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ABSTRACT

This paper develops an endogenous growth model where the

labour union is concerned about wages, employment as well as workers’

health, safety and environment protection. So, the firm has to forgo a

share of its output for choosing a more environment-friendly but less

productive technology. The government finances public abatement

expenditure using income tax. We show that the welfare maximising

income tax rate is greater than the growth rate maximising one; and

high employment orientation of labour union is a sufficient condition

to have a positive effect of unionisation on employment level, economic

growth rate and the level of welfare.

Keywords: Labour union; Environment; Income tax; Abatement

expenditure; Endogenous growth

JEL Classification: J51; Q58; O44
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1.       Introduction: 

       Out of the vast literature on endogenous growth theory, only a 

small subset of models analyses the role of labour unions on the long 

run rate of growth.
1
 They focus on various channels (such as physical 

capital accumulation, human capital accumulation, R&D etc.) through 

which unionisation can affect economic growth. However, this 

literature does not consider a union’s concern about workers’ health 

and safety and about environmental protection. In reality, labour 

unions often force firms to spend to improve the workers’ health and 

safety conditions in the workplace. Unions can force firms to use 

costly eco-friendly techniques of production or to allocate resources to 

non-productive activities ensuring workers’ health and safety and 

environmental protection. So unions’ effort may lead to an 

improvement of natural environment. The productive role of 

environment
2
 makes it important to analyse the growth effect of 

unionisation through the channel of environmental protection, and the 

existing literature does not focus on this channel.   

       Various empirical works show that labour unions fight hard to 

protect workers’ health and safety and to improve the working 

environment. Gahan (2002) and Nick (2011) show that workplace 

safety is an important priority of a labour union. Kawakami et al. 

(2004) shows that labour unions in Asia organise training workshops 

to improve workers’ safety and health. Gray et al. (1998) studies many 

private-sector collective bargaining agreements in which health and 

safety provisions frequently appear. Magane et al. (1997) provides 

evidence of firms’ switching to eco-friendly production techniques 

due to the struggle of labour unions for health and safety. Magane et 

al. (1997), Davies (1993) and Dembo et al. (1988) consider workplace 

environment as a part of the broader natural environment. The 

disasters of Thor Chemicals in South Africa, Union Carbide plant in 

                                                           
1        The set includes the works of Bräuninger (2000), Adjemian et al. (2010), Lingens 

(2003a, 2003b), Irmen and Wigger (2002/2003), Sorensen (1997), Palokangas (1996), 

Chang et al. (2007), Lai and Wang (2010), Ramos-Parren˜o and Sa´nchez-Losada 
(2002), Gori and Fanti (2009), Fanti and Gori (2011), Bhattacharyya and Gupta (2015, 

2016) etc. 
2        Schlenker and Walker (2016), Chay and Greenstone (2003), Currie and Neidell 
(2005), Dockery et al. (1993) and Pope et al. (2002) empirically show that pollution has 

significant adverse effect on health outcome. So good environmental quality must have 

a positive effect on productivity. Graff Zivin and Neidell (2012), Adhvaryu et al. (2016) 
and Chang et al. (2016) empirically show that pollution has a significant negative 

impact on labour productivity.   
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Bhopal, India, Sandoz warehouse in Basel, Switzerland, nuclear 

power plant in Chernobyl, Soviet Union also support the link between 

global natural environmental disasters and the presence of industrial 

environment problems in the workplace.    

       Many works show that labour unions play a direct role in 

environment protection. Khan et al. (2012a) presents evidence to show 

that labour unions struggle for environmental protection. Khan (2010) 

and Khan et al. (2012b) also justify labour unions’ role to protect the 

environment. Valenduc (2001) shows that labour unions in Belgium 

have environmental awareness projects. Stevis (2011) and Magane et 

al. (1997) show that, over the last two decades, labour unions have 

developed their environmental agendas consistent with their concerns 

about safety and health. Magane et al. (1997) also points out existence 

of successful alliances between labour unions and environmental 

groups and of labour unions’ movement for the protection of the 

environment in South Africa. These empirical findings and views 

motivate us to analyse how labour unions’ role to protect workers’ 

health and safety and environmental quality affects economic growth. 

To the best of our knowledge, this aspect has not received proper 

attention in the existing theoretical literature. 

       There also exist a few dynamic models analysing properties of 

optimum income tax policy when income tax revenue finances the 

abatement expenditure
3
. However, all these models assume 

competitive full employment labour market. So it is important to 

analyse how optimum tax policy designed to finance public abatement 

expenditure is affected by unionisation in labour market when labour 

unions play a positive role to protect the environment.   

       The present paper is an attempt to analyse both. On the one hand, 

it analyses the effect of unionisation in the labour market on long-run 

economic growth through the channel environmental protection; and, 

on the other hand, it analyses properties of an optimum income tax 

policy designed to finance a public abatement expenditure. We 

consider an ‘Efficient Bargaining’ model
4
 to analyse the negotiation 

problem between the labour union and the firm.   

                                                           
3         See for example Gupta and Barman (2009, 2010, 2013, 2015), Barman and Gupta 
(2010), Greiner (2005) etc. 
4        See McDonald and Solow (1981). 



7 

       Several interesting results emerge from the model. First, 

unionisation in the labour market always raises the firm’s share of 

forgone output to protect the environment. Secondly, the long run 

growth maximising rate of income tax used to finance public 

abatement expenditure varies inversely with the bargaining power of 

the labour union; and it is less than the welfare maximising income tax 

rate. Thirdly, the high employment orientation of a labour union is a 

sufficient condition to have the positive effect of unionisation on the 

employment level, growth rate as well as on the level of welfare. 

These results are absent in the existing literature as the prevailing 

literature does not focus on the positive role of labour unions in 

environmental protection.   

       The paper is organised as follows. In section 2, we describe the 

basic model with an ‘Efficient Bargaining’ theory. Section 3 focuses 

on the growth rate maximising tax policy as well as the welfare 

maximising tax policy. In section 4, we derive a sufficient condition 

for the positive effect of unionisation on growth and welfare. Section 

5 concludes the paper.    

2.       The Model: 

2.1      Firms: 

       The representative competitive firm produces the final good,  , 

using private capital,  , labour,  . We also assume that average 

economy wide stock of private capital,   , and environmental quality, 

E,
5
 enter into the production function as positive externalities. The 

maximum amount of final good which can be produced using inputs is 

given by
6
 

                                                                                       

satisfying              and        .            

                                                           
5        An improvement in environmental quality leads to an improvement of health 

capital of workers and an increase in efficiency of public capital. Gupta and Barman 

(2009, 2010, 2013, 2015), Barman and Gupta (2010) etc. emphasize on this point. For 
more empirical support, see footnote 2.   
6        Chang et al. (2007) also assumes similar production function where average 

economy wide stock of capital enters as an input in the production function. However, 
they do not consider the productive role of environmental quality in the production 

process.  
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       Here equation (1) shows the amount of output a firm can produce 

from a given input combinations by choosing the most efficient 

production technology. The existence of decreasing returns to private 

inputs leads to a positive profit if employers’ association owns a 

positive degree of bargaining power. Following Chang et al. (2007), 

we assume that a fixed quantity of land is essential for a firm. Total 

amount of land is given in the economy; and so the number of firms is 

also given even in the presence of positive profit.
7
     

       However, this production technology given by equation (1) is 

detrimental to the environment. The firm can choose less harmful 

production technologies but these will generate lower input 

productivities. The environment-friendly production technology is less 

productive due to the diversion of labour and capital to non-productive 

environmental protection activities. Lannelongue et al. (2017) finds an 

inverse empirical relationship between firm’s labour productivity and 

environmental management on an aggregate basis. Studies like 

Barbera and McConnell (1990), Gollop and Roberts (1983), Gray 

(1987), Haveman and Christainsen (1981) and Norsworthy et al. 

(1979) empirically show that stricter environmental regulations have 

significant negative impact on firms’ productivity. Walley and 

Whitehead (1994) also discuss about the loss of output due to firm’s 

environmental initiatives and points out that this loss is increasing 

with the level of firm’s initiatives. In this model, we assume that the 

firm has to sacrifice γ fraction of output to choose an environment 

friendly technology. Higher value of γ represents higher degree of 

friendship with the environment. So the environmental friendly 

production technology is given by 

                                                                                             

       The firm maximises profit,  , defined as  

                                                                               

Here w and r represent the wage rate and rental rate on private capital 

respectively.  

 

                                                           
7        Number of firms is normalised to unity; and so it is a case of short run 

equilibrium.   
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2.2       Capital Market: 

       The private capital market is perfectly competitive. So the supply-

demand equality determines the equilibrium value of the perfectly 

flexible rental rate on capital. The demand function for capital is 

derived from a firm’s profit maximising behaviour. The inverted 

demand function is given by  

                      
       

 
                                            

2.3       Environment: 

       Following Greiner (2005), we consider environmental quality, E, 

as a flow variable satisfying public input properties. Public abatement 

expenditure incurred by the government can improve environmental 

quality. However, we also consider firms’ role to protect the 

environment. Due to the bargaining power of the labour union, firms 

are forced to choose environment-friendly technology, which is less 

productive. For example, firms may be forced to use costly eco-

friendly techniques of production or to allocate resources to non-

productive abatement activities for the sake of the workers’ health and 

safety. This aspect does not receive importance in the existing 

theoretical literature on endogenous growth with labour unions. The 

environmental quality function we introduce in this model is given by  

                                                                                          

where A represents total abatement expenditure and P represents total 

emission generated by production technology; and P = xY(1-γ) where 

x is the constant emission output coefficient. Using all these three 

equations we have 

   
         

      
 

 

                                                                                 

       Here    is the rate of income tax. Here tax revenue and γ fraction 

of firms’ output is spent for abatement activity. Also we assume that 

emission is proportional to level of production. Hence we have 
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    is the elasticity of environmental quality with respect to the 

relative abatement performance. This environmental quality function 

is a technological constraint and valid at the macro level. However, 

for an individual competitive firm, environmental quality, E, is an 

externality in the production function. An individual competitive firm 

cannot affect E through the choice of γ.  

2.4       Labour Union’s Utility Function:  

       The labour union derives utility from three arguments: (i) worker’s 

income gain measured by the difference between bargained wage rate 

and the competitive wage rate
8
, (ii) level of employment and (iii) 

degree of friendship of production technology with the environment. 

The third argument is represented by the opportunity cost of doing 

that, i.e., by the share of output that the firm spends to protect 

environment. The third argument is generally not considered in the 

existing literature. The utility function is given by
9
 

         
                                                               

Here    and    stand for the utility of the labour union and the 

competitive wage rate respectively.   ,    and    are three non-

negative parameters representing degrees of orientation of the labour 

union towards those three corresponding arguments. If    

             , then the labour union is called jth argument oriented. 

This definition of argument orientation is common in the literature
10

. 

When      for all j, the union is called neutral.   

       In a competitive labour market, the perfectly flexible wage rate is 

equated to the marginal productivity of labour and labour is fully 

                                                           
8        Some articles assume that the difference between the bargained wage rate and the 

unemployment benefit is an argument in the labour union’s utility function. Contrary to 
this, Irmen and Wigger (2002/2003), Lingens (2003a) and Lai and Wang (2010) assume 

that the difference between the bargained wage rate and the competitive wage rate is an 

argument in the labour union’s utility function. Since the provision of unemployment 
benefit is not considered in this model, so we incorporate the difference between the 

bargained wage rate and the competitive wage rate perceived by the labour union as an 

argument in the labour union’s utility function.  
9        The Stone-Geary form of utility function of labour union is very common in the 

literature. See for example, Lai and Wang (2010), Grieben and Sener (2012), Ji et al. 

(2016), Corneo and Marquardt (2000), Chang et al. (2007), Gori and Fanti (2009), Fanti 
and Gori (2011), Bhattacharyya and Gupta (2015, 2016), Chang and Hung (2016) etc. 
10        See for example Chang et al. (2007), Bhattacharyya and Gupta (2015, 2016). 
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employed. In the absence of a labour union, the competitive firm does 

not forgo any output for choosing an environmentally friendly 

production technology because E is external and the firm is too small 

to internalise the externality. Hence     for a competitive firm. So, 

with labour endowment being normalised to unity, we have  

                                                                                                        

2.5       The ‘Efficient Bargaining’ Model: 

       In this section, we consider an unionised labour market where the 

labour unions and association of firms are two parties. We choose the 

‘Efficient Bargaining’ model where the wage rate, level of 

employment and the degree of environment friendliness of production 

technology are determined jointly by the labour union and the 

employer’s association who maximise the ‘generalised Nash product’ 

function given by 

                                                                                                 

Here        and    symbolise the reservation utility level of the labour 

union and the reservation profit level of the firm respectively. 

Following Lai and Wang (2010) and Chang et al. (2007), we assume 

that bargaining disagreement stops production and hence results in 

zero employment, which, in turn, implies that        = 0 and    = 0. 

        represents the relative bargaining power of the labour union. 

Unionisation in the labour market implies an exogenous increase in 

the value of  . There is no bargaining over capital and the firm 

unilaterally determines the amount of capital input. The firm and the 

labour union bargain over whatever is left after paying rental cost on 

capital. So we incorporate equation (3) in the bargaining process.  

       Using equations (2) and (3), we obtain  

                                                                                          

 Finally, using equations (5), (7) and (8), we obtain  

         
                                                     

Here   is to be maximised with respect to w,   and  . Neither labour 

union nor firms’ association cannot internalise externalities. Hence    
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and E are treated as given. Using equations (1) and (6), and the three 

first order conditions of optimisation, we solve for bargained w,   and 

 . These are given by
11

   

    
                          

                     
 

 

   

                              

   
              

                     
                                                    

and 

   
        

                  
                                                            

       To ensure positive values of    and    and to ensure     , we 

need a parametric restriction. This is given by 

                                        

 
                     

       
    

       This Condition A, basically tells us that the labour union’s 

preference towards wage hike cannot be very high or very low relative 

to preference towards employment. This condition is always satisfied 

when           . In this case it is modified as       
          

       
. Now, from equation (10), we obtain  

   

  
 

                    

                                         
                                      

       Here the denominator in the R.H.S. of equation (10.a) is always 

positive. So 
   

  
   if and only if          . Going forward, we 

define a labour union to be highly employment oriented when 

         . So, a high degree of employment orientation is a 

necessary as well as a sufficient condition to ensure that unionisation 

generates a positive effect on employment. If           , then 

                                                           
11        See Appendix A for derivation.   
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So unionisation lowers the employment level when the union is 

neutral. This is an interesting finding as compared to the 

corresponding one obtained from Chang et al. (2007). In Chang et al. 

(2007), unionisation does not affect employment level when the union 

is neutral.   

       Chang et al. (2007) does not consider the labour union’s concern 

about environment protection; hence     . So sign of  
   

  
  depends 

solely on the sign of        . So in their analysis, neutrality is a 

necessary as well as a sufficient condition to ensure that employment 

effect is nil. However, in our analysis,     ; and so the employer 

faces an additional cost of introducing less productive ecofriendly 

technology. So labour productivity falls; and hence employer employs 

a smaller amount of labour.   

       The intuition behind this can be explained as follows when the 

bargaining power of the union is increased. The labour union wants to 

raise employment if it obtains a marginal utility higher than its 

marginal opportunity cost. In the case of Chang et al. (2007), i.e. in 

the absence of labour union’s concern for environment protection, the 

opportunity cost of raising L is same as the loss in utility from not 

raising w. However, in the present model, this opportunity cost also 

depends on the loss in utility from not raising   because     . So, 

for a neutral union, this marginal opportunity cost exceeds the 

marginal utility; and this explains fall in employment due to 

unionisation.   

       Equation (11) shows that the negotiated wage rate,   , exceeds 

  . From this equation, we obtain  

   

  
 

            

                      
                                        

So    varies positively with   and this result is independent of the 

nature of orientation of the union. This is obvious because the labour 

union always derives higher utility from a higher wage; and so it 

bargains for a higher wage with a greater bargaining power.  
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       From equation (12), we obtain    

   

  
 

       

                     
                                            

This is true for any set of values of   ,    and   . Unionisation forces 

the firm to choose a more environment friendly technology because 

the labour union always derives higher utility from it; and, as a result, 

  varies positively with θ.  

       Second order conditions of maximisation of   are also satisfied
12

; 

and we now state the following proposition.  

Proposition 1: Unionisation in the labour market always raises wage 

rate as well as firm’s share of forgone output to protect environment. 

However, it raises employment if and only if the union is highly 

employment oriented; and it lowers employment even when the union 

is neutral.  

2.6       Households: 

       The representative household derives instantaneous utility from 

consumption of the final good as well as from environmental 

quality.
13,14

 For the sake of simplicity we consider the following 

functional form
15

  

                                 

       c denotes the level of consumption of the household. Here      

parameter signifies that marginal utility of environmental upgradation 

is always positive. She maximises her discounted present value of 

instantaneous utility over an infinite time horizon subject to the 

intertemporal budget constraint. All factors of production belong to 

the representative household and as a result, all factor incomes accrue 

                                                           
12        See Appendix A for derivation.  
13        We assume that households supply constant amount of labour; and so labour - 

leisure choice of representative household is ruled out.    
14        There exists a set of literature which empirically shows the negative impact of 
pollution on human health. See for example, Schlenker and Walker (2016), Chay and 

Greenstone (2003), Currie and Neidell (2005), Dockery et al. (1993), Pope et al. (2002) 

etc. 
15        Byrne (1997), Fullerton and Kim (2008) etc. also consider similar functional 

form of household’s utility.  
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to her. The household saves whatever is left after consumption from 

the after-tax income. This dynamic optimisation problem is given by 

the following.    

               

 

 

                                                                         

subject to,                                                                        

                                    (   is historically given) . 

c is the control variable and K is the state variable. E is an externality 

to the optimisation problem. ρ is the constant rate of discount. Savings 

is always invested; and capital does not depreciate. 

       Solving this dynamic optimisation problem, we obtain the growth 

rate of consumption; and it is given by     

  
  

 
               

  

 
 

   

                                              

2.7       Equilibrium: 

       At the symmetric equilibrium,      and     ; and hence, from 

equations (3), (6) and (15), we obtain 

                                                                                                   

                                                                                                            

and 

  
  

 
                                                                         

       The optimisation of the representative household (given by 

equations (13) and (14)) requires a Transversality condition to be 

satisfied, which is                    , where t denotes time. We 

assume that this condition is satisfied. The satisfaction of the 

Transversality condition itself implies that throughout the entire time 

span, capital will remain as a constant proportion of consumption. 
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This implies that consumption and capital will grow at the same rate
16

. 

If the capital and the consumption do not grow at the same rate, then 

the household’s problem will not be optimized. At the aggregate level, 

for the symmetric equilibrium, K is equal to   , and so from the 

production function given by equation (1), we get that output and 

capital also move proportionally. This is because, employment level 

and Environmental quality are derived endogenously in the model and 

they are found to be time independent. So, the consumption, capital 

and output vary at a constant rate. In equilibrium, employment of 

labour, tax rate, rental rate of capital, environmental quality and firm’s 

share of forgone output - all are time-independent. So the growth rate 

of consumption given by equation (15.a) is also time-independent. 

However, in the steady state growth equilibrium, capital stock, K, final 

output, Y, negotiated wage rate,   , firm’s profit, π, grow over time; 

and their common rate of growth is equal to the rate of growth of 

consumption.  

3.       Growth Maximising Tax Rate Versus Welfare Maximising 

Tax Rate: 

       We first derive the growth rate maximising income tax rate. Using 

equations (4.a) and (15.a), we obtain the growth rate maximising 

income tax rate,   
 , given by

17
 

  
   

           

            
                                                                           

We assume the following parametric restriction to ensure that   
  

 .   

   
  

      
 

        

         
     

However, it is very easy to check that   
    trivially. Using 

equations (12) and (16), we obtain  

  
   

                    

               
                                                

                                                           
16        See page number 207 – 210 of Barro and Sala-i-Martin (2004).   
17        Second order condition of maximisation is also satisfied. 
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       From equation (16.a), we obtain   

   
 

  
  

       

         
       

                                                      

Equation (17) implies that an increase in   lowers   
 . This is so 

because this raises    which, in turn, upgrades environmental quality 

and thus lowers the marginal benefit of public abatement expenditure. 

This equation (17) along with equation (16) shows that the 

government’s role in protecting environment is still important even if 

the labour union is actively protecting the environment. This is so 

because, none of the growth rate maximising or the welfare 

maximising tax rate is zero. Equation (17) shows that the role of the 

government may become less important as labour unions become 

more powerful. However, it will never become completely 

insignificant irrespective of the bargaining power of the labour union. 

So, the role of trade unions in protecting the environment cannot 

completely substitute the role of the government in the very same.    

       For technical complexity, we do not derive welfare maximising tax 

rate analytically. Rather, we check whether the growth rate 

maximising tax rate and welfare maximising tax rate are equal or not. 

We define welfare,  , as the discounted present value of instantaneous 

utilities of the representative household given by equation (13). After 

incorporating equations (1), (4.a), (14) and (15) in it, we obtain
18

 

  
    

 
 

     
 

 
    

 

 
 

 
 

 

       
     

         

      
 

 
                        

Here    and    are two constants of Integration. Since we do not know 

the sign and magnitude of   , we assume that welfare varies positively 

with the growth rate. Equation (18) shows that the welfare maximising 

tax rate is greater than the growth rate maximising tax rate. If we 

differentiate the welfare level with respect to the tax rate at      
 , 

then differentiation of the fifth term on the right hand side of equation 

(18) will be positive, while, the differentiation of all other terms other 

than this term, will be zero. So,  
  

   
 
      

 
  . This is because, the 

growth maximising tax rate does not take into account the positive 

effect of environmental quality on household’s utility. As a result, the 

                                                           
18        See Appendix B.  



18 
 

marginal social benefit of taxation is higher than its marginal positive 

effect taken into account by the growth equation. It should be also 

noted that the welfare maximising tax rate is affected by the level of 

unionisation as unionisation affects the marginal impact of public 

abatement expenditure by changing   . Below, we summarise the 

main results obtained in this section.   

Proposition 2: The growth maximising rate of income tax used to 

finance public abatement expenditure varies inversely with the 

relative bargaining power of the labour union. The welfare 

maximising tax rate is greater than the growth rate maximising tax 

rate and is affected by unionisation.     

4.       Growth and Welfare Effect of Unionisation: 

       We now analyse the effect of an increase in   on the endogenous 

growth rate. Using equations (4.a), (16) and (15.a) and putting      

and     , we obtain 

   
          

                     
                                                        

From equation (19), we have    

   

  

    
  

   

  

  
    

   

  

      
                                                              

Equation (20) shows that the effect of an increase in   on the growth 

rate,   , is ambiguous. The first term on the right hand side of 

equation (20) represents the employment effect on growth due to 

unionisation. Its sign is determined by the sign of 
   

  
; and so it 

depends on the nature of labour union’s orientation towards the 

arguments in its utility function. However, the second term on the 

right hand side of equation (20) captures the environment protection 

effect of unionisation on growth; and it is definitely positive. So the 

effect of unionisation on the growth rate may be qualitatively different 

from its employment effect. So, a high degree of employment 

orientation is a sufficient condition to ensure that unionisation 

generates positive effect on economic growth rate.  
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       In case of a neutral labour union, i.e.,           , the 

growth effect of unionisation becomes   

   

  

    
 

         

          
                                                                         

       To determine its value, we take help of empirical values. Douglas 

(1976) shows that      . So,                   as 

      . So, in case of a neutral labour union, the growth effect of 

unionisation is negative.  

       In Chang et al. (2007), labour union’s concern about environment 

protection is absent. As a result, the environment protection effect of 

unionisation on growth does not exist there. Moreover, the growth 

effect of unionisation is qualitatively similar to the employment effect 

in that model; and hence an employment oriented labour union is a 

necessary as well as sufficient condition to have a positive growth 

effect of unionisation. However, in the present model where unions’ 

concern for environment protection exists, only being employment 

oriented is no more a sufficient condition for ensuring positive growth 

effect of unionisation. Moreover, in Chang et al. (2007), rise in the 

relative bargaining power of a neutral labour union has no effect on 

growth rate which is no more valid after incorporation of labour 

union’s concern for environment protection.  

       The existing empirical literature also shows evidence of an 

ambiguous relationship between unionisation and economy’s growth 

rate. Empirical studies by Kim (2005), Vedder and Gallaway (2002), 

Padovano and Galli (2003), Carmeci and Mauro (2003) and Adjemian 

et al. (2010) show a negative impact of labour unions on economic 

growth. However, Georgiou (2010) and Asteriou and Monastiriotis 

(2004) empirically show a positive association between unionisation 

and economic growth rate. Jaoul-Grammare and Terraz (2013) uses 

data from 11 European countries for the period 1960 – 2009 and finds 

that, only in the case of France, union density positively affects 

economic growth. For other countries, the effect of union density on 

economic growth is not statistically significant. Traxler and Brandl 

(2009) uses data covering 18 countries for the time period from 1980 

to 2000 and concludes that labour unions’ bargaining power does not 

have any significant impact on the growth of GDP.  
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       Now, equation (18) shows that unionisation affects welfare level 

through the channel of growth as well as through the channel of 

environmental protection. The environmental quality depends on 

 
         

      
 . As we have described earlier, we cannot analytically 

derive the welfare maximising tax rate, so we use the growth rate 

maximising tax rate to analyse effect of unionisation on  
         

      
 . 

Using equation (16), we get 

 
         

      
  

  

             
                                                   

       So,  
         

      
  varies positively with unionisation as    varies 

positively with unionisation
19

. As a result, welfare level definitely 

varies positively with unionisation in case of a highly employment 

oriented labour union. However, even when unionisation does not 

increase the growth rate, then unionisation can also have a positive 

effect on welfare level. This establishes the following proposition.  

Proposition 3: A high employment orientation of labour union is a 

sufficient condition to have a positive effect of unionisation on growth 

rate as well as on welfare level. Moreover, union’s effect on welfare 

level may be positive even if its growth effect is negative. A point to 

note is that the rise in the bargaining power of a neutral labour union 

is harmful for growth.     

5.       Conclusions: 

       This paper investigates the effect of unionisation in the labour 

market on the employment level, growth rate and welfare level of an 

economy in presence of the labour unions’ concern about environment 

protection and it also derives properties of the optimum income tax 

policy designed to finance public abatement expenditure. We use an 

‘Efficient Bargaining’ model following McDonald and Solow (1981) 

to represent the negotiation process between the firm and the labour 

union.   

       Our major findings are as follows. First, the negotiated wage rate, 

as well as firm’s rate of forgone output to protect environment, vary 

                                                           
19        See equation (12.a). 
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positively with the degree of unionisation in the labour market. 

Secondly, the growth maximising rate of income tax used to finance 

public abatement expenditure varies inversely with the bargaining 

power of the labour union; and the welfare maximising tax rate is 

greater than the growth rate maximising tax rate. The existing 

literature on public abatement and growth does not focus on the 

sensitivity of the optimal tax policy to the degree of unionisation. 

Thirdly, high employment orientation of a labour union is a sufficient 

condition to have a positive effect of unionisation on employment 

level, economic growth rate as well as on the level of welfare. 

Moreover, union’s effect on welfare level may be positive even if its 

growth effect is negative. However, rise in the bargaining power of a 

neutral labour union is harmful for employment level and growth. The 

importance of the positive environment protection effect of 

unionisation is not discussed in the existing theoretical literature. 

Moreover, some results of Chang et al. (2007) appear to be special 

cases of our results obtained in the absence of environment protection 

effect.   

       However, our model can be extended in various directions. 

Interactions between environmental pollution and technological 

progress can be incorporated; and hence, the allocation of 

government’s budget towards education, R&D etc. can be analysed. 

The assumption of a ‘closed shop union’ can be replaced by an ‘open 

shop union’, which is more common in reality. Incorporation of a 

union’s membership dynamics and its intertemporal behaviour in the 

analysis may also provide a deeper understanding of this issue. 

Further research is required to address these topics.  

 

 

 

 

 

 

 



22 
 

 

 

 

 

 

 

 

 

 

 

Chandril Bhattacharyya is an Assistant Professor at the Centre for 

Development Studies, Thiruvananthapuram. His area of research 

includes Growth Theory.  

Email: chandrilbhattacharyya@gmail.com 

 chandril@cds.ac.in 

 

 

  

 

 

 

 

 

 



23 

Appendix:  

Appendix A: ‘Efficient Bargaining’ model   

First order conditions:  

From equations (9) and (1), we have  

                                     

                                                                

The first order conditions of maximisation of       are given by the 

followings.  

   
    

 
         

                          
                           

   
 

 
                                 

                          
                

and 

   
 

 
                        

                          
                                    

Now using equations (A.2), (A.3) and (6), we have 

                                                                    

From equations (A.2) and (6), we obtain 

                  
  

 
                                     

Using Equations (A.5) and (A.6), we obtain  

     
           

                                
                  

From equation (A.4), we obtain 

   
 

 
                         

                           
                                       

Using equations (A.5), (A.7), (A.8) and (6), we obtain  
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Equation (A.9) is identical to equation (12) in the body of the article. 

Using equations (A.9) and (A.7), we have 

     
                     

                           
                               

From equation (A.10), we obtain equation (10) in the body of the 

article.  

Using equations (A.7) and (A.5), we have      

  
          

                      
                                                

Equation (A.11) is identical to equation (11) in the body of the article.   

Derivation of Condition A: 

We derive Condition A as follows. To ensure positive values of    and 

  , we need the following parametric restriction.  

                                           20        

Again, labour employment has to be less than its endowment i.e., 

    ; and so the following parametric restriction is needed.  

                               
                           

Combining these two conditions    and   , we obtain condition A 

given in the body of the article.  

Second order conditions:  

Using equations (A.2) and (6), we have  

        

      
   

      
  

     

               
  
 
   

                                  

From equations (A.3), (6), (A.7) and (A.11), we have 

                                                           
20        Condition    also ensures that negotiated wage rate is higher than the 
competitive wage rate perceived by the labour union.  
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From equations (A.4) and (6), we have 

        

   
  

   
  

 
               

  

 
 
 

               
  

 
   

                 

Now, using equations (A.12), (A.11) and (A.7), we have  

        

     
                      

          

  
               

                                       

Using equations (A.13), (A.11) and (A.7), we have 

        

   
  

                     

       
                                 

Again using equations (A.14), (A.9), (A.11) and (A.7), we have 

        

   
  

                      
          

              
                                         

Now from equations (A.2), (A.7), (A.11) and (6), we have 

        

    
  

                               

             
                                          

Using equations (A.15), (A.16) and (A.18), we have  

        

   
 
        

   
  

        

    
 

 

 

                               
                     

            

    
               

                       

Again from equations (6), (A.3), (A.7), (A.10) and (A.11), we have 

        

    
  

                                

           
                                  

and from equations (6), (A.2), (A.7), (A.11), we have 
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From equations (A.18), (A.15), (A.21) and (A.20), we have 

        

    
 
        

   
 
        

    
 
        

    
 

                 
                     

                     

              
   

                    

From equations (A.18), (A.20), (A.16) and (A.21), we have  

        

    
 
        

    
 
        

   
 
        

    
                           

So from equations (A.17), (A.19), (A.20), (A.22), (A.21) and (A.23), 

we have 

        

   
  

        

         
        

   
   

        

    
 
 

  

        

    
  

        

      
        

    
   

        

    
   

        

    
   

        

    
  

        

    
   

        

    
   

        

   
   

        

    
    

              
                    

                      
 

        
              

                   

Appendix B: ‘Derivation of equation (18)  

From equation (13), we obtain 

              
 

 
   

    

 
 

 

  
     

    

 
                         

where      
   and    is the consumption at time point 0. Now, 

using equations (1) and (14), we obtain 

                                                                                  

From equation (15), we obtain 

   

 
                                                                                   

Using equations (B.1), (B.2), (B.3) and (4.a), we obtain equation (18) 

in the body of the article. 
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