variables, using the forty-eight-industry classification suggested by Fama and French
(1997). Similarly, we include year fixed effects to control for the unobserved year characteristics
omitted from the analysis. Finally, as a mean of addressing concerns about dynamic endogeneity,
we use past values of the dependent variable in our regressions. Given that crash risk is a binary
variable, we use a continuous variable, the negative coefficient of skewness (NCSKEW,_).

4. Empirical Results

4.1 Summary Statistics

Table I presents yearly information about the incidence and magnitude of crashes. Based
on the definition of crashes, and assuming that firm-specific returns are normally distrib-
uted, we would expect to observe 0.1% of the firms crashing in any week. Accordingly,
the likelihood of a crash during a year would be 1 — (1 — 0.001)°* = 5.07%.
Interestingly, consistent with Kim, Li, and Zhang (2011a) and Hutton, Marcus, and
Tehranian (2009), it seems that crashes are more prevalent than would have been ex-
pected under normality of firm-specific returns. In particular, the sample consists of
18,649 firm-year observations, of which 3,573 firm-years or 19.16% are classified as
crashes. This finding is in line with prior evidence showing that simple returns are not
normal but exhibit negative skewness (Harvey and Siddique, 2000; Chen, Hong, and
Stein, 2001; Theodossiou, 2015). Finally, the average weekly return of crashes through-
out the period of investigation is substantial and equals —18%. Both the prevalence and
the magnitude of the crashes indicate that stock price crashes are events with substantial
consequences for the shareholders of a firm.

Table II displays descriptive statistics. The average CEO age is 55.04 years. In addition,
the 25th and 75th percentiles are 50 and 60 years, respectively, implying that there is suffi-
cient variation in CEO age to investigate the effect of CEO age on stock price crash risk.
Concerning the moderator variables, 57.80% of the firm-year observations consist of

5 Technology industry is defined by the following four-digit SIC codes: 2833-2836 (drugs), 3570-3577
(computers), 3600-3674 (electronics), 3810-3845 (precise measurement instruments), 7371-7379
(programming), and 8731-8734 (R&D services).
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Table I. Yearly incidence and magnitude of stock price crashes

Year Number of Number of  Percentage of ~ Average returns Standard deviation of
observations  crashes crashes during crashes returns during crashes
1995 886 142 16.03 —-0.18 0.08
1996 914 135 14.77 —0.20 0.09
1997 946 135 14.27 -0.18 0.08
1998 982 144 14.66 —0.22 0.08
1999 1,016 182 17.91 —0.26 0.09
2000 940 164 17.45 —-0.29 0.10
2001 897 155 17.28 -0.23 0.09
2002 950 214 22.53 -0.23 0.11
2003 963 170 17.65 —0.18 0.09
2004 1,037 194 18.71 —0.16 0.07
2005 973 237 24.36 -0.15 0.06
2006 966 221 22.88 —0.14 0.05
2007 994 177 17.81 —-0.16 0.06
2008 1,027 216 21.03 -0.22 0.08
2009 1,050 179 17.05 -0.19 0.08
2010 1,057 193 18.26 —0.14 0.06
2011 1,049 215 20.50 -0.15 0.06
2012 1,004 260 25.90 -0.15 0.07
2013 998 240 24.05 —-0.13 0.06
Totals 18,649 3,573 19.16 —-0.18 0.09

CEOs who also serve as Chairman of the board; the average Herfindahl index is approxi-
mately 0.81.°

4.2 CEO Age and Crashes
To investigate our hypotheses, we begin by plotting in Figure 1 the percentage of stock price
crashes across firm-years based on CEO age quartiles. CEOs with age less than 51 years are
included in the youngest age cohort (AGE_GROUP_I). CEOs with ages between 51 and 55
(56 and 60) years are included in AGE_GROUP_II (AGE_GROUP_III) while CEOs with
age greater than 60 years are included in the oldest age cohort (AGE_GROUP_IV). The per-
centage of stock price crashes in AGE_GROUP_I is 20.60% and declines monotonically to
17.10% in AGE_GROUP_IV. In addition, a Chi-square test indicates that the percentage of
stock price crashes in AGE_GROUP_I and AGE_GROUP_II is statistically significantly dif-
ferent compared with crashes in AGE_GROUP_IV. Finally, relative to the unconditional
average of stock price crashes, which equals 19.16%, firms managed by CEOs that belong
in the youngest (oldest) age cohort exhibit 7.51% (10.75%) greater (lower) likelihood of a
stock price crash.

To formalize this evidence in a multivariate setting, we employ a logit regression ana-
lysis. The dependent variable is the stock price crash in year #, whereas the main

6 Untabulated correlation analysis reveals that most variables, including CEO age, correlate with
stock price crashes and exhibit the expected sign. None of the cross correlations is sufficiently
high to raise concerns over multicollinearity.
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Table Il. Descriptive statistics

This table presents descriptive statistics for key variables. All variables are defined in the

Appendix.
Mean Std Q1 Median Q3
CRASH, 0.192 0.394 0.000 0.000 0.000
AGE, 55.041 7.376 50.000 55.000 60.000
DUALITY, 0.578 0.494 0.000 1.000 1.000
HERFINDAHL, ; 0.809 0.282 0.500 1.000 1.000
TENURE,_; 7.975 7.470 2.752 5.659 10.669
CEO_CHANGE,_, 0.110 0.312 0.000 0.000 0.000
CEO_CHANGE, , 0.103 0.304 0.000 0.000 0.000
RETIREMENT,_; 0.040 0.197 0.000 0.000 0.000
ITM_OPTIONS_HOLDINGS, ; $MM 10.839 23.641 0.281 2.552 10.042
EQUITY_HOLDINGS, ; $MM 51.398 168.287 2.052 6.983 24.242
SIZE, 4 7.185 1.526 6.057 7.011 8.164
MB,_, 3.253 2.846 1.599 2.404 3.781
LEV, 4 0.480 0.195 0.334 0.494 0.620
ROE, ;4 0.110 0.199 0.058 0.122 0.187
RETURN;_; -0.137 0.138 -0.170 —0.091 —0.049
FIRM_AGE, ;4 24.408 16.324 11.000 19.000 38.00
GOODWILL, 0.111 0.138 0.000 0.055 0.182
R&D,_4 0.032 0.051 0.000 0.003 0.044
TECHNOLOGY 0.217 0.412 0.000 0.000 0.000
COMPETITIVENESS, —0.053 0.201 —0.182 —0.026 0.065
BANKRUPTCY,_, 0.004 0.029 0.000 0.000 0.000
DTURN, ; 1.354 19.278 —5.888 0.652 7.762
NCSKEW,_4 0.094 0.728 —0.336 0.042 0.449
0.210
0.200 -
o
& 0.190
5
g
E 0180
=
3
v
B 0170
@
g
c
2 0.160
&
0.150
0.140 — .
| AGE_GROUP_I (<51) | AGE_GROUP_II (51-55) AGE_GROUP_III{56-60) |  AGE_GROUP_IV (>60)
—_— 0.206 0.198 0.193 0.171

CEO age quartiles

Figure 1. Percentage of stock price crashes across CEO age quartiles.

This figure displays the percentage of stock price crashes across CEO age quartiles. For each age quar-
tile, the percentage of stock price crashes is the number of firm-year crashes divided by the total num-
ber of firm-year observations in that quartile.
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explanatory variable is the CEO age in year #—1. In addition, the regression includes con-
trol variables for CEO characteristics, firm characteristics, investor characteristics, and in-
dustry/year fixed effects. All of the continuous explanatory variables are standardized to
have a mean of 0 and standard deviation of 1. Such standardization is useful to avoid po-
tential influences attributed to scaling differences.” Furthermore, to ease interpretation of
the results, the models report odds ratios, that is, the exponential of each coefficient esti-
mate. When all other variables are held constant, an odds ratio that equals 1 indicates no
relationship between the variable and crash risk. In contrast, an odds ratio greater (less)
than 1 shows how much the probability of a crash risk increases (decreases). In addition,
given that our data include multiple observations for the same firm, we use a clustering pro-
cedure that accounts for potential within-firm dependence to prevent biased standard error
estimates that can arise when the residuals of a firm are correlated over time.

Consistent with Hypothesis 1, the results in model 2 of Table IIT show that firms em-
ploying younger CEOs are more likely to experience a future stock price crash. In terms of
economic importance, one standardized unit decrease of CEO age increases the probability
of a stock price crash by approximately 7.60% (p < 0.01). In model 3, we present the effect
of CEO age utilizing binary variables based on the quartile groupings of age
(AGE_GROUP_I < 51, AGE_GROUP_II = 51-55, AGE_GROUP_III = 56-60, omitted
AGE_GROUP_IV > 61). The coefficient estimates are greater than 1 and decline monoton-
ically across the CEO age groups, suggesting that the probability of a stock price crash for
the younger CEO groups is increasing relative to older CEO groups. In model 4, we present
the effect of age in an alternative way, which is relevant for subsequent analysis in Section
5, using a binary variable that equals 1 if the CEO age is less than the median value
(YOUNG_CEO). The coefficient estimate shows that firms managed by young CEOs ex-
hibit approximately 11.20% greater probability of a stock price crash (p < 0.05) relative to
older CEOs.

Turning next to the control variables, the results in model 1 show that most variables af-
fect the probability of a stock price crash significantly. Specifically, concerning CEO-
characteristics, CEO tenure decreases the probability of crash risk (p < 0.10) in line with
the view that pressure to deliver performance incentivizes short-tenured CEOs to defend
their jobs using methods that induce future crashes. Furthermore, the results show that
changes in a firm’s CEO in either the leading 1 or 2 years are positively related to crashes (p
< 0.01 and p < 0.01, respectively), suggesting that CEOs overstate earnings when they are
close to a departure. In addition, consistent with Kim, Li, and Zhang (2011a), in-the-
money options increase the probability of crashes (p < 0.01), indicating that stock options
can motivate managers to hide bad news to increase stock option benefits. Concerning firm
characteristics, firm size decreases the probability of crashes (p < 0.01), whereas firm per-
formance, goodwill, and the competitive status of the firm increase the probability of
crashes (p < 0.10, p < 0.01, and p < 0.01, respectively). Consistent with these results,
Chen, Hong, and Stein (2001) also find that past firm performance relates positively to
stock price crashes. Similarly, Jin and Myers (2006) show that opaque stocks are more
likely to crash. Concerning investor characteristics, investor heterogeneity increases the
likelihood of crash risk (p < 0.01), consistent with the view that investor heterogeneity and
short-sale constraints prevent bearish investors from participating in the market, leading to

7 Nevertheless, note that the results are robust to using unstandardized variables.
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Table lll. The impact of CEO age on stock price crashes

This table reports the results of logit regressions where the dependent variable is the firm-spe-
cific stock price crash dummy (CRASH). Coefficients are reported as odds ratios. All models in-
clude a constant, year, and industry fixed effects. Standard errors clustered at the firm level are
shown in parentheses. *, **, and *** indicate significance at the 10%, 5%, and 1% levels,
respectively.

(1) (2) (3) (4)
Log(TENURE,_) 0.954* 0.976 0.976 0.965
(0.024) (0.026) (0.025) (0.025)
CEO_CHANGE, , 1.206%#% 1.238%#% 1.252%%% 1.223%%%
(0.059) (0.059) (0.059) (0.059)
CEO_CHANGE,_, 1.237%%% 1.266%%% 1.278%%% 1.255%%%
(0.061) (0.061) (0.061) (0.061)
RETIREMENT,_, 1.102 1.193% 1.288%* 1.148
(0.094) (0.096) (0.100) (0.095)
Log(ITM_OPTIONS_HOLDINGS, ;) 1.101%%* 1.095%%* 1.095% %+ 1.098% %+
(0.023) (0.023) (0.023) (0.023)
Log(EQUITY_HOLDINGS,_,) 1.004 1.006 1.009 1.005
(0.025) (0.025) (0.025) (0.025)
SIZE,_, 0.877%+* 0.878*** 0.875%** 0.879%**
(0.028) (0.028) (0.028) (0.028)
MB, 1.005 1.000 1.001 1.003
(0.023) (0.023) (0.023) (0.023)
LEV, 1.024 1.024 1.022 1.023
(0.025) (0.025) (0.025) (0.025)
ROE,_, 1.021 1.023 1.022 1.022
(0.024) (0.024) (0.024) (0.024)
RETURN,_, 1.047% 1.054* 1.051% 1.049%
(0.028) (0.028) (0.028) (0.028)
Log(FIRM_AGE, ) 0.971 0.983 0.981 0.977
(0.026) (0.026) (0.026) (0.026)
GOODWILL,_; 1.072%%+ 1.071%%* 1.070%** 1.070%**
(0.023) (0.023) (0.023) (0.023)
R&D, 1.006 1.004 1.001 1.003
(0.028) (0.028) (0.028) (0.028)
TECHNOLOGY 1.104 1.100 1.104 1.102
(0.073) (0.073) (0.072) (0.073)
COMPETITIVENESS,_; 1.114%%+ 1.113%%+ 1.114%%+ 1.113%%+
(0.031) (0.031) (0.031) (0.031)
PR_DEFAULT,_, 1.000 1.000 1.000 1.000
(0.023) (0.023) (0.023) (0.023)
DTURN,_, 1.049%+ 1.050%* 1.050%* 1.050%*
(0.020) (0.020) (0.020) (0.020)
NCSKEW,_; 1.072%%+ 1.070%** 1.070%** 1.071%%*
(0.020) (0.020) (0.020) (0.020)
DUALITY, 1.064 1.082* 1.084* 1.075
(0.045) (0.045) (0.045) (0.045)

(continued)
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Table lll. Continued

(1) (2) (3) (4)
HERFINDAHL,_ 1.035 1.032 1.033 1.033
(0.023) (0.023) (0.023) (0.023)
Log(AGE, 1) 0.924%**
(0.023)
AGE_GROUP_I (<51) 1.277%%*
(0.064)
AGE_GROUP_II (51-55) 1.270%%*
(0.066)
AGE_GROUP_III (56-60) 1.248%**
(0.059)
YOUNG_CEO 1.112%*
(0.044)
—2 Log likelihood 17,766.81 17,754.18 17,745.55 17,760.36
Wald Chi-square 383.7%%* 394.6%%* 405.9%%* 392.0%**
Max-rescaled R? 0.039 0.040 0.040 0.039
Number of observations 18,649 18,649 18,649 18,649

overvalued equity and subsequent stock price crashes (Hong and Stein, 2003). Finally, past
negative conditional skewness increases the likelihood of crash risk (p < 0.01).

4.3 CEO Age and Crashes: The Role of Bad News Hoarding

According to our perspective, the mechanism underpinning the relationship between CEO
age and stock price crashes is the hoarding of bad news. In this section, we investigate expli-
citly this idea by focusing on stock price crashes triggered by company earnings announce-
ments that break previous years’ strings of consecutive earnings increases. Myers, Myers,
and Skinner (2007) suggest that strings of consecutive earnings increases, particularly lon-
ger strings, can result from hoarding of bad news. Therefore, a break in strings that triggers
a stock price crash represents an ideal setting to investigate explicitly whether bad news
hoarding drives the relationship between the CEO age and stock price crashes.

Consistent with this idea, we redefine crashes as follows: (i) CRASH_BREAK_
STRINGT equal to 1 if a firm experiences a stock price crash and firm earnings decreased
in the current year but increased in the previous year, and zero otherwise; (ii)
CRASH_BREAK_STRING2 equal to 1 if a firm experiences a stock price crash and firm
earnings decreased in the current year but increased in the previous 2 years, and zero other-
wise; and (iii) CRASH_BREAK_STRING3 equal to 1 if a firm experiences a stock price
crash and firm earnings decreased in the current year but increased in the previous 3 years,
and zero otherwise. We expect that stock price crashes that associate with
CRASH_BREAK_STRING1, CRASH_BREAK STRING2, and CRASH_BREAK_
STRINGS3 are more likely to result from stockpiling of negative news, and this likelihood
might increase with the length of the string. Among 3,573 stock price crashes, as exhibited
in Table I, 1,055 crashes or 29.53% are triggered by firm earnings that decreased in the cur-
rent year but increased in the previous year, 710 crashes or 19.87% are triggered by firm
earnings that decreased in the current year but increased in the previous 2 years, and 411
crashes or 11.50% are triggered by firm earnings that decreased in the current year but
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Table IV. The impact of CEO age on stock price crashes: crashes triggered by breaks in string of
consecutive earnings increases

This table reports the results of logit regressions where the dependent variable is firm-specific
stock price crashes triggered by breaks in a firm’s string of consecutive earnings increases.
Coefficients are reported as odds ratios. All models include a constant, control variables, year,
and industry fixed effects. Standard errors clustered at the firm level are shown in parentheses.
*, %% and *** indicate significance at the 10%, 5%, and 1% levels, respectively.

CRASH_BREAK_ CRASH_BREAK_ CRASH_BREAK_

STRING1 STRING2 STRING3

(1) (2) (3) (4) (5) (6)
Log(AGE,_;) 0.892%**  0.915%*  0.919* 1.004 0.853***  1.019

(0.038) (0.038) (0.047) (0.046) (0.061) (0.062)
LEN_STRING,_; 1.524%%%  1.554%%%  1.964%%%  2.052%%*%  2.435%%%  2.603%%*

(0.031) (0.033) (0.041) (0.042) (0.055) (0.057)
Log(AGE,_;) x 0.935%% 0.878%% 0.834%%

LEN_STRING,_; (0.027) (0.036) (0.049)

~2 Log likelihood 7221.75 721643  5,099.43  5,083.85  3,092.55  3,072.65
Wald Chi-square S16.4%%%  520.1%%%  619.6%**  641.6%**  S01.6%**  536.0%**
Max-rescaled R 0.093 0.094 0.147 0.150 0.212 0.218
Number of observations 16,251 16,251 16,251 16,251 16,251 16,251

increased in the previous 3 years. These statistics indicate that breaks in strings of consecu-
tive earnings increases represent an important source of crashes. Using these alternative def-
initions of crashes as dependent variables, we re-estimate model 2 of Table III after
controlling for the length of the earnings string prior to the break (LEN_STRING,_;).® The
results in models 1, 3, and 5 of Table IV continue to show that one standardized unit de-
crease of CEO age increases the probability of a stock price crash triggered by a break in
string of positive earnings increases by 10.80% (p < 0.01), 8.10% (p < 0.01), and 14.70%
(p < 0.01), respectively. Furthermore, as expected, in Models 1, 3, and 5 one standardized
unit increase in the length of a string increases the probability of a stock price crash trig-
gered by a break in string of consecutive earnings increases by 52.40% (p < 0.01), 96.40%
(p < 0.01), and 143.50% (p < 0.01), respectively. To link these two results, we interact
CEO age with the length of the string. To the extent that the length of the string, ex-ante,
proxies for bad news hoarding and that a break in a string represents the revelation of bad
news that trigger crashes, based on our theoretical perspective, CEO age should moderate
the relationship between strings and crashes. Indeed, the results in models 2, 4, and 6 show
that the relationship between the length of the string and the probability of a stock price
crash triggered by a break in strings is more positive for younger CEOs. Note that this mod-
erating effect is becoming more important and significant in (i) model 4 relative to model 2
(the coefficient estimate is 0.878 (p < 0.01) and 0.935 (p < 0.05), respectively) and (ii)
model 6 relative to model 4 (the coefficient estimate is 0.834 (p < 0.01) and 0.878 (p <

8 Strings of consecutive earnings increases are quite prevalent and endure in our sample.
Specifically, the sample comprises 4,093 unique strings that exhibit an average duration of 2.76
years.

Downl oaded from https://academ c.oup.conmrof/article-abstract/21/3/1287/ 2444586
by Cyprus University of Technol ogy user
on 21 Novenber 2017


Deleted Text: three 
Deleted Text: <sub>-</sub>

1302 P. C. Andreou et al.

0.12

0.1

0.08

0.06

0.04

by Break in Earnings

0.02

Probability of a Stock Price Crash Triggered

0
Low LEN_STRING — g CEO - Old CEQ High LEN_STRING

Figure 2. Strings of consecutive earnings increases and crash risk: the moderating effect of CEO age.

This figure displays the estimated moderating effect of standardized values of CEO age on the relation-
ship between the standardized values of the length of string of consecutive earnings increases and the
likelihood of stock price crashes using model 6 of Table IV. The values of string of consecutive earn-
ings increases range from low length of string (i.e., 1 standard deviation below the mean value) to
high length of string (i.e., 1 standard deviation above the mean value) in the cases of both young (solid
line) and old (dotted line) CEO age (i.e., 1 standard deviation above or below the mean, respectively).

0.01), respectively). Accordingly, assuming that stock price crashes in models 2, 4, and 6
represent, in an increasing manner, the outcome from revelation of bad news hoarding,
these results imply that earnings strings are much more likely to represent stockpiling of
negative news when firms are managed by younger CEOs. Finally, Hoetker (2007) suggests
that when interpreting interaction terms, it is important to consider not only the coefficient
estimates of interaction terms but also the coefficients of each interacted variable and the
values of all of the other variables. Therefore, to reinforce our interpretation, we plot in
Figure 2 the estimated moderating effect of CEO age on the relationship between the length
of the earnings string and the likelihood of stock price crashes using model 6 of Table IV.°
Consistent with our previous interpretation, the plot shows that the positive effect of the
length of the string on the probability of a stock price crash caused by a break is stronger
for young than old CEOs. To further examine this moderation effect, we also use the
Johnson-Neyman technique to estimate the region of significance, which provides values
within the range of CEO age where the relation between the length of the string and the
probability of a stock price crash caused by a break is significant at the 5% level. Figure 3
displays the effect of the length of the string given CEO age (measured as deviations from
the mean CEO age). The solid line shows the marginal effect of the length of the string
while the dotted lines represent the 95% confidence intervals, with the conditional effect to
be significant only when both confidence interval bounds lie either below or above zero.
Thus, for Figure 3 the marginal effect of the length of the string is significant when CEO
age is up to 3.55 standard deviations above the mean CEO age (or equivalently CEO age is
below 81 years). For CEO age greater than 3.55 standard deviations above the mean CEO
age, the effect is insignificant. These results nuance our previous interpretation.

9 Hoetker (2007) shows that not only the magnitude but also the sign of the interaction effect can
change depending on the sign of independent variable coefficients and their coefficient estimates.
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Figure 3. Johnson-Neyman region of significance for the conditional effect of the length of string of
consecutive earnings increases given CEO age.

This figure displays the range of standard deviations below and above the mean CEO age where the
relation between the length of the string and the probability of a stock price crash caused by a break
using model 6 of Table IV is significant at 5% level.

4.4 CEO Compensation Incentives and Crashes

To investigate CEOs’ incentives to hide bad news we examine the evolution of CEO com-
pensation before (up to 3 years), during, and after (up to 1 year) the incurrence of stock
price crashes. We focus on crashes triggered by revelation of bad news, as captured by
CRASH_BREAK_STRINGS3, because this setting portrays the strongest relationship be-
tween strings of consecutive earnings increases and crashes. More specifically, we explore
the determinants of CEO compensation using a regression of the natural logarithm of CEO
compensation on various firm characteristics. Specifically, our main independent variable is
the total CEO compensation (COMP). We also consider CEO salary (SALARY), bonus
(BONUS), or equity-based components of compensation (OPTIONS). Firm characteristics
include the natural logarithm of total assets (SIZE;), the number of years that the firm is
covered in the COMPUSTAT universe (FIRM_AGE,), the ratio of market value of equity to
book value of equity (MB,), the ratio of net income to total assets (ROA;), the cumulative
monthly returns during the year (RETURN;,), and the standard deviation of monthly re-
turns during the year (STDEV,). In addition, we introduce a series of binary variables that
denote individual years surrounding the crash year. In this respect, CRASH_YR, is the year
that the crash occurred; BEF_CRASH_YR, ; is the year before the crash;
AFT_CRASH_YR,, is the year after the crash; and so forth. All regressions include year
and industry binary variables, and standard errors are adjusted for clustering at the firm
level. In this specification, the coefficient estimates of BEF_CRASH_YR, 3 to
BEF_CRASH_YR,_; represent the (yearly) effect of consecutive earnings increases on CEO
compensation before the crash. Similarly, the coefficient estimate of CRASH_YR, repre-

sents the effect of a stock price crash on CEO compensation, and the estimate of
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Table V. CEO compensation, earning strings, and stock price crashes

This table presents the results of OLS regressions where the dependent variables of models 1-
4 are, respectively, the log of the CEO’s total compensation, salary, bonus, and equity-based
compensation (equity-based compensation includes grants of options and restricted stock). All
models include a constant, year, and industry fixed effects. Standard errors clustered at the
firm level are shown in parentheses. *, **, and *** indicate significance at the 10%, 5%, and 1%
levels, respectively.

Log(COMP) Log(SALARY) Log(BONUS) Log(OPTIONS)

(1) (2) 3) 4)
SIZE, 0.689%** 0.604%*** 0.113%** 0.507%%**
(37.13) (31.55) (8.94) (23.28)
Log(FIRM_AGE;) 0.001 0.1271%*** 0.021* —0.001
(0.06) (8.15) (1.83) (—0.40)
MB, 0.131%** —0.041%* 0.003 0.101%**
(7.35) (—2.30) (0.22) (5.08)
ROA, 0.032%#** 0.021%* 0.095%** —0.003
(3.31) (2.21) (10.48) (—0.30)
RETURN; 0.030%*** 0.012 0.124%*** 0.017*
(3.51) (1.64) (15.85) (1.66)
STDEV, 0.044%*** —0.020* —0.040%** 0.037%**
(4.21) (—1.82) (4.08) (3.05)
BEF_CRASH_YR, ; 0.013 0.067* 0.102** —0.026
(0.30) (1.72) (2.19) (—0.50)
BEF_CRASH_YR, 0.078** 0.061* 0.137%** 0.077
(1.97) (1.76) (3.35) (1.64)
BEF_CRASH_YR, ; 0.118*** 0.095%** 0.010 0.149%**
(3.16) (2.68) (0.25) (3.68)
CRASH_YR, 0.011 0.046 —0.177%%* 0.045
(0.31) (1.40) (—4.46) (1.10)
AFT_CRASH_YR, —0.033 0.011 —0.086%* —0.001
(—0.94) (0.31) (—2.49) (—0.01)
Adjusted R? 0.523 0.562 0.423 0.328
Number of observations 16,242 16,242 16,242 16,242

AFT_CRASH_YR, represents the effect on CEO compensation of the year after a stock
price crash.

The results in model 1 of Table V show that, controlling for the determinants of CEO
compensation, consecutive earnings increases appear to raise CEO total compensation by
11.80% (p<0.01) and 7.80% (p <0.05) 1 and 2 years before the crash, respectively.
Interestingly, stock price crashes do not adversely affect CEO compensation because we do
not find any statistically significant reductions. Similarly, the year after a stock price crash
does not affect CEO compensation. Consequently, increases in CEO compensation during
periods of consecutive earnings increases seem to be permanent because compensation does
not revert to previous levels during both the year and the year after a firm experiences a
stock price crash. This permanence creates strong financial incentives for CEOs to generate
strings of consecutive earnings increases earlier in their careers.
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Next, we examine which components of CEO compensation drive the increase in compen-
sation prior to a stock price crash. In models 2—4 of Table V, the dependent variable is the nat-
ural logarithm of salary, bonus, and equity-based compensation, respectively. The results show
that 1 year before the crash, strings of consecutive earnings increases are associated with size-
able increases of 9.50% (p < 0.01) and 14.90% (p < 0.01) in salary and equity-based compen-
sation, respectively. In addition, 2 years before the crash, consecutive earnings increases relate
to an increase of 6.10% (p < 0.10) in salary and a significant increase of 13.70% (p < 0.01) in
bonus. Finally, as expected, bonus appears to fall during the crash year and the year after crash.
Nevertheless, the increase in salary and equity-based compensation seems to be largely retained,
and the decline in bonus does not affect total compensation in any economically meaningful
fashion because the average CEO in the sample receives 50% of compensation in the form of
equity-based compensation, 15% in salary, and only 8% in bonus. Overall, these results sug-
gest that equity-based compensation and salary are the primary financial incentives that young
CEOs pursue to hoard bad news and create strings of consecutive earnings increases.

4.5 The Moderating Effect of Managerial Discretion

In the previous section, we provide evidence that firms managed by younger CEOs are
more likely to experience a stock price crash. This finding supports the view that financial
incentives to hoard negative information, which vary across CEO age, create agency prob-
lems that drive stock price crashes. Agency theory identifies monitoring, among others, as a
critical control system for such problems. Thus, we investigate whether an increase in man-
agerial discretion, which suppresses the effectiveness of the monitoring, could moderate the
relationship between CEO age and stock price crashes.

The results in Table VI show coefficient estimates of the moderating effects of duality
and Herfindahl index on the relationship between CEO age and stock price crashes.
Similarly, Figures 4 and 5 plot the estimated moderating effect of duality and Herfindahl
index on the relationship between the standardized values of CEO age and the likelihood of
stock price crashes. Consistent with hypotheses 2 and 3, the results show that duality and
degree of diversification increase the likelihood of firms managed by young (than old
CEOs) to experience a stock price crash. Estimating the region of significance for the mod-
erating effect of duality is meaningless because duality is a binary variable. Nevertheless,
we can estimate the significance of the slope when duality equals one or zero, that is, for
dual and non-dual CEOs. Untabulated results show that the slope is significant at the 1%
level for dual CEOs and insignificant at conventional levels for non-dual CEOs. Regarding
the region of significance of the moderating effect of Herfindahl index we estimate it using
the Johnson-Neyman technique. Figure 6 plots the effect of CEO age given Herfindahl
index. The figure shows that the marginal effect of CEO age is significant when the
Herfindahl index is up to 0.60 standard deviations above the mean Herfindahl index (or
equivalently Herfindahl index is below 0.97). For Herfindahl index greater than 0.60 stand-
ard deviations above the mean, the effect is insignificant. Overall, these findings support
the view that younger CEOs are more likely to exploit the CEO-Chair position and organ-
izational complexity to hide bad news, thus increasing stock price crash risk.

5. Additional Analyses

In this section, we perform several additional analyses to assess the robustness of the find-
ings. First, thus far, a crash is defined to represent an extreme negative firm-specific weekly
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Table VI. The impact of CEO age on stock price crashes: moderating effects of CEO duality and
Herfindahl index

This table reports the results of logit regressions where the dependent variable is the firm-spe-
cific stock price crash dummy (CRASH). Coefficients are reported as odds ratios. All models in-
clude a constant, control variables, year, and industry fixed effects. Standard errors clustered at
the firm level are shown in parentheses. *, **, and *** indicate significance at the 10%, 5%, and
1% levels, respectively.

(1) (2) (3)
DUALITY,_ 1.067 1.081* 1.068
(0.045) (0.045) (0.045)
HERFINDAHL,;_ 1.033 1.026 1.027
(0.023) (0.023) (0.023)
Log(AGE, 1) 0.985 0.912%** 0.966
(0.033) (0.023) (0.033)
Log(AGE,_ ;) x DUALITY, 0.899%* 0.909%*
(0.042) (0.042)
Log(AGE,_;) x HERFINDAHL, | 1.072%%% 1.068%#+
(0.021) (0.021)
—2 Log likelihood 17,747.00 17,743.10 17,737.39
Wald Chi-square 409.1%** 406.0%** 418.6%**
Max-rescaled R 0.040 0.041 0.041
Number of observations 18,649 18,649 18,649
03
028
:E: 0.26
£ ou
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2 022 4
2
z 02
% 018
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Figure 4. CEO age and crash risk: the moderating effect of duality.

This figure displays the estimated moderating effect of duality on the relationship between the stand-
ardized values of CEO age and the likelihood of stock price crashes using model 1 of Table VI. The like-
lihood of stock price crashes is evaluated for values of CEO age ranging from young CEO (i.e., 1
standard deviation below the mean value) to old CEO (i.e., 1 standard deviation above the mean value)
in the cases of dual CEO, that is, duality equals 1 (solid line), and of non-dual CEO, that is, duality
equals 0 (dotted line).

return. To alleviate concerns over the definition of extremeness, we re-run the main analysis
using alternative measures of crash risk. In particular, we use as dependent variables either
the negative coefficient of skewness (Chen, Hong, and Stein, 2001) or extreme sigma
(Bradshaw et al., 2010). The advantage of these variables is that they are continuous and
they capture the proclivity of a firm toward stock price crashes; not necessarily, however,
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Figure 5. CEO age and crash risk: the moderating effect of the Herfindahl index.

This figure displays the estimated moderating effect of the Herfindahl index on the relationship be-
tween the standardized values of CEO age and the likelihood of stock price crashes using model 2 of
Table VI. The likelihood of stock price crashes is evaluated for values of CEO age ranging from young
CEO (i.e., 1 standard deviation below the mean value) to old CEO (i.e., 1 standard deviation above the
mean value) in the cases of a low Herfindahl index. That is, the Herfindahl is set to 1 standard devi-
ation below its mean value (solid line) and 1 standard deviation above its mean value (dotted line).

a1 -

it - == Effect of CEO age given level of Herfindahl index
= = = Upper confidence nterval bound (CI 95%)
— - =Lower confidence mterval bound (CI 95%)

025 -

Conditional Effect of CEO Age on Probability of a Stock Price Crash

------ Region of Significance

-1 0.8 0.6 0.4 0.2 0 0.2 0.4 0.6 0.8 1

Standard deviations below (negative values) and above (positive values) the mean
Herfindahl Index

Figure 6. Johnson-Neyman region of significance for the conditional effect of CEO age given
Herfindahl index.

This figure displays the range of standard deviations below and above the mean Herfindahl index
where the relation between the standardized values of CEO age and the probability of a stock price
crash using model 2 of Table VI is significant at 5% level.

the more extreme ones. As shown in Table VII, the results from this analysis are qualita-
tively similar to those presented above.

Second, it is possible that inappropriate model specification of CEO tenure, which is
correlated with CEO age, bias coefficient estimates of CEO age. Table VIII reports results
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Table VII. The impact of CEO age on stock price crashes: alternative measures of crash risk

This table presents the results of OLS regressions where the dependent variable of models 1-3
is the negative coefficient of skewness (NCSKEW) and the dependent variable of models 4-6 is
the extreme sigma (EXTR_SIGMA). All models include a constant, control variables, year, and
industry fixed effects. Standard errors clustered at the firm level are shown in parentheses. *,
** and *** indicate significance at the 10%, 5%, and 1% levels, respectively.

NCSKEW EXTR_SIGMA
(1) (2) (3) (4) () (6)
DUALITY,_, 0.003  0.008 0.005  0.010  0.016 0.012
(0.013) (0.013)  (0.013)  (0.012) (0.013)  (0.013)
HERFINDAHL, , 0.015%* 0.015**  0.013** 0.015** 0.014**  0.013**
(0.006)  (0.006)  (0.006)  (0.006) (0.006)  (0.006)
Log(AGE, ;) —0.025%+* —0.011 —0.027%** —0.008
(0.006)  (0.009) (0.006)  (0.009)
Log(AGE,_;) x DUALITY,_, —0.027%* —0.036%**
(0.012) (0.012)
Log(AGE, ;) x HERFINDAHL, , 0.015%## 0.014%*
(0.006) (0.006)
Adjusted R? 0.029  0.029 0.030  0.027  0.028 0.029
Number of observations 18,649 18,649 18,649 18,649 18,649 18,649

after controlling for quadratic, cubic, and quartic forms of tenure. The results show that
the effect of CEO age on crashes and the moderating effect of duality/Herfindahl index re-
main robust; therefore, they are not driven by any non-linear effects of tenure.

Third, if the characteristics of firms managed by younger CEOs are different, then the
apparent CEO age effect on stock price crashes might be biased when linear control vari-
ables employed in the main specification are inadequate. Under this assumption, the CEO
age effect might pick up non-linear effects of the control variables on a firm’s propensity to
experience a stock price crash. Ideally, to alleviate concerns over such functional form mis-
specification biases, we create two data samples that are comparable across all the control
variables but differ only on CEO age. To construct these samples, we use a one-to-one pro-
pensity-score matching estimation method. More specifically, the method uses a probit re-
gression to estimate propensity scores, p(Y=1|X=x), based on the probability of receiving a
binary treatment, Y, conditional on all the control variables, x. To operationalize the esti-
mation, we transform CEO age into a binary variable based on the median value of 55
(YOUNG_CEO) and we consider having a young CEO as treatment. Then, we estimate the
propensity score of having a young CEO using the control variables, as in model 1 of
Table ITI. We then use the resulting estimated propensity scores to find comparable firms
that belong in the treatment effects and exhibit comparable scores. That is, for each firm-
year with a young CEO we use the propensity scores to find comparable firm-years with an
old CEO based on the nearest-neighbor method. To ensure the adequacy of the matching
estimation method, we require that the absolute difference in propensity scores among pairs
does not exceed 0.01. If there are more firm-years with an old CEO that meet this criterion,

we retain the firm-year with the smallest difference in propensity scores. Using this method
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Table VIII. The impact of CEO age on stock price crashes: controls for non-linear effects of CEO
tenure

This table reports regression results where the dependent variable is a firm-specific stock price
crash variable. The results of models 1 and 2 are odd ratios from logit regressions where the
dependent variable is a crash risk dummy (CRASH). Models 3-6 report results of OLS regres-
sions where the dependent variable of models 3 and 4 is the negative coefficient of skewness
(NCSKEW) and the dependent variable of models 5 and 6 is the extreme sigma (EXTR_SIGMA).
All models include a constant, control variables, year, and industry fixed effects. Standard
errors clustered at the firm level are shown in parentheses. *, **, and *** indicate significance
at the 10%, 5%, and 1% levels, respectively.

CRASH NCSKEW EXTR_SIGMA
(1) (2) (3) (4) (5) (6)
Log(TENURE, ;) 2.627 0.967 —0.003 —0.002 —0.006 —0.005
(0.772)  (0.043)  (0.013)  (0.013)  (0.012)  (0.012)
LOg(TENUREt,l)2 0.349 1.091* 0.001 0.001 0.006 0.006
(0.691)  (0.045) (0.013) (0.013) (0.012)  (0.012)
Log(TENURE,_,)* 1.501 1.008 0.002 0.002 0.002 0.002
(0.249)  (0.016) (0.004) (0.004) (0.004)  (0.004)
Log(TENURE,,l)4 0.950*  0.983 0.000 0.000 —0.001 —0.001
(0.031)  (0.011)  (0.003)  (0.003)  (0.003)  (0.003)
DUALITY, 1.082* 1.069 0.008 0.006 0.016 0.013
(0.045)  (0.045) (0.013) (0.013) (0.013) (0.013)
HERFINDAHL, 1.121 1.028 0.015**  0.013**  0.014**  0.013**
(0.081)  (0.023) (0.006) (0.006) (0.006)  (0.006)
Log(AGE, 1) 0.582*%** 0.976 ~ —0.022***—-0.008  —0.024*** —0.005
(0.171)  (0.033)  (0.006)  (0.009)  (0.006)  (0.009)
Log(AGE, ;) x DUALITY, , 0.904** —0.027** —0.036%**
(0.042) (0.012) (0.012)
Log(AGE,_1) x HERFINDAHL, 1.065%** 0.015%** 0.013**
(0.021) (0.006) (0.006)
Max-rescaled R*/Adjusted R? 0.040 0.041 0.029 0.030 0.028 0.029
Number of observations 18,649 18,649 18,649 18,649 18,649 18,649

we obtain 5,803 unique pairs of matched firm-years. Panel A of Table IX displays the aver-
age of the control variables for young (below median age) and old (above median age)
CEOs for both the unmatched and propensity-score matched samples. For the unmatched
sample, it is evident that most of the control variables differ significantly across the two
samples. For the propensity-score matched sample, however, all of the control variables are
comparable across the two groups; by design, only the CEO age differs.!® Using this sam-
ple, panel B of Table IX reports the results of the main analysis (in the spirit of models 1
and 3 of Table VI) using comparison samples for each treatment effect (e.g., young versus
old CEOs). The results remain qualitatively similar, suggesting that the CEO age effect on
stock price crashes is not an artifact of functional form misspecification biases.

10 An exception is the RETIREMENT,_; variable that by definition should not vary across young and
old CEOs.
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