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Democracy and competition: Vertical differentiation and labor in a general equilibrium model

We consider a general equilibrium model with vertical preferences and one or two firms, where workers and consumers are differentiated, respectively, by their sensitivity to effort and their preference for quality. The question in this paper is whether a decentralized choice through majority vote would lead to more or less competition.

We compare the duopoly and the monopoly cases from the viewpoint of each individual, then we deduce the choice of the majority.

We prove that, under concentrated ownership (where owners have a null density), duopoly is always preferred by the majority; while under egalitarian ownership (where firms are equally shared by all the population), the choice of the majority depends on the relative size of workers' and consumers' segments.

INTRODUCTION

Collective choice of the best economic policy has always been considered as the responsibility of governments and leaders, what is commonly called "the social planner." What if everybody were given the possibility to express his/her preference? What if the best option were chosen through vote by all individuals, instead of being chosen by a social planner? The choice between several economic options has to be made on the basis of its global effects on the collectivity, taking into account the interdependence between the markets and having in mind that an individual may be affected as a consumer, a worker, a shareholder, and so on.

Accounting for the global effects may be of great importance to deal with the choice concerning more or less competition, education issues, development economics, poverty, and so on. This is in particular the case when the links between markets cannot be neglected. With differentiated markets, if we consider that the product's quality results from the worker's effort which in turn affects the worker's utility, the product and the labor markets are interrelated.

In this paper, the question is whether a decentralized collective choice would lead to more or less competition. We determine the collective choice through majority voting between monopoly and duopoly in a general equilibrium setting with vertical preferences, under two extreme ownership structures: egalitarian and concentrated.

The largest part of the literature on vertical differentiation has considered partial equilibrium models with consumers on one side and firms on the other [START_REF] Amir | Prices and deadweight loss in multiproduct monopoly[END_REF][START_REF] Anderson | Discrete choice theory of product differentiation[END_REF][START_REF] Choi | A comment on a model of vertical product differentiation[END_REF][START_REF] Li | Program quality competition in broadcasting markets[END_REF][START_REF] Mussa | Monopoly and product quality[END_REF][START_REF] Wauthy | Quality choice in models of vertical differentiation[END_REF]. Workers have been integrated in a less abundant literature highlighting the role of skills in the product's quality [START_REF] Bacchiega | Wage bargaining and vertical differentiation[END_REF][START_REF] Gabszewicz | Workers' skills and product selection[END_REF][START_REF] Smith | Range voting[END_REF][START_REF] Hili | Vertical differentiation and labor market: The differentiation principle revisited[END_REF]. But even these papers consider partial equilibrium models with separate categories of agents (firms, workers, and consumers). To our knowledge, only [START_REF] Lutz | A general equilibrium model with vertically differentiated industries, skilled labour and trade[END_REF] have considered vertical differentiation within a general equilibrium model. The choice between partial and general equilibrium models may matter importantly regarding how and which economic option a society should choose. In partial equilibrium models, the best option is considered to be the one maximizing the social welfare given by the sum of firms' , consumers' , and workers' surpluses. In a general equilibrium model, summing utilities has no meaning. Indeed, each agent is potentially a worker, a consumer, and a shareholder in firms. What matters for one individual is the indirect utility at equilibrium resulting from the maximization of his/her utility given his/her income. The aggregation of individual preferences may occur through several mechanisms, among which we choose majority voting.

More precisely, we consider an economy with firms producing a vertically differentiated product using labor and a numéraire as inputs and a population of workers/consumers/shareholders characterized by their preferences for the product quality and by their sensitivity to effort. Each individual decides to work or not and in which firm and decides to purchase one unit of the differentiated product or not and from which firm, in order to maximize his/her utility given his/her income. Firms set their qualities and prices within a noncooperative game, anticipating market clearing wages.

We compare the monopoly and the duopoly cases from the viewpoint of each individual, thus deducing the preference of the majority. 1 We deal with this issue in two cases. In the first, the ownership is concentrated, i.e., the proportion of individuals who are shareholders is negligible. In the second, the ownership is egalitarian, i.e., firms are equally shared by individuals.

Since each individual is at the same time a consumer, a worker, and a shareholder, we distinguish three effects which influence his/her choice between duopoly and monopoly. For a worker/consumer, duopoly is better than monopoly because competition lowers prices and raises wages. For a shareholder, monopoly is better since monopoly's profits are greater than the joint duopoly profit.

Under concentrated ownership, because there is no shareholder effect, the worker/consumer effects dominate. Indeed, everybody prefers duopoly to monopoly or is indifferent between both. Thus, the majority votes for duopoly.

However, under egalitarian ownership, we show that the preference of the majority depends on the relative extent of the consumers' and workers' segments. Indeed, when the consumers' segment is large relative to the workers' one, duopoly is preferred by the majority. In this case, the consumer/worker effects dominate the shareholder one. [START_REF] Gabszewicz | Oligopoly à la Cournot in a general equilibrium analysis[END_REF] pioneered the analysis of general equilibrium under product market imperfections by introducing the Cournot-Walras equilibrium. They suppose that firms, which are in a limited number, act strategically, while consumers are price-takers. They prove that, as the economy is infinitely replicated, the equilibrium outcome converges to the perfectly competitive one. Many authors pursue this line of research [START_REF] Bonnisseau | Existence and optimality of oligopoly equilibria in linear exchange economies[END_REF][START_REF] Busetto | Cournot-Walras equilibrium as a subgame perfect equilibrium[END_REF]d'Aspremont, Ferreira, & Varet, 1997;[START_REF] Gabszewicz | Oligopoly equilibria in exchange economies[END_REF][START_REF] Lahmandi-Ayed | Oligopoly equilibria in exchange economies: A limit theorem[END_REF]). Unlike our model, in those papers differentiation is not considered and there is no decentralized social choice to make.

Related literature

Another stream of literature exists on general equilibrium models with product differentiation (in the line of [START_REF] Cornet | A general equilibrium model of spatial economies: The case of finite locations[END_REF]. But these papers consider only the question of existence and/or uniqueness of equilibrium with a general abstract modeling of differentiation not specific to a vertical one.

Our paper is situated at the crossroads of general equilibrium and vertical differentiation. To the best of our knowledge, the only paper which deals with vertical differentiation and labor in a general equilibrium framework is [START_REF] Lutz | A general equilibrium model with vertically differentiated industries, skilled labour and trade[END_REF]. Authors develop a model which links the labor endowments to the product quality. They consider two countries. In the first, there is an imperfectly competitive vertically differentiated product market where manufacturing higher quality needs higher labor skills. In the second, there is a perfectly competitive product market where a large number of firms produce a homogeneous good requiring unskilled labor. Consumers/workers in both countries are endowed with unskilled and skilled labor and are distributed according to their skill level. They have the choice to work in the differentiated sector or in the homogenous one and they also have the choice between consuming the high or low quality of the differentiated product, all residual income being spent in purchasing the homogenous good. Consumers/workers have different initial incomes and are also shareholders in the differentiated sector. Note that firms producing the differentiated product incur taxes on labor which are redistributed to consumers by the government.

Our model differs from [START_REF] Lutz | A general equilibrium model with vertically differentiated industries, skilled labour and trade[END_REF] in several respects. First, labor market is modeled differently; we consider that all consumers/workers have the same level of skills but differ by their sensitivity to effort (rather than a fixed qualification), choosing between the different options depending on that sensitivity and the level of wages. Second, as consumers, individuals in our model differ by their intensity of preference for quality whereas [START_REF] Lutz | A general equilibrium model with vertically differentiated industries, skilled labour and trade[END_REF] consider individuals with identical preferences. Finally, whereas [START_REF] Lutz | A general equilibrium model with vertically differentiated industries, skilled labour and trade[END_REF] focus on the analysis of the relation between some characteristics of the labor market (workers' skills, wages, and the tax rate) and the performance of a vertically differentiated product market under imperfect competition (in terms of imports and exports), our paper provides a theoretical approach concerning the outcome of a vote on the choice between monopoly and duopoly under two extreme ownership structures.

Our model may also be related to different strands of literature on collective choice. The main single winner voting systems referred to in the literature are (i) the simple majority voting systems [START_REF] Miller | A new solution set for tournaments and majority voting: Further graph-theoretical approaches to the theory of voting[END_REF] in which the winner is the candidate who receives more than all the other candidates combined; (ii) plurality voting systems [START_REF] Denzau | Expected plurality voting equilibrium and social choice functions[END_REF][START_REF] Dhillon | When are plurality rule voting games dominance-solvable?[END_REF][START_REF] Meir | Convergence to equilibria in plurality voting[END_REF] where the candidate who receives the more votes wins; (iii) ordinal (or preferential) voting systems where voters rank the candidates according to their own preferences-in this category, we find the de Borda count (de Borda, 1781; [START_REF] Zahid | The Borda majority count[END_REF], Bucklin voting [START_REF] Erdelyi | Control complexity in Bucklin and fallback voting: A theoretical analysis[END_REF], or the Condorcet method (de Condorcet, 1785; [START_REF] Desmedt | Equilibria of plurality voting with abstentions[END_REF][START_REF] Miller | A new solution set for tournaments and majority voting: Further graph-theoretical approaches to the theory of voting[END_REF][START_REF] Young | Condorcet's theory of voting[END_REF]; (iv) cardinal (or rated) voting systems that require the voter to give each candidate a grade such as in range voting [START_REF] Smith | Range voting[END_REF] and majority judgement [START_REF] Balinski | Election by majority judgment: Experimental evidence[END_REF]. All those approaches amount to the majority vote system when the choice is made between only two alternatives, as is the case in our model.

The remainder of the paper is organized as follows. Section 2 describes the basic model. Section 3 provides the equilibrium for the monopoly and the duopoly cases. In Sections 4 and 5, we analyze, respectively, the concentrated ownership and the egalitarian ownership cases. We conclude in Section 6. All proofs are given in the appendix.

THE BASIC MODEL

Consider an economy with three goods: labor and a numéraire as inputs and an indivisible "differentiated" good as the unique output ("differentiated" in the sense that it may possibly be of different qualities perceived differently by consumers).

There is a population of workers/consumers/shareholders. Each individual is endowed with an indivisible unit of labor and a given quantity e of the numéraire and is doubly characterized by a working parameter 𝛼 ∈ [0, 𝛼] which captures the worker's sensitivity to effort, and a consumption parameter 𝜃 ∈ [0, 𝜃], which measures the intensity of the consumer's preference for the product's quality. Individuals are assumed to be uniformly distributed over [0, 𝛼] × [0, 𝜃] , with a density normalized to 1.

Each worker/consumer (𝛼, 𝜃) chooses sequentially, first to remain idle (W) or to work in the differentiated sector and in which firm; second, to compose his/her consumption bundle, in particular to consume or not (C) one unit of the differentiated product and from which firm.

We denote by 𝜆 ≥ 0 the share of each individual in the firm's profit.

One or two firm(s) produce(s) differentiated product(s). One unit of the differentiated good requires one unit of labor. Labor is the only input and wages are endogenous since they balance supply and demand on the labor market (as will be explained later).

Individuals derive their utility from the consumption of these two goods as follows:

V(x, t) = 𝜃qx + t,
where x is the quantity of the differentiated product of quality q and t is the quantity of the numéraire.

The revenue of the individual stems from his/her initial endowment, labor, and dividends. If the individual chooses to work, he/she receives a wage but must incur a training cost 𝛼q. Thus, the revenue stemming from working (to produce quality q at wage 𝜔) is equal to 𝜔 -𝛼q. If he/she chooses not to work, he/she receives no wage (and does not have to be trained), his/her revenue being limited to the initial endowment in the numéraire and to his/her share in the firm's profit.

We consider two extreme ownership structures: first, the concentrated ownership case where 𝜆 = 0 for almost everybody; second, the egalitarian ownership case where 𝜆 = 1 𝜃𝛼 for everybody.

THE EQUILIBRIUM

In this section, we determine the equilibrium outcomes in two cases: monopoly and duopoly.

It is worth noting that the ownership structure (whether 𝜆 = 0 or 𝜆 ≠ 0) and therefore the income distribution (whether 𝜆𝜋 = 0 or 𝜆𝜋 ≠ 0) have effect neither on working/consumption choices nor on the equilibrium prices. This is true for monopoly as well as for duopoly.

Monopoly

We consider one manufacturing firm which offers a product q m at price p m . Each worker/consumer chooses first to work in the differentiated sector or not; second, he/she makes his/her consumption decision.

We begin by determining the working and consumption decisions of each individual depending on the individual's characteristics (𝛼, 𝜃), the wage, the product's quality, and price (see Lemma A1 in the appendix). This is done comparing for each individual the indirect utilities resulting, respectively, from the working option and from idleness. The revenue in the working option encompasses the wage diminished by the required training cost, his/her shares in the firm's profit, and the initial endowment. The revenue in the idleness option is reduced to the two last components. For each working option, taking into account the corresponding revenue, we calculate the optimal consumption bundle by comparing between consuming one unit of the differentiated good and consuming only the numéraire good, and finally deduce the resulting indirect utility.

This gives rise to four types of individuals, depending on whether they consume (C) or not (C) and work (W) or not (W). Note that, due to the linearity of the utility function, the working decision is independent of the consumption decision. This allows us to calculate the product's demand and the supply of labor (see Lemma A2 in the appendix). The wage anticipated by the firm is the one which, given the output price it charges, balances supply and demand on the labor market. Proposition 1 provides the equilibrium outcome for monopoly.

Proposition 1 (Monopoly equilibrium). At equilibrium, the monopoly chooses quality q * m = q, price p * m = 𝜃q(𝜃+2𝛼)

2(𝜃+𝛼)
, and wage

𝜔 * m = 𝛼q𝜃 2(𝜃+𝛼)
, making profit 𝜋 * m = 𝛼q𝜃 3 4(𝜃+𝛼)

.

Obviously, at equilibrium, without competition and because there are no variable costs of quality provision, the monopoly is urged to choose the maximal quality possible.

Duopoly

Consider now two firms 1 and 2 producing two qualities q 1 and q 2 (with q 1 < q 2 ), respectively, at prices p 1 and p 2 .

Firms make their choices in a two step-game where they first choose qualities then prices, anticipating that wages 𝜔 1 and 𝜔 2 adjust to clear the labor market. The game is solved by backward induction.

Each worker/consumer chooses sequentially, first to remain idle (W) or to work in the differentiated sector and in which firm (W i , i = 1, 2); second, their consumption bundle, in particular to consume or not (C) one unit of the differentiated product and from which firm (C i , i = 1, 2). We begin by determining the working and consumption decisions of each individual, depending on the individual's characteristics (𝛼, 𝜃), the wages, the products' qualities, and prices (see Lemma A3 in the appendix). There are nine types of individuals depending on whether they remain idle (W) or work at Firm 1 (W 1 ) or at Firm 2 (W 2 ), and on whether they consume Firm 1's product (C 1 ), consume Firm 2's product (C 2 ), or consume nothing (C). This yields the labor supplies and demands for Firms 1 and 2 (see Lemma A4 in the appendix).

Proposition 2 provides the equilibrium outcome for the duopoly.

Proposition 2 (Duopoly equilibrium). At duopoly equilibrium, Firm 1 chooses quality q * 1 = 4 7 q, price p * 1 = 𝜃q(𝜃+8𝛼)

14(𝜃+𝛼)
, and wage

𝜔 * 1 = 𝛼𝜃q 2(𝜃+𝛼)
, making profit 𝜋 * 1 = 𝛼q𝜃 3 48(𝜃+𝛼)

;

Firm 2 chooses quality q * 2 = q, price p * 2 = 𝜃q(𝜃+4𝛼)

4(𝜃+𝛼)

, and wage 𝜔 * 2 = 3𝛼𝜃q 4(𝜃+𝛼)

, making profit 𝜋 * 2 = 7𝛼q𝜃 3 48(𝜃+𝛼)

.

Duopoly leads to the existence of more variety, through a low-cost variant that does not exist in monopoly. At equilibrium, firms differentiate their products and choose the same qualities as [START_REF] Choi | A comment on a model of vertical product differentiation[END_REF] who consider the same model with no production cost in a partial equilibrium setting. However, the potential for relevant comparison is limited by the existence in our model of labor market which results for instance in endogenous costs (wages) having no equivalent in Choi and Shin.

Corollary 1 provides interesting comparisons between monopoly and duopoly outcomes.

Corollary 1. Comparing the outcomes of equilibria obtained under monopoly (Proposition 1) and duopoly (Proposition 2), we have

0 < p * 1 q * 1 < p * 2 -p * 1 q * 2 -q * 1 < p * m q * m < 𝜃 and 0 < 𝜔 * m q * m < 𝜔 * 2 -𝜔 * 1 q * 2 -q * 1 < 𝜔 * 1 q * 1 < 𝛼.
First note that all the products' demands and labor supplies are proved to be positive (as they have been supposed to be).

As for products' demands, Corollary 1 implies that the monopoly's demand (between As for labor, the number of workers under monopoly (between 0 and

𝜔 * m q * m
) is smaller than the number of workers in Firm 2 alone under duopoly (between 0 and

𝜔 * 2 -𝜔 * 1 q * 2 -q * 1
). Thus there is a greater employment level under duopoly. Again under duopoly, a more varied offer of labor and higher wages, thanks to more competition on the labor market, lead to higher employment.

THE CONCENTRATED OWNERSHIP CASE

In this case the proportion of individuals who are shareholders in the firm (monopoly case) or in both firms (duopoly case) is supposed to be negligible, which means that the individuals who own the firm(s) have a null density so that they do not weigh on the vote. To determine the outcome of the vote, we calculate and compare the indirect utilities of each individual under monopoly and duopoly at equilibrium. This will allow us to compare the number of individuals preferring one option to the number of individuals preferring the other one. Proposition 3 provides the majority vote outcome between duopoly and monopoly under concentrated ownership.

Proposition 3 (Vote outcome/Concentrated ownership case). In the concentrated ownership case, all individuals prefer duopoly to monopoly or are indifferent between both. Hence duopoly is chosen by the majority.

This means that duopoly Pareto-dominates monopoly in the concentrated ownership case. When ownership is concentrated (that is, 𝜆 = 0 for almost every individual), individuals prefer duopoly to monopoly. Indeed, in this case, as almost no individual is a shareholder in the firms, the profits are of no interest in their satisfaction. As consumers, they prefer duopoly which pushes down prices relative to monopoly, thanks to more competition on the product market, and offers more variety. As workers, they also prefer duopoly as it offers more variety on the labor market and as competition on the labor market between two firms pushes up wages relative to the monopoly case.

This result is natural, given that this extreme case almost amounts to a partial equilibrium model where individuals are only workers/consumers, leading to standard results.

THE EGALITARIAN OWNERSHIP CASE

Under egalitarian ownership regime, all individuals are supposed to hold an identical number 𝜆 = 1 𝛼𝜃 of shares in the firm(s). We again calculate and compare the indirect utilities of each individual under monopoly and duopoly integrating the profit share in the individuals' revenues. Proposition 4 provides the outcome of the majority vote resulting from the comparison.

Proposition 4 (Vote outcome/Egalitarian ownership case). In the egalitarian ownership case, denoting by 𝛿 = 𝜃 𝛼 , the majority votes for duopoly if and only if: 𝛿 > 𝛿

1 ; 𝛿 1 ≃ 0.629445.
The comparison between the number of individuals preferring duopoly (SD) and the number of those preferring monopoly (SM), is given in the (𝛼, 𝜃) space (Figure 1). From Proposition 4 and Figure 1, majority vote leads to duopoly when 𝛿(= 𝜃 𝛼 ) is high enough. Otherwise vote leads to monopoly. Recall that each individual is at the same time a shareholder, a consumer, and a worker. The shareholder is more interested in the monopoly option since the monopoly's profit is higher than the joint profit under duopoly. The worker is more interested in the duopoly option since competition on the labor market raises wages. Finally, the consumer is more interested in the duopoly option since competition on the product market softens prices and offers more variety.

The choice of each individual results from a trade-off between these effects. • Wages under duopoly more than under monopoly. This can be seen also in the ranking of the derivative of wages with respect to 𝜃:

𝜕𝜔 * m 𝜕𝜃 = 𝜕𝜔 * 1 𝜕𝜃 < 𝜕𝜔 * 2 𝜕𝜃 .
• Profits under monopoly more than under duopoly:

𝜕𝜋 * m 𝜕𝜃 > 𝜕(𝜋 * 1 +𝜋 * 2 ) 𝜕𝜃 .
For high enough 𝛿, the worker and consumer effects outweigh the shareholder one.

The result we obtain may be seen from another viewpoint. Consider SD -SM (the difference between the number of individuals preferring duopoly and the number of individuals preferring monopoly) as a function of 𝛼 for a given 𝜃 (Figure 2). Majority vote leads to duopoly when 𝛼 is low and to monopoly for high levels of 𝛼. Indeed, for low levels of 𝛼, the workers' segment is tight, which leads to harder competition between firms on the labor market and higher wages.

The worker effect, together with the consumer effect which goes in the same direction, dominates the shareholder effect. A high level of 𝛼 releases competition on the labor market pushing down wages, allowing the shareholder effect to dominate the two other ones.

Consider now SD -SM as a function of 𝜃 for a given 𝛼 (Figure 3). Majority vote leads to monopoly for low values of 𝜃 and to duopoly otherwise. Indeed, for low levels of 𝜃, the consumers' segment is tight, which hardens competition on the product market, pushing down prices and profits under duopoly. The shareholder effect dominates the other effects, leading to preferring monopoly. A high level of 𝜃 releases competition on the product market in the duopoly case, pushing up prices and profits under duopoly. In this case, the consumer and worker effects dominate the shareholder one, leading to preferring duopoly. 

CONCLUSION

In this paper, we considered vertical differentiation within a general equilibrium model, where individuals are differentiated with respect to their preferences to quality and to their sensitivity to effort. We compared the monopoly and duopoly cases from the viewpoint of each individual, deducing the preference of the majority in two cases: concentrated and egalitarian ownership societies.

We prove that under concentrated ownership, duopoly is always preferred to monopoly. Under egalitarian ownership, the majority's choice depends on the relative size of the consumers' and workers' segments. We conclude that the outcome of a decentralized collective choice depends on the ownership structure and the characteristics of the markets at stake. More importantly, more competition is not necessarily desirable by the majority. More precisely, in the framework of our model, more competition is desirable regardless of the markets' characteristics, only when voters are excluded from ownership. Beyond the comparison between duopoly and monopoly, the proposed general equilibrium model allows us to deal with decentralized choice (through vote) between diverse options available to society, taking into account all the effects on the individuals. The proposed model should for instance allow us to deal with education issues, development economics issues, the production of public goods, among other questions of interest.
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, the individual does not consume the differentiated product.

If he/she has previously chosen W, he/she will obtain the indirect utility U = 0 + (𝜔 m + 𝜆𝜋 m + e -𝛼q m ).

If he/she has previously chosen W, he/she will have the indirect utility U = 0 + (𝜆𝜋 m + e). . The demand for the differentiated product is 𝛼(𝜃 -

p m q m
).

Proof of Lemma A2. Lemma A2 is easily derived from proof of Lemma A1. ■ Proof of Proposition 1. According to Lemma A2, the equilibrium on the labor market writes

𝜃𝜔 m q m = 𝛼(𝜃 - p m q m
), which provides the wage 𝜔 m = 𝛼 𝜃 (𝜃q mp m ). The profit is then given by 𝜋 m = 𝛼(p m (1

+ 𝛼 𝜃 ) -𝛼q m )(𝜃 - p m q m
).

First order condition (F.O.C) with respect to p m leads to p m = 𝜃q m (𝜃+2𝛼)

2(𝜃+𝛼)

, which yields the profit 𝜋 m =

𝛼q m 𝜃 3 4(𝜃+𝛼)
.

The profit reaches its maximal value at q * m = q. This yields

𝜔 * m = 𝛼q𝜃 2(𝜃+𝛼) , p * m = 𝜃q(𝜃+2𝛼) 2(𝜃+𝛼) , 𝜋 * m = 𝛼q𝜃 3 4(𝜃+𝛼)
, and the helpful values

p * m q * m = 𝜃(𝜃+2𝛼) 2(𝜃+𝛼) , 𝜔 * m q * m = 𝛼𝜃 2(𝜃+𝛼)
. ■

We need Lemmas A3 and A4 in the proof of Proposition 2.

Lemma A3. In the duopoly case with q 1 < q 2 , Table A2 provides for each individual his/her consumption and working decisions and indirect utility, depending on his/her characteristics (𝛼, 𝜃), on the wages, the products' qualities, and prices.

Proof of Lemma A3. We determine the indirect utility for each type of individuals in the same way as in proof of Lemma A1.

The only difference is that in the duopoly case, each individual has the choice between consuming q 1 , q 2 and not consuming;

and working in Firm 1, in Firm 2, and remaining idle.

We notice that the consumption decision is independent of the working decision and of 𝛼. Each individual decides to consume one unit of product q 2 when 𝜃(q 2q 1 ) > (p 2p 1 ), and decides to consume one unit of product q 1 when 𝜃q 1 > p 1 and 𝜃(q 2q 1 ) < (p 2p 1 ), otherwise he/she purchases neither product q 1 nor product q 2 (he/she consumes only the numéraire).

2 We consider only interior solutions as we suppose positive product demand and labor supply for the firm.

The decision of working is independent of 𝜃. Each individual chooses W 2 if and only if 𝜔 2 -𝜔 1 > 𝛼(q 2q 1 ), and chooses W 1 if and only if 𝜔 1 > 𝛼q 1 and 𝜔 2 -𝜔 1 < 𝛼(q 2q 1 ). Otherwise, he/she remains idle. ■ Lemma A4. Under Duopoly,3 the labor supplies for Firms 1 and 2 are, respectively, 𝜃(

𝜔 1 q 1 - 𝜔 2 -𝜔 1 q 2 -q 1
) and 𝜃( 𝜔 2 -𝜔 1 q 2 -q 1

) and the demands for products of Firms 1 and 2 are, respectively, 𝛼(

p 2 -p 1 q 2 -q 1 - p 1 q 1
) and 𝛼(𝜃 -

p 2 -p 1 q 2 -q 1
).

Proof of Lemma A4. Lemma A4 is easily derived from the proof of Lemma A3. ■ Proof of Proposition 2. According to Lemma A4, equilibrium on the labor market writes

𝛼( p 2 -p 1 q 2 -q 1 - p 1 q 1 ) = 𝜃( 𝜔 1 q 1 - 𝜔 2 -𝜔 1 q 2 -q 1
) and 𝛼(𝜃 -

p 2 -p 1 q 2 -q 1 ) = 𝜃( 𝜔 2 -𝜔 1 q 2 -q 1 ), which yields 𝜔 1 = 𝛼q 1 -𝛼 𝜃 p 1 and 𝜔 2 = 𝛼q 2 -𝛼 𝜃 p 2 .
Inserting the obtained expressions in the firms' profits given by 𝜋 1 = 𝛼(p 1 -𝜔 1 )(

p 2 -p 1 q 2 -q 1 - p 1 q 1
) and 𝜋 2 = 𝛼(p 2 -𝜔 2 )(𝜃 -

p 2 -p 1 q 2 -q 1
), and writing F.O.C with respect to prices, yields the equilibrium prices p 1 = 𝜃q 1 (𝜃(q 2 -q 1 )+𝛼(4q 2 -q 1 ) (𝜃+𝛼)(4q 2 -q 1 ) and p 2 = 𝜃q 2 (2𝜃(q 2 -q 1 )+𝛼(4q 2 -q 1 ) (𝜃+𝛼)(4q 2 -q 1 ) and profits at price equilibrium 𝜋 1 = 𝛼q 2 q 1 (q 2 -q 1 )𝜃

3 (𝜃+𝛼)(4q 2 -q 1 ) 2 , 𝜋 2 = 4𝛼q 2 2 (q 2 -q 1 )𝜃 3 (𝜃+𝛼)(4q 2 -q 1 ) 2 .
The equilibrium in qualities is given by q * 1 =4 7 q and q * 2 = q. At the subgame perfect equilibrium, the wages, prices, and profits are, respectively, given by

𝜔 * 1 = 𝛼𝜃q 2(𝜃 + 𝛼) , 𝜔 * 2 = 3𝛼𝜃q 4(𝜃 + 𝛼) ;p * 1 = 𝜃q(𝜃 + 8𝛼) 14(𝜃 + 𝛼) ,p * 2 = 𝜃q(𝜃 + 4𝛼) 4(𝜃 + 𝛼) ;𝜋 * 1 = 𝛼q𝜃 3 48(𝜃 + 𝛼) ,𝜋 * 2 = 7𝛼q𝜃 3 48(𝜃 + 𝛼) . ■ Proof of Corollary 1. Simple calculations give p * 1 q * 1 = 𝜃(𝜃+8𝛼) 8(𝜃+𝛼) , p * 2 -p * 1 q * 2 -q * 1 = 𝜃(12𝛼+5𝜃) 12(𝜃+𝛼) , 𝜔 * 1 q * 1 = 7𝛼𝜃 8(𝜃+𝛼)
, and

𝜔 * 2 -𝜔 * 1 q * 2 -q * 1 = 7𝛼𝜃 12(𝜃+𝛼)
, which by simple comparison gives the announced inequalities. ■

Helpfully for the proofs of Propositions 3 and 4, Lemmas A1 and A3, together with Corollary 1, enable us to divide the set ([0, 𝛼] × [0, 𝜃]) into 16 areas numbered from 1 to 16, superimposing Tables A1 andA2. Then we assign to each area its corresponding monopoly and duopoly utilities, respectively, U M and U D . To determine the majority vote, we have to compare U D and U M on each area. More details on these calculations are given in the online Supporting Information in "Details on the Proof of Proposition 3" and "Details on the Proof of Proposition 4."

Proof of Proposition 3. In the concentrated case, comparisons between U M and U D are summarized in Table A3. Clearly, we prove that all individuals prefer duopoly to monopoly or are indifferent between both. ■ Proof of Proposition 4. We first compare U M and U D under egalitarian ownership on each of the 16 areas identified above.

Comparisons 4 are summarized in Table A4. Second, for each area, we calculate the size of the subarea composed of the individuals preferring duopoly and of the one composed of the individuals preferring monopoly. Details of these calculations are given in the online Supporting Information. Finally, we sum up all the subareas preferring duopoly and denote the result by SD and sum up all the subareas preferring monopoly and denote the result by SM. Thus, SD and SM stand for the number of individuals preferring, respectively, duopoly and monopoly. We finally compute the difference S D -S M , which yields the following expression: Note that SD -SM may be expressed as function of 𝛿 = 𝜃 𝛼 .

5 SD -SM = ⎧ ⎪ ⎪ ⎪ ⎪ ⎨ ⎪ ⎪ ⎪ ⎪ ⎩ 𝜃(2784𝜃𝛼 2 + 1476𝛼𝜃 2 -133𝜃 3 -2304𝛼 3 ) 2304(𝜃 + 𝛼) 2 if 0 < 𝜃 ≤ 2𝛼, 𝜃(402𝛼𝜃 2 + 573𝜃𝛼 2 -19𝜃 3 -576𝛼 3 ) 576(𝜃 + 𝛼) 2 if 2𝛼 < 𝜃 < 3𝛼,
• For 0 < 𝜃 ≤ 2𝛼, equivalent to 0 < 𝛿 ≤ 2, SD -SM is of the same sign as -133𝛿 3 + 1476𝛿 2 + 2784𝛿 -2304. We show that it is negative over the interval ]0,0.629445[ and positive over the interval ]0.629445,2].

• For 2𝛼 < 𝜃 < 3𝛼, equivalent to 2 < 𝛿 < 3, SD -SM is of the same sign as -19𝛿 3 + 402𝛿 2 + 573𝛿 -573. We show that it is positive over the interval ]2,3[.

• For 𝜃 > 3𝛼, equivalent to 𝛿 > 3, SD -SM is of the same sign as 479𝛼𝛿 2 + (49 -𝛼)𝛿 -1152𝛼. We show that it is positive over the interval ]3, +∞[. ■

Remark 1 (Multiproduct monopoly ). A monopolist having the possibility to produce two products will always choose to produce a single product.

Indeed, suppose that a monopolist produces two active qualities. This entails necessarily 0 < 2( θ+ ᾱ) . Thus,

p 1 q 1 < p 2 -p 1 q 2 -
p * 1 q 1 = p * 2 -p * 1 q 2 -q 1
, which is in contradiction with the initial assumption.

  and 𝜃) is smaller than Firm 2's demand alone (between p *

  To understand Figure1, for a fixed value of 𝛼, an increase in 𝜃 pushes up • Prices under monopoly more than under duopoly. This is clear from the ranking of the derivative of equilibrium prices with respect to 𝜃: Vote outcome in the egalitarian ownership case.F I G U R E 2 𝜃 Cross-section of SD -SM: 𝜃 = 18.

F

  I G U R E 3 𝛼 Cross-section of SD -SM: 𝛼 = 8.

  The difference between utilities under duopoly and monopoly (U M -U D ) and its sign in the concentrated ownership case 13 TA B L E A 4 The difference between indirect utilities under duopoly and monopoly (U M -U D ) and its sign in the egalitarian ownership case 14

  

  

It would have been preferable to isolate the effect of competition from the effect of diversification considering a multiproduct monopoly. But we prove in the appendix (Remark 1) that a monopolist having the possibility to produce two qualities would always choose to produce a single product.

-p * 1 q * 2 -q * 1 and 𝜃) under duopoly. Thus, the consuming population is larger under duopoly than under monopoly. This is because, under duopoly, there is on the one hand more variety, and on the other hand more competition, resulting in lower prices.

We consider only interior solutions as we suppose positive products' demands and labor supplies for all firms.

When 𝜃 = 3𝛼, all individuals of area 1 are indifferent between the two options. Hence, assigning the vote of these individuals to monopoly or duopoly is arbitrary and anyway does not affect the majority voting.

It is worth noting that there is a discontinuity of SD -SM at 𝜃 = 3𝛼, due to the fact that on area 1 (TableA4), the difference U M -U D , which does not depend on the individuals' characteristics, is negative for every individual of the area when 𝜃 < 3𝛼 and becomes positive for everybody when 𝜃 > 3𝛼. For 𝜃 = 3𝛼, all individuals of area 1 are indifferent between monopoly and duopoly. Their distribution between the two options, necessarily arbitrary, has no importance as it does not anyway change the majority vote (duopoly).

SUPPORTING INFORMATION

Additional Supporting Information may be found online in the supporting information tab for this article.

Proofs

We need Lemmas A1 and A2 in the proof of Proposition 1.

Lemma A1. Table A1 provides for each individual his/her consumption and working decisions and indirect utility, depending

on his/her characteristics (𝛼, 𝜃), the wage, the product's quality, and price.

Proof of Lemma A1. Consumption decision. Given his/her decision about work, each individual makes his/her consumption choice to maximize his/her utility. Two cases are possible:

• If he/she has previously chosen (W), then he/she receives the revenue R = 𝜆𝜋 m + e.

If he/she consumes (C) one unit of product q m , the budget constraint imposes t = Rp m . The indirect utility obtained

If he/she does not consume (C) from the differentiated product, we have t = R and the indirect utility

Hence he/she decides to consume one unit of product q m when 𝜃q m > p m , otherwise, he/she does not purchase this product (he/she consumes only the numéraire).

• If he/she has previously chosen (W), his/her revenue is given by R = 𝜔 + 𝜆𝜋 m + e -𝛼q m .

If he/she consumes the differentiated product (C), he/she obtains the indirect utility U = (𝜃q m ) + (𝜔 m + 𝜆𝜋 m + e -𝛼q mp m );

If he/she does not consume the differentiated product (C), he/she obtains the indirect utility

Again, he/she chooses C if and only if 𝜃q m > p m .

A first conclusion is that the consumption decision is independent of the decision about working or not and of 𝛼, this is due to the linearity of the utility function.

Decision of working. We have to consider two cases. 

• When 𝜃 >