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Abstract

In this paper, I study the existence of "Capital-Skill" and "Size-Skill"

Complementarity within �rm. I test the existence by examining the rel-

ative wage between top managers and workers below top managers within

the �rm. I suggest two channels through which "capital-intensity" has ef-

fects on the relative wage. First, the highly educated managers are more

complementary with the physical capital than the lower educated workers.

Second, the "capital-intensity" a¤ects the relative wage by reallocating the

controllable resources within �rm. The increase in the "capital-intensity"

shifts a labor demand from non-skilled labor to skilled labor within �rm,

which could increase the resource (skilled labor) under top managers�con-

trol. The estimation shows that the share of executives� compensation in

the total labor cost increases with the capital-intensity of �rms in the 2005

sample of U.S �rms.
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1 Introduction

Many studies suggest that the "Capital (technology)-Skill Complementarity" the-

ory can explain the relative wage structure (also, widening wage gap) between

skilled workers and non-skilled workers well. In this paper, I test this theory by

examining the relative wage between top managers and workers below top man-

agers within the �rm. It is well known that the ratio of CEO wage to the wage of

production workers increased so much over the last 30 years. For instance, Murphy

and Zabojnik (2004) show that the ratio increased from 25 to 90 between 1970 to

2000. Since top managers are super-highly skilled or educated, they could be more

highly complementary with physical capital than other workers.

Alternatively, we can approach the relative wage between top managers and

workers below top managers by combining the "Capital (technology)-Skill com-

plementarity" with the "Size-Skill Complementarity" provided by Garicano and

Rossi-Hansberg (2006). They suggest that "the Size-Ability Complementarity"

exists in the hierarchies of �rm because talented employees can share their ability

(or knowledge) with the resource under their control. Since the impact of talented

workers increases in the size of resource under their authority, more talented people

hold higher position in the �rm. It naturally follows that the key determinant of

wage is the size of controllable assets.

In line with this notion, we can conjecture the indirect channel through which

the "capital-intensity" of �rm has an e¤ect on the relative wage structure. Berman,

Bound and Griliches (1994) show that the "capital-intensity" shifts a labor demand

from non-skilled labor to skilled labor within industries. It could be the case that

this shift of labor demand reallocates the controllable resource in the hierarchies

of �rm under the assumption that the skilled workers are the resource only under

top managers�control. Given the total amount of labor, the resource under top

managers�control (under workers below top managers) increases (decreases) by the

amount of increase (decrease) in the skilled labor (unskilled labor).

In addition, I approach the wage structure among top managers within �rm.

Based on Garicano and Rossi-Hansberg (2006), I explore the e¤ect of organizational

change on the wage structure among executives. Rajan and Wulf (2006) show that

the U.S. �rms�hierarchies in the top managing part becomes �atter. Currently, the

more managers report directly to the CEO and the more have the real authority by

holding the o¢ cier position. From the view point of CEO, the centralization goes on

because the span of the CEO�s control is widening. However, the decentralization

takes place from the view point of executives below the CEO due to the �attening

of organization. We can hypothesize that (1) the compensation of lower ranked
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executive below CEO grows faster than that of higher ranked one below CEO, and

(2) the relative wage structure among executives below CEO becomes �attened.

The empirical evidences support this prediction. In the 2005 sample, the share

of executives� compensation in the total labor cost increases with the capital-

intensity of �rms. Also, the wage growth rate of lower ranked executive in terms of

wage level between 1995-2005 is higher than the wage growth rate of higher ranked

executive. Finally, the relative wage between the �rst ranked executive and third

one (and fourth one) becomes �attened over the past 10 years.

The rest of the paper is organized as follows. In section 2, I provide a simple

model and empirical prediction. In section 3, I describes the data set and the

section 4 shows the empirical results. I summarize concluding remarks in Section

5.

2 Model: Empirical prediction

2.1 The wage structure

Here, I drive the relative wage structure between top managers and workers be-

low top managers. Based on Murphy and Zabojnik (2004), Garicano and Rossi-

Hansberg (2006), and Gabaix and Landier (2006)1, the production of �rm is de�ned

by

y =
X
i

Si(Ki; Li)CiTi

where Si(Ki; Li) is the size of �rm under the worker i�s control which is increasing

and concave function with respect to Ki and Li: Also, Sl > Sm when Tl > Tm: Ki

and Li denotes the physical capital and labor under the worker i�s control. Ti is the

talent of worker i, and Ci is the parameter which re�ects the impact of the worker

i on the production of �rm. I assume that there is no complementarity between

each worker�s talent. Then, the top managers�wage, We; is determined by solving

max
Te

X
e

Se(Ke; Le)CeTe �
X
e

We; e = CEO or executives below CEO

Te is the talent of top managers, and Ce is the parameter which re�ects the impact

of the top managers�talent on the production of �rm. Le is decomposed of only the

skilled labor under their control since the top managers occupy the high position

1In this section, I only develop the simple model which shows the indirect channel through
which the "capital-intensity" a¤ects the relative wage. The simple "capital-intensity" approach
is straightforward in a sense that the highly educated managers are more complementary than
the workers below top managers, so the relative wage increases in the capital-intensity.
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in the organization. I also assume that Le = reLs; where re is the proportion

parameter and Ls is the total amount of skilled labor in the �rm. Similarly, the

wage level of each worker j below the top managers solves to

max
Tj

X
j

Sj(Kj; Lj)CjTj �
X
j

Wj

where Lj = rjLu: Lu is the total amount of unskilled labor in the �rm, which

implies that they only control the unskilled labor. Clearly, the total amount of

labor, L, is

L = Lu + Ls

Then, we can get the wage of each worker i by

Wi = Si(Ki; Li)Ci

The share of top managers�compensation in the total labor cost, SW ; is given by

SW =

P
eWeP

eWe +
P

jWj

(1)

=

P
e Se(Ke; Le)CeP

e Se(Ke; Le)Ce +
P

j Sj(Kj; Lj)Cj

I assume that the "capital-intensity" shifts a labor demand from non-skilled labor

to skilled labor within �rm. Given total amount of labor, it reallocates the skilled

labor and unskilled labor. Then, when the "capital-intensity", k; increases, Se(Ke; Le)

goes up and Sj(Kj; Lj) goes down. Mathmatically,

@
P

e Se(k)Ce
@k

=
X
e

�
@Se(Ke; Le)

@Le

��
@Le
@k

�
Ce

=
X
e

�
@Se(Ke; reLs)

@Ls

��
@reLs
@k

�
Ce > 0

and

@
P

j Sj(k)Cj

@k
=

X
j

�
@Sj(Kj; Lj)

@Lj

� �
@Lj
@k

�
Cj

=
X
j

�
@Sj(Kj; rjLu)

@Lu

� �
@rjLu
@k

�
Cj < 0
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Now, it can be easily shown that the share of top managers� compensation in

the total labor cost, SW ; increses in the "capital-intensity" of �rm. Taking the

derivative of SW with respect to k;

@SW
@k

=

@
P
e Se(k)Ce
@k

P
j Sj(k)Cj �

�
@
P
j Sj(k)Cj

@k

�P
e Se(k)Ce�P

e Se(k)Ce +
P

j Sj(k)Cj

�2 > 02

Next, I explore the e¤ect of �rm size on the relative wage structure. Taking the

derivative of SW with respect to the total size of �rm, S; we can get

@SW
@S

=

@
P
e Se(k)Ce
@S

P
j Sj(k)Cj �

�
@
P
j Sj(k)Cj

@S

�P
e Se(k)Ce�P

e Se(k)Ce +
P

j Sj(k)Cj

�2
The relative wage increases in the total size of �rm if the following condition holds:

@
P
e Se(k)Ce
@SP

e Se(k)Ce
>

�
@
P
j Sj(k)Cj

@S

�
P

j Sj(k)Cj
(2)

Otherwise, the relative wage decreases in the total size of �rm. It implies that if

the elasticity of sum of executives�wage with respect to the total �rm size is larger

than the elasticity of sum of workers (below top managers) wage, then the share

of executives compensation in the total labor expenditure increases.

2Alternatively, we can assume that top executives control the proportion of total amount of
labor by

Le = re(Ls + Lu)

Then,
@
P

e Se(k)Ce
@k

=
X
e

�
@Se(Ke; re(Ls + Lu))

@(Ls + Lu)

��
@re(Ls + Lu)

@k

�
Ce = 0

because we assume that given the total amount of labor, the change in the capital-intensity only
reallocates the skilled labor and unskilled labor within �rm. Additionaly, we still have

@
P

j Sj(k)Cj

@k
=
X
j

�
@Sj(Kj ; Lj)

@Lj

� �
@Lj
@k

�
Cj < 0

so, we can conclude that

@SW
@k

=
�
�
@
P

j Sj(k)Cj

@k

�P
e Se(k)Ce�P

e Se(k)Ce +
P

j Sj(k)Cj

�2 > 0
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2.2 The wage structure among top managers

The wage of top managers is given by

We = Se(Ke; Le)Ce

Based on Garicano and Rossi-Hansberg (2006), I assume that Wl > Wm when l >

m: l andm denote the valued position in the hierarchies of top managers. The high

value represents the high position in the organization. More speci�cally, if l > m;

then Sl(Kl; Ll) > Sm(Km; Lm); which imlies that the l positioned manager controls

more amount of resource than m positioned manager. I also assume Cl = Cm; so

Wl > Wm : In what follows, the growth rate of wage is

We;T �We;0

We;0

=
Se;T (Ke; Le)Ce;T � Se;0(Ke; Le)Ce;0

Se;0(Ke; Le)Ce;0

where We;T represents the wage of executive e at time T: If we assume that Ce;T =

Ce;0; then

We;T �We;0

We;0

=
Se;T (Ke; Le)� Se;0(Ke; Le)

Se;0(Ke; Le)

=
Se;T (Ke; Le)

Se;0(Ke; Le)
� 1 (3)

where Se;T is the size of �rm under executive e0s control at time T: It can be easily

seen that the main determinant of wage growth rate is the relative size under

his control between the base year, 0 and T: Similarly, the relative wage among

executives below the CEO at a given time is

Wl

Wm

=
Sl
Sm

Taking derivative the relative wage with respect to m; we can get

@
�
Wl

Wm

�
@m

=
@
�
Sl
Sm

�
@m

< 0 and lim
m!l

Wl

Wm

= 1

When the positioning gap between two executives falls (l � m get smaller), the

relative wage becomes smaller. Also, the growth rate of relative wage between two
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executives below CEO, j and h is de�ned by�
W j
2005

Wh
2005

� W j
1995

Wh
1995

�
�
W j
1995

Wh
1995

� =

 
W j
2005

W j
1995

!�
W h
1995

W h
2005

�
� 1

=

�
Sj;2005
Sj;1995

��
Sh;1995
Sh;2005

�
� 1 (4)

where W j
2005 denotes the wage level of executive j at 2005 and Sj;2005 is the size of

�rm under executive j�s control at 2005. We can easily �nd that the size of �rm

under their control is the key element of the growth rate. Suppose the executive j

holds l valued position in 1995 and 2005. In a mean while, the executive h holds

m valued position in 1995, but m+ � valued position in 2005. Then,�
Sj;2005
Sj;1995

��
Sh;1995
Sh;2005

�
� 1 < 0;

which implies that the relative wage between two executive, W
j
2005

Wh
2005
; gets smaller in

2005.
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3 Data

I collect the CEO (executives) compensation and total labor related expenditure

of U.S �rms in 1995 and 2005 from Compustat data base. Table 1 shows the

descriptive statistics for executive compensations, and the total labor related ex-

penditure. I rank the executives below the CEO by the wage level. For instance,

the compensation for 1st ranked executive denotes the wage level of executive who

gets paid the highest except the CEO.

Table 2 provide the statistics for the share of CEO/executive compensations

in the total labor related expenditures. The "mean di¤erence" test and "median"

test suggest

that the mean (median) of 2005 sample is signi�cantly higher than the mean (me-

dian) of 1995 sample at 5% (1%) levels. It implies that the share of CEO compens-

ation and CEO plus top four executive compensations in the total labor related

expenditures increase signi�cantly over the past 10 years.
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4 Empirical Result

First, I explore the determinant of the relative wage structures within the �rm.

Based on equation (1), the speci�cation is given by

SW;t = �1St + �2kt + "t

where SW;t denotes the share of executives�wage in the total labor related expendit-

ure, St is the total size of �rm, and kt is the capital-intensity of �rm. Here, �2
captures the e¤ect of capital-intensity on the relative wage in itself, not through the

total size of �rm. Table 3 shows the outcome. In the 2005 sample, the coe¢ cient

of "capital-intensity" (K/Sales) is positively signi�cant, which implies that the

share of executives�compensation increases in the "capital-intensity". However,

the "capital-intensity" is
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not related with the relative wage in the 1995 sample. When we measure the

size of �rm as the market capitalization3, it is positively related with the share

of executives�compensations in all samples. When we, however, proxy the �rm

size as the total amount of sale, it is negatively related with the relative wage.

From the equation (2), we can interpret that the elasticity of sum of executives�

compensation with respect to the market capitalization is larger than the elasticity

of sum of workers wage, but the elasticity of sum of executives�wage with respect to

the amount of sale is smaller than the elasticity of sum of workers wage. I test the

another variable, Debt/Asset, which could re�ect the "capital-intensity" of �rm.

This variable is also positively related with the relative wage structure only in the

2005 sample. In Table 4, the dependent variable is the share of CEO compensation

in the total labor related expenditure. The "capital-intensity" (Debt/Asset and

K/Sales) has a positive e¤ect on the realtive wage structure only in the 2005

sample4. In the 1995 sample, the "capital-intensity" (K/Sales) is negatively related

3Based on Gabaix and Landier (2006), the market capitalization is measured by the sum of
"market value of equity" and "book value of debt".

4Based on Berman, Bound and Griliches (1994), I also regress the change in top executives�
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with the relative wage structure5.

Hereafter, I explore the relative wage among top managers. First, I look at the

growth rate of wage between 1995 and 2005 de�ned by

We;2005 �We;1995

We;1995

=
Se;2005(Ke; Le)� Se;1995(Ke; Le)

Se;1995(Ke; Le)

Table 5 suggests that the growth rate of lower ranked (by wage level) executive�s

wage is higher than the growth rate of higher ranked executive. Simply, the order

of the growth rate is "1st executive < 2nd < 3rd < 4th"6. From the equation (3),

it implies that
S4;2005
S4;1995

>
S3;2005
S3;1995

>
S2;2005
S2;1995

>
S1;2005
S1;1995

This provides additional evidence of �attening organization in the hierarchies of

top managers team which is shown in Rajan and Wulf (2006). The growth rate of

lower executive�s wage is higher than higher executive�s wage due to the �attened

hierarchies among top managers below the CEO. The size of �rm under lower

executive�s control has been more widened than higher executive.

Table 6 shows the relative wage among executives below CEO in the 1995

sample and 2005 sample. The relative wage between 4th ranked executive (in

terms of

share in the total labor related expenditure between 1995-2005 on the change in the capital-
intensity between 1995-2005. The coe¢ cient of the change in the capital-intensity is not signi�cant
in this regression.

5I could not �nd a good reason why only the 2005 sample supports the predicted e¤ect of
capital-intensity on the relative wage. Also, it is a puzzle why the market capitalization and total
amount of sale have di¤erent e¤ects on the relative wage structure.

6Note that the ranking of executives by wage level is not exactly matched with the valued
position in the hierarchies of �rm: Suppose that A divison manager is 4th ranked in terms of
wage level in 1995. His valued position could have gone up due to the organizational change over
the past 10 years, but it is also possible that his ranking by wage level would still be 4th in 2005.
The point is that the gap between his wage and wage of executives above him should get small.
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wage level) and 1st ranked executive (in terms of wage level) has decreased. Also,

the relative wage between 3rd ranked executive and 1st one has decreased. Now,

let me compare the growth rate of relative wage. From the equation (4), the growth

rate of relative wage between 1st one and 4th one is given by�
W 1ST
2005

W 4TH
2005

� W 1ST
1995

W 4TH
1995

�
�
W 1ST
1995

W 4TH
1995

� =

�
S1st2005
S1st1995

��
S4th1995
S4th2005

�
� 1

Likewise, the growth rate of relative wage between 1st one and 3rd one is�
W 1ST
2005

W 3RD
2005

� W 1ST
1995

W 3RD
1995

�
�
W 1ST
1995

W 3RD
1995

� =

�
S1st2005
S1st1995

��
S3rd1995

S3rd2005

�
� 1

In Table 6, we can �nd that the growth rate of relative wage between 4th ranked

executive and 1st ranked executive is lower than the relative wage between 3rd
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ranked executive and 1st one. It imples that�
S3rd1995

S3rd2005

�
<

�
S4th1995
S4th2005

�
The growth rate of the 4th ranked executive�s control span is higher than the 3rd

ranked executive, which provides evidence that the positioning gap between two

executives has decreased.

5 Conclusion

In this paper, I test the "Capital-Skill Complementarity" by examining the relat-

ive wage between top managers and workers below top managers within the �rm.

Specially, I explore the indirect channel through which the "capital-intensity" af-

fects the relative wage by reallocating the controllable resources. The increase

in the "capital-intensity" shifts a labor demand from non-skilled labor to skilled

labor within �rm, which could increase the resource (skilled labors) under top man-

agers�control. The current sample support this prediction. In the 2005 sample, the

share of executives�compensation in the total labor cost increases with the capital-

intensity of �rms. Additionally, I explore the e¤ect of organizational change on

the wage structure among executives and �nd that (1) the compensation of lower

ranked executive below CEO grows faster than that of higher ranked one below

CEO between 1995 and 2005, and (2) the relative wage structure among executives

below CEO becomes �attened over the past 10 years.
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