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Company Flexibility, the Value of Management and
Managerial Compensation*

Peter Christoffersen’, Andrey Pavlov*

Résumé / Abstract

La variation dans les compensations des gestionnaires a travers les pays et les industries pour des
compagnies de taille comparable est ahurissante. Nous analysons ce phénoméne dans le cadre d’un
modeéle de compagnie en temps continu, dans lequel I’environnement économique évolue de maniere
stochastique et les changements dans le fonctionnement de la compagnie sont colteux. L’idée sous-
jacente est que les gestionnaires dans différents pays et industries sont rémunérés de maniére trés
différente non pas parce que leurs compétences différent de maniére substantielle mais plutét parce que la
valeur ajoutée par la gestion differe substantiellement. Si les colts d’ajustement sont peu élevés ou si
I’environnement économique est relativement volatile, alors le potentiel de valeur ajoutée par la gestion
active est important. La relation positive entre la volatilité de I’environnement économique et la valeur de
la gestion suggere une interprétation du gestionnaire en termes d’option réelle : la gestion active peut étre
vue comme une option réelle sur un changement dans le plan de production. Notre modéle montre que
plus I’économie est volatile, plus I’option a de valeur.

Mots clés : Variation des rémunérations des directeurs d’entreprises, colts
d’ajustement de production, volatilité des prix des facteurs de production, options
réelles.

The variation in managerial compensation across countries and industries for firms of similar size is
staggering. We analyze this phenomenon in a continuous time model of the firm, where the economic
environment evolves stochastically over time and where changes to the firm operations are costly. The
underlying idea is that managers in different countries and industries are compensated very differently,
not necessarily because their skills differ substantially, but rather because the scope for management to
add value to the firms varies substantially. If adjustment costs are low, or if the economic environment is
relatively volatile, then the potential value-added from active management is larger. The positive
relationship between economic environment volatility and the value of management suggests a real
options interpretation of the manager: Active management can be viewed as a real option to make
changes in the production plan. Our model shows that the higher the volatility of the economy, the larger
the value of this real option.

Keywords: CEO Pay Variation, Production Adjustment Costs, Input Price Volatility,
Real Options.
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1. Motivation

The variation in managerial compensation across countries is staggering. The
Worldwide Total Remuneration Report 2001-2002 by Towers Perrin reports an estimated
total CEO pay ranging $287,000 in New Zeeland to $1.9 million in the US for an
industrial company with $500 million in annual revenues (see Figure 1). When
considering non-OECD countries the variation is even larger. Similarly, Conyon and
Murphy (2000) find that US executives earned twice that of their UK counter-parties in
1997 after controlling for firm size, sector and other firm characteristics." The variation
across industries within the US is of the same order of magnitude. Murphy (1999)
reports a median CEO pay of $1.5 million in the utilities sector versus $4.6 million in the
financial services industry for S&P500 companies in 1996.

Both the existing literature and some common sense arguments suggest a number
of explanations for this disparity. Perhaps the most common one relates to the cost of
living and the quality of life in general. This theory simply suggests that the higher
compensation in some countries reflects the higher cost of living. Abowd and Kaplan
(1999), among others, address this potential explanation and show that the CEO pay in
various OECD countries varies substantially even after adjusting for purchasing power
parity exchange rates (see Figure 2).

Yet another potentially credible explanation is that CEOs in high-income
countries are paid more simply because everybody in those countries is paid more. While
this is a very appealing argument supported by anecdotal evidence, Figures 3 and 4 show
that the midlevel manager pay and the manufacturing operatives pay are substantially less
variable across countries then the CEO compensation. The international compensation
puzzle thus largely appears to be a CEO phenomenon.

Like any other compensation issue, the international variation in CEO pay has to
explicitly consider taxes. It is conceivable that the variation in CEO pay is due to
different taxation and the after-tax income is comparable. In Figure 5 we report the after-
tax CEO pay in 1996, which also varies greatly across countries. The international

variation in CEO pay is clearly not explained by differences in tax rates.

! See also Conyon and Schwalbach (1997), Kaplan (1994), Kaplan (1997), and Main et al (1994).



Finally, the variation in CEO pay is consistent through time. For example, Figure
6 reports after tax-pay in 1988. Comparing this to Figure 5 we find no evidence that the
CEOQ pay across countries is converging over time.

The compensation puzzle becomes even more intriguing when one considers the
widespread phenomenon that the CEOs in the largest companies around the World tend
to go to the same business schools in North America and Europe. Taking this feature to
the extreme, we can consider managers across countries and industries to have roughly
the same skills, yet they get paid very differently.

These findings lead one to consider the possibility that the variation in CEO
compensation may arise from the varying business environments in different industries
and countries. Traditional models of managerial compensation largely rely on principle-
agent settings, where the manager extracts rents from the company owners’ inability to
observe managerial effort.

The principle-agent models are useful for many purposes, but they do not appear
to gain insight into the cross-country and cross-industry variation in managerial
compensation. It is hard to imagine that principle-agent problems are so much worse in
the US than in New Zeeland that they explain a six-fold difference in managerial
compensation for similar-size companies. The principle-agent literature is surveyed in
Murphy (1999).

Another strand of the literature on managerial compensation studies the use of
options for managerial compensation. Recent work in this area includes Cadenillas et al
(2002). Our paper uses the tools from the options compensation literature but we have a
drastically different focus.

We focus on the differences in the business environments in which CEOs operate,
and it is therefore useful to consider the avenues through which a CEO can add value to a
company. We can group these sources of value into the following broad areas:

- Expansion of market opportunities

- Investment in new products and technologies

- Managing uncertain demand

- Production management in the face of uncertain technologies

- Managing the inputs to the production



Of these five potential sources of managerial value, only the last one is country-
specific. To the extend that product markets are fully integrated and all companies have
access to the same fundamental technology, managers in all countries are able to add
approximately the same value to their firms through the first four channels. Therefore, in
what follows, we focus on the management of inputs to the production because this factor
is the only one (of the above five) that has the potential to explain cross-country variation
in management compensation.

Based on the above line of reasoning, we focus on the part of CEO compensation
related to the management of the optimal composition of inputs into the production of the
output of the firm. The production plan is continuously changed by the manager
according to changes in the relative prices of the inputs. The scope for managing the
production plan is largest in countries or industries where the input prices are the most
volatile and where the adjustment costs are the smallest. Thus our model predicts that
managerial compensation, for example, will be highest in countries with a low degree of
unionization, and in countries with open capital markets. Implicitly, the model also
predicts that if over time countries become decreasingly unionized and capital markets
increasingly liberalized, then differences in CEO pay across countries should decrease.

Our paper proceeds as follows. In Section 2 we present a model of a firm in
which changes in the input factors are subject to adjustment costs. We solve for the
conditions, which characterize the optimal production plan. In Section 3 explicitly solve
for the value of management for different levels of adjustment costs. Section 4

summarizes our findings and suggests avenues for future work.

2. A Dynamic Model of the Firm

As the cost of the production inputs change, it is the manager’s job to adjust the
inputs in order to minimize the total cost of production. Consider a Cobb—Douglas
production function with capital, K, and labor, L, as the inputs: K“L™. Let » and w
denote the cost of capital and labor per unit time, respectively. Assume further that
adjustment to the inputs can be accomplished at pre-specified costs & and A (proportional
to the square of the change), for capital and labor, respectively. Thus, the total

Instantaneous cost function is:



Cdt = (rK + wL + 6A* + AN*)dt , (1)

where A and A denote the absolute change in capital and labor per unit time. We justify
the increasing adjustment costs by appealing to both economic and political factors
inhibiting change. Drastic increases the labor force, for example, are very costly both
because access to a large number of qualified employees is limited and the training and
integration costs become prohibitive. While small reductions of the labor force can be
accomplished through hiring freezes or reducing the work hours, substantial decreases are
very costly because of labor union and/or political considerations. Furthermore,
changing the capital used in the production also becomes very costly for large changes.
Small reductions, for instance, can be accommodated through depreciation or reduced
maintenance. Large reductions, on the other hand, involve outright selling the physical
capital stock and can result in substantial losses to the firm.

Given the adjustment costs and the stochastic input costs, the manager’s job is to

minimize the expected total cost subject to the production constraint:

KfL" =1 2)

This implies the following expressions for L and A as functions of A:

L=K!
. . 3)
A=(A+K)*!'-K*!
The cost of capital and labor are assumed to follow the following stochastic
processes:
dr=pudt+o.dz,
4)

dw=u dt+o, dz,



where (u,,0,,u,,0,) are at most functions of the state variables and time. In the

numerical implementation of the model we assume the process for wages has constant
coefficients and the process for interest rates follows the Cox, Ingersoll, and Ross (CIR)
(1985) model.

Let V(r,w,K,t) denote the expected cost under the optimal policy. The Bellman

principle then becomes:

Vr,w,K,t)=
. t+h ) 5 (5)
min £, [J, (rK +wL + 6A* + ANY)ds +V (r,w, K, ,t + h)]
or,
0=minE[ j K AwL + OA + ANDds + V(K 1+ h)—V(K,,1)] (6)
Taking expectation results in:
0 =min[rK +wL + ON’ + AN + E[dV]/ dt) (7)
Note that:
av =Vdt+V.dr+V dw+V,dK + %VW (dr)* + %wa(dw)z +V,, drdw (8)

Since the evolution of K is given by dK = Adt , the variance of the change in K
and its covariance with » and w are zero and therefore not included in equation (8).

Taking expectation of the evolution of V' gives:

rr 4 ww w

ELAVY =, +V 1, 4Vt 4V + V07 42V 02 4V, ) )



Substituting equation (9) into the Bellman equation (7) provides the following

expression:

0 =min[rK +wL + ON* + AN +

1 o1 , (10)
+V,. +Vu +V u, + VKA+EV, o, +=V, otV 2.1

rr A 2 ww

Differentiation with respect to the choice variable A results in the following first-order

condition:

atl @ il
j’i“l) (A+K)« =K1 (A+K)* ) +V, (11)

O:25A+(

Solving this equation provides the optimal control policy, A", Substituting the
optimal control A” into (3) and (10) yields a partial differential equation for ¥ which we
solve using a finite difference technique.

The active manager assumes that the firm will operate for a period of time ¥ after
the final period 7 without active management. This implies the following terminal

condition:
E(V;)=ECY) =K, +wL)¥ (12)

In other words, the total expected cost of operation for a period of time ¥ is based
on the levels of capital and labor employed at time 7.

The optimization (10) is very simple in two special cases:

- if the switch among inputs is free, i.e. d=A=0, or

- if the cost of switching is prohibitively high, i.e. d=A = .

If the cost of switching is zero, then a manager can adjust inputs instantaneously
as their prices or their marginal products change. At the other extreme, if costs of

switching are very high, the optimal outputs are chosen at the beginning and cannot be



altered. In all other intermediate cases, such as those analyzed below, the model is solved

numerically.

3. Optimization Results

We use an explicit finite difference method so solve for the optimal adjustment

policy and the value of management. Table 1 lists the specific parameters utilized in the

numerical solution.

Table 1: Parameters utilized in the numerical solution

Parameter Description Value

o Parameter of the production function )

mean(r) Average long-term interest rate (CIR model) .08

Ly Expected wage growth rate .02

or Volatility of interest rates (CIR) .0854

Gw Volatility of wages .08

k Speed of mean-reversion (CIR) -.2339

y Time of firm operation with no management beyond 2

the time horizon

T Time horizon of active management 5 years

Range (K/L) Range of the capital to labor ratios considered 3to4

Range (r) Range of interest rates considered 0lto.1

Range (w) Range of cost of labor considered .0l to.1

dt Time step .01 = approx.
3 days

Unless noted explicitly otherwise, all figures are depicted for wage level of .08.

Although the estimation is performed in the three-dimensional state space of K/L, r, and

w, we can only display the solutions in two-state space and we fix the third dimension.

Unless indicated otherwise, the shape of the surfaces looks very similar for all other

levels of w considered but not displayed.




First we investigate the case of very large adjustment costs. If the adjustment
costs are very high, only very small adjustments are optimal. Panels A and B of Figure 7
depict the total expected cost and the optimal adjustment policy, A", as a function of the
contemporaneous capital to labor ratio and interest rates for costs of adjustment 6 and A
of 100. These can be compared with the output level, which is normalized to unity
everywhere. Not surprisingly, with such large adjustment costs the optimal adjustment
policy is virtually zero regardless of the starting capital and labor levels. Furthermore,
the total expected costs are entirely intuitive and higher for input mixes away from the
optimum.

Similarly, Panels C and D of Figure 7 depict the total expected costs and optimal
adjustment policy for adjustment costs of 1. While still fairly high, adjustment costs of 1
allow for some adjustment of the inputs. The pattern of adjustment costs is entirely
intuitive. As the capital levels exceed the optimal mix, the production process switches
to a more labor-intensive mode. On the other hand, as the capital levels fall below the
optimal, more capital is added. For very small levels of capital, even small increases of
capital lead to substantial reductions in labor, and the optimal policy is more moderate,
although new capital is still added.

Next we investigate the optimal adjustment policy for even smaller but positive
adjustment costs. Panels E and F of Figure 8 depict the total expected costs and the
adjustment policy for adjustment costs of 0.1. Not surprisingly, smaller adjustment costs
allow for substantially larger adjustments of the input mix. This, in turn, reduces the
overall expected costs as depicted by Panel E.

Furthermore, we compute the value of management as the percent decrease of
total production costs due to the active adjustment of inputs in face of small adjustment
costs (.1 in this case). Panel A of Figure 8 depicts the value of management as a function
of the capital to labor ratio and the interest rates. Panel B fixes the contemporaneous
interest rate at .08 and depicts the value of management only as a function of the capital
to labor ratio. In other words, Panel B presents a “slice” of the surface depicted in Panel
A. By actively managing the input mix, managers are able to reduce production costs by
5 to over 30% relative to the no adjustments case. As evident from Figure 8, this effect is

largest if the current input mix is furthest away from the optimum. However, even if the
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input mix is currently at the optimum, active management is able to substantially reduce
overall costs. The optimal capital to labor ratio in the case of Panel B, for instance, is a
little less then 2, because wages are expected to grow while interest rates are expected to
be mean reverting. Even if the input mix is optimal, however, active management results
in cost savings of nearly 5% of overall production costs.

While the above estimated costs savings are based on a very specific set of model
parameters, our overall conclusion regarding the ability of active management to add
value does not. For example, Figure 9 depicts the value of management for different
interest rates and wages assuming the starting input proportions are optimal. To produce
this figure we eliminate the capital to labor ratio dimension from the three-dimensional
state space. In doing so we choose the capital to labor ratio that is optimal given the cost
of inputs on each grid point displayed. The overall shape of the figure is driven by our
assumption that wages grow by a constant amount every year, while interest rates are
mean reverting. This explains why the percent decrease of costs goes down as wages go
up (i.e., the denominator increases). Nonetheless, it is apparent that regardless of the cost
of capital — cost of labor combination, active management adds value even if the initial
input mix is optimal.

Although, it has not been made explicit so far, the most important determinant of
the above findings is the volatility of the interest rates. As mentioned above, we assume
a Cox, Ingersoll, and Ross (1980, 1985) (CIR) model with parameters estimated by Chan,
Karolyi, Longstaff, and Sanders (1992) (CKLS). Below we report the estimates of the
value of management for various cost of capital volatilities. Panel A of Figure 10 depicts
the value of management if the initial K/L ratio is at the optimum. Panel B depicts the
average value of management for all initial state variable values we investigate (i.e.,
capital to labor ratio between .3 and 4, and interest rates and wages between .01 and .1).
Not surprisingly, the higher the volatility of the cost of capital, the higher the value of
management, regardless of the starting point. If interest rates follow the CIR model with
parameter estimates given by CKLS, the value of management is approximately 5% of
total costs even if the initial K/L ratio is at the optimum. On average, the value of

management is 14% of total production costs.
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This finding has direct implications for the value of management and, in turn, the
CEO compensation. Economies with very volatile costs of inputs present more
challenges for managers and, therefore, more opportunity for them to add value. This
conclusion is intuitive because historically economies subject to substantial government
intervention, especially regarding the price of production inputs, have offered very low
managerial compensation.

Even more important implication of our model is that higher adjustment costs
reduce the opportunity of managers to add value. Figure 11 depicts the value of
management for various levels of adjustment costs. Panel A depicts the value of
management if the starting input mix is at the optimum. This presents a lower bound of
the value of management for our parameters. Panel B depicts the average value of
management for all starting input mixes studied. Both panels clearly indicate that
adjustment costs have a substantial impact on the ability of management to add value.
For instance, if the starting input mix is optimal, active management can reduce the total
costs by nearly 5% if adjustment costs are low (i.e., .1). This ability to reduce costs goes
down to 1.5% if adjustment costs are slightly higher (i.e., .9). This difference is even
larger if we consider starting input mixes that are not optimal. It is not surprising that the
ability of management to add value is higher in that case, but it is worth noting that the
increase in adjustment costs has a relatively larger impact. For instance, if the starting
mix is optimal, the value of management drops in half over the range of adjustment costs
we consider. If we include all starting input mixes considered, including the ones away
from the optimum, the value of management drops by nearly two-thirds over the same
range of adjustment costs.

In summary, our analysis indicates that higher adjustment costs limit the ability of
active management to add value. This effect is largest if the starting input mix is furthest
away from the optimum. Put differently, economic environments with high adjustment
costs, due to unionization, government regulation, or the nature of the production process,
limit the ability of managers to add value. This, in turn, reduces the overall management

compensation in such economies.
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4. Summary and Direction for Future Work

Most sources of management value are related either to product markets,
production technology, or production inputs. To the extent that product markets are
integrated globally and all firms have access to the same fundamental technology, the
only source of management value potentially able to explain the cross-country variation
in management compensation is the management of inputs. Put differently, while
managing inputs is not the main process through which managers add value, it has the
advantage of being unique to each economy or industry.

This is why we laid out above a simple model of the firm in which the value of
management is determined mainly by the level of adjustment costs in the production
function, as well as by the variability of the input prices. The model suggests that CEOs
in countries with high adjustment costs, maybe arising from the nature of the production
technology or from government or union restrictions, typically add little value to their
firms. Similarly, in countries or industries with low variability in production input prices,
for example arising from non-market determined wages and costs of capital, the value
added from active management is minimal.

We view the model above as providing insight mainly into the value of
management, or put differently, the scope for management compensation. The actual
compensation received by a manager depends, of course, not only on the value (s)he adds
to the company, but also on the supply of people with identical or similar skills.

We do however have some empirical evidence on the link between value-added
and CEO compensation. Conyon and Murphy (2000) report that the median US CEO
receives 1.48% of any increase in shareholder wealth compared with 0.25% in the UK.
These differences could of course either arise from differences in production technologies
and economic environments, as in our model, or from differences in the supply of
managers in the two countries, which we haven’t modeled. It would of course be of
interest to explicitly model the supply of managers and their mobility, but we leave this
important topic for future work.

To sum up, our model shows that the lower the costs of input adjustment, and the
higher the volatility of input prices, the higher the value created by the management.

Therefore, managers in countries and industries facing low constraints on input

13



substitution are expected to command higher compensation. We would thus expect that,
for example, in countries with a low degree of unionization and open capital markets,
managers would command relatively high compensation. The positive relationship
between input price volatility and the value of management suggests a real option
interpretation of the manager: Active management can be viewed as a real option to make
changes in the production plan. The higher the volatility of input prices the larger the

value of this real option.
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Figure 1: CEO Pay, Worldwide, 2001 (1,000 USS)
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Notes to Figure: Data is from Towers Perrin’s Worldwide Total Remuneration 2001-
2002 study. CEO pay includes basic compensation, variable bonus, compulsory
company contributions, voluntary company contributions, perquisites, and long-term
incentives such as stock options and stock grants.
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Figure 2: CEO Pay, OECD, 1996, (PPP)
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Notes to Figure: Data is from Abowd and Kaplan (1999) and reported at purchasing
power parity (PPP).

Figure 3: Human Resource Manager Pay, OECD, 1996, (PPP)
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Notes to Figure: Data is from Abowd and Kaplan (1999) and reported at purchasing
power parity (PPP).
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Figure 4: Manufacturing Operatives Pay, OECD, 1996, (PPP)
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Notes to Figure: Data is from Abowd and Kaplan (1999) and reported at purchasing
power parity (PPP).

Figure 5: CEO Pay After Taxes, OECD, 1996, PPP
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Notes to Figure: Data is from Abowd and Kaplan (1999) and reported at purchasing
power parity (PPP).
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Figure 6: CEO Pay After Taxes, OECD, 1988, PPP
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Notes to Figure: Data is from Abowd and Kaplan (1999) and reported at purchasing
power parity (PPP).
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Figure 7: Total Expected Cost and Optimal Policy with Adjustment Costs

A, Taotal Expected Costs, Delta = Lambda = 100 B. Adjustment Policy, Delta = Lambda = 100
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Notes to Figure: The figures depict the current capital to labor ratio, K/L, and the current
interest rate, R, on the horizontal axes. All figures are depicted for wages = .08, although
the actual solutions involves a full three-dimensional finite difference approximation and
considers a large range for the current wages. The overall shape of the surfaces is very
similar for all levels of wages. The adjustment policy is most aggressive and the total
adjustment costs are smallest for low adjustment costs (e.g., Panels E and F). Not
surprisingly, the total expected costs are largest when the current capital/labor ratio is
away from the optimum for any positive adjustment costs. This effect is largest for high
adjustment costs (e.g., Panels A and B). Panels D and F suggest that larger capital/labor
ratio results in a reduction of the capital, and lower capital/labor ratio results in an
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increase of the capital. When the current capital is close to zero, the production function
utilized here assumes there is a lot of labor employed. Thus, even small increases in
capital results in very high decreases in labor. Because of this, for moderate adjustment
costs (e.g. Panels C and D), the level of adjustment of capital decreases for very low
levels of capital. If the labor adjustment costs are even smaller, as is the case of Panels E
and F, then this phenomenon disappears and lower capital levels result in higher
accumulation of capital.
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Figure 8: Total expected costs and adjustment policy for cost of adjustment of 0.1
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A, Walue of Management, w= .03
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Notes to Figure: Panel A depicts the value of management as the percent reduction of
total expected costs relative to a no adjustment policy. Panel D shows a slice of the
percent decrease of costs if the current rate of return on capital is 8%. Notice that even if
the capital level is at the long-term optimum at the beginning, active management is able
to reduce the costs of production by over 5% by adjusting the inputs.
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Figure 9: Value of Management and Interest Rates

Yalue of Management Under Optimal Initial Allocation
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Notes to Figure: The figure depicts the value of management as a percent of total cost for
various wages and interest rates assuming the starting capital to labor ratio is at the
optimum. The overall shape of the figure is driven by our assumptions that wages are
expected to grow at a constant rate while interest rates are mean reverting.
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Figure 10: Value of Management and Volatility of the Cost of Capital

Percent of Total Cost
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“alue of Management for Starting kAL Ratio at the Optimum

12 T T T T T T T T
10 .
B - .
L CKLS Volatility H
Estimate
AL i
2 | | | | | | | |
ooz 004 005 005 O00fF 003 009 001 o1 012
Awerage Walue of Management for All Staring K/L Ratios Studied
EI:I T T T T T T T T
18 .
CKLS Volatility
16 | Estimate ]
14+ .
121 .
1|:| | | | | | | | |
ooz 004 005 005 007 003 009 01 o111 012

“olatility of the Cost of Capital

Notes to Figure: This figure depicts the value of management as a percent of total

production costs for different levels of interest rate volatility. Panel A depicts the value

of management assuming the starting input mix is optimal, while Panel B depicts the
average value of management for all starting input combinations considered. As
expected, the higher the volatility of the cost of capital, the higher the ability of

management to add value. This effect is largest if the starting input mix is away from the

optimum.
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Figure 11: Value of Management and Adjustment Costs

A, %alue of Management for Starting KL FHatio at the Optimum
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B. Average Yalue of Management for All Starting KYL Ratios Studied
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Notes to Figure: This figure depicts the value of management, as a percent of total cost,
for different adjustment costs. Panel A depicts the value of management if the starting
capital to labor ratio is optimal. In that case active management has the important role of
adjusting the input mix if input prices change in the future. Panel B depicts the value of
management for all starting capital to labor ratios considered in our analysis. Not
surprisingly, including starting input mixes that are away from the optimum increases the
average value of management. Furthermore, the impact of the adjustment costs and the
ability of management to add value are higher for starting input mix away from the
optimum.
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