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Abstract
This paper examines the interaction between product market and labor
market imperfections and discuss the impact on total factor productivity
(TFP). By merging the empirical and theoretical Industrial Organization
(IO) literatures on production functions, we contribute to the existing literature in two ways.
First, following the idea of McDonald and Solow (1981), later contextualized in a IO framework by Bughin (1993), we provide a simple way to
model how firms deal with labor market rigidities.
Second, correcting for both simultaneity and omitted output price, we
analyze to what extent the estimate of unobserved productivity is sensitive
to the omission of labor market imperfection.
Using a firm-level dataset of 21 Dutch manufacturing industries over the
period 1989–2008, we show that, neglecting a “wage markup”, might lead to
an underestimation of the true value of the price–cost margin at the aggregate
level and leads to an optimistic scenario of growing firm–level productivity.
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Introduction

In the last years, research in empirical industrial organization has focused
on the endogeneity issues concerning the estimation of production functions
at the establishment level. The most recent estimation techniques rely on a
two–step estimation method introduced by Olley and Pakes (1996) and later
extensions/modifications (Levinsohn and Petrin (2003); Wooldridge (2009)).
Parallel to the econometrical literature, another strand of research, led
by the seminal papers of Hall (Hall (1986); Hall (1988); Hall (1991)), has
focused on imperfections in product or in labor markets (Dickens and Katz
(1987)).
Only a few studies study the possibility of having imperfect competition
in both product and labor factor markets. Among others, Bughin (1993),
Bughin (1996), Crépon et al. (2002), Dobbelaere (2004), and Galı́ et al.
(2007), consider the possibility of imperfections in both product and factor
markets, by taking into account that wages are no longer exogenous.
Bughin, studying the Belgian chemical industry (Bughin, 1993) and four
Belgian manufacturing sectors (Bughin, 1996), considers imperfections in
product and factor markets, but does not provide insights on the unobserved
productivity. Moreover, he does not consider all kinds of endogeneity issues.
Also in Crépon et al. (2002) and in Dobbelaere (2004), the main focus is only
on the heterogeneity in price–cost markup and workers bargaining power parameters, rather than on productivity and on endogeneity issues (they do
not consider selection or omitted output price biases).
With this paper, we contribute by merging these two literature, so as
to provide an informative and intuitive way to model how firms deal with
rigidities that prevent them to set the marginal revenue product of labor
equal to its marginal cost. The starting set–up originates from the idea of
McDonald and Solow (1981). They assume that both wages and labor are
bargained between firms and unions. We show how this efficient bargaining
affects the firm’s product (pricing) decision, hence its market power. In
particular, using a firm-level dataset of 21 Dutch manufacturing industries
over the period 1989–2008, we show that, neglecting a “wage markup”, might
lead to an underestimation of the true value of the price–cost margin at the
aggregate level. The underestimation of the product markups is significant
and vary between 2% and 3%.
Moreover, correcting for both simultaneity and omitted output price, we
analyze to what extent the estimate of unobserved productivity is sensitive
to the omission of labor market imperfection.
2

The paper is organized as follows. In Section 2, we formulate a measure of
total factor productivity (TFP) that allows for both output and labor market
power. Section 3 reviews the main estimation techniques. Section 4 describes
the data and results on the relevant structural parameters are reported in
Section 5. In Section 6 we discuss the possible policy implications concerning
the results for the TFP measure. In the final section we conclude.

2

The model

2.1

The standard setting

Assuming a Cobb-Douglas production function, the gross output Qit of firm
i at time t, relates to three specific inputs as follows:
Qit = Ait KitθiKt LθitiLt MitθiM t ,

(1)

where Kit denotes capital, Lit labor, and Mit intermediate goods, the latter
consisting of materials and energy, for firm i at period t. Ait represents the
Hicksian neutral efficiency level of firm i, and is defined as TFP.1 Taking
natural logs of (1) results in a linear production function,
qit = θ0 + θiKt kit + θiLt lit + θiM t mit + ait

(2)

where lower-case letters refer to natural logarithms and ln(Ait ) = θ0 + ait .
θ0 measures the mean productivity level across firms and over time, while
ait is an unobservable (to the econometrician, but partly known from the
producer) firm and time–specific deviation from that mean.
The time-varying, input-dependent elasticity of scale θit is equal to the
sum of all output elasticities with respect to the three nonnegative factor
inputs:
θit ≡

X
k∈K,L,M

X
∂Qit Xikt
=
θikt .
∂Xikt Qit
k∈K,L,M

It is well known that direct OLS estimation of the logarithm of (2) potentially yields biased results, as the input choices are likely correlated with
the error term ait .
1

MFP (Multi-Factor Productivity) is sometimes used interchangeably with TFP, even
if there is a slight difference between what they may include. Indeed, taking into account
all the factors influencing output levels can be unrealistic, therefore MFP may be a more
appropriate term to use. However, the term TFP continues to be used more widely.
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2.2

Omitted prices

As we observe deflated gross output, input coefficients will be biased as firmlevel price variation is correlated with input choice. To see this, we can
express the deflated gross output as Yit ≡ Qit (PPitj )Pit , where Pit is the price
t

of firm i at time t, and Ptj is the industry j (≡ j(i)) price index. In logs
yit = qit + (pit − pjt ). If we then would take equation (2) with yit as dependent
variable, the unobserved firm-level price deviations (pit − pjt ) will enter the
production function (2) as an extra error component, introducing correlation
with the input choices, E(xit (pit − pjt ) 6= 0), where xit = (lit , kit , mit )0 , and
yielding biased input coefficients (Klette and Griliches, 1996).
Therefore, in order to estimate the production function consistently without information on establishment-level prices, it is necessary to impose some
structure on the demand system (Foster et al., 2008).
Following Klette and Griliches (1996) and Loecker (2007), a simple conditional Dixit-Stiglitz demand system is expressed as:
Qit = Qjt (Pit /Ptj )ηit exp(udit )

(3)

where Qjt is the sector j production index, and udit is an idiosyncratic firmspecific demand shock. Moreover, assuming that consumers have an unbounded taste for variety, it is reasonable to assume that every firm will
produce a distinct variety, and ηit is the firm-specific cross price elasticity
of demand for differentiated goods in the industry. Taking logarithms and
deriving for pit , the demand in equation (3), can be rewritten as
pit = pjt +

1
1
(qit − qtj ) − udit .
ηit
ηit

(4)

Taking into account the demand (4), the log deflated output can be expressed
as
yit = qit +

1
1
(qit − qtj ) − udit .
ηit
ηit

(5)

Finally, substituting qit with the production function (equation (2)), the
deflated gross output can be written as:
yit = γi0t + γiKt kit + γiM t mit + γiLt lit + ãit −

1 j
q + uit ,
ηit t

(6)

where the error uit ≡ −udit /ηit , the unobserved productivity ãit ≡ ait /µit
γi0t ≡ θ0 /µit , γikt ≡ θikt /µit , k = K, L, M , and µit ≡ ηit /(1 + ηit ) is defined as
the markup for ηit < −1, such that −1/ηit = (µit − 1)/µit > 0.
4

2.3

Labor market rigidities: union bargaining power

We now relax the conventional assumption of perfect competition in the labor
market, allowing both firms and workers’ union to have some market power.
Many authors have studied the influence of market power of unions, by introducing wage rigidities through efficiency wages. For instance, Hall (1991)’s
model assumes that the firm wages and level of employment are jointly determined according to an efficient bargaining scheme between the firm and
its workers. Following the McDonald and Solow (1981) efficient bargaining
model, in which both wage and employment are bargained between firms
and their workers, we show that the wage of workers is determined at a level
which is higher than the firm’s marginal revenue of labor. Workers in firms
with some degree of market power on the output market can earn wages that
are much higher than the competitive industry wage level.
Introducing the nominal input prices Rit , Wit , and Zit as firm i’s rental
price of capital, wage rate, and unit price for intermediate goods, respectively,
the efficient bargaining model can be summarized as follows.
The workers in the firm bargain with the firm over both the levels of employment Lit and of the wage Wit . According to McDonald and Solow (1981)
the workers’ objective in their efficient bargaining model can be specified in
two alternative ways. Either as the unions aggregate gain to the workers
from membership, Lit (Wit −W it ), or, taking account of the unemployment
benefits, as Lit Wit +W it (Nit − Lit ), where W it is the reservation wage (i.e.
the theoretical wage valid on an imperfectly competitive output market and
a perfectly competitive labor market), Wit the negotiated wage, and Nit is
the labor supply. McDonald and Solow (1981) judge the first specification
as the most appropriate one for real life. In fact, in the second specification,
if W it falls, the firm would have to increase its wage offer to make up for a
reduction in W it , to keep the level of union utility unchanged. Hence, we
advocate McDonald and Solow (1981)’s suggestion and take Lit (Wit −W it )
as the union utility function.
The firm’s objective is to maximize its short run profit, given by the
difference between the total revenue and the total costs, i.e., as Pit (Qit )Qit −
Wit Lit − Rit Kit − Zit Mit .
The efficient bargaining model can be written as a weighted average of
the logarithms of workers’ aggregate gain from union membership and the
firm’s short run profit:


max φit log(Lit (Wit − W it )) + (1 − φit ) log(Pit (Qit )Qit − Wit Lit − Rit Kit − Zit Mit ) ,
Wit ,Lit

5

where φit ∈ [0, 1] is the degree of union bargaining power.
The best-known formal solution to this efficient bargaining model is Nash’s
one. Hence, maximizing with respect to employment and to wage, and then
combining the two first order conditions, yields the reservation wage:2
W it =

Pit (Qit ) ∂Qit
∂Pit (Qit )Qit
=
.
∂Lit
µit ∂Lit

(7)

Further, we can express the bargained wage rate as a function of the
bargaining parameter, φit , and the ratio between profits and cost of labor
(see the Appendix for the derivation):
Wit − W it
φit (Pit (Qit )Qit − Wit Lit − Rit Kit − Zit Mit )
=
.
Wit
1 − φit
Lit Wit

(8)

it
Now, defining WitW−W
≡ hit as the wage markup, one can see how this is
it
directly depending on the union’s bargaining power.

2.3.1

Discussion

From the solution of the efficient bargaining model, we can derive a simple
expression for the elasticity of labor. In particular, multiplying both sides of
(7) by Lit /Qit and after some simple algebraic manipulations, we can express
the labor elasticity as a function on the labor share and the wage markup:
γiLt ≡ θiLt /µit = siLt (1 − hit ).

(9)

We then make use of (9) in the estimating equation (6), to derive the labor
elasticity, as well as the wage markup. To retrieve the bargaining parameter
φit , we use equation (8). The resulting production function is:
yit = γi0t + γiKt kit + γiM t mit + (1 − hit )sit lit −

1 j
q + ãit + uit ,
ηit t

(10)

where we can directly obtain an estimate of hit , along with the estimation of
the other regression parameters.3 .
2
3

The complete derivation of the efficient bargaining model is provided
 in Appendix. 
φit
Πit
,
We can alternatively specify the labor elasticity as γiLt = siLt 1 − 1−φ
it Lit Wit

where Πit ≡ Pit (Qit )Qit − Wit Lit − Rit Kit − Zit Mit . Plugging this expression into the
φit
estimating equation, we can directly obtain an estimate of 1−φ
. Indeed the resulting
it
estimating equation becomes:
yit − sit lit = γi0t + γiKt kit + γiM t mit −

Πit
1 j
φit
sit lit
−
q + ãit + uit . (11)
1 − φit
Lit Wit ηit t

We use this specification as a robustness check.

6

At this stage, it is intuitively clear how the exclusion of frictions of the
labor market might lead to underestimating the firm’s market power. As a
matter of fact, when there is no imperfect competition on the labor market,
firms set the wage at the lowest value possible, ultimately equal to the competitive wage W it = Wit (and, therefore, hit = 0). For Wit that tends to
W it , the markup decreases, given that the elasticity and the share of labor
are constant, which is inversely related to the output markup µit .
This apparently direct relationship between the wage and the product
price markup could be mistakenly interpreted as if the larger the firm’s rent,
the larger the wage markup (as in Dobbelaere (2004)). However, it is just an
underestimation of the true level of price–cost margins that is caused by the
omission of direct effects of wage bill on marginal costs (Bughin, 1993). As a
matter of fact, finding a significant estimate for the wage markup parameter
hit means that the workers’ unions have a degree of bargaining power which
erodes the existing monopoly rents. Therefore, price–cost margins and wage
markups should be negatively correlated.
Estimation of equation (10) can be done following several estimation approaches. In section 4, we will discuss results from GMM estimation and
other more recent approaches, such as the Levinsohn and Petrin (2003)’s
two–stage (LP, 2003), and the Wooldridge (2009) GMM. To follow these
two latter approaches one needs to make certain timing assumptions which
might be incompatible with our model. Therefore, we report results from
these other two approaches only for the whole manufacturing industry and
we do not discuss them in detail at the sectoral level.

3

Review of estimation techniques

Before discussing the results, we want to review and discuss the most recent
estimation techniques.

3.1

The within and GMM estimators

Assuming that the unobserved productivity is constant over time (ãit =
ãi ), the potential endogeneity between ãi and the regressors is controlled
by exploiting the panel structure of the data (fixed–effects model). This
approach, besides having the evident disadvantage of assuming no changes
of productivity over time, requires a strict exogeneity assumption, where the
7

error term uit is assumed to be uncorrelated with input choices.
The reason why this assumption does not hold is because uit could contain information on exogenous and unpredictable shocks (unexpected deregulation or privatization) that may affect the inputs prices, thus the inputs
choices.
If we are not willing to assume strict exogeneity and we believe that ãit
evolves over time instead, we need to solve the simultaneity issue by means
of instrumental variables (IV). The choice of the GMM estimator, in a static
framework, can be legitimized by a small exit rate. Given that the exit rate
is equal to 2.7%4 , the selection bias is negligible and we can discount the
potential negative correlation between capital input and the error term (see
Olley and Pakes (1996); OP, for brevity). Furthermore, given our choice of
static representation of a firm’s production function, the simultaneity between the firms’ inputs choice and their knowledge of some part of the error
term ãit (that can be interpreted as technology and/or management) can be
controlled in two ways.
Moreover, to allow for arbitrary heteroskedasticity and clustering on firm,
GMM estimation is required.
The moment condition necessary to estimate equation (10) is:
E ((ãit + uit ) · xit ) = 0
where xit ≡ (qtj , lit−1 , lit−2 , mit−1 , mit−2 , kit−1 , kit−2 )
The cost of adopting this static approach is that we do not allow for the
possibility that the unobserved productivity could be correlated with past
choices of inputs.

3.2

The Olley and Pakes (1996) estimation algorithm
and its derivatives

The other two approaches are a two–step estimation method introduced by
OP (1996) and later modified by LP (2003) and a variant of the LP estimator
proposed by Wooldridge (2009) who provides sufficient orthogonality conditions to identify all the relevant parameters and to obtain efficient GMM
estimates and standard errors in one step.
Both the LP and Wooldridge approaches rely on the OP specification of
a dynamic model that controls for both simultaneity and selection problems.
4

See the description of the data.
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At each period, the firm decides whether leaving the market or continuing
to produce. If it exits, it will receive a sell–off value; if it continues, it
maximizes the current profits and the expected profits of next period, given
the investment and exit decisions. Both investment and exit depend on the
level of productivity and on the state variables. To select the state variables,
OP make a crucial assumption on the timing and dynamic nature of inputs,
that is some inputs are more “dynamic in nature” than others.
In particular, OP define the capital as a dynamic input, because its choice
of the current period affects the choice of the next period. This directly implies that the choice of labor has no dynamic implications. But if labor
contracts are long term, as in unionized industries, then it is evident how the
assumption of non-dynamicity of the labor is void.
Therefore, if labor has to be considered as a dynamic input, the optimal
static solution of the efficient bargaining clearly cannot fit into the Markovperfect dynamic model proposed by OP.
However, if we are willing to assume that labor does not enter the profit
function, and, more importantly, that the bargained level of labor today has
no impact on the future bargained level of tomorrow, we can then use the
LP approach.
LP propose to use intermediate input to proxy the unobserved productivity at the firm-level.5
Therefore, we can express the unobserved productivity ãit as a function
of intermediate inputs and capital. In particular, the demand function for
intermediate inputs is expressed as a function of capital and productivity,
mit = ft (ait , kit ). f is indexed by t to allow input prices and market conditions to vary across time.
Under the assumption that intermediate input demand is monotonic in
ait , one can invert (as in OP):
ait = ft−1 (mit , kit ) ≡ gt (mit , kit ).

(12)

Using the inverse demand function specified in equation (12), we can
5

OP show how investment can be used as a proxy for unobserved productivity. However,
when inverting the investment rule, in order to express productivity as a function of
investment, one condition is that the investment variable has to be strictly positive. As
investment, in the data, are often zero, LP propose the use of intermediate input such as
materials and energy as a proxy for unobserved productivity, to overcome the problem of
lumpy investment.
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rewrite the estimating equation (10) as:
yit = γiLt lit + ϕt (mit , kit ) −

1 j
q + uit ,
ηit t

(13)

where
ϕt (mit , kit ) ≡ gt (mit , kit )/µit + γi0t + γiKt kit + γiM t mit
is a high order polynomial in mit , kit .
Under the conditional assumption that
E(uit |lit , mit , kit , qtj ) = 0,

(14)

we are able to identify the polynomial ϕt (mit , kit ) and the regression parameters γiLt 6 and ηit . In other words, we are able to obtain estimates of the
labor elasticity (and, consequently, of the ratio between the bargained and
it
the reservation wage W
, and of the bargaining parameter φit ), and of the
Wit
markup µit .
Finally, as in OP and LP, we assume that the technological progress follows a first order Markov process ait = E(ait |ait−1 , χit ) + ξit , where χit is
a survival indicator variable that corrects for selection bias7 , ξit represents
the innovative shock to productivity and is assumed to be uncorrelated with
productivity and capital in the previous period t − 1.
Moreover, if for some function ht (·), E(ait |ait−1 , χit ) ≡ ht [gt (mit−1 , kit−1 ; Pit )]
(Wooldridge, 2009), where Pit is the probability that firm i in sector j survives in the next period (Pit−1 ≡ P (χit = 1)).
Therefore, we can rewrite the first order Markov technological progress
as ait = ht [gt (mit−1 , kit−1 ; Pit )] + ξit .
To identify the capital and materials coefficients, the identifying moment
condition is
E(ξit |kit , mit−1 , kit−1 ) = 0.

(15)

6

According to Ackerberg et al. (2006), collinearity between labor and the polynomial
in materials and capital in this first stage of the estimation algorithm can cause the labor
coefficient to be unidentified. This collinearity arises from the fact that labor, like materials
and capital, needs to be allocated in some way by the firm, at some point in time. However,
as the collinearity derives from the assumptions made on the perfect variability and non–
dynamicity that characterize both labor and material inputs, one can still allow equation
(13) to have some identifying information on θiLt .
7
Both theoretical and empirical literatures (cfr. Ackerberg et al. (2007) for a review)
on entry and exit point at the causal relationship between exit of firms and productivity
differences at the firm level, leading to the conclusion that higher productivity will lower
the firm’s exit probability.
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Substituting this expression into equation (10) and rearranging terms, yields:
yit = γi0t + γiKt kit + γiM t mit + γiLt lit +
1
ht [gt (mit−1 , kit−1 ; Pit )] − qtj + ξit + uit .
ηit

(16)

Estimation of equation (16) can be done in two steps (as in OP and LP)
or in one single step, extending the moment conditioning set of the second
stage of LP.
The LP estimation strategy consists of two stages. In the first stage,
with a simple GLS estimation of equation (13), estimates of the polynomial
ϕt (mit , kit ) and the regression parameters γiLt and ηit are obtained.
Substituting γ̂iLt and η̂it , and ϕ̂t (mit−1 , kit−1 ) into (16), and
√ approximating ht (·) with a flexible polynomial, NLLS estimation yields ( n) consistent
estimates of materials and capital input elasticities.
The approach of Wooldridge takes into account the potential collinearity issue in the first stage of LP (Ackerberg et al., 2006) and considers the
estimation of equation (16). In particular, his identifying strategy consists in relaxing the assumption on what is included in firm’s i (in sector
j) information set Iit 8 , allowing for the possibility that also the labor input is included. Therefore, the conditional assumption used in LP’s second stage (equation (15)) is extended to any past outcomes of (lit , mit , kit ):
E(ξit |kit , lit−1 , mit−1 , kit−1 , . . . , li1 , mi1 , ki1 ) = 0.
Wooldridge, then, considers estimation (16) suggesting to use polynomials
of order three or less to approximate the function h(·).

4

Data

We extract data from Statistics Netherlands for the years 1989-2008. The
output and the input variables are defined as follows. As an output measure,
we use the deflated value of gross output Yit (≡ QitP Pj it ) of each firm i in
t
sector j in period t. Labor (Lit ) refers to the number of employees in each
8

In OP and LP, the technological progress ait is assumed to follow a first–order Markov
process, where past realizations of ait constitutes the information set. In other words,
ait = E(ait |Iit−1 ) + ξit = E(ait |ait−1 ) + ξit , but since ait−1 is expressed as an inverse
function of mit−1 and kit−1 , the conditional expectation E(ξit |Iit−1 ) = E(ξit |ait−1 ) =
E(ξit |kit , mit−1 ), kit ∈ Iit−1 only depends on them, that is, the firm i does not take into
account the level of labor in its information set.
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firm for each year,9 collected in September of that year. The corresponding
wages Wit include gross wages plus salaries and social contributions before
taxes. The costs of intermediate inputs (Zit Mit ) include costs of energy,
intermediate materials and services. The unit user costs Rit of capital stock
Kit are calculated as the sum of the depreciation of fixed assets and the
interest charges.
The nominal gross output and intermediate inputs are deflated with the
appropriate price indices from the input-output tables available at the NACE
rev. 1 two-digits sector classification.10 For capital, we use a two-digit NACE
deflator of fixed tangible assets calculated by Statistics Netherlands.
The data extracted from the Production Survey (PS) constitutes an unbalanced panel data of 6727 firms (with a minimum of 2001 firms in 2001 and
a maximum of 5607 enterprises in 2006 and 1997) with 65866 observations
spanning over 20 years and over 21 industries. Firms with missing data on
one of the variables used in the empirical analysis are omitted. We exclude
firms exhibiting inputs growth of more than 200 percent or less than -50
percent (3822 observations dropped). We also exclude from the sample firms
with an output growth of more than 300 percent or less than -90 percent
(1372 observations).
Finally, the resulting sample consists of 60672 observations (6718 firms).
Throughout our sample period, the PS surveys included some changes in
their population designs resulting in an unbalanced panel of the entire population. As a result, we cannot distinguish whether the entry or exit rates
of firms resulted from survey response behavior or real economic structural
behavior. The number of firms (N ) for each NACE rev. 1 industry is calculated by Statistics Netherlands. Table ?? reports the sectors that were
chosen with a corresponding NACE two-digit code and the corresponding
number of firms.
Table 4.1 reports the means, medians, standard deviations, and first and
third quartiles of the included data for our main variables. In particular, a
summary of the logarithms of deflated revenues and of the inputs, along with
9

For each enterprise, jobs are added and adjusted for part-time and duration factors,
resulting in number of men/years expressed as Full Time Equivalents (FTEs)(Source:
Statistics Netherlands)
10
NACE Rev. 1 is a 2-digit activity classification which was drawn up in 1989. It is a
revision of the General Industrial Classification of Economic Activities within the European Communities, known by the acronym NACE and originally published by Eurostat
in 1970.
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Table 4.1: Descriptive Statistics
variable

mean

sd

median

p25

p75

N

yit
lit
mit
kit
siLt
siM t
siKt
ageit
exitit
qtj

8.896
4.048
8.361
5.561
0.270
0.615
0.045
7.055
0.027
0.940

1.401
1.061
1.533
1.708
0.127
0.147
0.044
4.863
0.162
0.153

7.971
3.367
7.361
4.570
0.179
0.520
0.019
3
–
0.853

8.758
3.932
8.265
5.516
0.258
0.620
0.035
6
–
0.966

9.721
4.663
9.297
6.584
0.345
0.716
0.058
10
–
1.039

60835
”
”
”
”
”
”
”
”
”

Note: p25 and p75 are, respectively, the 25th and the 75th percentile.

input shares in revenue, is presented. As one can see, the dispersion of the
logarithms of deflated output and inputs is considerably large.11
During 1989-2008, the capital input constitutes almost 11 percent of gross
output on average. The mean share of labor is almost 28 percent, and intermediate inputs constitute more than half of gross output (61.1 percent).
Moreover, the relative dispersion of all these variables is considerably large,
especially for the share of capital. The exit rate is quite small (8.2 percent)
and 75 percent of the firms have been active on the market for 3 to 9 years.

5

Empirical results for the complete sample
of Dutch firms

In this section we present results for the entire manufacturing industry over
the period 1989-2008, without looking at the potential heterogeneity in the
structural parameters among sectors and over time. In other words, we
impose that the price elasticities and the labor market friction parameters,
along with the input factor elasticities, are constant and independent of the
number of produced goods (Loecker, 2007), i.e. ηit = η, hit = h, γiM t = γM ,
and γiKt = γK . The estimating equation (10) becomes:
1
yit = γ0 + γK kit + γM mit + (1 − h)sit lit − qtj + ãit + uit
η
11

(17)

Averages over time and standard deviations for each sector are reported in Table ??
in Appendix C.
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Table 5.1: GMM: Results for the whole manufacturing industry
a

b

c

0.069
0.235
0.211
0.002
0.008
0.006
0.983
0.811
0.732
θ̂M
0.016
0.012
0.004
0.078
0.068
0.062
θ̂K
0.004
0.003
0.003
1.131
1.113
1.005
θ̂
0.018
0.016
0.002
1.136
1.108
–
µ̂
0.018
0.016
0.779
–
–
h
0.006
0.640
–
–
φ̂
0.002
Time dummies
Y es
Y es
Y es
Sectoral dummies
Y es
Y es
Y es
Note: Sample period 1989-2005; dependent variable: log. gross deflated output yit
it
a: yit = γ0 + γK kit + γM mit + (1 − h)sit lit − η1i qtj + ãit + uit , where 1 − h = W
Wit
θ̂L

b: yit = γ0 + γK kit + γM mit + γL lit − η1i qtj + ãit + uit
c: yit = γ0 + γK kit + γM mit + γL lit + ait .

These constraints are clearly restrictive, because they imply no differences in cross price elasticities or in wage markup across firms and/or sector.
Therefore, section 4.2 explores the empirical results where the relevant parameters are allowed to differ among product segments.
Table 5.1 reports estimation results for all the relevant parameters of
equation (17). The Table is divided in three columns. Column a reports
estimates of all the relevant structural parameters of the estimating equation. The second column, b, contains the regression coefficients of the model
correcting only for output imperfection and omitted price. Results without corrections for omitted price bias and labor imperfect competition are
reported in the last column, c.
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Table 5.2: LP&Wooldridge GMM: Results for the whole manufacturing
industry
a

Levinsohn&Petrin
b
c

Wooldridge–LP GMM
a
b

c

0.066
0.238
0.220
0.058
0.212
0.196
0.002
0.006
0.005
0.002
0.008
0.006
0.949
0.934
0.699
0.856
0.735
0.677
θ̂M
0.055
0.055
0.050
0.025
0.020
0.017
0.075
0.036
0.068
0.076
0.060
0.057
θ̂K
0.026
0.018
0.016
0.004
0.004
0.004
1.090
1.207
0.987
0.989
1.007
0.930
θ̂
0.030
0.042
0.036
0.021
0.023
0.016
1.100
1.080
–
1.118
1.079
–
µ̂
0.014
0.012
0.017
0.016
0.778
–
–
0.811
–
–
h
0.005
0.006
0.640
–
–
0.647
–
–
φ̂
0.001
0.001
Time dummies
Y es
”
”
”
”
”
Sectoral dummies
Y es
”
”
”
”
”
Note: Sample period 1989-2005; dependent variable: log. gross deflated output yit
it
a: yit = (1 − h)siLt lit + ϕt (mit , kit ) − η1 qtj + uit , where 1 − h = W
Wit
θ̂L

b: yit = γL lit + ϕt (mit , kit ) − η1 qtj + uit
d: yit = θL lit + ϕt (mit , kit ) + ait .

The first result we are going to discuss is the evidence of imperfect competition on the labor market.
...
...
Results for OP-derived estimation strategies are reported in Table 5.2.
The Table reports results for the entire manufacturing market and is organized in two parts. One displays estimation results of equation (13), and the
other reports the ones of equation (16). Each part (Levinsohn & Petrin and
Wooldridge–LP) consists of three columns. Columns a report estimates of
all the relevant structural parameters of the two estimating equations. The
second columns, b, contain the regression coefficients of the model correcting
only for output imperfection and omitted price. 12 Results of LP’s estimating equation (without corrections for omitted price bias and imperfect
competition) are reported in the last columns, c.
12

Note that this model has been first proposed by Klette and Griliches (1996), but
Loecker (2007) was the first to implement correction for output market imperfection into
the semiparametric estimation framework introduced by OP (1996).
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5.1

Across-Industry Estimates

Given the evidence of sectoral specificity of capital and labor13 (Dosi (1999);
Ramey and Shapiro (2001)), we investigate the heterogeneity of the manufacturing industry, by studying across-industry firms’ production behavior.
For each of the 21 industries, we estimate equation (10) with and without
the extension to labor imperfections, by means of the GMM estimator, as
it is a robust estimation technique. As instruments we take an appropriate
number of lagged inputs levels (up to two lags, depending on the size of the
sector). Year dummies are always included. The estimated parameters are
reported in Table 5.3. Testing the hypothesis of heterogeneity across sectors
yields the conclusion that all the structural parameters statistically differ
from sector to sector for the the majority of cases.
This confirms the assumption of sectoral specificities. Each sector has its
own functioning, and the firm belonging to a specific sector adopts a different
production strategy compared to a firm in another sector.
Quite consistently with what we found for the whole manufacturing industry, excluding imperfections on the labor market leads to an underestimation
of the markups. Indeed, 60% of the sector (15, 20, 21, sectors from 23 to 29,
and sectors 34 and 35) show underestimated markups and the underestimation is significant at the 5%, except for sector 20.
The estimated price–cost margins of the rest of the sectors either do not
change or significantly increase.
When assuming imperfect competition on the labor market and on the
output market, the 75 percent of the cases (ranging from 0.795 in the wearing
apparel sector, to 1.324 in the chemicals sector) firms set their prices above
the marginal costs (markups significantly larger than one). Compared with
other studies, we find relativity small markups.
Indeed, Dobbelaere (2004) finds estimates ranging from 1 to 2.268 and
finds constant and/or decreasing returns to scale in 60 % of the Belgian
sectors. Our results are more in line with Bughin (1996) findings. He reports estimates of profit margins ranging from 0.14 to 0.27, corresponding to
markups of 1.16 and 1.37, respectively.
However, none of these studies corrected for omitted output price and
13

The “social embeddedness” of firms’ routines and strategies is likely to be driven by
socially specific factors, such as the nature of the local labor markets, workforce training institutions, financial institutions. Furthermore, Ramey and Shapiro (2001) suggest
significant sectoral specificity of physical capital and substantial costs of redeploying the
capital.
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Table 5.3: GMM estimates of µit and φit for 21 industries
NACE
j
15
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

Hp:φ = 0
µ
bj

φ̂

µ
bj

N.obs

1.063
(0.012)
0.992
(0.016)
0.795
(0.016)
0.949
(0.024)
0.953
(0.010)
1.093
(0.018)
1.002
(0.012)
1.101
(0.044)
1.324
(0.023)
1.114
(0.015)
1.168
(0.023)
1.196
(0.027)
1.120
(0.014)
1.133
(0.015)
1.011
(0.057)
1.079
(0.020)
1.136
(0.041)
1.158
(0.027)
1.093
(0.018)
1.133
(0.022)

0.585
(0.002)
0.636
(0.002)
0.630
(0.001)
0.623
(0.001)
0.692
(0.001)
0.594
(0.002)
0.634
(0.002)
0.454
(0.001)
0.504
(0.002)
0.593
(0.002)
0.534
(0.001)
0.606
(0.001)
0.656
(0.002)
0.666
(0.001)
0.613
(0.002)
0.629
(0.001)
0.619
(0.002)
0.653
(0.001)
0.682
(0.001)
0.670
(0.001)

1.015
(0.011)
1.047
(0.016)
0.991
(0.018)
1.014
(0.016)
0.940
(0.009)
1.022
(0.014)
1.059
(0.012)
1.026
(0.049)
1.208
(0.019)
1.048
(0.013)
1.113
(0.018)
1.090
(0.020)
1.053
(0.011)
1.076
(0.012)
1.124
(0.049)
1.112
(0.020)
1.143
(0.032)
1.204
(0.023)
1.018
(0.015)
1.086
(0.016)

7750
1581
396
347
1969
2500
6255
193
3885
3202
2704
1240
9885
8554
180
1808
398
2062
1574
1523

j
t
Note: Estimating equation: yit = γ0 + γK
kit + γM
mit + (1 − h)j sit lit − η1j qtj + ãit + uit .
Results for sector 36 have not been reported as statistically non significant and not interpretable. Standard errors in parentheses; sample period 1989-2008.
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imperfect competition, simultaneously. Unfortunately, we do not know any
other study that provide empirical evidence of the rent-sharing in the labor
market for the Netherlands, so as to compare.
Comparing the parameters µj and φj , we see that firms share their
monopoly rents with labor unions, which have quite large bargaining elasticities (ranging from the lowest 0.454 of sector 23, to the highest 0.692 of
sector 20, on average).
Moreover, both the wage markup and the bargaining elasticity are negatively correlated with the price–cost margins. In particular the correlation
coefficient between φj and µj is -0.369.
This confirms the idea that strong unions erode firms’ rents.
This result is in contrast with the findings of Crépon et al. (2002) and
Dobbelaere (2004), who find positive correlation. Dobbelaere (2004) interprets this positive correlation between labor bargaining and output market
power as the effect of the exit of firms. In particular, she guesses that strong
unions reduce the firms’ share of rents, forcing some of the firms to exit the
market, therefore decreasing the degree of market power.
Another explanation she provides deals with the fact that stronger unions
are attracted by those sectors where rents can be extracted.
To our advise, both these two interpretations have underlining problems.
The first interpretation does not mesh well with the static setting adopted
in the paper and implied in the price–cost margin definition, which does not
allow for the dynamic aspects of competition (such as the implications of
selection and reallocation effects).
The second interpretation concerns more the profitability of the firm,
rather than its level of price–cost margin. A more profitable firm can attract workers that are able to extract some of the surplus. But a higher
markup does not necessarily mean that the enterprise is profitable, as it does
not take into account relative cost efficiencies (see Boone and van der Wiel
(2007); Boone (2008); Griffith et al. (2008) for a discussion on relative profits
and relative cost efficiencies). Therefore, we tested the correlation between
the wage markup and the relative profits measure (computed as in Boone
and van der Wiel (2007)). We find that indeed these two measures, profit
elasticity and union power, are positively correlated (ρ = 0.46, significant at
the 5% level. Results of the profit elasticities per sector are not reported,
but available upon request.)
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6

Policy Conclusions: Impact on TFP

In this paper we propose a measure of TFP derived from estimating a production function which accounts for both imperfect competition on the labor
market and on the output market.
Assuming a Cobb-Douglas production technology, the production function derived in Section 2 is
yit = γi0t + γiKt kit + γiM t mit + (1 − hit )sit lit −

1 j
q + ãit + uit ,
ηit t

where γi0t ≡ θ0 /µit , γiKt ≡ θiKt /µit , k = K, L, M , and ãit ≡ ait /µit . ait
represents the productivity that is not directly observable, i.e. the TFP.
Therefore, we consider a measure of TFP computed as the following:
1
âit ≡ µ̂it (yit − (γ̂K kit + γ̂M mit + (1[
− h)sit lit − qtj )).
η̂

(18)

To compute the aggregate TFP index, we follow De Loecker and Konings
(2006) and taking a share weighted sum of the firm-level TFP computed on
the entire sample of firms.
The firm–specific weights consist of output based market shares. We also
standardized the TFP index to 1 in 1989, so as to compare the evolution
over time of the different structural assumptions and estimators.
As a matter of fact, one interesting aspect of studying the firm’s behavior
under imperfect competition is comparing the levels of TFP under different
market structure assumptions.
Namely, imperfect competition on both output and labor markets, imperfect competition on the output market, and perfect competition.
As we adopted three different econometric approaches, we are also able
to compare the TFP levels among estimation strategies.
Figure 1 shows three panels, each representing the standardized weighted
average TFP level over the period 1989–2008 obtained from three estimation
approaches. For each estimation technique, we also reported TFP indexes
for the three different assumptions on competition.
The solid lines represent the firms’ average productivity when assuming
imperfect competition on both markets (tf p(a)). The dashed lines correspond to the case of output market imperfect competition (tf p(b)). The
dotted lines describe the evolution of the TFP index when neither form of imperfect competition is assumed, but the returns to scale are variable (tf p(c)).
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The first panel displays the pattern of the TFP index obtained using the
GMM estimator (therefore, controlling only for endogeneity and not for a possible selection bias). The second one shows the productivity index deriving
from LP estimation. The third graph reports results from the Wooldridge–
GMM estimator.
As one can see, one common feature to all three graphs is that the TFP
index obtained by assuming both product and labor market frictions (tf p(a))
always lies below the other two indexes and is not increasing over time. The
other two types of productivity indexes, tf p(b) and tf p(c), which do not
consider labor market imperfections are increasing over time.
This is an interesting result, as some of the statistical sources (OECD
is an example), as well as other empirical work, that do not consider labor
market imperfect competition find increasing TFP and/or a positive change
throughout the time period. However, these studies compute TFP changes
using the T´’ornqvist index number formula or following a structured estimation approach that does not correct for labor frictions.
In the first two graphs, there is still an appreciable difference between
tf p(b) and tf p(c). In particular, assuming imperfect competition on the
output market yields a lower TFP index. On the other hand, in the third
graph the predicted productivity indexes of the two models (b and c) seem
to coincide.
Overall, we conclude that neglecting a “wage markup”, might lead to an
underestimation of the true value of the price–cost margin at the aggregate
level and leads to an optimistic scenario of growing firm–level productivity.
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A

Varying markups and returns to scale in a
general setting

This Appendix presents a detailed analysis of the production function and
the TFP set-up allowing for market imperfections and scale economies. The
derivation of markups, scale elasticities, and TFP is based on a single-product
production technology.
In particular, we let each firm i ∈ {1, ...N ) in sector j face the following
production function for period t:
Qit = Ait Fi (Xit )

i = 1, 2, . . . N

t = 1, ..., T,

(19)

where Qit measures firm i’s gross output, Xit ≡ (Xij1t , Xij2t , . . . , Xijrt )0 denotes the vector of r nonnegative factor inputs, Fi (.) is the core of the (differentiable) production function, and Ait is TFP measured as the rate of a
Hicks-neutral disembodied technology.
How does imperfect competition enter (19)? It is a well-known fact that
firms with market power do not set their value of the marginal product equal
to their corresponding factor price. It is assumed that each firm i faces an
  η1
it
Qit
inverse demand function, Pit (Qit ) = Q
Pit , which represents the market
it
price as a function of the output, Qit , the sectoral production (index) Qit ,
the industry price index Pit , and the time-varying, firm-specific cross price
elasticity of demand for differentiated goods in the industry, ηit .
Firm i’s optimization problem can be written as:
max

Qit ,Xit

{Pit (Qit ) Qit − Vit0 Xit | Ait Fi (Xit ) ≥ Qit } ,

(20)

where Vit ≡ (Vij1t , Vij2t , . . . , Virt )0 is firm i’s vector of r input prices. Assuming, in the first instance, that there is imperfect competition on the output
market and perfect competition on the input markets (a monopolistic firm
acting as a price-setter on its output market and a price-taker on its input
markets), the first order conditions (FOCs) implied by the solution of (20)
yield the following equations for the Lagrange multiplier and the nominal
input prices:
!
1
= P ∗ and
Pit (Qit )
1
1 + ηit
!
1
∂Qit
= Vit ,
(21)
Pit (Qit )
1
∂Xit
1 + ηit
24

where, according to Diewert (1993) and Diewert and Fox (2008), the Lagrange multiplier P ∗ is firm i’s shadow (or marginal) price of output. Under profit maximization and market power, this price enables firm i to set
each input’s marginal product, ∂Qit /∂Xijkt , above the respective factor cost:
∂Qit /∂Xijkt = ((ηit +1)/ηit )Vijkt /Pit (Qit ) for k = 1, . . . , r, where the term between brackets is firm i’s markup. Note that in case of perfect competition,
the cross price elasticity tends to infinite and the markup goes to one.
Multiplying both terms of the second FOC in (21) by Xit /Qit and rearranging terms, this can be rewritten as:


∂Qit Xit
ηit
Vit Xit
≡ θit =
≡ µit sit ,
(22)
∂Xit Qit
ηit + 1 Pit (Qit )
where ηitηit+1 ≡ µit is firm’s i markup and sit denotes the firm i’s total factor
input share. It can also be written as the sum of the cost shares of the k
r
r
P
P
inputs of the total production as sit =
sikt =
Vikt Xikt /(Qit Pit (Qit )).
k=1

k=1

Therefore, following (22), the output elasticity of input k can be expressed
as:
θikt ≡ µit sikt ,

k = 1, . . . Ji .

(23)

Equation (23) says that the output elasticity of any individual input k equals
the markup times the share of input k in the total production value of firm i
An important feature of the markup given in (22). It allows for timevarying returns to scale. Under constant (non–variable) returns to scale
(θit = θ) and constant markups (µit = µ), equation (22) is equivalent to
the measure proposed by Hall (1988). Chirinko and Fazzari (1994) find a
strong correlation between economies of scale and markups over time, which
is obviously also implied by (22) and (23).
Several studies also relate markups to business cycles (e.g., Wu and Zhang
(2000) and Bloch and Olive (2001)). Although it is realistic to allow for
dynamic effects in competition, one should be wary of the effect of business
cycles on the markup since it may not reflect changes in competition (Boone
and van der Wiel (2007); Boone (2008); Griffith et al. (2008)).

B

Bargaining model

This Appendix provides the solution of Nash bargaining model and the
derivation of wage markup and union’s bargaining power.
We define the negotiation of wages and labor as a bargaining problem:


max φit log(Lit (Wit − W it )) + (1 − φit ) log(Pit (Qit )Qit − Wit Lit − Rit Kit − Zit Mit ) .
Wit ,Lit
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The solution to the efficient bargaining problem is obtained by maximizing
with respect to employment and to wage, and then combining the two FOCs.
Maximizing with respect to labor yields:


∂Pit (Qit )Qit
Wit −
∂Lit
φit
= (1 − φit )
.
(24)
Lit
[Pit (Qit )Qit − Wit Lit − Rit Kit − Zit Mit ]
Symmetrically, maximizing with respect to wage leads to:
(Wit − W it )
φit
= (1 − φit )
.
Lit
(Pit (Qit )Qit − Wit Lit − Rit Kit − Zit Mit )

(25)

Combining equations (24) and (25), and taking account the definition of
the markup in the first section of this Appendix, we can write the reservation
wage W it as:
W it =

∂Pit (Qit )Qit
∂ (Qit /Qit )1/ηit PtI Qit
Pit (Qit ) ∂Qit
=
=
.
∂Lit
∂Lit
µit ∂Lit

(26)

Rewriting equation (25), after some algebra, we can express the wage as
the following:
Wit − W it
φit (Pit (Qit )Qit − Wit Lit − Rit Kit − Zit Mit )
=
.
Wit
1 − φit
Lit Wit

(27)

it
≡ hit as the wage markup, one can see how this is directly
Defining WitW−W
it
depending on the union’s bargaining power. Moreover the expression for the
wage markup in equation (27), reveals the intrinsic link between product and
labor market distortions. As a matter of fact, when there is no imperfect
competition on the labor market, firms set the wage at the lowest value
possible, the competitive wage W it = Wit , which is inversely related to the
output markup µit . But in a fully imperfect competitive setting, the marginal
it ) ∂Qit
revenue product of labor ( Pitµ(Q
) is equal to the reservation wage (see
∂Lit
it
equation (26)). Therefore, the larger the firms’ rent, the larger the wage
mark-up hit , and, consequently, the union’s bargaining power.
From the solution of the efficient bargaining model, we can derive a simple
expression for the elasticity of labor. Multiplying both sides of (26) by Lit /Qit
and after some simple algebraic manipulations, we can express the labor
elasticity as a function on the labor share and the wage markup:

γiLt ≡ θiLt /µit = siLt

W it
= siLt (1 − hit )
Wit

(28)

We make use of (28) in the estimating equation (6), to derive the labor
elasticity, as well as the wage markup. To retrieve the bargaining parameter
φit , we use the equation (27).
26

Figure 1: TFP Index over time
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T F P (a) ≡

η̂+1
ˆ h)sit lit − 1 q j )),
(yit − (γ̂K kit + γ̂M mit + (1 −
η̂
η̂ t
η̂+1
1 j
(y
−
(γ̂
k
+
γ̂
m
+
γ̂
l
−
q
))
it
it
it
it
K
M
L
t
η̂
η̂

T F P (b) ≡
T F P (c) ≡ yit − (γ̂K kit + γ̂M mit + γ̂L lit ).
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where 1 − h =

W it
Wit

