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Abstract

The decisions of economic firms are often guided by simple routines. We demonstrate that such a routine may gen-
erate suboptimal chaotic dynamics, where the suboptimality is due to the fact that decision outcomes are in regions of
low performance. We discuss a simple, but effective, method to regulate such dynamics in order to improve the perfor-
mance. The method works as follows: In a first step, from time series information one has to identify critical starting
areas which may lead to a crash or an outcome with low performance. In a second step, one has to perturb the system
when it enters these critical areas. Due to sensitive dependence on initial conditions, already minor interventions suffice
to prevent harmful events and to obtain better results.
� 2007 Elsevier Ltd. All rights reserved.

1. Introduction

In a variety of fields, including physics, chemistry, biology, and engineering it has been demonstrated that determin-
istic, but nonlinear models can exhibit complicated, bounded and erratic-looking fluctuations, which are hard to dis-
tinguish from the behavior of stochastic time series. This finding, that very simple deterministic laws of motion
might be responsible for the complexity around us fascinated academics and the popular press alike and became a
research topic of increasing interest over the last 25 years. Economists and other researchers who study firm behavior
and market dynamics got interested in this topic as well and in many contributions it has been shown that their models
may also exhibit a wide range of dynamics.

Although it has been observed that sustained erratic oscillations might be beneficial e.g. for the human heart or for
the human perception of temperature, for firms and economic systems more often than not it has been argued that such
fluctuations are harmful or disadvantageous and, therefore, should be avoided or, if possible, even actively removed.
Researchers in physics developed a number of approaches which can serve the purpose of controlling such chaotic oscil-
lations. Some of these methods demonstrated that chaos could be controlled as soon as the system state is close to a
steady state; others showed that even if the state is far away from any steady state (or cycle), it could be steered to
a neighborhood by only small perturbations (e.g. [19–22]). These developments have subsequently been applied to eco-
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nomic models and it has been demonstrated that these techniques work quite effectively (see for example,
[25,18,1,12,13,2,7]).

There might be several reasons, however, why an application of such sophisticated techniques either might not
improve the system’s performance or might not be even applicable, in particular for applications in economics. Let
us consider the first point that taming chaotic oscillations might not be preferable to a situation without intervention.
It has been shown, for example, that in economic models chaotic time paths can actually be the solutions to dynamic
optimization problems and therefore be superior to steady state behavior with respect to some long-run performance
measures (see e.g. [3,11]). The same observation has been made for models with (only) boundedly rational decision
makers, who are interested in solving optimization problems with a rather short time horizon (this might be due to
informational constraints or information-processing capabilities); see e.g. [10,14,15]. Certainly, in such situations get-
ting rid of fluctuations might not be a preferable choice.

In this paper, we are more interested in the second point, namely that these techniques might not even be applicable
or suitable for the management of a firm or the policy maker in an economic system. It is a fact that the laws governing
the dynamics of economic or market systems are not known. Furthermore, and maybe in contrast to the natural sci-
ences, experiments are hard to conduct and the historical time series obtained from real-world observations are too
short to reliably reconstruct these laws from the data. Finally, large interventions might be prohibitively costly or even
impossible for managers and policy makers. Hence, even if erratic fluctuations are not desirable, these constraints often-
times renders sophisticated controlling-techniques ineffective. What is needed in such a situation is a rather robust and
simple method, which effectively improves the performance of the firm or the economic system despite those limitations.

In this paper, we introduce such an approach and illustrate its workings by applying it to an economic model intro-
duced by Kopel [13]. Our idea is based on the following observation. If we consider the state variables of a dynamical
system and a performance measure (e.g. profit, sales revenue, unemployment, the growth rate, etc.) which depends on
these state variables, then certainly there will be regions in the phase space where the performance is low while in others
it will be high. It might also be the case that some regions should be completely avoided because it has bad or even
disastrous consequences if the trajectory passes through these regions. For example, if the output of a firm is very
low then profits may be low or even negative due to fixed costs. If the output is very high, then profits may also be
low due to low prices. So very low or very high production levels should be prevented by the management of a firm.
We show that, without knowing the law of motion, the decision makers of a firm can discover such critical regions from
time series and then make very small and infrequent interventions such that the trajectory does not pass through them.
It is illustrated that this may improve the long-run performance of a firm. To have a particular example at hand, we
focus on the behavior of firms. However, it should be clear that the method is more general and may be applied to
a much wider range of dynamic economic systems.

2. A simple model of a firm’s routines

A firm’s decisions are often guided by simple routines. These well-practiced patterns of activity inside the firm
include e.g. hiring procedures, policies for determining how much to produce, and how much should be advertised
under various circumstances. Since decision-making is costly and decision makers are boundedly rational, these rou-
tines are often incorporated into simple ‘‘rules-of-thumb’’ (see e.g. [5,6]). As an illustration of how such simple decision
rules might emerge in an economic framework, let us consider the following simple dynamic model.1 Firms offer their
products in a competitive market and prices are determined by market clearing (to keep the model as simple as possible
all firms are assumed to be equal). At the beginning of period t + 1 a firm’s management has to decide how much to
produce without knowing the price of that period. All it has is a price expectation pe

tþ1, which is assumed to depend on
the price of the previous period. The produced output will be shipped to the market and is then sold for the actual mar-
ket price. During the process of deciding how much to produce the decision makers have to consider two constraints.
First, financial resources (working capital) in period t + 1 are given by Ft+1. The achieved profit Pt in period t can be
used either for internal financing or else can be paid out in the form of dividends. If we denote the retention rate with r,
then Ft+1 = rPt. Second, firms are assumed to have access to the capital market where they can acquire short-term cap-
ital in period t which has to be paid back in the subsequent period, where the interest rate is i. Let the parameter d
denote the share of the production costs which is financed by the working capital Ft+1 and the parameter c denote

1 For a more general version of this model the reader is referred to Kopel [13], where references to the literature and more details on
the economic foundation of the assumptions are given.
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