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Abstract

This paper addresses the design of empirical tests to distinguish between two competing ex-
planations of wage and employment determination in unionized labour markets, the labour-
demand and e�cient-contract models. We argue that most of the tests employed are restric-
tive, propose an alternative non-nested approach, a central feature of which is the variation
in the set of instrumental variables across the models, and provide an illustration of how it
might be implemented, using data from the Workplace Industrial Relations Survey (WIRS)
1984 Panel File. The results demonstrate how the traditional approach can lead to inappro-
priate conclusions, and thereby emphasize the empirical importance of the speci�cation of
the instrumental variables.

JEL Classi�cation: J51
Keywords: Unions, empirical tests, e�cient contracts



I. INTRODUCTION

This paper addresses an issue that has attracted much attention in the last few years,

namely the design of empirical tests to distinguish between two competing explanations

of wage and employment determination in unionized labour markets, the labour-demand

and e�cient-contract models. We argue that most of the tests employed are restrictive,

propose an alternative approach that builds upon work by Manning (1987), and attempt its

implementation using the Workplace Industrial Relations Survey (WIRS) 1984 Panel File.

There are a variety of labour-demand models. The most general of these is the right-to-

manage model: the �rm and union bargain over the wage, but the union concedes to the

�rm the right to set the level of employment. The monopoly-union model is a special case

of this in which the union unilaterally chooses the wage that maximizes utility subject to

the constraint of the �rm's labour-demand curve. The critical feature common to all such

models, though, is that, because the �rm unilaterally sets employment, the wage-employment

combination always lies on the competitive labour-demand schedule.

The alternative e�cient-contract model recognizes that, if the union values employment,

there exist unexploited welfare gains (from the point of view of the union and the �rm)

at any point on the labour-demand curve, since the union's downward-sloping indi�erence

curves intersect the �rm's isopro�t curves, which are horizontal at the demand curve. If the

union negotiates over both wages and employment, therefore, the e�cient-contract model

yields a wage-employment combination that lies above the labour-demand curve.

If the union does not value employment|if, that is, it voluntarily chooses not to bargain

over employment|this yields a special case of both the e�cient-contract and labour-demand

models. Only the wage enters the union's utility function,1 and its indi�erence curves are

therefore horizontal in wage-employment space. As a result, the contract curve, the locus of

tangencies between the indi�erence curves and the �rm's isopro�t curves, coincides with the

labour-demand curve.

Many empirical attempts to distinguish between labour-demand and e�cient-contract

solutions exploit this equivalence between the two models that arises when restrictions are

placed on the latter. Equations are formulated in which wage-employment combinations on

the demand curve represent special cases of e�cient contracts (with solutions o� the demand

curve); this allows a nested test that speci�es the labour-demand solution as a restriction of

the e�cient-contract solution,2 and the restriction is tested using standard methods.

1Oswald (1993) defends this as a reasonable representation of a union's utility function, on the grounds

that the level of employment is irrelevant to the median union member.
2A notable exception is Martinello (1989), who uses a non-nested test to discriminate between the

monopoly-union version of the labour-demand model and the e�cient-contract model. See also Christo�des

(1990).
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It is our contention that the labour-demand model is not in general nested in the e�cient-

contract model in this way. Solutions on the demand curve require either that the union is

prevented from bargaining over employment, even though it would like to, or that it does

not care about employment. The latter case represents the nested test described: a utility

function for a union that values wages but not employment as a special case of one where

the union cares about both wages and employment. It is arguably the case, however, that

the distinction between the labour-demand and e�cient-contract models is of more interest

when the union's utility function is the same for both.

If this is accepted, the implication is that the competing models incorporate alternative

behavioural assumptions|whether or not the union is able to bargain over employment|

and are thus non-nested. They can, however, both be nested in a more general model.

Moreover, the criticism sometimes levelled at such an encompassing framework|that the

joint alternative model does not have a sensible economic interpretation|does not apply in

this case.

The remainder of our paper is organized as follows. First, we set out a simple model that

allows us to describe, and illustrate the restrictions implicit in, the typical nested test. Next,

we present the alternative procedure. Section IV describes a model consistent with this

approach, and illustrates, via its estimation using data from Workplace Industrial Relations

Survey (WIRS) 1984 Panel File, how the traditional approach can lead to inappropriate

conclusions, thereby emphasizing the empirical importance of the speci�cation of the instru-

mental variables. A short summary completes the paper.

II. NESTED TESTS

The �rm maximizes utility de�ned over pro�t

V = V (�); � = R(N ;X1)� wN;

where R(�) is some well-de�ned revenue function, w and N are the nominal wage and employ-

ment, and X1 is a variable that independently inuences the �rm's utility. (Throughout, we

use the convention that a semi-colon denotes the division between endogenous and exogenous

variables.) The union maximizes

U = U(w;N ;X2);

utility de�ned over the wage, employment, and X2, an exogenous variable.3

A wage-employment combination, if it is e�cient, must lie on the contract curve, the

locus of tangencies between the �rm's isopro�t contours and the union's indi�erence curves,

3In empirical applications, both X2 and X1 will more generally be vectors of exogenous variables.
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that is, it must satisfy

RN(N ;X1)� w

�N
=
UN

Uw

� �(w;N ;X2);

where subscripts denote partial derivatives, �(�) is the marginal rate of substitution, and the

marginal revenue product, RN (�), can be thought of as linear without a�ecting the generality

of the analysis that follows. Most tests of e�cient contracts are based on a rearrangement

of this equation,4

RN (N ;X1) = w � �(w;N ;X2)N: (1)

The basis for the test is clear: if the second term on the right-hand side is zero, the expression

reduces to a solution on the labour-demand curve.

It is usual to specify a functional dependence of � onX2. If this is not the case|if, that is,

the utility function exhibits weak separability between X2 and the remaining arguments|the

locus of e�cient wage-employment combinations will not shift with changes in X2. Consider,

for instance,

U = N �

�
w

w0

�
; � � 0;

where X2 = w0, the alternative, or delay, wage. Equation (1) reduces to

RN (N ;X1) = (1� �)w:

Such an equation is observationally equivalent to RN(N ;X1) = w, the labour-demand model;

� is not identi�ed.5

If, however, the absence of weak separability is admitted, a test can be formulated.

Consider, for example,

U = N �(w � w0); � � 0: (2)

In this case, equation (1) becomes

RN (N ;X1) = (1� �)w + �w0: (3)

If, for instance, RN is parameterized as

RN = �0 � �1N + �2X1; (4)

4The �rst to adopt this approach were Brown and Ashenfelter (1986) and MaCurdy and Pencavel (1986).

See also, inter alia, Alogoskou�s and Manning (1991), Bean and Turnbull (1988), Card (1986, 1990), and

Christo�des and Oswald (1991).
5See Bean and Turnbull (1988, p. 1093) and MaCurdy and Pencavel (1986, p. S13).

3



this yields

N =

�
�0

�1

�
+

�
�2

�1

�
X1 �

�
�

�1

�
w0 �

�
1� �

�1

�
w (5)

as the equation to be estimated.

Now if � = 0, equation (3) reduces to RN(N ;X1) = w, the labour-demand model.

Equivalently, the alternative wage does not appear in equation (5). This is the basis of the

usual test of the null hypothesis of the labour-demand model: the exclusion of X2 variables

is tested once a particular functional form for U(�) is chosen.

If � = 1, only w0 determines the e�cient contract; this is what is sometimes termed

strong e�ciency: a vertical contract curve, coinciding with the labour-demand schedule at

the alternative wage. Thus, testing the restriction of a zero coe�cient on w in equation

(5) represents a test of strong e�ciency. If this is rejected, weak e�ciency merely requires

that the coe�cient on w0 is also nonzero. As a justi�cation for the latter as a test of weak

e�ciency, Brown and Ashenfelter argue that \the alternative wage rate must determine, at

least in part, the marginal revenue product of employment" (1986, p. S43). As we have

earlier noted, however, this is the case only if the utility function is not weakly separable

between w0 and the other arguments. Otherwise, the marginal rate of substitution, the

basis of the e�ciency condition, is independent of w0. In terms of (5), a typical estimating

equation, w0 would not appear and � would not be identi�ed.

The question then arises: when a test is possible, what exactly is being tested? In

equation (3), for example, the null hypothesis is � = 0, against the alternative of � > 0.

Now, � = 0 is a necessary and su�cient condition for the exclusion of N from U(w;N ;X2).

This is clear from equation (2): � = 0 implies and is implied by

U = (w � w0);

that is the union cares only about the per-worker rent. If, then, the null hypothesis cannot

be rejected, the union's indi�erence curves are horizontal, so that the e�cient contract lies

on the labour demand curve. In other words, the null hypothesis is formulated to generate

the labour-demand model by appropriate restrictions on the utility function, with e�ciency

(equation (1)) being retained as part of the maintained hypothesis. Figure 1 illustrates the

null and alternative hypotheses, and shows clearly that e�ciency is always imposed; as a

result, ine�cient labour-demand solutions cannot be examined in this framework.

What is required, therefore, is a test that explicitly allows the union's utility function to

be the same under both the null and alternative hypotheses. Such an approach, albeit one

with rather severe data requirements, is proposed in the next section.
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III. A MORE GENERAL APPROACH

Manning (1987) proposes that the wage and employment are determined by a sequence of

two Nash bargains, the second of which is a bargain over employment, written as

max
N

q logU(w;N ;X2) + (1� q) logV (w;N ;X1);

where q is the power of the union in this bargain, 1� q is the power of the �rm, and X1 and

X2 (now vectors of exogenous variables, replacing X1 and X2) include the status quo levels

of the �rm's and union's utilities. The solution is given by

N = N(w; q;X1;X2): (6)

The �rst Nash bargain, that over wages, is written as

max
w

p logU(w;N(w; q;X2;X1);X2) + (1� p) logV (w;N(w; q;X2;X1);X1);

where p is the power of the union in the wage bargain. The wage solution is given by6

w = w(p; q;X1;X2): (7)

Equations (6) and (7) jointly determine w and N . In empirical applications,7 equation (6)

can be viewed as a structural equation and equation (7) as a reduced form. This recursive

structure arises because of the order in which the bargains take place. The reduced form for

employment is similarly

N = �(p; q;X1;X2): (8)

Both the labour-demand and e�cient-contract models are special cases of Manning's

model. Consider the case where the union has no power in the employment bargain. In this

situation, q = 0, and the second stage becomes

max
N

logV (w;N ;X1) subject to VN(w;N ;X1) = 0;

which yields the labour-demand schedule

N = N(w;X1): (9)

6As in the previous section, it is usually the case that, when particular functional forms are assumed

for U and V, the speci�cation of the employment and wage equations becomes restrictive. For instance,

if UN=U is independent of X2, X2 will not appear in equation (6). This will be the case if, as is often

assumed, U(w;N ;X2) = �1(w;X2)�2(N), that is, if N is separable from the remaining arguments in the

utility function. Alternatively, if a Cobb-Douglas revenue function is assumed, q does not appear in equation

(7) (Manning, 1987, p.130).
7See, for example, Nickell and Wadhwani (1991).
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If there is bargaining over the wage, as in the right-to-manage version of the labour-demand

model, the �rst-stage bargain is written

max
w

p logU(w;N(w;X1);X2) + (1� p) logV (w;N(w;X1);X1)

subject to the outcome in the second stage. This yields a wage equation of the form8

w = w(p;X1;X2): (10)

The restriction that yields the e�cient-contract model is p = q. Let p = q = �; the

problem reduces via the envelope theorem (see proposition 1 in Manning (1987)) to a joint

Nash bargain over wages and employment of the form

max
N;w

� logU(w;N ;X2) + (1� �) logV (w;N ;X1):

Eliminating � from the �rst-order conditions yields the contract curve, which can be written

as

N = N(w;X1;X2); (11)

the corresponding wage solution is

w = w(�;X1;X2): (12)

The two pairs of equations, (9) and (10), and (11) and (12), de�ne the models of interest for

our study,9 but before describing the empirical implementation of this approach, we consider

�rst some pertinent issues, speci�cally the identi�cation of the di�erent models, and the

restriction p = q.

Identi�cation of a unique wage-employment locus depends crucially on whether separate

proxies for p, q and � are available. We must admit the possibility of multiple proxies, and

use P, Q and � as vector representations. If the functions w(�) and N(�) are linear, estima-

tion of each of the models described above is straightforward: apply instrumental-variables

methods to the structural equation for N , using as instruments the variables listed as ar-

guments in the corresponding reduced-form equation for w. Furthermore, if the structural

employment equations were considered in isolation, it might seem natural to use the same

set of instrumental variables for both models. This would treat the labour-demand model

as a special case of the e�cient-contract model, with the advantage that, because the same

8If the union sets the wage unilaterally, as in the monopoly-union version of the labour-demand model,

p = 1 and the wage solution is w = w(X1;X2):
9That is to say, we do not estimate Manning's general model, only the special cases of interest in the

present context.
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set of instruments would be used in both the restricted and unrestricted models, inference

would be straightforward (Godfrey, 1984). We have earlier argued, however, that the labour-

demand model is not, in general, nested in the e�cient-contract model, and this can be seen

by inspection of the reduced forms corresponding to the models' structural equations. Re-

call that instrumental variables must be absent from the structural equation estimated, but

included in the implied reduced form. Clearly, therefore, each model uses a di�erent set of

instrumental variables.

Figure 2 illustrates the implications of our argument for the identi�cation of the two

models. For the labour-demand model, it is variations in P and X2 that trace out the

wage-employment locus, the latter because changes in the union's indi�erence map in wage-

employment space occur without altering the position of the locus. This locus is of course

the labour-demand schedule. For the e�cient-contract model, the contract curve is the

wage-employment locus, and variations in � identify its slope. Hence estimation can only

succeed if suitable proxies for � are available. In an instrumental-variables context, one can

only replace � by P and Q, that is, replace equation (12) by equation (7).

To summarize, for the e�cient-contract model, only variations in � induce shifts along

the contract curve; variations in X1 and X2 shift the curve itself. For the labour-demand

model, it is P and X2 that identify the wage-employment locus. Thus, as restrictions on

structural-form parameters are imposed in moving from the e�cient-contract to the labour-

demand model, exogeneity restrictions are relaxed in the corresponding sequence of wage

equations, as a consequence of which a test of the two models is non-nested. This is why the

speci�cation of appropriate instrumental variables is crucial to a formal comparison of the

labour-demand and e�cient-contract models, and remains so even if the parameterization

on P and Q that forms �, analogous to p = q = �, is not considered.

This last comment poses the question: if the restriction is not considered, can we claim

to be testing the e�cient-contract model against the labour-demand model? The answer is

yes, and the reason can be seen by once again examining the pairs of equations that de�ne

the two models in our framework. The crucial distinction between the two in this context is

that P appears in both but Q appears only in the e�cient-contract model. It follows that

all that is required is to be able to specify variables that are elements of Q but not of P and

hence have no bearing on the employment decision if the �rm retains the right to manage.

As a demonstration of the points we have been making, we write the models as they

would be estimated, assuming linearity (the validity of which is discussed further below),

and also that, in the case of the e�cient-contract model, P and Q enter separately, rather

than as �.

First consider a linearized version of the employment reduced form, equation (8). The

7



�rst two terms are then written 1qq + 1pp, and p and q, because they are both latent

variables, are substituted out using

q = a0

qQ+ b0qZ

p = a0

pP+ b0pZ:

This speci�cation allows for the possibility that there are variables, Z, that inuence both

the wage and employment bargains. The vectors b0q and b
0

p are vectors of the same dimension,

but a0

q and a
0

p need not be. The labour-demand model requires a0

q = 0; the e�cient-contract

model requires 1p = 1q.
10 Unfortunately, in the absence of any obvious normalizing restric-

tions on a0

p and a
0

q, neither 1q nor 1p is identi�ed; accordingly, the reduced-form is written

with �0

1q replacing 1qa
0

q, �
0

1p replacing 1pa
0

p, and �0

1Z replacing 1qb
0

q + 1pb
0

p. Identical

considerations apply to the wage reduced-form, equation (7), so that the model, if it were

estimated, would be written11

N = �0

11
X1 +�0

12
X2 +�0

1qQ+�0

1pP (13a)

w = �0

21
X1 +�0

22
X2 +�0

2qQ+�0

2pP: (13b)

Equations (9) and (10), the labour-demand model, yield

 
1 ��

0 1

! 
N

w

!
=

 
B0

1
0 0 0

�0

21
�0

22
0 �0

2p

!0BBBB@
X1

X2

Q

P

1
CCCCA (14)

whose relationship with the reduced forms (equations (13)) implies

�11 � ��21 = B1; (15a)

�12 � ��22 = 0; (15b)

�1q = �2q = 0; (15c)

�1p � ��2p = 0: (15d)

Similarly, equations (11) and (12), the e�cient-contract model, yield

 
1 ��

0 1

! 
N

w

!
=

 
B0

1
B0

2
0 0

�0

21
�0

22
�0

2q �0

2p

!0BBBB@
X1

X2

Q

P

1
CCCCA (16)

10This might appear a little unusual. The point is that both p and q exert the same inuence on employ-

ment, not that they take the same value in the data.
11We drop Z only for expositional convenience.
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together with

�11 � ��21 = B1; (17a)

�12 � ��22 = B2; (17b)

�1q � ��2q = 0; (17c)

�1p � ��2p = 0: (17d)

A comparison of the two sets of restrictions reveals that they are not nested. The labour-

demand model is tested by the overidentifying restrictions implied by �12 � ��22 = 0 (as-

suming �12 and �22 are not scalars) and by �1q = �2q = 0; the e�cient-contract model is

tested by the overidentifying restrictions implied by �1q � ��2q = 0. If, then, the variables

represented by Q are signi�cant in neither the estimated reduced-form equation for the wage

nor that for employment, this represents evidence in favour of the labour-demand model; if

either is signi�cant, if, that is, �1q 6= 0 or �2q 6= 0, their variation helps identify the contract

curve in the e�cient-contract model (together with variation in P variables).

Now that we have established the non-nested nature of the restrictions on the reduced

forms, it is worth considering what happens if there are no suitable proxies Q and P, but

only a general set of union power variables Z, that is, a0

q = a0

p = 0. The theoretical restriction

p = q is tested by b0q = b0p, normalising 1p and 1q to unity. Now the employment reduced-

form contains the term (b0q + b0p)Z, and so b0q = b0p cannot be tested, even when using full-

information methods. Moreover repeating the algebra above reveals that the di�erence

between the models is �12���22 = B2 for the e�cient-contract model, and �12���22 = 0

for the labour-demand model. In other words|reinforcing our discussion earlier|when the

instrumental variables are the same, the test is a nested one, namely B2 = 0. This is the

(standard) test discussed in Section II.

IV. AN EMPIRICAL ILLUSTRATION

The competing labour-demand and e�cient-contract models each specify two equations de-

termining employment and the wage, which necessitates the use of non-nested techniques

in a systems framework. This can be achieved in one of two ways. The models can be

considered as complete, and estimated using full-information methods, or they can be con-

sidered as single structural equations, and estimated using limited information methods

such as instrumental-variables. In what follows, we adopt the latter approach, using the test

proposed by Smith (1989).

The prospects for implementation of our procedure clearly depend critically on data

considerations. It must be acknowledged that it is frequently di�cult enough to �nd measures
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of union power, without having to make the distinction between whether they relate to the

wage or employment part of the bargain. Yet without this distinction, the two models cannot

be separated.

A data set that has the potential for making this distinction is the establishment-level

information collected in the UK by the Workplace Industrial Relations Surveys (WIRS) of

1980 and 1984, which speci�cally asked questions (of establishment managers) that related

directly to the ideas emphasized in the previous section, namely about issues other than pay

that were the subject of negotiation. Each year's survey data taken alone do not provide

enough other information to prove useful for our purposes: no variables are available that

measure the size of the establishment, which is required to parameterize the equation to be

estimated in wage-employment space.12 A number of establishments were, however, surveyed

in both years, some by design, some by accident, from which the WIRS 1984 Panel File has

been assembled. By di�erencing these panel data, we are able to abstract from considerations

of scale. In this way, estimation of the following empirical model is feasible.

IV.1. THE MODEL

The two structural equations to be estimated are the top rows of equations (14) and (16).

Because these equations are linear, we can di�erence out the �xed e�ect. Further we argue

that it is appropriate for the data to be measured in levels, not logarithms, since di�erenced

variables for a small establishment will possibly cause it to be over-represented in the sam-

ple if the di�erences measure percentage, rather than absolute, changes. A linear-in-levels

speci�cation, equation (5), was derived from (2) and (3) earlier, but various modi�cations

are necessary for empirical implementation.

First consider the union's utility function, (2) above. The appropriate wage variables are

the contract wage (w) and the alternative wage (w0), both deated by the consumer price

index, pc. Thus, equation (2) becomes

U = N �

�
w

pc
�
w0

pc

�
; � � 0: (18)

For the �rm,13 we assume that it faces an inverse demand for its output (Y ) of the form

py = p��(Y ); �0

� 0;

12A regression of employment (itself a measure of establishment size) on wages cannot be a labour-demand

or e�cient-contract schedule because the data refer to shifts of the schedule as establishment size varies across

a given cross section.
13The usage of `�rm' reects standard terminology, although as we have already indicated, the unit of

observation is the establishment.
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where py is the �rm's output price and p� is the industry price. For an industry that is

perfectly competitive, �0 is zero, and �(Y ) is normalized to unity. The revenue function can

now be written as

p�R(N;K);

which has the advantage that, irrespective of whether the �rm is able to set a price di�erent

from the industry price, the appropriate deator in the real product wage is the (exogenous)

industry price, which is observed. (The �rm's output price, like its output, is not observed,

but because it is endogenous it can be substituted out anyway.) The linear marginal revenue

product schedule, (3) above, implies that

R(N;K) = �
1

2
�1N

2 + �2NK: (19)

The solutions to the Nash bargains are

N(w;X1) =
1

�1

�
�2K �

w

p�

�
(20)

for the labour-demand model, and

N(w;X1;X2) =
1

�1

�
�2K � (1� �)

w

p�

� �
w0

p�

�
(21)

for the e�cient-contract model. Note that the appropriate deator for w0 is the industry

price, not the consumer price. This occurs when the union's utility function is homogeneous

of degree one in both w=pc and w0=pc, in which case it is written

U =

�
p�

pc

�
U(w=p�; w0=p

�; N)

with the obvious implication that the wedge, p�=pc, cannot inuence the outcome of the

Nash bargain. Our particular functional form exhibits this sensible property.

Although our choices of revenue function (quadratic) and utility function (Stone-Geary)

generate linear structural forms, necessary for the reasons given above, the associated re-

stricted reduced forms for wages are not linear in p and �; speci�cally, they are

w = w0 +
p

2 + p(� � 1)
(�2K � w0)

for the labour-demand model and

w = w0 +
�

2 + �(� � 1)
(�2K � w0) (22)

for the e�cient-contract model.
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The empirical counterparts to both (20) and (21) can be written as

Nit = t + �Wit + �Kit +B0

1
X1it +B0

2
X2it + uit; t = 1; 2 (23)

where i indexes the establishment, t = 1 refers to 1980, and t = 2 to 1984. W � w=p�, where

p� is the SIC 4-digit industry producer price index. W0 � w0=p
� is included, together with

other proxies for the typical worker's opportunity costs, in X2it. Finally, � � �2=�1, but �

is de�ned as either �1=�1 or �(1� �)=�1, depending on which model is being estimated.

Variables that independently inuence revenue (X1 earlier) are separated into the capital

stock, Kit, and any others, X1it. Since the former is the standard measure of a �rm's scale,

its absence from this particular dataset poses a serious problem, to which there are a number

of possible solutions.

The �rst assumes that the capital stock is a �xed e�ect, that is, Kit = Ki in (23).

Di�erencing yields

�Ni =  + ��Wi +B0

1
�X1i +B0

2
�X2i +�ui (24)

where  � 2 � 1, and � represents the change between 1980 and 1984 for any particu-

lar variable. Equation (24) is a simple cross-section regression, and falls precisely into the

instrumental-variables framework discussed above. The associated real-product-wage unre-

stricted reduced forms, the bottom rows of equations (14) and (16) above, are linear in the

di�erences by implication.14

A more general variant is to assume the proportionate change in the capital stock is the

same for all plants:15

Ki2 = �Ki1;

which reduces to the previous case when � = 1. Now the model requires quasi-di�erencing:

Ni2 = � + �Ni1 + ���Wi +B0

1
��X1i +B0

2
��X2i + (ui2 � �ui1) (25)

where �
� 2 � �1 and ��Zi � Zi2 � �Zi1 for any variable Zi. Estimation is by non-

linear instrumental-variables, where an instrument is additionally required for Ni1, which is

correlated with the equation error. The WIRS dataset records total (that is, manual and

non-manual) employment for 1979, the year prior to the �rst survey, which is ideal in this

context.

A third approach is to di�erence (23) as it stands, and replace �Kit by total investment

over the four-year period. Investment at the level of the individual establishment is not

14Were we to adopt full-information estimation methods, these would be derived by linearizing the re-

stricted reduced forms above.
15We are grateful to Mark Stewart for this suggestion.
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observed, but data do exist on investment by SIC 4-digit industry groups. The WIRS data

report the SIC 4-digit code for each establishment, and an estimate of the establishment's

share of the industry's investment can be calculated by dividing by the number of �rms in

the industry.16 This yields

�Ni =  + ��Wi + �Ii +B0

1
�X1i +B0

2
�X2i +�ui (26)

where I � �3

j=0I80+j; It is nominal net capital expenditure deated by the price of plant

and machinery in year t. The advantage of this speci�cation is that it deals with other �xed

e�ects not related to the capital stock, providing our approximation is good enough.

IV.2. THE DATA

The WIRS 1984 panel comprises 235 responding establishments, of which 217 reported that

they employed skilled manual workers, the subset of the workforce on which we have chosen

to concentrate.17 Of these 217, 147 establishments indicated that one or more unions were

recognized for the negotiations of pay and conditions in both 1980 and 1984.18 The 147

unionized establishments reduce to 107 once we impose the further condition that information

should be available for both years on the wages of skilled manual workers and the number

employed; an additional 8 establishments were dropped from the data set because the �rst

di�erence of skilled manual employment seemed implausibly large, suggesting a change in

the nature of the establishment between the two surveys. Absence of investment data forced

the exclusion of a further 21 plants, but 16 of these are public-sector establishments, for

which the �rm-union bargaining paradigms above may be anyway less appropriate. The

outcome is a dataset covering 78 unionized establishments. The descriptive statistics for all

variables used are reported in Table 1.

For employment (N) and wages (w) we take the reported number of skilled manual

employees and their gross weekly earnings. The nominal wage reported is a categorical

variable, and we use the midpoint of each range. For the lowest range (running from zero)

and the open-ended uppermost range, we imposed bounds to close the groups following the

procedure adopted by Blanchower (1984). It should be noted that the survey questions

relating to the wage changed between the two years: in 1980, an average across male and

female workers was requested, but in 1984, the wage of the group forming the majority of the

16The sources for the data required to construct these variables are Business Monitor, published by the

Business Statistics O�ce, and British Business, published by the Department of Trade and Industry.
17This is the only category of the manual workforce for which employment and wage data are available

for both 1980 and 1984. Total manual employment is provided for both years, but not the associated wage.

The latter could be constructed for 1984 as a weighted average, but this is not possible for 1980.
18In 34 establishments, unions were not recognized in either year, and these could be treated as competitive

�rms. No plant changed its status between the two years; see Millward and Stevens (1986).
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relevant skill category was instead collected. This can pose problems for some applications,19

but does not seriously trouble us since the vast majority of our establishments employed only

male skilled manual workers.20 X1it collects the other variables, apart from the capital stock,

that independently shift the revenue function. We include the price of raw materials and

fuel deated by the industry price, Qi � qi=p
�

i , for those plants where this information is

available.21 Although our formal derivation above did not explicitly include raw materials

and fuel (M) as a third factor of production, it is straighforward to show it is consistent with

adding a term �3NM � (1=2)�4M
2 to the revenue function, (19) above, for those plants that

purchase M (otherwise, Qit is set to zero). Both qi and p
�

i are indices (p
�

i1 = qi1 = 100), but

this is not a problem because the regressors are rates of change. We also include six (minus

one) one-digit industry dummies, after di�erencing.22

In our sample, the average fall in employment from 1980 to 1984 was 14 employees, or

8.4%; the real wage increased by 12.8%. Average net capital expenditure was positive, and

real raw material and fuel prices fell by 1.9% (including those industries that do not purchase

M). In spite of the appearance of a negative wage-employment relationship, the correlation

in their changes across plants was only �0.07.

The vector X2it represents variables other than N and w that independently inuence

the union's utility, and typically includes proxies for the alternative wage, w0=p
�. Bean and

Turnbull (1988) use real earnings of fulltime manual workers in manufacturing by region.

Nickell and Wadhwani (1991) do likewise, except by industry rather than region, and also

include the unemployment rate by industry. We employ real earnings by industry, matched to

establishments according to the SIC 2-digit code, and real earnings, and the unemployment

rate, both by region.23 The alternative wage, like the contract wage, rose between 1980

and 1984, by 8.0% across regions and by 9.0% across industry. That the levels of these

two variables are higher than the contract wage is not a problem, as we are concerned with

changes only. The unemployment rate rose 7.4% over this period. Ten (minus two) region

dummies are also added.24

19See, for instance, the complications introduced by this change for the analysis in Stewart (1991).
20Nearly three-quarters of the establishments in our sample employed no women as skilled manual workers

at all, and in over 80% of the establishments the proportion of skilled manual workers that was female was

less than 5%.
21At the two-digit SIC level.
22Using a greater number of dummies, to distinguish between, say, two-digit groups, exhausts too many

degrees of freedom. The six one-digit codes we use are 1 to 6.
23The earnings data are taken from the New Earnings Survey for 1980 and 1984, and the unemployment

data from various issues of the Department of Employment Gazette.
24This is best interpreted as a misspeci�cation check, given that the unemployment rate varies only at

the regional level. This is because the choice of the eight independent dummies is quite arbitrary, yielding

a meaningless estimate on the regional unemployment rate. This parameter can only be interpreted if the

dummies can be dropped. A similar problem occurs with regional earnings: although the data actually vary
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The additional instruments used in estimating both structural equations are the empirical

counterparts to p and q, the scalar quantities (0 < p; q < 1) that measure the power of

the union relative to the �rm in the wage and employment bargains respectively. These are

vectors of proxy variables P andQ. Section III emphasizes that it is variation in such proxies

across establishments that identi�es the structural equation being estimated;25 moreover,

further variation (that is, change) in these variables between 1980 and 1984 is also needed

given that all the instruments in the model will be used as di�erences.

Because we use limited-information estimation methods, we cannot examine the theo-

retical restriction p = q. As we have earlier noted, however, a crucial di�erence between

the two competing models is that Q variables appear only in the e�cient-contract model,

though P variables appear in both. In other words, all that is required is to specify which

indicators of union power are not appropriate if the �rm retains the right to manage.

There are three variables that can represent P, that is, indicate potential power in a

wage, and possibly employment, bargain: a union density variable, the proportion of full-

time manual employees in the establishment who were members of unions, plus two dummy

variables. The �rst takes a value of one when some or all manual workers had to be members

of a union to have or keep their jobs (a closed shop) and zero otherwise,26 and the second

dummy takes a value of one when this arrangement required that some or all of the workers

had to be union members before starting work (a pre-entry closed shop) and zero otherwise.

As we have already noted, because it is di�erences in P that are to be used as instruments

in our estimation, su�cient variation is required between 1980 and 1984 to render these

proxies useful. There is some, albeit weak, evidence of such variation. Table 1 shows that

there was almost no change in average union density for our sample, but within individual

establishments there was considerable change, as is evidenced by the standard deviation of

the di�erence of 11.0%. The number of establishments (out of 78) reporting a closed shop

increased by 8, o�set by a fall of 5 in pre-entry closed shop; more importantly, 9 report a

change in closed-shop status between the two years, and 11 report a change in pre-entry

for each plant, this is only because p� varies across industries.
25Earlier authors, notably Bean and Turnbull (1988, p. 1094), have recognised that the choice of instru-

ments is important and di�cult, without the added complication of separating potential candidates into

either P or Q. Brown and Ashenfelter (1986) attempt to identify their e�cient-contract schedules using

lagged contract wages, MaCurdy and Pencavel (1986) use city dummies and time trends, whereas Card

(1990) makes use of imperfect indexation provisions, that is, unexpected real wages are used as an instru-

mental variable. Bean and Turnbull (1988) themselves use proxy variables for the status quo points in the

bargains as instruments.
26In the 1984 survey, a distinction was made between required closed shops and those recommended by

the management. Stewart treated only the former as closed-shop agreements, but expresses the concern

that, in the absence of such a distinction in the 1980 survey, some recommended closed shops may have been

identi�ed with the required closed shops (1988, p. 24n). We have reversed his procedure, so our concern is

that such recommended closed shops were not so identi�ed in the 1980 survey.
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closed-shop status.

Respondents to WIRS were also asked various question about issues besides pay that

a�ect the largest negotiating group. Five issues were o�ered as possibilities: physical working

conditions, recruitment, redeployment, redundancy pay, and sta�ng levels. We constructed

�ve dummy variables, one for each of these categories, set to one if it was indicated that this

issue was the subject of negotiation (either at the establishment or at a higher level) and

zero otherwise; these are used to represent Q. Notice that the survey does not ask whether

employment itself is subject to negotiation; that employment is not subject to negotiation is

well-established (for the UK, see, for example, Oswald (1993) and Booth (1995, p. 121)). In

this context the literal interpretation of the e�cient-contract model is clearly inappropriate.

The real issue is whether changes in these dummies are correlated with both changes in

employment and wages in the reduced forms for the e�cient-contract model.

It should be emphasized that, although the �ve questions were asked about issues besides

pay that are negotiated over, it is not clear that redundancy pay is necessarily a Q variable.

Another possibility is to treat the response as a general indicator of potential bargaining

power, that is include it as a P variable. The e�ect of doing so is addressed below.

In the case ofQ, there is considerable variation between 1980 and 1984, which can be seen

from the following two summary tables. In the �rst table, the initial two columns report,

for each issue, the number of establishments in each of the two years that indicated that

the issue was the subject of negotiations. For a particular issue, the di�erence between the

two columns understates the true variation unless all establishments changed in the same

direction, so the third column records the number of establishments reporting a change

between the two years.

Issue Gross
(78 plants) 1980 1984 Change
Physical conditions 74 60 18
Recruitment 47 27 29
Redeployment 73 60 16
Redundancy payments 76 44 32
Sta�ng levels 54 41 27

The second table provides a crosstabulation of the number of nonwage issues negotiated in

1980 and the number negotiated in 1984.

16



1984
1980 0 1 2 3 4 5 Total
0 1 1
1 2 2
2 1 1 1 3
3 4 5 3 2 2 16
4 1 5 3 3 12
5 1 7 3 12 9 12 44

Total 8 8 10 21 14 17 78

This evidence establishes that the dummy variables proxyingQ in our sample27 do exhibit

a reasonable degree of variation between the survey years. It also indicates a fall in the

number of issues negotiated over, from an average of 4.15 in 1980 to 2.97 in 1984. This

could be interpreted as a shift away from e�cient bargaining in 1980 towards wage-only

bargaining in 1984. Because of the need to di�erence the data, which imposes constancy on

the parameters in (17), this hypothesis cannot be examined here.

Of course p could have fallen as well as q, which would then be interpreted as evidence in

favour of the e�cient contract model. If so, we would expect that our proxies are (positively)

correlated, as well as both being correlated with employment and wages. To examine this

question, we summed the elements of Q for each establishment, that is, the number of

nonwage issues that were the subject of negotiation, and calculated the correlations of this

measure with the three components of P. The results are as follows:

union post-entry pre-entry
density closed shop closed shop

1980 0.0176 0.0941 0.0245
1984 0.2231 0.2215 0.0312

For the di�erences in the number of issues between 1980 and 1984 (denoted by �), and the

di�erences in the components of P, the correlations are:

change in change in change in
union post-entry pre-entry
density closed shop closed shop

� �0.2425 �0.1550 �0.0634

There is no evidence of a relationship between our proxies for p and q.

27For details of these variables in the full WIRS samples, see Millward and Stevens (1986).
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IV.3. RESULTS

Before discussing our results, a number of matters merit some discussion. First, one po-

tential avenue for discriminating between the two models is that the labour-demand model

implies a distinct sequence of events: wages are bargained �rst, followed by the �rm setting

employment, the argument being that the wage is negotiated once a year, with employment-

related changes occurring more frequently. The data we have cannot make use of this a

priori information, since they refer to one year or wage round. Instead, N and w are simply

treated as jointly determined in both models; this is checked using standard exogeneity tests.

If the wage is endogenous, Sargan's overidenti�cation test is also reported.

Second, large plants, which tend to be more heavily unionized, were oversampled in

WIRS. We cannot tell to what extent our much smaller sub-sample is non-representative;

this is just one among a number of reasons why we report heteroskedastic-consistent standard

errors.

Third, though we recognize that static models of labour demand are generally misspec-

i�ed, we nonetheless eschew a dynamic generalization of (23). There are two reasons. Pri-

marily, the data are not adequate, since they record total employment for 1979 or 1983, not

the skilled manual employment, the behaviour of which we are attempting to explain. Also,

there is no corresponding information on right-hand-side variables for these years. But even

if there were adequate data, the relationship between dynamics and �xed e�ects is a tricky

one in these models, given that di�erencing is used to remove the �xed e�ects. In fact each

model could be viewed as being an ADL(1,1) with a common-factor restriction of unity being

imposed, but whether the data are picking up any genuine dynamics is not clear.28

Fourth, the unconditional sample means for the dependent variable, by region, display

little variation: the F (9,68)-statistic for the null hypothesis of no variation is 0.84 [0.58].29

There is, however, variation in the unconditional means by 2-digit industries (F (5,72)=2.54

[0.036]). This disappears when estimating the conditional means, as neither set of dummies

(region or industry) was signi�cant, and they were therefore dropped from the equations,

and from the instrument sets (where appropriate). Their omission allows a meaningful

interpretation of the proxies for the alternative wage (see footnote 24 above).

Finally, in all speci�cations the capital stock variable was the most signi�cant variable,

so (26) was preferred to (24) and (25) as a method for dealing with the scale problem.

An additional comment is appropriate before we turn to a consideration of the results

28Lockwood and Manning (1989) have formalized the use of costs of adjustment in union-�rm bargaining

models and show that dynamic bargaining involves more than simply adding lagged employment terms to

the static regressions that we estimate.
29We report F -statistics throughout, since they are the best small-sample approximation to asymptotic

chi-square distributions. P -values are reported in square brackets.
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themselves. In the light of the various quali�cations regarding the quality of the data|

for example, there are only 78 plants, there is no directly observed control for the size of

the plant, and the dependent variable is skilled manual employees only|it is important to

avoid the temptation to read much into the results. We should stress, therefore, that our

purpose in this exercise is solely illustrative. We seek only to demonstrate how application

of the standard model can lead to inappropriate conclusions, and thereby to emphasize the

empirical importance of the speci�cation of the instrumental variables.

Table 2 presents our results, based on di�erences of the 78 observations.30 Columns 1

and 3 report instrumental-variable estimates of the e�cient-contract and labour-demand

models; columns 2 and 4 are the equivalent least-squares estimates. The �fth and sixth

columns are the reduced forms for employment and contract wage respectively. Both are

speci�ed with a full set of instruments, that is, they correspond to the e�cient-contract

model.31

The contract wage in the labour-demand model is reasonably well determined when

estimation is by instrumental-variables (column 3). The exogeneity test compares columns 3

and 4, and suggests that the least squares estimates should be discounted. The contract wage

in the e�cient-contract model is less well-determined, so the choice between instrumental-

variables and least-squares is less clear-cut. This, of course, may simply reect a vertical

contract curve as a consequence of risk-neutral union preferences, with the alternative wage

picking up any wage-employment correlations.

If the coe�cients of the e�cient-contract model are interpreted in the context of the utility

function and the linear marginal-revenue function given in equations (18) and (19), then the

two alternative wage variables should be combined. For the instrumental-variables case,

column 1, if the restriction that the two coe�cients are equal32 is imposed, the (restricted)

parameter estimates are �0.137 for the contract wage and �0.153 for the alternative wage.

These yield �1 = 3.45, and a value of 0.53 for � in the utility function, which suggests a

smaller weight on employment than on the per-worker rent. (This is why the contract curve

is downward sloping.) In the least-squares case it is the alternative wage, not the contract

wage, that shows up, mainly through the industry proxy. Summing the two alternative wage

estimates yields �1 = 3:92 and � = 0:97.

For the labour-demand model, �1 = 4:05, and so the �rst three columns of results generate

quite similar estimates of �1. A direct estimate of the employment-contract wage elasticity

30The estimation packages were DPD, written in the Gauss programming language by Arellano and Bond

(1988), and TSP.
31The equivalent reduced forms for the labour demand-model, not reported, omit the �ve Q variables.
32The F (1,70) statistic is 0.003.
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of about 1.80 is implied,33 which is quite high. The estimate on the capital stock is also

similar for the �rst three columns, that is d�N=dI is estimated at about 320, converting

to an elasticity of 0.056. In the absence of capital-stock data, an elasticity of employment

with respect to the capital stock cannot be computed. The coe�cient on the real price of

raw materials and fuel is, however, less robust, though always positive, indicating that the

substitution e�ect dominates the scale e�ect, a �nding not in line with most UK evidence.

Both employment and the real price of raw materials and fuel did, however, fall on average

over the four-year period. The estimate is probably poorly determined as a consequence of

there being 49 out of 78 plants for which the price is zero.

We now examine whether the reported results support the labour-demand model or the

e�cient-contract model. Past practice has typically involved assessing the joint signi�cance

of coe�cients onX2. If we were to take this route, a test statistic could be calculated from the

results reported in Table 2 in one of three ways. Either the least-squares estimates (column 2

versus column 4) or the instrumental-variables estimates (ensuring that the instrument sets

are the same for both the null and alternative hypotheses) could be used, and in the latter

case, Q could be included in, or excluded from, the instrument set. The F (3,71)-statistics

[P -values] for these three cases are 1.07 [0.37], 0.28 [0.84] and 0.21 [0.89], none of which is

signi�cant, which would be interpreted as failure to reject the null, and hence con�rmation

of the labour-demand model.

Consider again Figure 1 in the context of the two models estimated by instrumental

variables. When the e�cient-contract model is estimated, union preferences take their usual

shape, the point estimate of � being 0.53. This parameter (together with the parameter on

the regional unemployment rate) is not estimated with enough precision for it to reject the

null hypothesis that the labour demand model is true. By construction, therefore, � = 0,

that is the union's indi�erence curves are at. This is the basis of our argument in Section II

that this approach is restrictive. Figure 2 illustrates the more general case.34 Section III

showed that a direct comparison of the labour-demand model against the e�cient-contract

model is not possible in this framework, and a non-nested test is required to distinguish

between the models. We therefore apply such a test, and since our exposition of the non-

nested framework rests crucially on employing alternative sets of instrumental variables, we

consider in what follows only columns 1 and 3 of Table 2.

For the limited information approach we have adopted, we choose a non-nested test with

33The ratio of sample means was 6.46 in 1980; 7.96 in 1984.
34Unfortuately when limited information methods are used, an estimate for � cannot be obtained for the

labour-demand model. If full information methods were used, this would be obtained from the restricted

reduced form for the contract wage, equation (22) above.
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a J-test interpretation.35 The information from the `other' model is unidimensional, and is

constructed by a projection of the structural residual on the own instrumental-variables set,

then added to the model being tested; the signi�cance or otherwise of this information is

interpreted in the usual way.

When the labour-demand model is the null hypothesis and the e�cient-contract model

is the alternative, the F -statistic is 0.90; if the hypotheses are reversed so that the e�cient-

contract model becomes the null, the F -statistic is 0.91. The two models are therefore

observationally equivalent, quite a di�erent conclusion from that of the traditional approach,

where the e�cient-contract model is clearly rejected.

We indicated above that the redundancy pay dummy might be better treated as a P than

as a Q variable. Such a reclassi�cation cannot have any e�ect on our reported estimates for

the e�cient-contract model, as the instrumental-variables set is unchanged. The estimates

for the labour-demand model will necessarily change, there being one more instrument (M =

10), but they alter by so little they are not reported. When the labour-demand model is the

null hypothesis the F -statistic is 5.14; when the e�cient-contract model is the null hypothesis

it is 6.29. Now the alternative model is rejected, whichever model is the null.

Clearly, the test outcomes are sensitive to the choice of instrumental variables. We

view this as a demonstration of the validity of our approach, which emphasizes the role of

instrumental variables in identifying the structural-form parameters of interest. Whether

redundancy pay is best treated as a P or a Q variable is left as an open question, but one

implication of the sensitivity of our results to the choice one makes is that the redundancy

pay dummy is strongly correlated with either employment or the contract wage or both. In

fact, it has the biggest e�ect on employment of any of the Q variables: those plants that did

not negotiate redundancy pay lost, on average, 42 more employees between 1980 and 1984

than those that did not.

We now examine the estimated reduced form equations, columns 5 and 6 of Table 2, to

establish which features are driving our results. (The relationship between the two models

and the two reduced forms are given by equations (15) and (17) above.) In general most

variables are more strongly correlated with employment than the contract wage, but those

variables that are correlated with the contract wage help identify �, the parameter on the

contract wage in both structural models, as � is identi�ed by all expressions of the form

�1i � ��2i = 0 (equations 15b, 15d, 17d). For the e�cient-contract model, � is e�ectively

identi�ed by correlations in the industry wage with both employment and the contract

wage;36 for the labour demand model � is also identi�ed by the pre-entry closed shop dummy.

35For details of this test, see Smith (1989).
36
b� � �(�0:124)=0:898
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(This explains why the contract wage is better determined when instrumental variables are

used, given that employment and wages are themselves uncorrelated.) Notice also that the

coe�cients on X1 are mainly determined in the employment reduced form, because the ��21

terms in (15a) and (17a) are much smaller than the �11 terms.

As noted in Section III, the �rst potential di�erence between the two models is which of

equations (15b) or (17b) is better supported by the data. Since we have already argued that

the industry wage identi�es �, and because B2 in the e�cient contract curve model is close

to zero, the evidence favours (15b), the labour-demand model. This part of the comparison

is the standard approach.

The second potential di�erence between the two models arises because of the �ve variables

in Q that are included in the two reduced forms for the e�cient-contract model, but are

excluded from those for the labour-demand model. Recall that these are central to the

non-nested nature of the two models: without them the models are nested. In the equation

reported in column 5, the employment reduced form for the e�cient-contract model, the

variables are jointly signi�cant at a 11% signi�cance level: F (5,64) = 1.89. They are,

however, much less well determined in the equivalent reduced form for contract wages in

column 6: F (5,64) = 0.19. This constitutes evidence against the labour demand model, that

is equation (15c) does not hold. It also suggests that (17c) does not hold.

Taken together there is evidence against both models. Whether this evidence is strong

enough for a formal rejection in the non-nested test statistics depends on whether the re-

dundancy pay variable is a P or Q variable. When it is a P variable, there is an extra

over-identifying restriction in �1p � ��2p = 0. Because the estimated coe�cient in the con-

tract wage reduced form (not reported) is insigni�cant, this is enough to reject the labour

demand model, and therefore the e�cient-contract model. As a consequence the Sargan test

increases from 0.28 to 0.80.

The reader may feel that, given our expressed quali�cations regarding the quality of

the data, we are falling foul of our warning and reading too much into the results. We

re-emphasize, therefore, that we seek only to illustrate that, given our data, if there were

no separate Q variables, but only general union power proxies P, we would not be able to

reject the labour-demand model against the more general e�cient contract model. In our

approach, because employment is correlated with the Q variables, this constitutes evidence

against the labour-demand model (that is, q 6= 0 in Manning's framework), and so a di�erent

test outcome is obtained, namely that the two models cannot be separated.
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V. SUMMARY

We argue that the labour-demand model is not in general a special case of the e�cient-

contract model, and that nested tests that distinguish between the two in terms of restrictions

on the union's utility function are restrictive. Following Manning (1987), we advocate a more

general approach that allows the utility function to be the same for both models and focuses

instead on what we regard as the critical distinction between the two models, namely the

power of the union to negotiate over employment. In this framework, the labour-demand and

e�cient-contract models, although non-nested, are nested within Manning's general model.

A central feature is the variation in the set of instrumental variables across the models under

consideration.

The advantage of our approach is demonstrated in an illustration based on an imple-

mentation that uses the WIRS 1984 Panel File. Our non-nested test outcomes suggest that

the labour-demand and e�cient-contract models cannot be separated, which is a result that

could never be reported in standard comparisons of the two models, where variables that

shift union preferences are added to a standard labour demand equation, and tested for sig-

ni�cance. Such a test, faced with our results, would incorrectly reject the e�cient-contract

model against the labour-demand model, given the observed correlations between employ-

ment and alternative wages, and between employment and the variables we have used to

proxy power in employment bargains.

Our approach is di�erent because it tests whether outcomes are e�cient, instead of

retaining e�ciency as part of the maintained hypothesis. In particular, the labour-demand

model does not require e�ciency for it to reject the e�cient-contract model, as is usually

required in the design of tests that attempt to discriminate between these competing models

of wage and employment determination in unionized labour markets.
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Figure 1: The standard, nested approach
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Figure 2: Our proposed, non-nested approach
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Table 2: Instrumental Variables Estimationa;b;c

Model: E�cient Contract Labour Demand Reduced Form

Estimation Method: IV OLS IV OLS OLS OLS

Dependent Variable: Employment Employment Employment Employment Employment Contract Wage

IVs: X1,X2,P,Q X1,X2,P

Contract Wage {0.143 (0.171) {0.008 (0.040) {0.247 (0.139) {0.023 (0.042)

X1 Variables

Constant 33.7 (53.7) 18.6 (46.0) 9.13 (23.1) {20.1 (8.28) 38.5 (48.1) 117.1 (144)

Capital Stock 308 (122) 345 (101) 285 (131) 294 (127) 249 (102) {108 (433)

Real Price of Raw

Materials and Fuel 243 (243) 319 (203) 111 (128) 28.9 (103) 272 (192) {413 (664)

X2 Variables

Industry Wage {0.061 (0.284) {0.190 (0.171) {0.124 (0.156) 0.898 (0.640)

Region Wage {0.088 (0.268) {0.057 (0.258) {0.186 (0.249) {0.147 (0.699)

Region Unem. Rate {3.76 (6.05) {3.14 (5.69) {7.13 (6.38) {6.34 (18.0)

P Variables

Union Density {121 (70.3) 114 (258)

Closed Shop 15.4 (17.0) 59.5 (82.6)

Pre-entry Closed Shop 17.6 (13.8) {91.1 (77.7)

Q Variables

Physical Conditions 2.08 (14.8) 67.5 (72.3)

Recruitment 28.9 (22.3) 13.0 (59.7)

Redeployment {19.6 (15.9) {23.6 (73.6)

Redundancy Pay {42.0 (18.2) 7.11 (59.7)

Sta�ng {12.9 (18.2) {15.9 (59.1)

No. of IVs (M) 14 9

No. of regressors (k) 7 7 4 4 14 14

SSR 454649 391210 593899 408961 332430 3348270

Standard error 80.02 74.22 89.58 74.34 72.07 228.7

R-squared 0.063 0.125 0.284 0.086 0.256 0.104

Adjusted R-squared {0.015 0.514 {0.109 0.048 0.105 {0.076

IV minimand 56265 11343

Non-nested testd 0.91 0.90

(1,78�k�1) [0.34] [0.35]

Sargan test 1.25 0.28

(M � k,78� k) [0.28] [0.92]

Exogeneity test 0.46 3.01

(1,78� k � 1) [0.50] [0.09]

Added region dummies 1.09 1.12 0.67 0.90

(78� k � 9)e [0.38] [0.36] [0.74] [0.53]

Added industry dummies 0.64 1.10 0.67 1.20

(78� k � 5) [0.67] [0.37] [0.65] [0.32]
aStandard errors and variances in parentheses below estimates are heteroskedastic-consistent estimates.
bAll variables are di�erences between 1984 and 1980 values.
cThe number of observations is 78.
dAll test statistics reported are distributed F under H0. P -values are reported in square brackets. The degrees of freedom for

each test statistic are given in parentheses beneath the name of the test.
eThere are only 8 region dummies when the region's unemployment rate is included.
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