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Abstract

What determines CEO incentives? A confusion exists among both academics and
practitioners about how to measure the strength of CEO incentives, and how to reconcile
the enormous differencesin pay sensitivities between executivesin large and small firms.
We show that while one measure of CEO incentives (the dollar change in CEO wealth per
dollar changein firm value) falls by afactor of ten between firmsin the smallest and largest
decilesin our sample, another measure of CEO incentives (the value of CEO equity stakes)
increases by roughly the same magnitude. We resolve the confusion about which of these
measures better reflects CEO incentives by developing and solving amodel that allows
CEO productivity to differ for firms of different sizes. The crucia parameter is shown to be
the elagticity of CEO productivity with respect to firm size. Our empirical results suggest
that CEO marginal products rise significantly, and overall CEO incentives are roughly
constant or decline dightly with firm size. We thus confirm Rosen’ s (1992) conjecture that
the actions of executivesin larger firms have a“chain-letter like’ effect on firm
performance. We also show that the appropriate measure of incentives depends on the type
of CEO activity being considered. For activities whose dollar impact is the same for large
and small firms (such as the purchase of a corporate jet), the dollars-on-dollars measure is
appropriate, and large firms suffer significant agency problems due to their weak
incentives. For activities whose percentage impact is similar across firms of different sizes
(such as a corporate reorgani zation), the equity stake measure is better, and the incentive
problem faced by large firmsis not as severe. Finaly, using a multi-task model, we
discuss the implications of our findings for the design of control systems.



l. I ntroduction

How do the incentives for large-firm CEOs compare to those of small-firm CEOs? This
seemingly ssmple question is fraught with ambiguity. A confusing debate rages among
academics and practitioners about what determines CEO incentives.* This confusion
manifestsitself in anumber of ways: in the range of empirical specificationsfor pay-to-
performance regressions in the literature; in the wide discrepancy in estimates of pay
sengitivities; in popular controversy over the appropriate level of executive holdings of
stock and stock options.

Schaefer (1998) showed that the pay sensitivity (measured as the dollar change in CEO
wealth per dollar change in firm value) falls with the square root of firm size. If CEO
incentives are determined by pay sensitivity measured in this way, then Schaefer’s
estimates imply that CEQO incentives are ten times lower for a$10B firm than for a $100M
firm. But, as noted by Rosen (1992) and Holmstrom (1992), the key question is how to
compare the incentives faced by the CEOs of companies of dramatically different sizes. In
particular, the notion that CEOs of large companies have trivia incentives relative to CEOs
of small companies seems odd given the very large wealth swings induced by the
enormous stock and option holdings of large-company CEOs (Hall and Liebman, 1998).

Consider that the CEO of a $10B firm, who owns only 0.5 percent of the firm'’s stock, still
holds an equity stake worth $50M. Given these large stakes, it seemsimplausible to many
that the incentives of large-company CEQOs are so much weaker than those of small-
company CEOs. The large equity stake of the large-company CEO would seem to give
strong incentives to raise the share price, since asmall percentage change in the stock price
changes the CEO’ s wealth by millions of dollars. Indeed, it seems plausible that the
incentives of thislarge-company CEO are stronger, rather than weaker, than the incentives
facing the small-company CEO. This rai ses the obvious question, which is central to this
paper: in terms of the strength of CEO incentives, what matters? Isit only the “percent
owned,” or do “dollars at stake” aso matter?

This paper attempts to answer several questions about the appropriate measure of incentives
for top managers. We develop amodel of pay-to-performance sensitivity that bridges the

! See, for example, Jensen and Murphy (1990), Garen (1994), Haubrich (1994), Joskow and Rose (1994),
Hall and Liebman (1998), Murphy (1999) and Aggarwal and Samwick (1999).
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gap between these two “measures’ of incentives and enables us to analyze how the strength
of incentives relates to the scale of the firm. We use this model to re-examine the data on
CEO pay-to-performance relationships, deriving new insights on how variation in firm size
affects CEO incentives, firm structure and control systems.

Our model predicts how the optimal pay-to-performance sensitivity of a CEO varies with
firm size. Aswith the standard model, the optimal sensitivity depends on the variability of
firm returns, CEO risk aversion and the marginal product of the CEO’ s actions on firm
value. The key difference between our model and the standard one is that we do not assume
that this latter parameter—g, the marginal product of CEO actions on firm value—is
invariant to firm size. Indeed, we argue that the assumption that the marginal product of
effort isinvariant is one of two polar cases, the other polar case being that CEO marginal
product scales proportionally with firm size.

We show that if the marginal product of effort is constant across firm size, then incentives
are determined solely by the dollar change in CEO wealth per dollar changein firm value.
This measure, first estimated by Jensen and Murphy (1990) and labeled “b” ? falls very
quickly in our model asfirm size rises (since the variance of firm value explodes with firm
size), leaving CEOs of large firms with trivial incentives relative to small-firm CEOs.
Although this model is common in the literature, it is appropriate only for thinking about
the class of decisions made by CEOs whose marginal products do not scale with firm size.
An example would be the purchase of a corporate jet. A CEO that owns 1 percent of the
firm can buy a corporate jet at a 99 percent discount and a CEO that owns 10 percent of the
firm can buy the jet at a 90 percent discount. This discount to the CEO isinvariant to firm
size. Only the percent owned matters.

The opposite polar case is when the marginal product of effort scales proportionately with
firm size. Examples of actionsthat scale with firm size might be a corporate reorgani zation

2 Throughout this paper, we will loosely refer to “b” asthe“ percent owned.” Thisisstrictly correct if the
CEO owns only stock. If the CEO also owns stock options or has cash pay that is sensitive to firm value,
then b will be larger than percent ownership. In this paper, we ignore the sensitivity of annual salary and
bonus changes to performance, but we are careful to include the incentive effects of executive stock options.
Since, for agiven change in stock price, the Black-Scholes value of one dollar’s worth of stock option
changes more than the value of one dollar’ s worth of stock, b islarger than the CEO’ s equity stake in the
firm (the value of stock and options) divided by firm value. There is also a question about whether
executives value options at their Black-Scholes value; we return to this question below.
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or achangein the strategic focus of the firm. In cases such asthese, good (or bad) actions
by the CEO affect the entire firm. In the words of Rosen (1992), the CEO’ s actions have a
“chain-letter like” effect on the value of the firm. We show that in the polar case of
proportional scaling (the elasticity of gwith respect to firm sizeis one), the strength of
incentives can be inferred from the CEO’ s equity stake in the firm, b times the value of the
firm.2 Theintuition for thisis straightforward: if the marginal product of actions scale
proportionally with firm size, then CEO actions affect the percent change, not the dollar
change, in firm value. Inthiscase, the strength of CEO incentives can be measured by the
CEOQ's equity stake in the firm (which will be multiplied by any percentage point changein
firm value).

We do not consider one other possible variable that might affect the strength of CEO
incentives:. the fraction of the CEO’ swealth that istied up in the firm. We ignore this
variable for two reasons. First, we have no way to measure, with the data available, the
non-firm wealth of the CEOsin our sample. But we consider thislack of datato be only a
modest drawback for the following reason. Almost al of the CEOsin our sample have
stakes worth millions of dollars. We believe that avery high percentage of our CEO’s
wealth isinside the firm and furthermore believe that the variation in percentage of wealth
inside the firm varies far lesswith firm size than either their percentage ownership (which
declines dramatically with firm size) or their dollar stakes (which increase dramatically with
firm size). We argue that any cross-sectiona differencesin the marginal utility of income
between CEOs with different wealth levels will not be significant when compared to the
variations in incentives that come from either their percentage ownership or the size of their
stakes.*

We use our model, arange of assumptions about CEO risk aversion, and two data sets on
CEO pay and equity ownership to estimate the relationship between the margina product of
effort (g) and firm size. The data strongly rejects either of the two polar cases. Our
estimate of the elasticity of CEO marginal product with respect to firm size is approximately

3 Again, if the CEO owns only stock, then b is the percent owned and the value of the CEO’s stake equals
b times firm value. However, since virtually all of our CEOs hold options, the value of their stock and
option holdings is less than b times firm value. Throughout the paper, we refer to b times firm value as the
CEO's stakein the firm.

* We do believe that this variation in the fraction of wealth at stake may change a CEO’s propensity to take
risks. Analysis of this effect is beyond the scope of this paper.
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0.4, rgjecting an elasticity of zero (gis constant across firm size) and one (gincreases
proportionately with firm size). We interpret this as evidence that CEOs do a range of
activities, the marginal product of which scales with sizein varying degrees.

With regard to total incentives and size, we find that incentives are roughly constant or fall
dightly asfirms become larger. Thisis because total incentives—the marginal returnsto
effort—equals b times g Asfirmsbecome larger, b falls strongly and grises sharply. The
combined effect in most of our estimatesis zero or asmall decline. Thusincentives may
fall asfirm size increases, but not nearly as drastically as many models predict. Thelarge
dollar equity stakes of large-company CEOs do matter.

Our results have a number of related implications, which we summarize here and detail in
Section V.

* Wearguethat both the empirical and theoretical literatures have mischaracterized the
relationship between firm size and managerial margina products, and as aresult have
provided mideading estimates of pay sensitivity.

*  Weexplain the existence of expensive corporate staffsin large firms as the response to
the high marginal product of CEO effort in these firms.

» Thelow (but optimal) b'sin large firms relative to those in smaller firmsinduce greater
agency problems for some activities than others. More specificaly, activities with the
same dollar impact (positive or negative) on large and small firms will create greater
agency problemsfor large firms, necessitating more monitoring by large firms than
small.

*  Weexplain the existence of bureaucratic “red tape’ in large firms.

The paper proceeds as follows. In the next section, we lay out our model of managerial
production and compensation, including our strategy for estimating the marginal product of
CEOQ effort. In Section 111, we describe our data sources and summarize the data. Section
IV contains our estimates of the elasticity of CEO marginal products with respect to firm
size, and our estimates of incentive differences across firms of different sizes. Section V
discusses implications of our ssimple model, and develops a richer multi-task model that
allows areinterpretation of the results of Section 1V. Section VI concludes.
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1.  Mode

In order to understand variation in pay sensitivities across firms of different sizes, we need
amodel that can accommodate differencesin the manageria production function. We
construct amodel that does this, allowing the effects of manageria action on value to differ
for different size firms.

Consider afirm value production function that maps managerial actions on to firm value.
We assume that firm value has components that are affected by manageria effort, and
components that are independent of manageria effort.

Vi =dVi) 8.+ Vi + e(Vy),

where:

V..., iIsthevaueof firmi at the beginning of period t+1,

it+

V, isthevalue of firmi at the beginning of periodt,

&V,,) isthe random component of firm valuein period t. eisanormally distributed random

variable with mean 0 and a standard deviation s(V,). s(V,) varieswith the size of
the firm.

a, isthe effort of the CEO of firmi in period t,

oV,,) isthe marginal product of managerial effort. It aso varies with the size of the firm.

CEOs have disutility for effort. We assume that all CEOs share the same didike for their
effort, or at least that CEOs of larger firms are not systematically different from those of
smaller firms with respect to their cost of effort.”

Cla)= 5

® Thisis apotentially troubling assumption, since more able CEOs, who could be thought of as having
lower cost of effort, may tend to be selected into larger firms. We deal with thisissue by subsuming cross-
sectional differencesin effort cost into the difference in the marginal product of effort. Thus we consider
CEOs with low effort cost to have high marginal products, and vice versa. This assumption has no effect
on our theoretical or empirical analysis. See the discussion at the end of this section.
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CEOs arerisk averse, with negative exponentia utility for wealth, and additively separable
cost of effort. Thisimpliesthat the expected utility for monetary rewards can be captured
with the mean and the variance of wealth. CEOs maximize their expected utility at the end
of period t:

E[Ui(Wit+11a'it)] = E(Wit+1) - io\z/\/n - C(art)1

where:
W,,,, iIsCEO i’sweadlth at the beginning of period t+1 (the end of period t),
E(W,,,) isthe expected value of CEO i’ s wealth at the end of period t,

r, isthe CEO’ s measure of absolute risk aversion,

o %Nn isthe variance of the CEO'swealth in period t.

The utility function that we use has no “wealth effects.” That is, rich CEOs trade off money
and effort in the same way that poor CEOs do (although they may have different risk
tolerances). As discussed above, we believe that this smplification does not change the
interpretation of our results very much.

CEO rewardsin the model come from afixed salary and the change in wealth resulting
from changesin the value of stock and option holdings. Jensen and Murphy (1990) and
Hall and Liebman (1998) have shown that variations in the value of stock and options are
very large relative to variations in salary and bonus. So we restrict our attention to this
component of CEO rewards, and ignore the sensitivity of salary and bonus to changesin
firm value® We abstract from the non-linear nature of the value of options, and assume that
the relationship between CEO wealth and firm va ue can be modeled as a smple linear
function. Thus, the CEO’ s wealth at the beginning of period t+1is:

Wiy =W, + S, +bi(V, .-V,

where:

5 We also ignore differencesin “ sensitivity” that might come from differential likelihood of firing. Jensen
and Murphy’s (1990) estimates of the incentive effect of such actions, however, suggest that they are not
large. We also have no prior on how they vary with firm size. The effects of other governance differences
(tighter monitoring by the board, more rigid control systems) are addressed in Section V.
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b, isthe CEO's effective ownership percentage,’
S, isafixed component of CEO rewards, independent of firm performance.

Given this compensation scheme, the CEO chooses effort to maximize utility. The first-
order condition for this effort choiceis:

D a=bgVy

In this model, the CEO’ s effort decision depends on the strength of the pay-for-
performance relation (b)), and on the marginal product of effort, g. (We now drop the
explicit functional notation for gand s, and refer tog(V,,) asgands(V,) ass)).

The optimal b, involvesthe trade-off standard in the literature: bigger b’s mean better
incentives for effort, but impose more risk on the CEO. This simple model yields the
following familiar expression for the optimal dope of the compensation scheme:

2

- i
2 b* =——7"——
( ) i ,Yi2+2pi0_i2

Note that, in this expression, the more important CEO actions are relative to the amount of
random variation in firm value (that is, the size of g relativeto s,), the larger will be the

optimal sensitivity of pay-to-performance.

We could use this model to predict how b* will change with firm size. To do this,
however, would require that we know how g, r, and s, change with firm size. The latter
two parameters are not a problem. If we assume constant relative risk aversion, then
absolute risk aversion isinversely proportiona to the CEO’ s wedlth. If we can estimate
how a CEO’ s wealth changes with firm size, then we can infer how a CEO’ s absolute risk
aversion changes with firm size. In addition, the relationship between afirm’s size and the
standard deviation of itsreturnsiswell known. However, we do not know how the
margina product of a CEO’s effort changes with firm size.

" We recognize that most of an executive' s stock is held voluntarily, in the sense that the firm cannot
formally prevent an executive from selling stock. However, formal rules (such as stock ownership
guidelines), informal pressures (including concern over market signals) and the implicit threat to renegotiate
salary and bonus terms, give boards much control over CEO stock holdings. See Core and Guay (1999)
for evidence that boards attempt to bring executivesto atarget level of equity incentives.
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The model yields useful predictions, however, on what determines CEO incentives based
on different possible relationships between gand firm size. The elasticity of gwith respect
to firm sizeisthe critical parameter. If this easticity is zero, then gisinvariant with firm
size. Under this assumption (common in the theoretical literature, and the implicit onein
Jensen and Murphy (1990) and the many subsequent empirical papers), the dollar change
in CEO wedlth for each dollar change in firm value—that is, b—determines the strength of
CEO incentives. It does not matter whether the CEO owns 1 percent of a$100M firm, or 1
percent of a$10B firm; an action that wastes $1M in one firm (say, the purchase of a
corporate jet) also wastes $1M in the other, and both cost him $10,000. Absent differences
in the marginal utility of income, he will make the same choice even though the first CEO
has $1M at stake, while the second has $100M at stake.

Consider now the opposite extreme: that the elasticity of gwith respect to firm size is one.
Such an assumption isimplicit in much of the empirical literature (for instance, Joskow,
Rose and Shepard (1993) and Gibbons and Murphy (1990); for a discussion, see Joskow
and Rose (1994)). In this case, an action that has a $5M effect on a $100M firm will have a
$500M effect on a $10B firm. An example of thistype of action might be the reorganization
of thefirm or achange in strategic direction. For thistype of activity, the CEO’s actions
affect firm percentage returns—the same action increases (or decreases) the value of the
firm by 5 percent. Under this assumption, CEO incentives are determined not solely by b: a
CEO with a1 percent stake in asmall firm has less incentive than a CEO with a 1 percent
stakeinalargefirm.

Reference to Equation (1) above showswhy. Since effort is determined by b.g, and g
increases proportionally with firm size, the strength of incentivesis aso proportional to
b.V.. Thisresult helps explain, and partly justify, the intuition that the dollar value of a
CEO’s holdings of stock and options matters to hisincentives. If the CEO owns only

stock, so that bV is equal to his stake,® and gis proportiona to V, then the CEO's stake isa
good measure of the strength of hisincentives. Table 1 summarizes the differences between
amodel that assumes that the elagticity of gwith respect to firm sizeis zero and one that
assumes that this elasticity is one.

8 As discussed in footnote 4, if the CEO also holds options with positive exercise prices, then the value of
his holdings will be less than bV.
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Estimating the marginal product of CEO effort

Since we do not know how the marginal product of CEO effort changes with respect to
firm size, we cannot predict how the optimal b changes with firm size. Instead, we take the
opposite approach. We assume that the b’ s that we observe in the data are optimal (or at
least not differentially biased with respect to firm size; more on thislater), and use this
assumption to estimate the el asticity of gwith respect to firm size. Solving Equation (2) for
g yields:

_ ,2 bfpio.z

For each firm in the sample, we know b* and s inayear. We must only get ahandle on
how r ; (the measure of absolute risk aversion) varies with firm size. There isreason to
suspect that it might: CEOs of larger firms are likely to be wealthier (and thus have lower
levels of absolute risk aversion) than the CEOs of smaller firms. We make the assumption
that all CEOs have the same level of relative risk aversion (although we examine this
assumption in Section 1V), and then use multiple estimates of how CEOs wealth changes
with firm size.

Absoluterisk aversion isequal to:

where a isthe coefficient of relative risk aversion.

Since we do not know CEO wealth, we make three different assumptions about the
relationship between firm size and CEO wealth.

1 CEO wedlth is proportional to total annual compensation (salary, bonus and the
market value of stock and options, measured by Black and Scholes (1973) and
Merton (1973)).

2. CEO wedlth is proportiona to the CEO’ swedlth in the firm (the sum of the value of
CEO stock and stock option holdings).

3. CEOs of large firms are neither richer nor poorer than CEOs of small firms.
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Using data on firm size, the standard deviation of returns and each of these assumptions
about the wealth of CEOs, we calculate avalue for gfor each firm in the sample. Since we
are only interested in how g changes with firm size, we will not worry about the absolute
size of g (whose units are arbitrary anyhow: dollars of firm value per unit of effort).
Rather, we plot how gvaries with firm size and use regression analysis to estimate the
elagticity of gwith respect to firm size.

In understanding our methodology, it isimportant to recognize that the actual level of
relativerisk aversion (a), aswell asthe multipliers that we use (for our estimates of the
wealth of the CEO) are irrelevant to our estimates of how g varies with firm size. Note that
any changein the scale of r, has no effect on theratios of g's, nor does it affect elasticity
estimates. Since what we are investigating is how g changes with size, only the relationship
betweenr and size matters.

It is now possible to see why we can subsume cross-sectional differencesin the cost of
effort into our parameter for the marginal product of effort. Note that if we had assumed
that CEOS cost of effort varied with firm size, our expression for b* would change.
Everywhere that the current expression has g, we would need to replace it with g°/C",
where C" isthe second derivative of the cost of effort function. Such a change would alter
none of the analysis—it would only change the parameter that we are estimating. Instead of
estimating the marginal product of CEO effort in afirm, we would be estimating the ratio of
this marginal product to the square root of effort cost for the CEO in thisfirm. Thisisthe
sense in which a CEO with alow cost of effort can be thought of asworking in afirm with
ahigh margina product of effort.’

[11. Data Sourcesand Description

We use two different sources of compensation data for our empirical estimation. Our first
sourceis the dataset on CEO stock and option holdings used by Hall and Liebman (1998).
We use the most recent year (1994) and the earliest year (1980) in their sample. The

° Taken literally, our model predictsthat if a particular CEO moves from asmall firm to alarge one, his
marginal product will take alarge jump. While thisis probably true to some extent, our estimates of g will
tend to overstate this change if C" falls with firm size. It would be possible to exploit this, and possibly
disentangle the effect of a CEO's ability from the effect of a change in his marginal product by analyzing
changes in incentive arrangements around CEO transitions.

10
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advantage of this dataisthat it contains very precise and detailed measures of how the value
of aCEQO' s stock and stock option holdings change with changesin firm value. Hall and
Liebman (1998) used the history of stock and stock option grants (and exercises and sales)
to determine the details about each CEO’ s portfolio of stock and stock option holdings.
This approach is particularly important for options since the value and sensitivity of an
option cannot be determined with the Black-Scholes formula without knowing the
characteristics of each option held—remaining maturity, dividend rate, volatility, stock
price and exercise price. The details of the methodol ogy used to cal culate CEO stock and
stock option holdings are contained in the appendix of Hall and Liebman (1998).

While the advantage of the Hall-Liebman dataset isits precision (in measuring b and CEO
wealth in the firm), the disadvantage isthat it contains only a sample of the largest publicly
traded firms (approximately half of the companiesin the Forbesannual survey of the
largest companies). Thisincludes 320 firmsin 1994 and 304 firmsin 1980 after (35 and
29, respectively) founders are dropped® Because of this, we also use a second dataset,
Standard and Poor’ s ExecuComp for the year 1996. This dataset contains a much larger
sample (1,125) of firms,* and awider range of firmsin terms of firm size.

The disadvantage of using this larger dataset isthe lossin precision in measuring the value
and the sensitivity of the stock option packages. ExecuComp reports only the number of
in-the-money options held by the CEO and we do not have the precise characteristics of
each CEO’ s stock option holdings at any point intime. Nevertheless, the dataset has a
reasonably good measure of the total number of shares and (in-the-money) options held by
each CEO and we adjust option holdings into share equivalents by multiplying each option

19\We drop founders throughout because we are analyzing how owners (principals) use incentives to
motivate top managers (agents) and founder-CEOs are both owners and managers. As arobustness check,
were-ran dl of the regressions in the paper including founders (which have much higher b’s on average
since they have large stock holdings). Although the coefficients are typically measured with less precision
when founders are included, none of the substantive results of the paper are changed and so we do not report
them.

1 Although ExecuComp does not designate founders, we removed companies whose CEOs owned more
than 5 percent of the company sinceit is very atypical for executives to accumulate such large company
stock holdings absent being founders. But again, our results are not sensitive to different cutoff points, or
to inclusion of al of these firms.

11
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by 0.7, which approximates the median deltain the Hall-Liebman data.> For the non-
compensation variables—market value and volatility—we use CRSP data. The volatility
measures we use (the standard deviation and variance of changesin market value) are
annualized and based on monthly data for the previous 36 months, consistent with the
standard practice.

Summary statistics for each of the variables used in this paper, and for each year, are
shownin Table 2. In addition to the variables already described, these variablesinclude
CEO age, CEO tenure, annual firm sales and CEO total compensation (which is defined as
salary, bonus and the annual value of stock and options grants). All of these variables are
from ExecuComp (or from the proxies in the case of the Hall-Liebman data) with the
exception of firm sales, which was taken from Compustat.

IV. Empirical Results

Our empirical resultsfall into two main categories. the relationship between the margina
product of effort (g) and firm size, and the relationship between incentive strength (b* g)
and firm size. We estimate each for three measures of g (based on the three assumptions
about the relationship between firm size and CEO wealth noted above) and three time
periods: 1980, 1994 (both using Hall-Liebman) and 1996 (using ExecuComp).

CEO marginal productivity (y) and firmsize

In order to see the basic trends in the data, we begin by plotting the g sagainst firm size as
measured by the market value of the company. Since we are interested in estimating the
elasticity of gwith respect to firm size, we plot the log of gagainst the log of firm size.®
We do thisfor each of the three measures of the g-size relationship described above (now
denoted asgl, g2 and g3, respectively). Figure 1 shows the plots for the year 1996. The

2 The median deltais about 0.6 for new (typically at-the-money) options, but the median option held by
CEOs isin-the-money, which leadsto a higher delta.

13 Of course, regressing logs on logs yields an accurate estimate of the elasticity only for small changesin
the variables. For large changes (like those in this study), we must convert our logs-on-logs estimate back
into an elasticity. If e isthe logs-on-logs estimate, then the true elasticity for a given percentage size
changeDs/sis equal to (1+Dg/s) —1.

12
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plots for 1994 and 1980 (not shown) look quite similar, though with fewer data points. In
all cases, there appears to be strong and positive relationship between gand firm size. Note
that grises fastest with sizein the (probably unrealistic) case where CEO wealth is assumed
to be constant across firm size.

In order to estimate the elagticity of gwith respect to firm size, we regress the log of gon
the log of size for each of the three years and each of the three measures of g In order to
ensure that our results are not driven by outliers, we report robust regressions as well as
OL S estimation. For each regression, we report the coefficient and t-tests against the null
hypotheses of the two polar cases we have described: that the elasticities are equal to zero
(no relationship between g and size) and one (that there is a proportional relationship
between g and size).

Theresults are reported in Table 3. The point estimates for the elasticity are approximately
0.4, ranging from 0.33 to 0.5 for the gl and @2 cases. In the g3 cases, the elasticities are,
as expected, a bit higher and dlightly above 0.6. In all cases, both null hypotheses are
strongly rejected at conventional levels of significance. For al yearsand all specifications,
the elagticity estimates are neither zero nor one. In addition, the fit of the model is
surprisingly good. The adjusted R? in most of the regressions are quite high. Firm size
appears to be an important determinant of the marginal product of CEO effort.

We conduct several robustness checks, which are reported in Table 4. In these and al
subsequent regressions, we report only robust regressions, but all of the results are
substantively similar under OL S specifications. Our first robustness check involves using
sales rather than market value as our measure for the size of thefirm. Annual salesis
arguably aless noisy measure than market value as a proxy for the “scale” of the firm. The
results, with the log of sales replacing the log of market value, are shown in the first
column of Table4. The elagticity estimates are, on average, a bit lower than our earlier
estimates. But they are still generally in the range of 0.4 and precisely estimated as before,
easily rgjecting the hypothesis that the elagticity is either zero or one.

% Thisisthe RREG command in Stata, version 6.0. RREG first performs an initial screening to eliminate
gross outliers according to Cook (1977) and then performs Huber iterations followed by bi-weight iterations
(Li, 1985).
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A second set of robustness checks addresses concerns that our results may be driven by
differences between the CEOs themselves, or by differences in the firms other than size. In
particular, newly appointed and younger CEOs are known to have lower levels of stock
and option ownership than CEOs with longer tenures. Perhaps our assumption that the b’s
are optimal only holds for CEOs with enough tenure that they have had time to accumulate
an optimal stock and option portfolio. In addition, differencesin incentive patterns across
industries may be driving our results. In order to address concerns of this sort, we re-run
the regressions only on CEOs with above-median tenures (column 2), and for CEOs with
above-median ages (column 3). We include industry dummies in these regressions as
well.™ The coefficient on firm size goes up dightly, but still remains far from the polar
cases of zero or one.

The coefficients on the industry dummies are interesting in and of themselves. Are there
some industries where the marginal product of effort seemsto be systematically and
significantly larger than in others? We re-run the regression on the full sample, controlling
for age and tenure, and including afull set of industry dummies for each of the 59 two-digit
SICsin our sample. The results are shown in the next two columns (specification 4) of the
table. First, the results show that the coefficient on firm sizeis highly significant and
around 0.4. Second, only one of the industry dummies, that for regulated utilities (SIC
49), is consistently significant across specifications.*

We report the size of the coefficient on the industry dummy for SIC 49 in the fifth and last
column of the table. The coefficient islarge, negative and (in seven of nine cases) highly
significant. The magnitude of the (significant) coefficients range from —0.44 to —1.67,
which implies that the marginal product of CEO effort in thisindustry is somewhere
between 36 percent and 81 percent lower than the average margina products of CEOsin
other industries. Such afinding is consistent with the hypothesis suggested by Joskow,
Rose and Shepard (1993) that regulations constrain the discretion of the CEOs in regulated

*  Theresults are substantively similar with and without industry controls.

18 Since we want to compare the individual industry coefficients to the coefficient of the median industry,
we estimated each equation, found the SIC code with the median coefficient, and dropped the SIC code with
the median coefficient. Thus, the size of the coefficients and all tests of significance are relative to the
median industry for each of the nine specifications.
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industries—which in turn lowers the marginal product of their effort—and with Palia's
(2000) finding that regulated firms attract lower quality managers.

We conduct one final robustness check. As noted earlier, we use changes in the market
values of stock and options (as vaued by Black-Scholes) to measure executive incentives.
But the market value of executive portfolios generally represents an overestimate of the
value of stock and options from an executive' s perspective since the executive—in violation
of the assumptions of Black-Scholes—cannot trade the options on market exchanges or
otherwise hedge their risk. Thus, risk-averse and undiversified executives rationally value
their non-tradable stock and options at less than their market values."” As aresullt,
measures of incentivesbased on market values—changes in the value of executive
portfolios in response to changes in firm value—also generally represent an overestimate of
the incentives facing executives holding non-tradable stock and options.

To the extent that any bias in our measures of b, and therefore g, is correlated with firm
size, our estimates of the elasticity of gwith respect to firm size will be similarly biased. In
order to investigate this possibility, we recalculated our b’ s by measuring incentives as the
change in the certainty equivalent (or executive value)*® of executive portfolios (in response
to a$1,000 change in firm value) rather than the change in the market value of executive
portfolios. The measures of b* based on executive values lead to new measures of g, as
calculated by Equation (3). Because of data limitations, we reestimate the g-size elagticity

7 For evidence and analysis on this point, see Lambert, Larcker and Verrecchia (1991), Hall and Murphy
(2000, 2002) and Meulbroek (2001).

18 This certainty equivalence approach follows Lambert, Larcker and Verrecchia (1991) and Hall and
Murphy (2000, 2002). Under this approach, the executive value of a portfolio is the dollar amount of cash
that would be required to make an executive indifferent between holding the cash and the executive's
portfolio of company stock and options. Under the assumptions below, the executive value is virtually
always below the market value of an executive' s portfolio. This requires a utility function and assumptions
regarding a number of parameters. Following Hall and Murphy (2000, 2002) and Hall and Knox (2002), we
use measures of volatility, dividend rates and betas based on company-specific, historical data. We assume
executives have constant relative risk-aversion of 2.5 and have approximately one-half of their total wealth
in the firm. We assume a risk-free rate of return of 6 percent and an equity-premium of 6.5 percent.
Following Hall and Knox (2002), we use executive and company-specific data on the details of executive
stock and options portfolios (remaining time to maturity, stock prices, exercise prices, number of options,
etc.). The model allows executives to optimize the fraction of their non-firm wealth in bonds or equities
(i.e., the market portfolio) and allows the executive' s fraction of wealth in the firm to vary—within the
range of 0.1 to 0.9 while preserving the 0.5 average—according to the executive-specific relationship
between firm-specific wealth and compensation. See Hall and Knox (2002) for more details on the
assumptions and technique used to measure the executive value of executive portfolios.
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for our 1996 sample only.* The results are shown in column 5 of Table 4. The estimates
are quite similar to those of Table 3, with precisely estimated elasticitiesin the range of 0.4
to 0.5, and higher when g3 is used. This suggests that any bias resulting from our use of
market (rather than executive) values to measure incentivesis minor.

There are three final points worth mentioning regarding our estimates of the g-size
relationship. First, comparison of the estimated elasticities under g3 with those under gl
and (particularly) g2 provide anice implicit test of how sensitive our results are to changes
in assumptions about risk aversion. The assumption underlying the g3 estimates
(essentialy that CEOs have constant absolute risk aversion) is surely an overstatement of
the risk aversion of large company CEOs. However, the assumption underlying the g2
estimate is that the non-firm wealth of CEOs goes up as quickly with firm size asthe value
of their stock and option packages. We find this assumption almost equally unlikely. Thus,
we are probably underestimating the risk aversion of large firm CEOs with the assumptions
underlying the estimates on 2. Y et, while the estimated elasticities changein the
appropriate directions in moving from g2 specifications to g3 specifications, they do not
change dramatically and are all many standard deviations from either zero or one. Our basic
finding that the elasticity is between zero and one is therefore robust to widely different
assumptions about executive risk aversion.

Second, we emphasize that our basic results still hold even if the b’s are anoisy measure
and even adownward (or upward) biased measure of the optimal b’s. As noted, our basic
gsize dadticity estimates are still valid so long as the magnitude of the biasin b is not
correlated with firm size. However, thereis reason to believe that this correlation may be
present. Jensen and Murphy (1990) have suggested that public and private political forces
reduce the pay-to-performance sensitivity of CEOs. To the extent that they are correct, we
suspect that these forces would be stronger in larger firms, creating adownward biasin b
that islarger for larger firms. In this case, the true g-size elasticity is larger than the one we
have estimated, since optimal b’s higher than what we observe would imply a higher g

% We use the data, and executive value measures of the incentives created from executive portfolios, from
Hall and Knox (2002). Their sample spans 1996 to 2000 and is based on ExecuComp. The sample size
drops from 1125 to 859 executives since multiple years of prior data, not present for all executives, is
required to build up executive portfolio holdings with sufficient detail to simulate executive values.
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Although we have no way of testing this formally, we are confident that this bias does not
change the basic finding in this paper that the g-size elasticity is between zero and one.”

Third, it isinteresting that our most plausible estimate of the g-size elasticity is about 0.4,
and between 0.3 and 0.4 when salesis the proxy for firm size. These estimates are
strikingly close to the 0.3 estimates of the elasticity on the level of CEO pay with respect to
size (Murphy 1985, Rosen 1992). Rosen’ s explanation for the increase in CEO pay with
firm sizeisthat the marginal product of the CEO rises with size. Of course, the marginal
product that we are estimating in this paper (the marginal product of CEO effort) is different
from one that determines compensation in the market for CEOs (which presumably is
determined by the marginal value of CEO ability). Although beyond the scope of this
paper, we find thisto be an intriguing finding and one worth further study.

Incentive strength (y*b) and firm size

As Rosen (1992) and Holmstrom (1992) have argued, the relationship between firm size
and incentives has not been carefully analyzed. One exception is Schaefer (1998), who
estimates that pay-to-performance sensitivities (as measured by “b”) are inversely
proportional to the square root of firm size. The inverse relationship between pay-to-
performance and firm sizeis also strongly present in our data. We regress In(b) on In(size)
and estimate an elasticity of —0.48 for the 1996 ExecuComp data and —0.55 for the 1994
Hall-Liebman data. Both estimates are highly significant. Our elasticity estimate of -0.5is
equivalent to Schaefer’ s resullt.

However, the strongly declining pay-to-performance sensitivity does not imply that
“incentive strength” declinesin asimilar way, although pay-to-performance sensitivities are
sometimes loosely interpreted as measures of incentive strength. Since the marginal product
of CEO effort (g) riseswith firm size, while b falls with firm size, the effect of increasing
firm size on CEO effort is unclear. Recall from the model (Equation (1)) that manageria
effort is determined by b*g. Thus, the relationship between incentive strength and firm size
is determined by the comparison of declining b with therising g.

D Toillustrate, suppose that the betas for the largest firms were biased downward by a factor of 10. In this
case, the estimated elasticity for g1 (in the 1996 data) would rise from 0.46 to only about 0.6.
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In order to examine thisissue, we conduct asimilar set of tests as above, with b*g
replacing g. Figure 2 shows plots of In(b* g) versusthe log of firm size (analogous to
Figure 1) for 1996. Table 5 shows regressions analogous to those in Table 4.

In Figure 2, the plots show no strong relationship between incentive strength and firm size.
(Asbefore, the plots for the other years look similar and are not shown.) The estimatesin
the regressions, which control for CEO tenure, CEO age and SIC code, are consistent with
the plotsin that they do not reveal a consistent relationship between incentive strength and
firm size. While more of the coefficients are negative and significant, three of the nine are
gtatistically insignificant and one is positive and significant.”

These findings underscore the importance of the distinction between pay-to-performance
and pay-to-effort (incentive strength) in cross-sectional data. In estimating pay-to-
performance, researchers have used different specifications, and (partially as aresult), have
generated very different estimates of pay sensitivities. Underlying these different
specifications and different interpretations of incentive strength has been a different set of
assumptions about how managerial actions affect firm value.

Asanillustration, Figure 3 shows how two different definitions of pay sensitivity,
common in the empirica literature, vary with firm size. The first definition isthe “dollar-
on-dollar” measure of pay sensitivity: how much does CEO wealth change for each dollar
change in firm value? Consistent with Schaefer (1998), this measure drops dramatically
with firm size.

The second measure of pay sensitivity shows how CEO wealth changes for each 1 percent
change in firm value (implicit in regressions with returns on the right hand side). This
measureincreases dramatically with firm size! These two measures of pay sensitivity
implicitly embed the two polar assumptions discussed above about how CEO marginal
products vary with firm size.?? Note the different implications of these two implicit

2 The results for 1996 are quite similar when b’'s and g’ s are based on executive rather than market values
of executive portfolios and are therefore not reported.

2 They also correspond to Holmstrom’ s (1992) two models of pay sensitivity. Holmstrom (1992) claims
that what he calls the “geometric form” (in which the elasticity of g with respect to firm size isone, as
contrasted with the “arithmetic form” in which the elasticity is zero) is better, based in part on its fit with
the data.
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assumptions. If pay-to-performance measures are interpreted as measures of incentive
strength, then specifications with changes in dollar value on the right hand side lead to the
conclusion that incentives are much weaker in large firms, while specifications with percent
changes on the right hand side lead to the opposite conclusion.

Our analysis suggests that neither is correct. Both measuresin Figure 3 reflect extreme
assumptions about the relationship between CEO productivity and firm size. When the
appropriate intermediate rel ationship between CEO productivity and firm size istaken into
account, the relationship between incentive strength and firm size is shown to be between
the two extremes shown in the graph: in the aggregate, incentives are roughly constant, or
fall somewhat, as firm size increases.

V. Implications and Extensions

We turn now to examine the implications of these results for firm structure, and the design
of control systems. To fully understand the results, we need to develop the theoretical
model more fully, using a multi-task framework.

Firmsze and structure

If the marginal product of CEO effort for alarge firm is many times that for a CEO of a
small firm, what implications does this have for organization structure? Since neither
person has more than 24 hours available in the day, the value to firms of CEOs
“leveraging” their timeis greater for large firms than for small ones sincethe CEO's
marginal productivity is much higher. Large staffs and the hiring of high-priced
consultants by large-company CEOs are a likely consequence.

If it istrue, as our elasticity estimate of about 0.4 suggests, that the marginal product of

CEO effort is 16 times higher for the CEO of IBM (with a market value of $150B) than for
asmall company with a market value of $150M, then it is no surprise that the CEO of IBM
has alarge staff, while the CEO’ s of smaller companiestypically have much smaller staffs.

Of coursg, it isimportant to recognize that the estimates of marginal product that we
providein Section IV arereally averages across a CEO’ s many activities. In fact, CEOs
take many actions, some of which affect firm value in dollars (like the purchase of ajet),
and some of which affect the value of the firm in percentage terms (like conceiving a new
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corporate strategy). In order to explore thisinsight more fully, we develop a multi-tasking
model of CEO effort and reinterpret our empirical resultsin light of this model.

A multi-task modd of CEO value creation

We enrich the model developed in Section |1 by introducing a large number of tasksin
which a CEO engages. For each task, the marginal product may differ, and the relationship
between the marginal product and firm size may differ. Thus, in this model, CEOs can
engage in both “jet-like” and “ strategy-like” activities.

Consider the following modification to the model presented above.

Vigr = jéile (Vit)anj +V + eV,
where:
V.., isthevalue of firmi at the beginning of period t+1,

V, isthevalueof firmi at the beginning of periodt,

&V,,) isthe random component of firm valuein period t. eisanormally distributed random
variable with mean 0 and a standard deviation s(V,). s(V,) varies with the size of
the firm.

g, isthe effort of the CEO of firmi in period t on task j. There are n tasks that the CEO
engagesin.

g(V,) isthe marginal product of managerial effort on task j. There are n marginal products
to go aong with the n tasks. Some of these marginal products could be zero. Each
marginal product also varies with the size of the firm.

CEOs have disutility for effort on each task. Again, we assume that all CEOs share the
same didike for their effort on each task, but we could include atask- and firm-specific
cost-of-effort term, that would affect the optimal effort choice. Such afirm- and task-
specific cost term can again be subsumed into the marginal product of effort. The total cost
of effort is:

n

Qo

C@u: &y - - -5 &) =

J

%
12

CEOs risk aversion and utility for wealth are identical to the model above:
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U,(W,,a,) = E(W,) =1 0%y - C(ay: 8 - - - » &),

where:
W, isCEO i’swedth in period t,
E(W,) isthe expected value of CEO i’ swealth in period t,

r, isthe CEO’ s measure of absolute risk aversion,

o 4y, isthe variance of the CEO’ s wealth in period t.

In this model, the CEO chooses effort levels on each task to maximize utility. Therearen
first order conditions:

(4) a; =bg(Vi) " i={1,2,...n}

In this model, the CEO’ s effort decision on each task depends on the strength of the pay-
for-performance relation (), and on the marginal product of his effort on thistask, g.

Asin Section I1, the optimal b, involves the trading off incentives and risk. This model
yields the following expression for the optimal dope for the compensation scheme:

n
av
(5) bi* :ﬁl
avyj +Zpi0i2
j=1

In the multi-tasking model, instead of b* being a function of the marginal product of effort,
it isafunction of the marginal products of effort on each task. The more tasks that a CEO
performs, and the more that each task affects firm value, the higher will be the optimal b.
The “importance” of CEO actions relative to the randomness in firm value is now measured
by the sum of squared margina products.

With thismodel in mind, we can now reinterpret the resultsin Section V. Nothing in the
estimation procedure nor the reporting of the results need change: only the interpretation of
the marginal product. Now, instead of estimating the relationship between sizeand g, we
are estimating the rel ationship between size and the term that replaced g in the numerator

n

and denominator of Equation (5): |87 .
j=1

]=
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This multi-task model yields an interesting new set of predictions about how CEO effort
will vary across different types of tasks in firms of different sizes. Note that, since the firm
can choose only one b*, the CEO’ s effort is allocated across tasks according to the
marginal product of effort on that task (see Equation (4)). Thisimpliesthat CEOs of large
firms, with optimally small b’s, will tend to devote little attention to tasks whose marginal
products do not scale with firm size compared to CEOs of small firms. Symmetricaly, for
those tasks whose marginal product grows proportionally with firm size, CEO effort in
large firms will be much greater than that for CEOs of small firms. An example will help to
illustrate.

Consider asimplification of the above model with two only two tasks—one that does not
scale with firm size, and one that scales proportionally. There are two firms, one with
market value of $1B, the other with market value of $10B. According to our estimatesin

Section |V, é Y j should be about 2.6 times larger in the large firm, while b* should be

about 3.16 times smaller. Using these two estimates as parameters, we calculate the
marginal products of effort on the two tasks in the two firms, and calculate the CEO’s
effort choicesin each firm. Our assumptions and simulation results are shown in Table 6.

Note that, in the small firm, relative CEO effort is higher on the tasks that do not scale,
whilerelative CEO effort in the large firm is greater for the tasks that do. This suggests that
CEOs of large firms (relative to CEOs of small firms) will spend more of their time
worrying about activities that have system-wide effects, and will spend |less time worrying
about those that do not. Similarly, CEOs of small firmswill “sweat the details” more than
the CEOs of large firms, and will expend relatively less effort on tasks that have more
wide-ranging effects.

Firmsize, control and bureaucracy

This multi-task model aso makes predictions about how large and small firmswill differ in
their design of management control systems, and about the optimality of bureaucratic “red
tape” in larger firms.

Consider the relative magnitude of the agency problem for different tasks faced by large
firms. For tasks whose marginal products scale with firm size, the low b* in the large firm
will not be too great a problem: the high margin on the CEO’ s effort for these tasks will
keep her attentive to this sort of activity. The CEO understands that if the development of a
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new corporate strategy raises the value of the firm by a small percentage, this representsa
large amount of value creation, and therefore, alarge wealth increase to the CEO (even with
asmall b*). However, for tasks whose marginal products do not scale (such as perquisite
consumption) with firm size, the very low b* in the large firms will induce significant
agency costs. The cost of a corporate jet isnot very great to a CEO who owns 0.2 percent
of thefirm.

Inlarge firms, with low (but optimal) b’s, boards will find it worthwhile to design control
systems that monitor certain types of activities by CEOs (i.e., perquisite purchases) very
carefully. Such systems are likely to filter down throughout the organization, appearing in
the form of spending sign-offs, capital and operating budgeting systems and other forms of
red tape. Such systems will thustend to be much more prevalent in large firmsthanin
small ones. In this sense, bureaucracy increases optimally with firm size and is a necessary
cost of being large. Monetary incentives designed to tie an executive s wealth to firm value
simply will not solve the problem of inefficient perquisite consumption in large firms.

VI. Conclusion

Both the theory and practice of executive pay are hampered by disagreement and confusion
over the appropriate measure of CEO incentives. We show that this confusion, shared by
academics and practitioners alike, derives from hidden assumptions about the nature of
CEO actions and their effects on the value of their firms. These hidden assumptions
become confounding when one attempts to measure “incentive strength” in firms of
dramatically different sizes.

This paper attempts to clarify and answer questions about incentive strength in firms of
very different sizes. Specifically, we ask: who has stronger incentives, the CEO of alarge
firm with atiny fractional ownership but an equity stake worth tens of millions of dollars,
or the CEO of asmall firm who owns a significant share of company stock, but whose
stake is worth much less?

Our theoretical results show that the answer to this question depends on how CEO actions
affect firm value. If CEO actions have constant dollar effects across firms of different sizes,
then a CEO’ s “ percent owned” is the appropriate measure of incentives. If, on the other
hand, CEO actions have a chain-letter-like impact on companies and affect percentage
returns on firm value, then the value of the CEO’ s “equity stake’ isthe correct measure of
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CEO incentive strength. We show that the critical parameter in establishing the relevance of
different measures of incentivesisthe elagticity of the marginal product of CEO effort with
respect to firm size. One of two polar case assumptions about the magnitude of this
eladticity (zero—the marginal product isinvariant with firm size; and one—the margina
product of effort scales proportionally with firm size) isimplicit in most analyses of CEO
pay and incentives.

Our empirical resultsindicate that neither polar case assumption is correct. We estimate that
the elagticity of CEO marginal product with respect to firm size isroughly 0.4. Thus CEO
margina products rise strongly, but not proportionally, with firm size. One implication of
thisfinding isthat CEO incentives do not fall dramatically with firm size. Indeed, we
estimate that CEO incentives are roughly constant or decline dightly asfirm size increases.

Several conclusions emerge from these findings. First, it is useful to distinguish between
pay-to-performance and what might be called “ pay-to-effort” measures of incentive
strength. Doing so highlights the importance of cross-sectiona variation in CEO marginal
products, and avoids confusion about the interpretation of pay sensitivity estimates.
Second, the appropriate specification for estimating both pay sensitivity and incentive
strength in cross-sectional data must account for these differencesin CEO marginal
products across the sample. While we have estimated these differences for firms of
different sizes, and have begun to do so for firmsin different industries, one could imagine
extending this methodology to investigate differences in managerial marginal products for
firms with different capital intensities, with different levels of diversification® or with
different organizational structures.

We also show that estimating the overall level of pay sensitivity for a CEO obscures an
important point about CEO incentives for different types of activities. Since large firms
(optimally) have much smaller b’s, the incentives provided to executives for activities with
relatively small dollar effects (such as perquisite consumption) will be weak. CEOs of large
firmswill thus be inclined to overspend on these types of activities, relative to CEOs of
smaller firms. This does not imply, however, that the CEOs of larger firms face incentives
that are weaker across the board. Indeed, since the dollar effects of their “system-wide”

%Rose and Shephard (1997) find evidence that CEOs of more highly diversified firms have higher ability.
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activities can be so enormous, they will tend to exert more effort on these types of activities
than CEOs of smaller firms.

Understanding top management incentives, and making sense of the welter of empirical
results that exist in the literature, requires both a more flexible model of CEO production
and alessrigid view of the determinants of CEO pay. The models and resultsin this paper
are, we hope, a step in this direction.
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Comparison of Different Assumptions About the Elasticity of g (the margina product of CEO

effort) with Respect to Firm Size.

Elasticity of g with respect to
firm size:

The marginal product of CEO
actions on firm value:

CEO actions affect:

Examples of type of managerial
action:

Appropriate measure of
incentives:

Two Polar Cases

Isinvariant to firm size

Shareholder wealth in dollars

 Buying a corporate jet
* Investing in a pet project
* Selling an underutilized asset

b: dollars of CEO wealth per
dollar of firm value created

Scales proportionally with firm
size

Shareholder returns

* Reorganizing the firm

* Developing a new corporate
strategy

« Designing a new accounting or
compensation system

bV: CEO “stakein the firm”
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Table 2
Summary Statistics
1st 10th 90th 99th
Percentile  Percentile : Percentile Percentile
Mean Cutoff Cutoff Median Cutoff Cutoff
1996 (ExecuComp)
n=1,125
# Founders dropped=158
Market Value $5.1B $54M $224M $1.3B $10.9B $62.1B
Variance of Mkt Value $7.5e+18  $5.6e+14 $5.8e+15 $1.4e+17 $6.2e+18 $1.5e+20
Firm Sales $4.4B $21M $203M $1.2B $10.1B $54.6B
Total Compensation $2.76M $233K $530K $1.44M $5.11M $19.4M
CEO WedthintheFirm  $28.3M $38.5K $863K $7.7M $51M $410M
b .0145 .0002 .0013 .0086 .0356 .0784
CEO Age 55.4 38 47 55 63 71
CEO Tenure 7.65 2 2 6 15 28
1994 (Hall-Liebman)
n=320
# Founders dropped= 35
Market Value $5.0B $94M $696M $2.4B $11.0B $39.0B
Variance of Mkt Value $4.1e+18  $1.7e+15 $2.5e+16 $3.2e+17 $6.5e+18 $1.5e+20
Firm Sales $6.4B $252M $868M $3.2B $14.0B $53.8B
Total Compensation $2.53M $375K $595K $1.49M $4.72M $18M
CEO WedthintheFirm  $13.8M $149K $787K $4.88M $30M $326M
b .0131 .00005 .0005 .0044 .0181 .2855
CEO Age 57.6 41 50 58 64 70
CEO Tenure 7.64 1 2 6 16 26
1980 (Hall-Liebman)
n=304
# Founders dropped=29
Market Value $1.0B $24M $62M $413M $1.8B $9.3B
Variance of Mkt Value $2.2e+17  $6.5e+13 $3.1et+14 $1.2e+16 $2.8e+17 $6.0e+18
Firm Sales $3.0B $102M $266M $1.2B $6.3B $26.6B
Total Compensation $801K $194K $273K $596K $1.43M $3.28M
CEO WedthintheFirm  $4.86M $69.6K $303K $1.59M $11.2M $46.6M
b .0161 0 .000151 .00188 .0360 .240
CEO Age 56.8 40 48 58 64 68
CEO Tenure 7.18 1 2 6 15 31

Notes: b is the dollar change in CEO wealth for each dollar change in firm value.
Total compensation is defined as salary and bonus, plus the Black-Scholes value of stock options.
The table shows the mean and distribution—median and various percentile cutoffs—of each variable

separately.
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The dependent variableis In(g) and the independent variable isIn(firm size).

OoLS Robust Regressions
1 test: t test: t test: t test:
elagticity  elaticity elasticity  eladticity
Elasticity =0 =1 Adj. R? Elasticity =0 =1

1996
n=1,125
Ingt .46 33.45 39.82 51 44 31.87 40.16
Ing2 .33 32.54 66.77 .54 .34 36.20 70.65
Ing3 .63 35.31 20.51 .53 .64 40.22 22.43
1994
n=320
Ingt 44 11.88 15.00 .32 44 13.42 17.14
Ing2 42 13.22 18.64 49 46 18.92 22.69
Ing3 .62 15.28 9.56 41 .60 16.77 11.03
1980
n=2304
IngL .50 11.19 11.27 .29 .50 11.79 11.87
Ing2 .48 2211 23.65 71 .48 20.38 22.05
Ing3 .62 13.50 8.22 .36 .63 13.24 7.75

Notes: g1 assumes CEO wealth is proportional to CEO annual total compensation (salary, bonus

and stock options valued at Black-Scholes).

g2 assumes CEO wealth is proportional to CEO wealth in the firm (the value of stock and
stock options).

g3 assumes CEO wealth is constant across firm size.
Firm size is measured as the market value of the firm.

Thet testsin the OL S regressions are based on heteroskedasticity-consistent standard errors
(White, 1980).

Robust regressions are from the RREG command in STATA.
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Table4
The Elasticity of CEO Margina Product (g) with Respect to Size
The dependent variableisIn(g).
) 2 (©) (4) ©)
Coeff. on Coeff. on Coeff. on Coeff. on Coeff. on Coeff. On
In(sales) In(mktval) In(mktval) In(mktval) Regulated In(mktval)****
(tenure > (age > Utilities***
median*) median**)

1996
n=1125
Ingl 0.31(0.02) 0.48 (0.02) 0.51 (0.02) 0.47 (0.01) -0.91 (0.23) .50 (0.01)
In g2 0.28 (0.01) 0.37 (0.01) 0.37 (0.01) 0.37 (0.01) -0.44 (0.18) .39 (0.01)
In g3 0.48 (0.02) 0.68 (0.02) 0.72 (0.02) 0.69 (0.01) -1.33(0.13) .71 (0.01)
1994
n=2320
Ingl 0.43 (0.04) 0.39 (0.05) 0.35 (0.05) 0.41 (0.03) -1.10 (0.29)
In g2 0.41 (0.03) 0.45 (0.05) 0.40 (0.04) 0.44 (0.03) -0.32 (0.19)
In g3 0.63 (0.05) 0.56 (0.05) 0.52 (0.05) 0.58 (0.03) -1.67 (0.12)
1980
n= 304
Ingl 0.45 (0.05) 0.52 (0.06) 0.37 (0.08) 0.46 (0.04) -1.18 (0.56)
In g2 0.42 (0.04) 0.45 (0.05) 0.43 (0.06) 0.45 (0.03) -0.12 (0.43)
In g3 0.59 (0.06) 0.66 (0.06) 0.52 (0.09) 0.60 (0.05) -1.61 (0.35)
SIC Dummies No Yes Yes Yes Yes
Age and Tenure  No No No Yes Yes

Controls

Notes: g1 assumes wealth is proportional to total compensation.

g2 assumes wealth is proportional to wealth in the firm (the value of stock and stock options).

g3 assumes wealth is constant across firm size.
All regressions are robust regressions (RREG in STATA).
Standard errors are in parentheses.
*Includes only observations where CEO tenure is greater than the median CEO tenure in that year.
** |ncludes only observations where the CEO age is greater than the median CEO age in that year.
*** Defined as SIC code 49.

****The dependent variable is In (g) where g is based on b’ sthat are defined as changesin
executive values (rather than market values) of executive stock and option portfoliosin response to
$1,000 changes in firm value. The dependent variable is described in greater detail in thetext and in
Hall and Knox (2002).
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Table 5
The Relationship Between Incentive Strength (bg or Effort) and Firm Size

The dependent variableisIn(b*g).

Coefficient on

In(mktval)
1996
n=1125
In(b*gl) 0.044 (0.031)
In(b*g2) -0.064 (0.024)
In(b*g3) 0.265 (0.033)
1994
n =320
In(b*gl) -0.188 (0.072)
In(b*g2) -0.164 (0.057)
In(b*g3) -0.029 (0.077)
1980
n =304
In(b*gl) -0.239 (0.118)
In(b*g2) -0.210 (0.085)
In(b*g3) -0.103 (0.121)

Notes: g1 assumes CEO wealth is proportional to CEO annual, total compensation (salary, bonus
and plus stock options valued at Black-Scholes).

g2 assumes CEO wealth is proportional to CEO wealth in the firm (the value of stock and
stock options).

g3 assumes CEO wealth is constant across firm size.
Firm size is equal to the market value of the firm.
Standard errors are in parentheses.

All regressions include controls for tenure, age and industry (not shown). Regressions are
robust regressions (RREG in STATA).
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Table 6

Simulation of Effort Choices Across Two Tasks in Firms of Different Sizes

Firm 1 Firm 2

Firm Size $1B $10B
M_argi_nal P_roduct on task 1 (does not scale 100 100
with firm size)

M argi_nal Product on task 2 (scales with 24 240
firm size)

\/é v} 103 259 (=103*10%)
b* .01 .0032 (=1*10°)
Effort on task 1 (non-scaling task) 1 32
Effort of task 2 (scaling task) .24 77
b* ‘/é Y2 (effort intensity) 1.03 83
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Figurel

Relationship Between Marginal Product (y) and Firm Size
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Note: Data are from ExecuComp in 1996. gl assumes that CEO wealth is proportional to compensation; g2 assumes that CEO wealth is
proportional to the CEO’s stake in the firm; g3 assumes that CEO wealth is constant.



Baker and Hall

CEO Incentives and Firm Size

Lanfi 1)

Figure 2
Relationship Between CEO Incentives (b*y) and Firm Size
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Note: Data are from ExecuComp in 1996. gl assumes that CEO wealth is proportional to compensation; g2 assumes that CEO wealth is
proportional to the CEO’s stake in the firm; g3 assumes that CEO wealth is constant.
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