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Abstract The paper develops a model where the structure of organizations is a choice variable for firms and depends on conditions in the labour market. It shows that an increase in the supply of skilled labour may lead firms to adopt organizations with less hierarchical levels. This organizational change increases firms’ demand for skilled agents and qualitatively modifies their jobs (i.e. the set of tasks assigned to skilled employees) thus increasing the skilled wage premium.
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Introduction



Since the 1970s the US labour market is characterized by increasing supply of workers who have attended and completed college. The impact of this increasing supply of skilled labour on their wage premium has been non monotonic. Indeed, the college wage premium1 fell in the 1970s and rose in the 1980s and 1990s. These observations suggest a shift in the demand for skilled employees and Katz and Murphy (1992) show that the relative demand for skilled labour is a key component for explaining the increasing wage inequality. The leading explanation, for such a shift in demand, provided so far is skilled biased technological change2 . Our model suggests another mechanism that may have contributed as well: a skilled biased organizational change. Over the past decades firms in most industrialized countries have experienced important organizational transformations. They have changed their formal architecture, have redefined the allocation of decision making authority and responsibility, have redesigned their information systems. Rajan and Wulf (2006), for example, present evidence (based on a panel of US firms) that from 1986 to 1995, firms have become flatter: the number of positions between the Chief Executive Officer (CEO) and the lowest layer of managers has decreased and that the number of managers directly reporting to the CEO has increased. These organizational transformations have modified firm’s labour demand. Hence, Caroli and Van Reenen (2001) provide empirical evidence for skill biased organizational change of British and French firms. Indeed they show that the organizational change had a positive, and independent from technological change, effect on firms’ demand for skilled labour. In this paper we bring together the firms’ organizational form and the labour market. By allowing us to analyze the way firms adapt their organizations to labour market conditions, our model allows us to examine the impact of changes in the supply of skilled labour on the distribution of firm sizes and structures, on the firm’s demand for skilled employees and on the skilled agents’ wage premium. Following Garicano (2000) we consider that firm’s activity consists in dealing 1 2



See Katz and Murphy (1992) and Goldin and Katz (1999) for more details. Autor et al. (1998) and Machin and van Reenen (1998) among others.
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with problems with different difficulties. The organizational design aims to use employees’ knowledge efficiently. Hence firms are organized in knowledge based hierarchies: the lowest layer is occupied by less able workers and the higher ones by more able managers. The employees on the first (the lowest) layer of the organization receive the problems and solve those they are able to. The unsolved ones are transmitted to the next layer of the hierarchy. Knowledge is embodied in employees, who can either be skilled or unskilled. Unlike Garicano, we consider that an employee behaves strategically and may shirk on the required by the employer effort. Hence the contracts in the firm should take into account these new incentive compatibility constraints. In order to motivate the employees to exert effort the principal uses termination contracts3 (a fixed wage combined with a threat of dismissal). Therefore, the employees’ wages depend on their productivity but also on labour market conditions. Indeed, the latter determine agents’ outside opportunities. A low unemployment rate, for example, means that it is relatively easy to find a new job, being fired is not a harsh punishment for the employee and the principal must increase the wage in order to motivate him to work. The relative wage cost of skilled employees affects the firm owner’s organizational choice. Therefore the conditions on the labour market affect the principal’s choice of firm’s structure and so his employment decisions. When the supply of skilled agents is sufficiently high the principal chooses between a two layer hierarchy with skilled workers and a three layer hierarchy with unskilled workers and skilled managers. The presence of the level of unskilled workers implies that the skilled agents are only hired to deal with problems that have not been solved by their unskilled subordinates. Hence, the principal can hire less skilled employees than in an organization with only two layers. The adoption of a three rather than a two layer hierarchy responds to the following trade-off: a lower4 wage cost of the skilled employees and an additional wage cost of the unskilled workers. When the wage of the skilled agents decreases, it makes the adoption of a three layer hierarchy less valuable for the principal. 3



For a theoretical analysis of the termination contracts see Shapiro and Stiglitz (1984) and MacLeod and Malcomson (1998) among others. For empirical evidence, see for example Cappelli and Chauvin (1991). They show that the wage premium motivates the employees to avoid dismissal and is hence associated with reduction in shirking. 4 Due to the reduction of the number of skilled agents employed in the firm.
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Hence a higher supply of skilled agents may lead to a more extensive adoption of organizations with two layers. This organizational change qualitatively modifies the composition of jobs. Indeed, when employed in two layer organizations the skilled agents deal with a larger set of tasks and receive higher wages. Thus in the model an increase in the supply of skilled labour has a non monotonic impact on wage inequality. When the variation doesn’t affect the decision to change the organizational form wages decrease since the supply of skilled agents is higher. In turn, the organizational change, in parallel increases the demand for skilled agents and qualitatively modifies their jobs, which leads to the increasing wage premium of skilled employees. Hence the flattering of the organizations comes along with a higher average wage for skilled employees. This paper builds on the work of Garicano (2000), who derives the conditions under which a knowledge based hierarchy is the optimal way for organizing production. Another paper close to ours is Garicano and Rossi-Hansberg (2006). In a setting where knowledge is essential input in production and heterogeneous in skills employees are organized in knowledge based hierarchies, they study the way agents are matched with each other and the equilibrium structure of earnings. In both papers incentive considerations are set aside, and the authors put the accent on the impact of evolutions in the cost of acquiring and transmitting information on the structure of organizations and wages. We introduce a moral hazard problem on the employees’ side, hence the optimal organization now results both from technological and incentive considerations. Furthermore, since the wage of the potential employees depends not only on their productivity but also on the conditions in the labour market, we can analyze the latter’s impact on the organizational choice by the firm owners and on the distribution of wages. Finally, this paper is also related to Acemoglu (1999). He explains the skilled wage premium evolution with a qualitative change in the composition of jobs. In his paper the increasing supply of skilled labour may qualitatively modify the compositions of jobs by affecting the firms’ decisions to invest or not in a skill demanding technology. In our model the increase in skilled labour supply alters the structure of organizations rather than investment decisions. 4



The rest of the paper is organized as follows. Section 2 introduces the model. Section 3 analyzes a principal’s choice between two organizations structures, two versus three layer hierarchy. Section 4 presents the market equilibrium and derives our main results. In Section 5, we discuss our assumptions and results. Then we conclude.



2



Model



Production The firm’s production corresponds to the number of successfully performed (solved) problems. All problems are equally valuable to solve and their price is normalized to one. The difficulty x of a given problem is ex ante unknown, but it is drawn from a commonly known uniform distribution on the support [0, 1]. Dealing with a problem requires time and we assume that: Assumption 1. Each agent in the firm has one unit of time by period and spends it entirely in dealing with one problem. Solving a problem requires ability and effort. An agent with ability θ solves a problem, by spending some effort, only if he has the required ability to do so, i.e. only if x ≤ θ. The effort cost function of this agent is:   c if x ≤ θ c(x, θ) =  +∞ if x > θ Assumption 2. When the problem is x > θ, the employee is able neither to solve it nor to identify its difficulty. Within the firm communication is possible, hence an employee who is unable to solve a problem can ask (transmit it to) another employee. However dealing with a transmitted problem is time consuming since the receiver spends his time unit on it. This added to Assumptions 1 and 2 implies that it is costly (time consuming) to match problems with the agents able to solve them. In this context, the optimal organization, as shown by Garicano (2000), is a knowledge based hierarchy. The lowest layer is composed of less able workers, who receive the problems and solve 5



those they are able to. The others are transmitted to the next layer of the organization occupied by more able managers. A problem is passed on until someone solves it. Economy The economy is composed of a continuum of measure one5 of homogeneous firm owners (principals) with ability normalized to one. Each of them can produce alone or hire subordinates in the populations of potential employees (agents). The latter can only produce if they are hired by a firm owner, to say it differently we rule out the possibility for an agent to be self employed. Each potential employee belongs to a population characterized by some skill level. We assume that agents are skilled with ability θ, or unskilled with ability θ (1 > θ > θ). Ns (resp Nu ) is the exogenously given size of skilled (resp unskilled) agents population. All parties in the economy are infinitely lived and discount the future at a common rate δ (δ ∈ [0, 1]). Incentives We assume that an agent’s performance is observed by the principal and the agent, but it cannot be verified by a third party, thus it is impossible to write a legally enforceable contract based on it. Nevertheless, the employer and the employee can agree on a relational contract6 enforced by the possibility of future actions for each of them. MacLeod and Malcomson (1998) show that in a setting with homogenous7 employees and unemployment the optimal relational contract is a termination contract. The principal proposes a fixed wage, paid whatever the agent’s performance and chooses a performance standard that the employee must achieve in order to keep his job. In what follows we focus on equilibria with unemployment, hence the employers use termination contracts to motivate their employees to work. The time-line of the employer-employee relationship in any period is as follows. At the beginning of a period a firm owner with vacant occupations and unemployed agents are matched. The principal proposes a contract to each agent that specifies his position, reward and performance standard. Each agent accepts or refuses. In 5



The size of their population is exogenously given, i.e. there is no free entry. MacLeod and Parent (1997) among others provide empirical evidence for the use of incomplete contracts based on non-contractible measure of the output. 7 Indeed, in our model the agents within a given population are homogenous. 6
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the case of refusal, the vacancy remains unoccupied for the period and the agent returns in the unemployment pool. If the contract is accepted, the employee receives a problem and decides to solve (if able) or transmit it. At the end of a period (once a cohort of arriving problems has been treated) the principal observes the difficulty of each problem, who received it and whether it was solved or transmitted. The contract is executed. With probability (1 − α) the employee quits the firm and enters the unemployment pool for exogenous reasons. This exogenous turnover rate is the same whatever agent’s ability or position. The termination contact motivates an agent to exert costly effort only if his rent from keeping his job is sufficiently high. Let V (resp. VU ) be the inter-temporal expected utility of an employee who exerts effort (resp. of an unemployed agent). The contract must satisfy the following incentive compatibility constraint8 : s − c + αδV + (1 − α)δVU ≥ s + δVU



(1) which is equivalent to: (2)



V − VU ≥



c αδ



To simplify the exposition, hereafter we assume9 that the incentive compatible wage of unskilled workers is below a minimum wage level s. To say it differently, if a principal hires unskilled agents, they are paid at the minimum wage level s. Hence, in what follows only the wage of skilled employees is endogenously determined by the incentive compatibility constraint (2). So, hereafter V (resp VU ) is the expected utility of an employed (resp unemployed) skilled agent. 8



The employee receives the fixed wage whatever his performance. If he works (the left hand side of the constraint) he spends the cost of effort and keeps his job for the next period with probability α. If he shirks (the left hand side of the constraint) he is fired. 9 This assumption is discussed in section 5.2 and formally relaxed in Appendix 8.2.
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Two vs Three layer hierarchy



In the framework described above whenever a firm owner decides to hire employees he chooses one of the three possible knowledge based hierarchies: a two layer hierarchy with unskilled employees, a two layer hierarchy with skilled employees, and a three layer hierarchy with unskilled workers and skilled managers. In the main part of the paper we focus on his choice between a three layer organization and a two layer organization with skilled employees. This corresponds to situations in which the supply of skilled labour is high enough. In section 5.3, we discuss the principal’s choice among the three cited above organizations. In this section, we first characterize the principal’s profit whenever he chooses a two or a three layer hierarchy. We show that a key market variable that determines the principal’s decision between these two organizations is the outside opportunity of skilled agents (VU ). Since each principal is “too small” to have an individual impact on labour market conditions, he chooses the organizational structure and its characteristics for given VU . Then the latter is consistently determined in the labour market equilibrium characterized in Section 4.



3.1



Two layer hierarchy with skilled employees



The principal hires skilled employees and assigns them to the first layer of the organization. The contract proposed by the employer to any employee specifies a fixed wage s and a performance standard x (where x ≤ θ) that the employee must achieve in order to keep his job. In each period, an employee is in one of those situations. • He receives a problem x ≤ x. If he works he solves the problem and keeps his job with probability α. If he shirks he is fired. • He receives a problem x > x, he transmits it to the principal and keeps his job with probability α. So an employee who decides to work spends the cost of effort with probability10 10



Recall that problems are uniformly distributed on the support [0, 1], so P roba(x ≤ x) = x.
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x and his inter-temporal expected utility writes: V = s − xc + αδV + (1 − α)δVU



(3)



Hence, from equations (2) and (3) a fixed wage motivates the employees to exert effort on any task x ≤ x if the following condition is satisfied: s ≥ cx +



(4)



c(1 − αδ) + (1 − δ)VU αδ



We notice that the wage is proportional to the employee’s work load, i.e. the set of tasks for which the agent is supposed to spend the cost of effort. Since problems arrive on the first layer of the hierarchy and each agent can deal with one problem by time unit, the number of problems received in the firm corresponds to the number of employees n1 on the first layer of the hierarchy. Among those n1 problems a fraction xn1 is successfully performed by the employees. The remaining (1 − x)n1 problems are transmitted to the principal. The latter’s time constraint11 limits the size of the firm. Indeed, the principal can deal with one transmitted problem by period so the number of agents that can be employed in the firm is given by: n1 (1 − x) = 1 ⇔ n1 =



(5)



1 1−x



The principal maximizes his profit under the incentive compatibility and the time constraints: (6)



max π = n1 (1 − s) − c x



   s ≥ cx + c(1 − αδ) + (1 − δ)VU αδ 1   n1 = 1−x In Appendix 8.1 we show that the principal proposes the lowest possible fixed wage 11



It is implicitly assumed that all problems received by the firm must be solved. A possible justification is that when a firm doesn’t solve a received problem, it looses its reputation on the product market.
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that satisfies the incentive compatibility constraint and sets the performance standard at x = θ. So a skilled agent employed in a two layer hierarchy earns: c(1 − αδ) + (1 − δ)VU αδ



s = cθ +



(7)



3.2



Three layer hierarchy



The three layer hierarchy is composed of n1 unskilled workers, n2 skilled managers and the principal. Unskilled employees are paid the minimum wage s so the employer asks them to solve any problem they are able to, i.e. any x ≤ θ. Now skilled agents only deal with tasks that have been transmitted by their subordinates. Hence the problems received by the managers are uniformly distributed on the support [θ, 1]. Therefore a manager who decides to solve any problem with difficulty x ≤ x, spends x−θ the cost of effort with probability . Let S be the manager’s fixed wage, then 1−θ his inter-temporal expected utility writes: V =S−c



(8)



x−θ + αδV + (1 − α)δVU 1−θ



Managers are hired to deal with the problems transmitted by the unskilled workers (n1 (1 − θ)). Since it is not in the principal’s interest to hire employees who are not fully occupied, the number of managers is such that they use all their time. n2 = (1 − θ)n1



(9)



Note that n2 depends both on the number of workers and on their ability. Indeed, for given n1 more able workers (i.e. higher θ) solve larger fraction of problems and need fewer managers to help them. The principal receives a problem if neither the worker nor the manager have been able to solve it. This arises with probability (1 − x) and the number of received by the employer problems is n1 (1 − x). As before, the number of hired workers (i.e. the number of problems received in the firm) is given by the employer’s time constraint. (10)



(1 − x)n1 = 1 10



From equations (9) and (10), we obtain the number of unskilled workers n1 = 1−θ hired by the firm owner. 1−x In this case the firm owner’s profit writes as follows:



1 1−x



and skilled managers n2 =



Π = n1 (1 − s) − n2 S − c



(11)



The principal maximizes his profit under the incentive compatibility and time constraints. In Appendix 8.1 we show that the principal chooses x = θ. Hence, from (2) and (8) we obtain the incentive compatible wage for skilled agents who work in a three layer organization. (12)



S=c



θ − θ c(1 − αδ) + (1 − δ)VU + 1−θ αδ



In a three layer hierarchy, the skilled managers only deal with problems transmitted by the unskilled workers. Thus in order to succeed the same number of problems the principal hires fewer skilled employees. Furthermore, they spend less often the effort cost and their wage is lower. Remark 1. For given outside option VU , being a manager in a three layer organization or a worker in a two layer one provides the same utility level to a skilled agent c (V = + VU ). αδ This implies that if both types of organizations coexist a skilled agent is indifferent between the two types of jobs.



3.3



Principal’s choice



The adoption of a three rather than a two layer organization responds to the following trade-off. If the employer decides to hire unskilled workers, he incurs an additional wage cost. At the other side, the presence of the level of unskilled workers implies that skilled agents are only hired to deal with problems that the workers are unable to solve. Consequently, the principal’s demand for skilled employees declines. The higher the wage of skilled agents (i.e. higher VU ) the larger the benefit 11



from reducing their number in the firm, which makes the adoption of a three layer hierarchy more valuable. These intuitions are formally summarized in the following lemma. Lemma 1. There exists a threshold value V U =



1 s c  (corresponding to − 1 − δ θ αδ



Π = π), such that: • If VU < V U (i.e. Π < π), then a principal adopts a two layer hierarchy. • If VU > V U (i.e. Π > π), then a principal adopts a three layer hierarchy.
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Equilibrium



The key market variable that determines the individual firm behavior is the outside opportunity of skilled employees. In this section, we first characterize the equilibrium value of skilled’s outside opportunity as function of firms’ employment decisions. Then we compute the labour market equilibrium and derive the equilibrium wages and firms’ structure.



4.1



Equilibrium outside option



An unemployed agent receives the unemployment benefit z and at the end of a period, he finds a new job with probability λ. Reemployment opportunities depend on firms’ employment decisions. Let β be the fraction of firms organized as three layer hierarchies, β ∈ [0, 1]. The inter-temporal expected utility of an unemployed skilled agent writes:



(13)



z + cλ(β) α VU (β) = z + δ[λ(β)V + (1 − λ(β))VU (β)] ⇔ VU (β) = 1−δ



where λ(β) guarantees the equilibrium of flows in and out of the unemployment pool. In the steady state the flow into the unemployment pool corresponds to the employees who quit their job for exogenous reasons n(β)(1 − α), where n(β) is the



12



number of employed skilled agents. (14)



n(β) = β



1 1−θ + (1 − β) 1−θ 1−θ



The flow out is λ(β)(Ns − n(β)). Among the unemployed12 agents a fraction λ(β) is hired to replace departures. Thus in equilibrium we have: (15)



λ(β) =



(1 − α)n(β) Ns − n(β)



VU (1) (resp VU (0)) is the value of the outside option when all firms in the economy are three (resp two) layer hierarchies. Note that VU (0) > VU (1). Indeed, if all firms are organized as three layer hierarchies, the demand for skilled labour declines, there are fewer reemployment possibilities, and the skilled’s outside opportunity is lower.



4.2



Organizations’ structure and wages



We now characterize the equilibria in this model. What we will see is that there are three equilibria zones. First, if given that all firms adopt a three layer organization, it is still optimal for an individual principal to adopt it (i.e. VU (1) ≥ V U ), then the three layer organizational form is adopted by any firm in the economy. Conversely, if VU (0) ≤ V U , then all firms adopt the two layer organization. Finally, as noticed above VU (0) > VU (1), so for some values of the parameters V U ∈]VU (1), VU (0)[. Then it is in the individual interest of an employer to adopt a two (resp three) layer organization if all the other firm owners choose the three (resp two) layer hierarchy. So the equilibrium is characterized by the coexistence of two and three layer hierarchies. The equilibrium value of β is such that a firm owner is indifferent between adopting a two or a three layer hierarchy, i.e. VU (β) = V U must be satisfied. Hence, the equilibrium proportion of three layer organizations is: (16)



 1 α(V U (1 − δ) − z) Ns (1 − θ) β= 1− θ (1 − α)c + α(V U (1 − δ) − z)



12



We assume that an agent who quits the organization cannot be immediately reemployed. This is a convention and is not essential for our results.
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In this equilibrium some skilled agents are employed in firms with two layers others in firms with three layers. According to Remark 1 a skilled agent is indifferent between those two positions. The three equilibria zones, described above, can be equivalently presented conditionally on the supply of skilled labour (Ns ). Proposition 1. There are two thresholds, Ns? (corresponding to VU (1) = V U ) and Ns?? (corresponding to VU (0) = V U ), such that Ns?? > Ns? : • If Ns < Ns? all firms are three layer hierarchies, β = 1. • If Ns > Ns?? all firms are two layer hierarchies, β = 0. • If Ns ∈ [Ns? , Ns?? ], two and three layer hierarchies coexist, 1 > β > 0 and the proportion of three layer hierarchies decreases with Ns . An increase in the supply of skilled agents may lead to a shift in the way firms are organized. Indeed, a higher Ns reduces skilled’s wage cost and makes more valuable the adoption of a two layer hierarchy. Hence a larger proportion of firm owners adopt flatter organizations13 . This result finds empirical support in the paper by Caroli and van Reenen (2001). They point out14 the existence of complementarities between organizational change and a higher skilled labour supply and show that “cheap skills are beneficial to the introduction of organizational change. A relative shortage of educated workers in the local labor market drives up relative wages and makes the introduction of organizational change (which is skilled labor intensive) more expensive.” The effect of Ns on the average wage of skilled agents is depicted on Figure 1. We notice that the relationship between skill supply and the skilled wage premium is non-monotonic. If a variation of Ns occurs in the regions of pure equilibrium (Ns < Ns? or Ns > Ns?? ), then a higher supply of skilled agents reduces the reemployment probability and depresses the skilled’s wages. In the zone where both organizations 13



The consequences of a shift from a three to a two layer hierarchy are twofold: first the number of layers decreases, second the number of agents who directly report to the head of the firm increases. This is in line with the empirical findings of Rajan and Wulf (2006). 14 Their analysis is based on a panel of British and French firms.
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coexist the average wage s of the skilled employees writes: (17)



s = βS + (1 − β)s =



c(1 − αδ) 1−θ + cθ − βθc + (1 − δ)V U αδ 1−θ



Proposition 2. An increase in Ns , when Ns ∈ [Ns? , Ns?? ], raises the average wage of skilled agents and thus the wage inequality. A higher supply of skilled labour modifies firms’ repartition between three and two layer hierarchies, thus decreasing β. This organizational change shifts the demand in favor of the skilled labour force. Since their outside opportunity remains equal to V U , the higher demand for skilled agents exactly compensates the increase in Ns . The average wage however increases because the composition of jobs is qualitatively modified. Indeed, more firms are proposing jobs in which skilled agents are dealing with a larger set of tasks and receive higher wages. Hence, the flattering of the organizations comes along with a higher average wage for skilled employees. Average wage of skilled employees



Both organizations coexist



Three layer hierarchies Ns?



Two layer hierarchies



Ns??



Ns



Figure 1: The average wage of skilled as function of Ns .
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Discussion Minimum wage



A higher minimum wage increases the wage cost of the unskilled agents, hence makes less profitable the adoption of a three layer hierarchy (V U increases). This reduces 15



the zone in which all firms are three layer hierarchies. An increase in the minimum wage in the pure equilibrium zones affects neither the employment level of skilled nor of unskilled agents15 . When the increase in the minimum wage occurs in the zone where both organizational forms coexist, a higher V U raises16 the fraction of firms organized in two layer hierarchies. This adversely affects the demand for unskilled labour and has a positive effect on skilled’s employment and wages.



5.2



Endogenous wage for unskilled employees



It is assumed above that unskilled agents are paid at an exogenously given minimum wage level. If we relax this assumption and consider endogenous wage for unskilled employees, the threshold value V U depends on β. Indeed, when the number of firms organized in two layer hierarchies increases (lower β), the demand for unskilled labour declines. This reduces the wage of unskilled agents and makes more profitable the adoption of a three layer hierarchy, so V U decreases. Hence, V U increases with β. Despite this new effect, we show in Appendix 8.2 that the main findings of our model are robust to the introduction of an endogenous wage for unskilled agents. In the zone, where both organizations coexist, a higher supply of skilled labour always increases the fraction of flatter organizations. Concerning the average wage of skilled employees, there are two effects. At one side, more firms adopt two layer hierarchies in which skilled’s reward is higher, thus the average wage increases. At the other side, the increase in the demand for skilled labour is below the increase in their supply, thus skilled’s outside opportunity decreases, and so does the average wage. When the wage of unskilled agents is endogenous the positive effect of a higher Ns is not systematic bu it still arises for a large set of parameters.



5.3



Supply of skilled labour and average firm size



The above analysis focused on the firm owner’s choice between a three layer hierarchy and a two layer hierarchy with skilled employees. As we mentioned it in Section 3 a 15



In a model with free entry, the increase in the minimum wage would lead to the reduction of the number of firms present on the market, thus reducing employment both of skilled and unskilled agents. 16 See equation (16).
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principal could also adopt an organization in which only unskilled agents are hired. This organizational form is optimally chosen by a firm owner whenever the cost of the skilled labour is too high (i.e. the supply of skilled agents is too low). The number of agents employed in the firm depends on the organizational form adopted, which is determined by the skilled agents’ outside opportunity and a fortiori by the supply of skilled labour. Hence, in Figure 2 we present the change of the average firm size – measured by the number of employees – conditionally on the supply of skilled agents.



Average firm size 1 1−θ + 1−θ 1−θ



1 1−θ



1 1−θ Nˆs



N˜s



Ns?



Ns??



Ns



Figure 2: Average firm size as function of Ns .



ˆs , hiring skilled employees is For a very low supply of skilled agents, here Ns < N too costly (i.e. high VU ) and each firm owner prefers to hire only unskilled agents. An increase in Ns reduces the cost of skilled labour and leads to the progressive adoption of three layer organizations. The size of firms increases and the demand both for skilled and unskilled labour is higher. A further increase in the skilled’s supply leads to delayering. Firms hire fewer but more skillful employees. The changes in firm sizes depicted on the graph are in line with the observations of Baumol et al. (2005, pp. 2-4) concerning the size of firms throughout the twentieth century. Indeed, the authors provide evidence for “increasing business size from 17



about 1935 until about 1980, and then decreasing size from about 1980 to about 1993” while the supply of skilled labour during the period has continuously increased.



6



Conclusion



This article offers a model of endogenous choice of firm’s organization and job composition. In the model, the firms are organized in knowledge based hierarchies and the employees are assigned to positions conditionally on their skill level. The employees’ wages depend on conditions in the labour market. We discuss the effect of a higher supply of skilled agents on the choice of firm’s organization in terms of hierarchical levels and job composition; and the impact of organizational change on the structure of employment and wages. The analysis could be extended to situations in which firms are composed of more than two layers, if we consider more than two skill level categories of potential employees. Then, a higher supply of the most skillful would still lead to the adoption of flatter organizations. However there will be situations in which delayering concerns middle managers rather than unskilled workers. The consequence would be a reduction in the fraction of firms employing middle managers, which in turn would reduce the latter’s average wage, thus leading to a wage polarization of the labour market.
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8 8.1



Appendix Optimal performance standards



Two layer hierarchy. The principal maximizes his profit under the incentive compatibility and the time constraints. Since the principal’s profit decreases with the employees’ wage, the principal proposes the lowest wage satisfying the incentive c(1 − αδ) compatibility constraint, i.e. s = cx + + (1 − δ)VU . So the principal’s αδ program rewrites: max π =



(18)



x



 1  c(1 − αδ) 1 − cx − − (1 − δ)VU − c 1−x αδ



The first order condition writes:   ∂π 1 c c(1 − αδ) = 1 − cx − (1 − δ)V − U − 2 ∂x (1 − x)  αδ (1 − x)  1 c = − (1 − δ)VU 1− (1 − x)2 αδ



(19)



We notice that there are not internal solutions for x. In the paper we focus on the ∂π interesting cases, corresponding to > 0 . The corresponding optimal performance ∂x standard is x = θ. Three layer hierarchy. In this case the principal’s program rewrites: (20)



max Π = x



  1 − θ  x − θ c(1 − αδ) 1  1−s − c + + (1 − δ)VU − c 1−x 1−x 1−θ αδ



The first order condition is: (21)   ∂Π 1 x − θ c(1 − αδ) c = 1 − s − (1 − θ) c + + (1 − δ)V − U ∂x (1 − x)2 1−θ αδ (1 − x)   1 c(1 − θ) = 1−s− − (1 − δ)VU (1 − x)2 αδ We only consider the cases with



∂π > 0 and the corresponding optimal performance ∂x



standard is x = θ.
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8.2



Endogenous wage for unskilled employees



If the wage of unskilled agents su is not constrained by the minimum wage level, c , it must satisfy the corresponding incentive compatibility constraint v − vU ≥ αδ where vU is the outside opportunity of unskilled agents, and v is their inter-temporal expected utility when employed. By replacing by the corresponding value of v (v = su − θ), the incentive compatible wage of unskilled agents writes: su =



(22)



c(1 − αδ) + cθ + (1 − δ)vU αδ



The demand for unskilled labour thus their outside opportunity depends on firms’ organization (i.e. it is function of β).



(23)



vU (β) = zu + δ(λu (β)v + (1 − λu (β))vU (β)) cλu (β) + αzu = α(1 − δ)



λu (β) =



β (1 − α) 1−θ



β Nu − 1−θ (1 − α)β = Nu (1 − θ) − β



(24)



Thus the threshold value V U , also depends on β and writes: (25)



V U (β) =



1 c(1 − αδ)(1 − θ) cλu (β) + αzu + A where A = θα(1 − δ) 1−δ αδθ



The threshold values for Ns change but the results in the zones of pure equilibrium remain the same as with minimum wage. So let us focus to the case of mixed strategy equilibrium. VU = V U (β). cλ(β) + zα cλu (β) + αzu 1 λu (β) (θ(A − z) + zu )α = + A ⇔ λ(β) = + α(1 − δ) θα(1 − δ) 1−δ θ cθ By replacing λ(β) and λu (β) by their values (see equations (15) and (24)) and
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after simplification we have: (26)



β (θ(A − z) + zu )α 1 − βθ = + θc(1 − α) Ns (1 − θ) − (1 − βθ) θ(Nu (1 − θ) − β)



Result 1. A higher Ns decreases β, i.e. more firms are two layer hierarchies. Proof: The derivative of equation (26) with respect to Ns writes: −



(1 − βθ)(1 − θ) (1 − θ)θ Nu (1 − θ) ∂β ∂β − = 2 2 ∂Ns (Ns (1 − θ) − (1 − βθ)) ∂Ns θ(Nu (1 − θ) − β)2 (Ns (1 − θ) − (1 − βθ))



∂β ∂Ns



(1 − βθ)(1 − θ) (Ns (1 − θ) − (1 − βθ))2 =− (1 − θ)θ Nu (1 − θ) + (Ns (1 − θ) − (1 − βθ))2 θ(Nu (1 − θ) − β)2 


Result 2. A higher Ns raises the unemployment of skilled agents. V U decreases with Ns . Thus a higher Ns leads to larger adoption of flatter (two layer) organizations. However since it decreases unskilled outside opportunities the increase in the demand of skilled labour does not fit the increase in the supply of skilled labour. There are two effects on skilled average wage and on the wage gap. More firms adopt flatter organizations in which wages are higher, thus the average wage increases. However there are more unemployed skilled agents which decreases their outside opportunity and adversely affects their wages. Result 3. A higher Ns raises the skilled wage premium for some values of the parameters. With endogenous wage for unskilled agents, the increase in the skilled wage premium in the zone of mixed strategy equilibrium is not systematic, however it is still possible. The average wage of skilled employees is: (27)



s=



c(1 − αδ) (1 − θ) + cθ − βθc + (1 − δ)V U (β) αδ (1 − θ) 23



(28)



∂s ∂β c  (1 − α)Nu (1 − θ) (1 − θ)  = − αθ ∂Ns ∂Ns α θ(Nu (1 − θ) − β)2 (1 − θ)



∂β < 0. So the skilled wage increases with Ns only According to Result (1), ∂Ns  (1 − α)N (1 − θ)  u if < 0. For any value of the parameters there exists a − αθ θ(Nu (1 − θ) − β)2 threshold value α < 1, such that the expression above is negative if α > α. A similar condition exists for the wage gap, but it is less stringent, since the more extended adoption of flatter organizations reduces the outside opportunity of unskilled agents and a fortiori their average wage.
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