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... a picture, incomplete yet not false, of the universe as Ts'ui Pen conceived it to be. 
Differing from Newton and Schopenhauer,... [he] did not think of time as absolute and 
uniform. He believed in an infinite series of times, in a dizzily growing, ever spreading 
network of diverging, converging and parallel times. This web of time - the strands of 
which approach one another, bifurcate, intersect, or ignore each other through the 
centuries —embraces every possibility. We do not exist in most of them. In some you exist 
and not I, while in others I do, and you do not, and in yet others both of us exist. In this 
one, in which chance has favored me, you have come to my gate. In another, I say these 
very same words, but am an error, a phantom. 

Jorge Luis Barges, 
The Garden of Forking Paths 
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ABSTRACT 

In this dissertation we present a theoretical and empirical analysis of price and 

non-price competition of firms in the Turkish Automobile Industry. In the past, this 

industry has been highly protected from foreign competition and shielded from 

competitive developments of the world market. The 1990's, however, brought about 

significant changes in the Turkish Automobile industry with respect to quality standards, 

degree of competition, and degree of product differentiation as a result of relaxed trade 

restrictions. 

An important question to ask is what, if any, are the effects of these changes in the 

market environment with respect to the price and non-price competition of the firms? We 

are trying to find an answer to this question by applying what is known as the New 

Empirical Industrial Organization "NEIO". While using this new approach is by itself an 

important contribution, an additional and perhaps even more important contribution of 

this study lies in the fact that there are no empirical studies with respect to the Turkish 

Automobile Industry. The few studies that do exist do not go beyond a mere description 

of the industry structure. Therefore, the research at hand is rather unique in both its 

methodology and scope. The empirical work is based on a game theoretic model and the 

utilized data set is rather unique and not readily available. 

By estimating alternative hypothetical market games and testing the validity of 

these games for the Turkish Automobile industry, we conclude that the Turkish 

Automobile industry is best viewed as an industry in which there is a leader-follower 

relationship between the firms. 
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CHAPTER 1 

INTRODUCTION 

Oligopoly behavior has been investigated in literature practically since Sir 

Thomas Moore coined to term oligopoly in his Utopia (1516). Stigler (1964) argues, "No 

one has the right, and few the ability, to lure economists into reading another article on 

oligopoly theory without some advance indication of its alleged contribution." This 

dissertation is an attempt to highlight the issue of applicability of game theoretic 

frameworks to existing market structures. 

It has become a familiar observation in recent years that literature on game 

theoretic models in industrial organization has a rationale for any phenomenon. The 

richness and flexibility of these models provide a huge range of what has been called 

"equilibrium outcomes." In this study, we consider some of the simplest game theoretic 

models of competition within a market and try to determine which "set of rules" best 

describes the behavior of firms in an actual market: namely the Turkish automobile 

industry. We assume that a firm's strategy sets are the set of nonnegative prices and 

advertising expenditure and test various "market scenarios," such as, Nash equilibria and 

Leader-Follower equilibria. 

The contribution of this dissertation is twofold: 

1. Our work adds to the small number of empirical studies that are based on game 

theoretic foundations and attempt to identify which models describe a particular industry; 

2. The work presented here is unique in as much as it is the first attempt to 

theoretically and empirically analyze the Turkish automobile industry. 

Our tasks are simultaneously identifying demand and cost functions and 

determine statistically the most adequate hypothesis. By considering advertising and 

price, we look at three types of models to describe non-collusive behavior. These are 

Nash equilibrium and two variants of von Stackelberg leadership where we test the 

leadership of each firm separately. For the collusive models, we consider partial 

collusion on some instruments with Nash competition on other instruments. 



The dissertation is structured as follows. We first review the relevant literature 

addressing empirical issues related to oligopoly and game theory. We pay particular 

attention to pricing and advertising issues since these are the assumed strategy variables 

in our dissertation. Next a review of selected studies regarding automobile industry 

follows. Chapter 3 provides a summary of the historical development of the Turkish 

automobile industry. We then proceed to Chapter 4 to construct a model for the Turkish 

automobile industry. Demand and cost functions are specified, and three models of 

noncooperative, three models of cooperative and four models with regime changes are 

considered. The chapter concludes with a description of the economic methodology used 

in this dissertation. Chapter 5 then reports the results of our empirical analysis on 

Turkish automobile industry for January 1991 and April 1998, while Chapter 6 

summarizes our conclusions. 



CHAPTER 2 

LITERATURE REVIEW 

2.1. Introduction 

The pioneering work of Augustin Coumot (1838) caused economists to focus on 

understanding, and modeling the behavior of firms in industries that do not meet the 

conditions of perfecdy competitive market. The notion of market equilibrium introduced 

by Coumot was generalized and integrated into modem game theory by John Nash 

(1951) as a noncooperative equilibrium. Although the strategy variable was output in the 

original work, Joseph Bertrand introduced price as a strategy variable in 1883. 

Bertrand/Coumot type modeling of oligopoly is used extensively in economic literature. 

As it is the case in every theory, the assumptions of model are questioned. Scherer 

(1970, p.388) points out that "Economists have come to believe that the Coumot 

assumption is quite unrealistic when applied to pricing decision involving only a few 

firms." In a small industry, such as the case in our study, a firm is able to match price 

cuts of rival almost instantaneously. In addition, firms, particularly in an oligopolistic 

setting, may engage in non-price competition. 

2.2. Introduction to the Game Theoretical Studies of Market Structure 

It has become a familiar observation in recent years that the literature on game 

theoretic models in industrial organization has a rationale for any phenomenon. The 

richness and flexibility of these models provide a huge range of what has been called 

"equilibrium outcomes." There are two important observations that must to be made. 

First, many of these models have multiple equilibria. Second, the appropriate 

specification of the model is rarely obvious, although it is sometimes possible by 

referring to the observable features of some particular market. In these cases, it is 

possible to favor one model over the other by referring to these observable features. In 

other cases, however, the features that distinguish candidate models must be treated as 

unobservable by the modeler. 



These observations lead one to impose limited restrictions on multiple equilibria 

within a model with many candidate models in order to identify equilibrium. This 

tradeoff between applications and tightness of restrictions is the motivating factor behind 

the recent literature on "single industry studies." Here, the aim is to analyze a specific 

market, relying on special characteristics of this market to motivate the assumptions. 

One obvious application is auctions. The institution of the auction specifies the mles of 

the game. In some settings, the modeler has the opportunity to identify non-trivial 

predictions. Hendricks and Porter (1988) show that the theory provides convincing 

explanations of pattems among altemative models. Additionally, this article provides a 

useful point of departure in looking at the performance of game theoretic models. 

Unfortunately, narrowing candidate models by imposing restrictions does not 

always provide promising results. The most problematic area of the literature is the 

dynamic oligopoly modeling. Results are not promising particularly in the analysis of 

cartel stability models. Sutton (1997) suggests that at this point, the best one can hope is 

that there is a "model selection criteria." 

Game theoretic models in industrial organization shifted the attention from 

empirical cross-sectional studies of stmcture-conduct-performance (SCP) to single 

market studies with time series data. Sutton (1990) argues that cross-section studies, 

once the centerpiece of the object, have come to be viewed with increasing skepticism. 

Martin (1993) summarizes the issue and suggests that debates on the validity of SCP 

studies are concems over the specification of the dependent variable and inability to 

estimate some variables in simultaneous equation systems. 

There are two main methods that must be recognized as we start detailing some 

studies with single industry considerations. While the contextual considerations do limit 

the altemative models, there is still the task of candidate specification. The first method 

is to use a model specification as a starting point. In this case, the researcher specifies 

several games as a priori. Gasmi, Laffont and Voung (1992) tackle the issue of selecting 

a range of deceptive specifications, which is used in modeling price and advertising 

expenditure competition between Coca-Cola and PepsiCo. In this case, it is mandatory to 

allow inter alia for strategic asymmetry between these two firms. Gasmi, Laffont and 



Voung develop an econometric model that considers a number of altemative game forms. 

The issue then is to select the model on the basis of "letting the data decide" between 

altemative models within this class. The value of the study is heavily dependent upon the 

correctness of the specifications; therefore, the priori is to start with all of the reasonable 

priori. Commenting on Gasmi, Laffont and Voung (1990) article, Sutton (1990, p.509) 

points out that 'The problem of developing a convincing class of models from which to 

begin, and of finding a suitable econometric framework within which to select a preferred 

candidate, is the central challenge within this approach." 

Slade (1990) exemplifies the second method of specification. In this classic 

article, Slade considers different approaches to select between altemative models of cartel 

stability. In a number of studies, defection from tacitly collusive subgame-perfect 

equilibrium is considered as an occasional irrational behavior. Slade models defection as 

a rational response to a firm's uncertainty about the demand structure and rivals' cost. 

Sutton (1990, p.510) suggests that in this context, 'The most fruitful way forward may lie 

in finding simple quantitative properties which distinguish one candidate's explanations 

(mechanism) from another." Porter (1983) presents an altemative example for this 

methodology where he investigates the railroad cartel of the 1880s. In a follow-up work. 

Green and Porter (1984) impose a model where firms cannot directly observe each other's 

sales and cannot detect cheating. Instead, "signal" breakdowns are an unexpected fall in 

market price. 

Industrial organization literature proves that researchers focus attention on non-

price rivalry among firms as well. Such an argument comes from the idea that 

advertising constitutes the scope in which oligopolistic firms may compete. In this 

framework, pioneering works of Roberts and Samuelson (1988), Schmalensee (1972), 

Lambin (1974), Friedland (1977), Albion (1983), and Buxton et al. (1984) focus on 

profitability of advertising in their research and find some form of systematic and non

linear relationship between concentration and advertising. 

The game theoretic work of Aumann and Shapley (1976), Rul)enstein (1979), 

Kreps and Wilson (1982), Fudenberg and Maskin (1986), and Fraysse and Moreaux 

(1985) address cooperative behavior and show that cooperation can emerge in repeated 



game context. Interestingly, some of these studies assume noncooperative (Nash) 

equilibrium as a priori. 

Some papers attempt to test tacit collusion (see Porter, 1983; Slade,1986; 1987; 

Roberts and Samuelson, 1985) and reach a conclusion that repeated play enables firms to 

increase their profit as it is compared to noncooperative outcome of a one shot game. 

One of the pioneering econometric studies is by Iwata (1974), where a conjectural 

variation method is applied and identifies firms' competitive interaction in oligopolistic 

industries. (Aalso see Slade [1987] as an altemative example of a similar approach.) 

Iwata suggests that price elasticity of demand, the marginal cost and conjectural variation 

of each firm determine price level in a homogeneous product oligopoly market. Gasmi, 

Laffont and Voung (1988) show that even though the conjectural approach allows for 

consideration of econometric models that can be associated with a number of equilibrium 

outcomes, it does not include collusive equilibria. Gasmi et al. (1988) use the "menu 

approach," in addition to conjectural variation methodology, and compare game theoretic 

models of noncooperative as well as cooperative with the results obtained from the 

conjectural variation approach. 

2.3. Selected Literature on Advertising and Industrial Economics 

As briefly introduced above, non-price rivalry in oligopolistic markets attracts 

attention. One tested variable in this issue is advertising, since it constitutes a potential 

scope within which oligopolistic firms may compete. In the case of advertising 

competition, the Coumot assumption has been judged to be more realistic since an 

advertising decision requires some channels such as a campaign. In fact, the impact of a 

promotional campaign depends not only on spending, but also on the quality of "appeal" 

assigned to it. In the case of price competition, however, a firm can respond to price 

changes instantaneously. For analytical treatment of oligopoly with advertising 

competition, Schmalensee (1976) and Friedman (1983) offer a good review. 

The issue of economic impact of advertising has received considerable attention 

in the economic literature. The work of Schmalensee (1972), Metwally (1976), Martin 

(1979), Arterbum and Woodbury (1981), Pagolatos and Sorenson (1981), Netter (1982), 



Amdt and Simon (1983), Kardasz and Stolerry (1984), Gomes (1986), and Schoroter et 

al. (1987) represent a good overview of traditional literature. 

Although literature in the subject matter is voluminous, a theoretical point is not 

clear. One school of thought based on a study by Bain (1959) claims that industrial 

concentration and advertising (as a ratio to sales) are positively correlated. Therefore, 

firms that are heavily advertising enjoy monopoly profits. On the other hand, stemming 

from a study published by Telser (1964), and a number of other similar studies, found 

support for the hypothesis that such a correlation is not significant. 

One has to admit that the field of economics is not the only one involved with 

investigating the effects of advertising. However, we do not examine numerous studies 

in marketing and management literature on advertising as these studies are mainly 

concemed with the marketing effects of advertising expenditures on sales, and do not 

emphasize economic behavioral issues related to advertising. Rao (1986) and Weinberg 

and Weiss (1986) are a good example of these studies. 

The main question in the subject matter is the effect of advertising on competition 

and the debate that has existed for four decades. Authors like Simon (1970, 1980), 

Ferguson (1974), and Omstein (1977) argue advertising is used as an information 

provider to aid consumers in their purchasing decision. By conveying varied 

information, advertising facilitates rapid buyer exposure to new products. This process 

operates as an enhancing mechanism for competition and promotes an efficient allocation 

of resources. 

Altematively, authors like Kaldor (1950), Bain (1951, 1956,1959), and Comanor 

and Wilson (1974, 1979, 1980) suggest that the main result of advertising is increasing 

monopoly power by enhancing industrial concentration and creating a form of barriers to 

entry. The argument in Comanor (1979) continues stating that in order for firms to 

artificially differentiate their products from competitors'product, they use advertising, 

thereby imposing brand loyalties. The high cost associated with advertising constitutes 

barriers to entry for new firms seeking entry into industry. This analysis leads to the 

conclusion that firms that heavily advertise can charge higher prices and enjoys excess 

profits. 



One should note the fact that none of these studies have a solid theoretical 

background. However, the question of the effects of advertising on competition has 

induced a large number of empirical studies. The literature, which address these issues, 

either directly or indirectly, includes the work of Meehan and Duchesneau (1973), 

Vemon and Nourse (1973), Wilder (1974), Phillips (1976), Hart and Morgan (1977), 

Jones et al. (1977), Bloch (1980), Simon (1980), Kelton and Kelton (1982), Schmalensee 

(1976, 1982), Mertens and Ginsburgh (1985), Blair et al. (1987) and, Roberts and 

Samuelson (1988). Findings of these studies show conflicting findings. For example, 

Roberts and Samuelson (1988) study of the cigarette industry provides no significant 

evidence of the impact of advertising on market shares while Cable (1972) shows that the 

ratio between market concentration and advertising sales depends on the level of 

Herfindahl index. 

As pointed out above, issues of advertising in economic literature is still a 

dilemma. Mann et al. (1969, p83) points out that".. .no one has said the last word on the 

issue." 

In response to the argument that high advertising costs are associated with new 

products of incoming firms, it has been argued that such cost should be treated as current 

expenses rather than capitalized over time. Bloch (1974) and Ayanian (1975) point out 

that if the capital nature of advertising is considered, the gap between the cost of 

advertising of new and old products diminishes. Comanor and Wilson (1979) challenge 

this argument. They suggest that the results of the studies by Bloch (1974) and Ayanian 

(1975) depend on low depreciation rates that are used in computation. 

Traditional analysis of the effects of advertising is mainly focused on its impact 

on market performance evaluation of demand, prices, and competition. Most of the work 

was based on ad hoc statistical investigations. Recent studies show that interest has 

shifted towards the idea of understanding the process in which strategic variables are 

determined. This has led to a set of studies that has examined the stmcture of industries 

using information about the strategic behavior of firms. One group focused on the forces 

that determine the demand for advertising. These studies show the implicit role of 

buyers, as well as sellers, in influencing market demand for advertising. Early examples 
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are Shramm and Sherman (1976), Ehrilich and Fisher (1982), Baye (1981,1983), and 

Clark and Else (1983). Another group of studies focused on optimal price to advertising 

decisions of firms. Early examples of this group are Nerlove and Arrow (1962), Brick 

and Jagpal (1981), and Luptacik (1982). 

The field of industrial economics experienced theoretical development with the 

establishment of the game theory. Usage of game theoretic tools addresses a number of 

theoretical questions on the stmcture of industries. All of the articles in the special issue 

of The Journal of Industrial Economics edited by Geroski et al. (1985) address these 

issues. 

Some studies also analyze dynamic oligopolistic games in prices and advertising 

by means of optimal control theory and differential games. These studies include the 

works of Feichtiger (1982), Jorgensen (1982), Thepot (1983), Bagwell and Ramey (1988) 

among others. For example, Bagwell and Ramey (1988) consider signaling models of 

limit pricing, where the reaction of an incumbent not only includes the price but also the 

advertising level. This study shows that if a low-cost incumbent firm must give up profit 

to signal that it has a low cost, it picks a price and advertising combination that would 

maximize profit if the unit costs were low. 

Bagwell and Ramey (1990) analyze a case where an incumbent firm has private 

information about the characteristics of the market demand and potential entrants, and 

monitors the pre-entry behavior of the incumbent to enter the market. In this case, the 

incumbent has two instruments: price and advertising level. Bagwell and Ramey show 

that at most, one undominated separating equilibrium exists if the second period profit to 

the incumbent is strictly monotonic. 

Bester and Petrakis (1995) focus on price advertising in a simple duopoly 

framework where advertisements are used to announce sales. In contrast, Stegeman 

(1991) investigates advertising of new products and assumes that the consumer is 

uninformed about the existence of products so he/she buys nothing unless he/she 

observed an advertisement. 

Recent literature has drawn attention to the role of competition on lowering 

prices. Bester and Petrakis (1996) show that profiling and targeting technologies also 



benefit consumers. By using similar methodology, Hernandez Garcia (1997) focuses on 

the effects of advertising on social welfare and claims that targeting technologies might 

have an adverse effect. 

Le Blanc (1993) introduces exogenous uncertainty in an oligopoly model in 

which firms' costs are private information. In the first stage, firms can announce pricing 

decisions. In the second stage, firms may use costly advertising strategies after observing 

their actual costs. This model can be considered an illustration of the price competition-

advertising relationship. A similar stmcture is also considered in Lai and Matutes (1994) 

for multi-product duopoly. 

In this section of our review, we focused on studies in the advertising and 

oligopoly conjecture. The literature is substantial in the subject matter and there are still 

unknowns about the effects of advertising on firm's profit. Most of the articles in this 

field suggests either explicitly or implicitly that advertising is a strategy variable of an 

oligopolistic firm. 

This section of our literature review proves that it seems that the debate will 

continue unless models are imposed on every market that exists. 

2.4. Selected Literature in Empirical Studies of Industries with 
Market Power 

Stigler (1964, p.48) argues, "No one has the right, and few the ability, to lure 

economists into reading another article on oligopoly theory without some advance 

indication of its alleged contribution." Shapiro (1989) provides an extensive review of 

the development of oligopoly theory in the sixth chapter of the Handbook of Industrial 

Organization. The purpose of this section is not to explain what has been done in 

oligopoly behavior since Sir Thomas Moore coined to term oligopoly in his Utopia 

(1516). In this section, we will rather point out some recent studies in what has been 

called "New Empirical Industrial Organization" and illustrate it with one fine example of 

the field. 
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2.4.1. New Empirical Industrial Organization 

"The New Empirical Industrial Organization," (NEIO) is somewhat different than 

the stmcture-conduct-performance paradigm (SCPP). SCPP was a cross-section study of 

many industries where profits were assumed to depend on stmctural variables. 

Bresnahan (1989) argues that the NEIO is motivated by dissatisfaction over three 

maintained hypotheses in the SCPP. First, price cost margin is observable from 

accounting data. Second, a small number of observable measures could capture cross 

section variation in the industry stmcture. Finally, empirical work should estimate the 

reduced form relationship between stmcture and performance. 

According to Bresnahan, a typical NEIO article is an econometric model of an 

industry. Many of the advances of econometrics have been used to model oligopoly 

interaction in a single industry. 

A central part of the NEIO has been the study of market power in homogenous-

product industries. However, some others have extended these investigative methods to 

differentiated-product industries. Most of these studies considered the conjectural 

variation (CV) approach. Conjectural variation methodology is an attempt to address 

interdependencies. For example. 

In Coumot model, each of the duopolists maximize profit on the assumption that 

output of the other firm is fixed. The total revenue of the first firm becomes 

TR, = pq, =[a-b(q, +^2)]^, (2.1) 

where p = a-bq. 

Assuming that firm one takes the quantity of the second firm as a given, firm 

one's marginal revenue takes the form of 

M/?, = - ^ = fl - b(2q, +q^). (2.2) 
oqi 

If the output of the second firm is not treated as a constant, the marginal revenue 

equation changes to 

MR^=^ = a- b[{2 + ̂ )q, + ̂  J . (2.3) 
oqx dq^ 
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The requirements for identification of conjectural variation parameters are hard to 

satisfy in practice and an altemative approach is provided in Nevo (1997). However, with 

recent improvement in the methods of estimating demand for a large number of closely 

related products, Nevo (1998) investigates if CV parameters can be identified in these 

industries, and if using CV parameters is the best way to test different solution concepts. 

Nevo shows that CV parameters are identified (just like they are in the homogenous-

product case). Adding CV parameters to the model is appealing because it allows the 

researcher to obtain a quantitative estimate of how "close" the observed data is to some 

theoretical model of conduct. The results of Nevo (1998) suggest that the identifying 

assumptions made by those studies that claim to identify CV parameters in differentiated-

product industries should be carefully examined. 

2.4.1.1. Selected Single Market Studies in NEIO Literature 

Measuring the degree of competition in markets and understanding its 

determinants has always been a concem of empirical industrial organization economists. 

The "competitiveness" of a market determines the extent to which prices and costs 

diverge, with important implications for consumer welfare, profits, and the efficiency of 

the market. The price-cost margin is the natural measure of a market's competitiveness; 

however, while prices are often readily observable, marginal costs are rarely so easily 

measured. Economists understand the shortcomings of accounting cost data for 

economic analysis. 

An important portion of the literature focusing on supply relations relies on an 

econometric approach that Corts (1999) termed as the conduct parameter method (CPM). 

This methodology uses an empirical model based on the theory of conjectural variations 

to estimate a conduct parameter. This parameter is purported to measure the 

competitiveness of a market in a very general way, yielding an elasticity-adjusted price-

cost margin, and simultaneously nesting the perfectly competitive, monopoly, and 

classical Coumot models. The simplicity of CPM, having relatively undemanding 

requirement of data and easily interpreted measures of market power, has made it 

extremely popular among empirical industrial organization economists. 

12 



Recent articles that used NEIO methodology include Graddy (1995), Ellison 

(1994), Berg and Kim (1994), Seldon et al. (1993), Rubinovitz (1993), Brander and 

Zhang (1993), Claycombe and Mahan (1993), Suzuki et al. (1993), Stalhammer (1991), 

Brander and Zhang (1990), Conrad (1989), Gelfand and Spiller (1987), Spiller and 

Favaro (1984), Roberts (1984), Porter (1983), Applebaum (1982), GoUop and Roberts 

(1979), and Iwata (1974). 

One has to admit that theorists do not welcome CV methodology. However, there 

are numerous applications in the empirical literature, despite the fact that the CPM is 

explicitly derived from a conjectural variation model. Most of the literature on this 

methodology results with an "as-if' interpretation. The as-if interpretation of the conduct 

parameter is based on the observation that, for given demand and cost conditions, one can 

compute the conjecture that would yield the observed price-cost margins. Bresnahan 

(1989, p. 1029) summarizes this point of view: 

The cmcial distinction here is between (i) what Firms believe will happen if they 
deviate from the tacitly collusive arrangements and (ii) what Firms do as a result 
of those expectations. In the "conjectural variations" language for how supply 
relations are specified, it is clearly (ii) that is estimated. Thus, the estimated 
parameters tell us about price- and quantity-setting behavior; if the estimated 
"conjectures" are constant over time, and if breakdowns in the collusive 
arrangements are infrequent, we can safely interpret the parameters as measuring 
the average collusiveness of conduct. 

A typical empirical analysis in the literature takes the market as given and 

analyzes imperfect competition and simply interprets the empirical results as indicating 

that the result of that behavior is competitive, "as-if the firms were in fact playing a 

conjectural variations game with the estimated conjectural variations parameter. 

However, Corts (1999, p.230) argues that such inferences are invalid. Corts suggests, 

"Without stipulating the tme nature of the behavior underiying the observed equilibrium, 

no inference about the extent of market power can be made from analysis of the observed 

variables." 

Although we will have a separate section on collusive behavior tests and review 

attempts to model this specification, we will mention some recent works on semi-

13 



collusion. Conventional wisdom suggests that collusion on prices benefits the colluding 

firms (see, Tirole, 1988, Chapter 6). Fershtman and Gandal (1994) question this 

conclusion. They argue that collusion on prices triggers more aggressive competition 

along other dimensions. Such behavior, referred to as semi-collusion, may yield lower 

overall profits than no collusion at all. There are several empirical studies focusing on 

non-price competition. Roberts and Samuelson (1988) investigate advertising 

competition in the American cigarette industry. However, they do not test for the 

relationship between the firm's pricing policy and the nature of non-price competition. 

All the studies of semi-collusion assume collusion in the product market (either on prices 

or quantities) and competition along other dimensions such as advertising. 

We will continue with a detailed review of an example of single market studies in 

the NEIO framework to close our review on empirical studies with market power. The 

study is one of the first empirical game theory application examples of new empirical 

industrial organization. 

2.4.1.2. Example of Single Market Studies 

We will present a typical NEIO study in order to show the methodology. There 

are two studies by Slade (1987,1992) that investigates the retail gasoline market in 

Vancouver. The first study models the market in a repeated game framework. Service 

station demand, cost and reaction functions are estimated from daily data on station 

prices, costs and sales. Slade continues by calculating noncooperative and cooperative 

games of oligopoly behavior and the actual outcome of the game. The object of the 

article is to investigate behaviors of firms during a price war. 

In order to represent the methodology, we will only look at the noncooperative 

game. Assume that there exists a demand function that can be approximated in a linear 

form 

q' =a, +b,p' +c, S»'JPy +S'^« E < P ' +S,(z) (2-4) 
jsNi h=l keN^ 

where q represents quantity, p represents price charged by a firm, w represents vector of 

weights and z is exogenous variables that shift the demand. In this methodology, we 
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have M strategic subgroup of products, and it is possible to investigate all the M demand 

equations. Even though the price charged by each group is identical, each price is 

allowed to move independenUy. 

Slade defines payoff for each firms as profit, n' (p), where p is a vector of M 

prices. Assuming mc' is the firm's marginal cost, the objective function to be maximized 

is defined as: 

max^'(P) = ( p ' - ' " c ' ) * ( ^ ' / ^ P ' ) + ̂ ' . (2.5) 

After taking the first-order derivatives, Slade points out that the derivative 

dp^ I dp' is zero for 7 ̂  /, if we assume Bertrand-Nash behavior. As b^ = dp^ I dp', one 

can substitute it, and solve for unique vector of Nash prices p^ from M equations and M 

unknowns. Corresponding quantities and profits can be obtained from equation (2.4) and 

(2.5). 

In the general case, Slade assumes players have a linear reaction function with 

slopes /?-'' =dp^ /dp', where R^' e //? = [-l,l]. Then the first-order derivative form 

becomes: 
M 

dq' I dp' = b, + c,/?" + Y.^hiR"'. (2.6) 

As we substitute (2.6) into (2.5), for any given matrix of reactions R, the system 

of M equations can be solved for a unique vector of M prices. It is possible to show that 

any sets of prices, including Bertrand-Nash to monopoly, can be calculated through an 

appropriate choice of R. 

As Bertrand-Nash behavior is a special case of the general form, Slade considers 

single period best replies. Suppose firm j in group i initiates a price change. Firm i's best 

response and payoff associated with it takes the following form: 

4 = j V 7 d f p V = 

/?''(^, +c,/?'' + Jt/,,/?^') + ̂ ./?'Vc,(H^̂ ^ =0 ^̂ '̂ ^ 
h=\ l&Ni h=l 
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Using the same method, Slade calculates M ^equations of the form ;r*̂  = 0 for all 

M and solves for the best reply matrix of R. With a similar methodology, a cooperative 

solution can be obtained. If cooperation is assumed, joint profit maximization is 

considered. 

Considering that the game is defined in the repeated game context, Slade 

introduces a discount factor and payoffs take the following form: 

r=X^V(p,) (2.8) 
/=0 

for all M, where F' is the payoff of firm i in the repeated game, and S being the discount 

factor. 

After defining the demand equations, Slade estimates these equations with 

appropriate restrictions on simultaneous seemingly unrelated system by using iterative 

three stage least squares. 

In the empirical results, Slade reports estimated demand equations and estimated 

response matrices. Given that the demand and cost parameters calculation of the various 

outcomes for the constituent game requires a numerical solution of system of equations, 

Slade tabulates the results of response (R), prices and profits. 

As it tums out, actual responses Ra are very different from Rb (best replies) and Rn 

(Nash). Slade concludes that repeated play is associated more with "punishment" in the 

form of price matching behavior, than is associated with single period solutions. 

Slade states that modeling price wars and tests of altemative hypothesis are 

possible. One can see in the results that firm price changes are related to previous-period 

rival-price changes with reaction function strategies. However, discontinuous strategies 

provide Nash behavior. 

At this point, one must add to Slade's conclusion that these results are specific to 

the Vancouver retail gasoline market, and similar data and methodology must be applied 

in order to decide on an altemative market. In an altemative market, results might be 

reversed or differentiated. 
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2.4.2. Selected Studies in Collusive Behavior in Oligopolistic Markets 

In this section, we will look at some recent, mosUy empirical studies in collusive 

behavior. We want to determine our scope to be game-theoretic. However, there are 

some studies that have gained recognition in the field that must be mentioned. 

Traditional oligopoly theory suggests that oligopolies generally appreciate the fact 

that they can maximize their joint profit. Theory also suggests that the character and 

scope of collusive conduct is related to the stmctural and legal conditions provided to the 

firm in the market. If an industry's profitability is found to be positively correlated with 

its level of concentration, it is argued that a particular industry is in active collusion. But 

is it really the case? It is also the case that an industry's profitability and level of 

concentration will also be positively correlated if firms operate efficienUy in a Coumot 

setting. This question simply highlights the dichotomy in the literature. 

Empirical studies have provided two major conclusions. First, the number of 

buyers and sellers represents an important factor in limiting tacit or formal collusion. 

Second, case studies in cartel pricing behavior showed that there are a number of factors 

influencing stability of price arrangements ranging from macroeconomic conditions to 

concentration of an industry. 

Controlled settings of game theory allowed testing of changes in stmctural factors 

and behavior of individual players. There is extensive literature conceming the effects of 

product substitutability on the stability of implicit collusion either in output levels or in 

prices, leading to heterogeneous conclusions (Deneckere, 1983; Chang, 1991, 1992; 

Rothschild, 1992; Ross 1992; Friedman andThisse, 1993; Hackner, 1994, 1995; 

Lambertini, 1997). 

Blair and Romano (1990) proposed an output test to predict an observable 

behavior of participants from non-participants in a collusive activity. The output test 

shows that participants in a cartel agreement will decrease their outputs according to the 

agreed upon quotas, while the non-participants will do the opposite and increase their 

output. Blair and Romano suggest that if the output or market share of a firm that claim 

to be innocent rise in response to the price increase, that firm's claims should be accepted 

as tme. On the issue of efficiency versus collusion, Weiss (1974) attempts to regress 
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profitability at the firm, or line of business, level against market share, concentration and 

a vector of other control variables. However, a number of economists criticized the use 

of cross-section analysis in industrial organization (see Bresnahan ,1989, for extensive 

review). 

There are numerous studies in study of concentrated homogenous-product 

industries that attempted to identify the degree of market power (see Bresnahan, 1989). 

The main focus of these studies is the estimation of conjectural variation (CV) 

parameters. The main limitation of extending these studies to differentiated-products 

industries has been the difficulty of estimating demand in such cases. For a discussion of 

the problems in estimation and solutions, see Nevo, 1997. Additionally, one can test 

between different models of conduct by comparing the "fit" of the various models. 

Bresnahan (1987) or Gasmi et al. (1992) tests various models of non-nested hypotheses. 

In this approach, the researcher chooses the conduct model from a finite set that is 

defined according to his/her understanding and intuition. This approach is considered to 

be the "menu" approach. 

Deneckere (1983) analyzes collusion in duopoly super-games with product 

differentiation using trigger strategies as defined by Friedman (1971). He calculates 

critical discount rates for sustaining collusion on the monopoly outcome for both 

Bertrand and Coumot behavior. Deneckere finds that for low levels of substitutability, 

collusion in quantities is more 'stable' than in prices in the sense that the critical discount 

rate is higher. Collusion in price is found to be more stable for high levels of 

substitutability. Rothschild (1992) uses a different parameterization of the consumer 

preferences and hence demand functions. He considers only substitute goods and claims 

that with his parameterization, the critical discount rates for both the Bertrand and the 

Coumot supergames are monotonically decreasing in substitutability. Rothschild 

contradicts Deneckere and claims that price collusion is more stable than quantity 

collusion for low degrees of substitutability, and conversely in the remainder of the 

range. 

Rosenbaum (1994) tests the U.S. Portland Cement industry for collusion. Cost, 

prices and margins are examined. Rosenbaum shows that increasing concentration due to 
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larger plants allowed for almost one third of the cost savings to producers as higher 

margins rather than lower prices to consumers over the period studied. In a similar 

framework, Bemheim and Whintson (1990) showed that multimarket contracts might 

facilitate collusive behavior and Rosenbaum and Jans (1993) test the same hypothesis in 

the U.S. cement industry. 

As we review single industry studies that involve collusive behavior, there is no 

possibility of avoiding studies related to the OPEC cartel. There are a number of 

hypotheses being tested in the area and different methodologies are used. Griffin (1995) 

tests cartel, competitive, and target revenue models and shows that partial market sharing 

cartel estimation cannot be rejected for all eleven OPEC members. 

Several additional hypotheses have been tested to determine OPEC behavior. 

Loderer (1985) tests whether OPEC decisions have any affect on spot market prices. He 

concludes that no evidence of such an influence exists for the 1974-1980 period. Gulen 

(1996, p.56) further suggests that, " The 1982-1993 period is the only period during 

which the organization has been able to affect prices." Adelman (1993) argues that 

during that time, Saudi Arabia was a price leader and that other countries had political 

motives, which caused lower production and thus high prices. Griffin and Xiong (1997) 

show that there is incentive to cheat on such agreements. They argue that it is in each 

member's best interest to increase their production capacity in order to gain a higher share 

of the profits. Griffin and Nielsen (1994) developed a game theoretic approach where 

members make agreements on oil production quotas, and then cheat. Saudi Arabia, being 

the biggest producer, enforces these agreements by punishing other OPEC members 

through over production, which pushes prices down. 

It must be recognized that earlier empirical work that has attempted to test game 

theoretic models of collusion required observable variables, such as output and prices to 

be used, and be consistent with the predictions of these models. Lavenstein (1996) takes a 

different approach of using archival records from the bromine cartel, including signed 

agreements, communications between firms, and intemal memoranda of participants, that 

are mostly unobservable to the researcher and industry participants. The article then asks 

whether these innovative models are focusing our attention on those features that do 
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determine the success of collusion and the occurrence of price wars. Lavenstein suggests 

that firms used price wars strategically to support collusion in bromine industry before 

World War I. Price war threats underlie most successful collusion, as suggested by 

authors as diverse as Bums (1936, p. 27) and Friedman (1971). According to Green and 

Porter (1984) and Abreu et al. (1986), imperfect information led to the implementation of 

price war threats in some circumstances. In these models, firms are unable to monitor 

each other's output perfecUy, so that they cannot distinguish between demand shocks and 

cheating by other firms. Thus, they rely on a public signal, such as price level to make an 

evaluation on whether cheating has occurred. Even though the incentive is not to cheat, 

firms must respond to low prices as if cheating causes them to do so. If they did not, 

firms would have an incentive to cheat, hiding behind demand fluctuations. Lamoreaux 

(1985, pp. 134-136) suggests that the price wars in mass production industries after the 

merger wave of the 1890s have been caused by problems of imperfect monitoring. 

The industrial organization literature has not achieved a unique solution to the 

implications of price wars for cartel stability. While there has always been considerable 

controversy about the stability of collusion, until fairly recently there had been agreement 

that price wars signal instability. The increase in profit created by collusion creates 

incentives for price wars, which represent a break down in collusion. Some economists 

argue that price wars result from exogenous shocks, such as fluctuations in demand, to an 

otherwise stable cartel. In the past two decades, even that consensus has broken down, as 

recent research has focused on the possibility that price wars might help to stabilize, 

rather than undermine cartels. In some cases, authors claim that the only "reasonable" 

equilibria are those in which firms can successfully collude (e.g., Fudenberg and Maskin, 

1990). There has been little discussion of the normative implications of this work for 

anti-tmst policy, or even how one would distinguish price wars that stabilize collusion 

from those that represent a breakdown in collusion. Since these models were developed 

to model price wars, earlier authors, such as Stigler (1964) and MacAvoy (1965), 

considered these issues as breakdowns in collusion. For example, the anti-tmst 

implications of Porter's (1983) analysis of the railroad price wars of the 1880s are 

dramatically different from earlier treatments (e.g., MacAvoy, 1965). MacAvoy suggests 
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that the railroad price wars showed that cartels were not stable without govemment 

intervention, and therefore active anti-tmst policy was not necessary. Porter's study of 

the same cartel is different in its implications. The railroad price wars were not 

inconsistent with stable collusion. Rather, they made it possible for firms to charge prices 

above competitive levels during the periods when they were not in price wars. Porter 

argues that the threat of a price war made cheating unprofitable to each railroad, but 

fluctuations in demand made it difficult for any individual railroad to distinguish between 

cheating by co-conspirators and declines in demand. Thus, when its market share fell 

below a "trigger" level, all the roads would increase output to Coumot levels for a fixed 

length of time. 

Some empirical analysis using these new models of price wars asks whether the 

models are consistent with the quantitative evidence of prices, output levels, and the 

incidence of price wars (Porter 1983; Berry and Briggs, 1988; Levenstein, 1994). But, as 

Levenstein (1994) argues, even when the quantitative evidence is consistent with the 

models, these tests tell us little about whether price wars functioned in the unique way 

described in the recent literature. 

Levenstein (1996) suggests that noncooperative game theory's most basic 

contribution to our understanding of collusion has been to recognize that firms can adopt 

schemes to manipulate their own incentives so as to lessen the incentive to cheat. A firm 

might be able to convince other firms that it was low cost only by cutting its prices to a 

level that would never be charged by a high-cost firm. 

Finally, the game theoretic literature generally assumes that costs, demand, etc. 

are stationary. In fact, firms also strive to design cooperative schemes, which give them 

flexibility in response to changing conditions. Game theoretic models of collusion focus 

our attention on a new set of determinants of the stability of collusion. These features 

include the firm's discount rate, repeated interaction among firms, firm beliefs and 

expectations, firms' ability to manipulate incentives with punishments and rewards, and 

the information available to firms about their customers and their competitors (and the 

costs of collecting other information). The discount rate is central to these models 

because firms weigh punishments and rewards in the future against the gains from 
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cheating, and increasing profits, in the present. A firm's patience may depend on the 

individual time preferences of its owners. 

2.5. Selected Studies in Automobile Industry 

In this section, we will review the literature as it relates to the automobile industry 

in general, since our work is using this industry for case study. Suffice to say that we 

could not find any empirical work on the behavior of the Turkish automobile industry. 

Most of the studies conducted in automobile industry cover the U.S., Japanese and British 

Automobile industries. This is not surprising considering the relative sizes of these three 

industries. These studies reflect activities and events of a particular time. For example, 

one can find numerous studies on the impact of voluntary export restraints (VERs) on 

Japanese automobile manufacturers in the 1980s. 

Although this section focuses on studies conducted since the 1980s, we would 

like to start with two articles by Cowling and Cubbin (1971, 1972) to illustrate the fact 

that hedonic price indices were the main tools used in the automobile market in early 

studies. In the first article. Cowling and Cubbin (1971) show that the hedonic price index 

reflects the changes in prices and provides a good result in explaining the behavior of 

market shares. In the second article. Cowling and Cubbin (1972) show the derivation of 

such an index for the United Kingdom car industry. Break horsepower, length of the 

vehicle, luxury standard, number of gears, passenger area and, fuel consumption are used 

as variables to determine the functional form. A simple ordinary least square analysis is 

conducted with price as the dependent variable. Cowling and Cubbin report price and 

quality relations and compare their results with altemative price indices by using the F 

test. Their conclusion, which is shared by number of studies, is that the hedonic index 

has some relevance to economic analysis. Cubbin (1975) in another follow-up work on 

similar issue examines some aspects of pricing behavior in the same industry. In addition 

to the previous work, Cubbin examined price-cost margins and elasticities and finds that 

the price-cost margin was more consistent with elasticities. Cubbin shows that quality 

adjusted price changes are not responsive to changes in sales or market share, and are 

used as a weapon of competitive strategy. 
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One other area of concentration of literature related to automobiles is the pricing 

and product policies of passenger car producers. Various studies including Feenstra 

(1984, 1985,1988), Willig and Dutz (1987), Hazledine and Wigington (1987), Messeriin 

and Becuwe (1987), Jones (1987), Melo and Messeriin (1988), Kirman and Schueller 

(1990), and Scott (1994) address similar issues. The main issue examined in these 

articles has been the effect of quantitative restrictions on price. Some studies furtiier 

attempt to separate the price effect into categories such as the 'pure' and 'quahty'effect. 

Finally, some of these studies also attempt to analyze the pass through of exchange rate 

changes into import prices and trade restrictions. More recently, Feenstra, Gagnon and 

Kettner (1996) argued that pass-through should be high for exporters based on a country 

with large share of total destination market sales by using Bertrand differentiated product 

model. This study used panel data from four source countries to 12 destination markets 

over an 18-year period. Feenstra and others show that the relationship between pass-

through and market share is significantly non-linear and pass-through is at its lowest as 

the source country's market share is around 40 percent. 

The result of impact of trade restrictions on prices provides conflicting results. 

Studies show that impact of VERs on the US market is positive on prices of imported 

cars, the effect on domestically produced cars being more open to dispute (see Crandall, 

1984). On the other hand, the studies of Canadian and Westem-European car markets do 

not find any evidence of an effect on prices of imported and domestic cars (see Hazledine 

and Wigington, 1987; Jones ,1987). 

The methodology of studies on pricing and product policies is rather similar and 

can be exemplified by Bourdet (1991). In the first section of the article, Bourdet uses 

hedonic price regressions to analyze the pricing of the product quality policies of car 

manufacturers in Europe. Independent variables used include horsepower, weight, 

length, width and measure of interior room area, and dummy variables for station wagon, 

automatic transmission, roof, diesel, and year. In the second section of the article, 

Bourdet examines the impact of exchange rate fluctuations on import pricing by 

considering 1986 as a base year. The results show that the European producers are not 

willing to change their prices as the exchange rate changes in Swedish market. In a 
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follow-up study by using the same data an for extended period, Bourdet (1996) finds that 

foreign and domestic firms price differently in response to exchange rate regime changes. 

The main conclusion of this article is that the exchange rate regime matters for import 

pricing. Bourdet (1996) points out that oligopolistic interaction are important for the 

degree that exchange rates passes through into import prices. Gross and Schmitt (1996) 

also research changes in exchange rate regimes and the market conduct for Swiss 

automobile market. Destination market and the breakdown of markets are important in 

the testing of the automobile industry. The choice of the Swiss market lies on the fact 

that there are no production facilities and no barriers to entry to this market. Their 

finding is that producers from Germany and Japan have consistent pricing behavior 

through time and sub-markets. 

The demand functions for automobiles are mainly estimated by using two 

methodologies. The first method is to use aggregated data and stock-adjustment type 

models. These models assume that a target stock of automobiles exists and that the 

aggregate sales reflect an attempt to adjust actual stock to target stock. Bajic (1993) 

considers this issue impractical since "one can not assume that there exists a stock for 

particular model types, since for almost all model types, there are several other model 

types that are very good substitutes." The second method involves considering 

automobiles as bundles of individual attributes for which no explicit market exists. The 

advantage of using this method is that it provides the opportunity for considering 

differentiated goods. Bajic (1993, p.537) using the second approach considers 

disaggregated data on characteristics of individual model types. In this article, Bajic 

calculates own-price, cross-price and expenditure elasticities for indirect translog, 

homotethic indirect translog, and linear logarithmic utility function and compares them to 

previous findings. 

Bresnahan and Ramey (1993) consider the segment shift and capacity utilization 

relationship in the U.S. automotive industry, and show that domestic firms reacted very 

quickly to oil shocks throughout 1970s and 1980s. This study shows that the automobile 

industry avoids capacity misallocation significantly by switching among class sizes. 
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Millner and Hoffer (1993) show that styling changes is a significant demand 

determinant for automobiles in the U.S. market. Millner and Hoffner consider restyling 

information between 1978 and 1991 and argue that the impact of restyling is stronger 

than the restyling itself. 

Ries (1993) and Scott (1994) analyze the effect of the 1981 VER arrangement on 

profits in the 76 firms in the Japanese automobile industry by using an event study 

methodology. Ries measures the changes in expected profits as reflected by stock price 

changes. Results show that producers, and a number of large suppliers, gain from the 

announcement of VERs. In addition to analyzing the effect of VERs, Scott shows that 

Corporate Average Fuel Economy (CAFE) standards also protect domestic oligopoly in 

Japan. However, as Scott points out, it did not have the same protective effect on three 

big automobile manufacturers in the United States. 

As noted above, the behavior of Japanese automobile manufacturers became a 

major issue in economic literature mainly after the introduction of VERs. Langlois 

(1996,1997) serves as a good review of literature in this subject matter. Langlois 

investigates Japanese car pricing on the U.S. market and suggest that the behavior is 

consistent with short-mn profit maximizing behavior in response to Blinder's (1992) 

argument that managers of large automotive firms are willing to sacrifice profits 

indefinitely for greater size. Langlois states that pricing practices of Japanese automakers 

are not different than that of U.S. automakers. Langlois suggests that short-mn profit 

maximizing behavior of inventory targets predict the behavior better than any other 

cause. Millner and Hoffer (1996) addressed the same issue. Millner and Hoofer's study 

used a time frame of 15 years and contradicted Langlois (1996) results of short-mn profit 

maximizing behavior. 

Finally, there are two notable studies on this issue by Goldberg (1995) and Berry 

et al. (1995). Goldberg develops and estimates a complete model of Demand and Supply 

for the automobile industry. In this model, the U.S. automobile market is treated as an 

oligopoly with differentiated products. By using the estimated results, simulation is 

conducted to investigate the effects of VER and exchange rate pass through. Berry et al. 
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(1995), on the other hand, uses the same data and estimates cost and demand parameters 

for all models marketed in the U.S. for over a twenty-year period. 

Mergers, partial ownerships and acquisitions in the world automobile industry has 

attracted economists' attention. Economists presented two arguments for these 

arrangements. The first argument suggests that the main reason is risk-sharing behavior. 

The second reason is rather technology driven. Rosegger (1989,1991, and 1996) 

analyzed the European Community policies as a supporter of intra-European strategic 

alliances. Rosegger argues that European firms are beginning to establish technology 

driven joint ventures and coalitions to secure themselves in what is now a world market. 

Okamuro (1995) points out that such a coalition in a subcontracting level in Japan. In 

this econometric study, Okamuro does not find any evidence to indicate an increase in 

profit as the level of business participations increases. Alley (1997), Lawrence (1993), 

Weinstein and Yafeh (1995) and Saxonhouse (1993) analyzed partial ownership 

arrangements and focused on the issue of changes in profits and collusion. Alley 

conducts a conjectural variation methodology that allows for partial ownership 

arrangements and foreign trade. He finds that although collusion is observed in the 

Japanese automobile industry, it is found to be more competitive than in the U.S. 

automobile industry. 

Partial ownership arrangements may change the degree of competition by 

facilitating information exchange about output decisions. Reynolds and Snapp (1986) 

point out that joint ownership supports collusion by reducing each firm's incentive to 

compete, and results in higher profits and prices. 

The automobile industry can be classified as one of the most well studied areas in 

the literature. However, one can say that these studies mostly address policy issues, tend 

to model a particular industry as a whole, and mosUy use single-equation estimation with 

possible cross-comparison. There are only few studies that combine game theoretic 

approach and oligopoly interaction. By far, the most sophisticated study is Bresnahan 

(1987). This study can be considered a comerstone in new empirical industrial 

organization literature. In this article, Bresnahan focuses on competition and collusion in 

the American Automobile Industry during the period of 1955-1957. Bresnahan points 
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out that during 1955, a year of expansion in the U.S. economy, sales of cars increased, 

yet prices decreases dramatically. This year is considered to be an exceptional 

phenomenon. In fact, Paul Samuelson remarks in his lecture that he would flunk any 

econometrics paper that claim to provide an explanation of 1955 auto sales. Bresnahan 

models the industry based on differentiated products. The starting point of the analysis is 

that if firms compete on price, price will be close to marginal cost, and if we can assume 

a tacitly collusive market, price-cost margin will not depend on whether close substitute 

or the product itself is sold. Even when MC is not observable, competitive and collusive 

mechanism can be identified. 

Bresnahan models the demand by starting from the utility function of each 

consumer, with attributes including income and tastes among altemative products in the 

market, and assumes constant marginal rate of substitution. The cost function takes the 

form of C{x,q) = A(X) + mc{x)q where mc is convex. In order to fulfill this 

requirement, functional form of mc{t) = fie' is to be assumed, where // is to be 

estimated. 

In the collusive model, all firms set their prices to maximize joint profit as if they 

are maximizing monopoly profit. For the competitive model, Bresnahan considers Nash 

behavior and lays out the game for estimation. The likelihood ratio test is used for 

comparison, and the only model that is not rejected is collusive model estimation. The 

study of Bresnahan is particularly important for us since it considers the automobile 

industry, tests for collusive behavior, and uses a game theoretic setting. 

This section concludes our discussion of empirical industrial organization 

literature. In this review, we have focus on single market studies with market power, 

studies on the automobile market and advertising literature in industrial organization. 

In the next section, we will explain some characteristics of the Turkish 

automobile industry. 
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CHAPTER 3 

HISTORICAL DEVELOPMENT 

OF THE TURKISH AUTOMOBILE INDUSTRY 

3.1 History 

The automotive industry is always considered to be a strong participant in the 

industrialization of nations. This is mostiy due to its powerful final product definition 

and integrated production process. 

In the era of globalization and mergers of large-scale corporations, the market 

stmcture of the world automotive industry is becoming more complex, and the tendency 

for monopolization exists. These recent developments simply increase the gap of 

industrialization between developed and developing nations, since the size differences of 

the market participants in the intemational market have become enormous in the last 

decade. 

In this complex stmcture, the Turkish automobile industry has been closed to the 

developments in the world ever since it was established and therefore highly protected. It 

is tme that the participants are almost always engaged in joint ventures and this can make 

these companies somehow intemational companies. But, it is also tme that the trade 

restrictions, and other means of protectionism, provided unique possibilities for the 

industry. 

As of the time of this research, trade restrictions significantly decreased (although 

some continue to exist) and resulting competition provides interesting results in the 

industry. 

Turkey has a unique geographic location as a gateway to European and Middle 

Eastem markets. The planned development era of 1960s through the 1980s provided the 

Turkish automotive industry great attention and potential. Although the root of the 

industry goes back to the 1950s, important development took place in the 1960s through 

1970s with the establishments of assembly facilities. 

The production of automobiles in Turkey started with " Turk Willy's Overland 

Limited" in 1954 to serve the needs of military demand for jeeps and tmcks. In 1955, 

28 



'Turk Otomotiv Endustrisi A.S." (TOE) produced the first commercial tmck of Turkey. 

OTOSAN A.S and CIFTCILER A.S followed TOE in the same segment. "Otobus 

Karoseri A.S" produced the first commercial bus under the. license of European producer 

"Magims" in 1963. 

Although the market consists of joint ventures and license agreements even after 

30 years, automobile production in Turkey starts with a a one hundred percent Turkish 

production of DEVRIM (Revaluation in Turkish) in the govemment's railroad research 

facility in Eskisehir dating back to 1961. Unfortunately, after only four prototypes, the 

production was considered unsuccessful and halted. The first mass production of 

automobiles started in 1966 with fifty-three percent domestic production of ANADOL 

(meaning Anatolia in Turkish). 

The support for this industry mainly comes from the political and economic 

conditions of Turkey of the time. The 1950 and 1960s were the planned industrialization 

period of Turkey. "In the 1950s, the aim has been to give greater scope to the private 

sector. In the 1960s, it was to place greater reliance on central economic planning, which 

perhaps inevitably implied a reassertion of the govemment's role in the economy"(Onis, 

1993, p. 187). The primary objective of the first and second five years plan was to 

encourage the higher annual growth rates for the economy and reduction in the reliance 

on extemal financing. Foundation of the plan's success was the development of import-

competing industries and exporting manufactured and agricultural products. In fact, a 

close look at the first five-years development plan indicates a special section on 'taking 

advantage of the power of the automotive industry in industrialization.' By using this 

section, a decree on "montaj sanayii" (assembly facilities) was established in 1964. This 

decree introduces supportive and protective policies on the automobile industry. 

In the following years, the Turkish automobile industries matured with the 

support of the govemment's policies from eight assemble units to 20 as of 1967. 

Although the capacity is significantly increased, it did not translate into an increase in 

production (Capar, 1993). One can argue that the result of the policy can only be seen in 

the increasing share of domestic production. 
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The second five years development plan in Turkey is the 1968-1972 period. The 

plan targeted facing the country's demand on all products with domestic sources, and 

minimum usage of foreign reserves of the country. As a result, expensive and "below -

quality standard" products, especially in the automotive industry, were observed in the 

market. New production facilities managed to answer the overall demand for 

automobiles until the sharp decrease in the value of the Turkish Lira in 1970. After the 

Turkish Lira devaluated, the demand for automobiles decreased and sudden increase in 

the cost of production was observed. This might be one explanation for "cost-push 

inflation" in Turkey at that specific time. The second five-year development plan was 

only successful in the sense that the overall share of domestic production increased to 

over sixty percent. 

The elevation years of the Turkish automotive might be considered as 1972 

through 1977, which also correspond to the third five-year development plan. Due to 

increase in the protections, imports decreased and domestic production increased 

significantly. Unfortunately, increase in the oil prices influenced the industry in a 

negative way. Production figures of 1976 remained the highest until 1986. 

After three years of economic and political turmoil, it was apparent that what 

Turkey needed was not just economic stabilization, but a whole new approach to the 

economy (Onis, 1993). In November 1979, Prime Minister S. Demirel introduced 

market-oriented reforms. According to Onis (1993), the main objectives of the 1980 

reforms can be summarized as: 

1. To improve the balance of payments and raise intemational competitiveness. 

2. To shift the economy's center of gravity from the public to private sector, giving 

greater freedom to the market in determining resource allocation. 

The continuation of import substitution policies supported the Turkish 

Automotive industry to target domestic demand with an increasing number of firms. 

Moreover, the percentage of domestic production increased during the 1980s. 

At the beginning of the 1990s, protective policies were significantly removed, and 

new investment credit policies were implemented for factories with production capacity 

30 



over 50,000 and 100,000 with different rates of interest. The simple intention of the 

govemment can be defined as opening domestic protection to intemational competition 

and increasing the production capacities to more profitable level (Ceylan, 1992). 

As of the 1990s, the decrease in export taxes improved the quantity of exported 

automobiles in the country and caused domestic production to decrease. Although this 

was a new occurrence in the market for 20 years, the biggest news of the time was the 

increase in the quality of the domestic product. A close evaluation of the products will 

prove that the product, as its called "domestic" in Turkey, is nothing different than a 

specific brand of a foreign automobile that is out of production in its original country. 

This argument can be made for any product in the market in pre-1990 period. 

Starting with the 1990s, the domestic producer was forced to use a different 

strategy than previous years. There was no longer the kind of market where the producer 

is capable of creating an ordering line of six months. The only competitive strategy 

available to the domestic participant became the existing service line, and importing the 

other brands of the "domestic" automobile from its original country. As of the 1990s, 

one can also observe a rapid increase in the technology and massive improvement in the 

service delivery system of the domestic producer. 

In a report by Ankara University on European custom Unification and the Turkish 

Automobile Industry, Tore and Gokdere address the issue of rapid change in the industry 

in the 1990 to 1993 period, but fail to identify the lack of competitiveness and quality of 

the domestic production against European producers. They argue that the improvement in 

technology and increase in investment is only due to an increase in demand during the 

1990-1993 period. 

The subject of the study at hand is to test the pricing behavior of the automotive 

industry in Turkey. In order to explain the issues related to the market, we look at the 

stmcture of the industry. 
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3.2. Stmcture 

The most important stmctural features of the industry are buyer demand, the 

nature of the product, number of rival sellers and their relative size (concentration), 

barriers to new competition, and extent of the economies of scale. 

3.2.1. Demand Stmcture 

It is cmcial to state that the target of the Turkish automobile industry is domestic 

demand. Due to the fluctuations of the Turkish economy, the demand for industry's 

product changes. I will analyze the demand for the product in specific time periods as 

follows. 

3.2.1.1. 1971-1976 Period 

This time period is a perfect example of duopoly. There are two main producers 

that produce over 85 percent of the market demand. OYAK RENAULT is a joint venture 

with France's Renault, and TOFAS is a joint venture with Koc holding of Turkey and 

FL\T of Italy. 

Table 3.1 Main Automobile Producers 

Company 
Name 

TOFAS 

OYAK 

RENAULT 

Location 
of Main 
Facility 

Bursa 

Bursa 

Production 
Starting from 

1971 

1971 

Capacity of 
the Main 
facility 

100,000 

100,000 

Under the 
License of 

HAT 

RENAULT 

Total 
Labor 

6,168 

4,293 

% Share of 
Foreign 
Company 
(as of 1991) 
41.5% 

44.0% 

Source: OSD-1991 Turk Sanayii katalogu 

During this time, the domestic producers not only enjoyed the concentration, but 

also a demand in excess of annual production. The significant issue in the market for that 

time became convincing the consumer to buy the product. In order to do that, an 

extensive amount of advertising was used. The demand for automobiles significanUy 
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increased due to the effort of the producers and the real increase in GDP, especially in the 

three large cities, which peaked in 1974. Domestic cars share in the total amount of 

automobiles in the country increased from 8.8% in 1970 to 60.9% in 1976. 

Table 3.2 Evaluation of the demand for automobiles 
Years 

1970 

1975 

1976 

1977 

The demand for automobiles 
(Unit) 
7,060 

80,317 

81,945 

66,604 

Increase from the year before 
(% change) 

~ 

11.14% 

2.0% 

-18.7% 

Source: DPT Yillik Programlar 

3.2.1.2. 1977-1980 Period 

The demand for automobiles did not increase in the years 1977 and 1978, and in 

fact decreased in 1979 to 21,901 units. Mehmet Ceylan of Govemment Planning 

Organization lists the reasons for that as follows: 

1. Inflation for the relevant period was significanUy high and peaked at 100 

percent in 1980. 

2. As of 1979, the govemment's control over automobiles decreased and 

prices significantly increased. 

3. Increase in the Prices of petrol and related products increased. 

4. High interest rates on consumer credits and the change in policy on 

interest rates as of 1980 caused savings to move towards banking and 

financial institutions. 

5. Increase in tax for automobiles. 

3.2.1.3. 1981-1991 Period 

In 1980, the demand for automobiles reached an all time low for the last 10 years 

and started to increase by 1981. Finally in 1986, the market demand reached to 84,010 
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units, reaching its previous demand level in 1976. Starting from 1986, the demand for 

automobiles increased regularly, and the increase in the prices of automobiles over and 

above inflation made the product a tool for saving. This caused not only the increase in 

demand, but also the development of the secondary market during this time. Another 

important factor for the increase in demand, especially for the second half of the period, 

resulted in part from a decrease in the real price of gasoline during that period. 

3.2.1.4. 1991-1998 Period 

There are two important events that took place in the course of this period. These 

events changed the demand for the domestic production significantly. The first event is 

the 1994 April financial crisis, which ended with the devaluation of the currency by thirty 

percent. The second important event is the custom unification of Turkey with the 

European Union. The automobile industry simply used the excuse of "not being ready 

for competition," campaigned aggressively against the unification and even threatened 

the govemment by stopping production and closing down operating facilities. The 

campaign was successful up to certain degree. Turkey signed an agreement on March 6, 

1995, and entered the unification with the European Union as of January 1, 1996, with 

some unique specification for automobile industry. The results of the agreement are 

complex and not the subject matter of this study. Therefore, we will only summarize the 

items related to the automotive industry from the Automotive Manufacturers 

Organization's Report. 

1. Turkey will hold the rights to limiting the exports of used and new 

automobiles for a specified time period. This time period is considered to 

be at least ten years. 

2. Turkey will keep the taxes on imported automobiles at 10% and 20% 

depending on the size of the automobile engines. The country also 

reserves the rights of implementing higher tax rates for third-party 

countries. 

3. Turkey considers domestic automobile production as a "Sensitive Product" 

and only allows the tax-free import of automobiles by citizens of Turkey 
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as they permanently re-enter the country for good at their retum from 

working abroad. 

4. In order to improve in technical standards, a five-year plan starting from 

1996 is implemented. The Automobile Manufacturers Association and 

firms in the industry will be solely responsible for the implementation. 

The organization's report in the subject matter ends with the following statement: 

" In the agreement that is signed on March 6,1995, factors that are thought to 

have strong negative impact and too risky for the Turkish Automobile Industry 

are considered. As a result, the committee decided that some unspecified time is 

necessary for the adaptation of the industry." 

Table 3.3. The demand for domestic automobiles 
Years 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

The demand for 
Automobiles 

(Unit) 
55,372 

21,901 

23,852 

30,023 

42,385 

59,795 

69,399 

84,010 

107,368 

118,643 

117,107 

233,649 

222,022 

Increase from the 
year before 
(% change) 

-16.9% 

-72.7% 

8.9% 

25.9% 

41.2% 

41.1% 

16.1% 

21.1% 

27.8% 

10.5% 

-.01% 

99.5% 

-5.0% 

Source: DPT Yillik Programlar 
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Table 3.4. The demand for domestic automobiles 
Years 

1992 

1993 

1994 

1995 

1996 

1997 

1998* 

The Demand for 
automobiles 

(units) 

339,600 

201,200 

194,000 

182,300 

218,800 

149,600 

* As of September 1998 

3.3. Industry Concentration and the Nature of the Product 

The domestic automotive industry consists of seventeen firms. There are only 

seven companies in the domestic automobile market. Actually, two firms that are the 

oldest competitors since 1971 dominate the market. The last entrant, Hyundai, is in 

production since mid-1998 and does not have a significant market share. 

Due to growing competition of imported products with domestic producers, 

domestic producers are less concentrated. The impact of competition is maintained by a 

trend toward cross-national, namely joint ventures, and ownership between domestic and 

foreign producers. Interestingly enough, there is also a case of cross ownership in the 

industry. Koc Holding A.S. practically owns and controls both TOFAS and OTOSAN. 

Product styling and model changes are the dominant mode of non-price rivalry in 

the domestic industry. For the most part, the changes are cosmetic rather than 

technological. 

Additional information on producers is as follows (Table 3.5). 
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Table 3.5. Automobile producers as of 1998 
Firms 

TOFAS 

OYAK RENAULT 

OTOSAN 

OPEL 

TOYOTOSA 

Anadolu HONDA 

Location 

Bursa 

Bursa 

Istanbul 

Izmir 

Sakarya 

Kocaeli 

Starting 

1971 

1971 

1959 

1990 

1994 

1997 

License 

Fiat 

Renault 

Ford 

Opel 

Toyota 

Honda 

Foreign 
Capital (%) 

37.8 

57 

30 

100 

50 

50 

The difficult part of the analysis of the product is the dynamic stmctures of 

models. This is mainly due to decreasing protection and the threat of custom unification 

with the European Union. We can observe, especially after 1993, a massive investment 

and newer models. As of 1998, TOFAS produces seven brands with 32 styles. OYAK 

RENAULT produces five brands with 18 styles. ANADOLU HONDA and TOYOTSA 

produce one model with two styles. OTOSAN produces one brand with nine styles and 

finally OPEL produces one brand with 19 styles. These numbers are specific to 

automobile productions. 

3.4. Summary 

As we mentioned earlier, the main target for producers in this industry is the 

domestic demand. Since its first establishment, the industry is well protected and 

maintained its "closed" stmcture. The 1990's brought about significant changes in the 

Turkish automobile industry with respect to quality standards, degree of competition, and 

degree of product differentiation as a result of relaxed trade restrictions. In recent years, 

we observe additional firms trying to gain market shares. Even with these developments, 

the industry still maintains its oligopoly stmcture possibly with a collusive behavior. As 

the number of firms increased, advertising campaigns became a significant tool for these 
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firms. The independent media agency we consulted during the data collection suggested 

that the leading advertiser in printed media is the automobile industry with a high margin. 

The Automobile Manufacturers Association (OSD) in Turkey receives price information 

from companies and announces automobile prices every month. Brands are rather 

comparable in terms of their size and qualities among segments. 

Overall, it is possible to generalize the market stmcture as an oligopoly and 

altemative oligopoly modeling can be considered. One way of modeling this industry 

would be a differentiated product market by a few firms, with one possible dominant 

firm. Altematively, one can look at a particular segment of the market as a homogenous 

product market. 
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CHAPTER 4 

MODELING THE AUTOMOTIVE INDUSTRY OF TURKEY 

4.1. Introduction 

Economists, particularly researchers of the industrial organization focused their 

attention on price and non-price competition among firms. With respect to non-price 

competition, advertising became a popular variable. Scherer (1989) argues "Business 

managers may seek an outlet for their aggressive instinct on nonprice dimensions such as 

advertising, where drawbacks are not so obvious." In light of our discussion in chapter 

three, we consider both price and advertising as strategy variables. 

The model we use is based on the paper presented by Gasmi F., Laffont J.J., and 

Voung Q., in Bologna 1988, at the Econometric Society Meeting. The main concept is 

the test of collusive behavior in a specified market. The methodology is applied to the 

study of implicit and explicit collusive behavior on two strategic variables: pricing and 

advertising. As it is specified in the chapter three relating to the history of the Turkish 

Automotive industry, it is possible to identify the market as a differentiated product 

market by a few firms with a possible dominant firm. Altematively, we can look at a 

particular segment of the market as a homogenous product market and model it in a 

following fashion: 

1. Nash Equilibrium, 

2. von Stackelberg Behavior, and 

3. Collusion. 

4.1.1. A Brief Introduction to Nash Equilibrium 

At this point, it might be relevant to consider simple game settings and briefly 

summarize the methodology of deriving Nash and von Stackelberg equilibrium. Our first 

model in section 4.3 is a modified Bertrand equilibrium. 

The Coumot model takes the firm's strategy space as being quantities; however, it 

is equally natural to consider price as a relevant strategic variable. This model is known 

as the Bertrand model of oligopoly. 
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^l(Pl»P2) = 

Suppose there are two firms with constant marginal cost of Cj and c^ that face a 

market demand curve of D(p). As we assume homogenous product and c^ > c,, we can 

set the following form: 

^ ( P i ) (^ Px<Pi 
D{p,)l2 if p,=p,. (4.1) 

0 if Px> Pi 

As the first firm believes that it can capture the entire market by setting a price 

smaller than the price of firm 2. In this case, firm 2 must have similar assumptions. 

Suppose that firm 1 sets p, higher than C2. This cannot be a Nash equilibrium 

since firm 2 expected firm 1 to make such a choice, it would choose P2 to be between p^ 

and C2. This would yield zero profit to firm 1 and positive profit to firm 2. Similarly, at 

any price below C2, firm 1 is not making all of the possible profit. At any such price, 

firm 2 would choose to produce zero but firm 1 could increase its profits by increasing its 

price slightly. 

The Nash equilibrium in this game is for firm 1 to set its price to firm 2's cost, 

and to produce D(c2) units of output, while firm 2 sets pj ^ Cj and produces zero. 

In this setting, players choose their prices and the game ends in one-shot. One 

way to generalize Bertrand model is that it is a model of competitive bidding. 

The most commonly used solution concept in game theory is that of Nash 

equilibrium. The notion captures a steady state of the play of a strategic game in which 

each player holds the correct expectation about the other player's behavior and acts 

rationally. The Nash behavior of the strategic game < N, (A,), (>,) > is a profile a' G A 

of action with the property that for every player / G N we have 

(a[., a*) >,. (a!,, a,.) for all a,, e A,. (4.2) 

In this setting, Â  describes the set of players. A, the set of actions available to the 

player / and >. describes the preference relation of player /. 

For a* to be a Nash equilibrium it must be that no player / has an action yielding 

an outcome that he/she prefers to that generated when he/she chooses a*, given that 
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every other player j chooses his/her equilibrium action a*. Simply, no player can 

profitably deviate, given the action the other players. 

4.1.2. A Brief Introduction to Von Stackelberg Equilibrium 

Von Stackelberg leadership is a two-stage game where one firm gets to move 

first. The other firm observes the decision of the first firm and choose its optimal level of 

output. This type of game is what has been called "sequential game." The usual solution 

for sequential game is "backward induction." 

Suppose that/inn 1 is the leader and the firm 2 is the follower. Firm 2's decision 

is rather straightforward. Firm 2 maximizes its profit n^ = piy^ + y2)y2 -^liyi) • The 

first order condition for firm 2's problem becomes p{Y) + pXY)y2 = c^ '(^2) where Y is 

the total industry output. We can den\e firm 2's reaction function from this equation. 

As we move one stage back to the first movement of the game, we know that firm 

I wants to maximize p{yi + /2 (y^ ))y, - Cj (>>,). The first-order condition associated with 

maximization is p(Y) + p\Y)[l + f^ '(y,)], = c, '(y,). At this point, given that we have 

the reaction functions for each firm, we can determine the levels of output. 

More generally, A von Stackelberg leadership is a two player extensive game 

with perfect information in which a "leader" chooses an action from a set of A, and a 

"follower," informed about of the leader's choice, chooses an action from a set A^. The 

equilibria of a Stackelberg game corresponds to solution of a maximization problem 

max M,(fl,,a2) subject to 2̂ ̂  ^gn^^^"2(^1'^'2) ("̂ -3) 

Where u. is a payoff function that represents player i 's preferences. If the set 

A, of actions of each player / is compact and the payoff functions u^ are continuous then 

this problem has a solution. 

4.2. Background of the Methodology 

The methodology is fully stmctural and follows the recent trend in the field of 

industrial economics literature. Gallop and Roberts (1979), Appelbaum (1982), 
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Bresnahan (1989), and Geroski (1988) started a new trend in industrial economics by 

using stmctural equations in a game theoretical framework. Especially Bresnahan, in his 

famous article of modehng price wars of 1954-1956 in the automotive industry of the 

U.S., considers Nash competition, collusion, and hedonic estimation in a game theoretic 

framework. He suggests that in such a study, it matters a great deal whether the same 

firm or different ones produce close substitutes. Similar statements in market studies 

introduce hedonic specification as an altemative. Triplett (1986) has raised a number of 

questions about the interpretation of 'hedonic' functions, especially in imperfect market 

applications. 

The regression coefficients are interpreted as the marginal 
implicit prices of the characteristics. In a competitive framework, 
these marginal prices would reflect both the marginal cost of supplying 
a unit of characteristic and the marginal valuation of the same. 
However, if the differentiation of the product gives the firm its own 
demand curve, then hedonic price may already include some 
'monopoly' element, exceeding marginal cost. ...The actual 
functional forms usually used in hedonic analysis are also puzzling. 
The forms usually used are linear (with a constant intercept), semilog, 
or loglog. In this case presence of the constant is not explained. If the 
good is a parcel of characteristics, the price of the good should be 
equal to sum of the valuation of the characteristics it contains. 
Semilog and loglog forms imply a budget constraint with diminishing 
marginal cost in the supply of characteristic, which seems implausible. 
(p.321) 

It is also important to note that the hedonic function assumes that the packing of 

characteristic is continuous, when only a limited number of goods are being offered. The 

presentation of Triplett (1986) forces us not to use hedonic specification. After all, we 

cannot assume that Cadillac El Dorado 1998 and Pontiac Le Mans 1988 are close 

substitutes. 

In order to avoid these difficulties as much as we can, we employ multivariate 

statistical analysis. The reason for this additional work is to identify potential 

competitors in the market. This attempt makes inferences about the nature and the extent 
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of competition between different manufacturers. We believe cluster analysis is 

appropriate for this analysis. 

Cluster analysis is a very primitive method and employs a variance-covariance 

matrix for specified variables. We are not imposing any restriction on the number of 

groups in the stmcture. Grouping is done on the basis of similarities or distances. The 

required inputs are similar measures of data from which similarities can be computed. 

There is often a great deal of subjectivity involved in the choice of similarity 

measurements. Therefore, the variables that are used are not any different from 

characteristics of the automobiles. 

After identifying competitors, in this case, close substitutes among automobiles; 

we use a methodology that involves a specification of demand and cost functions, and a 

hypothesis about strategic interaction among participants. The parameters of the demand 

function and cost function are estimated under various strategic hypotheses and tested 

against each other. Given that we have two observable instmments of competition, price 

and advertising, we can consider simple calculations for collusive behavior and select 

among them. As Gasmi (1992) argues, each calculation should be considered as an "AS 

IF..." story. 

As is specified above, the first task is to simultaneously identify demand and cost 

functions and determine statistically the most adequate collusion hypothesis. By 

considering advertising and price, we look at three types of models to describe non-

collusive behavior. These are Nash equilibrium and two variants of von Stackelberg 

leadership where we test the leadership of each firm separately. For the collusive models, 

we consider partial collusion on some instmments with Nash competition on other 

instmments. 

The econometric approach we take is a system equation method, namely full 

information maximum likelihood method. Tests for the hypotheses are not nested. We 

use a test of non-nested hypotheses to select among the competing models proposed by 

Vuong(1991). 
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4.3. Modeling Demand and Cost Functions 

For every cluster we can find in the market, we can employ the following residual 

demand function. 

^i =rio+(XuPi+(x,jPj+r,Ay''+r,jA]" \^ ' ' (4.4) 
J—A»^» 

where p,., q^, and A^ represent quantity, price and advertising expenditures, a and y are 

unknown parameters. Economic theory suggests the following restrictions. 

a , ,<0 

a„>0 

This simple demand specification is chosen for analytical tractability. This form 

indicates diminishing retums on advertising. We do not expect the effects of advertising 

to be longer than three months, although it is possible to consider lag terms of advertising 

in the model. 

The constant term parameter specified below is designed as a function of real 

disposable income and seasonality of sales. The term DUM indicates (= 1 for quarter 2 

and 3, and 0 otherwise): 

Yio = Ao + A. DUM + pJNC. (4.5) 

The technology of each firm can be represented by constant marginal cost 

function such as: 

CMi) = c,q / = 1,2. (4.6) 

Constant c, can be a function of exogenous variables, 

c. = ;/„ STEEL + 77.2 LABOR + r]. INTEREST (4.7) 

Variables are prices of inputs in real terms. Economic theory suggests that all of 

the coefficients should be greater than or equal to zero. Variable Steel stands for real 

price of steel. Labor for the real price of labor in a corresponding firm. For the treatment 
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of the price of capital, we do consider discount rate as well as interest rate due to firm's 

distinct ability to borrow through their corresponding banking institution. 

4.4. Noncooperative Behavior 

Consider the following models for noncooperative behavior. 

MODEL 1: Static Nash equilibrium in both prices and advertising (Ml). 

MODEL 2: Firm 1 is von Stackelberg Leader in both price and advertising (M2). 

MODEL 3: Firm 2 is von Stackelberg Leader in both price and advertising (M3). 

4.5. Econometric Method and Calculations for Model 1 

In order to illustrate the methodology, we will present MODEL 1 in this section. 

Consider firm i's profit function in the following fashion: 

n , = (p, -c,)(r,o +cc..p. +ayPjr,AJ"' +r.jA\'^)-A^ (4.8) 

/, j = 1,2, 

i "^ h 

Note that we can consider two different games from the equation above. In model 

1, we assume both firms set the prices and advertising level simultaneously. 

Altematively, one firm might act as a leader in setting both price and advertising levels. 

One might think that firm 1 acts first, and the other firm reacts (we analyze this case as 

our second and third model). In both game settings, the equilibrium solution can be 

found by the noncooperative Nash equilibrium concept. 

The unique Nash equilibrium {p\A\'^*, ^2-̂ 2'̂ *) of the one-stage simultaneous 

game is given by the solution of the following system of equations. 

«ii(Pi - c , ) + r,o +«^iiK +«i2P2 +ri,A;"* +^,2^2''* = 0 (4.9) 

(^12^P\ -<^2) + r20 + « 2 l P l +«22P2 + ^ 2 1 ^ ' ' ' * + ^ 2 2 ^ 1 ' ' * =^ (4-10) 

i r n ( K - c . ) V * - l = 0 (4.11) 
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\r22(pl-c2)A;'"'-i = o (4.12) 

At this point, we can add a firm's demand and cost specifications by adding 

predetermined variables. This can be done by introducing the constant term y.Q in to the 

demand equations and the firm's real marginal cost c,.. Specifically, we assume: 

Vio - Zi 13I and c, =x]rj^ where z'and jc'are row vectors of predetermined 

variables, and )̂ ,and 7j. are respectively vectors of size (/i,X 1), for i=l,2. 

After considering a set of predetermined variables, we can consider the following 

linear simultaneous equation model. 

<lu -«iiPir -«i2P2, -r„AV' -r ,2^, ' ' - 4 A , ="ir (4.13) 

^2, - «2lPl, - (^22P2, - 2̂1 A V ' - ^22^'' " 22/)̂ 2r = "2/ (4-14) 

^U +^lPu -4^1="3r (4.15) 

2̂r + ̂ 2̂̂ 2/ - X2A = "4, (4.16) 

MiPu+K"-<A=^5, (4.17) 

y"2P2, +^2r'-4<^4="6r (4.18) 

Where t indicates time period and Ugt are the error term with covariance matrix 

cov (uit,.. .U6t)'=2. Each of these equations is obtained by completing the firms demand 

equation. 

The following restrictions on its parameters can represent the one-stage 

simultaneous game, represented by MODEL 1. 

/I, = a„ Si=CCnVx 

A^ —^22 ^2 ~ ^ 2 2 V 2 

^2 ~ /2J^22 *̂ 4 ~ /2X22' /2 

After identifying the general linear simultaneous equation model, estimation 

procedure of Full Information Maximum Likelihood method proposed by Gasmi et al. 
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(1992) can be implemented in order to determine the coefficients of the system of 

equations. 

4.6. Cooperative Behavior 

Collusion can be explicit or tacit. In this analysis, we only consider "tacit 

collusion." 

MODEL 4: considers total collusion without transfers. This analysis implies the 

following equation (M4). 

An,+(1-A)n2 (4.19) 

X is considered to be between zero and one, and the function itself is the objective 

function for maximizing weighted average of both firms' profits (assuming that there are 

two firms) with respect to prices and advertising expenditures. 

An altemative hypothesis is that firms collude on advertising, as above, knowing 

that they will later compete (Nash equilibrium) on prices. We can also assume that exact 

symmetric hypothesis is that they first collude on price knowing that they will later 

compete on advertising. Basically, 

MODEL 5: Firms collude on advertising, as above, knowing that they will later 

compete (Nash equilibrium) on price (M5). 

MODEL 6: Firms first collude on price knowing that they will later compete on 

advertising (M6). 

We are also expecting a slight change in the market conduct at a specific date. An 

examination of the market at hand and the Turkish economy indicates that there is a 

change in the stmcture due to the 1994 April crisis in the entire economy, which resulted 

with 30% percent of the currency depreciation, and finally the custom union with 

European Union in 1996. 

These events allow us to use additional models in the following fashion. 

MODEL 7: Collusion on price and advertising until 1996, firm 2 is the leader in 

both decision variables afterwards (M7). 

MODEL 8: Collusion on advertising and price until 1996, firm 1 is the leader in 

both decision variables afterwards (M8). 
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MODEL 9: Collude on price and compete on advertising until 1996, firm 1 is the 

leader in both afterwards (M9). 

MODEL 10: Collude on advertising and compete on price until 1996, firm 1 is the 

leader in both afterwards (MIO). 

In order to explain the modeling, we provide details on the fourth model in this 

chapter. 

4.7. Econometric Method and Calculations for Model 4 

This section explains the duopolistic game of collusive behavior. The section 

starts with calculations and explains the econometric methodology to be used. 

In this model, we consider total collusion without transfers. Letting profit 

functions of the both firms take the following form. 

^,(Pl»P2'A'^2) 

And 

^2(Pl'P2'A'^2) 

Collusion on both variables implies that both firms will maximize profit. So, firms solve 

maxF =A;r,(pi,p2»A'^2) + (l-'^)^2(Pi'P2'A'A) (4-20) 

The first-order condition of the maximization is: 

- ^ = A[(pi-c,)aii+x,o+«„/>,+a,2P2 + riiA '̂̂ +/i2>ii'̂ ] + 0-^XP2-^2)«^2i=0 (4.21) 

| ^ = /l(Pl -C,)Qr,2 +(1-A)[ (P2 -^2)^22 +^20 +0^22^2 +a2 lP l ^Y22^2^ ^ Y2\A\''^^ = 0 ( 4 . 2 2 ) 
dp2 

| f = / l [ ( p , - q ) ^ r n V - l ] + (l-A)[(P2-C24r2,V^^] = 0 (4.23) 

^^ =MiPx-cAr2A2"']^(l-mP2-C2)y22A2"'] = 0 (4 -24) 
dA2 '^' - 2 ' ^ ^ ^^ ^ ' 2 

We have a system of four linear equations with endogenous variables of prices 

and advertising expenditures of both firms. 

The second-order conditions requires that the following matrix be negative semi-

definite: 
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2Aan ?MLy2^(X-X)a2x WllXyxx \11XY^2 

^ai2+(l-A,)a2i 2{\-X)a22 \I2{\-X)Y2X \I2{\-X)y22 
\l2A,Yxx l/2(l-A)y2x - l /4(Arn+(1-^)^21) 0 

l/2>lri2 l/2(l-/l)j'22 0 -l/4(/lri2 + (l- ' l)r2i). 

In particular, we have the following restrictions to impose, 

a,, <0 

0̂ 22 < 0 

Ar„+(1-A)r2, >0 

^^21 + (1 -^ )^22 ^ 0 -

Note that it is possible to rewrite the first-order of conditions in the following 

form. 

(1->1) (1-A) 
^1 +«^iiPi +— - ,— «2iP2 -«^iiCi - , Qr..c. = 0 

II 
Pi + 

a-'i)r2i 
2 " 2A 

(l-A) 

P2 -A 

'21*'2 

xn ru^_(t:^^^^Q 

^12 Pl +<^22P2 

Pi + - T r P 2 - ^ 2(1-A) 
1/2 
2 

2 

(1-/1) 

2(1-/1) 

2/1 

C*j2Cj 0*22^2 — ^ 

^ c . = 0 

(4.25) 

(4.26) 

(4.27) 

(4.28) 

In the equations above we also know that: 

î =Yxo +«iiPi +«̂ i2P2 +rnA''' +Yx2^r (4.29) 

^2 =^20 +0r2,P, +«22P2 + r 2 l A ' " + ^ 2 2 ^ 1 ' ' - (4-30) 

The equations above and previous first order conditions can be estimated as a 

system of simultaneous equations, with the specifications of the demand intercept and 

marginal costs. Although the model is nonlinear in parameters, it is arguably nested in 

the following general linear simultaneous-equation model. 
1/2 q, -a,,p, -a,2P2 -YxxK -Yx2^2 " Ao -/^xxDUM - fi,2iNC = u (4.31) 

^2 - « 2 . P , -«22P2 -Y2xK -Y22K -02O-fi2xDUM-/322lNC = U^ (4.32) 
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9i -ViiP, -V12P2 -S,,STE-S,2LAB-S,^lNT-5,^DIS=u^ (4.33) 

2̂ -V21P1 -V22P2 -S2ISTE-S22LAB-S2^INT-S2ADIS = U^ (4.34) 

MxiPi +MX2P2 + A''' -^3i5r£:-^32LAB-^33/A^r-^34D/5 =M5 (4.35) 

>"2iPi +/̂ 22P2 +^1'' -S^,STE-S,2LAB-S,,INT-S^DIS = u^ (4.36) 

The error terms u's are assumed joinUy normally distributed with some unknown 

covariance matrix Z. The v's, fi's and 6's are, in general, nonlinear functions of the 

stmctural parameters a's, y's, p's, and with T̂ 'S appearing in the demand and cost 

functions and possibly of the collusive parameter X. Note that for this and the other 

model, nonhnear functions can be specified in each game. Specifically, Model 4 is 

equivalent to the previous general model provided that the following nonlinear 

restrictions are imposed on the parameters. 

M22= ^^2 

^43 = /^2l '7 l3 

^11 = v „ / ; „ + v , 2 / 7 2 i 

^U =V,2'723 

^21 =V21^11+V22/721 

^24 — ^22^23 

<̂ 31 =Mxi^U+Mx2^2l 

^34 =Mx2^23 

^41 = /^2 l '7 l l+ i"22 '721 

<̂ 44 =^22^23 

v,, 

^12 

V2I 

^22 

MM 

^32 

M21 

S^2 

^12 

J,3 

V22 

= «11 

= V„ /7 ,2+Vl2 ' ;22 

- / l « 1 2 / , 
" / ( I -A) 

= V2l'7l2+/^12'722 

= -rn/2 
= i" l l '7 l2+/^12^22 

/2(1-A) 

= /^2l'7l2+/^22'722 

_ (1-^)^2,/ 
/A 

= Vn'7,3 

= 0^22 

<̂ 23 =V2l '7l3 

<̂ 33 ^ / ^ i i ' / n 
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4.8. Econometric Methodology 

After identifying the general linear simultaneous equation model, it is possible 

that we can estimate the model with 2SLS, or by full information methods; namely full 

information maximum likelihood or 3SLS, without any constraints. Gasmi et al. (1992) 

argue that there are some difficulties associated with it. First, it is obvious that the 

demand equation may not provide consistent estimates. Second, we will not receive 

information on the collusive parameter and coefficients in the cost function. Finally, 

each set of nonlinear restrictions does not appear in the usual implicit form. Nonlinear 

restrictions are in the explicit or parametric form. Therefore, it is not possible to use the 

standard Wald test directiy (see Gourieroux and Monfort, 1987). Gasmi et al. (1992) use 

a method that is more direct and can be called modified maximum likelihood. 

It is also important to note that models may not be correcUy specified. In order to 

avoid this problem up to a certain degree, we can make inferences on the models with 

robust t statistics values that are provided by White (1982). 

To select among the various models, we apply the pairwise tests for the non

nested hypothesis proposed by Voung (1989). These tests allow us to determine which of 

the underlying behaviors most adequately explain the data. Tests are based on Likelihood 

ratio test (LR) principle, and tests the null hypothesis that two competing models adjust 

equally well to the data versus the altemative hypothesis that one model fits better. 

According to Voung (1989), it is possible to measure the goodness of fit by Kullback-

Leibner (1951) information criterion. Voung (1989) also indicates that tests are 

symmetric and directional, and models do not have to be correctly specified as opposed 

to the more popular Cox type test. 

In simplest form, each pair of models, say Mf and Mg, the likelihood ratio 

statistics is adjusted for the different number of estimated parameters and normalized by 

1 
1 

n^w_ = 
" 2 

E(«yrS/«y^-«g,5:;'M„)' 
i=\ 

(4.37) 

where Us and Zs are the estimated residuals and covariance matrix for models Mf and Mg. 

The resulting normalized statistic is asymptotically normally distributed under the null 
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hypothesis of equal fit. At this stage, we can take a critical value of c from the standard 

normal distribution at some significance level. If we cannot reject the null hypothesis, we 

conclude that the data do not enable us to discriminate between the two models. If the 

normalized LR statistics is smaller than -c, we conclude that Mg is significantly better. If 

it tums out that it is greater than +c, we conclude that Mf is a significanUy better model. 

Finally, before making cross-comparison between collusive vs. non-collusive 

models, we have to consider the fact that additional parameter X exists in all of the 

collusive models. In order to deal with it, we can adjust the LR statistic by information 

criterion such as Akaike (1973) and Schwartz (1978). 
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CHAPTERS 

ESTIMATION OF SPECIFIED MODELS 

5.1. Player Selection 

As an illustration of the methodology, we consider a segment of the Turkish 

automobile industry. We analyzed the market shares and product lines of the companies. 

The first difficulty with modeling this particular industry is that we do not have the full-

time frame involvement of each player in the market. As we mentioned in the previous 

chapter, two players exist that have been participants since the beginning. There is no 

significant change in their market shares. We looked at the following ratio to determine 

if there is any significant difference in their relative market share. 

(Q, /EQi) (51) 
i 

The results indicate that: 

i. The relative market shares of these two players are significant through time, 

ii These two players have significant product line and segments are well defined, 

iii Total market shares of these two players exceed 80% in the segment in which we are 

interested. 

One must admit that there is additional support for this selection from the time 

frame being considered. The data collected on the market represents the January 1990 

through April 1998 period. There is a possible breakdown of relative market shares of 

the two players, as well as a number of different products they provide to the market after 

1998. As a result, we conclude that it is possible to consider only two firms in order to 

represent the market in this particular study. 

5.2. Brand Selection 

After this analysis, we considered all the characteristics of particular brands. By 

using standard specifications such as length, net weight, engine size, power, torque, four 

dimension variables and Nm-d of the empirical automotive industry literature, we 

conducted a cluster analysis in two different ways. First, we introduced brand (a) of firm 
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i into the firm j's all product line of seven. Then, introduced firm j's product (b) in to firm 

i's all product line of nine. Determining the number of clusters is rather an ad hoc issue 

and mostly depends on a researcher's knowledge of the subject matter. We introduced 

number of different products in the firm i's production line and decreased the number of 

clusters by one each time until we have only one cluster left. Results indicate that we 

have two particular brands grouped together in each cluster analysis conducted. After all, 

the result was consistent with what we thought of the market. We will not provide the 

names of the brands, but only provide the names of the companies they represent. 

5.3. Specification 

The main purpose of this section is to estimate our specified games, what we call 

models, by full information maximum likelihood techniques: the nonlinear simultaneous-

equation models generated from different games in prices and advertising. As noted 

previously, we conducted further investigation on three noncooperative, three cooperative 

and four models with regime changes. 

As seen in Chapter 4, all of the nonlinear models are nested in a linear 

simultaneous equation model called the general model. Thus in the first step, we estimate 

the model by standard linear regression and full information likelihood methods. 

Qit -(^nPi, -«i2P2, - / i i A V - r , 2 < ' - ^uA, = "w (5.2) 

^2t ~^2\P\t ~^22P2t ~Y2\\t ~Y22"^t ~ ^ 2 r P 2 f - " 2 / (5.3) 

^W+^lPlr -x'A^U^t (5-4) 

q,2, +/I2P2/ -4<^2="4/ (5-5) 

/^.Pu+AV'-<^3="5r (5-6) 

i"2P2, + ^1/' - 4 ^ 4 = "6r (5-7) 

This system of equations becomes the following form as we name our variables. 

QTOF,-a, ,PTOF,-a,2PREN,-Y,,ADTOF,-Y,2ADREN,-Pio-p, ,DUMj-p,2lNC, =Ui, (5.8) 

QREN, -a2xPT0F, -a22PREN, -yj^ADTOF, -YiiADREN, -P2a-p2\D^M, -P22INC, = Uj, (5.9) 
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QTOF, +X^PTOF, -SiiSTEEL, -S12LABOR-S^^INTERESTi, ="3/ (5.10) 

QREN, + A2PREN, - S21STEEL, - S22LABOR, - S23SINTEREST2, =u^ (5.11) 

MxPTOF, + ADTOF, -S^^STEEL, -S^2lAB0R, -S^^INTEREST^, =u^, (5.12) 

^i2PREN, + ADREN, - S^.STEEL, -S^2l^B0R, - S^^INTEREST2, = u^, (5.13) 

Where the variables of the model are described as follows: 

QTOF, QREN Production levels of certain brands of TOFAS and RENAULT 

respectively; 

PTOF, PREN Real prices of TOFAS and RENAULT; 

ADTOF, ADREN Square root of real advertising expenditures on TOFAS and 

RENAULT;̂  

DUM Dummy variable coded 1 for month of summer, 0 otherwise;^ 

INC Real disposable income;^ 

STEEL, LABOR Real price of steel and real wage; 

INTEREST^ Discount Rate; 

INTEREST2 Interest Rate for 6 months. 

The Endogenous variables are {QTOF, QREN, PREN, PTOF, ADTOF, 

ADREN}. The exogenous variables are {DUM, C, INC, INCOME, LABOR, 

INTERESTi, INTEREST2}. The error terms u^,J = 1,...,6 are assumed to be normally 

distributed with covariance matrix S. We have to note that the parameters of this model, 

Sy, i = 1,..,4 and j = 0,..,3, are not stmctural parameters. However, they are pieces of 

parameters of nonlinear econometric models generated from game theoretic stmctures. 

For Advertising expenditures, data is collected from independent advertising agency databases. 
The data contains advertising expenditures of each brand and models for the relevant time frame. 

Focus on the sales and production figures indicate that summers are associated with higher levels 
of production and sales. 

Disposable income is not collected monthly. However, we approximated based on monthly total 
investment, assuming that it is the closest approximation to level of income in monthly figures. 
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Under the assumption that the models are correctly specified, we will continue 

with the identification of the models. 

5.4. Identification of Svstem of Equations 

One of the main problems with simultaneous equations system equations is the 

identification problem. At this point, we must show that the necessary conditions for 

identification of the general simultaneous-equation model are satisfied. This task will be 

easier in the general equation system since it is linear in its parameters and, as we argue, 

any model we specified nests in general form. 

The general linear simultaneous equation system can be specified in the following 

form. 

Ty, +Bx,=u, t = l,2....r (5.14) 

We can use matrix form by following Koutsoyiannis (1978). 

r = 

1 

0 

1 

0 

0 

0 

0 

1 

0 

1 

0 

0 

- « 1 1 

-a2x 

^ 

0 

Mx 

0 

- a , 2 

~ ^ 2 2 

0 

^ 2 

0 

M2 

- n , 
- ^ 2 1 

0 

0 

1 

0 

-Yx2 

~Y22 

0 

0 

0 

1 

y, = 

Qx, 

^2, 

Pit 

P2t 
. 1 / 2 

^\t 
. 1 / 2 

Jh.t _ 

^r = 

m, 

z, 

^t 

Zlt 
— 
Z2t 

Xu 

X2t 

B = 

Pm\ 

P.2 

s„, 
s„. 
s„, 
s.. 

- ^ ; > 

- ; » ; . 

0 

0 

0 

0 

0 

0 

-K, 
-Sn 

-«?:, 

-K. 

-PT. 
0 

0 

0 

0 

0 

0 

- ^ ^ . . 

0 

0 

0 

0 

0 

0 

- ^ : . . 

- ^ . 3 

0 

0 

0 

0 

- ^ : . 2 

0 

- ^ . ^ . 

" r = 1 

" w 

" 2 , 

"3r 

" 4 , 

"5 / 

L"6r 
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The dimensions of m,jc,z,,Z2.^i» ^ d jc, are, h„,h^,h^yh-,h-yh- and h-. The 
* ™ * •* Z] Z2 JTi X2 

necessary condition for the identification of a specific model is that the number of 

variables excluded from the equation be greater than, or equal to, the number of equations 

in the model minus one. At this point, we can examine our matrices of F and B one by 

one. 

First Equation: 1 + h, + h- + h- + h- >6-l 
^ Z2 JC, X2 

Second Equation: l + h,+h-+h-+h->6-l 
^ Zi Xi X2 

Third Equation: l + l + l + l + h+h- +h- +h- > 6 - l 
Z Z, Z2 X2 

Fourth Equation: 1 + 1 + 1 + 1 + / i+ / i -+ / i— + ; i - > 6 - l 
z z, z2, xi 

Fifth Equation: 1 + 1 + 1 + 1 +/i, + / i -+/ i -+/ i— > 6 - l 
z z, z2 x2, 

Sixth Equation 1 + 1 + 1 + 1 + / i + A - + / i - + / i - > 6 - l 
2 Z, Z2 JT, 

Therefore we can suggest that the necessary condition for identification is 

satisfied. 

5.5. Description of the Data 

An analysis of industry requires firm specific data. As in any empirical research, 

we encountered a great deal of difficulty in collecting quantitative information on 

volume, prices and costs. The starting point of our quest for the information was the 

companies themselves. While the data requested was available, we were told the 

information could not be shared. Consequently, we had to use an altemative route. The 

daily data on advertising expenditures for each brand of car is extracted form a private 

research company on media and advertising, and converted to months. The data source 

for price, quantity and technical information are the archives of the Automotive 

Manufacturers Association (OSD). Interesting enough, the OSD allowed us to search 

their archives but did not give us access to an electronic copy of the information 

requested. Various govemment organizations and labor unions provided information on 

input prices and wage rates interest rates. Either through the OSD or individually, 

companies set their price every month, and information is available from the OSD. 
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Currently, we have generated a data set for each firm in the Turkish automobile 

industry. We however believe that the data used can be improved. Additional research 

can be conducted for the other segments of this particular market with the data at hand. 

5.6. Endogeneitv 

In this section, we like to test the specification of the model for the presence of 

endogeneity in the general linear model by the test type proposed by Hausman (1978), 

using OLS, 2SLS and 3SLS estimates. In fact, one would argue that these tests are to 

reveal endogeneity of price and advertising since they are the decision variables of our 

players. Additionally, each of the models we consider is some form of derivatives of the 

general linear model. As we show in the previous chapter, our models are obtained from 

imposing nonlinear restrictions on the parameters. We would have performed some 

likelihood ratio tests such as the one proposed by Atkinson (1970) assuming that the 

general model is correctly specified. However, since general model is nothing different 

than simplified representation of competitive behavior, and in fact less restricted than 

other models, it is likely that it will be misspecified. We can argue that, at least at this 

point, it is possible to test the specification via the Hausman test by making use of OLS 

and 2SLS estimates. 

In order to check whether endogeneity exist in demand equations of the general 

linear form, and show that OLS is inappropate, we calculate a Hausman specification test, 

using ordinary least squares and a two-stage least squares parameter estimated of this 

model. This test is based on chi-square distribution and performed using: 

H^{e2si^ -Oot^)-\yar{e2si^)-Var{do^)r.{e2s^ -0oLs)^X' (5.15) 

Where 02SLS^^^^OLS represent the 2SLS and OLS estimate of the parameter vector 

associated with endogenous variables, Var (.) is the covariance matrix, and the notation 

[Var(02SLs) ~ ^^^i^oLs)] designates a general inverse of the matrix in the brackets. 

Derivation and further explanations of the methodology can be found in Hausman and 

Taylor (1981). In the case of each individual component, 6^ of the coefficient vector is 
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tested separately. Taylor (1981) indicates that it is possible to use the following form to 

test each coefficient. 

H = 
ycir{e2s^)-Var{9o^) 

->X (5.16) 

where HQ = x* is exogenous 

//, = X* is endogenous. 

The result shown in table below indicates the presence of endogeneity in the 

demand equations of the linear system (Table5.1). 

Under this setting, at a 10% significance level, we see that the null hypothesis is 

rejected for all of the parameters, except for Y^2 (parameter of ADVREN in the first 

equation). The result of this test justifies our consideration of price and advertising levels 

as endogenous in defining models in those variables. 

The results are shown in the following table (Table 5.1). 

Table 5.1. 
Endogeneity Tests using OLS and 2SLS Estimates of the 

General Model 
Parameter 

a„ 
« 1 2 

Yn 

YX2 

« 2 1 

^ 2 2 

^21 

^22 

Test 
Statistics* 
3.03930 
4.34986 
2.03970 

0.001710 

3.038423 

3.053285 

3.109306 

2.78488 

Degrees of 
Freedom 

*Chi-square Statistics 

The log likelihood of the general model without any restrictions tums out to be -

216.295. In the following table, we provide the results of likelihood ratio test statistics of 

each model against our models with nonlinear restrictions. 
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The null hypothesis H^ is that the additional set of restrictions is not jointiy 

significant. In each case, we have ten additional restrictions and therefore the test 

statistics from X^ distribution with ten degrees of freedom is 15.987. 

Table 5.2. 
Likelihood Ratio Test of the Nonlinear Models 

Test statistics Degrees 
of nonlinear form of Freedom 

Model 
Designation 

Model 1 
Model 2 
Model 3 
Model 4 
Model 5 
Model 6 
Model 7 
Model 8 
Model 9 
Model 10 

Model 
Designation 

Model 1 
Model 2 
Model 3 
Model 4 
Model 5 
Model 6 
Model 7 
Model 8 
Model 9 and 10 

310.22 
436.954 
353.149 
284.960 
325.150 
268.205 
296.882 
355.227 
340.352 
340.352 

Test statistics 
against the general 
form 

187.85 
441.318 
273.708 
137.33 
217.71 
103.82 
161.174 
277.864 
248.114 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

Degrees 
of Freedom 

10 
10 
10 
10 
10 
10 
10 
10 
10 

The idea behind this test is to accept the null hypothesis if the difference between 

the restricted and the non-restricted maximum of the log-likelihood function is small 

enough. The test results indicate that all of the nonlinear restrictions are rejected. One 

has to admit that results of the tests performed above are strictly dependent upon the 

correct specification of the general model. 
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5.7. Empirical Results of the Noncooperative Models 

This section presents FIML estimates of nonlinear simultaneous equation models 

of Model 1, Model 2 and Model 3, which corresponds to our noncooperative games in 

prices and advertising. For the rest of the section we will refer to TOFAS (TOF) as Firm 

1, and OYAK-RENAULT (REN) as Firm 2. 

By estimating any of these econometric models, we are implicitly assuming that 

the data is a representative of Nash equilibrium of a one period game corresponding to 

that particular model. As mentioned earlier, each of the competing econometric models 

should be observed as an "AS-IF" story or a simpler approximation to what really 

happened. 

Model 1 provides results for the Nash equilibrium (Table 5.3). We have correct 

signs for prices, but adverting coefficients tend to be positive in both equations. This 

might be a potential consideration for spillover effect. Coefficients for prices of inputs 

are all significant and they have the correct sign in five out of six occasions. The 

likelihood of the model tums out to be -310.22. 

Model 1: Static Nash equilibrium in both Prices and advertising. 

Table 5.3. FIML Parameter Estimates of Model 1 

Variable 

Demand 
P7 
P2 
Advl 
Adv2 
Constant 
Dummy 
Income 
LagQl 

Average Cost 
Pmetal 
Wage 
Intrate 
Observations 

Firm 1 
Estimated 
Coefficient 

0.4419 
-11.251 
-1.934 
9.593 

34.412 
0.023 
3.226 
-0.041 

-0.154 
-0.015 
-0.077 

89 

T 
Statistics 

4.21* 
-0.35 
-2.00* 
0.32 
0.34 
0.05 
0.29 
-0.31 

2.11* 
2.24* 
2.21* 

Firm 2 
Estimated 
Coefficient 

1.321 
-1.112 
1.583 
0.874 
4.417 
-0.028 
1.994 
0.110 

-1.489 
-0.055 
-3.543 

Likelihood 

T 
Statistics 

4.81* 
6.69* 
3.64* 
13.64* 
5.69* 
-0.11 
1.79* 
0.09 

39.12* 
0.21 

44.13* 
-310.22 
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Model 2: Firm one is the von Stackelberg leader in both price and advertising. 

Table 5.4. FIML Parameter Estimates of Model 2 

Variable 

Demand 
P7 
P2 
Advl 
Adv2 
Constant 
Dummy 
Income 
La^Ql 

Average Cost 
Pmetal 
Wage 
Intrate 
Observations 

Firm I 
Estimated 
coefficient 

-0.8238 
0.7304 
0.0810 
0.2430 
-0.1516 
-0.061 
1.353 

0.0411 

4.282 
1.7321 
0.7663 

89 

T 
Statistics 

1.86* 
1.94* 
0.15 
0.34 
-0.06 

-2.90* 
2.21* 
1.87* 

14.16* 
0.52 

4.21* 

Firm 2 
Estimated 
Coefficient 

1.2431 
0.2173 
0.9064 
1.1962 
3.5755 
-0.0251 
2.7688 
0.0780 

-0.7059 
-0.18274 
-0.4582 

Likelihood 

T 
statistics 

2.13* 
2.03* 
1.76* 
1.75* 
1.84 
-0.12 
1.25 
0.45 

4.21* 
18.99* 
7.84* 

-436.9547 

Model 3: Firm two is the von Stackelberg Leader in Prices and Advertising. 

Table 5.5. FIML Parameter estimates of Model 3 

Variable 

Demand 
PI 
P2 
Advl 
Adv2 
Constant 
Dummy 
Income 
LagQl 

Average Cost 
Pmetal 
Wage 
Intrate 
Observations 

Firm 1 
Estimated 
coefficient 

-0.68249 
0.2341 
0.7071 
-1.7297 
17.677 
0.1690 
-2.8389 
0.0549 

0.18831 
0.5866 
-2.5399 

89 

T 
Statistics 

2.41* 
1.64* 
1.95* 
2.82* 
1.92* 
0.60 

-2.54* 
0.26 

2.97* 
21.78* 
35.17* 

Firm 2 
Estimated 
Coefficient 

3.9776 
-3.5227 
-0.7133 
0.2906 
5.5430 

-0.02614 
-0.1713 
0.0076 

3.1234 
-2.0704 
2.65199 

Likelihood 

T 
statistics 

5.34* 
6.55* 
3.36* 
4.03* 
0.34 
0.15 
0.06 
0.21 

9.89* 
8.97* 
5.28* 

-353.1496 
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Model 2 is the model where we consider leadership of the first firm (Table 5.4). 

Cost variables have the correct signs and are significant in five out of six cases. 

However, the model suffers from some incorrect signs in prices and advertising. 

Model 3 is the case where all of the decision variables are significant and they 

have the expected signs in prices (Table 5.5). In addition, cost variables are significant 

and most of them have the expected signs. Maximum likelihood statistic (ML) is 

353.1496. 

Note the issue that the relative performance of our noncooperative models and the 

relative performance of ML estimator should not be considered naively. In the following 

section, we will look at the issue separately. 

5.8. Empirical Results of the Cooperative Models 

This section presents FIML estimates of nonlinear simultaneous equation models 

of Model 4, Model 5 and Model 6, which correspond to our cooperative games in prices 

and advertising. For the rest of the section we will refer to TOFAS (TOF) as Firm 1, and 

OYAK-RENAULT (REN) as Firm 2. 

Model 4: Total Collusion without transfers. 

Table 5.6 FIML estimates of Model 4 

Variable 

Demand 
P7 
P2 
Advl 
Adv2 
Constant 
Dummy 
Income 
L 
Average Cost 
Pmetal 
Wage 
Intrate 
Observations 

Firm 1 
Estimated 
Coefficient 

-0.3254 
-0.5780 
-1.0430 
0.0077 
-2.111 
-0.004 
-0.268 
0.9275 

-1.2438 
-1.1486 
1.567 

89 

t 
Statistics 

-2.70* 
2.10* 
-7.24* 
0.25 

-1.67* 
-0.17 
-0.91 

11.45* 

4.70* 
1.50 
0.18 

Firm 2 
Estimated 
coefficient 

0.174 
-0.186 
-0.006 
-0.829 
3.939 
-0.212 
2.04 

1.675 
2.437 
-5.992 

Likelihood 

T 
Statistics 

0.14 
-0.02 
-0.19 
-5.5* 
0.9* 
-0.14 
2.21* 

1.35 
0.89 
0.52 

-284.96 
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Model 5: Firms Collude on Advertising, Compete on Prices. 

Table 5.7. FIML Estimates of Model 5 

Variable 

Demand 
PI 
P2 
Advl 
Adv2 
Constant 
Dummy 
Income 
L 
Average Cost 
Pmetal 
Wage 
Intrate 
Observations 

Firm 1 
Estimated 
coefficient 

2.763 
-4.487 
0.07 

-2.175 
-39.713 
-3.5944 
45.64 
0.11 

1.247 
0.669 
1.643 

89 

t 
Statistics 

1.75* 
-2.61* 
0.01 

-3.47* 
-0.48 
-0.49 
0.52 
2.49* 

0.87 
1.08 

5.08* 

Firm 2 
Estimated 
coefficient 

2.430 
-2.37 

-0.284 
-0.825 
0.451 

-0.0067 
-0.049 

1.4439 
0.585 
0.836 

Likelihood 

T 
Statistics 

-2.53* 
2.64* 
-2.45* 
2.29* 
2.24* 
-0.04 
-0.02 

2.72* 
1.82 

4.12* 
-325.15 

Model 6: Firms Collude on Price, Compete on Advertising. 

Table 5.8. FIML estimates of Model 6 

Variable 

Demand 
P7 
P2 
Advl 
Adv2 
Constant 
Dummy 
Income 
L 
Average Cost 
Pmetal 
Wage 
Intrate 
Observations 

Firm 1 
Estimated 
coefficient 

0.704 
0.376 
-0.322 
-0.628 
-0.929 
-0.126 
-0.510 
0.827 

-15.366 
-6.0616 

1.643 
89 

t 
Statistics 

1.01 
0.18 
-1.05 
-0.38 
-0.18 
-0.14 
-0.21 
1.10 

0.02 
0.08 
0.08 

Firm 2 
Estimated 
coefficient 

-0.488 
-0.273 

-0.1421 
0.057 
3.641 
-0.193 
2.399 

4.259 
3.852 
-1.341 

Likelihood 

t 
Statistics 

-0.10 
-0.14 
-0.03 
0.14 
0.34 
-0.33 
0.38 

23.02* 
18.54* 
0.08 

-268.205 
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Results of the model associated with total collusion provide poor results in terms 

of signs of coefficients and significance (see Table 5.6 through Table 5.8). In each 

model, we have at most three significant variables. Model 6 and Model 4 have poor 

results. 

5.9. Empirical Results of the Models with Regime Changes 

In this section, we will provide the results of our models with two regimes. The 

results of the Models 9 and 10 are almost identical. We will only provide the results of 

Model 7, Model 8 and Model 9. 

The results of models with regime changes are rather poor (Table 5.9). Most of 

the coefficients are not significant and do not have the correct signs. The cooperation 

parameter L is 0.75 in two cases, and 0.50 in one case. Furthermore, there is no 

distinction between the ninth and tenth model. In this section, we only provide the results 

of the ninth model (Table 5.11). 

Model 7: Firms collude on both advertising and prices until 1996, Firm 2 is a leader in 
both variables afterwards. 

Table 5.9. FIML estimates of Model 7 

Variable 

Demand 
P7 
P2 
Advl 
Adv2 
Constant 
Dummy 
Income 
L 
Average Cost 
Pmetal 
Wage 
Intrate 
Observations 

Firm 1 
Estimated 
Coefficient 

-0.147 
0.5958 
-0.003 
-0.854 
3.950 
-0.313 
-0.737 
0.297 

-0.632 
-0.030 
0.1152 

89 

t 
Statistics 

2.43* 
-2.40* 
-0.22 
3.46* 
1.79* 
-0.17 
2.46* 
2.15* 

2.29* 
-0.04 

1.5 

Firm 2 
Estimated 
coefficient 

0.245 
-0.945 
-0.519 
1.409 
0.295 
0.0032 
0.026 

-0.0178 
-0.09 
0.02 

Likelihood 

t 
Statistics 

2.48* 
5.99* 
-2.53* 
-3.93* 
0.17 
-0.63 
0.09 

0.77 
-0.24 
-0.26 

-296.882 
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Model 8: Firms collude on price until 1996, Firm 1 leader in price and advertising 
afterwards. 

Table 5.10. FIML Estimates for Model 8 

Variable 

Demand 
P7 
P2 
Advl 
Adv2 
Constant 
Dummy 
Income 

Firm 1 
Estimated 

Average Cost 
Pmetal 
Wage 
Intrate 
Observations 

Coefficient Statistics 

-4.911 
3.482 
0.318 
0.974 
17.33 
-0.044 
0.008 
0.50 

-5.62 
-3.1985 
-17.496 

89 

Firm 2 
Estimated 
coefficient Statistics 

-2.62' 
2.08* 
2.81* 
1.31 
1.42 
-0.46 
0.06 

2.57* 
1.96* 
-5.26= 

1.076 
0.154 
0.622 
1.022 
16.99 
-0.324 
0.003 

-3.881 
•1.439 
-0.765 

Likelihood 

•1.65* 
3.05= 
2.89* 
2.84* 
2.89= 
•1.21 
0.07 

1.94 * 

-2.54* 
-2.92* 

-355.227 

Model 9: Collude on price and compete on advertising until 1996, then Firm 1 is leader 
on both variables. 

Table 5.11 FIML Estimates for Model 9 

Variable 

Demand 
P7 
P2 
Advl 
Adv2 
Constant 
Dummy 
Income 
L 
Average Cost 
Pmetal 
Wage 
Intrate 
Observations 

Firm 1 
Estimated 
Coefficient 

2.468 
-5.04 
-0.19 
5.05 

0.731 
0.036 
-0.082 
0.755 

-8.892 
-2.873 
12.668 

89 

t 
Statistics 

1.11* 
-0.96 
-0.53 
0.66 
0.48 
0.91 
-0.15 

-2.07* 
2.18* 
1.68* 

Firm 2 
Estimated 
coefficient 

-1.759 
0.654 
-0.129 
1.072 
1.305 
2.232 
-0.029 

0.768 
-0.629 
-0.206 

Likelihood 

t 
Statistics 

5.24* 
7.58* 
0.41 
5.51* 
0.41 
2.31* 
-0.02 

-0.51 
0.64 
-0.62 

-340.352 
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5.9. Model Selection 

The next issue is the model selection procedure in order to discriminate among 

our specified models. Needless to say, our models are non-nested in each other. This 

issue decreases the number of available and applicable tests significanUy. However, 

Voung (1989) proposed a test for these specifications where the test is applicable whether 

or not the models are correctly specified. Tests are based on likelihood ratio statistics and 

designed to test the null hypothesis that two competing models adjust the data equally 

well, versus the altemative hypothesis that one model fits better. According to this 

procedure, each competing model is evaluated with respect to its goodness of fit that is 

measured by the Kullback-Leibler (1951) information criterion. In this case information 

is mean square criterion. Specifically, for a given pair of models (M^^Mg), the 

likelihood ratio is calculated and the statistic can be shown in the following in normalized 

fashion: 

1 
1 

I 
" 2 

9 '*• 

« w_ = — 2("^^/«y»-^,2:;'M„)^ 
t=l 

(5.17) 

where Us and Zs are the estimated residuals and covariance matrix for models Mf and Mg. 

The resulting normalized statistic is asymptotically normally distributed under the null 

hypothesis of equal fit. Voung (1989) suggests that for a given critical value c, from the 

standard normal distribution at a certain significance level, we can not reject the null 

hypothesis, and we conclude that the data do not enable us to discriminate between the 

two models if the normalized likelihood ratio statistic is smaller than the absolute value. 

In the altemative case, if the normalized likelihood ratio statistic is smaller than -c, we 

conclude that Mg is significantly better, while if it is greater than +c, we conclude that Mf 

is significantly better. 

The following table shows the results of these tests (Table 5.12). For each pair of 

models (Mf, Mg), we perform a directional test based on the standard normal distribution. 

More specifically, we calculate a statistic as the (approximately normalized) difference in 

the maximum log-likelihood values for the two models. The next step is the selection of 
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critical value c from the standard normal distribution for some significance level. By 

examining the table, which provides the adjusted value of the likelihood ratio statistics 

for selection, we perform the selection procedure. We let Mf=Mg designate the instance 

where one cannot discriminate between the two models, Mf and Mg, and Mf>Mg 

(Mf<Mg), the case where Mf is better (worse) than Mg. At 10% significance level, we 

arrive at the order of models. 

Ml 
M2 
M3 
M4 
M5 
M6 
M7 
M8 

Table 5.12: Likelihood ratio statistics for model selection 
M2 

12.3433 
M3 

1.09386 
-2.8919 

M4 
-0.7245 
-6.1795 
-15.557 

M5 
0.73661 
-11.179 
-1.4754 
2.75348 

M6 
-1.0249 

-5.492 
-48.609 
-2.7335 
-2.7476 

M7 
-6.8895 
-11.478 
-1.3663 
0.32389 
-1.2731 
0.66799 

M8 
1.35463 

-3.562 
0.3449 

42.87 
2.32147 
11.2005 
1.84377 

M9 
0.73693 
-3.1548 
-7.7942 
9.1932 

0.73725 
6.8582 

2.03015 
-1.9409 

It is possible to evaluate the models with respect to their common methodology, 

even though the test is designed for non-nested hypothesis testing. The results of the test 

among non-cooperative models indicate that we are not able to discriminate between 

model 1 and model 3. However, both of them are strictly better than model 2. We can 

reach to following order. M, = M3 > M2. By looking at the parameter signs and number 

of significant parameters in the specification, we tend to favor model 3, with the 

leadership of the second firm in advertising and prices. As it tums out, most of the signs 

are correct and significant, as the leadership of the second firm in prices and advertising 

is imposed into the model. 

For collusive behavior models, we observe that model 4 is preferred over model 

5, and model 6 dominates model 5 as well. Additionally, model 6 dominates model 4. 

Initially, we can conclude the order as M^> M^> M^. 

The main problem associated with collusive models in general is that prices of 

inputs are unreliable with respect to our priori assumptions on signs. In addition, price 

and advertising coefficients tum out to be non-consistent with our priori assumptions. 
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The results associated with the regime changes are rather clear. There is no 

distinction between model 9 and model 10 since they provide the same results. Model 7 

dominates model 8 and model 9 dominates model 8. Initially, we can conclude 

M7 >M^ =M,o >M^. 

In each group of models we find rankings by using methodology proposed by 

Voung (1989). One has to recognize that the issue that there is a common element in 

model 7 and model 3. We consider the existence of the second firms' leadership either in 

full data or in the portion after 1996. This is rather reassuring that at least we can suggest 

that there is some degree of coalition in between the models. 

Instead of relying on a model selection purely based on non-nested tests, we can 

approach it from theoretical economic reasoning as well. Indeed, economic theory 

suggests that the firm's own price must be negative effect, while the price of the 

substitute must have a positive effect on a firm's demand. As we look at our results, we 

see that model 3 has this property, while model one suffers from incorrect sign (Table 

5.13). 

Table 5.13: List of variables and 

Model 1 
Model 2 
Models 
Model 4 
Models 
Model 6 
Model 7 
Models 
Models 

FIRI 

PL 
* 

* 

* 

* 

* 

* 

* 

* 

P2 

* 

* 

* 

* 

* 

* 

A1 
* 

* 

* 

* 

A2 

* 

* 

* 

Pmet 
* 

* 

* 

* 

* 

* 

* 

significance < 
\^1 

Pwage 
* 

* 

* 

* 

Intr 
* 

* 

* 

* 

* 

* 

of coefficients 
FIRM 2 

M. 
* 

* 

* 

* 

* 

* 

P2 
* 

* 

* 

* 

* 

* 

* 

A1 
* 

* 

* 

* 

* 

* 

* 

A2 
* 

* 

« 

* 

* 

* 

* 

* 

Pmet 

* 

* 

* 

* 

* 

* 

Pwage 

* 

* 

* 

* 

* 

Intr 
* 

* 

* 

* 

* 

* 

The table above indicates the significance of all of the strategic variables across 

models at 10 percent significance level. Model 3 and Model 8 have all of the strategic 

variables significant. 

As the correct sign becomes an issue, we consider an approach from a theoretical 

economic reasoning. In the following table, we list whether the sign of the coefficient is 
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consistent with economic reasoning (Table 5.14). Results indicate that Model 3 and 

Model 7 have correct signs for our strategic variables of price and advertising while 

model 6 does not have correct signs for all of the strategic variables. 

Table 5.14 

Model 1 
Model 2 
Models 
Model 4 
Model 5 
Model 6 
Model 7 
Models 
Model 9 

: List of variables and "correct" 
FIRM1 

pi 

** 

** 

** 

** 

** 

P2 

** 

** 

** 

*« 

** 

A1 

** 

** 

** 

** 

A2 

** 

** 

** 

** 

Pmet 
** 

** 

** 

** 

** 

** 

Pwage 
** 

** 

** 

** 

** 

** 

Intr 
** 

** 

** 

** 

signs of coefficients 
FIRM 2 ^ 

^ 
** 

** 

** 

** 

** 

P2 
** 

«* 

** 

** 

*-* 

** 

Al 

tt* 

** 

• * 

** 

** 

•k* 

A2 
** 

** 

** 

** 

** 

** 

*« 

Pmet 
** 

** 

** 

Pwage 
** 

** 

** 

** 

** 

** 

Intr 
** 

** 

** 

** 

** 

It is rather critical to focus on the significance and correct signs of coefficients of 

strategic variables. Altematively, we can only focus on the global significance of the 

model itself. In this case we might have an altemative model to explain the market 

stmcture better than others. However, one must recognize the fact that our demand and 

cost functions are simplified versions of reality and contain only the variables that are 

tmly related to decision making of a given firm. Under these circumstances, it is rather 

important to pay attention to significance and correct signs of models in addition to 

global quality of the model. 
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CHAPTER 6 

DISCUSSION AND CONCLUSION 

6.1. Concluding Remarks 

The Turkish automobile industry has had two main players since 1971. While the 

industry itself had been highly protected from foreign competition and shielded from 

competitive developments of the world market, domestic demand grew significanUy in 

the country. The country's attempt to join the European custom unification agreement 

did not bring the desired outcome of "free trade" to the automobile market. There is still 

a "highly sensitive products" clause in the agreement that justifies the protection of the 

industry. The main reason for including this clause was mere attempt to improve 

industry standards and become competitive in world market standards. There is too much 

at stake, as the total labor force of the industry's main producers is over 30,000. Industry 

used this as a bargaining tool against the govemment's proposed plans, and campaigned 

heavily against custom unification. The agreement was signed with a special provision 

on the automobile industry. 

The 1990s brought about additional changes to the industry. Service and product 

quality improved significantly and outdated product lines are either improved or replaced 

by new brands with the threat of free trade. In fact, some companies, including 

RENAULT and TOFAS, started production of the latest technology automobiles, while 

there was still room for improvement. 

This dissertation proposes a methodology to understand the behavior of the 

Turkish automobile producers. It is unique in the sense that there has been no empirical 

work on producers' behavior. It is rather clear that the market stmcture is an oligopoly 

with two dominant firms producing over seventy percent of the market share, despite new 

entries over the last three years. In addition, these two firms have products in each 

market segment, ranging from small commercial to luxury automobiles. 

Our methodology is to test three main hypotheses to determine whether there is 

some element of competition, leadership of one firm among the two, or some degree of 

collusive behavior. 
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Despite the restricted amount of available information, our tests indicate that there 

is some element of leadership by RENAULT in the market. In order to identify the 

proposed stmcture, we used ten models, or games for that matter, as a priori, and 

estimated models via full information maximum likelihood methodology. After the 

estimation, the test of non-nested hypotheses proposed by Voung (1989) has been 

employed to determine the best model representing the behavior of the producers in the 

market. In our modeling, we used prices and advertising as strategy variables of the 

players. Our statistical results indicate that model 3 and model 7 are dominant in their 

group of models, and they both have the element of the second firm's leadership. The 

main assumption in model 3 is the leadership of the second firm throughout the time 

frame we are considering. Model 7 constmcts the argument that firms collude on 

advertising and prices until 1996, and firm two becomes the leader afterwards. We tend 

to disregard collusive models due to the lack of significance and unexpected signs 

associated with coefficients. 

There are additional contributions of this dissertation beyond being one of the first 

empirical studies of the Turkish Automobile industry. It applies a game theoretic 

methodology to a market where there is no empirical methods applied on the producer 

side. In fact, data on advertising and quantities are unique and are not publicly available. 

Sutton (1997) argues that New Empirical Industrial Organization (NEIO) 

methodology can be successful as the number of priori models increase. Therefore, one 

possible avenue for further research is imposing additional priori and testing the validity 

of the models. Gasmi et al. (1992) suggest that it is possible to impose sign restrictions 

on the parameters of interest. However, this argument may not be valid in a sense that 

the methodology "lets the data decide" the final outcome. 

The reader must be wamed about the interpretation of the results in a given NEIO 

study. Since we attempt to identify the issues related to a given industry and encounter 

elements associated with a given market, drawing conclusions for an altemative market 

might be misleading. Therefore, it suffices to say that these conclusions are relevant only 

to the industry of interest. However, similar data and methodology may be constmcted 

for an altemative industry. 
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6.2. Further Research 

There are two further applications of the method. First, methodology could be 

imposed with additional priori settings and extended time frames on the Turkish 

automobile industry to see whether these conclusions are still valid. 

Second, the methodology itself can be rather useful as a certain market design is 

imposed. For example, the electric industry in the United States is in the process of being 

restmctured from a fully regulated industry to deregulating certain segments of the 

industry. In many states, wholesale and retail electricity markets are deregulated. In 

order to analyze results of the deregulation, a similar method can be used to test whether 

there is an improvement in competition. 
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