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Abstract

Using a dynamic heterogeneous agent industry model we examine the
impact of manager remuneration schemes on firms investment decisions
and on the evolution of their competitiveness and share values. Whereas
an increase in the share-based manager remuneration component is always
beneficial to the manager, it is beneficial for shareholders only if such a
change in the remuneration scheme is adopted by all firms in the industry.
In that case productivity growth is slowed down and workers real wages
are reduced.

1 Introduction

The last decades have seen an increasing financialization of large parts of the
manufacturing industry worldwide. Key aspects of this development are that
firms spend an increasing fraction of their net income on the purchasing of (own)
shares as well as an increased orientation of manager remuneration on share
based components. Sakinc (2017) shows, based on data from 298 S&P Europe
350 companies, that expenditures for share repurchases have more than tripled
between 2000-2007 and, after the breakdown during the financial crisis, have
again more than doubled between 2009 and 2015. Qualitatively similar evidence
is reported in Lazonick (2014) for 251 S&P 500 companies. With respect to
managerial compensation, Edmans et al. (2017) report that the average share-
based component (stock plus stock-options) of CEO remuneration in S&P 500
companies has increased from 36% in 1992 to 60% in 2014.

Although the evidence with respect to the size of the impact of share re-
purchases on stock prices is somewhat mixed (see e.g. Peyer and Vermaelen
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(2009), Fu and Huang (2016)) and also seems to depend on domestic institu-
tional specificities (Andriosopoulos and Lasfer, 2015), it has been argued that
the changes in the remuneration schemes for managers might play an important
role for the increase in share buybacks and that this might induce a crowding
out of investment in physical capital and R&D activities (see Lazonick (2014),
Kotnik et al. (2017)). This line of reasoning is supported by empirical studies
(see e.g. Bens et al. (2002) or Bhargava (2013)). In particular, Bhargava (2013)
shows that for a sample of 700 U.S. firms share repurchases of the firm’s own
shares are positively associated with the amount of stock options granted by
the firms as part of their executive compensation schemes. Furthermore, share
repurchases and stock options are negatively associated with expenditures on
research and development as well as with long-term investments of these firms.

In spite of this empirical work linking manager remuneration schemes to
share buybacks and real investments, a theoretical analysis examining the im-
pact of different manager remuneration schemes on investment decisions as well
as the evolution of firms’ competitiveness and share value is missing. In this
paper we provide such an analysis relying on a dynamic heterogeneous agent
industry model, which combines approaches from the evolutionary literature on
Schumpeterian competition (see Nelson and Winter (1982), Dosi et al. (1995))
with the literature on dynamic models of financial markets with heterogeneous
expectations (see Hommes (2006), Dieci and He (2018)).

In particular, we consider an industry in which firms that are each run by a
single manager compete by offering horizontally differentiated goods. Managers
are driven by the incentives generated by their remuneration schemes, which
include share-based and profit-based components, make decisions about R&D
investment and the investment in share buybacks. R&D investments influence
the (long term) competitiveness of the firm, affecting the profits and dividend
payout to shareholders. The size of dividend payments influence the expecta-
tions of financial market participants about future dividends of a firm. The
(net) demand of a financial trader for shares of a firm depends on the dividend
expectations as well as on the expectations about the future share price. In
case the firm engages in share buybacks financial traders adjust their expec-
tation about the future share price upwards or downwards depending on their
type (optimist/pessimist). The share price is determined by market clearing on
the financial market and the realization of the share price feeds back into the
manager’s income, as the manager sells the shares she receives as part of her
remuneration package.

This model captures the trade-off between the (anticipated) short-term fi-
nancial gains for managers potentially arising from share buybacks and the
long-term effects on a firm’s competitiveness, which then feeds back into the
long-run levels of the firms share price. This therefore allows us to examine how
a change in the manager remuneration scheme of a single firm in the industry,
or alternatively, a simultaneous adjustment of the remuneration schemes by all
firms in the industry, influences the dynamics of firm profits, manager incomes
as well as the firms’ productivity. Furthermore, since in our model setup the
expectations of financial market participants about the impact of share buy-
backs on share prices are explicitly represented by optimistic and pessimistic
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expectations, we can also examine to what extent the sentiment on the financial
market influences the dynamics of the industry. In particular, we address the
following main questions:

• How does the fraction of stock-based compensation influence a manager’s
share buyback decision?

• Does an increase in stock-based compensation crowd out R&D invest-
ments? How does the intensity of the crowding out evolve over time?

• How are long-term competitiveness and share prices affected if a firm
increases the fraction of stock-based manager compensation?

• How closely is the manager’s (long term) income related to the (long term)
performance of the firm?

• How do the expectations of financial market participants about the effects
of buybacks on share prices influence the manager’s investment decisions
as well as the dynamics of firm productivities and share prices?

Although the focus of our analysis is the effect of an increase of share-based man-
ager remuneration, we also explore how the expected duration of the managers’
tenure at a firm influences her decision how to allocate expenditures between
R&D and share repurchases as well as the dynamics of her expected income and
the firm’s share price. There are two main reasons for considering this issue.
First, it has been argued in the literature that an increase of share based man-
ager remuneration leads to ’short-termism’ of managers who focus too much on
short term performance of the firm. Hence, we like to understand whether the
implications of such a change in the remuneration scheme are indeed equivalent
to a reduction of the manager’s planning horizon, which is in a natural way in-
duced by increasing the job separation rate for the manager. Second, empirical
evidence seems to suggest that contract durations of CEOs have decreased over
time (see Cziraki and Xu (2014)) and whereas contributions like Barker III and
Mueller (2002) have studied the effect of CEO characteristics, like CEO tenure1,
on R&D investment, a systematic analysis of expected duration in the firm on
the allocation between R&D and buybacks is so far missing.

Following the rich literature on agent-based analyses of industry- and market-
level dynamics2 we address these questions by carrying out computational exper-
iments in which key parameters, in particular the amount of shares the manager
receives as part of her remuneration, the manager job separation rate and the ex-
pectations of financial market participants, are systematically varied. We then
check whether and to what extent such variations result in a significant change
of (the distribution of) the dynamics of key economic variables. This analysis is
carried out for a parameterization of the model which has been empirically cali-
brated to reproduce several empirical stylized facts about the firms’ investment
patterns, manager remuneration and productivity growth using OECD data.

1It should be noted that tenure in this context refers to the time the CEO has already
spent in the firm, whereas we refer to the expected future duration in the firm.

2See Dawid (2006) for a survey of this literature starting with Nelson and Winter (1982)
and e.g. Malerba et al. (2008); Dawid and Reimann (2011) and Chang (2015) for more recent
contributions.
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A key insight from our analysis is that, whereas an increase in the share-
based manager remuneration component is always beneficial for the manager, it
is beneficial for shareholders only if such a change in the remuneration scheme
is adopted by all firms in the industry. If this change in the remuneration
scheme is adopted only by a single firm, it has detrimental effects on that firm’s
long run competitiveness and share price. The underlying mechanism is that the
change in remuneration scheme induces a re-balancing of the firm’s expenditures
towards share buybacks and the resulting decrease in R&D investment induces a
lower growth rate of the firm’s productivity, which, due to market competition,
induces lower profits and dividends. The negative impact of the reduction in
dividends then outweighs the positive direct effects of buybacks on share prices.
If all competitors also change their remuneration schemes in a similar way, the
competition effect disappears and the increased buybacks induce higher share
prices in the long run. However, also in this scenario productivity growth is
slowed down by the stronger orientation of manager compensation on share
based components, which has negative implications for the purchasing power in
real terms of the wages-earners in the industry. An increase in the manager’s
job separation rate in many respects has similar implications as an increase in
the share based remuneration. However, the manager’s per period income is
positively affected only if all firms increase the separation rate. If such a change
occurs only at a single firm this has negative implications for the expected
per period income of the manager of that firm. Finally, our analysis shows
that managers and shareholders profit if the average expectations of financial
market participants about the impact of buybacks on share prices becomes more
optimistic.

Apart from addressing the stated economic questions the paper also makes
a methodological contribution by providing a modeling framework of a financial
market with heterogeneous traders in which the dividend streams of the different
traded assets is endogenously determined based on profits derived from an ex-
plicit representation of the dynamic competition between the different firms on
the market. This distinguishes our setup both from existing industry dynamic
models, in which an explicit representation of the associated dynamics on the
financial market determining the firms’ share prices is typically missing, as well
as the large literature on dynamic financial market models, in which dividends
are typically modeled as exogenously given dynamic stochastic processes.

The paper is organized as follows. In Section 2 we present our model, and
in Section 3 we present the baseline scenario and discuss the reproduction of
several empirical stylized facts. The core of the paper is Section 4 in which we
present and discuss the findings of our simulation analysis. A discussion of some
implications of our results and of possible extensions is provided in the conclud-
ing Section 5. In the Appendix we present the details of the parametrization of
our model, provide evidence for the statistical significance of the reported results
and show that the findings obtained in Section 4 stay intact if we extend the
model by introducing a endogenous adjustment dynamics for the expectation
types of the financial market participants.
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2 The Model

2.1 Overview over the model structure

We consider a dynamic model of an oligopolistic industry in which each of n
firms is run by a decision maker (denoted as ’manager’ here), who every period
decides on the level of real investments and on the amount dedicated to buybacks
of shares of the firm. We model long-term investments in a simple reduced form,
and assume in the tradition of Nelson and Winter (1982) that such investment
with some probability increases the firm’s productivity and thereby reduces
its production costs. In this sense the long-term investment here covers both
investments in R&D and the building up of human capital.

In order to capture the interplay of the effects of share buybacks of firms and
the evolution of firm profits on the dynamics of share prices we link the oligopoly
model to a simple financial market model based on a setup similar to the one
introduced in Brock and Hommes (1998). Traders’ (excess) demand for shares
is determined by their expectations about the future dividend paid by the firm
and the future value of the share price. Dividends are determined by the firm’s
liquidity in the current period. There are two types of traders on the financial
market, who differ with respect to their belief whether current share buybacks
have positive (’optimists’) or negative (’pessimists’) effects on the future share
price. This is motivated by empirical work (e.g. Pettit (2001); Andriosopoulos
and Lasfer (2015)) demonstrating that even if on average buybacks are asso-
ciated with increases in the share price, the responses are mixed and there is
also a significant positive probability for a negative impact. A trader’s expec-
tation about the change in share value is determined by her type as well as the
amount that is invested in buybacks by the firm. To keep this part of the model
as simple as possible it is assumed that the shares of each firm are traded in
isolation on a separate financial market, such that the firms compete only on
the product market, but not on the financial market. This avoids having to
deal with a multi-asset market with heterogeneous expectations, which would
be very challenging from a technical perspective.3

The remuneration of the firm’s manager consists of three parts: a fixed
remuneration, a payment depending on current firm profits and a part depending
on the current price of a share of the firm’s stock on the financial market. The
model captures also the expectations of the manager about the duration of her
job tenure.

2.2 Sequence of events

Before describing in more detail the different decision problems and interactions
arising in the model we give a broad overview by listing the timeline of events in
each period t. The variables in brackets refer to the more detailed description
provided below:

1. Firms compete on the product market and realize market profits (Π∗i,t).

3It would involve solving a multi-dimensional portfolio optimization problem for each
trader, and a general equilibrium market clearing solution.
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2. Managers determine long-term investments (I∗i,t) and the amount to spend
on share buybacks (B∗i,t).

3. Firms’ operating profits are determined (Πo
i,t).

4. Firms determine the dividend payout (Di,t).

5. Financial market participants determine their net demand for shares (zh,i,t).

6. The market clearing prices for all firm shares (Vi,t) are determined and
the financial market participants’ portfolios are updated. Managers sell
all the shares they received as remuneration in the previous period.

7. Dividends per share (di,t) are determined and paid out; dividend expec-
tations are adjusted.

8. The managers receive their remuneration including β units of shares (β
can be fractional).

9. Productivity of firms (Ai,t) is updated.

2.3 Market Competition and Productivity Dynamics

We consider a market where n firms engage in price competition producing
horizontally differentiated goods. The demand function reads

QDi,t =

1− adPi,t +
bd

n− 1

∑
j 6=i

Pj,t

 . (1)

The parameter ad > 0 captures the price sensitivity of consumers and bd ∈ [0, ad]
the degree of horizontal differentiation between products.4 Firms produce with
labor (Li,t) as a single input according to the production function

Qi,t = Ai,tLi,t,

where Ai,t denotes the productivity of firm i at time t. It is assumed that the
wage is uniform across firms and grows proportionally to the average produc-
tivity in the industry. Formally we have

wt
w0

=

∑n
i=1Qi,t−1Ai,t−1∑n
i=1Qi,0Ai,0

.

The marginal production costs of firm i are given by

Ci,t = wt/Ai,t.

Firms choose prices according to the Bertrand equilibrium solution, which is
given by

P ∗i,t =
(2ad(n− 1) + bd)(1 + adCi,t) + adbd(ΣC,t − nCi,t)

(2ad(n− 1) + bd)(2ad − bd)
. (2)

4This demand structure can be derived from the utility maximization of consumers with a
quadratic utility function.
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Here ΣC,t =
∑n
j=1 Cj,t = w

∑n
j=1

1
Aj,t

denotes the sum of the marginal costs of

all competitors. This yields the equilibrium quantities

Q∗i,t =
a
[
(2ad(n− 1) + bd)− (ad(2ad(n− 1) + b)− bd(ad(n− 2) + bd))Ci,t + adbdΣC,t

]
(2ad(n− 1) + bd)(2ad − bd)

(3)
and the market profit for firm i is given by

Π∗i,t(Ci,t,ΣC,t) = Q∗i,t
(
P ∗i,t − w/Ai,t

)
=

(Q∗i,t)
2

ad
. (4)

Due to cost heterogeneity across firms, in principle, expression (3) can be-
come negative for certain firms. In this case, the quantity of the firm with
highest costs is set to zero and equilibrium prices (2) and quantities (3) of the
remaining firms are recalculated, where the term ΣC,t no longer includes the
costs of the firm that has been dropped. This procedure is repeated till all
remaining firms produce positive quantities. An inactive firm producing zero
output in a certain period might become active again in the next period if its
productivity has increased due to a successful innovation.

Firms can increase their productivity due to long-term real investments.
Such investments can be focused on R&D or on training of the labor force
(human capital accumulation). We do not distinguish between these types of
investment and denote by Ii,t the amount of long-term real investment of firm i
at t. Such investment triggers with positive probability an increase of the firm’s
productivity. More precisely, we assume that the arrival rate of the innovation
is a concave function of the real investment. Formally, we have

Ai,t+1 =

 µAi,t with Prob. α(1− e−λi

√
Ii,t)

Ai,t with Prob. (1− α) + αe−λi

√
Ii,t

(5)

The parameter α > 0 denotes the maximal innovation probability per period,
whereas λi > 0 captures the effectiveness of firm i with respect to long term
investment.

2.4 Manager Remuneration

In each period the manager determines the optimal amount of long-term invest-
ment, I∗i,t, and the optimal amount B∗i,t to invest in share buybacks. The man-

ager receives a remuneration consisting of a fixed amount W f , a performance-
related payment proportional to the firm’s operating profit (if positive) and an
amount of βi units of firm stock, which the manager immediately sells on the
stock market in the following period. The simplifying assumptions that the
manager is paid in stock rather than stock options, and that she sells them
immediately, are made in order to avoid having to deal with the complex issue
of determining the optimal selling time by the manager or the problem of stock
option pricing.5 The main effect we intend to capture is the positive impact

5Also, empirical evidence points towards a recent shift in using units of stock rather than
stock options in the variable part of manager’s remuneration scheme. So called restricted
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of an increase of the firm’s stock market value on the manager’s (current and
future) income, which is satisfied in our formulation since the manager expects
to receive additional shares in the future. Summarizing, the manager income in
period t is given by

Wm
i,t = βiVi,t + γmax[0,Πo

i,t] +W f , (6)

where
Πo
i,t = Π∗i,t − Ii,t −W f + rSi,t

denotes the operating profit of the firm.6 Furthermore, Vi,t is the share price of
firm i in period t and Si,t are the firm’s savings. The interest rate 0 ≤ r < 1 is
assumed to be constant and exogenously given. The share-based remuneration
parameter βi ≥ 0 will play a key role in our analysis and we will consider
scenarios in which this parameter is heterogeneous across firms. The other
remuneration parameters will always be assumed to be homogeneous in the
industry.

2.5 Dividend Policy and Dynamics of Firm Savings

Dividends play an important role for the dynamics of the share price, since
traders on the financial market take (expected) dividend payments into account
when determining their demand for firm stocks. It is assumed that each firm
has a simple and fixed dividend policy such that a constant fraction of current
firm liquidity (after market profits and manager remuneration) is paid out as
dividends (if positive). In particular, the total dividend payout is given by7

Di,t = D(Ii,t) := δi max
{

0, (1 + r)Si,t + Π∗i,t −W f − γmax[0,Πo
i,t(Ii,t)]

}
.
(7)

The parameter δi > 0 is denoted as the dividend payout ratio. The dividend is
paid out at the end of each period t and the dividend per share di,t depends on
the number of shares publicly held at the end of the period. The updating of
the number of shares over time is explained in the next subsection.

Taking into account the dividend payments as well as the firm’s expenses for
share buybacks the dynamics of the firm’s savings is given by

Si,t+1 = Si,t + Πo
i,t − (γmax[0,Πo

i,t] +W f )−Di,t −Bi,t. (8)

In order to capture financial constraints the firm is facing we assume for sim-
plicity that the firm cannot go into debt, implying that the investment decisions
Ii,t and Bi,t have to satisfy the additional condition Si,t+1 ≥ 0.

stock units (or RSUs) are used due to fair value accounting considerations that led to changes
in GAAP, and because it may yield a tax benefit for the manager’s income tax when the stock
price at time of vesting of the stock grant differs from the price at the time of selling the stock.

6It should be noted that whereas real investments are treated as costs (e.g. labor costs for
R&D employees or training costs), the expenses for buybacks (accounting-wise) do not reduce
the firm profits.

7This formulation assumes that the amount of dividends paid out is determined such that it
is not directly affected by the amounts the firm spends on long-term investments and buybacks.
This assumption is made to avoid a direct trade-off between investment and dividend payouts.
Such a connection would introduce a complex channel through which investments affect future
share prices and hence future manager incomes.
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2.6 Financial Market Interaction

We denote by Ni,t the total number of shares of firm i that are held by in-
vestors/traders on the financial market, including the manager, at the beginning
of period t. Shares for each firm are traded on separate financial markets.

Before going into the details of the financial market interaction that deter-
mines the share price Vi,t, note that the dividend per share is given by

di,t =
Di,t

Ni,t − Bi,t

Vi,t

. (9)

Here,
Bi,t

Vi,t
is the reduction in the number of publicly held shares due to share

buybacks by firm i in period t.8 To determine the number of shares at the
beginning of period t+ 1 it also has to be taken into account that the manager
receives βi shares at the end of period t. Therefore, the evolution of the number
of shares is given by

Ni,t+1 = Ni,t −Bi,t/Vi,t + βi with Ni,t ∈ R. (10)

Note that the dividend per share di,t is determined after the firm has repurchased
Bi,t

Vi,t
shares, but before the manager has received the new βi shares.

We assume there are M traders on the financial market, who have standard
CARA utility functions and maximizing expected current utility. Well-known
results (see e.g. Brock and Hommes (1998)) show that the demand for shares
of firm i by trader type h is given by

zh,i,t =
Eh,t[Vi,t+1 + di,t+1 − (1 + r)Vi,t]

ãσ̂2
i,t

(11)

where ã denotes the rate of relative risk aversion and σ̂i,t is the agents’ expec-
tation regarding the standard deviation of dividends plus share price in period
t. It is assumed that the expected standard deviation is proportional to the last
observed dividend per share, i.e.

σ̂i,t = Ei,t[σt] = f(di,t−1) = σ̃di,t−1 for some σ̃ > 0,

where σ̃ is a scaling parameter.
Let ιh,i,t denote the quantity of shares a trader of type h holds at the end

of period t. The net demand for shares of each trader of type h is given by
zh,i,t − ιh,i,t−1.

A trader’s type is determined by his expectation about the market impact
of the share buyback Bi,t on the stock price Vi,t. Two types of traders are
considered, depending on whether they have optimistic (o) or pessimistic (p)
expectations about the market price impact. Formally, the expectation about
the share price plus dividend in the following period is given by

Eh,t[Vi,t+1 + di,t+1] = Vi,t−1

(
1 + κh

Bi,t
Vi,tNi,t

)
+ Et[di,t+1], (12)

8We assume the firm can repurchase any volume, hence the number of shares repurchased
is allowed to be any positive real number.
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where h ∈ {o, p} denotes the type of agent h. Note that the expectations
about dividends Et[di,t+1] are assumed the same for both types, so they are
independent of h. The parameter κh captures the expectations of type h about
the impact of the share buyback on the stock market price Vi,t+1, where

Bi,t

Vi,tNi,t

denotes the fraction of all shares repurchased by firm i in period t. We further
assume that κo > 0 and κp < 0.

In our baseline model we assume that the fraction of traders with optimistic
expectations, denoted by θt, stays constant over time. This assumption is made
for simplicity and also allows us to study how the market sentiment, i.e. the
fraction of optimistic traders, influences the behavior of managers and thereby
the incentives of firms to provide managers strongly stock-based remuneration
schemes. In a robustness check we relax this assumption and assume that the
fraction of optimistic traders θt adjusts over time based on the past relative
prediction performance of the two types. Details of this adjustment dynamics
are provided in Appendix C.

Concerning expectations about the dividends per share, we assume that
these are adjusted adaptively according to

Et[di,t+1] = d̂i,t+1 := (1− φ) · Et−2[di,t−1] + φ · di,t−1.

Again, note that this formulation is independent of the type h, so optimists
and pessimists are assumed to have the same expectations about the dividends
per share. Further note that information about di,t is available only at the end
of period t and therefore cannot be used for the expectation updating at this
point. In an extension of the model it will also be interesting to consider markets
where long-term investments of a firm have (positive impact) on the dividend
expectations.

Apart from the financial market traders also the manager acts on the finan-
cial market, because in each period she sells βi units of the stock she received
at t− 1 as part of her remuneration. The manager does not trade on the stock
market for other purposes, which means that the demand and supply of stock
by the manager is given by zm,i,t = 0 and ιm,i,t = βi. Taking into account

that the firms’ demand for its own shares is given by
Bi,t

Vi,t
, the market clearing

condition reads

M

θt d̂i,t+1 + Vi,t−1

(
1 + κo

Bi,t

Vi,tNi,t

)
− (1 + r)Vi,t

ãσ̂2
i,t

− θt−1ιo,i,t−1

+

M

(1− θt)
d̂i,t+1 + Vi,t−1

(
1 + κp

Bi,t

Vi,tNi,t

)
− (1 + r)Vi,t

ãσ̂2
i,t

− (1− θt−1)ιp,i,t−1


−ιm,i,t−1 +

Bi,t
Vi,t

= 0. (13)

The total number of shares held at the beginning of period t isMθt−1ιo,i,t−1+
M(1−θt−1)ιp,i,t−1 + ιm,i,t−1 and therefore this expression is equal to Ni,t. Tak-
ing this into account and rescaling the constant risk aversion coefficient by the
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number of traders a = ã/M , the market clearing condition can be rewritten as

d̂i,t+1 + Vi,t−1

(
1 + [θtκo + (1− θt)κp] Bi,t

Vi,tNi,t

)
− (1 + r)Vi,t

aσ̂2
i,t

= Ni,t −
Bi,t
Vi,t

.

(14)
The left hand side gives the demand for shares by all market participants,
whereas the right hand side equals the number of shares on the market after
the firm’s share repurchase.

Solving (14) for Vi,t shows that the equilibrium share price at time t is given
by the positive root of the quadratic equation:

(1+r)V 2
i,t−

(
d̂i,t+1 + Vi,t−1 − aσ̂2

i,tNi,t

)
Vi,t−Bi,t

(
[θtκo + (1− θt)κp]Vi,t−1

Ni,t
+ aσ2

)
= 0.

Using the notation

X1,i,t = d̂i,t+1 + Vi,t−1 − aσ̂2
i,tNi,t, (15)

X2,i,t =
[θtκo + (1− θt)κp]Vi,t−1

Ni,t
+ aσ̂2

i,t, (16)

this yields a market clearing equilibrium share price given by

Vi,t =
X1,i,t +

√
X2

1,i,t + 4(1 + r)X2,i,tBi,t

2(1 + r)
. (17)

In what follows we will only consider scenarios in which the share price is positive
even if no buybacks are carried out, which corresponds to the assumption that
X1,i,t > 0. Only parameter settings where this condition is fulfilled will be
considered.9

2.7 Managers’ Decision Problem

When making their decisions managers take into account that they might have
to leave their position in the future. In particular, we assume that the man-
ager behaves based on an estimated job separation rate ωi > 0 and that she
maximizes the expected remuneration over her remaining tenure at the firm.10

Hence, the manager chooses Ii,t and Bi,t to maximize the objective function

Ji = E
∞∑
t=0

e−(ρ+ωi)tWm
i,t, (18)

9A sufficient condition for X1,i,t > 0 is that aσ̂2
i,t is sufficiently small. Let N0 be the initial

number of outstanding shares for each firm, and let d̄ > 0 be a minimum dividend per share
that is bounded away from zero. Then if aσ̂2

i,t < d̄/(N0 + Tβi), the condition X1,i,t > 0 is
satisfied. Here N0 + Tβi represents an upper bound on the number of shares outstanding for
each firm after T periods if there are no share buybacks.

10It should be noted that the expected job separation rate for managers might be hetero-
geneous across firms due to different designs of work contracts, ownership structures or firm
cultures.
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where ρ > 0 is the discount rate. Furthermore, the condition that firm savings
always have to be non-negative induces the constraint

Ii,t +Bi,t + D(Ii,t) ≤ (1 + r)Si,t + Π∗i,t −W f . (19)

It should be noted that due to the dependence of the manager remuneration on
the operating profit, the dividend Di,t = D(Ii,t) (see (7)) is a function of the
real investment in t. In order to determine the optimal level of real investments
and buybacks, Ii,t and Bi,t, in each firm the manager calculates the estimated
expected marginal effect of both types of investments on her objective function
(18).

As a first step in estimating the marginal return of current real investment
the manager determines how her future income stream is affected by a marginal
change in the operating profit of the current period. Such a change does not
only affect the manager’s current remuneration (through the profit based part of
Wm
i,t) but also future remunerations. An increase in the firm’s operating profit

increases the firm’s savings and therefore the interest the firm receives/pays in
future periods. This affects future operating profits of the firm and thereby
future remunerations of the manager. Denoting by η the estimated marginal
effect of a change in the current operating profit on the manager’s objective
function Ji we obtain

η = γ

(
1 + r

∞∑
s=1

e−(ρ+ωi)s
∂Si,t+s
∂Πo

i,t

)

= γ

(
1 + r(1− γ)e−(ρ+ωi)

∞∑
s=0

e−(ρ+ωi)s(1 + r(1− γ))s

)

= γ

(
1 +

r(1− γ)e−(ρ+ωi)

1− e−(ρ+ωi)(1 + r(1− γ))

)
. (20)

It can be seen that the estimated size of the marginal effect is actually
constant across periods. As a second step the manager needs to obtain an
estimate of the increase in the future stream of firm profits that is induced
by a successful innovation in the current period. The manager estimates this
under the assumption that the additional profit generated by an increase of the
own productivity by the factor µ is constant across periods. This clearly is
a simplification since the actual increase in future period profits triggered by
the current innovation might change if additional innovations of the firm or its
competitors follow later on. Based on these assumptions such an increase in the
profit can be estimated by

∆Πi,t = Π∗i,t

(
w

µAi,t
,ΣC,t +

w

µAi,t
− w

Ai,t

)
−Π∗i,t

(
w

Ai,t
,ΣC,t

)
.

where Π∗i,t(.) is given by (4). The expected marginal change of the managers
objective Ji with respect to an increase of real investment is then calculated
under the assumption that all future operating profits and dividends are positive.
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Taking into account the arrival rate of productivity enhancing innovations given
by (5), this yields

MV Ii,t(Ii,t) = η

∂ α
(

1− e−λi

√
Ii,t
)

∂Ii,t

∞∑
s=1

e−(ρ+ωi)s∆Πi,t − 1


= η

(
αλie

−(ρ+ωi)

2(1− e−(ρ+ωi))
√
Ii,t

∆Πi,te
−λi

√
Ii,t − 1

)
. (21)

Considering the expected marginal change of the managers objective Ji with
respect to share buybacks Bit, the manager estimates the impact of a buyback
on the financial market for the current period11, but simultaneously assumes
that Bi,t has no impact on any future stock values Vi,t+s, for all s > 0. Since
share buybacks do not reduce the firm’s operating profit in period t, there are
no negative implications of a buyback for the manager’s remuneration in that
period, which is an important difference to the case of real investment discussed
above. Nevertheless, buybacks do reduce the firm’s savings in future periods,
which affects the profit-based remuneration of the manager through the interest
channel. The expected marginal value of the share buyback for the manager is
therefore given by

MV Bi,t(Bi,t) = βi
∂Vi,t

∂Bi,t
− (η − γ).

= βi
X2,i,t√

X2
1,i,t+4(1+r)X2,i,tBi,t

− (η − γ). (22)

Since limI→0MV Ii,t(I) =∞, it follows that real investment is always positive.
Furthermore, if under the managers optimal choice both types of investments
are positive, we must have MV Ii,t(I

∗
i,t) = MV Bi,t(B

∗
i,t) and, if the marginal values

are positive under this optimal choice, it follows that budget constraint (19) is
binding. Furthermore, both marginal values decrease with an increasing invest-
ment level. Denoting by Bmax(I) the value of Bi,t such that for Ii,t = I the
budget constraint (19) holds as equality, then it follows from these arguments
that the optimal real investment is determined by the equation

MV I(I∗i,t) = max[0,MV B(Bmax(I∗i,t))].

If MV B(Bmax(I∗i,t)) ≥ 0, then B∗i,t = Bmax(I∗i,t), otherwise B∗i,t = inf{B ≥ 0 :

MV B(B) < 0}, which might also be zero.
The chosen real investment I∗i,t then determines the actual operating profit

in period Πo
i,t and the probability of an increase of the firm’s productivity at

the end of the period (see the timeline in Section 2.2). The expenditure for
buybacks B∗i,t is observed by the financial market participants and influences
their expectations about the future stock prices (see (12)). It also affects the
demand for shares on the financial market (see (13)).

11It should be noted that Bi,t is determined before the financial market in period t clears.
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3 Baseline Scenario and Empirical Validation

As a basis for the following economic analysis we first develop a baseline sce-
nario which generates output that matches empirical regularities observed in the
literature.12 Following the usual procedure for empirical calibration of an agent-
based model, we set parameters for the baseline scenario such that a relevant set
of empirical stylized facts can be reproduced.13 Given the focus of our analysis
on the relationship between managerial compensation and real versus financial
investment decisions we use targets with respect to these issues that have been
recently established by empirical work using European firms. In particular, Kot-
nik et al. (2017) analyze data from 227 large publicly traded companies listed in
the S&P Europe 350. They find that on average the share-based pay accounts
for 51% of total CEO compensation. Furthermore, Sakinc (2017) examines the
relative size of investments in R&D and share buybacks of 298 European firms
in 2015 and finds that the total expenditures for R&D were approximately 136
Billion e compared to approximately 60 Billion e spent in total for purchasing
common stock. Both amounts were substantially less than the approximately
268 Billion e that was paid out as dividends.14 Since real investments in our
model translate to increases in firm productivity we compare the growth rate of
the productivity parameter Ai,t in our model with the average growth rate of
labor productivity in the manufacturing industry. Relying on OECD data for
the growth rate of value added per hour worked in the manufacturing industry
in the time interval between 1995 - 2016 we find 2.7% as the average across all
28 (current) EU Member States.

In the framework of our model we assume that investment decisions and div-
idend payouts are determined on a quarterly basis, which means that one time
period in our model corresponds to one quarter. Based on this assumption, the
job separation rate has been determined as ωi = 0.025, i = 1, .., 10 implying that
the manager assigns a 10% probability to be fired in a given year. Empirical evi-
dence with respect to these expectations and also about the average total length
of CEO tenures at a company are hard to find in the literature. Data reported
in Cziraki and Xu (2014) implies that in the U.S. the average duration of a CEO
contract is about 3.25 years, but that a substantial percentage of CEOs get re-
newals on their contracts. Given this observation and the anecdotal evidence
that CEO turnover tends to be higher in the U.S. than in European companies
our choice of an average tenure of 10 years for a CEO seems reasonable. In our
analysis we will also consider scenarios with larger job separation rates. The
interest (and the discount) rate is fixed at 1.2% corresponding to low interest
scenarios as has been experienced in recent years. Following the insights from
the majority of the empirical literature that ceteris paribus buybacks tend to

12The model has been implemented in the simulation framework FLAME to generate the
simulation data presented in the following sections (see www.flame.ac.uk). The simulation
data has been processed and analyzed using the statistical software package R, see R Core
Team (2017).

13Developing methods for rigorously estimating the parameters in agent-based models is
currently an active field of research, see e.g. Grazzini et al. (2017); Guerini and Moneta
(2017) orBarde and van der Hoog (2017).

14All figures are taken from Figure 1 in Sakinc (2017).
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be associated with a positive change in the share price we set θt = 0.75, ∀t and
thereby assume that the majority of stock market participants are optimists.

In all simulation runs we initialize the industry with 10 firms with homo-
geneous productivity. Over time the firms typically evolve to be heterogeneous
and, as discussed in Section 2.3, some firms might become inactive and stop
producing if their productivity lags too much behind that of their competitors.
Since we do not model firm entry, in the very long run this might lead to a
strong concentration of the industry, but in our analyses we will only consider
time horizons during which a large majority of firms stays active in the mar-
ket. The homogeneous initialization of all firm productivities is crucial in order
to be able to isolate the effect of differences in firms’ remuneration schemes
and manager separation rates on the firms’ investment behavior and (long run)
performance. We always consider ensembles of 100 simulation runs for a given
scenario and parameter setting in order to capture the stochastic nature of the
emerging dynamics.

The baseline parameterization of the model is given in Table 2 in Appendix
A. In addition to the parameters also the initialization of the different variables
has to be considered. The initial values for wages and productivities are both
normalized to 1, which implicitly determines the units of measurement for prices
and quantities. The beliefs of financial market participants about the stock value
of each firm has an important impact on the dynamics of the model. More
precisely, in order to determine traders’ expectations in t = 1 according to (12)
an initial value of Vi,0 has to be determined. In Figure 1 we show the dynamics
of the mean of the distribution of firm stock values for three initializations of
traders’ expectations about the firms’ share prices.15 As can be clearly seen
only for an initialization of Vi,0 = 0.005 the average share price does not exhibit
a trend but stays approximately constant. Hence, the initial beliefs of traders in
this scenario correspond well to the actual share prices that emerge as a result
of the profits and dividends realized over time in the market. Hence, in what
follows we will use Vi,0 = 0.005, i = 1, .., 10 as the initialization for all simulation
runs.

In Figure 2 we show the evolution of firm productivity, average investments
in R&D, and average investments in share buybacks for the baseline scenario.
In addition to the population means of these variables we also depict the cor-
responding standard deviation of the population distribution at each point in
time (dotted lines). Due to the homogeneous initialization of the firms this mea-
sure of heterogeneity is zero at the beginning of each run. However, due to the
different success of firms in obtaining productivity increasing innovations firms
quickly become more heterogeneous not only with respect to productivity but
also with respect to the amount they invest in R&D and share buybacks. This
heterogeneity emerges despite the fact that in the baseline scenario all firms use
the same remuneration schemes and hence there are no systematic differences
in manager incentives. Turning to the reproduction of stylized facts, from panel
(a) of Figure 2 we obtain that average productivity after 200 periods (which
corresponds to 50 years) is approximately 3.9. Hence the average growth rate

15In all figures with time series we show the median across 100 batch runs of the depicted
variables.
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Figure 1: Dynamics of the average share price for the baseline parameterization
for different initial expectations about the share price: Vi,0 = 0.004 (black),
Vi,0 = 0.005 (red) and Vi,0 = 0.006 (green).

Indicator Simulation Empirical Source
Output (%) Target (%)

Productivity Growth Rate 2.76 (0.0383) 2.7 OECD Data
Fraction of share based component 0.48 (0.0007) 0.51 Kotnik et al. (2017)
of total manager compensation
Ratio of industry-wide R&D investment 1.95 (0.0501) 2.26 Sakinc (2017)
to total expenditures for share buybacks
Ratio of total expenditures for share 0.16 (0.0027) 0.22 Sakinc (2017)
buybacks to total dividend payouts

Table 1: Comparison of baseline simulation results with empirical stylized facts.

of productivity is 2.76%, which is very close to the target of 2.7% obtained from
OECD data. Similarly, from panel (b) it can be clearly seen that the average
R&D expenditures are about twice as high as expenditures for share buybacks,
which matches the empirical target described above.

In Table 1 we compare the average values for different indicators obtained in
period t = 200 in our baseline scenario with the empirical target values. For the
simulation results we provide for each indicator the mean as well as, in brackets,
the standard deviation across the batch runs. This table shows that our model
qualitatively reproduces all the empirical observations and for several indicators
even provides a close quantitative fit despite the fact that no systematic rigor-
ous calibration or estimation was carried out. The intention of our following
analysis is to provide qualitative insights into the implications of changes in the
remuneration schemes and the expected manager tenure, rather than providing
quantiative predictions. Based on the results of this brief empirical validation of
the model, it seems well suited to provide meaningful insights into the dynamic
mechanisms that emerge from such changes in the manager incentives.
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Figure 2: Dynamics of the (a) average firm productivity and (b) the average
investments in R&D (green) and share buybacks (red). The dotted lines always
indicate the standard deviation of the population distribution of these variables.

4 Economic Analysis

Having established a baseline scenario, we now address our main research ques-
tions. In particular, we first analyze the impact of changes of the remuneration
scheme (βi) and of the expected duration of manager tenure (ωi) in a single
firm on the performance of this firm, on the income of that firm’s manager,
as well as on the industry dynamics. In these experiments the corresponding
parameters will be varied only for a single firm, which in our case is always
labeled as firm 1. Afterwards, we consider scenarios in which the correspond-
ing changes are implemented by all firms in the industry and explore how this
affects the industry dynamics and the income of all managers. Finally, we ex-
amine the implications of changes in the expectations on the financial market
(about the impact of share buybacks on the future share price) for firm behavior
and industry dynamics.

4.1 Increasing the share based manager remuneration com-
ponent in a single firm

To study the implications of an increase in the share-based manager compensa-
tion we now compare different scenarios in which the number of shares granted
to the manager of firm 1 in each period is varied. Below we refer to this firm
as the target firm. More precisely, we compare runs for the baseline setting
β1 = 0.3 with runs for β1 = 0.6 and β1 = 0.9. In line with empirical obser-
vations that the increase in the share-based compensation has been associated
with an increase in total manager compensation we assume that the increase in
β1 is not compensated by a decrease in the other components of the remuner-
ation scheme. This increase in share-based compensation does not come with
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Figure 3: Time series of the ratio of R&D investments to total investments
(panel (a)) and profit (panel (b)) of firm 1 for β1 = 0.3 (black), β1 = 0.6 (red)
and β1 = 0.9 (green). The dotted lines indicate the 25th and 75th percentiles
of the distribution across batch runs.

any direct costs to the firm (in terms of the operating profit), but of course it
might in principle lead to an increase in the number of shares on the market and
thereby to a dilution of the share price. As we will see below, due to changed
manager behavior this effect however does not occur in our model. Associating
the increase of β1 with a decrease in the fixed manager salary would not affect
the qualitative results presented below.

In Figure 3 we show the dynamics over 100 periods (i.e. 25 years) of the ratio
of R&D investment to total investment (i.e. R&D investment plus expenditures
fo buybacks) of firm 1 as well as the evolution of the target firm’s profit for the
three considered values of β1. Considering the 25% and 75% quantiles around
the batch run medians highlights that there is substantial heterogeneity across
runs. Since we are considering a single firm, the performance of which is strongly
driven by the (stochastic) success of its innovation projects, such high variance
has to be expected. Nevertheless, a clear pattern can be observed. An increase
of the values of β1 on average leads to a reduction of R&D investments relative
to expenditures for share buybacks. As a result of this, the market profit of firm
1 under a large share-based remuneration component (β1 = 0.9) decreases over
time and develops substantially worse than under the baseline scenario, in which
firm 1 chooses the same value of β1 = 0.3 as its competitors. As can be clearly
seen the negative effect of a large value of β1 on the firm profit becomes more
pronounced over time, whereas the difference between the three scenarios with
respect to the ratios of R&D investment to total investment decrease over time.
The fact that an increase of β1 initially increases the manager’s incentive to
invest in buybacks follows directly from (22).16 However, the emerging dynamics

16This holds true only if the coefficient of βi in (22) is positive, i.e. if the expected impact
of a buyback on the share price is positive and sufficiently large. However, this is the only
relevant case for us, since otherwise we are in the case of zero buybacks.
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of the investment ratio and the implications for the evolution of share prices and
manager income are less clear.

To obtain a clearer understanding of the significance of the observed effects
and of the underlying mechanisms, we show in Figure 4 several boxplots with
the distributions of several key indicators at t = 100 across the batch runs.17

Panels (a) and (b) indicate that the effect of an increase of β1 on the R&D
investment share and the profit of the target firm is clearly significant. Panel
(c) highlights that the smaller (relative) R&D investments of the firm under
larger values of β1 leads to a slower increase of productivity of the target firm.
In particular, this implies that the productivity of the target firm on average
grows slower than that of its competitors (which all use βi = 0.3) and since the
wage grows at the same rate as the average productivity in the industry, this
induces increasing unit costs and decreasing competitiveness for the target firm.
This explains the negative effect of a large value of β1 on the profit of firm 1
and also why this effect increases over time.

The lower profit under a higher share-based remuneration component neg-
atively affects the share price through the dividend channel (see Figure 4(d))
even though the increased incentive for the manager to invest in buybacks un-
der a large value of β1 indeed implies that in such a scenario fewer shares are
traded on the market (see panel (e)). Whereas this generates an upward pres-
sure on the firm’s share price, it is dominated by the effect that the lower profits
induce reduced expectations with respect to dividends by the financial market
participants. Figure 4(e) also shows that in our model emitting more shares in
order to remunerate the manager does not lead to an increase of the total num-
ber of shares on the market, since this share emission is over-compensated by
larger buybacks carried out by the firm. Hence, there is no dilution of the share
price, however the shareholders are nevertheless negatively affected by such a
change in the remuneration scheme since the shift in investment incentives has
detrimental long-term implications for the profit earned and the dividend paid
out to shareholders. It should be stressed that this effect emerges only after
some time. When comparing the share price at early stages of runs (e.g. after
5 periods, not shown here), the mean values for β1 = 0.6, 0.9 are above that for
the baseline of β1 = 0.3.

The observation that under higher values of β1 the share price of the target
firm over time decreases relative to the level it would have under the baseline
also explains the observation in Figure 3(a) that the ratio of R&D investment
to total investment over time seems to converge between the three scenarios: a
lower share price reduces the incentives for managers to invest in share buybacks
(see (22) and (15,16)) and shifts the ratio towards a higher R&D investment
share. Simulation results not shown here suggest that in the very long run (after
200 periods) this effect becomes so strong that the ratio of R&D investment to
total investment is larger under β1 = 0.9 than under β1 = 0.3.

Finally, as is highlighted in panel (f) of Figure 4, the implication of an

17In Appendix B we report p-values from Wilcoxon tests, which indicate that with one
exception all the differences between the distributions for different values of β1, which we
discuss here, are highly significant. Only the equality between the distributions of share
prices for β1 = 0.6 and β1 = 0.9 (see panel (d)) cannot be rejected at a 5% level.
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Figure 4: Comparison of key indicators of the target firm 1 at t = 100 for
different values of β1: (a) ratio of R&D investment to total investment; (b)
profit; (c) productivity; (d) share price; (e) number of shares on the market; (f)
manager income. The boxplots show the variation across different batch runs.
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Figure 5: Comparison of the average of key indicators of the competitors of firm
1 at t = 100 for different values of β1: (a) profit; (b) share price; (c) manager
income.

increase of β1 on the income of the manager is clearly positive also after 100
periods. The positive direct effect of being able to sell a larger amount of shares
on the market outweighs the negative impact of the adjusted investment strategy
on the share price.

Having examined the implications of an increase of β1 for the target firm, let
us now briefly turn to the effect on the competitors. As discussed above, under
a larger share-based remuneration component the target firm over time tends to
loose competitiveness and intuitively this should have positive implications for
the other firms on the market. Figure 5 confirms this intuition. As can be seen
in panel (a) of the figure, the reduced competitiveness of the target firm 1 for
large values of β1 implies a significant increase in the profits of the competitors
after 100 periods. These higher profits imply that the competitors pay higher
dividends, but also lead to an increase in the amount these firms spend on share
buybacks.18 Both effects generate an upward pressure on the share price, and as
can be seen in Figure 5(b) the share price of the competitors indeed is positively
affected by an increase in the share-based remuneration component of firm 1.
Due to their profit-based and share-based components of their remuneration
schemes the managers of the competitors indirectly benefit from an increase of
β1 although their own contract is not affected (see panel (c)).

4.2 Decreasing the expected tenure of the manager in a
single firm

The results discussed in the previous section show that an increase in the share-
based remuneration component of the manager induces a shift of firm invest-
ment towards share buybacks, which although pushing the share price upwards
in the short run, has detrimental implications for the firm’s profits as well as
for its share price in the medium and long run. In this section we analyze to

18The boxplot comparing the average number of shares of firms i = 2, .., 10 on the market
at t = 100, which is not shown here, indicates that for higher values of β1 fewer shares of
these competitors remain on the market.
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Figure 6: Comparison of key indicators of firm 1 at t = 100 for different values
of ω1: (a) ratio of R&D investment to total investment; (b) profit; (c) manager
income.

what extent similar effects can arise even without changes in the remuneration
scheme, if a reduced expected duration of the manager’s tenure shifts her at-
tention more towards the short term performance of the firm. Taking again our
baseline scenario as the benchmark, we now compare it with scenarios in which
the manager’s job separation rate at firm 1 is larger than the baseline value.
Considering (21) and (22) shows that such a change ceteris paribus decreases
the expected marginal value of R&D investment for the manager, whereas the
expected marginal value of a buyback is only affected in the sense that the man-
ager now values firms savings less, and is therefore increased. Hence, one should
expect a shift in investments from R&D towards buybacks. As can be seen in
Figure 6(a) this effect is persistent over 100 periods and a firm with a faster
(expected) turnover of managers is characterized by a smaller share of R&D
investment. Through similar mechanisms to those discussed in the previous
section, this shift in investment leads to smaller profits (panel (b)) and even-
tually also to smaller share prices for the target firm. Since the remuneration
scheme of the manager of the target firm is the same across all three considered
scenarios, it follows directly that the average manager remuneration is smaller
after 100 periods, compared to the baseline, if the expected manager separation
rate is larger. This is confirmed in Figure 6(c). Hence, in our setting an increase
in the manager turnover has negative implications both for the shareholders of
the target firm and for the expected manager income.

4.3 Effects of industry-wide changes in remuneration schemes
and in the expected tenure of managers

The analysis in Section 4.1 has clearly shown that a single firm which increases
the stock-based remuneration component of its manager to a higher level than
that used by its competitors faces detrimental long-run effects in terms of com-
petitiveness, firm profits and also its share price. Nevertheless, such a change is
very attractive from the manager’s perspective, whose income increases. Taking
into account potential competition effects for the best managers, which is not
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explicitly captured in our model, or the orientation on short-term goals might
nevertheless induce firms to adopt such remuneration schemes with a higher
share-based component, in particular if such changes are also carried out by the
firm’s competitors. Indeed, as discussed in the Introduction, in many industries
a general trend towards a more strongly share-based manager remuneration has
been observed. This gives rise to the question to what extent the implications
of an increase of the share-based component change if such a measure is not
carried out by one firm in isolation, but rather in a synchronized way by all
firms in the industry.

To address this question we now consider scenarios in which all firms share
a common value β of their parameter βi, i = 1, .., n. In particular, we compare
the baseline β = 0.3 with the scenarios β = 0.6 and β = 0.9, in which all
firms move to a more strongly share-based remuneration of managers. Again,
we consider the implications of such a change after 100 periods. Figure 7 shows
the distribution of median values of all firms in the market across the batch
runs for the three scenarios. As expected, a larger value of β implies a shift
of the firms’ investment from R&D towards share buybacks (panel (a)). This
leads to a significant decrease in the average industry productivity (panel (b)).
However, since this decrease of the growth rate (on average) is uniform across
firms and also induces lower wage growth rates, unit costs, competitiveness and
profits of the individual firms are not negatively affected.19 Hence, there is also
no negative impact of this investment shift on share prices through the dividend
channel and therefore the increased incentives for share buybacks now induce an
increase in the average share price in the long run (panel (c)). The combination
of an increase in the number of shares each manager receives and the increased
share price induces a substantially larger income for the managers for larger
values of β.

This analysis shows that there is a crucial difference between scenarios in
which a single firm increases its own level of βi and scenarios in which this
is done by all firms in the industry. In the former case the shareholders are
negatively affected by the change in the long run, whereas in the latter case
not only the managers but also the shareholders profit in the long run from
such a change in remuneration schemes. However, the industry-wide increase of
the β parameter negatively affects the average productivity growth rate. This
implies also a lower growth rate of wages and since average market prices in our
setting are the same across the three scenarios,20 this means that the purchasing
power of workers is lower for larger β values. Although we did not carry out a
systematic welfare analysis, this observation makes clear that an increase of the
β positively affects the manager and shareholder incomes, but can be associated
to a negative effect of the wage-earners’ purchasing power.

Similar to the exploration of the effect of an industry-wide increase of the
parameter β we have also analyzed scenarios in which the job separation rate of
managers increases uniformly for all firms in the industry, i.e. we have compared

19The boxplot for firm profits, not shown here does not exhibit any significant differences
between the three scenarios.

20Due to the assumption that wages grow at the same rate as average productivity, average
unit costs and therefore also average prices are independent from the productivity growth
rate.
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Figure 7: Comparison of the average of key indicators in the industry at t = 100
for different values of β: (a) ratio of industry-wide R&D investment to industry-
wide total investment; (b) productivity; (c) share price; (d) manager income.

24



the baseline to scenarios with ω = 0.03 and ω = 0.035, where ωi = ω ∀i = 1, .., n.
The effect of such industry-wide increases of ωi qualitatively matches those ob-
served for an increase in β. In particular, we observe that a higher value of ω
induces a lower share of R&D investment, lower average productivity, higher
average share prices and higher average manager income at t = 100. We refrain
from showing the corresponding boxplots since qualitatively they are very sim-
ilar to those shown in Figure 7. Overall these findings show that an increase
in the (expected) manager turnover (higher ω) at all firms in the industry has
positive implications for shareholders and the managers’ average income, but
is detrimental for the firms’ innovative activities. Following the arguments dis-
cussed above this should also have negative implications for purchasing power
of consumers.

4.4 How do market expectations about the effects of share
buybacks affect the industry dynamics?

The incentive of a manager to invest in share buybacks does not only depend
on her remuneration scheme and her expected remaining job tenure, but also
on the expectations of the traders on the financial market with respect to the
impact a buyback has on the future share price.21 Formally this can be seen
by observing from (22) that the expected marginal value of a buyback for the
manager depends positively on X2,i,t, which is an increasing function of the
average market sentiment θtκo + (1 − θt)κp (see (16)). Hence, the amount of
buybacks and R&D investments, and thereby the dynamics of the industry and
of key market variables, is influenced by the fraction of optimists (i.e. traders
who expect that buybacks lead to higher share prices) respectively pessimists
on the financial market.

In our baseline scenario we have assumed that optimists outweigh pessimists
(θ = 0.75). In simulation runs not reported here we have verified that under a
’neutral’ market sentiment (θ = 0.5) managers would not engage in any share
buybacks if the other model parameters are chosen according to the baseline
setting of the model.22 To explore the impact of the expectations on the fi-
nancial market we compare the baseline with scenarios in which the number of
optimists is further increased, which means that on average market participants
anticipate a stronger positive effect of buybacks on future share prices. Figure 8
shows that such a change in expectations indeed has a significant effects on the
investment pattern of the firms as well as the long term income of shareholders
and managers. In particular, if financial market participants are more opti-
mistic about the effect of buybacks on share prices, then this has a very similar
effect as an industry-wide change of a firm parameter that positively affects the
managers’ incentives to invest in share buybacks. In particular, the growth rate
of firm productivity is reduced, whereas the (medium and long-run) levels of

21Note that we assume that the manager is able to correctly estimate what the average
trader’s expectations are, and takes this into account when deciding hom much to spend on
real versus financial investments.

22It should be noted that this observation is not self-evident, because even under a neutral
market sentiment a buyback has a direct positive effect on the share price by reducing the
number of shares traded on the market.
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(a) Ī100/(Ī100 + B̄100)

0.75 0.8 0.85

0.
63

0.
64

0.
65

0.
66

0.
67

θ

(b) Ā100
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Figure 8: Comparison of the average of key indicators in the industry at t = 100
for different values of the fraction of optimists on the financial market (θ): (a)
ratio of industry-wide R&D investment to industry-wide total investment; (b)
productivity; (c) share price; (d) manager income.
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manager income and share price are positively affected. We like to stress that
the effect of the financial market expectations on the share price dynamics is
based on a feedback between the financial and the real market. The behavior
of the firms on the real market changes in response to different expectations of
financial market participants and this in turn influences the number of shares
traded and the share price.

The insight that the fraction of optimists on the financial market has signifi-
cant effects on the industry dynamics might raise concerns that our assumption
that θt stays constant over time is overly restrictive and that endogenizing this
fraction could change the qualitative insights discussed so far. To address this
issue we present in Appendix C an extension of our model in which the fraction
of optimists adjusts over time based on the relative prediction error of pessimists
versus optimists in the current period. As demonstrated in that Appendix it
turns out that the fraction of optimists stays close to our baseline level in such
an extension and the qualitative findings about the effect of changes of key
parameters for an individual firm and for all firms all stay intact.23

5 Conclusions

In this paper we have employed a heterogeneous agent model, which captures
key properties of the feedback between firms investment decision, the indus-
try dynamics and the associated dynamics on the financial market, to study
the implications of changes in the share based remuneration component of the
firm manager as well as the expected duration of the manager’s tenure. We
have shown that if a single firm increases the share based remuneration of the
manager, without its competitors following suit, this has negative implications
for the medium and long run competitiveness of the firm and also for its share
price, whereas the manager income increases. In case such a change in the re-
muneration scheme is adopted by all firms in the industry, both share prices and
manager income increase, however the growth rate of the average productivity
in the industry is lower, and the wage rate of workers is negatively affected.
Very similar conclusions arise if a reduction in the expected tenure of the man-
ager is considered, with the only exception that if such a change occurs only
at a single firm this is actually detrimental for the expected per-period man-
ager income. Furthermore, we have shown that a change in the expectations of
financial market trader, which makes them more optimistic about the impact
of share buybacks on future share prices, also induces higher share prices and
manager income, but lower productivity growth rates.

Our results highlight mechanisms by which manager remuneration schemes
and financial market sentiments influence the speed of technological change
and the growth of (real) wage rates. The fact that an industry wide adoption
of a stronger orientation towards share based remuneration is beneficial for

23We have checked the robustness of our qualitative findings also with respect to other
variations of the model, e.g. a version in which expenses for buybacks are subtracted when
calculating the operating profit, and alternative parameter constellations. These experiments
indicate that our findings are very robust with respect to such variations of the model setup
and parametrization.
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share holders, whereas similar measures taken by a single firm has negative
implications for long term share prices, suggests that there is potential merit of
collusion between owners (and managers) of competing firms in an industry to
adjust their remuneration schemes in a coordinated way. Our results however
also highlight that such a move is not in the interest of fostering the speed of
technological change and economic growth, and comes at the expense of wage-
earners’ purchasing power. This hints at a possible linkage of our results to
the more broader discussion on the deterioration of the labour share in many
industrialized countries.

Whereas the model developed in this paper breaks new ground by linking
a financial market model with heterogeneous traders to an industry model –
such that dividend payouts to shareholders are endogenously determined by the
interaction on the real market – it is based on a number of simplifying assump-
tions. The model does not include any taxes, which means that incentives for
share buybacks which are generated by a different tax treatment of income from
wages and dividends compared to capital gains from share ownership cannot be
addressed in this modelling framework. Also, from a more technical perspective,
in this model it has been assumed that when managers estimate the effect of
R&D investments on their own expected future income, they do not take into
account how changes in the firm’s competitiveness might influence future share
prices through the dividend channel. Designing a more sophisticated model of
the manager’s expectations formation taking such aspects into account is cer-
tainly challenging, but would be a valuable extension of the present framework.
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Appendix A: Baseline Parametrization

Symbol Name Value

βi Amount of shares for manager per period 0.3
ωi Manager’s job separation rate 0.025
δ Dividend ratio 0.68
φ Dividend expectation smoothing parameter 0.5
ρ Discount rate 0.003
r Interest rate 0.003
γ Share operating profit 0.00005
θ Fraction optimists 0.75
WF Manager salary 0.0016
ad Demand sensitivity wrt own price 0.8
bd Demand sensitivity wrt competitors’ prices 0.2
µ Productivity growth factor 1.01
α Max. innovation probability 1
λ R&D effectiveness 10
κo Impact factor optimists 0.2
κp Impact factor pessimists -0.2
ã Coefficient CARA 0.1
σ̃ Coefficient expected standard deviation 0.5
M Number of financial market participants 10000
n Number of firms 10

Initialization
Symbol Name Value

Ai,0 Initial firm productivity 1
w0 Initial wage 1
Ni,0 Initial number of shares 3000
Vi,0 Initial share price 0.005

Table 2: Parametrization of the model.

Appendix B: Statistical Tests

In this Appendix we show the significance of the effects of changes of β1 for key
variables of the target firm 1 and of all competitors. In particular, we test the
significance of the differences in the distributions for β1 = 0.3, 0.6, 0.9 shown
in Figure 4 (Table 3) and Figure 5 (Table 4). A Wilcoxon signed rank test is
used, which is a pairwise nonparametric test for testing the null hypothesis that
two samples stem from the same distribution. We refrain from presenting the
Wilcoxon test results for all the other figures in the paper, but the boxplots
indicate a similar high level of significance as for the effects of changes of β1.
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Variable Values p- Value

I1,100/(I1,100 +B1,100)
β1 = 0.3 and β1 = 0.6
β1 = 0.6 and β1 = 0.9

p = 0.00324∗∗∗

p = 0.001315∗∗∗

Π∗1,100
β1 = 0.3 and β1 = 0.6
β1 = 0.6 and β1 = 0.9

p = 5.995e− 07∗∗∗

p = 0.003059∗∗∗

A1,100
β1 = 0.3 and β1 = 0.6
β1 = 0.6 and β1 = 0.9

p = 2.586e− 07∗∗∗

p = 0.001844∗∗∗

V1,100
β1 = 0.3 and β1 = 0.6
β1 = 0.6 and β1 = 0.9

p = 0.0006956∗∗∗

p = 0.1824

N1,100
β1 = 0.3 and β1 = 0.6
β1 = 0.6 and β1 = 0.9

p = 1.482e− 06∗∗∗

p = 0.0001381∗∗∗

Wm
1,100

β1 = 0.3 and β1 = 0.6
β1 = 0.6 and β1 = 0.9

p < 2.2e− 16∗∗∗

p < 2.2e− 16∗∗∗

Significance levels:

∗ 0.1, ∗∗ 0.05, ∗ ∗ ∗ 0.01

Table 3: P-values of Wilcoxon tests applied to the data underlying the boxplots
shown in Figure 4.
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Variable Values p- Value

Π∗−1,100
β1 = 0.3 and β1 = 0.6
β1 = 0.6 and β1 = 0.9

p = 8.737e− 06∗∗∗

p = 0.0126∗∗

V−1,100
β1 = 0.3 and β1 = 0.6
β1 = 0.6 and β1 = 0.9

p = 1.225e− 05∗∗∗

p = 0.01498∗∗

Wm
1,100

β1 = 0.3 and β1 = 0.6
β1 = 0.6 and β1 = 0.9

p = 1.722e− 05∗∗∗

p = 0.0254∗∗

Significance levels:

∗ 0.1, ∗∗ 0.05, ∗ ∗ ∗ 0.01

Table 4: P-values of Wilcoxon tests applied to the data underlying the boxplots
shown in Figure 5.

Appendix C: Model extension with endogenous
fraction of optimistic traders

In the extension we consider a simple adjustment dynamics of the form

θt+1 = θt + ζ∆t, θ ∈ [0, 1]. (23)

Here ∆t denotes the current period’s relative prediction error of pessimists ver-
sus optimists and ζ ≥ 0 is the adjustment speed of the fraction of optimist
agents.

The relative prediction error is calculated according to

∆t = 1
K

∑n
i=1

[
(Vi,t − Ep,t−1[Vi,t])

2 − (Vi,t − Eo,t−1[Vi,t])
2
]

= 1
K

∑n
i=1

[(
Vi,t − Vi,t−2

(
1 + κp

Bi,t−1

Vi,t−1Ni,t−1

))2
−
(
Vi,t − Vi,t−2

(
1 + κo

Bi,t−1

Vi,t−1Ni,t−1

))2]
,

with

K =

n∑
i=1

max
[
(Vi,t − Ep,t−1[Vi,t])

2
, (Vi,t − Eo,t−1[Vi,t])

2
]

as a normalization constant.
To check the robustness of our qualitative findings in the main text, below

we show the results of experiments where, analogous to our analyses in Sections
4.1 and 4.3, the β parameter of a single firm and that of all firms is varied,
respectively. No changes to the baseline parametrization have been made and
the adjustment speed of θt has been set to ζ = 107 in order to allow a reasonable
speed of change.24 Alternative values of this parameter have been tested with

24This high value is needed because the relative prediction error of pessimists versus opti-
mists as rather small, which is due to the fact that the share prices Vi,t are on the order of
10−3. To make θt vary between [0, 1] we therefore need to scale up the errors.
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Figure 9: Time series of the fraction of optimists for a variation of the values
of the parameter β only for firm 1 (panel (a)) and for all firms in the industry
(panel (b)): β = 0.3 (black), β = 0.6 (red) and β = 0.9 (green). The dotted
lines indicate the 25% and 75% quantile in the set of batch runs.

similar qualitative results. The initial fraction of optimists is set to the baseline
level θ0 = 0.75.

In Figure 9 the evolution of the fraction of optimists is shown under the
variation of only β1 and of the industry wide level of β. It can be seen that after
a rather small initial adjustment the fraction shows a U-shaped pattern, without
large fluctuations or deviations from the time-average. Not surprisingly the
effect of a change in the β parameter on the dynamics of θt is more pronounced
if the parameter variation occurs at all firms rather than only at a single firm.

In order to check the robustness of our qualitative findings with respect to
this model extension we first consider the variation of only β1. In Figure 10
we show the analogous boxplots of key variables of the target firms to those
provided in Figure 4 under the assumption of a constant fraction of optimists.
It can be seen that all boxplots are very similar between these two figures
and all qualitative insights which we have obtained are robust with respect
to the extension with a dynamic adjustment of θt. Similar conclusions arise
from comparing Figures 11 and 7 for the variation of the industry wide level
of β. In a similar vein, we have also checked the robustness of our results of
the implications of changing ω1 versus the industry wide level of ω. Also these
results remain robust when we allow for the endogenous variation of the fraction
of optimists θt.
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Figure 10: Comparison of key indicators of the target firm 1 at t = 100 for
different values of β1, with dynamic adjustment of the fraction of optimists
on the financial market: (a) ratio of R&D investment to total investment; (b)
profit; (c) productivity; (d) share price; (e) number of shares on the market; (f)
manager income. The boxplots show the variation across different batch runs.
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Figure 11: Comparison of the average of key indicators in the industry at t = 100
for different values of β, with dynamic adjustment of the fraction of optimists
on the financial market: (a) ratio of industry-wide R&D investment to industry-
wide total investment; (b) productivity; (c) share price; (d) manager income.
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Supplementary Information

The data for reproducing the plots in this paper is available as a Data Pub-
lication Dawid et al. (2018) from the Bielefeld University Publication Server:
https://pub.uni-bielefeld.de/data/2916796
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