
G.-l. Bischi 
C. Chiarella 
M. Kopel 
F. Szidarovszky
Nonlinear Oligopolies

The book focuses on the  dynamics o f nonlinear oligopoly models. It discusses the  
classical Cournot model with a large variety of dem and and cost functions tha t illustrate 
the  many different types of possible best response functions and it shows the  existence 
of unique and multiple equilibria. Particular em phasis is placed on the  influence of 
nonnegativity and capacity constraints. Dynamics are introduced under various 
assum ptions for the  ad justm ent process. An introduction to  the  analysis o f global 
dynamics is given through som e specific examples.The book also considers concave 
and general oligopolies and gives conditions for the  local asymptotic stability of their 
equilibria, and it investigates global dynamics in som e special cases. O ther oligopolies 
examined include m arket share attraction gam es, labor-m anaged oligopolies, partially 
cooperating firms and models with intertem poral dem and attraction. Local/global 
stability analyses are carried ou t for these models and th e  im pact o f constraints is 
discussed. The book contains a num ber of technical appendices tha t summarize 
techniques of global dynamics not easily accessible elsewhere.

ISBN 978-3-642-02105-3

spnnger.com



Contents

1 The Classical Cournot Model ........................................................................  1
1.1 Introduction................................................................................................ 1
1.2 Dynamic Adjustment Processes.............................................................. 19
1.3 An Introduction to the Analysis of Global Dynamics..........................  26

1.3.1 A Cournot Duopoly G am e.........................................................  27
1.3.2 A Cournot Oligopoly G am e........................................................ 35
1.3.3 Cournot Duopoly Revisited: A Gradient

Type Adjustment Process............................................................  40
1.3.4 Simple Basins and Critical Curves.............................................  45
1.3.5 Disconnected Basins....................................................................  48

2 Concave Oligopolies.......................................................................................... 51
2.1 Introduction................................................................................................ 51
2.2 Discrete Time Models and Local Stability.............................................  56
2.3 Discrete Time Oligopolies and Global Stability.................................... 63
2.4 Gradient Adjustments............................................................................... 88
2.5 Continuous Time Oligopolies and Local Stability................................. 90
2.6 Oligopolies with Continuously Distributed

Time L ag s .................................................................................................  93

3 General Oligopolies ...........................................................................................103
3.1 Isoelastic Price Functions...........................................................................103

3.1.1 Discrete Time Models and Local Stability ................................ 106
3.1.2 Global Dynamics of Discrete Time

Models............................................................................................ 113
3.1.3 Continuous Time Models and Local

Stability...........................................................................................123
3.2 Cost Externalities and Multiple Interior Nash Equilibria..................... 127

3.2.1 Identical Speeds of Adjustment...................................................131
3.2.2 Non-Identical Speeds of Adjustment......................................... 137

ix



x Contents

4 Modified and Extended Oligopolies..............................................................141
4.1 Market Share Attraction Games..............................................................141

4.1.1 Local Stability................................................................................144
4.1.2 The Feasible Set and Global Stability ........................................144

4.2 Labor-Managed Oligopolies.....................................................................148
4.2.1 Discrete Time Models and Local Stability .................................150
4.2.2 Discrete Time Models and Global Dynamics........................... 157
4.2.3 Continuous Time Models.............................................................162

4.3 Oligopolies with Intertemporal Demand Interaction.............................164
4.3.1 Discrete Time Models and Local Stability ................................166
4.3.2 Discrete Time Models and Global Stability...............................172
4.3.3 Continuous Time Models............................................................. 182

4.4 Models with Production Adjustment C osts............................................ 187
4.5 Oligopolies with Partial Cooperation ......................................................194

4.5.1 Local Stability Analysis.............................................................. 200
4.5.2 Global Dynamics ......................................................................... 202

5 Misspecified and uncertain price functions................................................. 207
5.1 Misspecified Price Functions................................................................... 209

5.1.1 Discrete Time Models and Local Stability ................................213
5.1.2 Discrete Time Models and Global Dynamics ...........................216
5.1.3 Continuous Time Models.............................................................224

5.2 Cournot Oligopolies with Local Monopolistic Approximation........... 231
5.2.1 Adjustments with Local Monopolistic Approximation............231
5.2.2 Dynamics Under Adaptive Adjustment......................................239

5.3 Other Learning Processes..........................................................................244
5.3.1 Unknown Slope with Known Market Saturation P o in t............245
5.3.2 Unknown Reservation Price with Known Slope ...................... 259
5.3.3 Unknown Slope with Known Reservation Price ...................... 267

5.4 Uncertain Price Functions........................................................................ 269

6 Overview and Directions for Future R esearch............................................271

A Elements of Lyapunov T heory .........................................................................275

В Local Linearization............................................................................................ 281

C Noninvertible Maps and Critical S e ts ............................................................290
С. 1 Definitions and Simple Examples...........................................................291
C.2 Discrete Time Dynamical Systems as Iterated Maps............................297
C.3 Critical Sets and the Delineation of Trapping Regions.........................299
C.4 Critical Sets and the Creation of Disconnected Basins.........................302

D Continuously Distributed Time Lags..............................................................305



Contents xi

E A Determinanta! Identity .................................................................................310

F Stable Quadratic Polynomials.........................................................................314

References.................................................................................................................. 319

Index............................................................................................................................329


