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Abstract  

The present paper contributes to the theoretical analysis of the human capital 

investment and participation decision of heterogeneous workers in the search and 

matching framework. Its aim is to characterize the equilibrium and to identify the 

efficiency. Here, the paper studies search equilibrium and matching to consider the 

participation decision of heterogeneous workers who have different inherent ability 

levels. The productivity investment decision is endogenous and wages are determined 

by the Nash bargain among participants. 
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1. Introduction 

In this paper , I construct a theoretical model that focuses on the role of 

productivity investment incentives in the standard search and matching 

model . The model follows directly from insights presented by Lockwood 

(1986) and is an extension of the basic matching model developed by 

Pissarides (1990) where individuals need to invest in their productivity before 

participating in the labor market. 

Many economists view the skills of the labor force as a prime contributor 

to economic performance. Therefore, not surprisingly policy makers are often 

interested in issues of worker training. For instance, training of less skilled 

workers was one of the principle policy initiatives of the first Clinton 

administration and the labor government in Britain has similarly made training 

a key policy issue. 

Some OECD countries have experienced increased returns in skills 

investment over the last years. Many policy makers believe that low educated 

workers can also benefit from the changes in the demand for skills if they 

invest more in their education. Rosenstein-Rodan (1943), not only pointed out 

the importance of market demand, but also of skills, and noted that training of 

workers was a prerequisite for industrialization, though unlikely to happen. 

While it is important to understand the optimization problem of human 

capital investment of an agent, it is necessary to pay attention to its subsequent 

interaction with labor market . Beside considering heterogeneity of workers 

and human capital investment and the cost related to this investment, we must 

also analyze how the resulting change in the supply of heterogeneous workers 

affects the labor market equilibrium . The interdependence becomes more 

complicated when we recognize there is friction in the labor market. We live 

in a world where information is imperfect and costly . Individual decision-

making at entry (or exit) point of the market, the choice of lowest acceptable 

productivity and the choice of search intensity margins may be socially 

inefficient. What is common in all these margins, as Pissarides (1983) makes 

clear, is that they are all due external factors that work through the matching 

technology. When individuals choose to enter a market , accept a match or 

search more intensively they ignore the impact of their decisions on the 

matching probabilities of other agents in the market . Lockwood (1986) 

assumes heterogeneous workers in their inherent skills to show the other 

external effect that work through match acceptance probabilities rather than 
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matching probabilities. In particular, he shows that the presence of high-skill 

workers lowers the equilibrium acceptance probabilities of low skill workers 

below what is socially desirable. 

An aggregate increase in return to education is a standard property of 

matching models . With human capital investment , a more productive 

workforce raises the labor demand. However a tighter labor market increases 

the incentives to schooling . This mechanism can give rise to multiple 

equilibria [see e.g. Laing et al.,1995; Burdett and Smith (2002)]. They argue 

that if workers' decision to invest in education and firms' job creation decisions 

interact positively, then the economy can get stuck in a bad equilibrium. As a 

result the human capital investment will be insufficient and also 

unemployment will be high. On the other hand Acemoglu (1996), argue that 

frictional unemployment can create a hold up problem whereby workers are 

generally paid a share less than their marginal productivity . Charlot et 

al.(2005) show that equilibrium is unique in their framework since the 

productivity effect of schooling dominates the wage effect . Clearly the 

presence of matching unemployment is a common explanation of weakness 

of incentives for education investment. 

Since Becker (1964) , provided the labor market is perfectly 

competitive, the market outcome is socially optimal. However, in the presence 

of unemployment , models analyzing matching models with ex post Nash 

bargaining and ex ante costly human capital investment Laing et al. (1995) 

and Acemoglu (1996), workers under-invest in education which is the result 

of hold up phenomenon. Clearly search frictions play an important role in 

that. Though Cole et al.(2001) show that there can also be over investment in 

the frictionless environment with two sided investment. 

My argument is based on workers' heterogeneity and self-selection in 

education. The introduction of heterogeneity makes the model more realistic 

and in addition allows one to gain insights into the worker behavior that do 

not follow from models of homogeneous labor market. When workers differ 

according to the ability level and the cost of productivity level that he or she 

is going to attain , the worker must decide to invest in his/her productivity 

and then participate in the labor market . This is an integral part of  

participation decision.  

It is well established in the literature that a core topic in labor economics 

is ̀ self-selection'. The starting point of this topic in economics is Roy's (1951) 
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“Thoughts on the Distribution of Earnings” . Self-selection means in 

theory , that rational individuals make optimizing decisions about what 

markets to participate in- job, education, crime, etc.  In the present paper 

heterogeneity of the labor force in their abilities and education cost give rise 

to self-selection. Where the cost of productivity investment is not constant and 

it depends on ability of the worker and also the amount of investment 

on productivity.  

Alternative specifications of the matching process have been considered 

in the literature: search may be undirected (see, e.g. Acemoglu, 1999; Albercht 

and Vroman , 2002) or skilled workers may poach on unskilled jobs 

(see, e.g. Gautier, 2002). Charlot and Decreuse (2005), consider two separate 

matching sectors where educated workers direct their search towards high 

productivity occupations. Adopting those different specifications would, of 

course, alter our results. 

My argument also is related to intra/infra marginal decision . And 

individual decisions are characterized into two classes: intramarginal decision 

of resource allocation and inframarginal decision of economic 

organization. Intramarginal decisions involve the extent to which resources 

are allocated and inframarginal decisions are about what activities to 

engage . Considering the two types of decisions , the paper analyses a 

theoretical model that focuses on equilibrium incentives for productivity 

investment in matching framework with one-sided heterogeneity. There are 

two risk neutral groups : workers and employers . There are two types of 

workers; low ability and high ability workers while employers are 

identical. Distribution of abilities is exogenous.  

This paper argues human capital investment decision1 of heterogeneous 

workers in equilibrium search framework. The technology that I assume is 

such that workers invest on their education to achieve productivity and then 

search for a job. Of course education is costly, those who invest in education 

and search for job are participant in the labor market. In this paper, the choice 

of investment in human capital is intramarginal decision since it involves 

deciding the quantity of resources devoted to acquire human capital . Once 

he/she has chosen his investment decision in human capital, he then searches 

for the job.  

The standard search model features exogenous labor supply-i.e., a fixed 

size of the labor force . Rather than consider flows between search 
 
1. It is an investment in human capital that pays off in terms of higher productivity. 
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unemployment and employment of a fixed labor force , I examine the 

participation decisions of worker . If labor force participation is fully 

endogenous, just as is labor demand in the form of vacancy creation , then 

another condition which I name it labor force participation constraint impinges 

the basic framework  equations . Therefore, workers reach different 

participation decisions on the basis of comparison between labor market and 

non-market returns . Here I consider a labor force participation decision , a 

margin which is absent in most of models of labor market. This paper exploits 

the basic insights of above models; i.e., self-selection at the individual level 

alters the equilibrium composition of groups. My contribution to this literature 

is then to highlight the equilibrium characteristics of heterogeneous workers 

with endogenous productivity investment and free entry of firms which drives 

job creation. 

The paper uses a matching process in the spirit of Pissarides (1990) with 

a Nash bargaining approach to wage-setting . Given overall labor market 

condition , equilibrium is determined by free entry condition , optimal 

productivity investment decision, the participation constraint plus the steady 

state conditions. Equilibrium can take one of the following forms. The first 

type of equilibrium is one in which it is beneficial for both types of workers 

to be active in the labor market. In the second type of equilibrium, there is 

only the willingness of high ability workers to invest in their productivities 

and search for job . Third, for small changes in the economic environment 

multiple equilibria can exist. Finally I show that heterogeneity is not the cause 

of multiplicity in this model. 

The paper turns in the next section to the presentation of the model. This 

is followed, in Section 3 , by an analysis of the decentralized and multiple 

equilibrium. In section 4, I discuss the social planner problem then I focus on 

the three different policies that can be implemented by the planner that may 

achieve an efficient allocation. Finally, in section 5, I summarize my results 

and conclude. 

2. The Model 

2.1. The basic framework 

The model is an extension of the Lockwood (1986) , Pissarides (2000) 

matching  framework . The economy is composed of two risk-neutral 
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groups : workers and  firms . All firms are identical whose number is 

endogenously determined by a standard free entry condition but workers differ 

in their abilities. This heterogeneity in ability implies different workers invest 

in different productivity levels. Time is continuous and throughout I only 

consider steady state . The economy  is composed of workers and 

employers . All employers are identical whose  number is endogenously 

determined by a standard free entry condition. There is turnover of workers 

where 𝜙 is the inflow of new entrants and all  workers die according to a 

Poisson process with parameter 𝜙. Thus  steady state implies there is a unit 

measure of workers in the economy. 

There are two types of entrants: those with low-ability (a1) and those with 

high-ability ( 𝑎ℎ ). Let 𝑖 ∈ 𝑙, ℎ  denote a worker's type where 𝑎ℎ > 𝑎𝑙 >
0. Assuming fraction 𝜂𝑖 of entrants are type i, the distribution of ability across 

entrants, denoted 𝐺(𝑎), is  

{

G(a) = 0              for a < al

G(a) = η1   for al ≤ a < ah

G(a) = 1             for a ≥ ah

 

      Given their ability 𝑎𝑖 , each entrant type 𝑖 first invests in education which 

determines his/her productivity level 𝑥 . Let 𝐶(𝑥; 𝑎𝑖)  denote the cost of 

investing to productivity 𝑥  given initial ability 𝑎𝑖 . Assume 𝐶(. ) is strictly 

increasing, convex and twice differentiable in 𝑥. Also 𝐶(𝑎𝑖; 𝑎𝑖) = 0, 𝐶(. ) is 

decreasing in 𝑎  (it is less costly for a higher ability to achieve a given 

productivity level) and 𝐶𝑥𝑎 < 0  so that higher ability types face a lower 

marginal cost to achieving a  higher productivity level 𝑥 . For ease of 

exposition assume the Inada condition 𝐶𝑥(𝑎𝑖, 𝑎𝑖) = 0. 

The model has a standard hold-up structure : given beliefs on market 

wages , an individual who is born with ability 𝑎 first selects a productivity 

level 𝑥 . The cost of obtaining that productivity level depends on ability 𝑎 . 

After investing in her productivity, she then enter the labor market and search 

for a job. If she does so and contacts a firm, her wage is then determined by 

Nash bargaining. Of course expectations are rational: the negotiated wage is 

consistent with her original beliefs. As firms are identical, 𝑤 = 𝑤∗(𝑥) will 

denote the equilibrium negotiated wage. 

After investing in productivity 𝑥 , a type 𝑖 entrant decides whether to  

search or not with effort 𝑒 ∈ {0,1}. I define those who choose search 𝑒 = 1 as 

active job seekers , all others are inactive (non-participant) . Clearly as 
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education is costly, those who choose to be inactive will also  choose zero 

education . Conversely the Inada condition ensures those who are  active 

choose a strictly positive education level. In steady state, let 1 − 𝜋 denote the 

proportion of active agents who are high ability (𝜋  will be endogenously 

determined and depending on the investment choice of workers). 

𝐸𝑖  denotes the number of employed workers with ability 𝑎𝑖 . To fill  a 

job, an employer must first create a vacancy at flow cost 𝑘. If 𝑉 denotes the 

number of vacancies and 𝑈 = 𝑈𝑙
𝐴 + 𝑈ℎ

𝐴 the number of active unemployed job 

seekers , then the match flow is described by a  matching function 

𝑀 = 𝑀(𝑈, 𝑉)  which is increasing in both arguments and has  constant 

returns . Let 𝜃 =
𝑉

𝑈
 denote market tightness . As  active job seekers meet 

vacancies at rate 
𝑀

𝑈
, standard arguments  imply this job contact rate is 

 𝑚(𝜃) ≡ 𝑀(1, 𝜃) and 𝑚(. ) is an increasing concave function. Similarly 
𝑚(𝜃)

𝜃
 

is the rate at which a firm holding a vacancy contacts an active job seeker . 

Random search implies (1 − 𝜋)
𝑚(𝜃 )

𝜃
 is the rate at which a firm contacts an 

active job seeker with high ability. 

When a firm holding a vacancy and an active job seeker meet, the worker's 

productivity 𝑥  is observed and they bargain over the wage . Wages are 

determined by Nash bargaining. Job matches break up at an exogenous rate 𝛿 

in which case the worker returns to the pool of unemployed workers and, with 

free entry, the firm makes no further profit. 

2.2. Worker's payoffs and job search strategies 

Before describing optimal productivity choice, I first describe the expected 

lifetime value of being unemployed with productivity 𝑥  in a market with 

tightness 𝜃 , which I denote 𝑉𝑈(𝑥, 𝜃). Below Nash bargaining will yield a 

negotiated wage outcome which I denote 𝑤 = 𝑤𝑁(𝑥, 𝜃). Standard turnover 

arguments imply the value of being an active worker with  productivity 𝑥 

satisfies 

 (2.1) (𝑟 + 𝜙)𝑉𝑈(𝑥, 𝜃) = 𝑏 + 𝑚(𝜃)[𝑉𝐸(𝑥, 𝜃) − 𝑉𝑈(𝑥, 𝜃)] 

where 𝑉𝐸(𝑥, 𝜃) describes the value of being employed with productivity 𝑥 and 

tightness 𝜃 is given by  



30 Money and Economy, Vol. 10, No. 1, Winter 2015 

 

(2.2) (𝑟 + 𝜙)𝑉𝐸(𝑥, 𝜃) = 𝑤𝑁(𝑥, 𝜃) + 𝛿[𝑉𝑈(𝑥, 𝜃) − 𝑉𝐸(𝑥, 𝜃)], 

an active job seeker enjoys flow payoff 𝑏 and finds employment at rate 𝑚(𝜃) 

with associated gain 𝑉𝐸(𝑥, 𝜃) − 𝑉𝑈(𝑥, 𝜃) . While employed , the worker 

negotiates wage 𝑤 = 𝑤𝑁(𝑥, 𝜃) as determined below . At rate 𝛿  the job is 

exogenously destroyed and the worker returns to the pool of unemployed  

workers. Substituting out 𝑉𝐸(. ), these equations imply:  

(2.3) 𝑉𝑈(x, θ) =
(r + 𝜙 + δ)b + m(θ)𝑤𝑁(x, θ)

(r + 𝜙)(r + 𝜙 + m(θ) + δ)
 

      Clearly, the worker with productivity 𝑥 will only enter the labor market if 

and only if 𝑉𝐸(𝑥, 𝜃) ≥ 𝑉𝑈(𝑥, 𝜃). As education is costly, those who choose not 

to enter the labor market, the non-participants, will choose 𝑥 = 0. 

2.3. Productivity investment decision 

In this section the equilibrium market outcome is taken as given. Specifically 

as each worker is small , he/she takes the market tightness  parameter 𝜃 as 

given. Also he/she anticipates the equilibrium wage  that is negotiated by a 

worker of productivity 𝑥 Below this is denoted 𝑤 = 𝑤𝑁(𝑥, 𝜃). Thus given 

innate ability 𝑎𝑖, market tightness 𝜃 and wage function 𝑤𝑁(𝑥, 𝜃), the worker 

first chooses the optimal level of productivity 𝑥 to maximise the expected 

value of lifetime  utility . To solve this problem , I let 𝑉𝑈(𝑥, 𝜃) denote the 

expected discounted value of lifetime utility for an unemployed active worker 

with productivity 𝑥. Optimal productivity of type 𝑖 worker , denoted 𝑥𝑖
∗ ≡

𝑥∗(𝑎𝑖, 𝜃 ) conditional on being active is then given by;  

(2.4) 𝑥∗(𝑎𝑖, 𝜃 ) = arg max
𝑥≥𝑎𝑖

[𝑉𝑈(𝑥, 𝜃 ) − 𝐶(𝑥; 𝑎𝑖)]  

The RHS is the sum of value of being active unemployed minus the direct 

cost of investment in the productivity . The Inada condition ensures the  

necessary condition for optimal 𝑥𝑖
∗ is given by;  

(2.5) 
𝜕𝑉𝑈(𝑥𝑖

∗, 𝜃)

𝜕𝑥
=

𝜕𝐶(𝑥𝑖
∗; 𝑎𝑖)

𝜕𝑥
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Of course this condition describes the optimal investment choice for 

active workers - those who will choose to enter the labor market and search 

for  employment . Not all workers , however , will choose to be active . In  

equilibrium, there is a critical ability 𝑎𝑐 where those with ability 𝑎𝑖 < 𝑎𝑐 will 

choose not to be active. Specifically by staying out of the labor market, each 

worker can always generate payoff 𝑏/(𝑟 + 𝜙).  Thus only workers whose 

participation in the labor market exceeds 𝑏/(𝑟 + 𝜙) will be active labour 

market members.  

Definition of 𝑎𝑐(𝜃): 

(2.6) 𝑉𝑈(𝑥∗, 𝜃) − 𝐶(𝑥∗, 𝑎𝑐) =
𝑏

𝑟 + 𝜙
  (𝐴𝑐𝑡𝑖𝑣𝑒; 𝐶𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑡)  

where 𝑥∗ = 𝑥∗(𝑎𝑐 , 𝜃)  is the optimal productivity  choice of an active 

participant with ability 𝑎 = 𝑎𝑐. Note that 𝑎𝑐 depends on market tightness 𝜃 

- below we shall show that 𝑎𝑐 is decreasing in 𝜃; i.e., higher market tightness 

leads to more (low ability) workers choosing to become active. Claim 1 now 

establishes that a worker of type 𝑖 is active in the labour market if and only if 

ability 𝑎𝑖 ≥ 𝑎𝑐(𝜃).  

Claim 1: For any 𝜃: 

(i) Individuals with 𝑎𝑖 ≥ 𝑎𝑐(𝜃) are active, and choose 𝑥 = 𝑥∗(𝑎𝑖, 𝜃)  

(ii) Individuals with 𝑎𝑖 <  𝑎𝑐(𝜃) are inactive, choose 𝑥 = 𝑎𝑖 at zero cost and 

enjoy 
𝑏

𝑟+𝜙
. 

Proof: 

As an active worker of ability 𝑎 solves the program  

 
max
𝑥≥𝑎𝑖

[V𝑈(x, θ ) − C(x; a)],  

the Envelope theorem implies this payoff is strictly increasing in 𝑎 As worker 

𝑎 = 𝑎𝑐  is indifferent to participating , then all those with 𝑎𝑖 > 𝑎𝑐  strictly 

prefer to participate (and invest to 𝑥∗(𝑎𝑖, 𝜃) while all those with 𝑎𝑖 <  𝑎𝑐(𝜃) 

strictly prefer not to participate (and so choose 𝑥 = 𝑎𝑖). Having described the 

optimal investment decision of workers, the next step is to compute the value 

of being unemployed in a market equilibrium with tightness 𝜃. 
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2.4. Steady state turnover 

In order to solve the free entry condition for equilibrium market tightness, we 

first describe steady state turnover . Suppose type 𝑖 have ability 𝑎𝑖 > 𝑎𝑐(𝜃) 

and so are active labour market participants. Recall that 𝐸𝑖 was defined as the 

number of type 𝑖  workers who are employed  and 𝑈𝑖  the number who are 

(active) unemployed. Steady state implies  

(2.7) (𝑚(𝜃) + 𝜙)𝑈𝑖 = 𝛿𝐸𝑖 + 𝜙𝜂𝑖 

where the LHS describes the flow of 𝑖 type workers out of unemployment, 

while the inflow is composed of employed workers who lose their jobs and 

those new market entrants who are type 𝑖 As 𝐸𝑖 + 𝑈𝑖 = 𝜂𝑖 this  implies the 

number of active type 𝑖 unemployed worker is  

Similarly for the pool of employed workers : Note then that if both  

𝑎𝑙 , 𝑎ℎ > 𝑎𝑐(𝜃), then the fraction of  (active) unemployed workers who are 

type 𝑖 is:  

 
𝑈𝑖

𝑈𝑙 + 𝑈ℎ
= 𝜂𝑖 

As 𝜋  denotes the fraction of active unemployed workers who are low  

ability , then 𝜋 = 𝜂𝑙 in this case . Conversely 𝑎ℎ > 𝑎𝑐(𝜃) > 𝑎𝑙 implies low 

ability types are not active in the labour market . As 𝑈𝑙 = 0 , this implies  
𝜋 = 0: all active unemployed workers are high ability . This sorting effect 

plays an important part in what follows. 

2.5. Wage determination 

The paper now determines the equilibrium wage function 𝑤𝑁(𝑥, 𝜃). Again  

consider type 𝑖  with ability 𝑎𝑖 > 𝑎𝑐(𝜃)  and so are active labor market 

participants. Suppose such a worker invests to productivity 𝑥 and so enjoys 

value 𝑉𝑈(𝑥, 𝜃). Let 𝐽𝐹(𝑥, 𝜃) denote the firm's value of employing a worker 

with productivity 𝑥  and 𝐽𝑉(𝜃)  denote the value of a vacancy . Given 

𝛽 ∈  (0,1) describes the worker's bargaining power, Nash bargaining implies 

the negotiated wage satisfies  

 𝛽[𝐽𝐹(𝑥, 𝜃) − 𝐽𝑉(𝜃)] = (1 − 𝛽)[𝑉𝐸(𝑥, 𝜃) − 𝑉𝑈(𝑥, 𝜃)]. 
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Of course a free entry equilibrium implies 𝐽𝑉(𝜃) = 0 while 

(2.9) 𝐽𝐹(𝑥, 𝜃) =
𝑥 − 𝑤𝑁(𝑥, 𝜃)

𝑟 + 𝛿 + 𝜙
 

as the job is closed only in the event that the worker dies or the job is  

destroyed . By also substituting out 𝑉𝐸(𝑥, 𝜃) − 𝑉𝑈(𝑥, 𝜃)  using the 

above, equilibrium Nash wage agreement is:  

(2.10) 𝑤𝑁(𝑥, 𝜃) =
𝛽(𝑟 + 𝜙 + 𝑚(𝜃) + 𝛿)𝑥 + (1 − 𝛽)(𝑟 + 𝜙 + 𝛿)𝑏

(𝛽𝑚(𝜃) + 𝑟 + 𝜙 + 𝛿)
 

The wage is thus a weighted of the worker's productivity 𝑥 and the worker's 

flow value of unemployment 𝑏 , where the weight depend on 𝜃  and the 

worker's bargaining power 𝛽. A rise in the productivity of the worker makes 

the size of the surplus to be shared between a firm and a  worker with 

productivity 𝑥, bigger which causes the rise in the Nash bargaining wage. 

2.6. The value of a vacancy 

Market tightness determines which types of workers are active in the labor  

market as 𝑎𝑐 = 𝑎𝑐(𝜃) . Recall that 𝜋  denotes the fraction of  active 

unemployed workers who are type 𝑖 = 𝑙 and that for types 𝑎𝑖 > 𝑎𝑐(𝜃), their 

optimal productivity choice is 𝑥∗(𝑎𝑖 , 𝜃). In a free entry equilibrium with 

random search, the expected value of a vacancy is: 

(2.11) 
𝑟𝐽𝑉(𝜃) = −𝑘 +

𝑚(𝜃)

𝜃
[𝜋𝐽𝐹(𝑥∗(𝑎𝑙, 𝜃), 𝜃) + (1

− 𝜋)(𝐽𝐹(𝑥∗(𝑎ℎ, 𝜃), 𝜃)] 

where 𝑘 is the flow cost of the vacancy. As 𝐽𝑉 = 0 I obtain the free entry 

condition:  

(2.12) 𝑘 =
𝑚(𝜃)

𝜃
[𝜋𝐽𝐹(𝑥∗(𝑎𝑙, 𝜃), 𝜃) + (1 − 𝜋)(𝐽𝐹(𝑥∗(𝑎ℎ, 𝜃), 𝜃)]  

Equation (12) denote the free entry equilibrium condition which is  one key 

equation of the equilibrium model. 
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2.7. The reduced form free entry condition 

The following two claims help us to identify a solution to the free entry 

condition (2.12). 

Proposition 1: 𝑎𝑐(𝜃) is continuous and strictly decreasing in 𝜃 

Proof. The above has established that for any active worker: 

 𝑉𝑈(𝑥, 𝜃) =
(𝑟 + 𝜙 + 𝛿)𝑏 + 𝑚(𝜃)𝑤𝑁(𝑥, 𝜃)

(𝑟 + 𝜙)(𝑟 + 𝜙 + 𝑚(𝜃) + 𝛿)
 

with 

 𝑤𝑁(𝑥, 𝜃) =
𝛽(𝑟 + 𝜙 + 𝑚(𝜃) + 𝛿)𝑥 + (1 − 𝛽)(𝑟 + 𝜙 + 𝛿)𝑏

𝛽𝑚(𝜃) + 𝑟 + 𝜙 + 𝛿
 

Clearly 𝑉𝑈 is linearly increasing in 𝑥 . Some algebra also establishes that 

𝑉𝑈 is increasing and continuously differentiable with 𝜃 Now 𝑎𝑐 is defined by  

(2.13) 𝑉𝑈(𝑥∗, 𝜃) − 𝐶(𝑥∗, 𝑎𝑐) =
𝑏

𝑟 + 𝜙
  (𝐴𝑐𝑡𝑖𝑣𝑒 𝐶𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑡) 

with 𝑥∗ = 𝑥∗(𝑎𝑐 , 𝜃) given by  

(2.14) 
𝜕𝑉𝑈(𝑥∗, 𝜃)

𝜕𝑥
=  

𝜕𝐶(𝑥∗; 𝑎𝑐)

𝜕𝑥
. 

     Totally differentiating equation (13) w.r.t 𝜃 and using (14) implies: 

 
𝑑𝑎𝑐

𝑑𝜃
=

𝜕𝑉𝑈
𝜕𝜃
𝜕𝐶

𝜕𝑎𝑐

< 0 

as required. 
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Claim 2: The Nash wage 𝑤𝑁(𝑥, 𝜃) is continuous and strictly increasing in 𝜃 

Proof: Trivial by differentiating the above solution for 𝑤𝑁(. ) w.r.t 𝜃 We now 

identify a solution to the free entry condition. Substituting out 𝑤𝑁(. ) in the 

equation for 𝑉𝑈(. ) yields  

(2.15) 𝑉𝑈(𝑥, 𝜃) =
𝑏(𝑟 + 𝜙 + 𝛿) + 𝑚(𝜃)𝛽𝑥

(𝑟 + 𝜙 + 𝛿 + 𝛽𝑚(𝜃))(𝑟 + 𝜙)
 

As 𝑉𝑈 is linear in 𝑥 while 𝐶(. ) is convex , then for 𝑎𝑖 ≥  𝑎𝑐, the first order 

condition for 𝑥∗(𝑎𝑖, 𝜃):  

(2.16) 
𝑚(𝜃)𝛽

(𝑟 + 𝜙 + 𝛿 + 𝛽𝑚(𝜃))(𝑟 + 𝜙)
=

𝜕𝐶(𝑥∗; 𝑎𝑖)

𝜕𝑥
 

describes a global maximum. Note further for 𝑎𝑖 > 𝑎𝑐 this equation implies 

𝑥∗(𝑎𝑖, 𝜃) is a continuous and strictly increasing  function of 𝑎𝑖 and 𝜃 . Also 

inserting the expression for 𝑤 = 𝑤𝑁(𝑥, 𝜃) into equation (4.8) gives:  

(2.17) 𝐽𝐹(𝑥, 𝜃) =
(𝑟 + 𝜙 + 𝛿)(𝑥 − 𝑏)

(𝑟 + 𝜙 + 𝛿 + 𝛽𝑚(𝜃))
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Thus the free entry equation which specifies market tightness is defined by  

inserting the wage equation into the 𝐽𝐹  and then substitute it out and  

rearranging the terms . Thus identifying a market equilibrium reduces to  

finding a 𝜃 which solves the equation,  

(2.18) 

𝑘 =
𝑚(𝜃)

𝜃

1 − 𝛽

𝑟 + 𝜙 + 𝛿 + 𝛽𝑚(𝜃)
[𝜋(𝜃)𝑥∗(𝑎𝑙, 𝜃)

+ (1 − 𝜋(𝜃))𝑥∗(𝑎ℎ , 𝜃)

− 𝑏]  (𝑇ℎ𝑒 𝑓𝑟𝑒𝑒 𝑒𝑛𝑡𝑟𝑦 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛) 

where  

 π(θ) =
0     𝑖𝑓 𝑎𝑙 < 𝑎𝑐(𝜃) < 𝑎ℎ  

𝜂𝑙        𝑖𝑓         𝑎𝑐(𝜃) < 𝑎𝑙 .
 

Note that if 𝑎𝑐(𝜃) > 𝑎ℎ then there are no active labour market  participants 

and there is no trade. 

Claim 3: 𝑥∗(𝑎, 𝜃) is a continuous and increasing function of 𝜃 and is strictly 

increasing in 𝑎  

Proof. For types 𝑎 > 𝑎𝑐  who are active , their optimal investment choice 

𝑥∗(. ) is given by the first order condition: 

 
𝜕𝑉𝑈(𝑥∗, 𝜃)

𝜕𝑥
=

𝜕𝐶(𝑥∗; 𝑎)

𝜕𝑥
. 

Equation(2.16) implies  

(2.19) 
𝜕𝑉𝑈(𝑥, 𝜃)

𝜕𝑥
=

𝛽𝑚(𝜃)

(𝑟 + 𝜙 + 𝛿 + 𝛽𝑚(𝜃))(𝑟 + 𝜙)
 

and so 
𝜕𝑉𝑈

𝜕𝑥
 is a continuous , increasing function of 𝜃 . As 𝐶(. )  is twice 

differentiable and strictly convex in 𝑥, the implicit function theorem implies 

𝑥∗  is a continuous increasing  function of 𝜃  Also as 𝐶𝑥𝑎 < 0  by 

assumption, then 𝑥∗ must strictly increase in ability.  

Claim 3 establishes that investment by active workers increases as market 

tightness increases , and does so continuously . Furthermore , comparing 

workers who are active , higher ability types invest to a strictly 

higherproductivity level. 
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3. Decentralized Equilibrium 

Definition: A market equilibrium is defined as follows: 

ME1: worker participate in the labor market if and only if 𝑎𝑖 ≥ 𝑎𝑐 where:  

(3.1) 𝑉𝑈(𝑥∗(𝑎𝑐 , 𝜃), 𝜃) − 𝐶(𝑥∗(𝑎𝑐 , 𝜃), 𝑎𝑐) =
𝑏

𝑟 + 𝜙
 

ME2: active participants choose optimal productivity choice 𝑥∗ where: 

(3.2) 
𝑚(𝜃)𝛽

(𝑟 + 𝜙 + 𝛿 + 𝛽𝑚(𝜃))(𝑟 + 𝜙)
=

𝜕𝐶

𝜕𝑥
(𝑥∗(𝑎𝑖, 𝜃), 𝑎𝑖) 

ME3: free entry condition:  

(3.3) 
𝑘 =

𝑚(𝜃)

𝜃

1 − 𝛽

𝑟 + 𝜙 + 𝛿 + 𝛽𝑚(𝜃)
[𝜋(𝜃)𝑥∗(𝑎𝑙 , 𝜃)

+ (1 − 𝜋(𝜃))𝑥∗(𝑎ℎ , 𝜃) − 𝑏] 

ME4: the proportion of active workers who are type 𝑖 consistent with steady 

state turnover; when low-type are active then 𝜋(𝜃) = 𝜂𝑙 and when low-type 

is inactive 𝜋(𝜃) = 0  

3.1. Existence and characterization 

There are three types of possible equilibria. I define  

(3.4) 
Ω(𝜃) =

𝑚(𝜃)

𝜃

1 − 𝛽

𝑟 + 𝜙 + 𝛿 + 𝛽𝑚(𝜃)
[𝜋(𝜃)𝑥∗(𝑎𝑙 , 𝜃)

+ (1 − 𝜋(𝜃))𝑥∗(𝑎ℎ , 𝜃) − 𝑏] 

which describes the expected return to creating a vacancy . Identifying an 

equilibrium requires finding a 𝜃 which solves 𝛺(𝜃) = 𝑘. Note that 𝑚(𝜃) is a 

continuous function of 𝜃 by assumption . The next step is to show that for 

 𝑎𝑖 > 𝑎𝑐, that 𝑥∗(𝑎𝑖, 𝜃) is a continuous and increasing function of 𝜃  

Claim 4: 𝑥∗(𝑎𝑖 , 𝜃) is a continuous and increasing function of 𝜃 and is strictly 

increasing in 𝑎𝑖. 

Claim 4 establishes that investment by active workers increases as market 

tightness increases , and does so continuously . Furthermore , comparing 
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workers who are active , higher ability types invest to a strictly higher  

productivity level. 

Lemma 1: As 𝜃 → 0, 𝑥∗(𝑎𝑖, 𝜃) → 𝑎𝑖, for all 𝑎𝑖 > 𝑎𝑐, 𝑎𝑐(𝜃) → 𝑏. 

Proof. As 𝜃 → 0 , equation (2.19) implies 
𝜕𝑉𝑈(𝑥,𝜃)

𝜕𝑥
= 0 . Hence as 

𝜃 → 0 , 𝑥∗(𝑎𝑖, 𝜃) → 𝑎𝑖 , thus by (2.10) , 𝑉𝑈(𝑥∗, 𝜃) →
𝑏

𝑟+𝜙
 and (10) implies 

𝑎𝑐(𝜃) → 𝑏. 

Proposition 2: ∃  𝑓   𝑠. 𝑡 𝜃𝑖 = 𝑓(𝑎𝑖) and is strictly decreasing with 𝜃𝑖  with 

𝜃𝑖 = 0 at 𝑎𝑖 = 𝑏. 

Proof. Since 𝑎𝑐(𝜃𝑖) is a function of single variable and from Proposition 1 it 

is strictly decreasing in 𝜃, the Inverse Function Theorem implies there exists 

𝑓(𝑎𝑖) =  [𝑎𝑐]−1(𝑎𝑖) and  

 [𝑓′(𝑎𝑖) =
1

(𝑎𝑐(𝜃))′
=

𝑑𝜃

𝑑𝑎
< 0]  

from Lemma 1 the proof is completed. 

      It is now straightforward, using Lemma 1 and proposition 2, to identify 

Market Equilibrium. Lets define 𝜃𝑙 and 𝜃ℎ where  

 
𝑎𝑙 = 𝑎𝑐(𝜃𝑙)

𝑎ℎ = 𝑎𝑐(𝜃ℎ).
 

Note that at market tightness 𝜃 = 𝜃𝑖, workers with ability 𝑎𝑖 are indifferent 

between being active in the labor market and not participating. As Proposition 

1 establishes that 𝑎𝑐(θ)  is a strictly decreasing function of 𝜃 , then these 

definitions imply 𝜃ℎ <  𝜃𝑙 . This then implies three possible scenarios as 

depicted in Figure 2: 

(i) If 𝜃 < 𝜃ℎ then no workers are active in the labour market. With no loss of 

generality we suppose 𝛺(. ) = 0 in this region; i.e .; the expected return to 

creating a vacancy is zero. 

(ii) If 𝜃 ∈ (𝜃ℎ, 𝜃𝑙) then types 𝑖 = ℎ are active as 𝑎𝑙 < 𝑎𝑐(𝜃) < 𝑎ℎ . As this 

implies 𝜋(𝜃) = 0, the expected return to a vacancy is: 

 𝛺(𝜃) =
𝑚(𝜃)

𝜃

1 − 𝛽

𝑟 + 𝜙 + 𝛿 + 𝛽𝑚(𝜃)
[𝑥∗(𝑎ℎ , 𝜃) − 𝑏]. 



Productivity Investment and Labor  … 39 

 

 

Note that implies 𝛺(. )  is continuous in this range . Its slope is  

ambiguous, however, as 𝑥∗(𝑎ℎ, . ) is an increasing function. 

(iii) if 𝜃 > 𝜃𝑙 , then all types are active as 𝑎𝑐(𝜃) < 𝑎𝑙 . As this implies 
𝜋(𝜃) =  𝜂𝑙, the expected return to a vacancy is: 

 
𝛺(𝜃) =

𝑚(𝜃)

𝜃

1 − 𝛽

𝑟 + 𝜙 + 𝛿 + 𝛽𝑚(𝜃)
[𝜂𝑙𝑥∗(𝑎𝑙 , 𝜃)

+ 𝜂ℎ𝑥∗(𝑎ℎ , 𝜃) − 𝑏]. 

Of course 𝛺(𝜃)is not continuous in 𝜃 at 𝜃𝑙 ,𝜃ℎ. Clearly 𝛺(. ) increases by a 

discrete amount at 𝜃ℎ as 𝛺 = 0 for 𝜃 < 𝜃ℎ. At 𝜃𝑙 , however, it is easy to see 

that 𝛺(. ) decreases by a discrete amount. The discontinuity is caused by low 

types switching to being active and, by Claim 4, their productivity 𝑥∗(𝑎𝑙 , . ) <
𝑥∗(𝑎ℎ , . ). To be more precise lets have a look at the each regions in details. A 

critical step is to note that the nature of equilibrium depends on the continuity 

of the right hand side of (22), i.e. 𝛺(𝜃, 𝑎𝑖). Clearly as 𝜋(𝜃) is not continuous 

at 𝑎𝑐 = 𝑎𝑖 for 𝑖 = 𝑙, ℎ then 𝛺(. ) is not continuous at that points.  

Claim 5: ∃  𝜃𝑙  𝑠. 𝑡.  𝑙 𝑡𝑦𝑝𝑒𝑠 𝑑𝑟𝑜𝑝 𝑜𝑢𝑡 𝑖𝑓 𝜃 <  𝜃𝑙. 

Claim 6: ∃  𝜃ℎ  𝑠. 𝑡.  ℎ 𝑡𝑦𝑝𝑒𝑠 𝑑𝑟𝑜𝑝 𝑜𝑢𝑡 𝑖𝑓 𝜃 <  𝜃ℎ. 

Claim 7: Given the above claims there exist three types of equilibrium: 

Region 1: The first is an equilibrium in which it is not beneficial for low/high 

ability worker to invest in their productivity since 𝜃 ≤ 𝜃ℎ  i.e . 𝑎𝑙 , 𝑎ℎ < 𝑎𝑐 

which implies 𝜃 = 0 is equilibrium and clearly everyone are inactive in this 

case. This is “autarchic equilibria” where workers do not participate to the 

labor market and as a result, firms do not post vacancies. The main concern 

of this paper is to focus on “non-autarchic” equilibria. 

Region 2: The second is the region that 𝜃ℎ ≤ 𝜃 <  𝜃𝑙, which shows that only 

high-ability type are active as 𝑎𝑙 < 𝑎𝑐 < 𝑎ℎ and accordingly, 𝜋(𝜃) = 0; the 

proportion of active low ability workers is zero. Lets show the equilibrium 

equations for this case are as follows: 

(3.5) 
𝑚(𝜃)𝛽

(𝑟 + 𝜙 + 𝛿 + 𝛽𝑚(𝜃))(𝑟 + 𝜙)
=

𝜕𝐶(𝑥∗(𝑎ℎ , 𝜃); 𝑎ℎ)

𝜕𝑥
 

(3.6) 𝑉𝑈(𝑥∗(𝑎𝑙 , 𝜃), 𝜃) − 𝐶(𝑥∗(𝑎𝑙 , 𝜃); 𝑎𝑙) <
𝑏

𝑟 + 𝜙
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(3.7) 𝑉𝑈(𝑥∗(𝑎ℎ , 𝜃), 𝜃) − 𝐶(𝑥∗(𝑎ℎ , 𝜃); 𝑎ℎ) >
𝑏

𝑟 + 𝜙
 

(3.8) 𝑘 =
𝑚(𝜃)

𝜃

1 − 𝛽

𝑟 + 𝜙 + 𝛿 + 𝛽𝑚(𝜃)
(𝑥∗(𝑎ℎ , 𝜃) − 𝑏) 

 

from the participation constraint for the above region it is clear that it is not 

beneficial for low ability type to invest to her/his productivity. One can show 

that the LHS of (26) is increasing in market tightness . The low ability type 

takes life as leisure and accordingly they will not participate in the 

labor market. 

Region 3: The third is where 𝜃𝑙 ≤ 𝜃 which implies 𝑎𝑙 , 𝑎ℎ > 𝑎𝑐 . This region 

illustrates a labor market that both types are active and participate in the labor 

market as critical ability is lower even from the ability of low ability worker. I 

term such a steady state equilibrium a “Joint Type Equilibrium”. This requires:  

(3.9) 
𝑚(𝜃)𝛽

(𝑟 + 𝜙 + 𝛿 + 𝛽𝑚(𝜃))(𝑟 + 𝜙)
=

𝜕𝐶(𝑥∗(𝑎𝑙 , 𝜃); 𝑎𝑙)

𝜕𝑥
 

(3.10) 𝑉𝑈(𝑥∗(𝑎𝑙 , 𝜃) − 𝐶(𝑥∗(𝑎𝑙 , 𝜃); 𝑎𝑙) >
𝑏

𝑟 + 𝜙
 

(3.11) 
𝑘 =

𝑚(𝜃)

𝜃

1 − 𝛽

𝑟 + 𝜙 + 𝛿 + 𝛽𝑚(𝜃)
[𝜂𝑙𝑥∗(𝑎𝑙 , 𝜃) + (1

− 𝜂ℎ)𝑥∗(𝑎ℎ , 𝜃) − 𝑏] 

𝛺(. ) and 𝑘 are illustrated on the vertical axis and market tightness is shown 

on the horizontal axis in Figure 2. The place that the critical ability meets the 

ability of high type corresponds to the market  tightness in the region 2 and 

accordingly , 𝛺(. ) = 𝛺(𝜃, 𝑎ℎ) . The place that the critical ability meets 

the ability of low type corresponds to market tightness in the region 3 with 

𝛺(. ) = 𝛺(𝜃, 𝑎𝑙ℎ). Of course if the critical ability is really high even higher 

than the ability of high type then no one participate and region 1 represent that 

on the Figure 2. 
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Of course, as set above, at the point where 𝜃 = 𝜃𝑙 subject to 𝑎𝑐 = 𝑎𝑙 , the 

gap between the two graphs illustrates those workers that are indifferent being 

active or inactive. 

In order that this type of Equilibrium occurs , it must be worthwhile for 

just high-ability active unemployed to participate in the labor market; 

𝑉𝑈(𝑥∗(𝑎𝑙 , 𝜃), 𝜃) −  𝐶(𝑥∗(𝑎𝑙 , 𝜃); 𝑎𝑙) <
𝑏

𝑟+𝜙 
 must hold. Similarly, Joint Type 

equilibrium requires 𝑉𝑈(𝑥∗(𝑎𝑙 , 𝜃) − 𝐶(𝑥∗(𝑎𝑙 , 𝜃); 𝑎𝑙) >
𝑏

𝑟+𝜙
. Mixed Strategy 

arises because at 𝜃 = 𝜃𝑙  there exist some workers with 𝑎𝑐 = 𝑎𝑙  who are 

indifferent being active or inactive.  

3.2. Multiple equilibria 

Multiple equilibria, can arise if the 𝛺 function is increasing at 𝜃. Lets look at 

the active constraint equation at 𝜃 = 𝜃ℎ 

 
𝑏

𝑟 + 𝜙
<

(𝑟 + 𝜙 + 𝛿)𝑏 + 𝑚(𝜃)𝑤(𝑥)

(𝑟 + 𝜙)(𝑟 + 𝜙 + 𝑚(𝜃) + 𝛿)
− 𝐶 

 

Substituting 𝑤(𝑥) and rearranging, we have 
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 𝐶 <
𝑚(𝜃)𝛽(𝑥∗(𝑎, 𝜃) − 𝑏)

(𝑟 + 𝜙)(𝛽𝑚(𝜃) + 𝑟 + 𝛿 + 𝜙)
 

where 𝐶 =
𝑚(𝜃ℎ)𝛽(𝑥∗−𝑏)

(𝑟+𝜙)(𝛽𝑚(𝜃ℎ)+𝑟+𝛿+𝜙)
, inserting 𝐶 into the above equation and also 

finding 𝑥∗ from the optimal productivity constraint and substituting it in the 

above equation we have, 

(3.12) 
𝑚(𝜃ℎ) − 𝜃ℎ𝑚′(𝜃ℎ)

𝜃ℎ𝑚′(𝜃ℎ)

𝐶𝑥𝑥𝐶

(𝐶𝑥)2

𝛽𝑚(𝜃ℎ) + 𝑟 + 𝛿 + 𝜙

𝑟 + 𝛿 + 𝜙
≤ 1 

(3.13) 𝜉𝑚(𝜃),𝜃 𝜉𝑀𝐶,𝐶  
𝛽𝑚(𝜃ℎ) + 𝑟 + 𝛿 + 𝜙

𝐶𝑥(𝑟 + 𝛿 + 𝜙)
≤ 1 

where 𝜉𝑚(𝜃),𝜃  is the elasticity of matching with respect to the stock 

of vacancies and 𝜉𝑀𝐶,𝐶  is the elasticity of marginal cost function with 

respect to the cost function . Clearly to construct an example lets assume 

𝐶(𝑥𝑖; 𝑎𝑖) =  𝑥𝑖
𝛾

𝑎𝑖
−1, then 

(3.14) 
1 − 𝛼

𝛼

𝛾 − 1

𝛾

𝛽𝑚(𝜃ℎ) + 𝑟 + 𝛿 + 𝜙

𝑟 + 𝛿 + 𝜙
 ≤ 1 

multiple equilibria i.e. having 
𝜕𝛺(𝜃)

𝜕𝜃
> 0 , requires the following : If the 

elasticity of arrival rate of vacancy to the worker i.e. 𝛼 is close to one; the 

marginal cost of investing in productivity is more elastic with respect to  

productivity investment i.e. 𝛾 and also worker's bargaining power goes to 

zero , i.e. 𝛽 = 0 so that workers appropriate nothing , nearly zero , of the  

surplus. It is important to understand, however, that multiple equilibrium do 

not occur for all possible parameter configurations. 

3.3. Is heterogeneity the cause of multiplicity?  

By comparing the equilibrium part in two types case and the first part of the 

paper , the immediate question is raised as to whether heterogeneity is the 

cause of multiplicity? To answer this question , suppose workers are 
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homogenous, in order that multiple equilibria occurs, it must be check that 

𝛺(. ) is increasing at 𝜃. That is:  

 
𝜃𝑚′(𝜃) − 𝑚(𝜃)

𝜃2

(𝑥∗(𝑎ℎ , 𝜃) − 𝑏)(1 − 𝛽)

𝛽𝑚(𝜃) + 𝑟 + 𝛿 + 𝜙
+

𝑚(𝜃)

𝜃
 

 
𝛽(𝑟 + 𝛿 + 𝜙)

𝑟 + 𝜙

𝑚′(𝜃)

(𝛽𝑚(𝜃) + 𝑟 + 𝛿 + 𝜙)3

1 − 𝛽

𝐶𝑥𝑥
> 0 

where 𝐶𝑥𝑥  is the second derivative of productivity cost function w.r.t 

productivity. As the expression for optimal productivity choice is:  

(3.15) 
𝜕𝐶(𝑥∗)

𝜕𝑥
=

𝛽𝑚(𝜃)

(𝑟 + 𝜙)(𝛽𝑚(𝜃) + 𝑟 + 𝛿 + 𝜙)
 

Inserting the above expression for 𝐶𝑥(𝑥∗(𝜃; 𝑎)), gives 

(3.16) 
𝑚(𝜃) − 𝜃𝑚′(𝜃)

𝜃

𝑥∗ − 𝑏

𝑚′(𝜃)(𝑟 + 𝛿 + 𝜙)

(𝛽𝑚(𝜃) + 𝑟 + 𝛿 + 𝜙)𝐶𝑥𝑥

𝐶𝑥

≤ 1 

By looking at above equation one can claim that if optimal productivity choice 

is close to unemployment benefit 𝑏  then 
𝜕𝛺

𝜕𝜃
> 0 . Note that 𝑥∗  close to 𝑏 

contradict the active search constraint , so heterogeneity is not the cause of 

multiplicity. 

4. Social Planner's Problem 

Following Hosios (1990), I solve the social planner problem which determines 

the efficient allocation on the above economy. I assume the planner's discount 

rate equals to zero . By allowing this assumption I simplify the analysis to 

compare steady-state solutions rather than having to determine the discounted 

value of the change in some variable along the convergent path from one 

solution to another . The Planner chooses {𝐸𝑖, 𝑈𝑖
𝐴, 𝑉, 𝑥𝑖} to maximise steady 

state aggregate net of output minus productivity investment and search cost in 



44 Money and Economy, Vol. 10, No. 1, Winter 2015 

 

the economy, where 𝐸𝑖 is the number of type 𝑖 employed worker, 𝑈𝑖
𝐴 is the 

number of type 𝑖  active unemployed workers , 𝑉  is the number of total 

vacancies in the economy and 𝑥𝑖  refers to the flow output produced by 

low/high ability worker.For simplicity the planner problem is:  

(4.1) 

max
𝐸𝑖,𝑥𝑖,𝑈𝑖

𝐴,𝑉
ℙ =  ∑ (𝐸𝑖𝑥𝑖 + [𝜂𝑖 − 𝐸𝑖]𝑏)

i=l,h

− ∑ (𝜙[𝑈𝑖
𝐴 + 𝐸𝑖])𝐶(𝑥𝑖; 𝑎𝑖)

i=l,h 
− 𝑘𝑉. 

      Welfare is the sum of output produce by active low/high ability job seekers 

net of unemployment benefit to the inactive unemployed workers, minus the 

sum of investment productivity costs for both types and the total cost of 

posting vacancies in the economy. The planner should maximizes 𝑃 subject 

to the steady sate turnover:  

(4.2) 𝑈𝑖
𝐴(𝜙 +  𝑚(𝜃)) = 𝛿𝐸𝑖 + 𝜙(𝑈𝑖

𝐴 + 𝐸𝑖)   𝑓𝑜𝑟   𝑖 = 𝑙, ℎ 

where 𝜃 =
𝑉

𝑈𝑙
𝐴+𝑈ℎ

𝐴. Since 𝑚(𝜃) is the arrival rate of vacancies and 𝜙 is arrival 

rate of new entrants , the flow of low/high ability job seekers out of 

unemployment is (𝑚(𝜃) + 𝜙)𝑈𝑖
𝐴 . The corresponding flow into active 

unemployment is 𝛿𝐸𝑖 + 𝜙(𝑈𝑖
𝐴 + 𝐸𝑖)  where 𝐸𝑖  is the number of  low/high 

ability employed worker in the labor market. Lets define a control 𝜆𝑖 =
𝐸𝑖+𝑈𝑖

𝐴

𝜂𝑖
 

where 0 ≤ 𝜆𝑖 ≤  1. 𝜆𝑖 defines the proportion of type 𝑖 who are active. Clearly 

if both types choose 𝜆𝑖 = 1, then the number of unemployed workers is same 

as number of active workers in this economy. Consequently the proportion of 

active workers who are low/high ability type is equal to the number of workers 

of low/high type . Also if 𝜆𝑖 = 0  then no one participate in the labor 

market ,i.e. 𝐸𝑖 = −𝑈𝑖
𝐴 = 0. Using the expression for 𝜋𝑖 where 

 𝜋𝑖 =

𝜂𝑖 [
𝐸𝑖 + 𝑈𝑖

𝐴

𝐸𝑖 + 𝑈𝑖
]

𝜂𝑙 [
𝑈𝑙

𝐴 + 𝐸𝑙

𝐸𝑙 + 𝑈𝑙
] + 𝜂ℎ [

𝑈ℎ
𝐴 + 𝐸ℎ

𝑈ℎ + 𝐸ℎ
]
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which denotes the proportion active agents who are low ability in the 

economy , if 𝜆𝑖 = 0  then π𝑖 = 0  and for the case that 𝜆𝑖 = 1  then 

 𝜋𝑖 = 𝜂𝑖 . Given 𝜆𝑖  and the steady  state turnover constraint (37) then the 

planner's problem equation (36) reduces to:1 

(4.3) 

max
𝑥𝑖,𝜆𝑖,𝜃

ℙ = ∑
𝜆𝑖𝜂𝑖𝑚(𝜃)

𝜙 + 𝛿 + 𝑚(𝜃)
𝑥𝑖

i=l,h

+ ∑ [𝜂𝑖 −
𝜆𝑖𝜂𝑖𝑚(𝜃)

𝜙 + 𝛿 + 𝑚(𝜃)
] 𝑏

i=l,h
− 

 𝑘
𝜃(𝜙 + 𝛿)

𝑚(𝜃) + 𝜙 + 𝛿
∑ (𝜆𝑖𝜂𝑖)

i=l,h
− ∑ 𝜙[𝜂𝑖𝜆𝑖𝐶(𝑥𝑖; 𝑎𝑖)]

i=l,h
. 

This is the standard optimization problem solved by the Lagrangian 

method. The necessary conditions for optimality are described in Appendix 2.  

In the standard matching model, the decentralized allocation is inefficient 

unless the so-called Hosios Condition holds. 2  To highlight the novel 

inefficiency , a series of possible optimal productivity investment , labor 

market participation and vacancy creation decision externalities are explained 

in the next section . Later I assume the planner has three tools to alter the 

market outcome. 

4.1. Efficiency 

4.1.1. Socially efficient labor market tightness 

Using the first order conditions presented in the previous part , I solve the 

efficient labor market tightness 𝜃. 

Proposition 3: The socially efficient labor market tightness is given by:  

(4.4) 

𝑘 =
𝑚′(𝜃)

(𝑚(𝜃) + 𝜙 + 𝛿 − 𝑚′(𝜃)𝜃)
[

𝜆𝑙𝜂𝑙

𝜆𝑙𝜂𝑙 + 𝜆ℎ𝜂ℎ
𝑥𝑙

+
𝜆ℎ𝜂ℎ

𝜆𝑙𝜂𝑙 + 𝜆ℎ𝜂ℎ
𝑥ℎ − 𝑏] 

 
1. The detailed solution of Planner problem is in the Appendix. 
2. This Condition states that without a capital choice, the equilibrium is optimal if and only if 

the worker's bargaining share is equal to the elasticity of the matching function with respect 

to the number of vacancies. 
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The Hosios rule sets the worker share of the net surplus equal to the elasticity 

of the matching function with respect to unemployment. It can be written 

(4.5) 1 − 𝛽 =
𝑚′(𝜃)𝜃

𝑚(𝜃)
. 

Previously the paper showed that the labor market tightness in the 

decentralized case without policy is given by: 

(4.6) 

𝑘 =
𝑚(𝜃)(1 − 𝛽)

𝜃(𝑟 + 𝜙 + 𝛿 + 𝛽𝑚(𝜃))
[𝜋(𝜃)𝑥∗(𝑎𝑙 , 𝜃)

+ (1 − 𝜋(𝜃))𝑥∗(𝑎ℎ , 𝜃) − 𝑏] 

If the Hosios condition holds then, given that participation is efficient then the 

decentralized free entry condition will be equal to the planner solution  (see 

Appendix 2). 

Consider those individuals that are indifferent to participate in labor 

market , from the participation constraint lets substitute 𝑥𝑖 − 𝑏 into above 

market and planner free entry conditions then: 

𝑘 =
𝑚′(𝜃)𝜙

𝑚(𝜃)−𝑚′(𝜃)𝜃 
[𝜋𝐶(𝑥𝑙; 𝑎𝑙) + (1 − ) 𝐶(𝑥ℎ; 𝑎ℎ)]   𝑃𝑙𝑎𝑛𝑛𝑒𝑟 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛,  

𝑘 =
(1−𝛽)𝜙

𝛽𝜃
[𝜋𝐶(𝑥𝑙; 𝑎𝑙) + (1 − 𝜋)𝐶(𝑥ℎ; 𝑎ℎ)]𝑀𝑎𝑟𝑘𝑒𝑡 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛.  

Equating the corresponding social planner and market productivity's 

investment decision gives 
𝑚′(𝜃)𝜃

𝑚(𝜃)
= 1 − 𝛽 . Observe that if the worker is 

indifferent to participate in the labor market then Hosios  Condition will be 

satisfied . This result extends Hosios'(1990) results , which showed that 

without a capital choice , the equilibrium is optimal if and only if the 

worker's bargaining share is equal to the elasticity of the matching 

function, however, with endogenous capital investment, this bargaining share 

leads to hold up problems, as shown previously. At the root of excessive of 

posting vacancies result is the fact that firms create a negative externality 

when they enter , since they make it harder for the other firms to find 

workers . Simultaneously , they create positive externality on workers 

irrespective of their abilities because they increase the probability that workers 

find employment . Basically increase entry of low ability workers’ 
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participation imposes a diseconomy on existing participants and external 

economy on firms. Hence, firms create more vacancies , leading to further 

vacancy creation and so on . The balance of these forces is ambiguous in 

general but depends on the relative share of surplus going to workers and firms 

and the optimal productivity investment of the workers according to their 

ability and cost of investment. 

4.1.2. Socially efficient productivity investment 

Using the first order conditions of the planner problem, I can solve the socially 

efficient productivity levels 𝑥𝑖. 

Proposition 4: The socially efficient productivity investment 𝑥𝑖 is given by: 

(4.7) 
𝜕𝐶

𝜕𝑥𝑖
=

𝑚(𝜃)

𝜙(𝜙 + 𝛿 + 𝑚(𝜃))
 

Proof. Solving the necessary condition for optimality complete the proof.  

I have shown that the solutions for the decentralised case is given by: 

(4.8) 
𝜕𝐶

𝜕𝑥
(𝑥𝑖

∗(𝜃), 𝑎𝑖) =
𝑚(𝜃)𝛽

(𝑟 + 𝜙 + 𝛿 + 𝛽𝑚(𝜃))(𝑟 + 𝜙)
 

Observe1 that (42) represents the marginal cost of productivity investment 

when the planner choose 𝑥 optimally. Whereas (43) represents marginal cost 

of productivity investment when the individual chooses her/his productivity 

optimally. The difference between these solution is in parameter 𝛽 which is 

the worker bargaining power. Investment in productivity reveals the hold up 

problem. Hold up arise because workers must invest in productivity before 

meeting a firm , and firms may reap some of the benefits from larger 

investments . Therefore , the corresponding social and private marginal 

investment solutions are equal if and only if worker has got full bargaining 

power . When individuals make ex ante investments before matching with 

firms disregard their ability and also wages are determined by ex post 

bargaining, the equilibrium is inefficient.2 Wages increase with productivity 

investment , creating hold up problem for unemployed active job seekers' 

investment, also all the bargaining power is controlled by the workers leading 

 
1. As agents optimal expenditure decisions ignore the share to be obtained by their trading 

partners, agents's search and recruitment expenditures are inefficient, Mortensen (1982a). 

2. This result is related to Acemoglu and Shimer (1999b) findings. 
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to very high wage level and excessive entry of workers. Clearly with ex ante 

investments , no bargaining solution achieves efficiency . It is often 

emphasized that human capital externalities raise output at the aggregate 

level, here it is clear that the social solution exceed the market solution unless 

the worker's bargaining power is equal to one. 

4.1.3 Socially efficient participation level 

Using the first order conditions presented in Appendix 1 , I can solve the 

socially efficient participation level 𝜆𝑖. 

Proposition 5: From the social point of view, an individual with productivity 

𝑥𝑖 will participate in the labor market only if 𝑥𝑖 > 𝑏 +  
𝜙(𝜙+𝛿+𝑚(𝜃))

𝑚(𝜃)
𝐶(𝑥𝑖) +

𝑘𝜃(𝜙+𝛿)

𝑚(𝜃)
.  

     The standard search model features a fixed size of the labor force [see, for 

instance , Pissarides (2000)] while here I endogeny the labor force 

participation. With fixed participation, Hosios (1990) showed that the wage 

rule decentralizes the efficient labor market allocation if and only if the 

bargaining power of the worker equals the elasticity of the number of 

aggregate matches with respect to the number of individuals searching for the 

jobs . While the supplies of labor have been endogenous , we are able to 

determine whether their incentives for entry are efficient. In this case, we can 

determine the parameter 𝜆𝑖 which shows the proportion of high/low ability 

workers who are active that is those who participate in the labor 

market . Diamond (1982b) argue that the presence of an additional 

worker(firm) makes the entry easier(harder) for vacancies to find workers but 

harder(easier) for workers to find jobs. Observe that labor heterogeneity and 

cost of investing on productivity make the additional source of inefficiency 

from those identified by the matching literature . As I showed before the 

participation decision of market solution is given by: 

If 𝑥𝑖 > 𝑏 +
𝜙(𝜙+𝛿+𝛽𝑚(𝜃))

𝛽𝑚(𝜃)
𝐶(𝑥𝑖

∗) then participate. 

In simple words , given the efficient optimal productivity 

investment , efficient labor market participation requires no cost of posting 

vacancy which can be concluded from equating the numerator of the last part 

planner participation that is 
𝑘𝜃(𝜙+𝛿)

𝑚(𝜃)
 to zero. 
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       In the traditional search and matching models we have two traditional 

externalities. When firms enter the market, they make it harder for other firms 

to find workers, so a negative externality happens (congestion externality), but 

since they increase the probability that workers find employment a positive 

externality on workers happens (thick market externality)[see Pissarides 

(2000)] . These two externalities cancel each other under the Hosios 

condition . Notice that in my model I find additional externality called 

“composition externality” . It is created by the different types of workers 

searching for a job with different productivity investment . Therefore, labor 

market is overcrowded with low productivity workers who search for a job 

and reduce the probability that high productivity workers match. Clearly these 

externalities makes the decentralized solution inefficient. 

4.2. Policy implications 

The next step is to examine whether policy can improve on the decentralized 

allocation. In this case the government can uses different policy instruments. I 

study three policy instruments that may allow us to achieve the First Best in 

the economy. I assume that the government apply the principle of targeting1 

and implement the following policies: training subsidy 𝑠 for those who invest 

on their education, labor market participation tax 𝑡 and finally a job creation 

subsidy 𝑧 . It is also of interest to know more generally how, these policies 

interact with worker bargaining power to affect efficiency. 

4.2.1. Optimal training subsidy policy 

This paper first introduces the optimal training subsidy and show that how it 

interact with worker bargaining power to affect efficiency. Let us introduce 𝑒𝑖 

which is the difference between the inherent ability 𝑎𝑖  and the ex-post 

productivity 𝑥𝑖 of the worker, i.e. 𝑥𝑖 = 𝑎𝑖 + 𝑒𝑖 . The productivity investment 

cost 𝐶(𝑥𝑖; 𝑎𝑖) Features the same as  

 𝐶(𝑎𝑖 + 𝑒𝑖; 𝑎𝑖) ≡ �̂�(𝑒𝑖; 𝑎𝑖) 

So, we can simply define 

 
1. The generalization of the principle of targeting is in line with Dixit, Grossman and Helpman 

(1996). In their common agency model, more efficient instruments are chosen because the 

government cares about social welfare. 
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 𝐶(𝑥𝑖; 𝑎𝑖) = 𝐶(𝑎𝑖 + 𝑒𝑖; 𝑎𝑖) ≡ �̂�(𝑒𝑖; 𝑎𝑖). 

      Introducing the optimal training subsidy per unit of investment 𝑠 applied 

by the government leads to:  

(4.9) [1 − 𝑠]
𝜕�̂�

𝜕𝑒𝑖

(𝑒𝑖; 𝑎𝑖) =
𝛽𝑚(𝜃)

𝜙(𝜙 + 𝛿 + 𝛽𝑚(𝜃))
 

Proposition 6: The optimal training subsidy that targets the efficient 

productivity investment decision level is given by: 

(4.10) 𝑠∗ = 1 −
𝛽(𝜙 + 𝛿 + 𝑚(𝜃))

(𝜙 + 𝛿 + 𝛽𝑚(𝜃))
 

Proof. Substituting (4.7) into (4.9) and rearranging the terms, I find the optimal 

policy in proposition (5).  

COROLLARY. The optimal education subsidy rate is given: 

If 𝛽 = 1 then 𝑠∗ = 0 and 

If 𝛽 < 1 then 𝑠∗ =
(1−𝛽)(𝜙+𝛿)

𝜙+𝛿+𝛽𝑚(𝜃)
> 0. 

Assuming 𝛽 = 1 then the optimal education subsidy will be equal to zero and 

it eliminates the investment decision externality. For the case that worker has 

some bargaining power but not the full , then optimal training policy is 

positive . It turns out that a higher worker's bargaining power leads to 

implement a lower training subsidy in order to restore investment decision 

efficiency. One way of achieving productivity investment decision efficiency 

is to raise worker bargaining power so that worker appropriate all of the 

surplus. This formalizes the notation that efficiency requires a solution to the 

holdup problem. Since firms do not share in the cost of ex-ante productivity 

investments, this leads to underinvestment.  

4.2.2. Participation tax policy 

I now turn to a formal analysis of the effects of participation fee(tax) entry 

policy. The reason of introducing this policy is to deter the individuals with 

low ability to participate in the labor market. Let 𝑡 be the lump-sum fee entry 

regardless of skill, so an active unemployed worker value function with this 

policy is given by:  
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(4.11) (𝑟 + 𝜙)𝑉𝑈(𝑥, 𝜃) = 𝑏 − 𝑡 + 𝑚(𝜃)[𝑉𝐸(𝑥, 𝜃) − 𝑉𝑈(𝑥, 𝜃)] 

and when employed, 

(4.12) (𝑟 + 𝜙)𝑉𝐸(𝑥, 𝜃) = 𝑤(𝑥, 𝜃) + 𝛿[𝑉𝑈(𝑥, 𝜃) − 𝑉𝐸(𝑥, 𝜃)]. 

       It is simple to show that imposing the participation fee policy the wage 

will be  

(4.13) 𝑤𝑝 =
𝑥(𝑟𝜙 + 𝛿 + 𝑚(𝜃)𝛽) + (𝑏 − 𝑡)(1 − 𝛽)(𝑟 + 𝜙 + 𝛿)

(𝑟 + 𝜙 + 𝛿 + 𝛽𝑚(𝜃))
  

and accordingly, the value of being active unemployed worker substituting 

(4.13) into (4.11) gives:  

(4.14) 𝑉𝑈(𝑥, 𝜃) =
(𝑏 − 𝑡)(𝑟 + 𝜙 + 𝛿) + 𝑚(𝜃)𝛽𝑥

(𝑟 + 𝜙 + 𝛿 + 𝛽𝑚(𝜃))(𝑟 + 𝜙)
. 

Proposition 7: Using the optimal productivity investment policy 𝑠∗ , the 

optimal labor market tax participation is given by the following condition: 

(4.15) 
𝑡∗ = 𝛽𝑘𝜃 +

𝜙

𝜙 + 𝛿
 [(𝜙 + 𝛿)(𝛽 − 1)

+ 𝑠(𝜙 + 𝛿 + 𝛽𝑚(𝜃))𝐶(𝑥; 𝑎𝑖)] 

Proof. Using the decentralized participation constraint and substitution gives,  

(4.16) 𝑥 > 𝑏 +
𝑡(𝑟 + 𝜙 + 𝛿)

𝑚(𝜃)𝛽
+

(𝑟 + 𝜙 + 𝛿 + 𝛽𝑚(𝜃))(𝑟 + 𝜙)(1 − 𝑠∗)

𝑚(𝜃)𝛽
 

given the optimal training subsidy policy solution, comparing with the social 

planner solution, i.e.  

 𝑥 > 𝑏 +
𝑘𝜃(𝜙 + 𝛿)

𝑚(𝜃)
+

𝜙(𝜙 + 𝛿 + 𝑚(𝜃)

𝑚(𝜃)
𝐶(𝑥; 𝑎𝑖), 

rearranging the terms, I find the solution in proposition (5).  

     If 𝛽 = 1 ⇒ 𝑠∗ = 0 ⇒ 𝑡∗ = 𝑘𝜃, the first thing to note is that if 𝛽 = 1 

(i.e. worker bargaining power is full) 𝑠∗ = 0 as claimed, so that the optimal 
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labor market participation fee will be equal to 𝑘𝜃. It is also apparent that if 𝛽 

is less than one, the optimal fee policy will be 𝛽𝑘𝜃. The term 𝑘𝜃 is commonly 

interpreted as the value of saved hiring costs due to the existence of an 

additional matched worker, and for the case that 𝛽 is less than one we can see 

the optimal fee entry is 𝛽𝑘𝜃 which often interpreted as the capitalised value 

built into negotiated wage , shared according the worker's bargaining 

power. One might conjecture from this that introducing a lump-sum tax entry 

will be ineffective while it would discourage workers to participate in labor 

market. It is interesting to know how this type of taxation interact with worker 

bargaining power in equilibrium to affect efficiency. It turns out that these two 

policies are closely related.1 

4.2.3. Job creation subsidy policy 

Now suppose that some of the fee entry is redistributed as lump-sum payments 

to firms to subsidize the cost of posting a vacancy. Let this subsidy be 𝑧 . The 

value of a vacant job is:,  

 
𝑟𝐽𝑉(𝜃) = −𝑘 + 𝑧 +

𝑚(𝜃)

𝜃
[𝜋(𝐽𝐹(𝑥𝑙

∗(𝜃) − 𝐽𝑉) + (1

− 𝜋)(𝐽𝐹(𝑥ℎ
∗ (𝜃)) − 𝐽𝑉(𝜃)] 

Proposition 8: Using the optimal policies 𝑠∗ and 𝑡∗, the optimal job creation 

subsidy 𝑧∗ is given by:,  

(4.17) 

𝑧∗ = {[
𝑚′(𝜃)

(𝑚(𝜃) + 𝜙 + 𝛿 − 𝑚′(𝜃)𝜃)
−

𝑚(𝜃)(1 − 𝛽)

𝜃(𝑟 + 𝜙 + 𝛿 + 𝛽𝑚(𝜃))
] 

× [
𝜆𝑙𝜂𝑙

𝜆𝑙𝜂𝑙+𝜆ℎ𝜂ℎ
(𝑥𝑙 − 𝑏) +

𝜆ℎ𝜂ℎ

𝜆𝑙𝜂𝑙+𝜆ℎ𝜂ℎ
(𝑥ℎ − 𝑏)] − 𝛽𝑘𝑚(𝜃)1 −

𝛽

𝜙
+ 𝛿 + 𝛽𝑚(𝜃).} 

     Of course this is the solution of the case that 𝛽 is strictly between 0 and 

1. Clearly, 𝑧∗ is positive as long as the multiplication of the two brackets on 

the right hand side of equation (52) is greater than 
𝛽𝑘𝑚(𝜃)(1−𝛽)

𝛽𝑚(𝜃)+𝜙+𝛿
.  

 
1. Bovenberg and Jacobs (2005) consider optimal tax policy where the government taxes labor  

income but, as workers also underinvest in education, government offers education   subsidies. 
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Finally, when worker has full bargaining power the optimal job creation 

subsidy is equal to the social planner's cost of creating a vacancy. That is, 

𝑧∗ = (
𝑚′(𝜃)

𝑚(𝜃) + 𝜙 + 𝛿 − 𝑚′(𝜃)𝜃
) [

𝜆𝑙𝜂𝑙

𝜆𝑙𝜂𝑙 + 𝜆ℎ𝜂ℎ

(𝑥𝑙 − 𝑏) +
𝜆ℎ𝜂ℎ

𝜆𝑙𝜂𝑙 + 𝜆ℎ𝜂ℎ

(𝑥ℎ − 𝑏)]. 

      One might conjecture how introducing participation fee 𝜏 , job creation 

subsidy 𝑧  and training subsidy 𝑠  in equilibrium interact with worker 

bargaining power to affect efficiency. It turns out that these optimal policies 

are closely related. Applying the principle of targeting shows when workers 

achieve all the surplus the optimal training subsidy is equal to zero and the 

optimal participation tax will be hence 𝑘𝜃 . Therefore the optimal job creation 

subsidy is positive. If the Hosios condition holds, then given that participation 

is efficient then the decentralized , free entry condition will be equal to the 

planner solution. 

5. Conclusions 

Workers and firms face considerable problem contacting each other and of 

course these difficulties have consequences on the equilibrium characteristics 

of the labor market . This paper studies an equilibrium search model that 

highlights the role of inherent ability and productivity investment in the labor 

market . The argument is related to the endogenous participation and 

investment decision of heterogeneous workers who have an inherent ability 

level. When productivity investment is costly and workers are heterogeneous 

in ability one can think only the ablest choose to acquire productivity 

(education). While here I show the important role of critical ability and cost 

of investing on productivity which makes the result different.  

Clearly the active constraint plays an important role in the analysis and 

makes it possible to examine the interaction between critical ability and 

market tightness and also the choice of optimal productivity investment . I 

show here those with ability above critical level will participate in the labor 

market . The choice of participation involves an opportunity costs in terms 

of forgone utility of leisure and direct cost of productivity investment .  

I prove that the critical ability decreases in market tightness while optimal 

productivity investment increases in market tightness and ability of  

the worker. 
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Embedding the wage bargaining with free entry condition , optimal 

productivity investment and participation decision , I describe equilibrium 

characteristics. I show the existence of equilibrium and then extend the model 

for two types of workers since it gives a better description of the equilibrium 

and probability of existing multiple equilibrium. Equilibrium can take one of 

the following forms. One in which it is beneficial for both types of workers to 

be active in the labor market, I call it the “Joint Type Equilibrium”, second 

one is the one that only there is willingness of high ability workers to invest 

in their productivity and finally the last one is the one where there is no benefit 

for either types to invest in their productivity and consequently there is no 

participation of workers in the labor market and no posting of vacancies from 

the firm side.  

The paper shows that the market solution is not efficient, since workers 

and firms do not internalize the cost of posting a vacancy of the 

firms, participation decision and productivity investment of the workers. The 

market solution implies that the productivity investment of the worker is lower 

than the planner's solution which reveals the holdup problem. It arises because 

worker must invest in productivity before meeting a firm and firm reaps some 

of the benefits from the worker's investment . The decentralized solution 

implies that workers with low productivity will participate in the labor 

market, therefore job creation and labor market tightness will not be equal to 

social planner case. Therefore, the number of workers with low productivity 

in the economy is high and the job creation is low. 

Since the market solution is not efficient , optimal policies are 

required. Assuming the government observes the worker's eduction, I consider 

participation labor market tax policy where the government taxes participant 

workers, as workers underinvest in education, it in addition offers education 

subsidies. I show that training subsidy for those who decide to participate in 

the labor market increases the incentive to invest on productivity. On the other 

hand , training subsidy for those who are low ability type will increase 

incentive to be active . The introduction of a participation tax will have a 

perverse effects; it deters workers incentive to enter to the labor market since 

it is a kind of tax(fee) required to be paid as soon as he/she enters labor market. 

This effect is more obvious for workers with low ability, it reduces the 

incentive for them to participate in the labor market . Of course the income 

flow of inactive unemployed workers(unemployment benefit) is an important 

determinant of the participation and investment decision . Not surprisingly 



Productivity Investment and Labor  … 55 

 

 

taxes on labor market participation and training subsidy distort human capital 

investment and participation decision at different ability levels . But these 

distortions are potentially high for those individuals at the participation 

margin , whose abilities are close to threshold (critical) level , i.e . who are 

indifferent to participate in the labour market . The other additional insight 

from the paper is that the planner, using principle of targeting internalizes the 

externality by means of the efficient instrument, i.e. the one that aims directly 

at the source. 

From the arguments of proceeding paper it is clear for the two types case 

of workers that the degree of inefficiency of equilibrium turns on the degree 

of worker bargaining power,  𝛽 . I remark throughout the paper that one way 

of achieving efficiency is to raise worker bargaining power so that workers 

appropriate all of the surplus. 

 

References 

Acemoglu D. and R. Shimer (1999). “Holdups and Efficiency with Search 

Frictions”. International Economic Review, 40, 1999. 

Albrecht J. and S. Vroman, (2002). “A Matching Model with Endogenous 

Skill Requirements”. International Economic Review, 43. 

Alison L. Booth and Melvyn Coles, (2007). “A Micro Foundation for 

Increasing Returns in Human Capital Accumulation and the Under-

participation Trap”. European Economic Review, 51(7):1661-1681. 

Alison L. Booth and Melvyn Glyn Coles, (2010). “Tax Policy and Returns to 

Education”. Labour Economics, 17(1): 291-301. 

Arthur J. Hosios, (1990). “On the Efficiency of Matching and Related 

Models of Search and Unemployment”. The Review of Economic Studies, 

57(2):279-298. 

Avinash K. Dixit, Gene Grossman, and Elhanan Helpman, (1996). “Common 

Agency and Coordination: General Theory and Application to Tax Policy”. 

Technical Report, CEPR Discussion Papers. 



56 Money and Economy, Vol. 10, No. 1, Winter 2015 

 
Ben Lockwood, (1986). “Transferable Skills , Job Matching , and the 

Inefficiency of the Natural Rate of Unemployment”. The Economic Journal, 

pages 961-974. 

Cheng W. and X. Yang, (2004). “Inframarginal Analysis of Division of 

Labor, A Survey”. Journal of Economic Behavior and Organization, 55. 

Christian Bontemps, Jean-Marc Robin, and Gerard J Van den Berg, (2000). 

“Equilibrium Search with Continuous Productivity Dispersion: Theory and 

Nonparametric Estimation”. International Economic Review, pages 305-358. 

Christopher A. Pissarides, (1990). Equilibrium unemployment theory. 

MIT press. 

Dale T. Mortensen and A. Christopher Pissarides, (1999). “New 

Developments in Models of Search in the Labor Market”. Handbook of labor 

economics, 3: 2567-2627. 

Dale T. Mortensen, (1982). “The Matching Process as a Non-cooperative 

Bargaining Game”. In The economics of information and uncertainty, pages 

233-258. University of Chicago Press. 

Daron Acemoglu and Joshua Angrist (2000). “How large are Human-capital 

Externalities? Evidence from Compulsory-schooling Laws”. In NBER 

Macroeconomics Annual 2000, Volume 15, pages 9-74. MIT Press, 2001. 

Daron Acemoglu, (1996). “A Micro-foundation for Social Increasing Returns 

in Human Capital Accumulation”. The Quarterly Journal of Economics, 

pages 779-804. 

David Greenaway and Michelle Haynes, (2003). “Funding Higher Education 

in the UK : The Role of Fees and Loans”. The Economic Journal, 

113(485):F150-F166. 

Derek Laing, Theodore Palivos, and Ping Wang, (1995). “Learning, Matching 

and Growth”. The Review of Economic Studies, 62(1):115-129. 

Douglas Albrecht and Adrian Ziderman, (1993). “Student Loans: an Effective 

Instrument for Cost Recovery in Higher Education?” The World Bank 

Research Observer, 8(1):71-90. 

Gary S Becker, (2009). Human Capital : A Theoretical and Empirical 

Analysis, with Special Reference to Education. University of Chicago Press. 



Productivity Investment and Labor  … 57 

 

 

Gill Wyness et al., (2010). “Policy Changes in UK Higher Education 

Funding” , 1963-2009. Technical report, Department of Quantitative Social 

Science-UCL Institute of Education, University College London.  

Harold L. Cole, J. George Mailath, and Andrew Postlewaite, (2001). 

“Efficient Non-contractible Investments in Large Economies.” Journal of 

Economic Theory, 101(2):333-373. 

Hosios, J., (1990). “On the Efficiency of Matching and Related Models of 

Search and Unemployment”. The Review of Economic Studies, 57. 

James J. Heckman, Lance Lochner, and Christopher Taber, (1999). “Human 

Capital Formation and General Equilibrium Treatment Effects : A Study of 

Tax and Tuition Policy”. Fiscal Studies, 20(1): 25-40. 

James W. Albrecht and Susan B Vroman, (1992). “Dual Labor 

Markets , Efficiency Wages , and Search”. Journal of Labor Economics, 

pages 438-461. 

Ken Burdett and Eric Smith, (2002). “The Low Skill Trap”. European 

Economic Review, 46(8):1439-1451. 

Ken Burdett and Melvyn Coles, (2003). Equilibrium Wage-tenure Contracts. 

Econometrica, 71(5):1377-1404. 

Kenneth Burdett and Dale T Mortensen, (1977). Labor Supply under 

Uncertainty. 

Kenneth Burdett and Eric Smith, (1996). “Education and Matching 

Externalities”. Acquiring Skills: Market Failures, Their Symptoms and Policy 

Responses, Cambridge University Press, Cambridge, pages 65-80. 

Kenneth Burdett and Melvyn G Coles, (1999). “Long-term Partnership 

Formation: Marriage and Employment”. Economic Journal, pages F307-F334. 

Kenneth Burdett, Carlos Carrillo-Tudela, and Melvyn G Coles, (2011). 

“Human Capital Accumulation and Labor Market Equilibrium”. International 

Economic Review, 52(3):657-677. 

Lans Bovenberg, A. and Bas Jacobs, (2005). “Redistribution and Education 

Subsidies are Siamese Twins”. Journal of Public Economics, 89 (11). 

Nicholas Barr, (2004). “Higher Education Funding”. Oxford review of 

economic policy, 20(2):264-283. 



58 Money and Economy, Vol. 10, No. 1, Winter 2015 

 
Olivier Charlot and Bruno Decreuse, (2005). “Self-selection in Education with 

Matching Frictions”. Labour Economics, 12 (2):251-267. 

Olivier Charlot, Bruno Decreuse, and Pierre Granier, (2005). “Adaptability, 

Productivity , and Educational Incentives in a Matching Model. European 

Economic Review, 49(4):1007-1032. 

Peter A Diamond, (1982). “Wage Determination and Efficiency in Search 

Equilibrium”. The Review of Economic Studies, 49(2): 217-227. 

Peter A. Diamond, (1982). “Aggregate Demand Management in Search 

Equilibrium”. The Journal of Political Economy, pages 881-894. 

Pieter Common, (2002). “Agency and Coordination: General Theory 

and Application to Tax Policy A Gautier. Unemployment and Search 

Externalities in a Model with Heterogeneous Jobs and Workers”. Economica, 

69 (273): 21-40. 

Pranab Bardhan, (1993). “Economics of Development and the Development 

of Economics”. The Journal of Economic Perspectives, pages 129-142. 

Shackleton, JR. (2010). “The Economics of the ‘Graduate Tax’.” Economic 

Affairs, 30(s3):1-1. 

Shimer Rogerson, R. (2005). “Wright. Search-theoretic Models of the Labor 

Market: A Survey”. Journal of Economic Literature, 43:959988. 

Toke S. Aidt (1998). “Political Internalization of Economic Externalities and 

Environmental Policy”. Journal of Public Economics, 69(1):1-16, 1998. 

William R. Johnson, (2004). “When is the Efficient Subsidy to Higher 

Education the Equitable Subsidy?” Technical Report, University of Virginia, 

Department of Economics. 

Yoram Ben-Porath, (1967). “The Production of Human Capital and the Life 

Cycle of Earnings”. The Journal of Political Economy, pages 352-365. 

 

  



Productivity Investment and Labor  … 59 

 

 

Appendices 

Appendix 1: Social Planner Problem 

Lets assume 𝑟 = 0, Planner maximises steady state flow payoffs. People die 

at rate 𝜙 ⇒ 𝜙 is entry rate. 

Lets define 𝜆𝑖  the proportion of type 𝑖 ∈ 𝑙, ℎ  who are active; i.e. , 
𝑈𝑖

𝐴+𝐸𝑖

𝜂𝑖
. Clearly if both types choose 𝜆𝑖 = 1 then the number of unemployed 

workers is the same as the number of active unemployed workers in this 

economy. Consequently the proportion of active workers who are low/high 

type is equal to the number of workers of low/high type. Also if 𝜆𝑖 = 0 then 

𝜋𝑖 = 0.1 

The objective function of the social planner is:  

(1) 

max
𝜂𝑙,𝜂ℎ,𝜆𝑙,𝜆ℎ,𝑥𝑙,𝑥ℎ,𝑈𝑙,𝑈ℎ,𝑉

P

= (𝜂𝑙 − 𝑈𝑙)𝑥𝑙 + 𝑈𝑙𝑏 + (𝜂ℎ − 𝑈ℎ)𝑥ℎ + 𝑈ℎ𝑏
− 𝜙[𝜂𝑙𝜆𝑙𝐶(𝑥𝑙; 𝑎𝑙) + 𝜂ℎ𝜆ℎ𝐶(𝑥ℎ; 𝑎ℎ)] − 𝑘𝑉 

subject to three steady state turnovers by the following equations: 

(2) (𝑚(𝜃) + 𝜙)𝑈𝑖
𝐴 = 𝛿𝐸𝑖 + 𝜙𝜂𝑖𝜆𝑖 

(3) 𝜙(𝑈𝑖 − 𝑈𝑖
𝐴) = 𝜙𝜂𝑖(1 − 𝜆𝑖) 

(4) 𝑈𝑖 + 𝐸𝑖 = 𝜂𝑖 

and also the market tightness condition: 

(5) 𝜃 =
𝑉

𝑈𝑙
𝐴 + 𝑈ℎ

𝐴 

 

1.  𝜋𝑖 =
𝜂𝑖[

𝐸𝑖+𝑈𝑖
𝐴

𝐸𝑖+𝑈𝑖
]

𝜂𝑙[
𝑈𝑙

𝐴+𝐸𝑙
𝐸𝑙+𝑈𝑙

]+𝜂ℎ[
𝑈ℎ

𝐴+𝐸ℎ
𝑈ℎ+𝐸ℎ

]

. 
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      The first steady state condition; (2) is that the flow of low/high ability 

active unemployed worker out of unemployment equals the flow of low/high 

ability unemployed worker back into active unemployment. Since 𝑚(𝜃) is the 

arrival rate of vacancies and 𝜙 is arrival rate of new entrants , the flow of 

high/low ability unemployed active workers out of unemployment is 

(𝑚(𝜃) + 𝜙)𝑈𝑖
𝐴 . The corresponding flow into active unemployment is  

𝛿𝐸𝑖 + 𝜙𝜂𝑖𝜆𝑖 . The second steady state condition is that the flow of inactive 

workers out of unemployment equals the flow of inactive workers into 

unemployment . There are 𝜂 high/low ability workers , of whom 1 − 𝜆 are 

inactive. So the flow into inactive low/high ability unemployment would be 

𝜙𝜂𝑖(1 − 𝜆𝑖). Moreover total number of workers having high/low ability is 𝜂 

which is sum of low/high employed and unemployed workers in third steady 

sate condition. Substituting (3) and (4) into (2) gives, 

(6) 𝑈𝑖
𝐴(𝜙 +  𝑚(𝜃)) = 𝛿𝐸𝑖 + 𝜙(𝑈𝑖

𝐴 + 𝐸𝑖)   𝑓𝑜𝑟  𝑖 = 𝑙, ℎ 

which implies that 

(7) 𝑈𝑖
𝐴 =

(𝜙 + 𝛿)𝐸𝑖

𝑚(𝜃)
 

Lets define  

(8) 𝜆𝑖 =  
𝐸𝑖 + 𝑈𝑖

𝐴

𝜂𝑖
 

Substituting (7) into (8) and rearranging in terms of 𝐸𝑖 gives, 

(9) 𝐸𝑖 = 𝜆𝑖𝜂𝑖

𝑚(𝜃)

𝜙 + 𝛿 + 𝑚(𝜃)
 

Substituting (9) into (1) the planner problem reduces to  

(10) 

max
𝑥𝑖,𝜆𝑖,𝜃

ℙ =
𝜆𝑙𝜂𝑙

𝑚(𝜃)

𝜙 + 𝛿 + 𝑚(𝜃)
𝑥𝑙 +

𝜆ℎ𝜂
ℎ

𝑚(𝜃)

𝜙 + 𝛿 + 𝑚(𝜃)
𝑥ℎ

+ [𝜂
𝑙

−
𝜆𝑙𝜂𝑙

𝑚(𝜃)

𝜙 + 𝛿 + 𝑚(𝜃)
] 𝑏 + 
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[𝜂ℎ −

𝜆ℎ𝜂ℎ𝑚(𝜃)

𝜙 + 𝛿 + 𝑚(𝜃)
] 𝑏 − 𝑘

𝜃(𝜙 + 𝛿)

𝑚(𝜃) + 𝜙 + 𝛿
(𝜆𝑙𝜂𝑙) + (𝜆ℎ𝜂ℎ)

− 𝜙[𝜂𝑙𝜆𝑙𝐶(𝑥𝑙; 𝑎𝑙)] − 𝜙[𝜂ℎ𝜆ℎ𝐶(𝑥ℎ; 𝑎ℎ)] 

I can rewrite (11) function as: 

(11) 

max
𝑥𝑖,𝜆𝑖,𝜃

ℙ = ∑
𝜆𝑖𝜂𝑖𝑚(𝜃)

𝜙 + 𝛿 + 𝑚(𝜃)
𝑥𝑖

i=l,h

+ ∑ [𝜂𝑖 −
𝜆𝑖𝜂𝑖𝑚(𝜃)

𝜙 + 𝛿 + 𝑚(𝜃)
] 𝑏

i=l,h
− 

 𝑘
𝜃(𝜙 + 𝛿)

𝑚(𝜃) + 𝜙 + 𝛿
∑ (𝜆𝑖𝜂𝑖)

i=l,h
− ∑ 𝜙[𝜂𝑖𝜆𝑖𝐶(𝑥𝑖; 𝑎𝑖)]

i=l,h
 

Appendix 2: Optimal Policies 

Using the Lagrangian Method I can solve this standard optimization problem 

as: This problem satisfies the following first order conditions: 

(1) 
𝜕ℙ

𝜕𝑥𝑖
=

𝜕𝐶

𝜕𝑥𝑖
−  

𝑚(𝜃)

𝜙(𝜙 + 𝛿 + 𝑚(𝜃))
= 0 

(2) 

𝜕ℙ

𝜕𝜆𝑖
= 𝑥𝑖 − 𝑏 −

𝜙(𝜙 + 𝛿 + 𝑚(𝜃))

𝑚(𝜃)
𝐶(𝑥𝑖; 𝑎𝑖) −

𝑘𝜃(𝜙 + 𝛿)

𝑚(𝜃)
= 0 

(3) 

𝜕ℙ

𝜕𝜃
= 𝑘 −

𝑚′(𝜃)

(𝑚(𝜃) + 𝜙 + 𝛿 − 𝑚′(𝜃)𝜃)
[

𝜆𝑙𝜂𝑙

𝜆𝑙𝜂𝑙 + 𝜆ℎ𝜂ℎ
𝑥𝑙

+
𝜆ℎ𝜂ℎ

𝜆𝑙𝜂𝑙 + 𝜆ℎ𝜂ℎ
𝑥ℎ − 𝑏] = 0 

Rearranging (12)  

(4) 𝜙𝜂𝑖𝜆𝑖 = (𝑚(𝜃) + 𝜙)𝑈𝑖
𝐴 − 𝛿(𝜂𝑖𝜆𝑖 − 𝑈𝑖

𝐴) 

(5) 𝜂𝑖𝜆𝑖 = (
𝑚(𝜃)

𝜙 + 𝛿
+ 1) 𝑈𝑖

𝐴 
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Consider those individuals that are indifferent to participate in labor 

market , from the participation constraint lets  substitute 𝑥𝑖 − 𝑏 into above 

market and planner free entry conditions then: 

(6) 
𝑘 =

𝑚′(𝜃)𝜙

𝑚(𝜃) − 𝑚′(𝜃)𝜃
[𝜋𝐶(𝑥𝑙; 𝑎𝑙)

+ (1 − 𝜋)𝐶(𝑥ℎ; 𝑎ℎ)] 𝑃𝑙𝑎𝑛𝑛𝑒𝑟 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 

(7) 𝑘 =
(1 − 𝛽)𝜙

𝛽𝜃
[𝜋𝐶(𝑥𝑙; 𝑎𝑙)

+ (1 − 𝜋)𝐶(𝑥ℎ; 𝑎ℎ)]𝑀𝑎𝑟𝑘𝑒𝑡 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 

when the worker is indifferent to participate equality holds then  

 𝑚′(𝜃)𝜙

𝑚(𝜃) − 𝑚′(𝜃)𝜃
=

(1 − 𝛽)𝜙

𝛽𝜃
 

then  

 
𝑚′(𝜃)

𝑚(𝜃) − 𝑚′(𝜃)𝜃
=

1 − 𝛽

𝛽𝜃
 

dividing both sides by 𝑚(𝜃) 

 

𝑚′

𝑚(𝜃)

1 −
𝑚′𝜃

𝑚(𝜃)

=
1 − 𝛽

𝛽
𝑚(𝜃)𝜃
𝑚′(𝜃)

 

Rearranging the terms  proves that Hosios Condition, i.e.; 1 − 𝛽 =
𝑚′(𝜃)𝜃

𝑚(𝜃)
 

satisfies. 

 

 


