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ABSTRACT 

FACULTY OF SOCIAL SCIENCES 
ECONOMICS 

Doctor of Philosophy 

THE INFLUENCE OF UNION ON WORKING HOURS, 
WAGES, AND EMPLOYMENT 

By Zhi-Peng Yu 

The presence of a trade union has been recognized to have a notable 

impact on the determination of wages and employment. More recently 

economists have began to study the influence of unions on hours of work. The 

purpose of this thesis is to study theoretically and empirically union influence 

on bargaining outcomes, and particularly on hours of work. I explore these 

ideas using an establishment level survey data within the UK electrical 

engineering industry from 1979 to 1984, which covers a recessionary period. 

Chapter 1 of this thesis provides a brief introduction and how the 

thesis has been organized. Chapter 2 is a survey study of unionism and hours 

of work. The main difference of this survey to others is that, rather than 

generally exploring all the union bargaining models, the focus here is on 

modelling a union's influence on working hours, and providing a summary of 

the empirical finding in the literature. 

Chapter 3 studies the effect of union bargaining on working hours in 

different union-management bargaining frameworks. Three kinds of 

bargaining scenario are presented: two Right-to-Manage models and one 

Efficient Bargaining Model. The comparative statics show that higher union 

bargaining power leads to lower working hours and a higher wage rate in all 

the models. The employment effect is ambiguous, and depends on the 

bargaining framework and the value of other variables. Also a comparison of 

this paper with other literature has been provided. Chapter 4 is an empirical 

study of union's influence on hours using the survey data. 

Chapter 5 studies the union and firm size effects on wage rates. The 

firm size effect on the wage rate is found to differ in the union and non-union 



sectors. In the union sector, the influence of size on wages is negligible or 

even negative. However in the non-union sector, wages increase with firm size 

for manual workers. The union wage differential is larger during the 

recessionary phase of our sample. By decomposing the union wage 

differential, various factors have been found to contribute differently to it, and 

unemployment is one of the most significant factors. 
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Chapter One: Introduction 

This thesis has been organized around a theme of t rade unions, how unions 

affect working hours, employment and wage rate. The presence of unions has been 

recognized to have a notable impact on the determinations of wages, employment 

and hours of work. In the past there has been a large amount of work addressing 

the economics of trade unions, i.e. Oswald (1985), Pencavel (1985), Ulph and 

Ulph (1990). However few of them have special focus on hours of work, especially 

the rising issue of work sharing - reducing each employee's hours could increase 

employment by spreading the work to other people, this makes it worthwhile to 

contribute. The initial motivation of this work is to study the union's impact 

in hours setting. Among the hours literature, most are empirical Ending, i.e. 

Freeman &: Medoff (1984), Pencavel (1990), that unions have negative effects on 

hours. While very few of them have theoretically shown these effects in hours 

setting. Therefore I included the first three chapters. 

Chapter Two is a survey of unionism and hours of work. The main difference 

of this survey to others is that, rather than generally exploring all the union bar-

gaining models, the focus here is on the modelling of how unions influence working 

hours as well as the relationships among hours, employment and wage rates. Two 

broad bargaining models: the Right-to-Manage model and the Efficient Bargain-

ing model and one integration of these two - the Sequential Bargaining model 

have been presented. Then different kinds of modelling of hours have been anal-

ysed in detail - the approach, the method and the comparison. Also the empirical 

evidence has shown that the union hours gap, in most cases, is negative and not 
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negligible in size. It varies considerably by type of worker, by industry and by 

occupation. 

Chapter Three studies the effect of union bargaining on working hours in three 

kinds of union - management bargaining frameworks. T h e three frameworks differ 

in terms of what variables both parties have been bargaining with. The first haa 

been defined as the strong Right-to-Manage model in which hrms and unions 

only bargain over wage rate. The second is the weak Right-to-Manage model in 

which both parties bargain over not only wage rate but also working hours. The 

third is the EfEcient Bargaining model which all three variables - wage, hours and 

employment have been bargained over. Then I find tha t higher union bargaining 

power leads to lower working hours and higher wage rate. The employment effect 

is ambiguous. That depends on the bargaining framework and the value of the 

other variables. Also it hag been found that external shocks, i.e. technology and 

price, will not affect hours of work and wage rate, it only haa major effect on 

employment. Furthermore, comparing with other hours models in the hterature 

shows the emphasis of this paper, and to what extent this paper is or is not 

consistent with other work. 

Chapter Four provides the empirical evidence for chapter three. In this section 

firm level survey data has been used to examine the union's effect on working 

hours. In the hterature, most of the papers have used individual data sets to test 

the unions' hours effect. However the individual data set has not been able to 

examine how the firm's characteristics affect the hours setting. This survey data 

is within the electrical engineering industry from 1979 to 1984 across the U.K. It 

is found that the union hag a negative effect on working hours. In general unions 

reduce about 4% of total hours of work for the semi-skilled, and about 2% of 

work for the craftsman. Furthermore in different firm sizes the union may play 

a different role for different kinds of workers in terms of hours setting, for semi-

skilled workers in middle sized firms, employees in union sector work about 3.8% 

less than their counterpart in the nonunion sector, however in large size firms the 



difference in hours between these two parts is 5%; whilst for the craftsman the 

effect of middle and large sized firms are nearly same. 

The work of Chapter Four leads to a idea of analyzing the union and firm 

size effect in wage setting. This is what has been explored in Chapter Five. It 

hag been found in the hterature that both unions and firm size have influence 

on wage rates, however, if firm size is included as an explanatory variable in 

the wage regression, the union effect is reduced. Using the same data set aa 

in chapter four, especially it covers a recession period within UK, the evidence 

shows that the size effect diSers in the union and non-union sectors. In the union 

sector, the influence of size on wages is neghgible or even negative, while in the 

non-union sector, wages increase with firm size for manual workers. The union 

wage differential is also found to be larger during the recessionary phase of our 

sample. Decomposing union and non-union wage differentials, I hnd that various 

factors have contributed differently; unemployment is one of the most significant 

factors. This wage differential is mainly caused by the "price difference", which 

denotes that there exist different wage rates in union and non-union sector given 

same firm characteristics. 



Chapter Two: A Survey of Unionism and Hours 

of Work 

1 Introduction 

There are a large number of papers that study the union-firm bargaining be-

haviour. Moreover two survey papers by Oswald (1985) and Ulph (1990) have 

given a clear description of modeUing trade union objectives. However few of 

these models consider hours of work, and particularly recently more and more 

economists have been concerned with the issue of working hours. They discuss 

whether work sharing can increase the employment by spreaxiing the work to 

other people. The purpose of this paper is to explore vazious models of union be-

haviour in the hterature, however rather than generally to discuss all bargaining 

variables and other economic eEects, the focus here is on the modelhng of how 

unions influence working hours as weU as the relationship among working hours, 

employment and wage rate. 

The paper has been organized as fohows. Section 2 describes the union's 

objective function and the firm's profit function under different assumptions. 

Section 3 explores the bargaining procedure and the outcome. There are two 

general types of model: the fUght to Manage model and the Efhcient Bargain 

model have been analyzed; also, an integration of these two models; the Sequential 

Bargaining model has been provided. We will see that many models are just a 

special case of these models. Section 4 presents the bargaining eEect on the 
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wage, employment and working hours. In particular, much of it is devoted to 

summarizing various model on hours determination and the relationship among 

working hours, wage and employment. In section 5,1 briefly evaluate the influence 

of union on productivity and efhciency. The concluding segment is presented in 

section 6. 

2 Models of Union Behaviour 

Union bargaining parties always concern two sides: hrm and union. Despite there 

being quite a lot of studies about the modelling of these two sides, there is still no 

universally accepted model. I wiH start from a firm and union objective function 

in a general caae. 

2.1 F i r m P r o f i t F u n c t i o n 

For the firm profit function, the simplest traditional model is 

where R is the gross revenue; K denotes the capital invested in the firm; L denotes 

the number of workers employed; H presents the hours of work of each employee; 

W, the wage rate per hour for the employee. If we consider the short run, so that 

the capital does not vary, we may write the model aa 

= (2.1.r) 

If hours of work is a exogenous variable, then the firm profit function can be 

written aa 

= (2.1.r) 

but here W is the salary of eax:h employee. This is what McDonald & Solow 

(1981) use in their well known paper: Wage Bargaining and Employment. The 



function (2.1.1), (2.1.1Q, or (2.1.1'') are the simple way of modelling the firm 

profit, although they ignore some other inputs or factors of general case. For 

instance the fixed cost of each employee, such as training cost, fringe benefit, 

etc.... If we study how the fixed cost of each employee aSects the employment, 

hours and wage, it would be necessary to add it in the firm profit function aa 

= (2 .1 .2) 

where c is the fixed cost of each employee. 

In some recent studies, economists study look at how the over time hours 

affect the bargaining behaviour; in this cage, we can build up the model aa 

TT = j?(jr, jif) - (1 + 6) (a^ - W)1 z, - ci: (2.1.3) 

where ^ is standard hours of work, and H is total hours of work. Thus 77 — ^ is 

overtime hours, which have been paid with the overtime premium b. As we can 

see, compared with the (2.1.1), this function is getting complicated, especially 

when we want to get comparative statics. Therefore, normally in the hterature 

we can find that the profit function takes the formula as in (2.1.1) or (2.1.2). 

We formally assume that the firm is selling its product at the price p. The 

firm is a price taker, and has production function F(K,L,II). 

^ = pF(;ir, i:, j:f) 

Furthermore we would assume that F is a concave function, F ' > 0, f ' < 0, the 

marginal product is positive and decreasing. Also some economists may define a 

firm's production function as 

y = / ( e 4 K ) 

where e is eSort, it is conventionally deHned in terms of efRciency of units of 

labor, and L is the labor input. Thus is efEcient labor services. 
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Following McDonald & Solow(1981), this iso-profit curve of the firm would be 

as in Figure 2.1. 

[Figure 2.1 insert here] 

The curve is approximately an inverse-U shape. The profit of the firm is 

increasing in the direction shown on the Figure 2.1. The lower the wage rate, the 

higher the profit of the firm, given the number of the employees L. For any L, 

the iso-profit curve would be a positive slope until the marginal product of labor 

reaches the wage rate w; then it becomes negative with more employment. A hne 

through the peak of each indifference curve gives a downward sloping line D-D 

which is the labor demand curve. It denotes the profit-maximizing employment 

levels of different wages. 

2.2 U n i o n ' s O b j e c t i v e F u n c t i o n 

There are several ways to specify the union's preference. Oswald (1985) defines 

them as two approaches: 

i. a general quasi-concave union utihty function, usually of a specific form 

ii. an expected-utihty, or utUitELrian, fmiction . 

Quite a few economists follow the first approach. The most natural way 

to characterize the union objective is with the social welfare utility. The way 

of defining union objective function can be either with the Benthamite Social 

Welfare Function 

r(3'l; J J ) hi, , , hfji) iW) ^ ^ Ui {Xi, /ii) (2.1.4) 
i=l 

or the BemouDi-Nash Social Welfare Function 

M 

r (x i , , , Xfni hi, , , hjji, Af) — 2 2 Ui (Xj, /ii) (2.1.5) 
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where M is the union membership; x* emd ĥ  are the consumption and hours of 

work respectively. The individual utihty function of each member is . 

the assumption is that > 0, < 0. Utility is increaaing with consumption 

goods, and decreasing with hours of working. 

We would also address the particularly infuential form which Dertouzos &: 

Pencavel (1981) adopt in the Stone - Geary objective function for the union: 

r ( :y , M) = (2.1.6) 

where W denotes the negotiated hourly wage rate and M, the local union mem-

bership; Because the emphaais is here placed on closed shop employment, M 

actually represent employment, "y can represent the alternative wage rate if they 

do not draw negotiation, or unemployment benefit. And 6 could be the reference 

levels of employment. Parameter ^ is the weight to show the relative importance 

between wage and employment. So if we let ^ vajy f rom 0 to 1, we could have 

different union objective functions. ^ = 1/2, for example, 

r(M/, M) = ( ly - '))^/^(M - 6)^/^ 

could be interpreted aa the wage bill maximization; ^ = 1 could be the union 

concern about the wage only. Formulation (2.1.6) could be rationalized in terma 

of an approximation to the BernouUi-Naah Social Welfare function. However aa 

Oswald (1982) connnents about this form, it haa some advantages, especially it 

nests other objective function as the special case we have shown, and it leads to 

convenient reduced form equations; but the disadvantage is that it does not show 

exphcitly worker's preference. 

FoHowing the second approach, aasuming the workers choose to be employed 

aa the random from all of the members, then each individual haa the expected 

utility aa 

U(n, M, r, W) = ^u(W) + (2.1,7) 



where M is the union membership nmnber, N is the number of members that 

have been employed. W and r represents the wage ra te of those who have been 

employed and the alternative wage rate of those not employed. Therefore u(W) 

and u(r) denotes the utility of workers who have been employed and not em-

ployed respectively. The assumption here is that every individual worker has the 

identical utility function u. We would assume tt' > 0, w'' < 0. The worker is either 

risk neutral = 0, or risk averse tz'' < 0. If M is an exogenous number, we could 

lead the utihtarian function 

+ (M - (2.1.8) 

which has the same properties as (2.1.7). Alternatively we could just write it as 

[/ = AT [̂ (̂M/) - ^/(r)] 

The union's objective is to maximize the gain from getting N numbers of members 

being employed at the wage rate W. 

Some economists such as Co8ta(1998) specify the individual utihty function 

as T — j f ) rather then ^/(ly). As we can see from Costa's utility function, 

the worker not only cares about the wage rate, the to ta l earning, but also the 

leisure. We would assume > 0,1^2 < 0. Some may define per-worker utihty 

as ii(w, e), where e is eSFort spent on the work, which is disliked by workers, so 

lie < 0. 

The advantage of the second approach, compared with the first approach, 

is the Individual worker's preference and the size of the membership appearing 

explicitly. In the Figure 2.2, we show the union's indifference curve between wage 

rate and employment holding hours of work fixed. Given the number of workers 

employed, the higher wage rate the higher the union's utility. The union's utility 

is increasing with the direction showed in the Figure. The curve is downward 

sloping, and a higher wage rate compensate for lower employment. 



[Figure 2.2 insert here] 

3 Union Bargaining Goals and Outcomes 

After we set up the union and firm objective function, I will now present the 

bargaining process and the outcome. Booth (1995) considers the bargaining be-

haviour in two broad approaches: the axiomatic approach and the game-theoretic 

approach. The former approach is to assume under certain principles or axioms 

that a unique outcome can be found. It focuses on the outcome of the bargaining 

process. However, the later approach involves the bargaining process in order 

to determine the actual outcome. While Hirsch &: Addison (1986) dehne them 

as bargaining on the demand curve and off the demand curve. In general, the 

economists, (including Oswald, Ulph, Pencavel, McDonald & Solow), assign the 

bargaining models to two categories: the Right-to-manage model and the E@-

cient bargain model. This approach has also been followed in this paper. In the 

end I present the Sequential Bargaining model as an integration of the Right to 

Manage model and the EfBcient Bargain model. 

3.1 R igh t t o M a n a g e m o d e l 

The assumption of this bargaining model - the Right to manage model - is that 

the union can either bargain over the wage with the &rm or set the wage inde-

pendently; then the firm can set employment unilaterally to maodmize its profit. 

Given this assumption, after the wage has been set up, the firm will subsequently 

pick the relating point on the demand curve in Figure 2.3, as this is the point 

of the profit-maximization level. Given a higher wage, the firm will choose lower 

employment. It is a trade-oS between wage and employment. 
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[Figure 2.3 insert here] 

Figure 2.3 shows the wage-employment outcome of such a model as the tan-

gency of the union's indifference curve Uo, and the firm's labor demand curve 

D^,. After the wage haa been set up as W*, the firm adjusts its employment level 

to L*. Any outward shift of Df, will increase the union's utihty as well as the 

wage and employment. Any slope reduction of the demand curve would lower 

the wage, and increase the employment. 

A special example of this bargaining model is the Monopoly Union Model. 

In this model, the union chooses the wage unilaterally to maximize the utility, 

subject to the constraint that the employment is on t he demand curve. Let's 

suppose the union's utility function to be (2.1.8). 

+ (M -

Here we treat the union membership number M as fixed. And for simphcity's 

sake, we take the (2.1.1") as the firm proEt function. 

TT = ;((j:) -

Given the wage rate set by the union, the firm will maximize its proht 

Mo2;7r = MGa;^(Z^) — tyZ, 

by choosing 

= 0 

which means the marginal product of labor equals the wage. We could have the 

solution 

^ = $(M/) (2.2.1) 

The union tries to maximize its utility subject to the employment chosen by 

the firm. 

Maa: = i :? / (^) + (M - ^)^i(r) (2.2.2) 

11 



Substitute (2.2.1) back to the equation (2.2.2), and we can get 

= $(W) [2̂ (M") - ?^(r)] + M^^(r) 

At an interior maximum, then 

= $%I^) _ i((r)] + $(ty)^/%M/) = 0 

This equation tella us the marginal benefit of increasing the wage is equal to the 

marginal cost. 

A more general version is the wage rate being set by the bargaining instead of 

by the union unilaterally. The firm's bargaining power is less than 1, compared 

with /) = 1 in the monopoly union model. In this case I can get another equation 

with almost the same imphcations but which is shghtly comphcated, where both 

the wage rate and the employment would also depend on the bargaining strength 

of the union. The comparative statics show wages rise wi th the union bargaining 

strength. If the alternative wage, r, is reduced, this will extend the gap between 

the utihty of employed member u(W) and unemployed ii(r), and eventuaHy in-

crease the employment. Booth (1995) exphcitly shows the bargaining outcome 

when is facing different value in Figure 2.4. 

[ Figure 2.4 insert here] 

Oswald( 1982) shows that in general unions' desired wage rates will increase 

by increasing the unemployment beneEt, the employment subsidy to the firm; 

and will decrease with the rise of the worker's income subsidy. However a rise in 

the price of the product and the change of membership has no effect on union's 

desired wage rate. 

3.2 Eff icient B a r g a i n i n g m o d e l 

In the previous model I have assumed that the firm adjusts the employment level 

after the wage has been set up by bargaining or by the union alone. The wage rate 
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and employment outcome will be on the demand curve. But if the assumption 

changed to the firm, and the union is bargaining over t h e wage and employment 

simultaneously, the firm, not hke in the Monopoly union Model, could not freely 

choose the employment level to maximize its profit. Wis can see that the point 

on the demand curve in this case is not Pareto Optimal. In other words, we can 

always find some other wage and employment level tha t could be better oE than 

the combination on the demand curve, which we caJl the curve combined by those 

points "contract curve". 

Coming back to the same hrm and union objective function aa we showed in 

Monopoly Union Model, we can now describe the problem aa 

r A(Zv) - g + ( M -

where ^ is union bargaining power. The solution of this maximization problem is 

It meana the slope of the union's indiGFerence curve equals the slope of the iso-

proht curve. In other words, the marginal rate of substitution between wages 

and employment for the firm should equal the corresponding marginal rate of 

substitution for the union. The locua of points is called "contract curve". By 

differentiation (2.2.3), we could get the slope of contract curve as 

dW n'{W)R"{L) 

dL n"(W} IR'(L) -W] ^ ' 

We aasume W > r, else there is no reaaon for unions to exist. Prom (2.3) we can 

yield IV > j^'(Z,). Combine the aasumption that the worker ia either riak neutral 

n'' = 0 or risk averse < 0, if it is risk neutral, the contract curve would be a 

straight vertical hne; if it ia risk averse, the contract curve would be a positive 

slope. As shown in the Figure 2.5, the contract curve would start from i,, which 

is corresponding with the alternative rate r, as there is no bargaining lower than 
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r, end by the fbced membership M. In fact the contract curve might end earher 

than M when the firm's proEt become small enough to cause it to shut down. 

[Figure 2.5 insert here] 

Also in the Figure 2.5 we can see that any point on t h e demand curve is not 

Pareto Optimal. Take the point A as an example; any point to the southeast of 

A would be better than A, aa both sides would prefer t he combination off the 

demand curve with the lower wage and higher employment. If the union has 

the abihty to achieve the point A, it would choose any point above c'', as it can 

achieve higher utility. On the other hand, the firm will choose any point lower 

than A, as it can get higher profit. The tangency point represents efficient 

bargaining. 

Oswald (1982) and Ulph(1990) present some properties of the model, thus 

this is not the place to represent them again. Also Oswald (1984) shows that the 

efBcient contract does not necessarily imply that settlements should be off the 

demand curve in some cases. 

By contrast, Pencavel (1991) provides a shghtly different efEcient contract 

figure yielded from a different form of the objective functions 

where r is the fixed cost of capital, y;(J^) can be interpreted as the disutility of 

work, and ^ is earning in a nonunion job. Therefore y)(.H )̂ + ^ is the opportunity 

cost of the employee who took the union job, u is the weight on the gain of the 

union job, and By holding hours of work constant, the slope of the 

contract curve is 
dy f n \ 

(fZ, \ n — 1 ' ' ^ 
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Assuming 7 '̂' < 0, the contract curve would be like t h a t in Figure 2.6. It wQ 

be positively sloped if %/ < 1; it will be negatively sloped if « > 1; and it wiU be 

vertical if « = 1. Suppose L* is the employment level in the event of not being 

unionized, then employment would rise if the eScient contract was negotiated 

along « < 1, and would fall along > 1, and would not change along iz = 1. 

[Figure 2.6 insert here] 

There are a small number of studies about the testing of these two theories; 

Brown and Ashenfelter (1986) use the pooled cross-section time-series data col-

lected by Dertouzos(1979) to test the eSicient contracts employment in the two 

arguments. Firstly they show that the contracts may be efhcient even if the 

marginal revenue product of employment is uncorrelated with alternative earn-

ing; secondly a partial correlation between employment and alternative earning 

is compatible with a first-order condition corresponding to an employer being on 

his labor demand curve. In reality there are difEculties in testing the theories to 

determine which is better, as the test may be imphcitly joint hypotheses about 

the profit function as well as the union behavior. 

Also there are some limitations about these two theories. Ulph(1990) and Os-

wald (1987) argue that there is a need to model more closely to unions bargaining, 

for instance, the hours of work, capital per worker and union membership are not 

included in the modelhng, which have been important to unions. In fact, Clark 

and Oswald (1992) report that 86% of 57 UK trade unions, the firm decides the 

level of employment, and yet for 91% the firm negotiates with the union over 

'working practices'. 

3.3 Sequen t i a l B a r g a i n i n g M o d e l 

There is an integration of those two models, the Sequential Bargaining model, in 

which the union has separate abihties to influence wages and employment. In the 
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monopoly model the miion has no inHuence over employment, but some influence 

over the wage. In the efficient bargaining model, to some extent, the union has the 

same influence over wage and employment. In a sequential bargaining model there 

is first a bargain over wage( or employment), then a bargain about employment 

( or the wage). The union's influence on the bargaining may be different in 

these two stages. Manning (1987) has addressed the framework of sequential 

bargaining: the wage-employment sequential bargain a n d the employment-wage 

bargain. In the former model the wage is determined before employment. In the 

second stage of bargaining when W has already been determined, employment 

wiU be chosen to solve the following problem: 

Maa: ghi[/(W, I,) + (1 - g) hiy(VK, I,) 

where q is the union's power over employment, and [/(WjZ/),y(iy,.L) are the 

union an.d firm's utility function. This will yield a solution iL(W^ g). In the first 

stage, when the wage is determiried, w will be set to solve: 

Maa; p hi (7 Z,(;y, g)] + (1 - p) In y [M/, ^(W; g)] 

where p is the union's power over the wage. P may or may not equal to q. 

In the latter sequential bargaining model, the employment was determined 

before the wage. Therefore the roles of W and L are reversed as above. 

In reality unions may have different emphasis in different bargain cases. So 

it is reasonable to assume f = g. However p and q can not be seen as totally 

independent of each other. Binmore et al. (1986) study how differences in risk 

aversion and time preference can explain bargaining power. If we assume time 

preference and risk aversion to be the same in bargains about wage and employ-

ment, both p and q would be affected by changes in the discount rates of the 

parties to the bargain. Manning (1987) proves for bo th wage-employment and 

employment-wage sequential bargains, that the sufficient condition for efficiency 

is p = g. If p < 1, g = 0, then we have right to manage model. 
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Pencavel (1991) and Nickell &: Andrews (1983) offer some explanations as 

to why sequential bargaining may constitute the actual bargaining process. It 

may be because (i) efhcient contract might be too costly to eSect due to the 

significant transaction cost for each party to fuU evaluate other's objective func-

tion. (h) Contracts may be efhcient at the initial negotiation stage, a subsequent 

unforeseen change may necessitate recontracting. However it may be too expen-

sive to recontract a new efhcient contract, and this may allow some unilateral 

adjustment. 

4 The Union Effect on Wages, Employment and 

Hours 

4.1 U n i o n Re la t i ve W a g e Effec t 

There are numbers of papers about the union relative wage effects. And it has 

been shown hundreds of times that unionized workers tend to earn more than 

non-unionized workers. Lewis (1986) summarizes how to estimate the union and 

nonunion wage gap in his well-known survey. He concludes that during 1967 

-1979 the mean wage gap was approximately 15% in US. In the survey, he also 

distinguishes the gap differences by gender, color, marital status, major industry, 

major occupation, region, education, age, etc, and the adjustment to the data 

problem. Blanchflower (1996) confirms that the wage effect in US by 1983 data 

is about 15.5%, and UK is about 11.2% in the same year. Freeman &: Medoff 

(1984) use the National Longitudinal Survey of men aged 14-24 in 1966 in US, 

and he hnds that, compared worker from nonunion joining union with worker 

remaining nonunion, it is about a 15.7% increase in his wage; it is approximately 

a 10.5% change by comparing workers remaining in union vs. workers leaving 

unions; and about 20.3% increase in workers joining unions vs. workers leaving 

unions. Blanchflower and Freeman (1990) show that unions are consistent with 
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low wage dispersion compared with its counterpart. 

Meanwhile DrifSU &: Meschi (1996) use the across establishment data in UK 

and find that the union mark-up in competitive establishment hag increased for 

unskilled worker, but for the same workers in establishments with market power, 

the mark-up has disappeared. For skilled workers, there has been httle evidence 

of markups. Lemieux(1998) estimate that in Canada, that on average union 

increase the wages, and reduce the wage inequality among workers, but union 

reduce the returns to both observed and unobserved skills. 

Some studies focus on how the union density aEects the wage. Reilly (1996) 

finds that union membership does matter in the 1% to 25% range . For the estab-

hshment union density ranges above the 25% level, union membership matters 

only in terms of the number of individuals whose age are set by the collective bar-

gaining process, and the gains are captured by aU employees in the establishment. 

Barth & Raaum (1998), using Norwegian data, find tha t a 10% increase in union 

density at the establishment leads to an increase in the wage of about 2%. Fur-

thermore they find that individual union membership affects the wage gap only 

in the absence of controls for workplace union density. If the establishment level 

union density is included, the individual membership hag no significant effect on 

the wage. 

4.2 H o u r s of work 

One reason that economists are attracted by the concept of reducing working 

hours of each employee, is that it offers the possibility of spreading work to 

others, and increasing employment by the way of work sharing. The worker 

may be concerned about the number of hours as they care about the earning as 

well as their leisure. The firms care about the hours as they presume that the 

labors input and hours are not perfect substitute for one another: firms a^ljust 

the fixed cost of employment by changing hours of work per employee rather 
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than by hiring and firing workers. Hart (1995) believes tha t if the union bargains 

over the per-period length of working hours, along w i t h wages, it is imphcitly 

concerned with the level of employment too, as the t r a d e oS between hours and 

workers should be aware that labor utilization on the firm's intensive margin will 

influence the employment level on the extensive margin. In this section I will 

provide theoretical model and empiricial evidence in hours hterature. 

4.2.1 Theo re t i c Mode l 

Attempting to test work sharing, Calmfors (1985) uses the expected utihty func-

tion of the worker 
TV M - TV 

u = - X K ' g , H) + - J j - v ( b , 0) 

where t;(y, f f ) is the utihty function of the worker, if he is employed, his utihty is 

^ ( W ^ , 77). If he is unemployed, his utihty is f (6,0), b is unemployment benefit. 

M, ^ are the membership numbers, employed workers and hours of working 

respectively. For the firm, its profit function is 

TT = F(7v, ; r ) - AT 

where F is the production function, A" is the capital investment. By holding the 

capital constant and taking the working time and the wage as exogenous given to 

the 6rm, the first order condition for profit maximization gives the labor demand 

function for workers as 

AT = jv(;y,j:f) 

< 0, ambiguous 

Thus it is not obvious that a reduction in working time will increase employment 

even at an unchanged wage. 

Assume working hours are given as exogenous for the union and Srm, in order 

to obtain the effect on the wage of a reduction in working time, in a monopoly 
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model ( t h e imion decides the wage rate to maximize i t s utihty function subject 

to the labor demand, and suppose M = 1), which yields 

Qii 

(f — ^) = 0 (2.3.1) 

differentiate (2.3.1) with respect to W and JT gives 

+ = 0 (2.3.2) 

Consequently H 

dh 

where 

= N\^Wvy + (f — f ) + Ny/Vfj + NHWVYY 4- NHVYH 4" NVY + NHHVY 

(2.3.3) 

From (2.3.2) and combine the assumption < 0, i t can be obtained 

< > 0 ^ 0 (2.3.4) 

As it can be seen ^ is ambiguous, but by interpreting each term of (3.3), he 

showed how the reduction of hours affects wage rate. 

Further, in the case when employment and working time are perfect substi-

tutes, by comparing initial working time with optimal working of 

trade union, it can be concluded: 

i) If initial working time is optimal or smaller than optimal for the trade union, 

an exogenously imposed reduction in working time will then always increase the 

wage 

ii) If initial working time is larger than optimal for t he trade union, 

— < > 0 ^ $ y , < > 0 

The wage may then increase or fall in. response to an exogenously imposed reduc-

tion in working time. 
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The main, contribution of this paper is that it is the first paper which theoreti-

cally studies work sharing; how employment is affected by hours setting. However 

there is a significant weakness in this paper. The conclusion of the ambiguous 

effect of hours cut on employment is drawn from an assumption that hours and 

wage are exogenous. Given the exogenous working hours and wage rate, the firm 

intends to maximize its profit by choosing its employment level unilaterally. This 

excludes the situation where hours or wage rate are endogenous to the bargaining. 

Earle and Pencavel (1990) have an influential paper that summarizes the 

various ways in which economists might model the determination of hours of work 

in different bargaining situations. This paper includes the situations that exists 

when hours are exogenous as weU as endogenous to t he bargaining. However 

it neglects the distinction between overtime hours (wage) and standard hours 

(wage), and specifies the firm profit maximization function as 

TT = ^( i : , 77) - - cZ, 

where c is per-worker hxed costs of employment, such as hiring and training 

costs and certain fringe expenditures; union weU-behaved objective function is 

expressed as 

r = ^(y, i:, ^ ) 

where Y = ^ > 0, pg < 0, and > 0. 

The first model he showed is efficient contract model, which could be described 

as 

max Hi = r -|- BH 

where B>0 represents the management's bargaining strength relative to the 

union. From the first-order condition of profit maximization we can get 

= B -

^77 

It shows that an eScient contract requires hours to be set so that the marginal 

disutihty of hours in the union's objective function is proportional to the firm's 
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marginal revenue of hours; the factor of proportionality is the bargaining power 

parameter B. 

Thereafter he moved to models of the principal-agent general form. In these 

modela at least one of the pajrties is able to determine one or other of the variables 

unilaterally. The second model is the union and firm bargains over wage rate aa 

well as working hours, Arm sets the employment unilaterally afterwards. So the 

model can be presented as 

max Os = r + a n + A - c) 

where A is a Lagrange multiplier, and Ai = If it bargains only over the wage 

rate, then the firm is going to adjust the employment and the working hours 

according to its own interest, the model is 

majc = r + an + A(Ai - - c) + ̂(̂2 -

where is another Lagrange multiplier, and -R2 = ^ -

A slight modification of previous models is that t he union decides the wage 

rate according to its own interest rather than bargaining with the firm. The firm 

foUows by setting employment and working hours unilaterally. In this event, the 

maximization problem can be wrote as 

maK O4 = r + A(Ei - - c) + ̂(7̂2 - M/i;) 

If the union can not only set the wage rate, but also the working hours, firms 

choose the employment, then the maximization problem can be written as 

max [̂ 5 = r + A - c) 

Earle and Pencavel have described a whole scenario of union-firm bargaining. 

This is the main contribution of this paper, however they fail to offer more detailed 

comparative statics for the bargaining procedure. Also it can not distinguish 
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between standard working hours and over time hours, which should affect the 

bargaining as well. 

Hcurt (1987) distinguishes overtime hours from standard hours, and explores 

the relationship between standard hours, overtime hours with employment in 

terms of cost minimization. He considers the cage that a firm minimizes its cost 

when it employs positive overtime hours. Thus total hours , the staadcird 

hours. Hence 

a > 1, (2.4.1) 

Following Ehrenberg (1971), the labor services function can be defined as 

= p ( ^ ) # ^ - " , 0 < a < l 

where ^(-ff) > 0 ,^(77) < 0 . It imphes that Z, increase at a diminishing rate 

when increases. By specifying 

p( j f ) = ( i f - 5 ) \ 6 < l (2.4.2) 

where s ia the minimum set-up time per worker. 

Assume total labor cost Q,: 

C^ = (j9W(jy')+T)7V 

where p is the payroll tax, p > 1, and T is other Sxed cost per worker. The hrm 

intends to minimize its total labor cost, thus the problem can be described as 

where A is the Lagrangian multipher. We should notice that this is from the 

point of cost minimization in stead of the point of union bargaining in Pencavel's 

paper. From the first-order conditions = 0, have 

(1 - CK)G^'(j:f) = M/(^) + g (2.4.3) 
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where G = p ( ^ ) / p / ( ^ ) and = T/p. Substituting (4.1) and (4.2) into (4.3) gives 

{—HssWS{cl — 1) + £<7 + (1 — a ) saWs^ 

( (1 - a - 6)oW^ j 

On the assumption 1 — a — g > O w e have 

<9^ 

8Ar 

< 0 

> 0 

which means a fall in standard hours will lead the firm t o substitute more overtime 

hours for less workers. 

[ Figure 2.7 insert here] 

In figure 2.7, we can see initially that the firm is in equilibrium at point X 

with working hours .ffiamd employment TVi, If standard hours reduce from .Zifg to 

, the isocost curve will move to and the new equilibrium will be at 

point 2/, where working hours will be increased to % and employment wiH be 

reduced to 

Hart (1984) studies about work shading from another point of view in terms of 

the effect of relative factor prices on worksharing within a model structure. The 

factor prices include standard wages, premium wages, obligatory social welfare 

contributions, other non-wage labor costs, as well as t h e price of capital goods. 

The firm's production Q takes the form as 

Q = F(A, jif, AT,7), < 0 , % > 0 , 2 7̂  j ,z, j = 1,...4 

where N is the number of workers, h is the average hours worked per worker, K 

is the capital stock and I is an index of productivity per person employed. Also 

it is assumed that an increase in labor productivity applies to ail hours of labor. 

Thus the labor services function L 

Z, = fG(A^, ̂ ) , > 0, < 0 
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Average hours are composed of two parts 

The firm faces fixed labor costs, z, which haa been divided into endogenous Ze,8nd 

exogenous elements; Further subdivision of fixed worker costs 

z = z + (g + = Ze + Zg; + (g + r) (zg + 

where z is the recurring component (e.g., recreation facilities, social welfare pay-

ments, holidays) and z is the 'once-over' component (e.g., hiring, training and 

redundajicy costs), g is the quit rate and r is the interest rate. And variable cost, 

f , are comprised of three elements, 

where Wg is the standard wage rate, and are t he premium wage rate and 

non-wages ( social welfare, unemployment insurance , etc.). Specifying 

7 = 7 ( z , / p ) , r > o , r < 0 

f is the general price index. 

Therefore, the hrm's total cost function C is expressed aa 

C = (z, + ẑ ) Ar+(g + r) (ze+ẑ )7V+W, (1 + ^) (1 + /3) TV (B̂  - ^,)+5^+cjr 

The costs are minimized subject to the production constraint, given by 

Q = F [ / ( z , / p ) G ( N , f f ) , K ] 

Two imphcit equilibrium functions for workers and hours per worker and /i* 
can be given from the first order conditions to the cost minimizing problem 

AT* = A ^ X z , , z , , g , r , ^ „ T y „ a , / ? , Q ) , A r ; < 0 , 2 = l , . . . 4 , A / - ; > 0 , ; = 5, . . .8 .Ar;>0 

/i* = A*>0,% = l , . . . 4 . / ^ ; < 0 , ; = 5 , . . . 8 , A r ; > 0 
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The signs of the partial derivatives indicate that a rise of per worker costs 

r) increases the marginal cost of new employment relative to longer 

hours by existing employees and thus induces substitution of for On the 

other hand, a rise in standard hours or the standard wage or the overtime pre-

mium or the social security contribution rate reverses the relative marginal cost 

increaaes, thereby encouraging substitution in the opposite direction. 

More attention on how subsidy affects the employment and hours has been 

given in Hart (1989). Consider a cost-minimizing firm with per-period total labor 

costs, 

w(/t) + Z + T] TV 

where is the wage cost for ^ hours of work, f > 1 is a payroU tax, Z is 

once-over hiring and training costs, T is hxed per-period payroU taxes and TV is 

the total workforce. The wage function is assumed aa 

= for Tif < 

a > 1 is the overtime premium. And output Q is related to labor services Z, 

0 = y(z,), r >o,r <0 

The labor services function is given by 

= g < l , 0 < a ! < l 

where g is the set-up time. Thus 

+ aW, ( ^ - ) + Z -k T] for ^ 

= -H Z + T) # for 

1. Consider the firm receives a subsidy y? with respect to the variable labor 

costs of each additional employee while the firm is in. equihbrium ^^0,-%- This 
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can be represented by the cost function: 

Cz, = + Z + T] AT - [max (O, AT - jVo)] 0 < y X 1 

It can be shown that 

a /c;Ar\ -tyWTVo 
I I =: Q 

y [-r + (1 - (/)) 

An increase in y " steepens" the isocost curve at the point jVo.Furthermore it 

can be proved that employment is increased and average hours are reduced aa a 

result of the subsidy. 

2. Conaider the cage of marginal employment subsidy with respect to quasi-

fixed labor costs. For example the government may offer to subsidize a part of 

the Srm's initial training costs in order to encourage t h e recruitment of young 

unemployed persons. 

+ Z + r ] AT - y (Z + T) [max (O, N - A^)] ; 0 < y, < 1 

As might be expected, all the results with a subsidy on variable costs hold in the 

case of a subsidy on quagi-ftxed costs. 

It also can be proved that: 

(i) a fall in standard hours is opposite to that of an increase in Marginal 

Employment Subsidy; 

(ii) a reduction in Ws or P through a general subsidy to a firm working 

equihbrium overtime will produce adverse substitution eSects; it wiH substitute 

longer average hours for fewer workers. 

Halt (1984, 1987, 1989) has studied work sharing in terms of the effect of 

changing standard hours, input prices and subsidies (i.e. subsidies to training 

investment, lumpsum payments to each employee), on hours of work and employ-

ment. He goes in more detail about the determination of hours of work, which 

is beyond Calmfors and Eazle, Pencavel. However they are not standing on the 

point of union-firm bargaining, but on the point of firm's cost minimization. 
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Recently Andrews, Schank & Simmons (2000, E E E G Conference Paper) also 

develop two kinds of model regarding the issue of work sharing in terms of the dis-

tinction between the standard hours and over-time hours: between-6rm variationa 

model and within-firm variations model. In the former model, given variations in 

exogenous parameters, some firms offer only standard hours, whereas some offer 

overtime. However, within each type of firm, all workers are identical. In the 

latter, there are two types of worker, some work exactly the workweek whereas 

others work overtime. The firm optimally chooses t h e numbers of both types 

worker and the number of overtime hours. 

1. Between-Srm variations model. The firm is free to choose both the level 

of employment and weekly hours ^ per employee, the standard workweek is 

All workers are identical within each firm. Thus the profit-maximizing firm's 

problem is written 

AT) - AT 

where ^ is a demajid shock, # ) is revenue function, "-y is overtime premium, 

and z represents quasi-fixed labor costs, A is a Lagrange Multiplier. From the first 

order conditions for the Interior solution with positive overtime hours and Corner 

solution with zero overtime, they conclude when the firm faces a low workweek is 

hkely to be unconstrained in its choice of hours and so the relationship between 

employment and the workweek is positive. As the workweek increases, the firm 

eventually becomes constrained and the relationship is negative. 

2. Within-firm variations model. There are two types of worker, some work 

exactly the standard hours whereas others work overtime. The firm optimally 

choose the numbers of both types and the number of hours for the overtime 

workers. The contribution of hours worked for overtime workers to the revenue 

function as 

G = (1 - <̂) # + m ^ 

where ^ y = ^ and if ^ > 1, assumes an overtime hour is more 



productive. Using the Cobb-Douglaa revenue function, the firm's problem is 

written as 

M02; TT = [(1 _ 6) jg- + + z 

L -I L \ / . 

where TV is the number of worker with standard hours, and TV is the number of 

workers with overtime hours. 

They conclude that a cut in the workweek influences the demand for both 

types of worker through four distinct channelsivia t h e marginal cost of stan-

dard time workers + z, via the marginal cost of overtime workers + 

'yiy + z, via G, and via in the revenue function negatively. In 

these four chaimels, the first and the third dehver a v^rorksharing effect, and the 

other two do not. 

Compared with Hart, the main difference of Andrews aZ. is from the 

view of profit maximization rather than cost minimization. The distinction of the 

Between-firm variations model and the Within-hrm variations model separates 

firms who offer overtime and those who do not, and enables study as to how work 

sharing behaves in different firm. 

In a two stage procedure, Hoel and Vale (1985) analyse the effects of an 

exogenous cut in working hours on a profit maximizing firm in a competitive 

market. In the first stage, the firm set the wage rate to the minimum effective 

wage rate IV, where 

IV* is the alternative wage rate, 7; is the probability of finding a job. In the second 

stage, given the wage rate from the Erst stage, the Grm maximize its profit 

TT = 

Holding the capital fixed in the short run, and the unemployment rate is defined 

as 

M - TV 
[4 = 

M 
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[7̂  < 0, M is the labor supply. It is eaay to show that 

< 0 

It indicates that a cut in. the working hours will increage the unemployment rate. 

The authors show that this also suits the long run when the A!" is variable. 

To study the relationship among hours, wage and employment under the 

framework of efficient bargain, Oswald and Walker (1996, Discussion Paper) for-

mulate a problem as that of choosing t o maximize union utility 

subject to firm's revenue 

where D is an arbitrary constant, the minimum level of firm's profit. ^ is the out-

put price, and is distributed according to density g'(^). is the individual's 

utihty if he is employed, otherwise his utility is «(&). 

Some results about the hours issue emerge from this model: 

1. Unions ration hours so that individuals are to t he left of their privately 

rational labor supply curves. 

2. If the firm is risk-neutral, and leisure is a normal good, wages and hours 

are inversely related. 

3. If workers are risk-neutral with respect to income, and utihty is separable, 

hours are independent of the wage. 

4.If the firm is risk-neutral, and utility is additively separable in income and 

hours, the shocks to ^ affect only employment. Wages and hours are not affected. 

Obviously this paper is from the efhcient bargaining point of view rather than 

cost minimization or profit maximization, which is the main difference between 
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Hart and Andrews, aZ. This paper believes that i t should be analyzed as 

a contract model to analyze the unionized sector, while it should be treated 

aa a canonical model for the non-unionized sector. Compared with Earle and 

Pencavel (1990), it shows some stylized facts with more specific firm and union 

utihty function. However this paper does not shed any light on (i) how union 

bargaining power affects hours, wage and employment determination, (ii) the 

semi-efhcient bargaining case, aa in real world, it more likely happens with that 

firm has some more control on one or two specific variable, i.e. employment, 

rather than bargain all three variables with union. 

Similarly, Marimon & Zilibotti ( Discussion paper 1999) examine the employ-

ment effect of reducing working time from the Nash bargaining solution 

m ^ ( y - [/)^ ( J - y ) 1 - / 3 

where y and are the value of being employed or unemployed respectively; J 

is the value of the marginal position filled by the firm, and y is the value of 

vacancy, y hag been assumed as zero in equilibrium. 

Assume firm expected profits function 

roo 

Vo 
roo 

= / (TV: + 5A/^))(f^ 
Jo 

where A is a parameter, jV; is the number of firm i's employee, and is the hours 

of working, y denotes the number of vacancies in firm i, and ^ ^ is the tightness 

of the labor market, where m denotes matches, f denotes vacancies ( 

is the rate that Erms fill vacancies), TVi is the net flow of employment into 

6rm 2, g is the exogenous quit rate, hi a steady-state equihbrium, the optimal 

labor demand condition for TV, can be drawn as 

— IV — c(r + s) '̂' = 0 
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where p is marginal product of labor , p = In the mean time, J , 

the value of the marginal position filled by the Arm, mus t be subject to 

Combining the above two equations 

which denotes the firm will open vacancies until the cost of holding a vacant 

position, c, equals the expected value of a filled vacancy. 

The utihty of an employed worker is 

(r + 5)y = 1 — ff) + sC/ 

and the utility of an unemployed worker is 

Using the above equations and parameterize 

1 
1 — f f ) = 

In two kinds of economies: (i) laissez-faire economies, where workers freely nego-

tiate wages and hours with firm. Then given the bargaining outcome, firms decide 

the number of vacancies to post; (ii) hours of work have been set by exogenous 

regulation, union and firm only bargain for wages. Two main results have been 

found: 

(i) The employees prefer to restrict statutory hours below the laissez-faire 

solution, even if they anticipate earning to be cut. F i rm will suffer losses from 

regulations reducing working hours. 

(ii) The employment effect of regulation are ambiguous, and depends on the 

response of wages. If the earning keeps constant, employment wiU fall unam-

biguously. However if the change of hours cause endogenous wage adjustments, 
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then the total employment effect will be decided by b o t h technology and worker 

preference for conamnption and leisure. The employment gains from reducing 

working time are rather restrictive. 

The first result of Oswald and Walker (1996) is similar to Marimon &: Zih-

botti ( Discussion paper 1999); that unions will ration hours of work. But this 

conclusion is drawn from a very different model: the former is a full efEcient 

bargaining model; the latter is principally a semi-efficient bargaining model, no 

matter whether the economy is laissez-faire or with regulated hours, the firm 

win set the vacancies afterwards. Another difference of these two papers is the 

emphaais of the former on the relationship of wage and hours. It does not focus 

on the hours effect on employment, while the latter does. 

There is another view which argues that hours of work wiU inSuence em-

ployee's productivity. The reason is that workers will be more productive after 

a cut in hours as they will be more healthy and less t ired, and thus absenteeism 

and accidents will decline. In the work which has been addressed above, this ar-

gument has not been captured. Booth &: Ravalhon (1993) study the relationship 

between employment and the length of the working week in a unionized econ-

omy conditioned on the assumption that hours of work influence productivity. In 

this paper the firm's output depends on the number of 'efEciency hours' of labor 

input, rather than the total number of clock hours. 

F = f ( $ ( ^ ) ^ / / ) , / > 0, r < 0 

$(jFf) represents the efEciency hours index. 

The model haa a two stage-decision process ( where employment is determined 

after wages and hours have been set.). Thus the competitive firm's profit from 

employing unionized workers at given IV and is 

7r(W; ^ ) [/($(^)77Ar) - (g + 

where 5 > 0 is the fixed cost associated with employing each worker. The first 
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order condition gives 

= (5 + 

Suppose there are some exogenous cuts in hours, the eEect on employment would 

be 

^ In ^ In TV 

ainB" a i n ^ 

a h i $ 

Therefore the conditions sufBcient for a cut in hours to increase employment are 

that: 

(i) the cut in hours does not increase unit labor cost (81nlV/91n 77 > — 1) 

(ii) the cut in hours reduces output at given employment (^ ln$/ i91nJ i f> —1), 

and 

(iii) the absolute wage elasticity of demaad for labor is less than the share of 

variable labor cost in the wage bill 

It should be noticed that, given the two stage process model, both firm and 

union would anticipate that the employment will be conditioned by the wage and 

hours outcome, if these two parties are rational. Whereas the weakness of this 

paper is the employment TV has been assumed as exogenous. In other words, 

is being treated as unconditional to wage and hours when they diSerentiate 

IV and 77 in the first order conditions of the following EHicient bargaining and 

Monopoly bargaining model. 

In the case of an efhciently bargained contract that maximizes the representa-

tive worker's utility subject to the firm achieving at least its reservation profits. 

This problem can be described as to maximize 

^ + 0̂ + A - (a + - TTo} 

with respect to and the Lagrange multiplier A > 0. The first two sufficient 

conditions hold when a cut in hours is imposed in a neighbourhood of an efficient 
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bargain over wages and hours. The third condition is not implied by any obvi-

ously plausible theoretical assumptions. Therefore the hours effect in the eSScient 

bargaining model is ambiguous. 

However in the case of the monopoly union model, t h e union's choice problem 

is to maximize the following function with respect to and for some A > 0 : 

^ - %] + -̂ 0 + A { / $ ( a - ) - (g + 

When holding the unit labor cost constant, the first order conditions yields 

> 0. Thus the proposed reduction in hours must lead to a reduction in 

employment. Whereaa, the comparative static effect on employment is ambigu-

ous if unit labor cost is also allowed to fall with demands for a cut in hours. 

As I pointed out in the previous paragraph, all conclusions are drawn from 

the assumption that is unconditioned on 14̂  and v^hich I think it is a big 

weakness of this paper. Apart from that, the main contribution of this paper is 

that, baaed on the assimiption that hours of work have an influence on produc-

tivity, the hours effect on employment has been analysed under the circumstance 

of the efficient bargaining and the monopoly bargaining model. 

4.2.2 Empi r i ca l Evidence 

There are also various studies which show the empirical results about how unions 

affect the hours of work. Eazle and Pencavel (1990) find the hours of work vary 

considerably by type of worker, by industry, and by occupation. For white men in 

1978 outside of the construction industry, the union-nonunion hours differential 

is -2.8% for craftsworkers, -|-2.1% for operatives, +14.3% for laborers, and -t-3.3% 

for all other occupations: and in the construction industry, the differentials are 

-9% for craftsworkers, -0.7% for operatives, -t-27.6% for laborers, and -t-6.8% for 

all other occupations. Furthermore the dispersion among individuals in hours 

and weeks worked is invariably smaller in the union sector. As PerloS(1987) 

indicates in the construction industry, union wage markups are positive, but for 
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most demographic groups the union hours markups a r e negative. Lewis (1986) 

reports that the union hours gap, in most caaes, waa negative and not neghgible 

in size; the hours differential average is -1.8%. Blanchfiower (1996) shows that 

unions reduce the total hours of work. They tend t o reduce standard hours 

and unpaid overtime hours but increase the number of paid overtime hours. By 

the full longitudinal sample, Raisiaji(1983) found tha t wages, hours and weeks 

exhibit significant procychcal patterns. A 1% iacrease in the unemployment rate 

is associated with a 1.1% dechne in weeks worked, a 0.6% decline in weekly 

wages, and a 0.3% dechne in weekly hours worked. Also he showed that the 

white-collar workers exhibit less procychcal variability in wages and hours, and 

weeks than blue-collar. Oswald & Walker (1996, Discussion Paper) End that 

union and non-union exhibit quite diEerent labor supply behaviour. The former 

should be analyzed as a contract model, and the lat ter should be treated as a 

canonical model. In the non-union sector, the wage elasticity of total hours is 

approximately 0.6 and the wage elasticity of overtime hours is 1.2. In the union 

sector, there appears to be a vertical or negatively sloped relationship between 

wages and hours, although there is a relatively weU-determined positive overtime 

hours elasticity so that the overall elasticity of hours is about 0.2. Andres (2000) 

derives a model that the firm has two types of worker. One works with overtime, 

the other works only with standard hours. The standard hours have a positive 

effect on the proportion of overtime workers in the plant. It substitutes between 

overtime workers and standard time workers. Followed by empirical test with the 

Establishment Panel Data set in Germany from 1993 t o 1999, he found that a 

10% cut in standard hours leads to a 4.67% employment increase in the plants 

where every worker works zero overtime; however, in the plant where a proportion 

of workers work with positive overtime, the effect is negative, falling by about 

same amount; in the firm where every worker works wi th overtime, the effect is 

very small. Booth &: RavaUion (1993) found from a UK aggregate data set that 

employment will increase unambiguously after a cut in hours if the conditions of 
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the efEcient bajgainiiig model prevail. 

As an extension, there are also some papers about the standard hours or 

maximum hours legislation issue, such as Stewart &: SwaSeld (1997), Goldin 

(1988) and Costa (1998). Hunt(1998) declares that in Germany the actual and 

desired hours was narrowed by reductions in standard hours. In fact, a reduction 

in standard hours did not lead to higher employment. T h e real hourly wage rose 

enough to of&et reduced hours. A by-product of the reduction in standard hours 

of full-time male workers was a small reduction in the hours of their wives. Hart 

&: Wilson (1988) find that a one hour decrease in the s tandard work week reduced 

work hours by 0.77 hours. On another aspect, some papers, i.e. Fuest and Huber 

(2000), study how tax affect employment with endogenous hours of work. 

5 Union with Economic Performance 

In previous section I have assessed the impact of unions on the labor market. 

In this section I briefly and selectively evaluate the union effect on economic 

performance and efficiency in other dimensions. 

5.1 P r o d u c t i v i t y a n d Eff iciency 

Will union be good for productivity? The Monopoly model has suggested that 

unionism wiU cause the high wage premium. Firms thus respond by altering 

the capital per worker and hiring higher quality labor, and it leads to higher 

productivity. On the other hand, orthodox theory suggests that the monopoly 

wage increase in productivity is socially harmful, as i t causes a misallocation 

of resources, and labour and capital are directed from higher to lower marginal 

product uses: workers who would have been employed in the union sector have 

to work in the nonunion sector for low productivity; machines which would have 

been used in the nonunion sector now have to be used in the union sector for 
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raising the productivity of the union labor. However, in the perfect competition 

market, it requires that the input to be used in a way which causes the marginal 

product to be equalized. 

Leibenstein (1966) argues the X-inefRciency situation, in which least-cost com-

binations of labor and capital are not utilized in a technically efhcient manner. 

Neither firm nor the employees work as hard or search the information as hard 

as they can, as it has been influenced by the unionism. 

While there is also another kind of view-coUective voice response. The union-

ism could increase the productivity, as this result not only from the inefficient 

resources allocation, but also from improved efficiency within the firm. Many 

economists have proved that unionism could increase t h e management effective-

ness. For example, it wiH reduce the quit rate and turnover rate, and therefore 

reduce the training cost and hiring cost. Freeman(1976) shows that since work-

ers have some control over their own activities and can aifect the productivity of 

others, their attitudes and morale become potentially important inputs into the 

production process. 

Freeman and Medoff (1984) concludes that monopoly analysis allows for the 

possibility that restrictive work rules reduce productivity, the voice/response 

analysis allows for possibihties such as seniority or rules restricting managerial 

Sexibihty can reduce productivity. In short, if industrial relations are good, 

with the management and union working together, productivity is likely to be 

increased. Otherwise, can be reduced. 

Booth & RavaUion (1993) believes that the union's influence on hours setting 

is associated with worker productivity. A cut in hours will make employees more 

healthy and less tired, thus would be more productive. Similarly Andrews &: 

Simmons (2000) have argued that union have power in eSort bargaining, apart 

from employment and wages. They suggest that wages and effort are positively 

associated, with both increasing at a time of weakening union power, worsening 

outside opportunities for workers and increased competetiviness. 



5.2 U n i o n In f luence on P ro f i t ab i l i t y 

We have known that the union increases the wage, so t h e further question is how 

it could be? It comes from nonunion labor in the form of lower wage, or through 

the higher product price which is trajisferrable to the consumer, or the hrm's 

low proEt rate. Intuitively if the union has more power in the bargaining with 

the hrm, it would either get more rent from the firm's side, make the 6rm less 

profitable, or increase the union member's utility by cutting hours of working, 

and having more leisure. However each side may face t h e force of competition. 

Freeman &: Medoff (1984) and Clark (1983) provide a table to show the impact 

of unionism on prohtabihty in three industries. 

approximate percentage diSerence 
in profitability due to unionism 

sample price-cost margin quasi—rents 
divided by capita] 

industries 

1. 139 manufacturing industries, 
1958-76 

-17 -12 

2. Major Internal Revenue Service 
1965-76 - 3 7 - 3 2 

3.State Industryjgyy 4 
- 1 4 

- 2 7 
- 9 

Source: Freeman &: MedoS (1984) "What do unions do?'' 

AU the figures in the table are the effect of unionism on proStabUity by com-

paring profits in industries that are heavily unionized with those less imionized. 

It clearly shows that the impact of unionism is negative to the profitability no 

matter in which measure of proStabihty. 

Clark (1983) explains why there is so large reduction in profitabihty. It is be-

cause that profits are a relative small component of an industry's income Hows. So 

^Price-Cost Margin deEned aa the excess of prices over variable costs 

Quasi-Rent return on capital deGned as business receipts less variable cost 
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that percentage chajiges in costs or in productivity would become larger changes 

in profit. He provided a detailed example to show how it works. 

5.3 In f luence on U n i o n M e m b e r s h i p 

Unions increase wage mark-up for their members, and reduce the profitability of 

the firm, so what kind of hrm and worker are likely to b e unionized? BlaachHower 

(1996) concludes by comparing the data in US and UK, that men are more hkely 

to be union members thaa women; full timers have a higher probability than part 

timers; overall schoohng and qualifications are related negatively to membership. 

The probabihty of being a union member rises with age, and reaches a maximum 

at age 44.7 in 1983 and 46.6 in 1993. While Duncan &: Stafford (1980) and Hirsch 

&: Berger (1984) find a more interesting result, there is a concave relationship 

between union membership and length of worker experience: a positive coefficient 

on experience and a negative coefficient on experience squared. Production or 

blue-coUar workers are more likely to be union members. The controversial issue 

is education. Union membership is significantly less hkely among those with 

high school education. Most studies do not find education to be a significajit 

determinant of union membership after controlling for other chajracteristics. 

Other than personal characteristics, industry characteristics also show the 

relationship with union membership. There are not too many studies about this, 

but it is commonly beheved that worker in highly concentrated industries are 

more likely to be unionized, and greater capital intensity also leads to greater 

unionization. 

Most of the work concern how unions operate in the cage of closed shop, which 

means that if the firm continues to deal with the union it must only employ union 

members. Because of the closed shop, workers outside the union will have to work 

in the alternative sector at the reservation wage r. A large number of papers have 

contributed to how the introduction of seniority, insider/outsider model address 
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the issue of membership. 

Compared to the literature of closed shop, there are relatively few papers 

about the membership within an open shop framework, where the membership is 

not compulsory. Booth & Chatterji ( 1995) study when the membership is vol-

untary, the union set wage is a pubhc good applying t o all workers in the sector 

regardless of their union status. But the union also supplies excludable incentive 

goods available only to members, i.e. legal and pension advice, grievance and 

promotion procedures.... The union members pay subscription cost,while non 

union members do not. They found that an increase in union power or alternar 

tive opportunities causes wages and membership to increase, and employment to 

dechne. An increase in union costs causes wages to rise, employment to fall, but 

has an ambiguous impact on membership. 

6 Conclusion: Unions and Hours 

This survey chapter haa summarized various kinds of union bargaining models, 

and the effect of bargining on economic performance. I t primarily aims at the 

issue of modeUing of working hours determination and its relationship to wages 

and employment. In summary, three types of theoretical hours models have been 

studied in the hterature: 

1. Models in which hours are set exogenously, it might be by the regulation 

or legislation, etc. In these models, a change of working hours is used to explore 

the influence of hours change on employment. One example is Calmfors (1985) 

which shows that it is not obvious that a reduction of working time will increase 

employment. 

2. Models in which hours is endogenously set by t h e firm within the model, 

but is not bargained over by the union. For example, Hart (1984, 1987, 1989) 

separates hours into standard hours and overtime hours, and shows that a fall 

in standard hours will lead the firm to substitute more overtime hours for less 
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workers; a rise of per worker cost increases the marginal cost of new employment 

ralative to hours, and induces substitution of hours for employment, a rise of 

standard wage or overtime premium would encourage substitution in the opposite 

direction. Using a similar framework, Andrews, aZ. (2000) conclude that the 

employment effect of a cut in weekly hours may be positive or negative, depends 

on the situation. Some parameter values may dehver a worksharing eEect, some 

may not. 

3. In the third type of models, hours is not only endogenously set within the 

model, but aJao is bargained over by the union. A leading example is Oswald & 

Walker (1996), who conclude that unions ration hours so that individuals are to 

the left of their rational labor supply curve. 

Some papers study models of both type 2 &: 3. For example Earle & Pencavel 

(1990), Marimon & Zihbotti (1999) and Booth &: Ravallion (1993). None of these 

papers provide a comprehensive assessment of how exogenous influence on the 

bargaining process affect hours. 

In contrast, the empirical study of union and hours have shown that the 

union hours gap, in most cases, is negative and not neghgible in size. It varies 

considerably by type of worker, by industry and by occupation. 

My intention is to develop the third type of models in which bargaining over 

hours is allowed. We shall explore how unions bargaining, the change of union 

bargaining power or the employment preference in union's utility function, alfect 

hours determination. In different bargaining scenarios, we might exepect the 

union effect wiU be diEerent in hours setting as well as wages and employment. 

The following chapter will comapartively study the influence of union bargaining 

on hours in both strong and weak Right-to Manage model, and Full Efhcient 

Bargaining Model. 

42 



w 

w 

Figure 2.1 Iso-profit Curve of the firm 

N 
Figure 2.2 Union Indifference Curves 

43 



w* 

Figure 2.3 Wage and Employment Outcome: On the demand curve 

Labor Demand Curve 

P =1 ( Monopoly Union) 

0<P<1 (Right to Manage Outcome) 

(3=0 ( perfectly competitive outcome) 

Figure 2.4 Bargaining on the demand curve with different |3 
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0(h)+y 

Figure 2.5: Wage and Employment: off the demand curve 

u<l 

Figure 2.6 Contract Curve with different u 
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Figure 2.7: Reaction of working hours to a change of standard works 

46 



Chapter Three: The Influence of Union on 

Working Hours 

1 Abstract 

paper (/te eĵ '̂eĉ  0/ OM iuorA;2Mg /lo^rg m (f^er-

eM̂  ^^moM-maMo^emeM^ Mr^amm^ yrameworA;^. TTiree _/ramewor&g r^ardm^ Aow 

boT^ammg T̂z/ZtfeMcea Aô r̂a /lai/e 6eeM coM5%(ferecZ. in yrameworA; /̂le t/mon 6ar-

oi;er /̂ze wa^e ra^e Âe /zT-m on/?/, (/ten (Ae /zrm aets tAe empZoi/ment 

and wor^m^ Arowrg wnzZateraZZi/; m yrameworA; ;9 /̂le %7i%on antf /z?^ (Ze-

^ermme (/le wa^e ra^e aa weZZ oa /̂le worAmp Aowa. T/ie _^rm wzZZ cAooae /̂le 

empZoi/men^ q/iterwarcZa; m yrameworA; 5" 6o(/z, par(%ea bargam ofer aZZ /̂te ^Aree 

-uanaAZea.- e?npZo^men^, worAm^ /lowa ancZ wape ra^ea. TTten 7 /ZncZ (/la^ /i% /̂ier 

%nwn 6argamm^ power ZeacZa ô Zower worA;^^ /lo^ra a?%(f A/̂ Zier wa^e ra^ea. T/ie 

empZoi/men^ ê Q̂ 'eĉ  ^ am^zptzo^ia, ancZ cZepencZa on 6o(/i ^/le 6a?^aWn^ yrameworA; 

an(Z /̂le raZi/e 0/ ^/le ot/ier fa?ia6Zea. i%r^/iermore, 62/ covTiportn^ o^/ier wmon 

6a?^ammp mocZeZa, a/iowa (o w/ia^ ea;(en^ /̂iza paper ^ or ^ no^ conaiaten^ 

Âe Zî era^Mre. 

2 Introduction 
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Many studies have found that the union bargaining will increase the wage markup. 

However, recently economists are increasingly concerned about the union's role 

in setting working hours, and the relationship among t h e working hours, wages 

and employment. Nevertheless httle work has been done on how union affect 

hours. Pencavel (1990) discusses various bargaining models in terms of the deter-

mination of working hours in different bargaining situations. However he can not 

o5er more detailed comparative statics of the bargaining procedure, how hours, 

employment and wage rate are affected by the bargaining. He indicates from his 

empirical finding that there is a negative effect of unionism on annual fiiU-time 

hours worked. While Freeman & Medoff (1984), Lewi8(1986), Blanchflower(1996), 

Perloff(1987) and Raisian (1983) find that for most demographic groups the union 

hours markup are negative. Working hour diEerences vary considerably by type 

of worker, the average is -1.8% 

More recently there is a view of work-sharing spreading in the hterature. 

They argue that if working hours have been reduced by the eSect of bargaining 

or legislation, the employment might be increased by way of spreading the work 

to other people. For example, Cahnfors (1985) and Marimon & Zihbotti (1999) 

prove there is an ambiguous or rather restrictive relation between working hours 

and employment. Booth &: Ravalhon (1993) have two stage decision models for 

the efficient bargaining model and the monopoly union model, (employment is 

decided by the firm after the wage and hours have been set by the bargaining or 

unilaterally by the union.), on the assumption that hours has the effect on the 

labor's productivity, namely that workers wiU be more productive after a cut in 

hours. And they conclude that a cut in hours wiU increase employment if the 

absolute wage elasticity of labor demand is less than t h e share of variable labor 

costs in the wage bill. But this is not true for monopoly union model. More 

details regarding hours hterature have been described in Chapter Two. 

The purpose of this paper is to study the bargaining effect on working hours as 

weU as the employment and wages. In this paper, I begin from the firm's profit 
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function and union objective function in a general framework and nest other 

objective functions aa special cases by speci^ing the function parameter. My 

concern is to examine how the bargaining outcome is influenced by the different 

bargaining situation and different bargaining power, or different union preference. 

The assumptions that have been made are that the model is based on closed shop 

employment, and the elasticity of utihty with respect t o earning and the leisure 

of individual worker is constant. By maximizing both bargaining party's utili-

ties subject to different constraint, I derive the comparative statics for different 

models. 

Three models have been defined in this work in terms of what variables they 

are bargaining over. Model 1 and 2 belong to the right to manage model, and 

model 3 is the full efhcient bargaining model. 

The main findings of this paper are as follows: 

yln mcreaae m power recfitce o/ worA; aTicf 

mcreoge m eac/i o/ borgaWyip /^ere. T'/ie 

,9. mcreaae m cog^ o/ eocA worA;er doea (/le Aowrg 

m aZZ (Aree Aarpammg' modeZg. 

5". Op ẑmoZ are /̂le game m oZZ modeZa. 7̂  

0MZ{/ (ZepeMĜ a OM (/le eẑ êrMoZ pfice 

power, ond pre/eren,ce. 

^owra o/ worA: ore Megô '̂ueẐ / reZa(ed ô /̂̂ e wa^e ro^e. Moreover, m /̂le 

(o moMo^e modeZ, (o âZ eommpa ore a y^e(Z ^owe%;er m /̂le o^/ter 

49 



modeZg, (Aei/ mcreoae pre/ereMce ot;er empZo^meM^. 

J. v4M mcreaae 0/ pre/ereMce /or empZo^TTie/î  WZZ mcreoae /lowa 0/ 

worA;m ,̂ QMcf recfiice wa^e m^e. M/Tiereoa /̂le empZo^me?%^ i;ane5 (/le 

6o7^amm^ ^omeworA;. 7̂  mcreaaea emp^o^meM^ w yipA^ (o moHope mo(feZg, 

%g om6%p'uo2i5 m /u/Z modeZ. 

fHce (̂ êcAMoZô ?/̂  g/iocA;a mZZ Mô  /̂le /lo^^ra o/worA; OMcf wa^e ro^eg. 

r/iei/ /lO'ue major eĵ ec^g OM STTipZô meM^ re^orcfZegg 0/ bor^ommg /rame-

wort. 

7. [/MzoM wor/cers mo^ 6e m(20Me<f m ^/le^r /zottra 0 / worAim^, or ma;/ 5e re-

gmre(f ô worA; /or more /io%rg t/iGM (/le;/ T/iis zg (rz/e /or oZZ (/iree bar^ommg 

yromeworA^a. T/ie o^^^come za de^ermme^f 61/ /̂le î aZwe 0 / ^Ae porame^erg. 

8.frofWecf game bor^ammg power 1 — ,0 QMcf ^ OM empZoi/meM^ m 

/̂te 2tM%o?2 /uMc îoM 05 weZ/ aa o^Aer parame^era, (Ae wa^e ra^e oncf worA:mg 

/lo^/ra wo'Z/M 6e ae^ eguoZ m MocfeZ ,2 6̂  ,9, /̂le empZo^meyit Zef eZ woiiZcf 6e Mg/ier m 

Mocfe/ ,9 ^Aan m MocfeZ ;8. wowW 6e momtomecf /̂le aome 

Zef eZ, wAz/e Âe 'unwM â ô̂ aZ wô Zcf 6e /i2^/^er m .E^c%eM( BoT^owm^ ModeZ, 

_^rm'a pro_^t woî Zcf 6e Azp/ier m (Ae (̂ weaA;̂  (o AfaMo^e Mo(ZeZ. ^owerer 

ModeZ 7 2a Mô  comporab/e MocfeZ ,9 or ,9. 

Overall the comparative statics show that the union tends to reduce the work-

ing hours, although the employment eEect may or may not be ambiguous. In the 

following Section I I I will present the theoretical models and analyse the union 

bargaining eEect on the working hours , employment and wage rate by their 

power. Section III is a comparison work with union bargaining literature, i.e. 

McDonald & Solow, Oswald &: Walker and Ulph&: Ulph. The conclusion is in 
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section IV. 

3 Theoretical Model 

There are different kinds of union-majiagement bargaining models. The crucial 

issue among these models is whether the bargaining parties, union and firm, 

share the bargaining power over ail or part of the variables, or set the variables 

unilaterally. The economists would normally distinguish them as the Recursive 

contract model, the Right to Manage model and the EfBcient contract model^. 

In this section I will set up models for different bargaining situations in terms of 

the union's presence or absence as well aa bargaining variables. My concern is, 

in different cases, to aasess unions in light of how they affect the worker's wage 

and working hours, or labor employment. 

3.1 F i r m ' s P r o f i t F u n c t i o n a n d U n i o n U t i l i t y F u n c t i o n 

3.1.1 F i r m ' s P ro f i t Func t ion 

Here the firm's profit function is defined as 

TT = ^(77, j:, - cZ, ^ 

where A is gross revenue; is the wage rate per hour per employee; ^ is the 

working hours of each employee; Z, is the number of workers hired by the firm; 

is the capital endowed by the firm; c is the fixed cost of each employee, such 

as hiring cost, training cost and certain fringe expenditures, etc. If c is written 

as c = (/ — g, then g can be interpreted as goverimient subsidy for training, or 

employment. 

Consider the production function of the Srm as 

^The definition of these models see Eazle and Pencavel 1990. 

51 



where A' is a parameter, and 0 < 0:1,0:2 < 1. Thus labor services are pro-

duced in a Cobb-Douglag relationship between hours of work and the number 

of employees. In this model these two fax^tors, hours azid employees, are per-

fectly substitutable inputs of labor services. Total efficient labor services can be 

achieved either by less labor more hours from each employee, or by more labor 

and less hours. And supposing the firm only produce a unique product, it is a 

price taker. The price of this product ig f which is exogenous. Furthermore we 

assume 7(7, the capital endowed by the firm to be a fixed factor. Therefore we 

can write 

where v4 = f A here we can interpret as aj i indicator of price and 

technology. Thus Grm's profit function can be described as, 

3.1.2 Un ion Objec t ive Func t ion 

In fact, the union is concerned with how many members it hag, as weU ag each 

individual worker's utility. We aggume that each worker hag an identical utihty 

function T — 77). The definition of VF, 77 are the same with the firm's 

profit function, and T is the total hours available from each worker. The first 

term in the bracket IVTif, represents the total earning of the worker, and T — 77 

denotes how much leisure the worker can enjoy. So 2̂ 1 = > 0, and 

«2 = - 77) > 0. 

We construct the union's objective function F ag argument : 

r = 7:^%z(:y77,r-77),g>o (3.1.2) 
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where is the number of workers in the union. 0 measures the union's 

preference over employment concerning how much weight the union puts on labor 

in its objective function. If ^ equals 1, it would simply be interpreted as that 

union's objective is to maximize total utihty of its members. If ^ equals 0, it 

would be interpreted as to maximize the representative worker's utihty. The 

model has been aasumed aa a closed shop caae, which means if the worker wants 

to work, he haa to join the union. Therefore we have t h e Z, in union objective 

function is identical to in firm's proht function. 

3.2 M o d e l l : T h e (S t rong) R igh t To M a n a g e M o d e l 

Now let's consider the first case, given the 6rm's profit function and union's ob-

jective function. The both parties are going to bargain over wage rate only, then 

firm would set employment and hours of work unilaterally to maximize its profit. 

In other words, after the wage rate has been jointly determined, the firm wiU 

choose its employment level and hours of work subject t o the profit-maximization 

condition = 0, and = 0. Thus the bargaining problem can be de-

scribed by the maximization problem of the following funct ion G subject to two 

constraints: 

Maa; C; = k - 7ro)/^(r -

where is the bargaining power parameter, vro, To is the alternative payoE if 

they do not have agreement. Here I assume vro = To — 0. So the function can be 

simphhed as 

a.t.97r/97f=0,9T/8Z/=0 

From ^ — VFZ, = 0, I can have 
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Prom ^ ^ — c = 0, it can be yielded 

+ c 

From these two equations, I have the solution for and as a function of 

I f 

snd (0:2 — a i ) ^-"2 l y =2-1 

The imphcit assumption here is CK2 > CKi, which assumes in the production 

function, that a unit of labor is more productive than a unit of working hours. 
1 1 

To simplify the solution of ^ and i}, let and A2 = CKi (0:2 — 

CKi) , the above two equations can be rewritten as 

^ (3.1.3) 

Z, = ^2^2-^^/"2-^ 

In order to derive the wage bargaining, substitute (3.1.3) back to the firm's 

profit function vr, 

c 
TT = — AlCA2C°'2-lM^a2-l — 0^2^2-1 iy«2-

= (3.1.4) 

whereDi = D2 — A1A2 — ^2 

Since the maximization problem Maa; is same with 
a.t.&7r/9Ĥ =0,&7r/9Z,=0 

Moa; Gi=/31n'7r + (l —/3)lnr. 
s.t.dTr/dH=Q,d7r/dL=0 

Using (3.1.1),(3.1.2),(3.1.3) and (3.1.4) 

gf) —0=1 1—CK-| \ 
0*2 1 y-. 0:2 1 \ , /-) Gi = /3hi D i c " ' " - D 2 C " ' + / ) ^ l n M / + ( l-^)gln(A2C«2-

\ y CK2 - 1 

+(1 - / 9 ) ^ — ^ In ^ + (1 - /)) h i r - Zf) 
0:2 — 1 

From the first order condition = 0, I can have 
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^ + (1 - P p A c ± 
0:2 — 1 CK2 ^ 1 u 

0 

where 1̂ 2 is the differentiation of with respect t o T — Assume = 

au elasticity of utihty with respect to leisure is constant, than I can 

have 

M/ -
(1 - /))% 

D 

T 

+ 1 

d + 1 

_ ai/3 I 

T 

(1 - /))?72 
D 

+ 1 

where D — ̂  , , 
1—Ck2 1—0:2 

Thus the comparative statics are as follows: 

(3.1.5) 

C2-

0, > 0 , 
d L 

< 0, ' > 0 , < 0, 
d/) 

> 0 , 

d ty 
0, > 0 , < 0, > 0 , < > 0 , 

0, = 0, > 0, = 0, > 0, = 0, 
(fc 

> 0 

> 0 

< 0 

Some styhzed features turn up as: 

(1) If a union has more bargaining power, or is reduced, the individual's 

working hours as well as total employment would be reduced. However, it will 

increase the wage rate. From (3.1.3) we can see that t he total earning of workers 

has been fixed as A^c, which is constant given any fixed cost per unit of labor. 

The intuition behind this is, considering the union's objective function F = 

Z,̂ ^z(lV77, r — ^ ) , leisure is always a normal good to t h e worker. The individual 
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worker always prefer high wage rate and more leisure. Given the union haa more 

power in the bargaining, the wage rate would be increased as a result. Since 

the firm will set the working hours and employment after the wage rate has been 

determined jointly, as the cost of labor services is increased, the firm will reduce ^ 

and Z,. The outcome shows that the worker's total earning has been maintained 

at the same level. 

Furthermore, it also can be easily proved from (3.1.2) and (3.1.4) that 

• 

Union and individual worker utihty would be increased with bargaining power, 

while firm's profit would be decreased. Individual utility rises, and also total 

union utihty rises, because individual utility rises sufficiently enough to outweigh 

the effect of lost employment. In other words, the firm's profit would be trans-

ferred from the firm's side to increase the representative worker's utility and 

union's total utihty due to more bargaining power of the union. 

(2) If the union is more concerned about the employment effect, and puts 

more weight ^ on labor in its objective function, the bargaining outcome will 

show working hours and employment to be increased , vyhereas the workers have 

to sacrifice the high wage rate as the compensation. Moreover, it can also be 

shown from (3.1.2) and (3.1.4) that ^ > 0, ^ < 0^. It indicates that the firm's 

profit is positively related with but that each worker's utihty is negatively 

related to The intuition is that, as union's more interest on employment, it 

has to give up its strength on wage bargaining. With relativly cheap labor input, 

and more workers, the firm is increasing its profit, while each individual worker's 

utihty are reduced. 

(3) If the hxed cost of each unit of labor, c, is increased, it can be expected 

that employment would be reduced, as each worker vyould be more costly to 

^Tbe proof is very similar with Footnote 3. 
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the firm. If it is possible, the Arm would prefer to increase the total number of 

working hours to substitute for the reduced number of employees. However given 

a more expensive fixed cost c, the union would anticipate that the employment 

would be reduced, thus it might insist on a higher wage rate in the bargaining 

process as compensation. 

To some extent we may be surprised that ^ = 0, which denotes that the 

fbced cost will not affect the working hours at all. I t might be expected that 

the firm wiU ask every employee to work more hours emd cut employment, if c 

is more expensive, since the assumption has been made that hours and labor are 

perfectly substitutable for each other in the product function. To understand 

this, one possible explanation is that, as the wage rate has been raised due to the 

union's anticipation of reduced employment, the cost of labor service is increased, 

and the firm, therefore, can not afford to increase the working hours as it would 

wish. Another point which should be beared in mind is the assumption that 

the fixed cost c has been assumed to be exogenous, ag it does not affect each 

worker's productivity even if the hrm oSers more training to each worker. If 

the assumption is changed to c is endogenous, it is possible to have a different 

situation. 

(4) Technology and price shocks will not affect t he hours of work and wage 

rate, but only affect employment, as in (3.1.5) v4 only enter with a positive relation 

in the expression of Z,, and does not appear at all in the expression of ^ and IV . 

We may expect that when productivity rises, the worker can either produce 

the same amount of output in less time or produce more output in the same time, 

which may tell us that the worker would either have more leisure time or have 

more money. It may have similar effect to the output price. The employment 

may have some adjustment to booms and slumps. However the surprising thing 

is that when the firm has more productive technology, or the price level of output 

rises, it will only hire more people to work with the same wage and the working 
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hours. 

Few studies have also realized that the Buctuations in aggregate demand have 

their major effect on employment and httle or none on the wage and hours, 

i.e. McDonald & Solow (1981), Oswald &: Walker (1996 Discussion Paper) . 

Whereas Ulph &: Ulph (1990) indicate that hours of working is increasing with 

the output price. In the following section I address in. detail whether their finding 

is consistent with this work. 

Furthermore, I also can prove from (3.1.5) that > 0, which means that if 

the union has less power in the bargaining, the employment effect would be more 

significant than when the union has more power. 

(5) Union members may be rationed for their hours of working, or involuntarily 

work for some hours more than they wish. The outcome is determined by the 

value of parameters. So individuals may be to the lef t or to the right of their 

privately rational labor supply curves. Union hours are more likely to exceed the 

individual optimum when it does not have too much influence in the bargaining. 

The individual worker's utUity is T — ^ ) , t h e optimal hours individual 

would like to work are given from 

- 1̂ 2 = 0 (3.1.6) 

where - Divided by on both sides of equation (3.1.6) 

^ w - ^ = o 

u It 

Assume that the elasticity of utihty with respect to earning and leisure 

respectively, which is defined as 

constant. Therefore we can have 

% __ % 
T -

and 

H- = ^ (3.1.7) 
S + 1 
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From (3.1.5) we know that hours set by the firm are ^ — . Compare 

with jf*, if 

(1 - as) ( 1 - / 3 ) ^ 2 then < 7:̂ * 
a i [/3 + (1 - /3) g] %' 

This imphes that bargaining hours are less than that at the individual optimum. 

In other words, given the bargaining wage rate, individuals would hke to work 

more hours than they have been offered, however they have been rationed. 

( l - a 2 ) ( l - , / 3 ) ^ 2 ^ t h e n i J > i f -
<]:i [/̂  + (1 — /)) 

This imphes that the bargaining hours are more than at the individual optimum. 

In other words, individuals involuntarily work more hours than they wish to do. 

When is sufBciently close to 1, in other words, if the firm has sufficient 

bargaining power, it is more hkely that ^ h e n c e actual hours 

wiU exceed individual optimal hours ( ^ > ]if*), employees have to work for more 

hours than they wish; When is suGiciently close to 0, in other words, the 

union has sufficient bargaining power, and assuming tha t the elasticity of utility 

with respect to earning, is equal to 1, and ^ is close to 1 in the mean time, 

> — will hold, and so actual hours will be less than individual optimal ai[p+(i-p)oj ' 

hours ( ^ < ^*) , union hours would be rationed. If the union's preference over 

employment ^ increases, it is also hkely that individuals wiU work involuntarily 

for more hours. 

[ Figure 3.1 insert here] 

In Figure 3.1, is the hours curve where union members have exactly 

their optimal hours. On the left of ^ o ^ i , ^ union members have been 

rationed for their hours of working; on the right of Hoffi, > Tif*, union members 

involuntarily work for more hours than they wish. 

To understand intuitively about this diagram, pick point A from ^ o ^ i , where 

59 



employees have exactly optimal hours they want, and then move to horizontal 

left point B, where they have the same bargaining power but the value of 

the union's employment preference, is less. At a lower level of the employment 

level would be lower, therefore, the union would insist upon a higher level of 

individual utihty. This can be achieved by a higher wage rate VF . Given the 

same or a higher level of utihty, unions would be indiSerent to hours changes. On 

the firm's side, a higher wage rate would lead to a lower demand of hours from 

each worker, a unchanged fixed cost c would make the worker relatively cheaper. 

Thus union hours would be rationed if ^ is decreased. If t he movement is from A 

to C, with the same value of ^ and a lower level of ^ (firm's bargaining power), 

it can also be expected that higher union's bargaining power leads to a higher 

wage rate for union members, and union hours would b e rationed. 

3.2.1 Two Special cases of t h e Mode l 

Two variations of the preceding models will be considered in this section, "Rep-

resentative" Individual Bargaining and Monopoly Unionism compared with the 

collective bargaining, and an examination of how the union behaves in the bar-

gaining process. 

"Repre sen t a t i ve" Indiv idual Barga in ing The firra may be thought of bar-

gaining individually with as many workers as it chooses, in each caae setting hours 

of work conditional on the wage bargaining outcome. There is no union. How-

ever this would be a comphcated procedure to model. Furthermore substantial 

resources may be required to bargain with every worker. Hence we imagine that 

a firm bargains over wage with a representative worker, and then sets the wage 

rate for all employees. The firm is free to choose and Z, afterwards. Assume 

^ = 0 in the objective function, then it becomes F = 16(14^Zf, T — Zf), which man-

ifests representative worker's utihty, or it could be interpreted as a representative 

individual bargaining, each worker has the same utility function. From (1.5) we 
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can have 

h i 

Lj 

(1 - a2)(l - / ) ) % 

T 

+ 1 
VliC 

(1-0:2) (1-/3)??^ + 1 

(1 — 0!2)(1 — 

ai/3 
+ 1 C*2-

which shows that the individual worker's wage is higher than in collective bar-

gaining, and working hours is less. The earnings have been maintained at the 

same level. So the worker hag more leisure to enjoy with the same amount of 

income. The individual worker's utility is higher than tha t of collective bargain-

ing. This is because that bargaining outcome is equal t o a union that maximizes 

individual utihty without any concern on employment. 

Monopoly Unionism Monopoly unionism is, once the wage rate are deter-

mined by the unions unilaterally, the firm is free to se t employment and hours 

adjusting to its new profit-maximizing level. The settlement would occur on the 

labors demand curve. 

Now let's come back to the model, and set ^ = 0 in the argument 

C; = (TT - 7ro)^(r - From (3.1.5) I have 

(1 — 0̂ 2 

T 

(1-%)% I -r 

+ 1 
Aic 

L M 
(1 -

It would be expected that it would lead to a higher wage rate, and lower 

employment compared with collective bargaining. And individuals would work 
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less hours with the same amount of income. Each worker's utility has been 

increased as it is in the individual bargaining. 

Compare hours of work in "Representative" Individual Bargaining and Monopoly 

Unionism, if 

g < then < ^ 7 
1 — p 

So if the employment weight ^ is greater than the ratio of the firm's bargaining 

power to the union (individual)'s bargaining power, hours of work in the "Repre-

sentative" Individual Bargaining would be less than it is in Monopoly Unionism. 

Otherwise it would be greater than the hours of work in. Monopoly Unionism. In 

the circumstance when the union (individual) and the f i rm have equal bargaining 

power, /) = 1/2, then when ^ = 1, the union's objective is to maximize the total 

utility of its members, f f / would equal to when ^ < 1, then 77^ < 

any Monopoly Bargaining hours would be less than "Representative" Individual 

Bargaining hours when /? = 1/2. The relationship can b e seen in the following 

hgure 3.2. 

[ Figure 3.2 Insert here] 

The working hours increas with and Monopoly Unionism hours are along 

the Y axis where /) = 0 in bargaining model 1. Hence monopoly unionism hours 

is less than hours in model 1. When /) = 0,^ = 1, Monopoly Unionism hours 

^Mo equals to Representative Individual Bargaining when = 1/2,0 = 0. 

3.3 M o d e l 2: T h e (Weak) R igh t To M a n a g e M o d e l 

The previous model characterizes the both bargaining parties only jointly de-

termine over wage rate, and the firm wQ fix: hours of work and the number of 

employees according to its own interest. However, if there is a shght modification 
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of the model 1, which the firm and union jointly determine not only the wage rate 

but alao working hours, afterwards the firm would set t h e number of employees 

regarding the bargaining result. This problem can be described ag to maximize 

the function subject to ^7r/<9Z, = 0 : 

Maa; G^ = ( 7 r - 7 r o ) ^ ( r - r o ) ^ - ^ 

instead of two constraints in model 1. It can be also described as 

Moa; G2 = /) In TT + (1 — /3) In r 

From the maximization constraint = 0, I can have 

(3.2.1) 

gTr/ai = - c = 0 

then 

L 
1 

Aa!2 

Combine (3.2.2) and (3.1.1), 

+ c) 
CKg —1 

(3.2.2) 

= Ajif (Vy^ + c) ""z-i 

(3.2.3) 

Go 

where A = (cKg — 0:2 ^ ^ constant . 

Substitute (3.2.2) back to (3.2.1), 

/)lnA + / ? : ; - ^ h i ^ + ^ ^ ^ h i ( ; y B - + c) + ^ h i A a 2 
1 - CK2 

( l - / ) ) ^ c , i 
in;:f 

CK2 — 1 
(1 -

1 — (y.2 CKg — 1 

The first order condition for optimisation are 

1 - CK2 

in(M^B- + c) + (1 - /^) ini/(;ya^, 7" - ;:f) 

D3M/ 
^ + c 

(1 ^ /^) ^2 % 
T -

(3.2.4) 
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where D = and Dg = , ?7i, ^2 the elasticity of utihty 

with respect to earning and leisure respectively, which are defined as 

% = 7̂2 = Here I assume ajre constant. 

Simphfy (3.2.5) as 

^ = 15% G) 
1̂ 4x1 

where D4 = — 1. The implicit assumption here is > 1, in order 

to guarantee l y > 0. 

Combine (3.2.2), (3.2.4) and (3.2.6), 

OzAhi + 1 
^ ^ (3.2.7) 

H = 

L = 

T 

1 

1 + C 

/ICKi' T ' 'D4 

The comparative statics are as the following: 

0, >0, 
d L 

> 0 < 0, >0, > 0 0, >0, 
(f/? 

> 0 

d W 
0, > 0, 

d L 
> 0 < 0, > 0, • > 0 

d9 dO 
> 0 

0, 
d L 

(fc 
> 0, 

dc 
= 0, < 0 

(fc 
> 0, 

dc 
= 0, 

dc 
< 0 

The comparative statics are exactly the same as model 1. Therefore features 

(l)-(5) can also be derived from this model. However there are some slight dif-

ferences between these two models. 

(1) In model 1, the total earning of workers is a fixed amount as long as 

CKi CKg are fixed, which equals to c. Whereas in model 2, the total earning 
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of workers equals to which is aEected by the h r m bargaining power /3, and 

the employment weight ^ in union objective function. "Wis can show from (3.2.6) 

that < 0, < 0, which indicates that t o t a l earning haa a positive 

relationship with union bargaining power, and a negative relationship with the 

employment weight 

(2) The implicit assumption in model 1 is 0=2 > however in model 2 it 

is > 1. Another interesting point is that the hours of working in these 

two models are exactly the same, but the wage rate W and Employment Z, are 

different. Especially in Model 2, and Z, are not only aEected by 7̂ 2) the 

elasticity of utility with respect to leisure, but also affected by 77̂  the elasticity 

of utihty with respect to earning. However in model 1 they are only concerned 

with the 7/2-

It indicates that no matter whatever the union and 6rm bargain over the 

working hours or the firm chooses it according to its own interests, in the end the 

bargaining outcome for the working hours will be the same . But the difference 

only comes to the and Z/. 

(3) " Increasing working hours" seems to be "job creating", as it increases 

the employment while the working hours rises. The popular confidence of some 

economists is "work sharing". If unions cut the working hours of each worker, 

the Arm may hire more people to work, based on the idea that the amounts of 

work has to be done is fixed (Hunt, 1998). However f rom this model, we find if 

hours has been reduced no matter because of more union bargaining power or 

the bigger employment weight it follows with a lower employment and higher 

wage rate, not the higher employment as the popular confidence expect. 

One possible reason for this is that the marginal cost of production has been 

increased if the hrm reduces the working hours. It may be because of the higher 

wage rate or because the firm has to pay more training costs if it hires more 

people to substitute for lower working hours,...etc. Thus the optimal output may 
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fall, or the firm may move away from the labor to other substitution inputs, and 

this leads to lower employment. 

3.3.1 D iag rammat i c Expression 

In order to show more clearly about the union effects, in this section, some 

diagrams will be drawn to explain when or ^ changes, how the both bargaining 

parties utility changes. McDonald & Solow (1981) has given a weU known diagram 

in terms of the trade off between wage and employment. He predicts there would 

be greater employment and a lower wage if the union comes into the bargaining. 

It is showed in the diagram, 

[Figure 3.3 insert here] 

The model 1, the strong Right to Manage model is the case where settlement 

is on the demand curve. However model 2, the weak Right to Manage model is 

the case where settlement is off demand curve. And wi th endogenous hours this 

shall be diSerent with McDonald &: Solow's figure. 

As the union's objective function is F = L^u{WH, T — H)^ let's start from the 

individual utihty function F = T — jif) when ^ = 0. Given any constant 

r . 
7T T T 7̂1 

d w uh — u2 t ~ h 

So 

- I < > 0 « (r;, + V,)H - % r < > 0 

The slope of worker's indifference curve would be negative until , then 

it is going to be positive. Thus the indifference curve will look hke Figure 3.4. 

The higher wage rate W would be better off for the worker. 
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[Figure 3.4 insert here] 

Consider if ^ > 0, from (3.2.2), + c) , and Z/MP can 

be written aa 

InT = — ^ h i v 4 a 2 + 7 ^ ^ 1 n J y + — ^ h i ( W ^ + c ) + h i ? i ( : y ^ , T - j 7 ) 
1 — 0=2 1 - ^2 CK2 - 1 

= 

where /(M^, Tif) is a fmiction of and 77. 

Given any constant F, 

JTJ/ f _ai0_J_ _| 0 1 I uiW~U2 
_ TW _ l-a2 H ^ ^2-1 WH+c ^ u 

V2 '/i I 0 (1—0!i)Wff—age 
TT + 1—z: TilTTTTTVU _ T-H H ' l-aa {WH+c)H 

^ >71 0 H 
W l—a2 WH+c 

It would be very difliciilt to sign the In order t o draw the diagram, a very 

special cage will only be considered here, which aasumes when 

0:2 2a:i 
> Y? = Maa; 

1 — OLi 0L2 — (y.\ 

where is a positive nmnber, and 77̂  > It means that when the worker 

works more than some fixed hours ^1, the total earning of each worker wiU 

be greater than y? times of the Sxed cost c . The assumption is to 

guarantee that the denominator is always positive. 

When 0 = 0,1 have shown that ^ is from negative to positive when jif is get-

ting bigger. Now 0 > 0, combine the assumption above, when jif is smaller than 

-^1' < 0, the mean time, the denominator ^ 

is also getting small, which means the slope of the utihty indiEerence curve 

would be more negative when ^ is small. When 77 is getting bigger than Tfi, 
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1-^2 ^ which means the slope would b e more positive. Thus the 

indiEerence utility curve would be shown as Figure 3.5. 

[Figure 3.5 insert here] 

Consider the profit function vr = — cZL, and 

1 

1 

We would sign the slope of the isoprofit curve. From (2.3) : vr = A.Zif 
. _Z2_ 

cj "̂ 2-1 ; given any constant vr, 

7r=7ro 
Ih (3.2.8) 

1 Ckg °:i 1 
1 —CKZ ' Ck2 —1 

2̂ 1 

(cKi — 0:2) + 0!iC 

ive, the i 

combine the assumption ^ > ^1, 

If CKi > 0 : 2 , ^ is positive, the isoproEt curve is upward sloping. If a i < 0:2, 

> Maa; a?. 2ai 
1—ai ' ai—a2 

curve would be positive until ^ reaches Tifi, then negative afterwards. 

the isoproht 

cPiy (cKi — 0:2) — [(cKi — 0:2) + CKic] 2a!2.Z7 
(3.2.9) 

(cKi — 0:2) + 2a!ic 

0:2^^ 

So if CKi > CKg, (3.2.9) would be negative. And because ^ > 0, the isoprofit 

curve would be as Figure 3.6. If a i < ag , come back to the assumption, if 

^ -ffi,(3.2.9) would be negative; if .ff > .Ffi,(3.2.9) would be positive. Then 

the isoprofit curve would be as Figure 3.7. The higher wage rate will make the 

firm worse oE. 



[Figure 3.6 insert here] 

[Figure 3.7 insert here] 

The following Figure 3.8 and Figure 3.9 show that if the union has less bar-

gaining power (/? is increasing), in the circumstance of a i > 0:2 or <0:2, the 

firm's isoproht curve moves to a higher level, and working hours changes from 

to ^^2, the employee would work more hours with a lower wage rate 

[Figure 3.8 insert here] 

[Figure 3.9 insert here] 

If 0, the union preference over employment in the union's objective function, 

is changing, it will be another case but a similar result t o when the Arm has more 

bargaining power. The following figure 3.10 and Figure 3.11 show that if ^ is 

increasing, the bargaining will lead to a higher level of firm's IsoproEt Curve, 

and the individual worker wiU work more hours with lower wage rate. Whilst 

the employment, which we can not see from the figure, is increased as the union 

expects. 

[Figure 3.10 insert here] 

[Figure 3.11 insert here] 

3.4 M o d e l 3: Eff icient Ba rga in ing M o d e l 

The argument of this section is to consider the Full Efficient Bargaining model, 

in which both parties bargain over all the variables: employment , wage rate 

as well as the hours of working. The firm has no priority to set any variable 

according to its own interest. It seems to be just a shght modification of the last 

two models, but it offers a big change to the bargaining outcome. The problem 



can be described as 

M02; G3 = (TT - 7ro)^(r - To)^-^ 

and rewrite it as 

= /3 In TT + (1 — /9) In r 

Combine (3.1.1) and (3.1.2), 

G3 = /31n - c :̂] + (1 - /3) ^ In i , + (1 - /?) ln%^(M/^,T - a^) 

(3.3.1) 

The First Order condition gives 

^ _ 0 (3.3.3) 

Solve this equation system: 

^ (3.3.5) 
2 I g _|_ Q2??9 h"^ 

/?! y 

7^2 C 

Vi Aa, H (T - H) + 
(3.3.6) 

[^ + ( 1 - / ) ) ^ ] T 

^ - / ) + ( i - m i ^ ^ ^ ^ 
where Ai = + ^, all the definition of the variables are the same with last 

two models. As wage is non-negative, the implicit assumption of (3.3.5) is 

% 0!i% T -

and (3.3.7) yields that So the assumption is equivalent 

to . 

1 _ 1 < —22—{i-P)e + 0 (3 3 3, 
% (1 - a2)?7i 1 -
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Easily from (3.3.7) it can also be yielded 

T 
H = 

(1-02)7,2 1-/3 , 1 
ai (l-/3)@+/3 

It is the same as Model 1 &: Model 2. If the union has more bargaining power, it 

wiU reduce the working hours; if the union is more concerned about employment 

in its objective function, it will increase working hotus. 

Rearrange (3.3.5) as 

^ (3.3.5') 

thus 
m m 

dH 

As = M/ 4- and I have assumed > 0 from the imphcit assumption 

Since 
we have known ^ < 0, and ^ > 0, thus 

$ < 0 (3.3.9) 

However it is not hke what is in the Right to Manage models, ^ can not be 

signed, it is ambiguous. Let 

y y m77i 

in (3.3.6), so Z} = ^ and is a function of f f . 

# / g \ r r m - l , 0:2% 

(1 - a i ) A - —1 + a i + 1 - — 1 
V %y %y 

-1 
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If 1 — ^ > 0, equivalent to ^ ^ > 0; If + 1 — ^ < 0, equivalent to 

^ ^ < 0; If > ^ > 7̂ ,̂ the sign of ^ would be ambiguous. 

As 
(fZ, c(Z, 
d/) (Z(/) (f (f/) 

and it is known that ^ > 0, &nd ^ > 0, thus the sign of ^ would be the same 

with ^ . Combine (3.3.8), the sign of ^ would be as following: 

^ < 0, i f O < % < g - ^ (3.3.10) 
ap Cki 

^ may < or >0 , if ^ ^ 
dp CKi 

For the same reason, 

combine ^ > 0, ^ a^d ^ can be signed exactly the same as (3.3.9) and 

(3.3.10), 

^ < 0 (3.3.11) 

^ < 0, i f O < % < g - ^ (3.3.12) 
06/ 0=1 

— may < or >0 , if ^ ^ 
dp CKi 

^ > 0, 

The comparative statics are still the same with respect t o the fixed cost c, 

ac dc oc 

Some new features emerge: 
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(1) If the union gets more bargaining power, what can be expected for sure 

is that it will reduce working hours and increase wage rate, the wage rate and 

working hours are inversely related, which is the same as in previous models, but 

we do not know what would happen to the employment level. It is ambiguous, 

may go up, or may fall given the same value of ^ It depends on the relationship 

between ^ and ?7i, 772, the elasticity of utility with respect to earning or leisure. 

We have known 

therefore 

which is inversely related with . In other words, if the firm has more 

bargaining power, which will make each employee work for more hours with a 

lower level of income due to the reduced wage rate . It seems the same as 

Model 2 , but actually the total of earning in (3.5') is no t only concerned about 

0:2,/),^ and but also concerned about a i and the negative relation with %, 

the elaaticity of utility with respect to leisure. Also we know form individual 

utility function T — ^ ) , > 0, /̂2 > 0, every individual worker's utility 

hag been decreased. 

(2) When 0 changes, the change of hours and wage rate are the same aa in 

Model 1&:2, while the change in employment is ambiguous. 

(3) , (4) and (5) of model 1 still hold in Model 3. 

(6) Workers will still obtain the same working hours as in Model 1&:2 even 

when they have one more right to bargain over employment. Simply rearrange 

^ 1 ^ ^ 3 = , we can find 

Hi=H, = H3= (3-3'13) 

m [̂ +(1-/8)0] 

is diSerent with Model 1&:2, aa it will reduce employment without any doubt 
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Hours of working is regardless to whatever kind of bargaining scenario, whether 

the union has inSuence over employment or hours itself, it is only affected by 7̂ 2, 

the elasticity of utihty with respect to leisure, and bargaining power and union 

preference over employment weight 

(7) "Job creating" disappeared, if hours is increased due to the change of or 

the movement of employment ^ is ambiguous since ^ and ^ are ambiguous. 

The firm may hire more workers or less which depends on the relationship of the 

parameters in (3.3.10) and (3.3.12). 

4 A Summary of Model 1, 2 & 3 

It has been demonstrated that an increase in the union bargaining power will 

reduce hours of working and increase the wage rate in every bargaining scenario 

studied here. The eSect on employment varies according to the framework. This 

effect would be negative in the Right to Manage models, and ambiguous in the 

Pull Efficient bargaining model. Union hours will be set to 

Hi= Hi = H3=H^ 

in all three bargaining frameworks. 

So the next question would be that in which scenario, will the union achieves 

the highest wage rate, largest employment, or utihty? 

From (3.2.7) and (3.3.5), 

c 
1^2 = 

_i 1 i fJ I %% 
7?! j T-ff 

L 

-CKl 

3 v4o!i / A _ 1 ) sazzz 

74 



Consequently 

W3 Da 

q:2/3+(1—/3)g 

1-0=2 2 

(3.4.1) 

and 

_g 1 I 4- <̂2% L8+(l-/3)8ia:i 
:7i / o'l'?! (l-^)(l-a:2)'?2 

— 0:2/̂  + (1 ~ /^)[^ ~ ^1(1 — 0̂ 2)] 
CKz/) + (1 - /8)[(i9 - ?7j(l - CK2) + 0:2^] 

= 1 

"MMzm. 

' A * - ( * + l)c ' 

_ r "1 3"-^ -j 0:2—1 

a2/) + ( l - / 3 ) g ^ 

r% /^)^] %(1— /))(!— 0:2)-,; 

% % ( ! - / ) ) ( ! - 0 : 2 ) a!2/) + (l —/))^ 

4" 0!i(l 

CKgjg + (1 — j8) 0 

If the agsumption in Model 1 0:2 > 0:1 still hold, 

i,3 > 1/2 (3.4.2) 

Therefore 

^2 =1(3 r2 < Fg 

(3.3.13) and (3.4.1) state that in frameworks 2 &; 3, a unionized individual has the 

same amount of income and working hours, hence with same value of individual 

utility. However the union's utihty in the Efficient Bargaining model would be 

higher than it in Model 2 due to a higher employment level. 

How about firm's profit level? Will it be increased or decreased? The differ-

ence between Model 2 &: 3 is, that the former is not bargaining over employment, 
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but the latter is. In model 2, after the wage rate a n d hours are bargained by 

union and firm, the firm will set employment unilaterally adjusting to its proSt-

maximizing level. So given the wage rate and hours of working 2,2 would 

be the employment level for the firm's proSt maximization, 

where the marginal product of labor would equal to marginal cost. Provided with 

the same value of and any other employment level, i.e. would lead the 

profit level lower than 7r2. Consequently 

TTg < 7r2 

While 
_ CKl r l - a g 

- 1 ] 
1^2 0:2 — a i ?7i(l — 

The relationship of Z,iand î 2 would be ambiguous and more comphcated than 

the relation of wage rate. And the relationship between union and firm's utihty 

is also ambiguous. 

So far a brief summary of the main features in Models 1, 2 & 3 can be 

concluded as follows: 

ylM mcreoae m power pre/ereM,ce oi/er empZoi/-

m^e m ei/en/ gceMOTio. T/ie on favieg occorcfm^ 0̂ 

yromeworA;. TAe M (^og^^zfe^ m (o modeZa, 

25 am6i^itoM5 m /uZZ eĵ c%en,̂  morfeZ. 
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,8. ore (Ae aome m aZ/ (/iree mcxieZa. depevitfa OM oTiZg/ 

(/le ar^e/TioZ p?ice (ec/imoZog^^ paravTie^er, i/won^a boyyammg power 

_ Z — a n d (Ae MMzon'a pre/ere/ice ofer empZoi/me72( 

,̂ . f n c e (̂ (ecAyioZoĝ ^ a/iocA; wz/Z )io( (^ect (Ae /lo^rs o/worA; wope ra^e. 

/;( onZi/ /loa mc^'or e^ec( OM empZoi/meTî  r^ordZeaa 0/ (/le Aay^ommp ^omeworA;. 

C/moM wor&era mai/ 6e ro^mMed/or (Ae^r Aowra 0 / worAim ,̂ or m2;o/%M(an/ 

worA; /or aome /̂ owra wA%c/i are more (/zam (/lei/ wza/i. TTie OM ĉome za de^eTTnwed 

6^ (/le foZiie 0/ (Ae parameters. 

5. GweM aame 6a?^aWng power /), and empZo^TTieyit we^^M aa weZZ aa 

ot/ier parametera, t/ie wage rate and worA;mg /io%ra woi/Zcf 6e aet eg%aZ m ModeZa 

,9 6/ ,9, OMd t/ie emp/oyment ZereZ wo%Zd 6e /i^p/zer m AfodeZ ,? t/iaM m ModeZ ,8. 

7Md2%;zd«aZ wo«Zd 6e mamtamed at t/ie aame Ze2;eZ ZM, tAeae (wo modeZa, wZî Ze 

totaZ 1/moM Mt̂ Ziti/ wo^Zd 6e Mp/ier m t/ie .6^c%eMt Baypa^nrng ModeZ, /zT^'a pro_^t 

wouZd 6e /izp/ier m (weaA;̂  to Manage ModeZ. .ff^owefer onZi/ /tottra can 6e 

ranA;ed between ModeZ ^ and ModeZ ,86/;9. 

5 The Comparison with Union Bargaining Lit-

erature 

5.1 A C o m p a r i s o n w i t h M c D o n a l d & So low (1981) 

McDonaZd 6'oZow predict t/zat t/ie/Z^ctMat^ona m aggregate demand 

/zafe t/iezr mq;or ej^ect on empZo^ment and Ẑ ttZe or no^e on t/^e wage. 7n t/i%a 

aectzon we a/iaZZ pro^e zt aZao ea;%ata m owr ej^c%ent ^ay^gmmng modeZ 61/ aettmg 

Aowra to 6e constant. 
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By setting the Arm's revenue function as 

TT = B) - lyz; 

where I, is employment, W is worker's income and B is a parameter to indicate 

the business cycle. And the union's utihty function is being set as 

r = - Z7) 

is the alternative worker utihty if he is not being employed, McDonald & Solow 

(1981) have shown that fluctuations in aggregate demand might have their major 

effect on employment azid httle or none on the wage. This also can be proved 

in our eScient bargaining model. In equation (3.3.1), if we treat hours of 

working as an exogenous variable, 

Gs = hi - c^] + ( i - /)) ^ hi i + ( i - ^) in7z(M^j7, r - n ) 

to mcLximize G3, from the first order condition, we can stiU have 

% ( 1 - / 3 ) ^ 
— 0 (3.3.2) 

% ^ Pi-HL) {l-P)u,H ^ 

aw A(H''^L'")-WHL~cL u ^ ' 

however, the difference here ^ is an exogenous variable. 

As we have assumed before, 7̂  = , the elasticity of utihty with 

respect to earning, is constant. Combining (3.3.2) and (3.3.3), then we can get 

^ Aa,H"'L"-^-c 

7y(l — /5)(1 A2) — (X2P + g ( l - / 3 ) c + /?c = 0 (3.3.14) 

Equations (3.3.13) and (3.3.14) can be solved to give as a function of some 

exogenous variables, which can be written as 

Z, = Z,(A, 77,77, /3, c ,«! , 0:2) 

TV = M^(.E,?7,/?,6',c, a!i,0!2) 
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which is consistent with McDonald and Solow's finding that is independent 

with A, the wage rate is sticky over business cycle. The Hnctnations in aggregate 

demand only have their eSect on employment. 

5.2 A C o m p a r i s o n w i t h Oswald a n d W a l k e r (1996 Dis-

cuss ion P a p e r ) 

we compare worA; 

f oper^. t^e g/iow ^Aeae (wo d^ere?i( approocAea /̂ G?;e ayia/opoiw 

j%7f/ien7iore, e%;e7i 6^ o more pe^eraZ itmoM or 

pro(fwc(%on we /iTid (/le reatiZ^ pera%a(en(. 

Oswald and Walker (1996, Discussion Paper) have found that, if firm is risk 

neutral, and individual worker's utihty is additively separable in income and 

hours, other external shocks only affect employment. The wage and hours are 

constant. This finding is analogous with what has been found in this paper that 

technology and price shock wiU not aEect hours of work and wage rate, but will 

only aEect employment. However the conclusion we had in this paper is from a 

different approach. In Oswald and Walker's paper, the Arm's utihty function is 

given by f , which is a function of where ^ is the Arm's output 

price, and is distributed according to density ^(^). The union's utihty function 

is defined as 2̂ (2/, A)n, + 2/(6) (m — ?%) to maximize their total utility, where 2̂ (6) is 

the alternative individual worker's utihty if he is unemployed, m is the number 

of union members, and M is the number of employed workers. In the efficient 

bargaining model, Oswald and Walker formulate the problem as that of choosing 

to maximize union's utility 

[i6(i/, + tt(6)(m — M)] 
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subject to firm's profit is not worse off than a given level 

where {; is an arbitrary constant. In contrast, in our work, we have the individual 

worker's utility function aa T — ^ ) , and basically they are in the same 

formulation. Whereas the union's utihty function ig different, we have it as [/ = 

T—Zf), as well as the firm's proEt function vr = VKffZ,—cZ,. 

In these utility functions the parameter for price (technology) ig exogenous, which 

is not assumed with density And the utility functions are more general with 

parameter the employment weight, and c, the fixed cost of each employee. «(&) 

is being assumed to zero in this model. In the case of efBcient Nash bargaining 

model, 

Gg = hi - cZ,] + (1 - /)) g In Z, + (1 - /3) I n T - B") 

by assuming that the elasticity of utility with respect t o income and leisure are 

constants, we have the same finding with Oswald and Walker. 

It should be noticed that apart 6om the difference of the appearance of two 

utihty functions, the assumptions made for these two approaches are quit differ-

ent. To understand why the external shocks only affect employment, while wage 

rate and hours of work are independent to it, we change t he union utility function 

to more general form as 

[/;, > 0, >, % > 0. Constructing the Nash bargaining model as 

= /) In - cl,] + (1 - ;8) In T - Zf, jL) 

To maximize Gg, the first order conditions for f f , and ^ are 
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^ _ l3\Aa,H''^L"-^-WH-c] (1 - 0) u, 

dL AiH'^L"') - WHL - cL u ' 

ao^ -WL] . (1 - H) [u,W ^ u^] 
WHL-cL^ 'u = " 

As we have assumed 

the elaaticity of utility with respect to income and leisure are constazits. Further-

more we assume 
Z, 

= diu 

the elasticity of utihty with respect to labor is constant. 

Consequently (3.B.2) / (3.B.1) 

_ c = (1 - (3.B.4) 
h 

And (3.B.3) / (3.B.1) 

m (3.B.5) 
V2 

Substitute (3.B.5) into (3.B.4), and rearrange, 

- c _ (^1 - %) CKi 

(3.B.2) can be rearranged as 

_ - ( 1 - / 3 ) % (1 -CKz) 

/3 + (1 — /3) % 

(3.B.6)-(3.B.7), and combine (3.B.5), 

r - ^ - (1 - ^ ) % (1 - 0:2) 

-H" % /) + ( ! - / ) ) % 

Hence 

-5"= 0:1,0:2) 
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Combine (3.B.4) and (3.B.5), this equations system can be solved to have the 

solutions for ag 

which have shown , even when Z, is not separable f rom the individual worker's 

utihty function, we can still have hours of working and wage independent of A. 

The external shock A only affects the employment. 

In stead of using general union's utihty function, we have the more general 

production function for the firm as 

TT = z:) - - cz, 

Equation (3.3.1) can be written aa 

Gs = /)ln [AF(Zf, i:) - ^ZfZ: - c^] + (1 - /3) glnZ, + (1 - /)) hiii(M^ZZ, T - Zf) 

(3.B'.4) 

To maximize Gg, the first order conditions for optimization are 

aCs _ /3(AZ^ - lyZf - c) (1 - ^ 
A F ( z f , ^ ) - ; y z f z , - c z ; ' z: 

% _ ;g(-zfz:) ( 1 - / ? ) 2/iZZ 

a t y AF(zf, z;) - ^yzfz, - cz, ^ -u 

= 0 (3.B'.5) 

0 (3.B'.6) 

^(^3 _ — M Ẑ/) (1 — /3) — 122) _ ^ / o n , y\ 

Using the assumptions that the elasticity of utihty with respect to income 

and leisure 7/1,7̂ 2 &re constants, and % = are constants , to solve 

the equations (3.B'.5), (3.B'.6) and (3.B'.7), we get 

(1 1(1 - « >71 + 13] = %+ {e-v,)v,T-H p g . g ) 
7̂2 -M ^2 

(3.B'.9) 

?72-O L H 
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I = A „ + (3.BM0) 

From equation (3.B\8) , we have 

^ = % , % , % , % ) (3.BM1) 

which indicates that the hours is sticky with the external shocks, i.e. the price 

shock. In contrast, equations (B.IO) and (B.l l) show tha t Z, is a function of A, 

c, ^1, ?72, %, % and which can be written aa 

The employment is affected by the external shocks. Furthermore, the effect of A 

is ambiguous to Z,. If p is an increasing function of then the greater value of 

v4, the higher employment. If ^ is a decreasing function of then the greater 

value of A, the lower level of employment. However b y rearranging (3.B.9) and 

(3.B.10), 
_ 7̂1 (:r - c % 

H 

772-̂^ 

where l y is also independent to the parameter A. 

To sum up, the external shocks only affect employment, while the wage rate 

and hours of working are sticky over the parameter A, for quite general production 

function or union's utility function. 

5.3 A C o m p a r i s o n w i t h U l p h & U l p h (1990) 

[/Zp/i o/ worA; mcreoae pnce. 

o ea;G)7z,pZe wAen %/ = c — ATA, where c is con-

sumption, we WZ a/iow ^ regor(fmp to t/ie 

p?ice ej^ect OM 6?/ /loZcfmp t/ie e?7z,pZô me?̂ t ^ e c t . 

j7owe%;er mat/ o/ t/ie totaZ przce ej^ect. 
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Ulph &: Ulph(1990) deAne the individual ntihty function = 1 (̂0, A), where c 

is the consumption and is hours of working, and production function as /i). 

From inverted function %/(.), he yields 

c = li) 

aa the total amount of compensation a worker would need to work /z, hours if his 

utihty is to be maintained aa li. Given the price of the output p, the hrm's profit 

is 

7r('u, 72, 'Z/) 

Conditional on same level of utihty it, the union is indifferent about A, the hours 

are chosen alone by the firm to maximize the profits as specified by 

M;p)—Maa; 7r('u, n,, 
^ ^ s.f.k>0 ^ ^ 

The first order condition for optimisation is 

which means the per capital marginal revenue product of an additional hour's 

work equals to the individual marginal rate of substitution between work and 

consumption. And this can be solved to have /i is a function of n,, and p as 

A = (3.C.1) 

Then he concludes that hours of work increase with t h e price, which seems a 

contradiction with our finding. 

In fact, what Ulph &: Ulph (1990) find that an increase in p wiU increase hours 

of work is the partial effect from price shock. Equation (C. l ) has shown that A is 

also a function of M. Considered n, might be affected by the price shock as well, 
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if we take M into account, hours might be independent of the total price effect. 

To explore the price total effect on hours, we have the following example. 

Let's aasume the utihty function is hnear to consumption and hours of working 

ag 

u = c — Kh 

where AT > 0, and tZc > 0,^/1 < 0. Therefore the firm's profit function can be 

written as 

TT = + A'A) 

Ag Ulph &; Ulph (1990) did, the firm is setting hours alone to maximize its profit, 

diT 
— = pvlM°'(l — = 0 

or , 

( p A ) ^ n , ^ (3.C.2) 

In the eScient bargaining procedure, the firm majcimizes the gain from the 

bargaining subject to achieving a given level of gain for the union. The problem 

can be described as 

maxTT = —^('u + A'/i) 

a.(.M('U —21) > V, A — ^ (pv4)^?2"^ 

where V is a minimum level of the union's expected utility, which is uncon-

strained. Substitute (C.2) into the firm's profit function, the problem can also 

be written as 

max ^ — )% (%̂  + A'/i) — A [?% ('Zi — -u) — V] (3.C.3) 

= (pv4)^piM^"= — MM — A [n, (if — -&) — V] 

1 —g _1 
where order condition gives 

= (pA) ^ gfi ^2 ^ o: — M — A (it — 6) = 0 (3.C.4) 



From (3.C.4), we can have 

Substitute it into (3.C.3), 

\ n 
—— = —n — An = u 

A — —1 

(3.C.5) 

u 
n 

- a) 
( M ) ' (3.C.6) 

Equation (3.C.2) and (3.C.5) give 

= 
u 1 — a 

(3.C.7) 
(2 — V 

The solutions for M and A indicate that hours of working are sticky over the 

business cycle. When the economy is booming, the price is higher, the price 

total effect on hours is zero, while the effect on employment is positive. The 

Arm's profit increase with the price. 

In the case of Nash bargaining, (3.C.3) can be rewritten as 

max ^ [pAyt""/! 0 1 , 1 — a n (it + + (1 — /3) — 6) — ^]C.3') 

= (pA) — )T,'U + (1 — /)) 7/1 (ti — ti) — V] 

where 1—Ck — " . From the first order condition 

<9)2 

(-71) 

(1 —/))(%/ — w) 

M (tf — w) — V 

(1 — /)) M 

To solve the equation (3.C.8) and (3.C.9), we can get 

(3.C.8) 

(3.C.9) 

n = 

u 

u 

- i ) 

(1 " 
( 2 - ^ ) 

-|- I3u + /5V 
u 

(2 -
( M ) ' 



Combining (3.C.2), 

h 
1 — a ' u 

Where we still can see the hours is sticky over the business cycle, and employ-

ment is positively related to the price. The higher price p, the higher level of 

employment, and the lower the level of the individual worker's utihty. 

The total union's utility 

— It) = 
u 

- a) 

( l - a ) ( 1 - / ) ) 

1 
I 1 — a 

2CK - 1 

(pA) 

6 + /)V 
1 — a 

(pv4)^ 
Pi (2 - _ 

(pv4)^ 

;0V 
u c - l 

m (2 - i ) 

(1 - g) (1 - ;8) 

2 a - 1 
u (M) 

1 

which, it can be easily shown that the total union's utility is increasing with 

the price, although the individual worker's utihty is decreased. While the Arm's 

profit 

u 

- i ) 

u 

1 — CK 

K 
u 

(2 

1 —Q! 

(2 - a) 

+ /3V 

u 

2 -

u 

( M ) ' 

" i ) 

u 

(PA) 
1 — CK u 

91(2 

Si (2 - i) 
(1 — a ) 

2a; — 1 
/)V 

where we can see the firm's profit is positive related with the price. In other 

words, when the economy is booming, the firm and union have more surplus to 

share, and both of their utihties will be increased by the higher price. However 
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the total price effect on hours is zero, it is sticky over t he business cycle, although 

Ulph (k Ulph (1990) conclude that the partial effect is positive. The employment 

is increasing in the boom and decreasing duriug the slump, and is flexible over 

the business cycle. 

6 Conclusion 

Despite the importance of the working hours attached t o trade unions, economists 

have less attention to this subject than they have to t h e wage and employment. 

However there are lots of disagreements on which pohcies the government should 

foUow to solve the employment problem. The proposal of reducing working time 

is one of the controversial pohcies. 

In the early literature most of the studies have indicated that there is union-

ism negative hours markup by their empirical finding. A well known paper by 

Pencavel (1990) provides various ways of modelling the determination of hours 

of work in the bargaining situation with very a general objective function, and 

followed by his empirical finding that the effect of unionism on hours worked 

ranges from -6.7% to -14.7%, and it varies over time. In other sorts of papers 

hke Calmfors (1985) and Zilibotti (1999), these studies focused on the individ-

ual worker's utility bargaining with the firm, without t oo much attention on the 

change of collective bargaining power. Calmfors (1985) concludes that the ef-

fect of a reduction of working time on employment is ambiguous; whilst Zihbotti 

(1999) proves that a small reduction in working time always increases employ-

ment, while larger reductions reduce employment. 

This study attempts to verify theoretically the presence of the union power in 

the bargaining effect on hours, wage and employment. Distinguished by the bar-

gaining variables, three kinds of semie&cient and full efBcient bargaining model 

have been discussed in this paper. The union objective function has been defined 

as not only concerned about the worker's earning, but also the worker's leisure 



ag well aa the membership of the union, which is more realitical. By increasing 

the union bargaining power, all the three models have shown that it wiU raise 

the wage rate and reduce the working hours. The employment eSect varies with 

the different bargaining model. In the Right-to Manage model it is negative 

with union bargaining power, in the Full Efficient Bargain model, however, it is 

ambiguous, which depends on the bargaining situation, the value of worker's elas-

ticity of utihty with respect to earning and leisure, and the employment weight 

of union objective function. Given the same value for the parameters in ail the 

three models, regardless of whether the union have the power to bargain over the 

working hours, the bargaining hours for the worker would be the same. It is only 

concerned with the elasticity of utihty with respect to leisure, bargaining power 

and employment weight ^ in the union objective function. 

On the other aspects I also proved that the technology and price shock will not 

afFect the working hours, it will only affect the employment. Higher product price, 

more advanced technology will lead to higher employment without changing the 

wage rate and hours of working. Given the exogenous fixed cost of each unit of 

labor, the working hours are fixed as well. In other words, although it has been 

assumed the labor and hours working are perfectly substitutable for eaxzh other, 

even the fixed cost is more costly, it will not increase t h e working hours of each 

worker, but the wage rate would be increased due to t h e union's anticipation of 

lower employment caused by expensive fixed cost. 

Union workers may be rationed for their hours of working, or involuntary work 

for some hours which are more than they wish. The outcome is determined by 

the value of the parameters. And provided with the same value of parameters, 

the wage rate and working hours would be set equal in Model 2 &: 3, the em-

ployment level would be higher in Model 3 than it in Model 2. Individual utihty 

would be maintained at same level, while total union's utihty would be higher 

in Efhcient Bargaining Model, firm's profit would be higher in (weak) Right to 

Manage Model. However only hours can be ranked between Model 1 and Model 
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2 & 3. 

One shortcoming of this paper is that it can not be distinguished the standard 

working hours and overtime hours, to see how the overtime premium affect the 

working hours; another is that the exogenous Hxed cost of each labor does not 

vary with the number of trainees, the trainee intensity, a n d then the productivity. 

7 Appendix 

This Appendix elaborates on the deviation of some results in the text. Substitute 

(1.5) into (1.4), which yields 

TT = c ' '2- i ( -Dic-D2)( — 1-1]''2-

. ( ! - / ) ) % 

where D = ^ + and = c ^ ( D i c - D 2 ) ( ^ ) ^ . 

Consequently 

As 

combine (1.5) 

« • - p 

^ r - a") 

d^z(Aic, T — 

Given the value of 0=1, and fixed cost c, the hrst t e r m of utility function v4ic 

is a constant, thus 

(f-u (((T — ^ ) 

^ ^ ( f ( r - ^ ) 
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t 
(l-/?)Ti2 13 1"̂ ' 
d/3 

1̂2 > 0, as individual's utility is increaaing with leisure time, consequently 

%" 
And aa the sign of ^ equals to the sign of 

^ - Ldj}^ dj3 

1 

0=2 — 1 1 — /3 + 1 

_ P 1 d j i l ^ ] 

1 — /? 1 — 0!2 _|_ % (f/) 

as 

4 ^ 1 ^ 0 

dp 

and every other terms are positive aa I have aasumed, hence 

(f/? 
< 0 

< 0 
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Figure 3.3 Contract Curve 
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Chapter Four: An Empirical Analysis of The 

Union Effect on Working Honrs 

1 Introduction 

It has been shown in Chapter 3 that the union has a negative eSect on working 

hours, a positive effect on wage rate, while the employment eSect is cimbiguous. 

Also various empirical studies have stated that union hours markups are negative. 

It ranges from -0.3% to -15%, and it varies considerably by type of worker, by 

industry and by occupation. The union tends to reduce the total hours of work, 

standard hours aad unpaid overtime hours, but it will increase the number of 

paid overtime hours. Moreover hours and weeks exhibit significant procyclical 

patterns. A 1% increase in unemployment rate is associated with 1.1% decline in 

weeks worked, 0.6% decline in weekly wages, and 0.3% decline in weekly hours 

worked. More details about hours empirical finding in the hterature have been 

described in Chapter 2. Many papers have used individual data to test the union 

eSect on hours of work. However the individual da ta set has not been able to 

examine how the firm characteristics and the fixed cost of each unit of labor 

affect hours of work. In this section an firm-level survey data of the electrical 

engineering industry within UK has been used to test t he union effect on hours. 

Apart from that, another purpose of this paper is to s tudy how firm size influences 

hours setting. It has been widely noticed that the large firm pays a higher wage 

than the small firm. However none of them have discussed the hours difference in 
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the firm with diEerent size. They have been found, in general, (i) the presence of 

union will reduce total hours working about 4%; (ii) t h e union may play diEerent 

roles in different firm sizes and diSerent skill levels. T h e large firms prefer more 

hours from their worker and somehow, in contrast, the union in a large Arm would 

claim for a large hours reduction, especially for semi-skilled workers in the data 

set. 

The structure of this chapter are aa foUows: Section I I provides the description 

of the data and the regression model. Section III offers the empirical result and 

interpretation. The conclusion is in Section IV. 

2 The Data 

The data used here is an firm-level survey data set from 1979 to 1984 from 

the electrical engineering industry within U.K. Initially this survey data set waa 

collected under the request of the Industry and Employment Committee of the 

Economics Research Council to make an independent assessment of the nature of 

labor force change and its relationship to output and wages in the electrical engi-

neering industry. And these 6 years data set have been reduced to a minimum to 

address the "cycle", in order to shape the national policies towards redundancy, 

youth training, and wage pohcy. It consists of 89 Rrms and 534 observations. 

56 out of 89 Srms have a union to represent their manual workers, 38 have a 

union to represent their clerical workers. The data set has 15 continuous vari-

ables and 41 discrete variables. The Continuous Variables includes the average 

number of employees, average standard hours , average overtime hours, average 

earning, number of employees made redundant, total net sales, et. al. and one 

variable HRW can not be identified. The Discrete Variables include the variable 

for the region, the proportion of SEMI-SKILLED workers that are members of a 

trade union, proportion of SEMI-SKILLED workers t h a t are female, the dummy 

variables for clerical workers and for manual workers, redundancy variables, et. 
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al., and one variable NOVL can not be identified. The unemployment rate of 

each region is from Economic Trends 1990 Edition. 

All workers have been distinguished into 3 categories, craftsmen, semi-sldlled 

and clerical workers. The unionism rate of manual workers (craftsman and semi-

skiU) is 64.64%, on the other hand the rate for clerical worker is 43.18%. Thus 

we may conclude that the unionism rate is higher among manual workers. This 

is consistent with what I drew in the Chapter 1, the manual worker is more hkely 

to be a union member. The following Table 4.1 summarizes the overtime hours 

and total working hours for each category in each year. The total working hours 

is calculated from adding overtime hours and standard hours. Since the data of 

overtime hours for clerical workers is not available, I can only provide the table 

for craftsmen and clerical workers. 

There is a view that union wage markups are positive, for most demographic 

groups the union total hours markups are negative (PerloS' 1987). It can be 

noticed here in general that the overtime hours and total working hours in the 

union sector are less than that in the non-union sector. In 1979, Semi-skilled 

workers in the non-union sector had about two hours more per week than their 

counter part in the union sector. While in 1984, there was still a one hour 

difference. In contrast the craftsmen in the non-union sector just worked slightly 

more than in the union sector. In some years, i.e. 1979, the hours of craftsmen 

in the non-union sector was about one hour more t h a n it in the union sector, 

however, in some years it may be the other way around, the union sector works 

more than non-union sector, i.e. 1983. 

Table 4.2 provides the means of overtime hours a n d Total hours for diEerent 

sectors, and it can be realized that especially for the semi-skilled worker, the non-

union sector worked significantly more than imion sector, no matter in overtime 

or total hours. The diSerence was about one hour more in union sector. Whereas 

the gap was just about 0.10 for craftsman. The value of standard deviation 

indicates that the dispersion of working hours for t he semi-skilled in the union 
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sector is smaller than that in the non-union sector, 2.51 vs 2.79 for total hours; 

but for the craftsman it is higher in the union sector t h a n in the non-union sector, 

2.99 vs 2.53 for total hours. This is shghtly diSerent t o Pencavel 1990 in that the 

dispersion among individuals in hours and weeks worked is invariably smaller in 

the union sector from his survey data. 

Year Overtime Hours 
for Craftsman 

Overtime Hours 
for Semi-skill 

T o t a l Hours 
for Craftsman 

Total Hours 
for Semi-skill 

Union Sector 

1979 4.90 3.08 44.75 42.92 

1980 4.54 2.76 44.33 42.56 

1981 4.24 2.53 43.77 39.53 

1982 5.00 3.64 44.02 42.66 

1983 5.04 3.51 43.89 42.36 

1984 4.81 2.81 43.59 41.60 

Non-Union Sector 

1979 6.00 5.17 45.78 44.94 

1980 4.28 3.39 43.94 43.05 

1981 4.11 3.44 43.50 42.83 

1982 5.58 4.73 44.63 43.78 

1983 4.21 3.46 43.42 42.67 

1984 5.00 3.78 43.94 42.72 
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ThbZe ^.,9.' j4%;erope Aowa 0/ ancf ,9em%-aA;2ZZe(f 

Union Sector Non-Union Sector 

4.77 (3.03) 4.84 (2.573) 

3.07 (2.61) 3.98 (2.861) 

44.05 (2.99) 44.17 (2.525) 

42.35 (2.51) 43.31 (2.79) 

Overt ime Hours 
for Craftsman 

Overtime Hours 
for Semi-skill 

Total Hours 
for Cra f t sman 

Total Hours 

for Semi-skill 

* The standard deviation are in the bracket. 

Some economists have shown there are some links between overtime hours 

and total working hours. BlanchHower presented in 1996 that the union tends 

to reduce standard hours and unpaid overtime hours but increases the number 

of paid overtime hours. Also Hunt (1998) shows that the reduction of standard 

hours may lead the fall of total working hours and employment. However in this 

work I can not distinguish paid overtime with unpaid overtime hours, in the mean 

time, the data of overtime premium is not available. T h e figure of total hours is 

derived from adding overtime hours and standard hours. The focus this section 

is how the total hours would be aSected by the union . 

3 Econometric Evidence 

A large number of papers have used individual level da t a sets to analyze union 

and nonunion differences in working hours, i.e. Lewis (1986) finds that the union-

nonunion differential for male workers is about -1.8%. In those papers they may 

use annual hours, weekly hours or even annual weeks as dependent variables. A 

inEuential paper by Earle &: Pencavel (1990) which adopts the form as 

In hi — oiXi + jSUi -(- £i 
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where is the measure of individual i's hours of work, [/i is a dummy vari-

able where the individual's job is covered by a collective-bargaining agreement, 

denotes other characteristics of the worker and of his job, which includes 

age, schooling, marital status, amount of welfare income, dummy variables for 

location, dummy variables for major occupational group, dummy variables for 

industry divisions, etc. 

In this work the Arm level data has been used to test the union effect on hours 

of work. The equation utilized here for estimation can be expressed as 

In — c 4- -t- -t- 6 it 

where subscript i runs across firms and t across time periods. The dependent 

variable is the natural log of the total weekly working hours. represents 

the explanatory variables, which includes the unemployment rate, the percentage 

of this category worker, the net sale growth rate, t h e percentage of part time 

employees, redundancy workers and new trainees. Unemployment is included aa 

some researchers claim the union prefers to adjust t o business cycle downturn 

by placing workers on temporary layoff instead of reducing their weekly hours of 

work. The number of part time employees, redundancy workers and new trainees 

are to catch the fixed cost of labor in the period. Other variables denote the Srm 

characteristics. Zi* represents the dummy variables for region, for firm size and 

union status, as well as the interaction of the firm size with union status. Finally 

Sit represents the error term. The main concern is how union status affects the 

working hours. By including the intera<:tion of union s ta tus and Arm size dummy 

variables, it enables to observe whether union in large f i rm plays diEerent role with 

the union in small firm. All the region has been divided by four parts according 

to the number of observation. They are South East, South West, Westmidland 

and others. Also firms have been categorized as small size firm ( for less than 300 

employees), middle size firm ( between 300 to 500 employees), and large size firm 

( for more than 500 employees). The firm size dummy variable indicates whether 
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the individuals work more hours in the large hrm apar t from what we have known 

that large hrm pay its employee more than small Erm. In order to simplify the 

equation, in the interaction of imion dummy with firm size dummy have only 

been categorized in the hrm with less than 300 employees (small size firm) or 

more than 300 employees (middle &: large size firm). Therefore the coefficient 

of union * firm dummy (<300 employees) would indicate the union's influence 

on hours determination in relatively small firm, and t h e union* firm size dummy 

( ^ 300 employees) indicates the influence of union in relatively large firm. Also 

this simplified distinction would make the estimation more significant in terms of 

the union's hours influence. In the mean time, other Arm characteristics variables 

and unemployment rate denote how much effect they have on hours of working. 

Accurately the union status variable has been defined as follows in the ques-

tioimaire: 

Do you recognize any trade union at the level of your establishment. 

Representing manual workers? 

If yes, TUM=1, No, T U M = 0 

Representing clerical workers? 

If yes, TUC=1, No, T U C = 0 . 

The sample originally includes 6 time periods and 534 observations, as it is 

supposed that the number of redundancy workers in t h e last period would affect 

the total working hours of this period, rather than this period aSects this period. 

So one year lag of redundancy worker has been used a s the independent variable. 

Some data also are not available for some variables, T S P only pick up the interac-

tion of ail these variables. In other words, TSP only uses the observations which 

datas are available for all the 11 explanatory variables; otherwise it would not be 

included, even it is just short for one out of the 11 explanatory variables. These 

two factors have left a total of 174 observation of 5 years period available, from 

1980 to 1984, for semi-skilled worker, and 218 observation of 5 years period for 

craftsmen. The descriptive statistics of both the full sample (534 observations) 
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and restricted sample have been summarized in Table 4.3. The value of the per-

centage of redundant workers, part time employees, overtime and total hours in 

the full sample are large than their counterpart in restricted sample, especially 

we notice that the mean of total number employees in fuD sample is significantly 

large than it in the restricted sample. Therefore we may infer there are more 

large firms among the lost observations. And the coefEcients of dummy variable 

for large Arm (including the size dunmiy for large firm, as well as its interaction 

with union dummy) might be underestimated. 

[ Table 4.3 insert here] 

Because the effects on hours of various categories are not accounted for in 

the descriptive statistics in Table 4.2, we expect t h a t hours diEerence can be 

attenuated in multiple regression analysis. To estimate the equation, the first 

method I tried is Ordinary Least Squares for semi-skilled workers or craftsmen 

with 88 firm dummies. It is shown in Table 4.4. Although the test results 

are consistent with our expectation, as we mentioned before there are only 174 

observations available for semi-skilled workers and 218 observations for craftsmen, 

probably 88 firm dummies are too much for these observations. Therefore we 

redistribute all the 88 firm dummies into 9 groups for semi-skilled and 11 groups 

for craftsmen. Then I run the regression with group dummies instead of the 

88 firm dummies after it has been accepted by the F test that all the firms in 

every group are with the same firm specific characteristics. This has been done 

separately for semi-sldlled worker and craftsmen. For the sake of comparability, 

all the estimators of these two methods are presented together in table 4.4. 

Many studies have confirmed that unions have the eGFect of reducing working 

hours. BlanchHower (1996) finds there is a negative union eSect on working hours 

in UK; Lewi8(1986) shows that the union hours gap for US average is -1.8%, the 

negative effects were not neghgible in size. Earle and Pencavel (1990) report that 
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for white male employees miion and non-miion hours diEerential is about -1.1%. 

If we look at the 1st and 2nd columns of table 4.4, t h e OLS model for craftsmen 

and semi-skilled worker with all the firm dummies, t h e coefBcients of the union 

dummy are -0.02 in the middle size firm as weU as the large size firm for craftsmen, 

and -0.039 in the middle size hrm, -0.044 in the large size firm for semi-skiH. 

Compared with group dummies in the 3rd and 4th columns, we can see they are 

-0.02 and -0.018 in middle and large size Arms respectively for the craftsmen; 

-0.038 and -0.050 for the semi-skill, which indicates t h a t the union hag a negative 

eEect on working hours regardless of firm size. The union will reduce about 4% ( 

Take the antilog and deduct 1) of total hours working in. general. It is consistent 

with other studies, although the eSFect is slightly bigger. However we have to bear 

in mind that this data set is from 1979 to 1984 when there was a recessionary 

period in UK. 

Another interesting point we may notice is that t h e union in large firm and 

small firm may play diEerent roles in terms of working hours setting. Prom the 

3rd and 4th column, the coefficients of the union effect for craftsmen are -0.02 

strongly significant in the middle size firm and -0.018 not significant in the large 

size firm; the coefhcients of the semi-skill are -0.038 strongly significant in the 

middle size firm and -0.050 significant at the 10% level as well in the large size 

firm. It seems to indicate that for the diSerent skill levels and diEerent firm sizes, 

the union's effect is a httle diSerent, especially for t h e semi-skiUed workers is 

changing from the 3.8% reduction to the 5%, although it is not a big difference 

for craftsmen except it is significant in the middle size firm but not in the large 

firm. Many economists have shown that the large firni pays a higher wage than 

the small firm, but none of them discuss the working hours difference. 

[Table 4.4 insert here] 

Besides the firm size also influences the labor's working hours. For craftsman 
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the middle size firm will increaae about 1% total hours working, and the large 

firm will increase about 1.2% working hours. While for the semi-skiDed worker 

the employee will work about 5% more in the middle size firm, and about 5.5% 

more in the large hrm. It may teU that the large firm prefers more working hours 

from the employee, in the mean time when they are paying better than the small 

firm. One possible reaaon that accounts for this is t h a t in large firm, it is more 

likely to use a large fixed capital, a more capital intensively production process, 

the employees are thus more productive than in a small Arm. Alternatively some 

economists claim that, compared with small firms, large Erms would provide 

more on-the-job-training, or hire higher quality workers. Therefore large firms 

want more hours from their employee. On the other hand, the large Srm is more 

likely to be unionized, from this data set, it shows, in the firma with less than 

100 employees only about 3.24% have been unionized, while the unionization rate 

is 48.72% in the firms with 100-300 employees, 90% wi th 300-500 employees, and 

100% for the firm with over 500 employees. In summary, employees in large Arms 

would usually work for more hours than their counterparts in small firms, while 

that the union tries to reduce the hours to increase the utility of its members. 

Especially for the low skill level of workers, unions in large firms wiU claim for 

more hours reduction. All the value 1 described above is for the model with group 

dummies. 

Several studies have found how unemployment rates affect the hours. Pencavel 

(1990) presents that the effect of unionism on hours is greater in periods of 

relatively high unemployment, that is, lower employment induces relatively more 

work sharing in the unionized sector. Perloff (1987) and Pearce (1983) report 

that to increase unemployment in an area should lower both union and nonunion 

hours, but union hours should be more sensitive to unemployment rate. As I 

mentioned before there was a business slump in the UK, the unemployment rate 

soared up from 2.5% in 1970 to 10.67% in 1984. We cam notice that the coeSicients 

of the unemployment rate in all four columns, are all negative and significant. 
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A higher unemployment rate does reduce the total hours of working, although 

the reduction is very small compared with firm size effect and union eSect. A 1 

percentage of unemployment rise will reduce about 0.25% of hours of work. 

The number of part time employees, redundancy workers and new trainees 

are expected to catch the eSect of fixed cost of each labor in the period. We have 

known from the data, in the 6 years period, the average of redundancy workers 

in the union sector is about 3.8%, but is only 1.32% in the non-union sector. 

This figure is consistent with Freeman (1984) that layoSF rates are two to four 

times higher in the union than in the nonunion sector, and union workers are 50 

to 60 percent more hkely to be on temporary-layoff unemployment aa a result. 

Also BlanchHower (1996) and Medoff (1979) indicate t h a t part time work is less 

prevalent in the union sector than in the nonimion sector, and the union prefers 

to adjust to a business cycle downturn by placing workers on temporary layoS 

instead of reducing their weekly hours of work. The firm has to oSer the training 

cost, or firing cost to each of the new arrivers or leavers. The big number of new 

trainees, redundancy workers and part time employees is associated with a large 

amount of fixed cost. 

However from the estimators in the regression wi th group dummies, they 

show that more part time employees lead to less total hours of working; more 

redundancy worker in laat period lead to more hours of working in this period. 

A 1% of part time employees rise for craftsman wiH reduce about 0.17% total 

hours working; 1% of redundancy workers in the laat period rise will increase 

about 0.032% total hours working. For semi-skilled workers, a 1% of increase of 

the part time employees will reduce 0.20% hours work; and a 1% of increase of 

the redundancy workers in last period will increase about 0.032% hours work. 

Although the estimators of redundancy workers are no t as significant as those 

of part time employees, they are very consistent wi th these two skill levels. 

Unfortunately the impact of new trainees is ambiguous. It was a positive effect 

on craftsmen, more new trainees more working hours, while it has a negative 
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eSect on semi-skilled workers, but none of them are statistically significajit. 

The impact of Net sale growth has the signiBcant positive effect on hours. 1% 

of sale growth may hft about 0.05% working hours up both to the craftsmen and 

semi-skilled worker. In fact that is consistent with what we expect; if the firm 

sells more products, it would aak the employees to work for more hours . 

Stewart (1997) studies the relationship between t h e proportion of workforce 

and wage. He shows in his equation that in the nonunion sector the average pay 

of skilled workers is lower, the greater the proportion of the manual workforce 

they are, but this eSect is absent in the union sector. In our equation it tells 

that there is another relationship between the proportion of workforce and the 

working hours. In the craftsman equation the estimator of percentage is -0.01, 

which means that high proportion of craftsman will depress the working hours, 

but this effect is not significant. In the semi-skilled equation, the influence is 

significant negative, 1% of semi-skilled worker rise would reduce 0.08% of working 

hours. This haa been proved in our theoretical model, the union which haa a 

high proportion of workforce normally should have high bargaining power. The 

high bargaining power, the lower hours of work. 

Another regression has been run afterwards which also includes the Log weekly 

wage rate as an explanatory variable, the result which comes out is very similar 

to what I presented above. The coefficient of the weekly wage is trivial positive, 

but not significant. 

In order to extend the data set, I combine the da t a for craftsmen and semi-

skilled workers together in one equation to retest the confidence of our regression 

with the same 88 firm dummy variables. On the one hand, I extend the data 

set to 308 observations available, on the other hand, t he number of explanatory 

variables also are increased . The result is shown in Table 4.5. 

[Table 4.5 insert here] 
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In columns 2 and 3, the regression is run with f irm size dummies for middle 

size and large size. While Columns 4 and 5 are the regressions which combine 

the middle size with large size, ( if this Arm has more than 300 employees, it 

equals to 1; otherwise 0 ); create the union dummy for small firm and large hrm, 

(if there is a union, it equals to 1, otherwise 0 ). Compared with Table 4.3, the 

coefhcients in this Table aze the average for the Craftsmen and Semi-Skilled, in 

column 2, most of the signs are stiU the same as Table 4.3, although some may 

not be significant, except the coefficient of the percentage of the labor force. It is 

positive in Table 4.4, but they are negative in Table 4.3. The coefficient for the 

middle sized firm is 0.024 ( 0.61), and for the large sized firm is 0.024 ( 0.51). The 

combining coeScient of the firm size dummy is 0.018 ( 1.16), and the large sized 

firm would prefer its employee to work for more hours, although the coefhcient 

is still not significant. 

4 Conclusion 

This analysis intends to offer empirical evidence of t h e union bargaining eEect 

on hours of work. By using the firm level data set for the electrical engineering 

industry from 1979 to 1984 across U.K., the evidence is found that the union 

has a negative effect on working hours. In general the union reduce about 4% of 

total hours working for the semi-skilled, and about 2% for the craftsmen, which is 

slightly bigger than Lewis (1986)'s 1.8%, and a little less than Pencavel(1990)'s 

6.7%. Furthermore, I found that the unions in different firm sizes may play 

different roles to different kinds of workers in terms of hours setting, for semi-

skilled workers in middle size firms, workers in the union sector will work about 

3.8% less than their counterparts in the nonunion sector. However in large size 

firms the hours diSerence between these two parts is 5%; whilst for the craftsman 

the eSect for middle size and large size firm are nearly the same, one is 2%, and 

another is 1.8%. The possible reason which accounts for this is that in the large 
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flrni, it is more likely to use large fixed capital, and a more capital intensively 

production process, the employees are thus more productive than in small firm. 

Alternatively some economists claim that large firms would provide more on-the-

job-training or have hired higher quality worker them it in small hrms. Hence 

the employees in large firm have been asked to work for more hours. While 

unions would claim for hours reduction in order to increase its member's utihty, 

especially for the low skill level of work in large firm. 

5 Appendix 

1. Average Number of Employees should include all persons on the payroll on 

average during each period. 

2. Part Time Employees are defined as those who work less than 21 hours per 

week. 

3. Number of Employees Leaving include those leaving due to retirement, 

redundancy or any other reason. 

4. The total working hours is obtained by adding overtime hours and standard 

hours; and the Average Overtime Hours and Standard Hours is for a typical week. 

5. Firm size dummy is categorized as small firm (<300 employees), middle 

size firm ( 300 — 500 employees) and large firm ( > 500 employees). 

6. Union dummy is defined as: If you recognize there is a trade union represent 

manual workers/clerical workers at the level of your establishment, TUM / TUC 

= 1, otherwise TUM / TUC = 0. 

7. Percentage of Semi-Skill/Craftsman is defined aa the number of Semi-skilled 

worker/Craftsman divided by the total number of employees. 

8. Percentage of Part Time/Laid Off in last period/New Trainees is defined 

as the number of Part Time/Laid OS/New Trainee divied by the total number 

of employees. 

9. Sal Growth is defined as (Sales - Sales(-1))/Sales(-1). 
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Table 4.3 Mean and Standard Deviation of the Pull Sample and the Restricted 
Sample 

Total No. 
of Bmployoca 
Percentage of 
Re dundeii ts 

Peiceutage of 
Part Time 

Percentage of 
New Trainee 

Sales Growth 
Percentage of 

Craftsman _ 
Percentage of 
êmirSkUled 

Overtime Hours 
Crgftsman 

Overtime Hours 
Semi-Skilled 

Total Hours 
Cr̂ aft̂ an 
Total Hours 
S e m i - S k i l l e d 

Full Sample Restricted yAmi)ie 
Craftsman 

Restricted Sample 
Scmi-Skilled 

388.43 (490.06) 340.63 (304.32) 336.27 (327.07) 

4.22% (0.13) 3.76% (0.08) 2.87% (0.07) 
4.09% (0.07) 3.56% (0.05) 2.65% (0.03) 
0.74% (0.01) 0.8% (0.02) 0.69% (0.01) 
0.12 (1.23) 0.089 (0.17) 0.094 (0.21) 
0.21 (0.19) 0.22 (0.19) 
0.42 (0.26) 0.43 (0.26) 
4.80 (2.84) 4.69 (2.71) 
3.22 (2.67) 3.13 (2.60) 
44.02 (2.91) 43.81 (2.77) 
42.45 (2.61) 42.27 (2.52) 

* Standard Deviation are in the bracket. 



TabZe 0/worA: m [/fC EZec(?im( En,gmeeiin,g Compo,?!,̂  

Constant 
Firm Size Dummy 1 
300-500 Employees 
Firm Size Dummy2 

500+ Employees 
Firm Size Dummy * 
< 300 employees 

Firm Size Dummy * 
>300 Bmployeey 

Percentage of 
Semi-Skill 

Percentage of 
Craf t sman 

Unem. Rate 
Sales Growth 

Percentage of 
par t t ime employees 

Percentage of 
laid o 5 ill last prciod 
Percentage of 
New Trainees 

LM. het. test 
D-W Value 

No. Obser. 

Ln 'I'otai Hours Lu Total Hours Ln Total Hours Ln Total Hours 
Semi-Skill with Firm dummies Craftsman with Finn dummies Semi-Skill with group dummies Craf t sman with group dummies 

3.778 (189.43) 3.766 (175.94) 3.777 (364.44) 3.766 (357.91) 
0.041 (1.229) 0.128 (0.39) 0.050 (1.80) 0.010 (0.69) 

0.045 (1.23) 0.010 (0.29) 0.056 (1.92) 0.012 (0.73) 

Union -0.039 (-2.19) -0.020 (-1.25) -0.038 (-5.73) -0.020 (-3.56) 

Union -0.044 (-1.14) -0.020 (-0.52) -0.050 (-1.77) -0.018 (-1.22) 

-0.075 (-2.08) -0.079 (-8.03) 
-0.97E-03 1 [-0.04) -0.010 (-0.89) 

-0.25E^02 (-2.55) -0.285^02 (-3.02) -0.25E-02 (-3.24) -0.25E>02 (-3.62) 
0.051 (3.74) 0.056 (3.61) 0.053 (4.83) 0.054 (4.69) 
-0.237 (-1.39) -0.203 (-1.68) -0.198 (-2.32) -0.18 (-3.92) 

0.036 (0.84) 0.025 (0.74) 0.032 (0.95) 0.033 (1.57) 

-0.179 (-0.42) 0.25 (1.15) -0.197 (-0.94) 0.24 (1.70) 
0.01 1.19 0.72E-02 1.18 
1.48 1.65 1.39 1.57 
0.80 0.84 0.81 0.84 

174 218 174 218 

* T-values are in the bracket. 



TobZe ^.5; o/Z,n jifowg w%(/t combmrn^ 5'e77i%-5'WW 
OMcf Cmy%gma?i 

Variables coefRcient t-value coefBcient t-value 
constant 3.73 161.896 3.73 166.40 
Firm Size Dummy: 300-500 employees 0.024 0.61 
Firm Size Dummy: 500+ employees 0.024 0.51 
Firm Size Dummy: 300+ employees 0.018 1.16 
Firm Size Dummy( <300 Employees)* Union -0.03 -1.47 
Firm Size Dummy (>300 Employees) *Union -0.036 -0.82 
Union Dummy -0.03 -1.53 
Percentage of Craftsman or Semi-Skilled 0.079 6.71 0.079 6.74 
Unemployment Rate -.26E-02 -2.15 -0.265^02 -2.24 
Net Sale Growth Rate 0.064 3.32 0.064 3.34 
Percentage of Part Time employees -0.22 -1.10 -0.23 -1.16 
Percentage of Redundancy Worker of Last Period 0.02 0.40 0.019 0.39 
Percentage of New Trainees -0.054 -0.11 -0.74 -0.16 
LM het. test 0.046 0.47 
D-W Value 1.00 1.00 

R-squaied 0.65 0.65 
No. of Observation 308 308 



Chapter Five: Union and Firm Size Ef&cts on 

Wage Rate 

1 Abstract 

/zTTn szze Aat/e 6ee?T, my3!«eMce wage 

m^ea. f^/f/^ermore z/yErm a^ze is mcZMcfecf oa e^^pZayia^on/ t/anobZe m (Ae wage 

TiegreaazoTt, (/le wmoM eĵ êĉ  %a re(ft(ceo(. [/amg an pane/ (fa^a ae^ w/iic/^ co'uera 

a receaazoM j^erzod wi^/im [/TiT e/ec^rica/ engmeeviMg /̂le a%ze ê êĉ  %a 

a/iown ^0 ( f^er m t/ie ifwon and non-wnzoM aec^ora. 7n tAe aec^or, Âe 

ZT^Mence 0/ a%ze on wagea ^ negZtg%6Ze or e^en nega^zt/e. ^owe^^er m (/̂ e non-

union aector, wagea increaae wzt/i /Znn azze /or manwaZ worAiera. TAe itnion wage 

ô ĵQ r̂en̂ iaZ ia aZao /o'wncZ (o 6e ZaTiger (fttnng (/le receaaioTian/ p/iaae 0/ owr aamp/e. 

TZegarcfZeaa 0/ /̂le i^nmn a^a^^a, /̂le aize ej0̂ ec( on wageg is %n /me w%(/i moni^onng 

coa^ ^/leon/. iT/ie occwpa^zon %a TTiore ô awpez^ae, /̂̂ e a%ze eĵ '̂eĉ  wotfZfZ 

6e more a^ronger. Decompoamg «mon ancf non-wnzoTt wage (f^eren^iaZ, 7 /;n(f 

/̂la^ ;̂ar%o%a /ac^ora /la^e con^nb^^^ed d^eren^Z^ (o wTiempZo^men^ za one 0/ /̂le 

moa^ azgnz/zcan^ /ac^ora. Jifowef er (Aza wage (Z^erent%aZ %a mainZi/ coitaed 6?/ Âe 

^^rzce (Z%ĵ erencê % w/t%c/i (Zenotea (/lere ea îat cZ^eren^ wage ratea in %mon and 

non-Mn%on aec^or g%2;en aame /zr?n cAarac^ena^ica. 
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2 Introduction 

There is much evidence that unionized workers tend to earn more than non-

unionized members, ceteris paribus, i.e. Lewis (1986), Freeman &: MedoE (1984), 

BlanchHower (1990), Stewart (1987). In general, the positive union wage mark-

up ranges from 3% to 20%, and it varies with the period, region, occupation and 

gender. Whereas in some cases, i.e. Ashenfelter (1978), Wabe &: Leech (1978), 

they find there may exist a negative union wage effect. Moreover the union wage 

appears to be rigid over the business cycle, while the non-union wage is procychc, 

e.g. RaisiaJi (1979), Pearce (1983), Preemaji &: Medoff (1984). So it results that 

a union wage mark-up appears to decline during inflationary periods and to rise 

during recessions. Also firm size has been widely noticed to have an effect on 

wage rates: large employers pay their employees more than small employers. Oi 

(1983), Miller (1996), Brown (1989) Barron & Black (1987) conclude that hourly 

wage rate is positively related to both firm and establishment size. The estimates 

reported by Barron &: Black (1987) are typical of these studies and suggest that 

a 100% increase in employer size is associated with an approximate 2.8% increase 

in the starting wage and an approximate 1.5% increase in the wage after 2 years. 

A few studies have provided explanations for why large firms tend to pay 

higher wages than small firms? Brown (1989) considers six explanations: higher 

quality workers, inferior working conditions, more use of high wages to forestall 

unionization, more ability to pay, facing smaller pools of apphcants relative to 

vacancies, and less able to monitor their workers. Hamermesh (1993) argues that 

the larger firm is facing lower input price, and is therefore in a better position to 

adopt new technology. So the large firm is often associated with a faster work 

pace raising labor productivity and hence wage rate. 

Wages not only relates to both unionization and h rm size, there is also a direct 

hnk between firm size and unionization. The larger t h e firm, the more likely it 
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is to be highly imionized/ Very few papers have studied the relationship among 

these three factors. For instance, Miller & Mulvey (1996), Pearce (1990) find from 

their individual level data sets that union/non-union wage diSerentiai is reduced 

if it includes firm size aa an explanatory variable in the wage regression. And 

Green, Machin and Manning (1992) find the weak size-wage relationship in the 

union sector, but strong in the non-union sector, and conclude that the dynamic 

monopsony model is the explanation of this phenomenon. Some further questions 

arise: 1) In a single industry establishment panel d a t a set, will it remain true 

that unionization and firm size both influence wage rate? 2) Is union inEuence 

on wage rate constant over the business cycle? 3) Does the hrm size eSect vary 

with union status? 4) What accounts for the union wage differential? Possibly 

what is the trend over diSerent periods? 

In this paper I include the firm size effect in the wage regression and will be 

investigating empirically the union influence over wage rate. Some economists, 

i.e. Krueger (1993), Dunne and Schmitz (1995), find that the Arms and indus-

tries which adopt new technologies are profitable, and the employees associated 

with new technologies are more productive, therefore the wages may represent 

this surplus to be higher. The control of using the observations within a single 

industry helps me to rule out the technology hypothesis on labor productivity. As 

this data set covers the period when UK waa confronted with an economic slump, 

the union influence on wage over the business cycle can be tested. The structure 

of this study is organized as follows. Section I provides the whole background of 

the union and firm size eSFect on wage rate, as well as several possible explana-

tions for the Srm size wage effect from recent literature. Section II presents the 

regression model over the whole sample, union sector and nonunion sector respec-

tively for craftsmen, semi-skilled and clerical workers t o analyze those eEects. In 

the section III and IV we shed some hght on the level decomposition to explain 

Ŝee Miller and Mulvey (1996) 
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the source of the union wage differential by sphtting in to the "price diSerence" 

and "observed firm's characteristics diSerence", and t rend decomposition to an-

alyze how the wage differential changes between different periods. We draw the 

conclusion in section V. 

3 Background 

3.1 Union and Wage Rate 

As we indicated in Chapter Two, there are two kinds of union bargaining models 

in common use: the Right to Manage model and the Efficient Bargain model. 

These models diEer according to whether the union is bargaining with the firm 

over employment levels or as weU as wage rate. In both models, unions increase 

the wage rate above the competitive level. In general t h e positive mark-up have 

been found to range from 3% to 20%, and varies with the period, region and 

occupation. 

Also Lewis (1963), MeUow (1981) and Wunnava (1991) find that the union 

wage premium is counter-cychcal. Even during the period of slump, while the 

nonunionized firm pay lower wage rates, the union wage rate is still rigid. There 

are several explanation accounts for the union wage rigidity. Wachter (1986) 

denotes that high transaction costs and labor legislation governing collective bar-

gaining force the employer to agree the long-term contracts, and it caused the 

existence of union wage rigidity. Freeman (1984) and MedoS (1979) show that 

unionized firms rely on the temporary layoGGs rather t h a n the wage reduction, 

as the senior employees have the more powerful influence on union policies. In 

most cases, junior workers suEer the temporary layoffs, while the union wage 

holds steady. Vroman (1989) provides another explanation that unions oSer the 

employer an inherent employee monitoring system to compensate their members, 

however, nonunion firms pay an incentive wage to encourage their employees to 

118 



work more efRciently. When the economy is in contreiction, nonmiion workers 

work hard to avoid losing their jobs, therefore, the employer haa less incentive to 

pay them the e@ciency wage. While union workers are covered by the rigid long 

term contract, they still maintain their wage level. 

The miion is also hkely to aSect the overall distribution of earnings, and re-

duce the wage dispersion. Freeman (1981) (1984), Lemieux (1998) suggest that 

the union is associated with lower wage dispersion. By using a individual data set, 

and the standard deviation of the log wage as the measure of dispersion, Freemaji 

found that the standard deviation of the log wage are 0.29 and 0.35 among union 

workers in manufacturing and noiunanufacturing, respectively, compared with 

0.40 and 0.45 among nonunion workers. One potential route is to standardize the 

rate of pay. It reduces the dispersion by permitting less individual variation in 

wages for workers with similar years of seniority, and restricts the firm from dif-

ferentiating among workers. A wage rate or range of ra tes is estabhshed for given 

jobs, rather than for individuals. Also the number of pay categories is limited 

by the collective bargaining agreements. This finding is supported by empirical 

evidence of a standard log earning regression for separate union and nonunion sec-

tor, and conclusions can be drawn that the diSFerence in wage dispersion between 

the union and nonunion sectors are attributable to three sources: diSerences in 

characteristics between union and nonunion workers; differences in earnings func-

tion parameters between the union and nonunion sectors; and diSerences in the 

variation of the residual in the two sectors. 

3.2 F i r m Size a n d W a g e R a t e 

While there is a union wage gap, much evidence shows there also exists a firm 

size wage gap: big firms pay their employees high wage rates than their counter-

parts in small firm. Mellow (1982), Brown (1990) conclude from their CPS data 

that hourly earning were positively related to both firm and establishment size. 
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Furthermore, Brown indicated that the size-wage premium of 35% waa of similar 

magnitude to the 36% wage gap for men and women, and exceeded the wage gap 

of 29% for union over nonunion workers and 14% for white over black employees. 

Several explanations have been provided to the size effect on wage rate. 

3.2.1 Labor qual i ty exp lana t ion 

The theory of the labor quality explanation says that big firms hire high quality 

workers. Why? One of the possible reasons is by Oi (1983). He suggests that 

larger firms prefer high quality labor because of greater monitoring cost. In big 

firm, it is difRcult to observe the employee's performance, and especially for some 

occupation employees, their work is very difficult to evaluate. Thus it induced the 

employer to choose a production method to economize their total input relative 

to the output. Assume that each entrepreneur has fixed endowment time to 

divide between management and supervision. If each worker needs units of 

time for supervision, then the time available for management is ^ ^ 

The efhcient management time is given by 

T = = A(n - /lAT) 

where A is a parameter that converts the non-supervisory time into manage-

ment time, and output is a function of labor and management input, 

Q = / ( # , T ) = / (Ar,A(:^-AAr)) 

M workers with quality if can be combined to = T/M efficiency units of 

labor services, and wages is an increasing function of quality M. 

The firm now is to maximize its profit along both a numbers margin aa weU as a 

quality margin. Equihbrium satisfies two conditions: 

+ 
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Where f is the price level, and 6 is the imphcit cost of supervision occasioned 

by the division of time from management to monitoring labor. 

Thus a positive correlation between firm size and wage is generated by match-

ing high-A entrepreneurs with high-u employees. 

Shapiro & Stiglitz (1984) and Green, Machin &: Maiming (1996) describe that 

in the large firm, workers have a low probability of being caught shirking, the 

firm hence pays his employee a high wage premium, and encourages the worker 

to put more eSort in return. Assume that eSort e is a function of ty , 

e = e(;y) with e'(M^) > 0 

. The total labor input = eM, and it is minimized when the elasticity of 

effort with respect to the wage equal to unity, 

iye%M^)/e = 1 

If l y = M^(e) is the inverse of e(M^), cost is at a minimum when the marginal 

cost of eSFort is equal to unity, 

M"'(e) = ty(e) /e 

Moore (1911) and Hamermesh (1980) provided another explanation that be-

cause of the use of large fixed capital in larger firms, the more efhcient workers 

are more valuable to the large than to the small firm. More capable workers 

are surely more attracted and retained in larger firms as they can provide them 

with more opportunities, better organization and large capital. Thus the higher 

wage of a large employer may be due to the diSFerence in labor quality, the people 

working for a larger firm would earn no more than they would elsewhere. 

3.2.2 C o m p e n s a t i n g different ia l exp lana t ion 

The compensating differential explained that the higher wage rate in the larger 

firm is the compensation of the worse working condition there, as work in the 
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large establishment seems to be more the impersonal or unpleasant environment. 

Workers may have less idle time, accept more responsibihty, or it may be more 

noisy, working on line with less freedom. In a competitive market it has to be 

compensated by the high wage rate or their fringe benefit. However, Brown and 

Medoff (1989) test this theory by 1973-77 QES data. They include variables like 

weekly hours, dummy variables indicating dangerous or unhealthy conditions on 

the job, variables giving commuting time, and so forth. The finding is contra-

dictary to the theory that the direct information on t h e job's condition can only 

explain very little of the size-wage eSect. Furthermore they questioned whether 

there is any persuasive evidence that working conditions are really worse la large 

estabhshments. Out of 42 job characteristic variables m the data set only 21 

showed there is negative relationship between good characteristics and estabhsh-

ment size 

3.2.3 R e n t sha r ing exp lana t ion 

Large firms have greater market power or face a lower "price" for non-labor 

inputs, produce a greater ability to pay higher wage rates. In large firms they 

use a more capital intensive production process, and demand more equipment, 

capital, hence they have more favorable credit terms, lower interest rates, seUer, 

communication services and ingurance oSer volume discount. Also it is possible 

that large Arms have less elastic product demand curves, and greater potential 

proSts to share with their workers. Oi and Idson (1999) state there are at least 

three factors to be countered for positive relationships between the firm size and 

the surplus of revenues over labor costs : (1) lower price for non-labor inputs (2) 

greater market power (3) larger overhead cost to amortize sunk cost for capital 

and a firm-specihc work force. 

Dunne and Schmitz (1995) find that the incidence of estabhshments adopt-

ing new technologies rose from 7.9% for plants with less than 100 employees to 
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85.4% for those with 500 or more workers. Wages were positively related to both 

firm size and technology use. This can be explained in part by the fact that 

larger and older firms have the higher relative demand for capital, especially new 

equipment, therefore confront lower "price" for non labor inputs. Domes et al. 

(1997) assemble some data supporting that the older ajid larger firms happened 

to have more skilled employees and were hence better situated to adopt the new 

innovations. 

In more detail HUdreth and Oswald (1997) show, f rom their estimation of the 

Nash bargaining model, wages and profit per employee are positively related. In 

a modified model (i.e. one with frictions), in the short run there is comovement 

between wages and profit, and in the long run, it does not exist. However in 

the strict competitive model, there is no positive correlation between profits and 

wages. 

Some papers argue that in the large Arm job tenure is longer, and quit rate 

is lower. It may be because it is easy to move from one assignment to another 

within the firm, more promotion opportunity. Or it may be the small Arms always 

provide general training, but large firms provide specific training. Therefore the 

two wage-tenure profiles have similar slopes, but one is growing faster in the 

large firm. Usually large firms also give their employees more on-the-job training. 

Meanwhile there are also other explanations for the size wage effect, for instance, 

forestall unionization, less apphcants relative to the vacancies, and so forth. 

Given the union eSect as weU as the firm size eSect on the wage rate, it is also 

weU known that firm size has the strong relationship with unionism, the larger 

the 6rm, the more hkely to be unionized. MQer and Mulvey (1996) denote that 

there is a positive monotonic relationship between the union density rates and 

the firm size. In fact, in our establishment level survey data set, (more details 

about this data set will be presented in the following section), it also shows, for 

the manual worker, 32% of the firms with less than 100 employees have been 

unionized, compared with 49% of the Arm with 100-300 employees and 90% of 
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the Arm with 300-500 employees. In the firm for more than 500 employees, 100% 

have been unionized. So the question arose, is it due to the union eH êct or 

firm size e&ct which play the role on wage raising? Alternatively both of them 

have the strong effect on the wage rate. Miller and Mulvey (1996) find that 

when the firm size is included as a regressor, the estimated union/nonunion wage 

diEerential falls from around 9 percent to around 2 percent. The following model 

-the Monopsony Model, addressed an interesting idea tha t the firm size effect on 

wage is determined by an indicator which measures t h e competitiveness of labor 

market. In the union sector, the effect is weaker, and in the non-union sector 

there is significant positive relationship. 

3.2.4 M o n o p s o n y mode l 

In this section we consider the interesting model from Green, Machin and Man-

ning (1996). The model is also analyzed by Burdett and Mortensen (1989). 

Assume the number of workers is M, an employed worker has productivity p, 

and an unemployed worker has the benefit 6. The employed worker quit the job 

with exogenous probability g and aU workers, no mat ter whether being employed 

or unemployed, get the job offer with probabihty A;, which is random draw from 

the firm. Unemployed people always accept the job oEer, and employed persons 

only accept the offer with the wage higher thaji his current. 

First Burdett-Mortensen proved in this model t h a t there is a unique equi-

hbrium and a positive relationship 'w(Z') between wage and the hrm size. In 

equihbrium the flows out of unemployment must equal flows into unemploy-

ment g(M — [/), we can have = g(M — [/), 

(7 = gM/(g + A;) (5.1) 

In the mean time quits from the hrm must equal recruits to the firm, 

[g 4- A;(l - G ( l ) ] ^ = + A;S^a;^(z) (5.2) 
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where G(Z,) is the distribution function of hrm size at the interval 

From (5.2) we could have the size of the smallest firm, and ^ wiU be given aa 

^ + A;) = A:gM/(g + (5.3) 

Assume that in steady-state equilibrium, the profit of the hrm Ho would be 

constant across ail the firm, and there is no fixed cost, hence we have 

(j) — w(i}))i^ — Ho 

then 

w(Z/ )=p —Ho/I' (5.4) 

Ho can be worked out by considering the profits of t h e smallest firm. Employ-

ment is given as (3) and the lowest wage equals unemployment benefit 6, hence 

no = ( p - % 

combining (5.3) and (5.4) , 

w(Z,) = ^ - (p - 6) ^ 

where ^ =: g/A;. It shows that firm size and wage relationship depends on the 

parameter It changes from group to group. Burdett-Mortensen argued that 

the is a indicator of the competitiveness of the labor market. It is reasonab 

to assume (/» < 1, otherwise g > A', which may imply that unemployment rate 

would exceed 50%. Therefore the elasticity of wages wi th respect to firm size in 

increasing with (^.For instance, the female workers may have a higher quit rate g 

and lower probability A; to get another job offer due to the childcaze or domestic 

responsibilities, we might expect the wage-size relationship to be stronger for 

women, and the labor market for women is more monopsonistic. 

Furthermore Green, Machin and Manning argue tha t if wage rate is bargained 

by the union, and the wage rate is set high enough, employment will be deter-

mined by labor demand, not labor supply, hence it would not be a significant 

relationship between wage and firm size in the union sector, on the contrast to 

the nonunion sector, the relationship would be positive. This can be seen as 
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Figure 5.1. Supported by the estimates of different wage equations for union 

and non-union workers, men and women using BSAS, GHS and WIRS data, the 

Ending is conaistent with the estimation. 

So far we have summarized the union and firm size eSect on wage rate, and 

some possible explanations in the hterature. In the next section we are going 

to explore the work by combining these two ejects in the same regression, and 

also the firm size effect in the union and non-union sector respectively with our 

establishment survey data within one industry. 

[Figure 5.1 inaert here] 

4 Data and Regression Models 

To assess the relationship between the union coverage, firm size and wages, the 

data set we used is an firm level survey, which consists of 89 firms from across 

the UK within the electrical engineering industry for 6 years from 1979 to 1984. 

In this data set there are about 27% firms which have the employees less than 

100, about 28% firms which have employees between 100 to 300, and 45% firm 

have more than 300 employees. ^ 32% of small firms ( with <100 employees ) 

have unions to represent their manual worker, 18% have unions to represent their 

clerical worker; in middle sized firm (with 100-300 employees), the unionization 

rates are 49% for manual workers and 21% for clerical workers; in a large firm 

( with >300 employees) they are 96% and 73% respectively. This result clearly 

infers that the large is the firm, the more hkely it is t o be unionized. 

The main diEerence of this paper, in contrast t o other work, is that it is 

controlled within the same industry, for all the firms use more or less the same 

technology. Also the firm level data provides information on industry and firm 

characteristics, which individual data set usually do not . Therefore we can find 

^The mimber of employees in the Snn is variable with year, i.e. in some Sims might be less 

than 100 in this year, and more than 100 in the following year. 
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whether it is the firm size, union status or other f i rm specific characteristics 

that aSect the wage rate, having excluded the technology eEect. Aa it hag been 

indicated in the hterature that even for the same quality workers, if they work in 

different firm may lead to different productivity due t o the larger firm in better 

situations to adopt new technologies. Thus the hypothesis that the large firm 

pays their worker at a higher wage rate is not because of the firm-size eSect, it is 

because the higher productivity in large hrm compared with the same worker in 

small firm, can be ruled out from our regression. 

Another advantage of our data set is that it covers a period in which for 

some years the UK is confronted with an economic slump, so the data is able to 

capture the eSect of business cycle. Wis have found in literature that the union 

seems to increase wage rate, and the union wage premium is counter-cyclical. We 

are intending to test whether the union is playing different role during different 

business year. Furthermore, unionism is significantly related to the 6rm size. 

There is sizeable hterature that has shown that the large firm is more likely to 

be highly unionized, which this data set also reveals. B y examining the firm size 

effect in union sector and nonunion sector separately, we are able to explore the 

size and union eSect on wage rate. 

In most of the union hterature, the union eSect on wages is measured by 

an exogenous dummy variable whether the individual worker is a member of a 

union or bargaining unit, or covered by union bargaining. A few studies have 

tried to treat the union status variable as endogenous by estimating a system of 

equations consisting of at least an equation or equations that determine union 

status and a wage equation. Lewis (1982) beheves, f rom the practical point of 

view of estimating the mean wage gap in the work force, that the simultaneous 

equations estimates are considerably less rehable than OLS counterparts. 
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4.1 T h e e q u a t i o n a n d t h e def in i t ions o f var iab les 

To carry out the analysis, in this paper I will follow the traditional approach and 

treat union status as exogenous. The equation we estimated has the form 

= C + CKi Si zeD mm ŷ ^ + a2RATI0if + ogRUNEMPit 

+Q.4RU]NEMP(-l)ji + (25 GSALjj + clqPPT^ 

(5-6) 

where is the natural logarithm of average weekly earnings in firm i at 

time t, C is constant, and 6,t is the error term, which is assumed with standard 

normal distribution, o:,, and are the coefficients of t he explanatory variables. 

I will now define the variables used in the regression model. 

Size Durmny: (0,1) firm size dummy for the hrm which has more than 100 

employees, as it shows in the hterature, the large firms pay a higher wage rate to 

their employees for the reasons we have provided. 

RATIO: the percentage of this skill level worker, t he number of craftsmen, 

semi-skilled and clerical workers divided by the total employees. A few studies 

have indicated that, i.e. Stewart (1997), in the nonunion sector, the greater pro-

portion of the manual workerforce, the lower average pay of the manual workers. 

However this eSect is absent in the union sector. 

RUNEMP is the regional unemployment rate divided by national unemploy-

ment rate, and RUNEMP(-l) is the one year lag of RUNEMP. This is the in-

dicator of regional labor market condition. It has been found that the regional 

unemployment rate usually has a negative relation with the wage rate, as the 

employers have less incentive to pay higher wage rate when they face a large 

pool of labor supply. Also many economists, i.e. Layard and Nickell (1986), esti-

mate the unemployment elasticity of real wages to be approximately -0.06. And 

Christofides &: Oswald (1992) And that real wage is a decreasing function of the 
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level of regional unemployment, aa high unemployment in the local labor market 

may weaken the union's relative bargaining power and tends to depress the wage. 

GSAL, which is yielded by [5'aZ — 5'oZ(—1)] /5'GZ(—1) , where Sal is the sales 

of this year, and Sal (-1) is the sales of last year. Sales Growth is the net sales 

growth rate to measure whether the firm has more ability to pay, as Christohdes 

&: Oswald (1992), Hildreth &: Oswald (1997) have found that the real wage is an 

increasing function of the level of past profitabihty of th i s firm. Union bargaining 

can be seen as a bargain over how total industry's rents can be divided. A large 

surplus tends to raise the level of pay. 

The percentage of part time employees, the percentage of new trainees, and 

the percentage of redundant employees, which are calculated from the number 

of part time employees, new trainees, and redundants divided by the total num-

ber of employees. Many studies have confirmed, i.e. BlanchEower (1996), Free-

man(1984), that pajrt time work is less prevalent in the union sector than in the 

nonunion sector, and the union prefers to adjust to a business cycle downturn 

by placing workers on temporary layoSF instead of reducing their weekly hours of 

work. This also indicates the fixed cost of the firm during the period, obviously 

more part time employees, more new trainees and more redundant workers would 

increase the firm's hiring, firing and training cost. 

Gi is defined as group dummy, which group firm i supposed to be in. The 

89 firms have been divided into diSerent groups, each group gathers the similar 

specific firms. There are 5 and 8 groups for craftsmen in the union and the 

non-union sector; 7 and 6 groups for semi-skilled worker in the union and the 

non-union sector; and 8 groups for clerical worker in both the union and the 

non-union sector. These have been accepted by the F test that the restriction is 

valid. 
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4.2 E c o n o m e t r i c E s t i m a t e s 1: R e g r e s s i o n in t h e un ion 

a n d n o n - u n i o n sec tor r e spec t ive ly 

In order to test wage profile separately in the union and nonunion sectors, I 

run equation 5.6 for these three skiU groups in the union and nonunion sector 

respectively. As we only have 534 observations in the d a t a set, it seems not enough 

for adding 89 firm specific dummy variables. Therefore we estimated the equation 

with dummies for groups of firmg, which gathered the similar specihc Srms in the 

same group, and aU these have been accepted by F tes t that the restriction is 

valid. The regression is estimated separately for the craftsmen, semi- skilled and 

clerical workers. In the craftsman wage equation, firms have been divided into 

5 groups in the union sector, and 8 groups in the non-union sector; The semi-

skilled have been divided into 7 and 6 in the union and non-union sectors; and 

for clerical workers are in 8 groups in both the union and non-union sectors. The 

method has been used is OLS, and result is presented in the following table. TSP 

only picks up the observation which datas are available for all the explanatory 

variables. In other words those observations which dataa are available for all the 

13 explanatory variables are being used; otherwise it would not be included, even 

it is just short for one out of the 13 explanatory variables. Therefore there are 

only 254 observations for craftsmen (166 in union sector, 88 in nonunion sector), 

207 for the semi-skilled ( 134 in the union sector, 73 in the nonunion sector) 

and 205 for clerical workers (91 in the union sector, and 114 in the nonunion 

sector) rather than 534. The descriptive statistics of both the fuH sample (534 

observations) and restricted sample have been summarized in Table 5.1. We 

would notice the total number of employees is large in the full sample than it 

in the restricted samples, which indicate there are more large firms in the lost 

observations. We can also find the value of percentage of part time worker, new 

trainees and redundents are shghtly large than it in t h e counterpart. Therefore 

we may expect the coefficients of firm size dummy possibly underestimated. 
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[Table 5.1 Insert here] 

The econometric estimates result has been presented in table 5.2. 

[Table 5.2 Insert here] 

From Table 5.2 we can find that the wages in the base year 1979 (the constant 

term ) are higher in the miion sector than it in the nonunion sector. It is just 

slightly higher for craftsman 4.67 in the union sector vs 4.63 in the nonunion 

sector, while it is much higher for clerical workers in t h e union sector 4.52 than 

it in the nonunion sector 4.15. Moreover wages are increasing signihcantly with 

each year for both the union and nonunion sectors, which are increasing from 

about 12% in 1979/1980 to about 42% in 1979/1984. So wage levels are raising 

steadily over the six years. While wage profile in t he union sector is steeper 

than it in the nonunion sector. The percentage increased every year in the union 

sector is higher than it in the nonunion sector, especially during 1981 andl982 in 

which the UK was confronted by a recession. The average increase of the period 

in the union sector, for craftsmen is about 8.2% more than it in the nonunion 

sector, and for semi-skilled is about 3.2% more and it is about 3.4% for clerical. 

Given the same characteristics, the union wage rate is consistently higher than 

the nontmion wage throughout the period. Table 5.3 provides the data of GDP, 

Engineering sales, Unemployment rate and the diSerence of year coe&cients A ( 

coefficient of year in union sector minus its counterpart in nonunion sector). 

[Table 5.3 Insert here] 

We can notice that during that period, the UK economy was facing a slump. 

The GDP dropped by about 2.60% eind 1.47% respectively in 1980 and 1981 com-

pared with the year before. While the engineering sector lagged behind the whole 

economy. Prom the data of the engineering sales, it h i t s the lowest recession in 

1981, 1982 and 1983, then starts to chmb up in 1984. The unemployment rate 

waa getting higher from 1981. It soared from 5.18% in 1980 to 9.73% in 1981, 

till 1983'8 12.83% and 1984^8 12.7%. The biggest wage gap in 1981 and 1982 for 

all three groups indicates that the union wage is sticky across the time period, 
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whereaa the nonunion wage is confronted with the recession, the employer is re-

ducing his employees wage rate, labor demand, therefore the union and nonunion 

wage gap is higher during the recession. More tests will be done upon whether 

union e&ct on wage rate is significantly higher during recession period. 

Firm size effect on wage rate behaves quite diSerently in union and nonunion 

sector. The size dummies in the union sector are ail with negative signs. It is -0.08 

(-4.41) for craftsman, -0.005 (-0.27) for semi-skilled, a n d -0.16 (-2.45) for clerical 

worker. T- values are in brackets. Although it is not significant for semi-skilled, 

it is negative and significant for the other two groups of worker. In contrast, in 

the nonunion sector they are positive for manual workers, negative not signiScant 

for clerical workers. The coeSScients are 0.11 (2.99), 0.02 (0.67), -0.04 (1.40) for 

craftsmen, semi-skilled and clerical workers respectively. Again T-values are in 

the brackets. The general behef is that unions would raise the wage rate for its 

members, especially in the large firm where is more likely to be unionized and 

would be more bargaining power for the union. To standardize the wage rate, the 

large firm is likely to reduce part of the increasing wage. The coefhcients state 

that this is particularly for white coUar and high skilled workers. However, in the 

nonunion sector, the big firm is consistent with the higher wage rate for manual 

workers. 

It has to be clarified that the deEnition of size dummy in this chapter dif-

fers to it in Chapter 4. In Chapter 4 all firms have been distinguished into 3 

categories: small firm with less than 300 employees, medium firm with 300-500 

employees and large firm with more than 500 employees. In this chapter only two 

category has been defined as: small firms are with less than 100 employees and 

medium & large firm are with more than 100 employees. Initially the de&nition 

of size dummy in this chapter has been defined as small firm are with less than 

300 employees and large hrms are with more than 300 employees, however the 

adjustment has made the estimation result more robust. The estimation result 

is somehow very sensitive to this adjustment. It might be because this data set 
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is relative smaU, emy change of the explanatory variable would be delivered dis-

tinctly to the estimation result. This would be more significajit in table 5.4 where 

the regression is regardless to the union status, which would make all the size 

dummy coefRcients as well aa the T-values trivial. Therefore in this Chapter, a 

different definition of the size dummy hag been adopted. 

It is wen established in the hterature that large firms pay higher wages than 

small firma, independent of any influence of unionism. While the result of the 

above regression reports that firm size may contribute a different effect to wages. 

This eSect is associated with the union status. We may still observe that the 

wages in the large firm is higher than in the small firm, however, this size-wage 

relationship is fiat or downward in the union sector, and positive in the nonunion 

sector. Compared to Green, Machin and Manning (1996)'s finding, it would not 

be a significant relationship between wage and firm size in the union sector, while 

in the nonunion sector, the relationship would be positive. The finding of this 

paper is shght diEerent to some extent. It indicates a downward sloping size 

wage relationship in union sector. Similarly Pearce (1990) finds from 1979 CPS 

data that nonunion wage steepens sharply with establishment size, while union 

wage flatten. Whereas this paper stiU differs to Green, et. al. (1996) and Pearce 

(1990), both of those two papers use individual data set, and do not provide 

separate estimates to skilled, semi-skilled and clerical workers. 

Weiss and Landau (1984) also study the size wage relationship. They have 

shown that the larger employer has to pay higher wages in order to sa t i s^ the 

greater labor input requirement relative to the available small labor pool. When 

positive hiring costs are introduced, they found there may be a flat or even 

downward sloping size wage relationship. If hiring costs are more important at 

higher skill levels, the relationship is hkely to be weaker at higher skill level. 

The values of firm size coefficients also infer that the size-wage relationship 

is associated with the occupation in terms of monitoring costs. Recalling the 

coefEcients in the regression, for craftsman they are -0.08 (-4.41) and 0.11 (2.99), 
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both significant in the union and nonunion sector; for clerical they are -0.16 (-

2.45) and -0.04 (-1.40), significant in the union sector, bu t for nonunion sector is 

significant in 10% level, not at 5% level; for semi-skilled they are -0.005 (-0.27) 

and 0.02 (0.67), both of them are not significant. This result is consistent with the 

monitoring cost theory. The occupation is more difficult to supervise, the more 

significant size wage relationship would be. In these three groups it is possibly 

easiest to supervise semi-skiUed workers as you could restrict them working on line 

without too much freedom, or evaluate their working effort more easily by their 

outcome. Hence the size-wage relationship is weaker. I t would be more difBcult 

to supervise their working eSort for clerical workers and craftsmen - high skilled 

workers, thus the size would be significantly large to encourage them to work 

more efBciently. Pearce (1990) concludes that the size-wage relationship would 

be weaker for services aad sales workers, and stronger for Manager. Among 

white-collar workers, secretaries are easier to monitor than professionals, and 

so the size-wage relationship would be stronger for professional than for female 

clerical workers. Among blue-collar workers, the laborers are the least skilled and 

presumably cheaper to monitor, and the size-wage relationship would be weaker 

for laborers than for other blue-collar workers. A test of the size-wage relationship 

with respect to occupation regardless of the union s ta tus would be conducted in 

the following regression. 

The coefficients of real unemployment rate and one year lag are negative in 

most columns, although some of them may be positive b u t not significant. Higher 

regional unemployment rate would depress local wage rate, especially to clerical 

workers, which is the only category for white collar workers in this data set. If 

we add RUNEMP and RUNEMP(-l) up, they are -0.36 and -0.07 for union and 

nonunion workers respectively. This might be inconsistent with the union's wage 

rigidity theory - the wage rate would be rigid in the union sector over business 

cycle. 

Sales Growth is positive and significant for manual vyorkers in the union sector, 
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negative ( may or may not significant) in nonunion sector. For clerical workers, 

in both sectors, none of them are significant. 10% of net sales growth in the 

union sector would raise the craftsmen's wage by about 0.2% and semi-skiUed 

worker for 0.3%. The firm's profitability is positively related to the union's wage 

rate. While in the nonunion sector, there is no positive relationship between 

wage and firm's profitability. This is consistent to Christofides & Oswald (1992), 

Hildreth & Oswald (1997), that in a Nash bargain, wages and profit per employee 

are positively related; in a competitive model, there does not exist this positive 

relationship. 

The proportion of work force has diGFerent impact in these three groups. It 

is negative for craftsmen in both sectors, but a higher proportion of craftsmen 

reduce more wages in the nonunion sector. For semi-skilled and clerical workers, 

they are both positive in the union and nonunion sector, but one is significant 

in the union sector, and another is significant in the nonunion sector. Somehow 

this is not consistent with Stewart (1997), in the nonunion sector, the greater 

proportion of the manual workerforce, the lower the average pay of the manual 

workers; while this is absent in the union sector. As a reference, the values 

of percentage work force are provided as follows: in t h e union sector, 20% of 

employees are craftsmen, 41% are semi-skiUed, and 20% are clerical workers; 

in the nonunion sector, 31% are craftsmen, 29% are semi-skilled, and 22% are 

clerical workers. 

The percentage of part time employees, new trainees and redundant workers 

are all negative in the union sector for manual workers. Most of them are sig-

nificant at the 5% level, except the percentage of new trainees and redundant 

workers are only significant at the 10% level. A large percentage of part time 

employee, new trainees and reduntent workers intends t o depress the wage rate. 

This negative eEect is about two times stronger for semi-skilled workers than it 

for craftsmen. An important point we have to be clear is that in this data set it 

can not be distinguished in the total number of new trainees, part time workers, 
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redimrents that how many aze craftsmen, how many are semi-skilled and clerical 

workers. However in the nonunion sector, they contribute diEerent eSects to the 

wage rate, some are positive, and some are negative. It works the same to clerical 

worker in union and nonunion sector. 

4.3 E c o n o m e t r i c E s t i m a t e s 2: R e g r e s s i o n regard less of 

un ion s t a t u s 

In addition, in order to examine union's eSect on wage rate over this business 

cycle, the foUowiug equation (5.7) is estimated regardless of the union status. 

= C 4- CKi Si 4- -I- ag AC/ 

+04A[/ArEMP(- l ) , t + asGSAL^t -k ag f f 

+ agf -H (5.7) 

-\-^jUnionit * YEARt + 6iGi + Su 

The definition of variables in equation (5.7) are the same as in equation (5.6), 

except one extra variable [/moM is a dtmimy variable for union status. If there 

exists a union in the Arm, = 1, otherwise it equals to zero. As we did in 

equation (5.6), 89 firms have been gathered in a group vyhich haa similar speciEcs. 

All craftsmen. Semi-skilled and Clerical have been divided in 11, 8 and 10 groups 

respectively. The reason of runniug this regression is because in equation (5.6) 

the year effect consists of both union effect and time trend. Therefore to separate 

these two terms in equation (5.7) enables us to examine the pure union eSect over 

the business cycle. The estimators are presented in Table 5.4. 

[Table 5.4 insert here] 

Again it can be seen clearly that there is a significant time trend for the wages. 

It is increasing steadily over the period. And the unemployment rate is negativly 

related to the wages although it is not significant. A higher unemployment rate 

depresses the wage rate. In Table 5.2 it has shown that size eSect behaves diEer-
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ently in the union and nonunion sectors. It has a Sat or downward relationship 

in the union sector, and a positive relationship in the nonunion sector. While in 

Table 5.4, the size eSect with respect to occupation regardless of its union status 

infers that there is a positive relationship between wage and Srm size. It seems 

that the size e&ct is different according to the union s ta tus within the firm, the 

average wage of the entire firm is positive related to its firm size. The larger is the 

Arm, the higher wage it pays. However the coefficients of size dummy somehow 

are different to equation (5.6). The size effect is significantly larger for clerical 

workers with a 7% rise if the employee works in the large firm. For semi-skilled 

workers it is a 2.7% wage up to work in large firm, t-value also shows that it 

is nearly signiBcant at a 5% level. While for craftsmen it is 2% higher, but not 

significant. 

The interactions of the union dummy with year t u r n out quite surprisingly. 

The coefficients of the union eSect range from -0.21 t o 0.024. On average, it is 

about -16% for craftsmen, 0.3% for semi-skiUed, and -7% for clerical workers. 

It seems that unions depress craftsman and clerical's wages, but raise them for 

semi-skiUed workers. It shows that wages in the union sector are more flexible 

than it in nonunion sector. If we assume that nonunion wages in small firms ( 

with <100 employees) are 100, the wages in the firms with different sizes and 

union statuses are quite different. We summarize these in Table 5.5. 

Craftsman Semi-skilled Clerical 

Small & Unionized 84 100 93 

Large &: Nonunionized 102 103 107 

Large & Unionized 83 103 100 

* Note: We assume the wage rate in a non-unionized small firm (less than 100 

employees) is 100. 
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This is inconsistent with the theory that unions increase the wage rate or large 

fLrms pay higher wage rates to the employee. We may conclude that this equa-

tion is somehow misspecified when we include the interaction of union dummy 

with the year ag explanatory variables. Another explajiation could be that the 

dependent variable in the wage equations do not include non-wage beneBt. It 

would be higher for crafksmen-high skilled worker in union sector. When wages 

are measured by wages plus fringe beneht, i.e. pension and paid vacations, size-

wage eEects are stronger than the common wages are used. However it stiH shows 

that the union wage gap is inversely related to skill, being highest for semi-skilled 

workers. Ashenfelter (1978) has the same finding in US for white men of crafts-

men, operatives and laborers. The largest union wage differential is for laborers, 

the smallest is for craftsmen, in some periods, it is even negative. Hirsch &: Addi-

son (1985) also conclude that unions tend to narrow skill differentials and benefit 

the most relatively least skilled worker. The union wage differential appears 

quite small for women, and this may help to explain women's lower likelihood of 

choosing union representation. 

Table 5.4 also shows that union wage differentials would be higher in a reces-

sion year. The coefhcients of the union eSect are highest in 1981 and 1982 for 

all three groups: for craftsmen it is about 2% higher t h a n average of the period; 

about 2.5% higher for semi-skiUed and clerical workers. Recalling Table 5.3, we 

have known that U.K. was confronted with an economic slump during the data 

period. And it waa in the lowest recession in 1981 and 1982. To test whether 

the union eSect on wage rate is significantly different in recessionary period. I 

run the following equation (5.8) again, which is very much similar to equation 

(5.7). But instead of using an explanatory variable of interaction of Union with 

each year, I create another two variables: one is REC, which stands for 1981 and 

1982, which is most recession period in the data set; and another is OTH, which 

stands for other years. Therefore the equation would appear as: 
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= C + oi Si mm 2/ + + agTZC/ 

+04^(7//^^^^(—l)i( + asSales Growthif + og-Pf^t 

+07fTEA7A/^t + Ggf 

* 0 T 7 7 

+ Sit (5-8) 

So the coeScients of 'y and 7; indicates the union eSFect on recession period and 

others respectively. So the question is to test whether '-y is insignificant diEerent 

with 7;. The "y and for craftsmen are -0.15 (-6.77), -0.178 (-9.71); for semi-skilled 

are 0.023 (1.16), -0.01 (-0.63); for clerical workers are -0.05 (-1.55), -0.088 (-3.26). 

It can be noticed that 'y would be higher than 7/ for about 3%, especially for 

semi-skilled workers, it is from positive to negative. Unfortunately the further F 

tests for Restricted Least Square show that we can reject the hypothesis that 'y 

is insignificant to 7; for all three group workers. 

The estimators of other explanatory variables are different to Table 5.2 to 

some extent, i.e. the net sales growth rates are trivial and not significant in all 

three groups. As experiments I run equation (5.8) without one, two, or all of 

these variables ( Sales Growth, Percentage work force, new trainee, redundents), 

the results show more or less similar to Table 5.4. 

As we expect wage rate varies with quality of worker. High skilled workers 

would have high wage rates. Many papers use individual data sets to study 

how wage rate is affected by the quality of worker. T h e explanatory variables 

are mostly education, experience, gender, et. al. have been used as quantitative 

indicators for the quality of worker they have. Whereas t h e data used in this paper 

is an establishment level data set, we can not observe the employees' quality of 

this firm. If we beheve the wage equation could be 

-k 4- 61 (5.9) 
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And QUALITY could be aSected by gender and union, aa female workers 

tend to have relatively less education and experience t h a n males, also unionized 

firms are more attractive than their counterparts due to the higher wage rate. 

Therefore the auxihary equation can be 

+ eg (5-10) 

Combine equation (5.8) and (5.9), the real wage equation should be displayed 

as 

l y = (o + ' y g ) G E ™ E ; ( + (/) + 'yT)[/A^iOjV + 6 (5.11) 

In this circumstance, both GENDER and UNION would be biased. This 

may be especially worse for clerical workers, as clerical includes a wide range 

of jobs by quahty, also consisting of large proportion of female workers. Thus 

originally the equation I run includes explanatory variable Percentage of femal 

worker, and has been ruled out in TABLE 5.2. In this paper the wage equations 

aze very sensitive to whether the percentage of female workers has been included, 

especially for clerical workers, as more than 50% of clerical workers are female. 

Whereas the wage equation for craftsmen is not sensitive, with or without gender, 

the reason for this is because there are only about 2% female worker. 

5 Level Decomposit ion of U n i o n Wiage Differ-

entials 

MiUer and Muley (1991, 1992 and 1994) have investigated whether the union 

and nonunion wage diSerential can be explained by over-award pay, differential 

levels of paid overtime and differences in the distribution of union and non-

union employees across industries. However, taken together, these phenomena 
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can explain no more then one-quarter of the estimated wage differential. These 

results seemingly imply that large parts of the union wage premium observed in 

the analysis may result from an unmeasured diSerence among union and nonunion 

workers and firms. 

In this paper, I decompose the union wage diSerential into observed "Arm's 

charax:teristic difference" and the "price diSerence" in the union and nonunion 

sector, to find what accounts for the differential. Here I use a method for the union 

wage differential explanation, which Oaxaca (1973), Blau and BeUer (1992) have 

adopted to decompose the gender earnings gap. Originally this method appeared 

in Oaxaca (1973)'s paper, and since it has been widely used in gender hterature 

to analyze the wage rate diSerence in rates of compensation for female and male. 

By standardizing the equation (5.6), we can rewrite it ag 

2 = 1,..., 89 (5 12) 

where is distributed normally with mean zero and variance one for all time 

t. More specifically if this firm is in the union sector, we write it ag 

j = 1 , ( 5 . 1 2 ' ) 

Where in our data set M equals to 57 when Y represents craftsmen and semi-

skilled unionized average weekly earning, and equals t o 37 when Y represents 

clerical unionized average weekly earning. If this firm is not in the union sector, 

we write it aa 

= + A: = l , . . . , m (5.12'') 

Where m equals to 32 when Y represents craftsmen and semi-skilled nonunion-

ized average weekly earning, and equals to 52 when Y represents clerical nonunion-

ized average weekly earning. In our data set, there is not any firm which changed 

its union status during the data period. In other words, i t waa been unionized/not 

unionized for the whole six years. 
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Prom the properties of Ordinary Least Squares estimation, we yield 

(5.13) 

(5.14) 

Where and &re the mean value of average weekly earning in the union 

and non-union sector respectively. are t h e vectors of mean values 

of the regressors for unions and non-unions respectively. And are the 

corresponding vectors of the estimated coefBcients. T h e explanatory variables 

are the same in equation (5.13) and (5.14). 

Then we can get the union wage difference by subtracting (5.14) from (5.13) 

as 

Z/TzF,, - (5.15) 

Adding and subtracting order to obtain union attributes in terms of 

" price difference ", then we can have 

+ ( s i e ) 

The left hand side of equation (5.16) is the total earning diEerential, and on 

the right hand side, the hrst term we could interpret as "price difference", which 

explain the estimated ejects the diSerent wage rate in the union and nonunion 

sector for the same firm characteristics. In other words, if two identical persons 

worked in identical hrma but in different sectors, they may get different income 

as there is price diSerence A/3 = ,0̂  — The second term, we could interpret 

aa "observed firm's characteristic diSerence", which explain the estimated effects 

by diCFerences in measured firm's characteristics, including regional labor mar-

ket condition. In other words, if we assume there is n o "price difference", the 

wage structure in the nonunion sector would also apply to the counterpart in the 
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union sector. There is only firm's characteristic diGFerence, but there is no "price 

diEerence". 

In a similar manner, by adding and subtracting on the left hand side 

of the equation (5.15), we can get 

Thus the first term is stih "price difference" A;8 = /9 — but multiphed 

by the explanatory vectors in the nonunion sector, the second term is applying 

the union wage structure to the nonunion by assuming that there is no "price 

difference" to measure the "observed firm's characteristics diSerence". 

[Table 5.6 insert here] 

Table 5.6 reports the level decomposition results of union wage differential of 

all the three group workers. The "price difference" in the fifth column is taken 

from A^, the price different coefficient, multiphed with the mean of the explanar 

tory variable in the union sector In the last column, it is the "observed firm's 

characteristic diSerence", which is by applying the wage structure of nonunion 

sector also into union counter part, and multiphed with mean explanatory vari-

able difference between these two sectors. Like what we did in previous regression, 

all the regressions are estimated with group dummies, bu t they are not presented 

in the table. 

As shown from the above table. A/) of firm size dummy in all three groups 

are negative, -0.20( -4.56), -0.03(-0.59) and -0.12(-1.67) respectively. The contri-

bution of the size effect is quite large especially for craftsmen and clerical workers 

to the union and nonunion wage gap among all the price diSerence factors, 12% 

and 22%. Apart from that, the proportion of work force also accounts for big 

part of the wage gap, positive for craftsman and negative for clerical workers. For 
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semi-skilled workers, the proportion of work force dummies is not a big fa<:tor, 

while firm size is stiU a significant factor. In general, i t is consistent with what 

we found in the above wage equation, in 1981 and 1982 the values of A/) are 

generally greater compared with other years, i.e. in clerical sector, equal to 

0.067 and 0.062 respectively in 1981 and 1982, in contrast to 0.006, 0.022 and 

0.002 for other years. 

Unemployment is the most significant factor which causes the wage rate to be 

different in the union and nonunion sector for ail three group workers. A/3 equals 

to -0.38 and 0.12 for semi-skilled worker, -0.32 and -0.06 for clerical worker, and 

-0.45 and 0.16 for the craftsman. The values of "price difference" also indicate 

that the rates of unemployment have oSered a big contribution to the total wage 

diSerence, it is the biggest factor in contrast to other explanatory variables. The 

sum of "price diSerence" of these two variables are -0.36 for craftsmen, -0.24 for 

semi-skiUed workers, and -0.29 for clerical workers, however, the sum of "price 

difference" of the total five years dummies, they come as 0.07 for craftsmen, 0.027 

for semi-skilled workers, and 0.026 for clerical. Since we have defined RUNEMP 

and RUNEMP (-1) these two variables as regional unemployment rate divided by 

the national unemployment rate, it seems to tell tha t the unemployment effect 

contributed more to the total union wage difference t han the time effect. In other 

words, the total union wage diSerence is more responsible to the regional eEect 

than it over time. 

Sales growth, percentage of new trainees, part time employees and redundancy 

workers also contributes diHerences to the wage rate. Higher sales growth rates 

lead to positive wage differences for manual workers, and negative for clerical 

worker. While the percentage of new trainees, part time employees and new 

trainees are not persistent over aU these three group workers. It may contribute 

a positive gap for craftsman, i.e. the percentage of new trainees, however, is 

negative gap for semi-skilled worker. As equation (5.6), the percentage of female 

worker is not included in the equation. However it can be noticed that higher 
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skill level for majiiial worker, the lower the percentage of female workers. There 

is only 1.2% and 3.8% female workers in the union and nonunion sectors as 

craftsmen, 33.4% and 33% as semi-skiUed workers, however, 55.9% and 53.01% 

clerical workers are female. 

The final column of Table 5.6 indicates how much wage difference is from 

the observed Srm's characteristics diSerence. From t h e value of SUM for each 

category worker, we can And another interesting point. In fact, they are -0.375 

and 0.105 for craftsmen for "total price difference" and "total observed firm's 

characteristic difference" respectively; -0.231 and 0.012 for semi-skilled worker; -

0.408 and -0.142 for clerical worker. These numbers have shown that, for all three 

groups, craftsman, semi-skiUed, and clerical worker, the union wage difference is 

mainly from price difference. The wage difference caused by Grm's characteristics 

difference is rather small, especially for semi-skiHed workers. Therefore we may 

conclude that the "price difference" and "firm's characteristic difference" have 

different independent contributions to the union and nonunion wage difference. 

It is different with the skiU or gender of the worker. However the union wage 

difference is mainly caused by the price difference, there are different wage rates in 

two sectors given the same firm characteristics. And th is is especially significant 

for low skilled workers. 

6 Trend Decomposit ion of U n i o n Wage Differ-

ential 

The trend decomposition method provides another description of the source of 

changes in the wage difference by comparing the different time periods. Let 

denote the log-earning difference in time 
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= 4- (%jt — 

where we ignored the error term, and A/9^ = , A%f = 

The rate of change between two period a becomes 

AZ,7^n-Ai ;7^y , = + - A % , % (5.17) 

= A/)^ — A/3g + A/3g — A/3g + A%(/3j( 

—AA t̂̂ ^g 4- A%t/)jg — A%a/)^g 

= (%tt - %t,)A/) , + %t t (AA - A / ) J + (A%t - A%,)%, 

which is the trend decomposition equation. 

The first term, on the right hand side of equation (5.17), rejects the firm's 

characteristics changes for the nonmiion sector in the two periods; The second 

term measures return to the "price diSerence" change in the two time periods. 

The third term we could explain as the change in measured firm's characteristics 

fax:tors, holding price 6xed as in the union sector for base year g; The fourth term 

captures the change of the return to these factors. 

The following table is the result of trend decomposition of union wage dif-

ferential. The data set has been only split into two period, the first period is 

from 1979 to 1981; the second period is from 1982 to 1984. Unionl and union2 

mean the first and second period in union sector; non-1 and non-2 mean the 

first and second period in the nonunion sector. The I s t term in the table is by 

holding price fixed in the second period of union sector ,§^2, the change of firm's 

characteristics factors between the two period, A%2 — A%i; the second term 

on the seventh column of the table represents the change of the return to these 
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factors; the third term, reflects job characteristics changes for 

the nonunion sector in the two periods; the last column is from 

which indicates the return to the "price diSerence" change in the two periods. 

[Table 5.7 insert here] 

The analysis should be cautiously treated due to the data set. For instance, 

there are only 42 observations for nonunion craftsman in first period, and 46 

observations in second period. However, we could still notice the last column, 

the return of the "price difference" is a large source of t he change for all the group 

workers. Also we could get from the data set, the wage diSerence for the craftsmen 

are -3.18% and -1.33% in first and second period respectively; for the semi-sldlled 

workers -3.06% in the Erst period and -2.36% in the second period; 5.13% in the 

first period and 2.02% in the second period for the clerical workers. On the one 

hand we are wondering the negative wage gap for t h e manual workers, on the 

other hand, we notice the union wage gap is on the trend of decreasing. There 

are small wage diSerences in the second period relative to the first period. Apart 

from the negative wage difference, Stewart (1995) has the same finding by WIRS 

data set, also HUdreth (1999) by BHPS data, there is a decline in the unionization 

and also a fall in the union wage diEerence since 1980. He contributes this trend 

aa the inability of unions to establish wage differentials in new establiahment. 

However we can not give the explanation for this phenomenon. 

7 Conclusion 

In this paper I have analyzed firm size wage eSect and union wage effect with 

our electrical engineer industry survey data from 1979 to 1984. I find that there 

is a size effect upon wage rate for all three groups of workers, and is behaving 

diEerently in the union and nonunion sectors. In the union sector, it is a flat or 
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downward sloping relationship between size and wages, while in nonunion sector 

it is consistent with positive relationship for manual worker. In general, wages 

increase with the year in both union and nonunion sectors, whereas wage profile 

in the union sector is steeper than in the nonunion sector. The percentage of wage 

increase in the union sector is consistently larger than it is in the nonunion sector. 

And this is speciRcaUy large during recession period. Our results have shown that 

the union and nonunion wage dlEerential is higher during the recession year. In 

1981 and 1982 of this data set, when British electrical engineering industry was 

suffering slump, union effect would hold about 3% wage up for unionized worker, 

especially for low skilled workers. 

The size eSect is associated with occupation. The more difEcult to supervise, 

the stronger the size effect would be on the wage rate; the easier to monitor, 

the lower the size eSect. Hence there is larger size effect on clerical workers -

white coUar workers and craftsmen - high skilled workers, as it is more difRcult 

to evaluate their performance. It is relatively easier to supervise the semi-skilled 

workers by restricting them from working on hne or simply calculating their 

output, therefore their size effect is weak. 

Moreover, by sphtting the union wage differential into " price difference" 

and "observed firm's characteristics diGerence" from the level decomposition, 

we found that the "price difference" and "firm's characteristic diEerence" have 

independent contributions to the union nonunion wage difference. However the 

union wage difference is mainly caused by the "price difference", which means 

there exist different wage rates in union and non-union sector given the same firm 

characteristics. The source of the diEerence may be diSerent from occupation to 

occupation, but unemployment is the most significant factor for all three group 

workers. Total union wage difference is more responsible to regional effect than 

it over time. In addition, the size of firm and the proportion of work force are 

also important factors for wage difference. 

In the trend decomposition of union wage differentials, the return of the "price 
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difference" is noticed as a large source that accounts for the change in different 

period. Also there is a declining trend of the union wage dlGerential. 

8 Appendix 

1. Average Number of Employees should include all persons on the payroll on 

average during each period. 

2. Pazt Time Employees are defined aa those who work less than 21 hours per 

week. 

3. Number of Employees Leaving include those leaving due to retirement, 

redundancy or any other reason. 

Nau%i Unimp defined aa the unemployment rate where the firm is in 

divided by the national unemployment rate. 

5. Union dummy is dehned as: If you recognize there is a trade union represent 

manual workers/clerical workers at the level of your estabhshment, Union = 1, 

otherwise Union = 0. 

6. Percentage of Semi-SMll/Craftsman is defined as the number of Semi-skilled 

worker/Craftsman divided by the total number of employees. 

7. Percentage of Part Time/Laid 0 5 in last period/New Trainees is defined 

as the number of Part Time/Laid Off/New Trainee divied by the total number 

of employees. 

S.Sal Growth is defined as (Sales - Sales(-1))/Sales(-1). 
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Table 5.1 Mean and Standard Deviation of the Pull Sample and the Restricted 
Samples 

-ri 11 Restricted Sample Restr icted Sample Restricted Sample 
m , 1.T O d i n p i e CraAsman Semi-Skilled Clerical 

of 388.43 (490.06) 341.08 (305) 338.35 (326.15) 330.76 (324.85) 
4.22% (0.13) 3.72% (0.08) 2.86% (0.07) 2.86% (0.07) 
4.09% (0.07) 3.58% (0.05) 2.68% (0.03) 3.14% (0.04) 
0.74% (0.01) 0.87% (0.02) 0.75% (0.01) 0.94% (0.02) 

Sales Growth 0.19 (1.23) 0.14 (0.68) 0.24 (1.49) 0.14 (0.72) 
0-21 (0.19) 0.23 (0.20) 
0-42 (0.26) 0.43 (0.25) 
0.21(0.17) 0.19 (0.12) 

* Standard deviation are in the brackets 



TbbZe ^1.̂ ; tyage and nonwmon sector regpec^2i;e/^ 

Variables Craftsman Semi-skilled Clerical 
Union Sector Nonunion Sector Union sector Nonunion Sector Union Sector Non-union Sector 

Constant 4.67 (119.14) 4.63 (46.01) 4.29 (114.65) 4.13 (57.12) 4.52 (27.38) 4.15 (64.19) 
Year 2 0.16 (10.85) 0.08 (2.29) 0.15 (9.28) 0.13 (4.69) 0.12 (2.30) 0.11 (2.85) 
Year 3 0.25 (16.55) 0.16 (4.46) 0.25 (14.87) 0.21 (5.35) 0.25 (4.56) 0.18 (4.68) 
Year 4 0.32 (22.09) 0.21 (6.17) 0.33 (20.44) 0.29 (7.78) 0.33 (6.38) 0.27 (7.19) 
Year 5 0.38 (26.54) 0.29 (8.71) 0.39 (24.37) 0.34 (9.38) 0.38 (7.47) 0.35 (9.74) 
Year 6 0.44 (31.23) 0.40 (11.92) 0.45 (27.68) 0.44 (11.22) 0.41 (8.42) 0.41 (10.90) 
Size Dummy (>100) -0.08 (-4.41) 0.11 (2.99) -0.005 (-0.27) 0.02 (0.67) -0.16 (-2.45) -0.04 (-1.40) 
Perceuta,ge of 

Work Force -0.08 (-2.84) -0.73 (-7.79) 0.12 (3.57) 0.13 (1.44) 0.01 (0.04) 0.24 (2.49) 
Regional Unemp 
National Unemp -0.22 (-5.44) -0.10 (-0.87) -0.11 (-2.61) 0.26 (1.82) -0.33 (-2.10) 0.11 (0.93) 
Regional Unemp / i \ 
National Unernp \ / 0. (0.003) 0.06 (0.66) -0.03 (-0.77) -0.15 (-1.24) -0.03 (-0.24) -0.18 (-1.72) 
Sales Growth 0.02 (3.80) -0.03 (-2.56) 0.03 (4.47) -0.005 (-0.88) -0.01 (0.75) 0.02 (0.97) 
Percentage of 

Part Time -0.23 (-2.40) 0.79 (1.99) -0.43 (-2.44) -1.68 (-4.02) 0.21 (0.56) -0.76 (-1.61) 
Percentage of 
New Trainee. -0.72 (-1.71) -0.54 (-1.06) -2.78 (-4.40) 1.04 (1.35) 2.07 (0.48) 1.25 (2.16) 
Percentage of 

Rediindeiits 
-0.08 (-1.50) 0.16 (-1.04) -0.16 (-2.28) -0.17 (-0.73) -0.35 (-1.69) 0.09 (0.38) 

R square 0.93 0.88 0.95 0.89 0.77 0.83 
LM het. Test 10.48 0.03 1.40 0.30 1.33 1.83 
F test (Zero Slope) 105.66 24.18 140.72 23.61 10.80 21.37 
No. of observations 166 88 134 73 91 114 

* T values are in the parenthesis 



%We ,̂ .,9; GDf, raf:e ayid TC/M m d^greM^ ^/mr 

GDP* Engineering Unemployment A Year Coefficients 
(fmillion) Sales** Rate Craftsman Semi-SkiDed Clerical 

Year 1979 324 543 106 4.05% — 

Year 1980 316 089 100 5.18% 8% 2% 1% 
Year 1981 311 455 91 9.73% 9% 4% 7% 
Year 1982 318 447 93 11.8% 11% 4% 6% 
Year 1983 333 510 96 12.83% 9% 5% 3% 
Year 1984 342 279 102 12.7% 4% 1% 0% 

Data Source: Economic Trends Annual Supplement 1990 Edition 
GDP* is measured by category of total expenditure at 1985 prices 
Engineering Sales** is measured on the base of 1980 average monthly sales, which 

is 100. The data are from Economic Trends Annual Supplement 1986 Edition. 



5.^.' Wope egftiattoMa /or '̂em -̂g/rzZZed (TZericoZ worA;er 

Variables Craftsman Semi-skilled Clerical 

Constant 4.73 (100.27) 4.17 (100.56) 4.16 (60.99) 
Year 2 0.09 (2.58) 0.12 (3.91) 0.09 (2.24) 
Year 3 0.17 (4.93) 0.20 (6.54) 0.17 (4.05) 
Y ^ 4 0.22 (6.73) 0.28 (9.17) 0.27 (6.41) 
Year 5 0.29 (8.49) 0.36 (12.14) 0.36 (8.82) 
Year 6 0.38 (11.62) 0.44 (14.25) 0.42 (10.00) 
Size Dnnimy(>100) 0.02 (1.03) 0.03 (1.96) 0.07 (3.06) 
Union *Year 1 -0.22 (-6.69) -0.01 (-0.37) -0.08 (-1.63) 
Union*Year 2 -0.16 (-5.33) 0.004 (0.15) -0.06 (-1.38) 
Union*Year 3 -0.16 (-5.36) 0.022 (0.84) -0.03 (-0.77) 
Union*Year 4 -0.14 (-4.87) 0.024 (0.88) -0.07 (-1.54) 
Union^Yisai" 5 -0.15 (-4.89) -0.0004 (-0.02) -0.10 (-2.21) 
Union*Year 6 -0.18 (-6.22) -0.03 (-1.20) -0.11 (-2.42) 
Percentage of 
Work Force -0.30 (-8.17) 0.18 (6.31) 0.11 (1.23) 

Regional Unemp 
National Unemp -0.01 (-0.23) 0.008 (0.16) 0.05 (0.58) 
Regional Unemp / i \ 
National Unemp \ / -0.02 (-0.31) -0.04 (-0.88) -0.13 (-1.51) 

Sales Growth -0.001 (-0.14) 0.002 (0.65) 0.0008 (0.06) 
Percentage of 

Par t T ime -0.19 (-1.58) -0.51 (-2.96) -0.30 (-1.22) 
Percentage of 
New Trainee -0.28 (-0.66) 0.39 (0.83) 1.22 (2.11) 
Percentage of 
R.eduiidents -0.12 (-1.51) -0.09 (-1.18) 0.11 (0.77) 

R-Squared 0.82 0.90 0.74 
F test (zero slope) 32.41 62.30 17.28 
LM het. test 3.96 0.11 0.05 
No. of observations 254 207 205 
T value are in parenthesis. 
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iLefeZ Âe crc^gmoM, aem%-5A;2ZZ, cZericaZ 

Crafksman: 
Year 2 
Year 3 
Year 4 
Year 5 
Year 6 
Size Dummy 
Percentage of 
Wqrk Eoice 

Regional Unemp 
National Unemp 
Regional Unemp / \ 
National Unemp ^ / 

Sales Growth 
Percentage of 

Par t T ime 
Percentage of 
New Trainee. 
Percentage of 
Rednndents 

SUM* 

Union Nonunion A/) Price Diff. Firm's Chara. DiE. 

0.157 0.08 0.077 (2.02) 0.012 
0.25 0.155 0.095 (2.49) 0.015 — 

0.322 0.207 0.115 (3.09) 0.02 — 

0.382 0.287 0.095 (2.65) 0.016 — 

0.439 0.4 0.039 (1.06) 0.007 — 

-0.082 0.116 -0.198 (-4.56) -0.17 0.042 
-0.079 -0.727 0.648 (8.29) 0.13 0.068 
-0.218 -0.105 -0.323 (-2.55) -0.31 0.005 

0 0.058 -0.058 (-0.58) -0.056 0.004 

0.024 -0.036 0.06 (3.93) 0.008 -0.0004 
-0.227 0.79 -1.017 (-2.49) -0.036 -0.0024 
-0.725 -0.544 -0.181 (-0.27) -0.008 -0.011 
-0.079 -0.164 0.085 (0.51) 0.0006 0.001 

- 0.375 0.105 

Union NonUnion Price Diff. Firm's Chara. Dig, 

0.153 0.143 0.01 (0.01) 0.0016 — 

0.255 0.206 0.049 (1.13) 0.0078 — 

0.335 0.294 0.041 (0.99) 0.0070 — 

0.395 0.343 0.051 (1.24) 0.0092 — 

0.45 0.442 0.005 (0.12) 0.0009 — 

-0.005 0.02 -0.025 (-0.59) -0.0213 0.007 
0.115 0.134 -0.019 (-0.46) -0.0084 0.004 
-0.11 0.266 -0.375 (-3.70) -0.357 -0.007 

-0.032 -0.155 0.123 (0.81) 0.118 0.002 

0.03 -0.005 0.035 (0.28) 0.006 -0.0001 
-0.432 -1.68 1.248 (7.05) 0.030 0.015 
-0.16 -0.169 0.009 (0.04) 0.0003 -0.004 
-2.78 1.04 -3.82 (-3.83) -0.024 -0.003 

-0.23 0.012 

Semi-skilled 
Year 2 
Year 3 
Year 4 
Year 5 
Year 6 
Size Dummy 
Percentage of 
Wo,rk Force 

Regional Unemp 
National Unemp 
Regional Unemp / -i \ 
National Unemp V ) 

Sales Growth 
Percentage of 

Part Time 
Percentage of 
New Trainee. 
Percentage of 
Redunden t s 

SUM* 
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Union NonUnion Price Diff. Firm's 
Clerical: 
Year 2 0.12 0.11 0.006 (0.01) 0.001 — 

Yisar 3 0.25 0.18 0.067 (1.01) 0.011 
Year 4 0.33 0.27 0.062 (0.97) 0.011 
Year 5 0.38 0.35 0.022 (0.36) 0.004 
Year 6 0.41 0.41 0.002 (0.03) 0.0003 
Size Dummy -0.16 -0.04 -0.12 (-1.67) -0.101 -0.011 
Percentage of 
Work Force 0.01 0.24 -0.23 (-0.83) -0.043 -0.002 

Regional Unemp 
National Unemp -0.34 0.11 -0.45 (-2.22) -0.453 0.009 
Regional Unemp / \ 
National Unemp \ / -0.03 -0.19 0.16 (0.93) 0.158 -0.149 
Sales Growth -0.01 0.02 -0.03 (-1.24) -0.006 0.0014 
Percentage of 

Part Time 0.21 -0.76 0.97 (1.62) 0.029 0.015 
Percentage of 
New Trainee, -0.35 -0.09 -0.44 (1.41) -0.022 0.0026 
Percentage or 
Redunden t s 2.07 1.25 0.82 (0.19) -0.0030 -0.008 

SUM* -0.408 -0.142 

T values are in the bracket. 
* SUM means the sum for total price difference or total observed job characteristic 

difference. 
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Tob/e 5.7; lyeTid Decomposition 0/ [/won IVape D^erence in two periocf 

Variables Unionl Union2 Non-1 Noii-2 1st term 2nd term 3rd term 4th term 
Craftsman: 
Size Dummy 
Percentage of 
Work Force 

Regional Unciii]) 
National Unemp 
Regional Unemp / 
National Unemp \ 

Sales Growth 
Percentage of 

Part Time 
Percentage of 
New Trainee,, 
Percentage of 
R,e(liiii<1ent,R 

1) 

-0.067 -0.083 0.11 0.44 -0.0011 -0.006 0.025 -0.19 
-0.12 -0.048 -0.97 -0.61 0.0004 -0.007 0.001 -0.085 
-0.19 0.47 -0.038 -0.18 0.009 0.026 0.029 0.708 
-0.018 -0.66 0.12 0.4 -0.005 -0.035 -0.049 -0.81 
0.023 -0.05 -0.004 0.074 0.01 -0.008 -0.0016 -0.023 
-0.17 -0.28 1.59 0.42 0.0011 0.0002 0.0035 0.043 
-0.066 -0.13 -0.038 0.21 0.0004 -0.0014 -0.0003 -0.007 
-0.43 -1.48 0.085 3 0.013 0.001 -0.003 -0.029 

Semi-skiUed: 
Size Dummy 
Percentage of 
Work Force 

Regional Unemp 
National Unemp 
Regional Unemp / -i \ 
National Unemp \ ' 

Sales Growth 
Percentage of 

Part Time 
Percentage of 
New Trainee^ 
Percentage of 
Rerlimdents 

-0.008 0.021 0.012 0.004 0.0006 0.0092 -0.0012 0.021 
0.12 0.092 0.045 0.03 0.0005 -0.0007 0.0004 -0.005 
-0.11 0.279 -0.087 -0.34 0.0097 -0.018 0.018 0.62 
-0.064 -0.376 -0.11 0.73 0.0026 0.0022 -0.060 -1.08 
0.031 -0.077 -0.01 -0.001 0.023 -0.019 -0.0068 -0.01 

-0.404 -0.396 -3.09 -1.45 0.0008 0 -0.0053 -0.057 
-0.31 -0.145 -0.43 -0.05 0.0016 0.005 -0.0006 -0.002 
-2.59 -3.77 1.54 -0.44 0 0.0035 0.0033 0.008 

Clerical: 
Size Dummy -0.25 -0.19 -0.03 -0.02 0.0056 0.016 0.007 0.031 
Percentage of 
Work Force 

Regional Unemp 
National Unemp 
Regional Unemp / i \ 
National Unemp \ ' 

Sales Growth 

0.15 0.16 0.1 0.41 -0.0005 -0.0001 -0.0009 -0.057 Percentage of 
Work Force 

Regional Unemp 
National Unemp 
Regional Unemp / i \ 
National Unemp \ ' 

Sales Growth 

-0.38 
0.009 
-0.025 

0.47 
-0.88 
-0.2 

0.14 
-0.13 
0.007 

-0.1 
-0.04 
0.026 

0.027 
-0.061 
0.061 

0.058 
-0.056 
-0.039 

0.015 
-0.011 
-0.009 

0.97 
-0.88 
-0.02 

Percentage of 0.749 0.39 -1.32 0.34 -0.0012 0.0002 -0.0003 -0.068 
Percentage of 
New Trainee 
Percentage of 
Redimdents 

0.62 -0.69 -0.45 0.23 -0.0001 -0.037 -0.003 -0.027 Percentage of 
New Trainee 
Percentage of 
Redimdents 31.57 -2.88 1.12 1.72 0.0087 0.303 -0.017 -0.39 
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