
 

 
 
 
 
 
 
 
 
 

 
Technological changes and skill 
composition 
Evidence from matched employer-employee data 
 
Øivind A. Nilsen, Arvid Raknerud, Marina 
Rybalka and Terje Skjerpen 
 
December 2010  
 
INNODRIVE Working Paper No 7. 
 
 

 
 

 
 
 
 
 
 
 
 
 
 The research leading to these results has received funding from 

the European Community's Seventh Framework Programme 
under grant agreement n° 214576 
 

IN
N

O
D

RI
VE

 W
O

RK
IN

G
 P

AP
ER

 S
ER

IE
S 



 

 
 
 
 

Technological changes and skill composition* 
Evidence from matched employer-employee data 

 
Øivind A. Nilsen, Arvid Raknerud, Marina Rybalka and Terje Skjerpen† 

 
December 2010 

 
 
 
 

Abstract 
 

In this  paper  we carry  out  a  structural  analysis  of  the changes  in  relative  wages  and the effect  of  
skill-biased technical changes on the development of relative labour demand. The empirical model 
is based on a production function in which capital and two types of labour – high skilled and low 
skilled – are specified as inputs. The classification of high- and low-skilled workers is based on 
information extracted from estimated wage equations. We estimate separate wage equations for two 
narrowly defined Norwegian industries, Electrical and optical equipment and Machinery, using 
unbalanced employer-employee panel data for the period 1995 – 2004. Both a skill premium, given 
by observed and unobserved individual characteristics, and variables unrelated to skill contribute to 
the observed wages. Each individual-observation is then divided into skill categories according to 
the predicted skill premium. The results show that in both industries, the share of high skilled man-
hours has increased by 20 per cent from 1996 to 2004 while the relative wage between high skilled 
and low skilled is rather constant. In Electrical and optical equipment, a high-tech industry, all of 
the increase in the relative demand for high-skilled is accounted for by skill-biased technical change, 
compared to about 50 per cent in Machinery (a traditional manufacturing industry). In addition we 
find a strong link between innovations and investments in the long run, although the speed of 
adjustment of capital towards the equilibrium path appears quite slow. 
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1 Introduction

In developed economies, the demand for labour has shifted towards high-skilled work-

ers.1 The change in the demand for skills has been seen as the e¤ect of skill-biased

technological change and globalisation. In the most recent literature (see for instance

Autor et al., 2007) it has been pointed out that new technology, and in particular

computerization, �has non-monotone impacts on the demand for skill throughout the

earnings distribution. . . [It has]. . . raised demand for skill among higher-educated work-

ers, depressed skill demands for �middle-educated�workers, and left the lower echelons

of the wage distribution comparatively unscathed�. To understand the nature of the

increased demand for skills, one needs a skill-measure that takes into account several

attributes, for instance educational length and type, and experience.

Economic theory and empirical evidence suggest that there is a key link between

the skill level of the workforce and economic performance, both at the �rm and the

economy-wide level. This idea was �rst formalised by Nelson and Phelps (1966). In

their model, educated workers have a comparative advantage in innovation, imitation

and implementation of new technologies. Thus the e¤ect of increased skills occupies a

key role in explaining both economic growth and the change in the wage distribution

observed in many countries. Furthermore, seen from a policy point of view, a proper

skill measure may be very useful for understanding future skill-demand trends and may

therefore be important for educational policy.

Traditionally, labour inputs are measured either as number of employees or number

of man-hours. The most common way of classifying high- and low-skilled workers is

based on years of schooling. Another idea is to assume that the relative e¢ ciency of

any two workers equals their wage ratio (see Griliches, 1960) so that one can calculate

quality adjusted man-hours. Both methods have their obvious shortcomings. Years of

schooling may be a very rough proxy for skill. Other variables, observed and unob-

served, should also be taken into account (see the discussion in Borghans et al., 2001).

1For an overview, see Machin (2003).



Observed wage di¤erences do not only re�ect skill di¤erences, but also variables unre-

lated to skill, such as, regional and temporal variations in labour market conditions,

rent sharing, workers�bargaining power, and transient �uctuations. A related issue

is how one measures �rms�productivity and success. Until rather recently, empirical

analyses of �rms� productivity and success have been concentrated on �rm charac-

teristics, and less on the characteristics of the workforce in each �rm due to lack of

linked employer-employee data. Only with such data one would be able to understand

the role of the skill composition for �rms�productivity. This in turn is important for

understanding why some �rms are more successful than others.

In this paper we use a wage equation framework to predict what wage an individ-

ual would get if he/she changed job or what he/she would earn in any spot labour

market given his/her characteristics. We assume that both a skill premium, given

by observed and unobserved individual characteristics, and variables unrelated to skill

such as labour market area, �xed time e¤ects and transient errors contribute to the

observed wages. Each observation on man-hours is then divided into skill categories

according to whether the skill premium lies in a particular interval. The predicted

wages are used to identify low- and high-skilled labour.

The main goal of this paper is to conduct a structural analysis of the changes in

relative wages and the e¤ect of skill-biased technical changes on the development of rel-

ative labour demand. The empirical model is based on a production function speci�ed

with two types of labour �high skilled and low skilled �and capital as inputs. The two

types of labour are assumed to be imperfect substitutes. We also take into account het-

erogeneity in labour within groups, by constructing quality adjusted man-hours within

each of the two groups of labour. This is an extension to most other literature in the

�eld, see for instance Hægeland and Klette (1999), who assume that workers from the

various skill categories are perfect substitutes after quality adjustment. The �rms face

two types of technological changes; one skill neutral and one skill biased. With the

model in hand, an index for skill-biased technical change is quanti�ed at the industry

level.

Using Norwegian data, it might be useful to describe particular features of the



skill composition and wages. In Figure 1 we show an index for the share of high-

skilled man-hours and the relative wages (at the industry level) between high and low

skilled.2 We see that the relative wages are more or less constant over time, while

a skill-upgrading takes place simultaneously. Thinking of the revealed pattern in a

supply-demand framework (with relative employment (high-skilled/low-skilled), and

relative wages (high skilled/low skilled), horizontal and vertical axis, respectively) the

rather constant relative wages together with increased employment of high-skilled is

consistent with a shift in both the relative demand and supply curves outwards.

<Figure 1 about here>

Existing literature applying Norwegian data has revealed a change in the wage

distribution. While the returns to education and experience did not increase during

the last part of the previous century �instead we witnessed a wage compression (see

for instance Kahn, 1998 and Hægeland et al., 1999) �, the newest data indicate that

wage inequality is now rising in Norway. This seems to be due to increased return

to the individual-speci�c unobserved skill component, not higher premiums on formal

education and experience. As the demand for high-skilled workers increased during the

80ties and 90ties (Kahn, 1998) �which ceteris paribus led to increased skill premiums

�the relative supply of high skilled workers also rose. Of course, the net e¤ect on the

skill composition of the workers and their relative wages depend on both the demand-

and supply-side changes, of which the former is the focus of the current paper.

The paper proceeds as follows. In Section 2 we present our model, while we in

Section 3 describe the construction of the variables. In Section 4 we discuss our clas-

si�cation of workers as high and low skilled. Thereafter, in Section 5, we describe our

labour quality indices used within the group of high-skilled workers and within the

group of low-skilled workers. In Section 6 we discuss the empirical results. Section 7

concludes the paper.

2Details about our skill-measure are given later in the paper.



2 The model

Consider the value added production function

Qit = AitK

i;t�1

�
(�itH it)

� + L
�

it

�"=�
, � < 1, (1)

where Qit; H it and Lit are output (value added), and high- and low-skilled labour

inputs, respectively, while Ki;t�1 and Ait denote capital and neutral technical change.

Subscript i denotes �rm, and t denotes year. We assume that capital services in year

t are determined by the capital stock at the end of t � 1, i.e., capital is assumed to

be a quasi-�xed input (in the short run). The variable �it is essential for the relative

productivity of high- and low-skilled labour input. In particular,
@Qit
@Hit
@Qit
@Lit

= �it

�
H it

Lit

���1
.

In most analyses of labour-labour substitution, man-hours from di¤erent skill groups

are assumed either to be perfect substitutes (� = 1), or the elasticity of substitution is

assumed to be one, i.e., corresponding to a Cobb-Douglas production function (� = 0).

We allow the elasticity of substitution between high- and low-skilled workers to be

arbitrary. We also allow workers within the two skill groups to be heterogeneous, but,

to simplify, we assume that they are perfect substitutes after a suitable correction for

e¢ ciency di¤erences. As we show in Section 5, this means that we can write

H it = Hit�
h
it

Lit = Lit�
l
it, (2)

where, for high- and low-skilled workers, respectively, Hit and Lit are total man-hours,

and �hit and �
l
it are labour quality indices, to be de�ned formally in Section 5. As a

special case, man-hours within the two skill groups may be homogeneous, in which case

�hit = �
l
it = 1:

Short-run cost minimization, given �rm-speci�c factor prices for high- and low-

skilled labour, wlit and w
h
it, treating Ki;t�1 as a quasi��xed input, yields the conditional

cost function

C(Ki;t�1; Qit) = cit

�
Qit

AitK

i;t�1

� 1
"

, (3)



where

cit =
�
(whit=�

h
it�it)

r + (wlit=�
l
it)
r
� 1
r (4)

and r = �= (�� 1). The conditional (short-run) factor demand functions are easily

derived from (3) by applying Shephard�s lemma (see Appendix A.1). Allowing for

transient (white noise) error terms eit;k, k = H;L, in the equations for lnHit and lnLit

then gives

lnHit � lnLit = �r ln(�it�hit=�lit) + (r � 1) ln
�
whit
wlit

�
+ eeit; (5)

where r � 1 is the elasticity of substitution between high- and low-skilled workers andeeit = eit;H � eit;L.
Skill biased technical change is associated with an increase in the ratio H=L for

given relative price whit=w
l
it. Thus, in our model changes in the relative number of man-

hours by high- and low-skilled workers can be decomposed into three parts: skill-biased

technical change, �r ln(�it), change in relative wages, whit=wlit, and temporary �uctua-

tions in the data, eeit. Equation (5) suggests a simple way to estimate r. Assuming a
multiplicative structure for �it such that

�it = �i�t; �i > 0; �t > 0;

i.e., �it is the product of a �rm-speci�c e¤ect, �i, and an industry-wide time-e¤ect �t,

and reformulating (5) in terms of relative wage costs, we obtain

lnwhitHit � lnwlitLit = �r ln �i � r ln �t + r ln
�
whit=�

h
it

wlit=�
l
it

�
+ eeit. (6)

The unknown parameters in (6) can be estimated from panel data. The parameters of

main interests are �r ln �t and r: However, the �i parameters will also be of interest,

because they enter the price index cit, which we will use later. We will consider the

�t parameters as �xed (to be estimated) and the �i�s as random parameters (to be

predicted).

Demand and supply To obtain the complete system of output supply and factor

demand resulting from optimizing behaviour, we �rst make the additional assumption



of monopolistic competiton: Each �rm faces the demand function

Qit = �tP
�e
it , e > 1: (7)

A justi�cation for, and interpretation of, the demand function (7) is found in Dixit and

Stiglitz (1977).3 We do not observe output, but instead sales, Sit = PitQit. Short-run

pro�t maximization, given Ki;t�1, leads to the following system of equations:

24 lnSit
lnwhitHit
lnwlitLit

35 =

24 e�1
"+e�e"
e�1

"+e�e"
e�1

"+e�e"

35 lnAit +
264 �

"(e�1)
"+e�e"

� "(e�1)
"+e�e"

� "(e�1)
"+e�e"

375 ln cit �
24 0r
0

35 ln(�i�t)
+r

24 0
ln(whit=�

h
it)

ln(wlit=�
l
it)

35+
24 1

"+e�e"
1

"+e�e"
1

"+e�e"

35 ln�t + 1  (e� 1)
"+ e� e" lnKi;t�1 +

24 eit;S
eit;H
eit;L

35
(8)

where 1 = [1; 1; 1]0, and [eit;S; eit;H ; eit;L]
0 is a white noise vector.

Next consider capital dynamics. Given that the adjustment cost function is weakly

convex (with a possible kink at zero due to partial irreversibilities), then the actual

capital stock at the end of year t, Kit, and the frictionless capital stock, K�
it, will have

the same long run growth rate (see equation 3.1 in Bloom et al., 2007). That is,

lnKit = lnK
�
it + error,

where the error term is stationary and K�
it is the capital stock the �rm would choose

with costless adjustment and reversibility, i.e., if the marginal revenue of capital is

equal to the Jorgensonian user cost. We show in Appendix A.2 that K�
it is given by

lnK�
it = constant + �c ln cit + �A lnAit + �q ln qKt, (9)

where

�A =
e� 1

 � e+ "+ e� "e
�c = �"�A, (10)

3In their derivation, e = 1=(1 � e�), where e� 2 (0; 1) is the elasticity of substitution between the
demand for the di¤erent varieties of the product, whereas the term �t captures the aggregate demand
for the industry�s product.



�q is a �xed coe¢ cient and qKt is the user price of capital, assumed to be common to

all �rms present in year t. Furthermore, for simplicity we assume that the short-run

dynamics of capital formation can be described by a 1. order linear �gap technology�:

� lnKit = (� � 1)(lnKi;t�1 � lnK�
it) + eit;K , (11)

where j�j < 1 is an autoregressive coe¢ cient and eit;K is an error term. The resulting

system of equations can then be written as

yit = � lnAit +�xit + dt + eit; (12)

where

yt =
�
lnSit; lnw

h
itHit; lnw

l
itLit; lnKit

�0
;

xit =
�
ln cit; ln(�i); ln(w

h
it=�

h
it); ln(w

l
it=�

l
it); lnKi;t�1

�0
;

dt is an industry-speci�c time e¤ect (at the two digit NACE level), and

eit =
�
eit;S; eit;H ; eit;L; eit;K

� 0, where
eit � N(0;�);

where � is an unrestricted covariance matrix:The coe¢ cient matrices � and � have

the following structure:

� =

2664
e�1

"+e�e"
e�1

"+e�e"
e�1

"+e�e"
(1� �)�A

3775 ;� =
26664
� "(e�1)
"+e�e" 0 0 0 (e�1)

"+e�e"
� "(e�1)
"+e�e" �r r 0 (e�1)

"+e�e"
� "(e�1)
"+e�e" 0 0 r (e�1)

"+e�e"
(1� �)�c 0 0 0 �

37775 : (13)

Note that a shift in Ait has the same (proportional) e¤ect on sales and the outlays of

the two labour inputs. However, since Ait is a latent variable, the components of �

can only be identi�ed up to a proportionality constant. On the other hand, since r, �t

and �i are estimated in the �rst stage, we can estimate cit from (4). Hence we may

consider xit as an observed vector. Thus we can identify "(e� 1)=("+ e� e") and ="

from �.

We assume, provided the �rm enters the sample at t = 1, that

lnAit =

�
lnAi1 t = 1
� lnAi;t�1 + �it t = 2; :::; T;

(14)

lnAi1 � IN (0; � 1); �it � IN (0; 1) ,



where � is an autoregressive parameter and �it is an innovation term. In order to

obtain identi�cation, both the initial value, lnAi1, and the subsequent innovations,

�it, must have zero mean, since any non-zero mean will be indistinguishable from the

industry-wide intercept dt in (12). Moreover, to identify � we standardize lnAit by

requiring that the innovations, �it, have unit variance. The variance � 1 of lnAi1 then

characterizes the cross-sectional heterogeneity across �rms in their �rst observation

year relative to the innovation variance.

3 Data and variables description

For this analysis we have constructed panels of annual �rm-level data for Norwegian

�rms in selected industries, covering the period 1995�2004.4 The selected industries

are the Manufacture of machinery and equipment (NACE 29) and the Manufacture

of electrical and optical equipment (NACE 30�33). The �rst industry is a traditional

manufacturing industry, whereas the second is a high-tech industry. For short, we refer

to them as Machinery and Electrical equipment, respectively. The two manufacturing

industries accounted for about 17 per cent of man-hours worked in the manufacturing

sector in the sample period. Focusing on narrowly de�ned industries has the advan-

tage of reducing the heterogeneity in the sample that is due to systematic di¤erences in

technology, factor prices and demand conditions between the di¤erent types of indus-

trial activities. We account for industry-wide e¤ects in our empirical model by using

time-speci�c intercepts.

The main part of the empirical analysis is carried out at the �rm level, at which

accounting information is available. A �rm is de�ned as �the smallest legal unit com-

prising all economic activities engaged in by one and the same owner�and corresponds

in general to the concept of a company (see Statistics Norway, 2000). The population

of joint stock companies is a subset of all manufacturing �rms and comprises about 90

per cent of total man-hours in manufacturing in 2003. A �rm may consist of one or

more establishments (plants). The establishment is the geographically local unit doing

4The same constructed data base has also been utilized by Nilsen et al. (2008) for analyzing the
e¤ect of lumpy investment on selected variables and by Nilsen et al. (2009) for growth accounting at
the industry level with a special focus on heterogeneous labour.



economic activity within an industry class. About 80�90 per cent of the �rms in our

database are single-establishment �rms.

The data from the accounts statistics are supplemented with data from three other

registers: The structural statistics, The Register of Employers and Employees (REE),

and The National Education Database (NED). Table 1 presents an overview of the

main variables and data sources used in our study. The data sources are described in

more detail in Appendix B.1.

<Table 1 about here>

Our model contains the following variables: sales (de�ned as operating revenue),

capital, man-hours worked by high-skilled workers, man-hours worked by low-skilled

workers and corresponding hourly wage rates constructed by dividing annual salary by

contracted hours of work.5 In general, all costs and revenues are measured in nominal

prices, and incorporate direct taxes and subsidies, except VAT. We have de�ated the

nominal variables with industry-wide de�ators.

The method for calculating the capital stocks in current prices is based on combining

book values from the �nancial accounts with gross investment data.6 Our econometric

model contains a single aggregate capital variable, constructed as a Törnqvist volume

index with time-varying weights that are common to all �rms in the same industry.7 An

important property of the Törnqvist index is that it can be formulated equivalently in

terms of the rental costs of capital (see OECD, 2001). Thus it is possible to aggregate

owned capital (which are taken into the �rm�s balance sheet) and leased capital by

summing over the corresponding rental costs.8

For each industry, we distinguish between two skill groups, high skilled and low

skilled. We classify the workers as low and high skilled according to their predicted

5Note that in the manufacturing industry most workers are employed on a full-time basis and hours
worked mostly follow contractual hours contained in the agreement between �rms and unions.

6See Raknerud et al. (2007) for technical details and an evaluation of the data quality.
7Capital is divided into two groups of assets in the database: (i) Buildings (which have long service

lives) and (ii) Equipments (with short or medium service lives).
8The rental cost of capital of type j is calculated as Rjit = qK;tK

j
it ,where qK;t = (�+�j)w

k
t , where j

denotes either Equipments or Buildings. The median depreciation rate �j is about 0.2 for Equipments
and 0.05 for Buildings. These are obtained from the accounts statistics, see Raknerud et al. (2007).
The real rate of return, �, which we calculated from the average real return on 10-year government
bonds in the period 1996�2002, is 4.2 per cent.



wages. A high predicted wage mirrors that the worker is relative productive and hence

can be considered to be high skilled. To predict wages we construct and estimate wage

equations, described in detail in the next section. After identi�cation of workers as

high and low skilled, we construct the variables H and L as the sum of contracted

man-hours worked by high- and low-skilled employees in the given �rm, and hourly

wages, wh and wl, as the average predicted hourly wage rates, where the weights are

based on the man-hours for high- and low-skilled workers.

Our observation period is the 10-year period 1995�2004. Initially all �rms in an

industry that were operating during this period were included in the sample. Some

�cleansing�of the data has been performed. A �rm was excluded from the sample if:

(i) the value of a variable is missing for two or more subsequent years; or (ii) the �rm

is observed in a single year only. Moreover, we miss one observation year, i.e., 1995,

because of the lag in the equation for capital. As a result, the �nal samples consist of

841 �rms in Machinery and 560 �rms in Electrical equipment. On average the annual

workers in the two industries are, respectively, 26,884 and 23,908.

4 Classi�cation of workers as high and low skilled

The workers are classi�ed as low and high skilled according to whether their predicted

wages are above or below some threshold. The wage relation of worker p in period t is

de�ned as follows:

log(Wpt) = �+ �1edupt + �2edutype0pt + �3edutype4pt + �4edutype5pt +

+�5expt + �6ex
2
pt + �7ex

3
pt + �8ex

4
pt + �9malep (15)

+

5X
k=1

kregkpt + �t + �p + "pt:

Here edu is the education length calculated in number of years corresponding to the

highest education level of the person. The education levels are described in Appendix

B.1, Table 14. An inspection of the data shows that mainly workers with the following



three types of education are represented in the chosen industries: education in �General

programs�(code 0), �Business and Administration�(code 4) and education in �Natural

Sciences, Vocational and Technical subjects�(code 5).9 Then edutypej is the dummy

for education type j (j = 0, 4, 5) and ex is potential experience. We represent experience

as a fourth order polynomial in order to capture in a �exible way the marginal e¤ect

of experience. We take into account the gender of the worker (malep) and �xed time

e¤ects (�t) as well. Time-invariant unobserved individual hetereogeneity is represented

by random e¤ects, �p.

The wage rates analysis is based on a classi�cation of 7 typologies of regions elabo-

rated for all Nordic countries and used by Nordregio in Stockholm (see Edvardsson et

al., 2004 and Persson et al., 2004).10 Since only one economic region in Norway corre-

sponds to typology 3, we merge it with typology 4 and rename the group as �Regional

centres�resulting in six groups of economic regions, cf. Table 2.

<Table 2 about here>

For an observation to be included in the sample for the wage equation estimation

we require that the employee in a speci�c time period works full-time. This is done

since part-time work for some persons goes along with unrealistic low or high hourly

wage rates. We omit observations which are viewed as either unusual high or unusual

low wage rates, de�ned by threshold values obtained using quantile regressions for the

two sectors. For more details on this procedure see Appendix B.2.

Summary statistics, for the �nal sample, of the variables used in the wage equations

that are not dummy variables are displayed in Table 3. Table 4 provides information

about the share of observations in di¤erent years and regions, the gender composition,

and the type of education composition for the �nal sample.

<Tables 3 and 4 about here>
9According to the Norwegian standard classi�cation of education (NUS2000), there are nine types

of education in addition to the major group labelled �unspeci�ed type of education� (cf. Appendix
B.1, Table 15).
10This classi�cation is done according to some regional characteristics such as size and status of

the region. The de�nition of 7 typologies and distribution of 86 Norwegian economic regions on these
typologies can be found in Stambøl (2006).



The wage equation 15 is estimated separately for Machinery and Electrical Equip-

ment using GLS on unbalanced panel data for the years 1995�2004. The GLS esti-

mates look rather reasonable, see Table 5. One additional year of education increases

the expected hourly wage with about 6 and 7 per cent in Machinery and Electrical

Equipment, respectively. The turning points of the experience pro�les are 32 years in

both industries. As shown by the estimated e¤ect of the gender variable females have

cet. par. lower wage rates than males in both industries. The ratio of the variance of

the �rm speci�c random term to the variance of the gross error term is 0.77 and 0.79

in Machinery and Electrical Equipment, respectively. The year speci�c e¤ects increase

over time. This is related both to the fact that we use nominal wage as the response

variable, as well as to a general increase in real wage over time, stemming from a lasting

increase in productivity.

<Table 5 about here>

Having the wage estimation results at hand, we predict the individual wages. For

the individuals involved when estimating the wage equations, i.e., the full-time workers

not excluded due to unrealistic low or high hourly wages (by the previously described

quantile regression procedure), we include the predicted value of the random e¤ect,

whereas for individuals not involved in the estimation of the wage equations the random

e¤ect is set to zero.

The thresholds for distinguishing high- and low-skilled workers in a particular in-

dustry are constructed by using the wage equation for that industry. First, we calculate

a predicted wage for a synthetic person with 13 years of education in the reference year

(1995) and in the reference labour market area (Region 6) using weighted mean values

of experience, type of education and gender of workers in this subsample. To calculate

the weights we use man-hours.11 The characteristics of the synthetic person and his

predicted hourly wage are presented in Table 6. In accordance with our criterion a

worker (in Region 6 in 1995) is classi�ed as high skilled if his hourly wage is higher than

the hourly wage of the synthetic person, i.e., about 116 and 122 NOK in Machinery
11Since we have rather few persons with this education length in the relevant sub population, persons

with 12, 13 and 14 years of education are used for setting the values of experience, type of education
and gender of the synthetic person.



and Electrical Equipment, respectively. The thresholds corresponding to other com-

binations of labour market region and year are obtained by accounting for the region

speci�c and time speci�c e¤ects in the model. An overview of all thresholds in the two

sectors is provided in tables 7 and 8 below.

<Tables 6, 7 and 8 about here>

Mainly, we can distinguish between three cases: (i) The worker is low skilled from

the start and stays in this group all the years he/she is in the sample, (ii) the worker is

high skilled from the start and stays in this group all the years he/she is in the sample

and (iii) the worker is low skilled but switches to high skilled in one of the years during

the sample period.12

Table 9 shows the correspondence between de�nitions of high-skilled and high-

educated persons. We see that some of the highly educated individuals (13 years or

more) are classi�ed as low-skilled. This is due do to the short experience they have.

At the same time some workers with low education but long experience are classi�ed

as high skilled. This is especially evident in the case of Machinery, where more than

half of the high-skilled workers have low education but long experience.

<Table 9 about here>

To obtain a wage for high-skilled at the �rm level in a certain period we calculate a

weighted mean of predicted hourly wages for the workers belonging to this skill group,

where the weight for a speci�c person is his share of worked man-hours within the

group of high-skilled workers. The �rm-level wage of low skilled is calculated in an

analogous fashion. According to our classi�cation criterion a substantial part of the

�rms makes only use of low-skilled workers. For such �rms the above procedure cannot

be applied to produce a �rm-speci�c wage rate for high-skilled which they are assumed

to face when they decide on labour input. For these �rms one may set the �rm-speci�c

wage equal to the median wage of the sector in the actual year.
12There are also a few examples of the opposite transition, i.e., the worker switches from being high-

to being low-skilled. This feature is related to the fact that the e¤ect of experience is represented by
a fourth order polynomial in the wage equation. For older workers an increase in experience yields a
negative e¤ect on the wage level and may as such bring the predicted wage below the threshold value.
Usually it happens around the pension age.



Table 10 gives the summary statistics of predicted wages for two skill groups and

share of man hours worked by high-skilled workers at the industry level. W h and W l

are the means of the estimated wages at the �rm level weighted by man hours, worked

by high skilled and low skilled in the given �rm in a given period correspondingly.

The share of H shows the share of man hours worked by high-skilled workers in the

industry.

<Table 10 about here>

5 Construction of labour quality indices

Assume that the �rms are allowed to have di¤erent skill compositions within each

skill group (H and L), with �rm�speci�c hourly wages, denoted whit and w
l
it. In the

production function, we consider both Hit and Lit as aggregates of heterogeneous man-

hours. The simplest way of incorporating such heterogeneity is to assume that

H it =
X
k

�kH(k)it

Lit =
X
k

�kL(k)it,

where, for high-skilled and low-skilled workers, respectively, H(k)it and L(k)it are the

number of man-hours in sub-skill category k, and �k and �k are corresponding e¢ ciency

parameters. We have normalized �k and �k by setting �1 = �1 = 1. Due to the high-

skill labour augmenting factor �it in the production function, this normalization entails

no loss of generality. Thus we obtain:

H it = Hit�
h
it, with �

h
it =

X
k

�kh(k)it

Lit = Lit�
l
it, with �

l
it =

X
k

�kl(k)it,

where, for high-skilled and low-skilled workers, respectively, Hit and Lit are total man-

hours, �hit and �
l
it are labour quality indices, and h(k)it and l(k)it are the shares of

man-hours in sub-category k (all variables refer to �rm i in year t).



Because workers are perfect substitutes within the two skill groups, an optimizing

�rm will choose H(k)it > 0 and H(m)it > 0 only if

�k =
wh(k)rt

wh(1)rt
,

where wh(k)rt is the wage cost of an employee in e¢ ciency category k in region r in year

t. Similarly

�k =
wl(k)rt

wl(1)rt
:

Thus relative productivity is assumed to be equal to relative (predicted) wage. This

suggests that we use the old idea (cf. for instance Griliches, 1960) of ordering the man

hours according to wages. Note that the parameters �k and �k do not depend on time

(t) or labour market region (r) even if the wages do so. The reason is that time e¤ects

and region-e¤ects a¤ect wh(k)rt and w
l
(k)rt proportionally, due to the log-linear form of

the wage equation, and hence cancel out when forming the ratio �k.

We apply the following approach for estimating �k: Let zhkrt be the k
0th quintile in

the wage distribution (across workers in the industry in labour market region r in year

t ) de�ned by

P (whpit � zhkrt) =
k

5
, k = 1; :::; 5;

where whpit is the wage of high-skilled worker p in �rm i at time t. A man-hour with wage

whpit is then classi�ed into category k if w
h
pit 2 (zhk�1;rt; zhkrt]. The wage distribution is

then characterized by a histogram, where the k0th bar in the histogram contains all the

wages in the interval (zhk�1;t; z
h
k;t], the corresponding man-hours make up 20 percent of

all man-hours (in year t and region r), and these man-hours are assigned the same wage,

wh(k)rt �the median wage in (z
h
k�1;rt; z

h
krt]. In Table 11 we report, for both industries,

the values of the e¢ ciency parameters �k and �k.

<Table 11 about here>

6 Empirical results

Table 12 contains the estimates of the labour demand equation (6). We �rst see that

the estimated elasticity of substitution between high- and low-skilled workers is �0:65



in Machinery and �0:50 in Electrical equipment, respectively. Both estimates are

plausible, but very uncertain according to the estimated standard errors. The main

reason for this is that the quality adjusted wage ratio, whit�
l
it=w

l
it�

h
it, does not vary

much, neither across �rms, nor over time. In fact, most of the variation in relative

wages whit=w
l
it is accounted for by the quality index ratio �

h
it=�

l
it, as the correlation

coe¢ cient between these two ratios is more than 0.95 in both industries. The regression

model gives a very good �t to the data with an R2 equal to 0:99.

<Table 12 about here>

The coe¢ cients �r ln(�t+1=�t) can be interpreted as the industry-wide skill biased

technical change from t to t+1 given on a logarithmic scale. The corresponding indices

are depicted in Figure 1, together with the indices for the share of high-skilled man

hours in the industry (the ratio of high skilled to total man hours relative to the ratio

in 1996) and the industry-wide average wage ratios whit=w
l
it. The �gure shows that in

both industries, the share of high-skilled man-hours has increased by 20 per cent from

1996 to 2004. Moreover, in Electrical equipment all of the increase is accounted for

by skill-biased technical change, compared to about 50 per cent in Machinery. On the

other hand, the relative wage between high skilled and low skilled is almost constant

over the 9-year period.

Turning to the estimates of the full system (8) in Table 13, we �rst note that the

estimated coe¢ cient of ln cit is negative in both industries: In Machinery the common

coe¢ cient attached to ln cit in the sales and labour demand equations is estimated to

�0:34, while the estimated coe¢ cient in the capital equation is �0:10. The correspond-

ing estimates in Electrical equipments are �0:70 and �0:16, respectively. Thus there is

a signi�cant negative relation between relative wages and relative labour demand. With

regard to the equations for sales and labour demand, the estimated loading coe¢ cients

of lnAit are very similar in both industries: 0:21 and 0:22.

<Table 13 about here>

According to our structural model, the coe¢ cient of lagged capital, lnKi;t�1, in

equations S, H and L is equal to (e � 1)=(" + e � e"), which must be less than



one for pro�t maximization to be well-de�ned. The estimates are depicted in the last

column of Table 13, and they are equal to 0:16 and 0:15 in the two industries, which

gives evidence that either the elasticity of scale + " < 1 or e <1 (�rms have market

power). These results are consistent with those of Klette (1999). Note that neither ; "

nor e are identi�able without further restrictions, such as e.g.  + " = 1.

Let us then turn to the results of the equation for lnKit, i.e., the capital accumula-

tion equation. From the estimated loading coe¢ cients, we see that capital accumulation

is a¤ected mainly by shocks in lnAit. In both industries, we see that the estimated

loading coe¢ cient of lnAit is :07 in the capital equation, which is about 1=3 of the esti-

mated loading coe¢ cient of equations S, H and L. Moreover, from (9), we can see that

a shock � lnAit leads to a shift in the equilibrium level of capital equal to �A�� lnAit
and a short-run e¤ect on sales and factor costs equal to (e� 1)=("+ e� e")�� lnAit.

The ratio of the coe¢ cients (e � 1)=(" + e � e") and �A (cf. 13), tells us how many

per cent the capital stock will increase in the long run as a result of a Hicks-neutral

innovation that increases sales and factor costs by 1 percent in the short run. These

estimated ratios are equal to (:07=(1 � :77) =):30=:21 = 1:4 per cent for Machinery

and (:07=(1� :74) =):27=:22 = 1:2 per cent for Electical equipment. Thus, our results

show a strong link between innovations and investments in the long run, although the

speed of adjustment of capital towards the equilibrium path, K�
it, is quite slow.

7 Concluding remarks

Using matched employer-employee data from two narrowly de�ned Norwegian indus-

tries, Machinery - a traditional manufacturing industry, and Electrical equipment and

optical equipment - a high-tech industry, we analyse the e¤ect of technological change

on �rms� skill composition. Contrary to a major part of the existing literature, we

de�ne high skilled and low skilled based on not only education, but creates an index

based on predicted wages. Other variables than educational level, observed and un-

observed, may also a¤ect skill-levels and wages. Moreover, educational length does

not vary much over time for a given individual, which makes it a rather restrictive



measure of skill. On the other hand, observed wage di¤erences do not only re�ect

skill di¤erences, but also variables unrelated to skill, such as, regional and temporal

variations in labour market conditions, rent sharing, workers�bargaining power, and

transient �uctuations. Thus, using predicted wages to classify a worker, controlling

for variables that are unrelated to skill, such as time and regional e¤ects, seems to be

appropriate. In our econometric model, it is assumed that the high- and low-skilled

workers are imperfect substitutes. We take into account heterogeneity within the two

groups of workers by constructing quality adjusted man-hours for each of them. Thus,

within the groups of either high skilled or low skilled it is assumed that the workers

are perfect substitutes after correction for e¢ ciency di¤erences.

Using a rather simple, structural model based on a production function in which

capital �assumed to be quasi-�xed �and two types of labour are used as inputs, we

have a model at hand in which the skill composition of the workers and their relative

wages depend on both demand- and supply-side changes. The �rms face two types

of technological changes; one skill-neutral and one skill-biased. Using this model we

quantify an index for skill-biased technical change at the industry level.

The descriptive statistics show that in both industries, the share of high-skilled

man-hours has increased by 20 per cent from 1996 to 2004 while the relative wage

between high skilled and low skilled was rather constant. Using our model, we �nd

that in Electrical equipment and optical equipment all of the increase in relative de-

mand for high skilled is accounted for by skill-biased technical change. For the more

traditional manufacturing industry - Machinery �only 50 per cent of the increase in

the relative demand for high-skilled workers is accounted for by skill-biased technical

change. Thus, it seems that the existing technology level in an industry is an important

factor explaining the e¤ect of skill-biased technological changes. Finally, the results

show a strong link between innovations and investments in the long run, although the

speed of adjustment of capital towards the equilibrium path is quite slow.

There is a set of issues we have not addressed and that need to be explored in

future work. As already mentioned in the introduction, it is relevant to extend our

study by analyzing the relation between the estimated skilled-biased technology index



and some proxies of R&D intensity at the industry level as a robustness check of our

existing �ndings. In addition, we will carry out a decomposition of productivity growth

to analyze the contribution of skill-biased technological change, as opposed to neutral

technical change. Furthermore, it would be useful to look at more industries to see

whether our �nding that there is a strong link between the overall technology-level and

the e¤ect of skill-biased technical change is robust.

We do think that to understand the nature of the increased demand for skills and

the importance of worker skills for economic performance, one needs a skill-measure

that takes into account several attributes. OECD (2007) highlights the puzzling feature

that Norway has high productivity growth while innovative activity measured e.g. by

R&D intensity, is low. Furthermore, the role of technology adoption in productivity

growth is not well understood. Investment in new capital is known to be a driving force

behind productivity growth at the industry level, but recent microeconometric studies

�nd that the immediate impact of large investments on productivity at the �rm level

is small, or even negative. This may re�ect adjustment costs due to the disruption

of production. Thus, a useful extension of our study would be to allow the desired

capital level to be a¤ected by quality-adjusted relative wages for high- vs. low-skilled

workers. In this way we can distinguish between neutral and skilled-biased technology

shocks, and learn more about the relationship between new capital, which embody

technological progress, and the skill composition at the �rm-level.
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Appendix A: Technical details

A.1 The derivation of (5) From (3)-(4) and Shephard�s lemma

lnHit =
1

"
(lnQit � lnAit)�



"
lnKit + ln @cit=@w

h
t

lnLit =
1

"
(lnQit � lnAit)�



"
lnKit + ln @cit=@w

l
t.

Straightforward calculations then give

lnHit =
1

"
(lnQit � lnAit)�



"
lnKi;t�1 + (1� r) ln cit

�(1� r) lnwhit � r ln(�it�hit) + eit;H ;

lnLit =
1

"
(lnQit � lnAit)�



"
lnKi;t�1 + (1� r) ln cit (16)

�(1� r) lnwlit � r ln(�lit) + eit;L,

and (5) follows directly.

A.2 The derivation of frictionless capital Now consider the problem of �nding

frictionless capital K�
it. First we can �nd the cost minimizing level of capital, eKit,

de�ned as

eKit = argmin
Kit

qKtKit + C(Kit; Qit)

= argmin
Kit

qKtKit + cit

�
Qit
AitK


it

� 1
"

The 1. order condition of this problem is

ln eKit = �1 +
1

 + "
(lnQit � lnAit) +

"

 + "
ln cit �

"

 + "
ln qKt; (17)



where �1 is a constant. This leads to the following cost function:

Cit(Qit) = cit

 
Qit

Ait eK
it
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it ,

where �2 is constant.

Frictionless capital, K�
it is now found from (17) by replacing Qit with Q�it, which

corresponds to the optimal output in the case where all inputs are assumed to be

�exible and fully adjusted immediately:

Q�it = argmax
Qit

PitQit � C(Qit)

= argmax
Qit

�
1
e
t Q

e�1
e
it � �2


+"

kt c
"

+"

it A
�1
+"

it Q
1

+"

it :

Let $ = e+  + "� e( + "). Then the 1. order condition is

e� 1
e
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lnQit = �4 +
e( + ")

"$
ln�t �

e

$
ln qKt

�"e
$
ln cit +

e

$
lnAit: (18)



Inserting (18) into (17) gives

lnK�
it =

1

 + "
(lnQit � lnAit) +

"

 + "
ln cit �

"

 + "
ln qKt

= �5 +
�e"� e
"�

ln�t

+
�"2 + "3e+ "2e � "3

"�
ln cit

+
�"3e+ "3 + e"2 + "2 + e"� "2e

"�
ln qKt

+
" � "2e+�e" + "2

"�
lnAit;

where �3; �4 and �5 are constants and � = �(" + )$: Note that when  + " = 1,

� = �1, and hence one obtains

lnK�
it = � + (e� 1) lnAit + "(1� e) ln cit +

e

"
ln�t + (e"� e� ") ln qKt:



Appendix B. Data issues

B.1 Data sources Accounts statistics: All joint-stock companies in Norway are

obliged to publish company accounts every year. The accounts statistics contain in-

formation obtained from the income statements and balance sheets of joint-stock com-

panies, in particular, the information about operating revenues, operating costs and

operating result, labour costs, the book values of a �rm�s tangible �xed assets at the

end of a year, their depreciation and write-downs.

The structural statistics: The term �structural statistics�is a general name for the

di¤erent industrial activities statistics, such as Manufacturing statistics, Building and

construction statistics, Wholesale and retail trade statistics, etc. They all have the same

structure and include information about production, input factors and investments at

the �rm level. The structural statistics are organised according to the NACE standard

and are based on General Trading Statements, which are given in an appendix to the

tax return. In addition to some variables, which are common to those in the accounts

statistics, the structural statistics contain data about purchases of tangible �xed assets

and operational leasing. These data were matched with the data from the accounts

statistics. As the �rm identi�cation number here and further we use the number given

to the �rm under registration in the Register of Enterprises, one of the Brønnøysund

registers, which is operative from 1995.

The Register of Employers and Employees (REE): The REE contains information

obtained from employers. All employers are obliged to send information to the REE

about each individual employee�s contract start and end, working hours, overtime and

occupation. An exception is made only if a person works less than four hours per week

in a given �rm and/or was employed for less than six days. In addition, this register

contains identi�cation numbers for the �rm and the employee, hence, the data can

easily be aggregated to the �rm level.

The National Education Database (NED): The NED gathers all individually based

statistics on education from primary to tertiary education and have been provided by

Statistics Norway since 1970. We use this data set to identify the length and the type



of education. For this purpose, we utilize the �rst two digits of the NUS variable. This

variable is constructed on the basis of the Norwegian Standard Classi�cation of Educa-

tion and is a six-digit number, the leading digit of which is the code of the educational

level of the person and the second is the code of the type of education. According

to the Norwegian standard classi�cation of education (NUS89), there are nine educa-

tional levels in addition to the major group for �unspeci�ed length of education�. The

educational levels are given in Table 14. The types of education are described in Table

15.

<Tables 14 and 15 about here>

B.2 Data trimming using quantile regressions For the wage equation estimation

we carry out some data trimming, i.e., we omit observations which are viewed as

either unusual high or unusual low wage rates. The threshold values are obtained

using quantile regressions for the two sectors. We perform quantile regression based

on the 5 and 95 per cent quantiles, respectively. The expression below corresponds

to conditional expecation given the explanatory variables in usual mean regressions.

It shows how regressor variables in�uence the conditional �-quantile of the response

variable.

q� (log(Wpt)jreg1pt; :::; reg6pt;��t ; c�; � �1; :::; � �6) = c� + ��t +
6X
j=1

� �jregjpt; � = 0:05; 0:95:

The obtained parameter estimates are reported in Table 16 below.

<Table 16 about here>

For Machinery the lower and upper threshold values for the reference region in the

reference year are exp(3.895)=49.2 and exp(5.186)=178.8. The corresponding numbers

for Electrical Equipment are exp(3.931) = 51 and exp(5.151) = 172.6. The thresholds

for the untransformed wage in di¤erent years and labour market areas are reported in

tables 17 and ??. To obtain the �nal samples, i.e., the sample we use when estimating

the wage equations, we remove all observations which are either lower than the lower

threshold or higher than the upper threshold.



<Tables 17 and 18 about here>



8 Figures and tables

Table 1: Variables and data sources.
Variable Interpretation Data source(s)
S sales accounts statistics
K capital accounts statistics, structural statistics
H man-hours worked by high-skilled workers REE, NED
L man-hours worked by low-skilled workers REE, NED
wh hourly wage for high-skilled workers REE, NED
wl hourly wage for low-skilled workers REE, NED

Note: S and K are in 1000 NOK. The hourly wages are in NOK.

Table 2: Classi�cation of economic regions by 7 typologies
Code Characteristic of the region
1 The capital region
2 Regional metropolises
3 Regional centres
4 Medium-sized towns and regions
5 Small labour areas
6 Micro labour areas

Table 3: Summary statistics of hourly wage, education length and experience
Machinery Electrical equipment

Variable Mean Std. Dev. Min Max Mean Std. Dev. Min Max
edu 11.726 2.078 6 20 12.417 2.614 6 20
ex 22.797 11.964 0 52 20.487 12.218 0 51
W 145.00 42.63 48.78 326.60 150.71 57.14 13.20 419.84

No. of obs. 157,948 210,754
Notes: The reported numbers refers to the sample used for wage equation estimations
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Figure 1: Index for skill biased technical change, share of man hours by high skilled
workers and average wage ratio between high- and low-skilled workers



Table 4: Summary statistics of the dummy variables occuring in the wage equations
Variable Machinery Electrical equipment
1995 0.103 0.098
1996 0.109 0.103
1997 0.092 0.110
1998 0.100 0.111
1999 0.104 0.110
2000 0.096 0.096
2001 0.102 0.103
2002 0.102 0.096
2003 0.096 0.090
2004 0.095 0.084
reg1 0.100 0.248
reg2 0.157 0.201
reg3 0.320 0.405
reg4 0.148 0.037
reg5 0.210 0.079
male 0.893 0.727

edutype0 0.208 0.222
edutype4 0.080 0.117
edutype5 0.657 0.551



Table 5: Estimated wage equation
Machinery Electrical equipment

Variable Estimate Std. error Estimate Std. error
edu 0.0562 0.0006 0.0672 0.0005
ex 0.0526 0.0009 0.0516 0.0009
(ex)2 -0.0027 0.0001 -0.0021 0.0001
(ex)3 6.42�10�5 0.21�10�5 4.19�10�5 0.22�10�5
(ex)4 -5.87�10�7 0.21�10�7 -3.49�10�7 0.23�10�7
male 0.1686 0.0036 0.1967 0.0029
reg1 0.1320 0.0039 0.0983 0.0051
reg2 0.1270 0.0039 0.0869 0.0054
reg3 0.0849 0.0035 0.0748 0.0051
reg4 0.0475 0.0042 -0.0127 0.0066
reg5 0.1147 0.0039 0.0897 0.0057
Edutype0 0.0631 0.0042 0.0616 0.0038
Edutype4 0.0449 0.0049 0.0497 0.0042
Edutype5 0.0356 0.0037 0.0396 0.0034
1996 0.0235 0.0012 0.0197 0.0012
1997 0.0885 0.0013 0.0732 0.0013
1998 0.1428 0.0013 0.1313 0.0013
1999 0.1659 0.0013 0.1665 0.0013
2000 0.1802 0.0014 0.1973 0.0014
2001 0.2490 0.0014 0.2492 0.0014
2002 0.2905 0.0014 0.2836 0.0015
2003 0.3162 0.0015 0.3062 0.0015
2004 0.3386 0.0016 0.3360 0.0016
Constant 3.4529 0.0097 3.2995 0.0098
�2�=�

2
u 0.7688 0.7963

R2 (overall) 0.4322 0.5433
Number of workers 37,432 32,688
Number of obs. 157,948 141,986
Note: For de�nition of R2 see Statacorp. (2005, p. 302)

Table 6: Characteristics of the synthetic person with 13 years of education in 1995 in
Region 6 in the two industries

Variables in wage equation
Industry ex edutype0 edutype4 edutype5 male �p Hourly wage
Machinery 16.4 0.052 0.064 0.839 0.917 0 115.68
El.equipment 16.8 0.101 0.081 0.686 0.807 0 122.35



Table 7: Year/region-speci�c threshold values of predicted hourly wage for classi�cation
of workers as low- and high-skilled. Machinery

Year Ref. region Region 1 Region 2 Region 3 Region 4 Region 5
1995 115.68 132.00 131.34 125.93 121.31 129.73
1996 118.43 135.14 134.46 128.92 124.19 132.82
1997 126.38 144.22 143.49 137.58 132.53 141.74
1998 133.44 152.27 151.50 145.26 139.93 149.65
1999 136.54 155.81 155.03 148.65 143.19 153.14
2000 138.51 158.06 157.26 150.79 145.25 155.34
2001 148.38 169.32 168.46 161.53 155.60 166.41
2002 154.67 176.49 175.60 168.37 162.19 173.46
2003 158.70 181.10 180.18 172.76 166.42 177.98
2004 162.29 185.19 184.26 176.67 170.19 182.01

Table 8: Year/region-speci�c threshold values of predicted hourly wage for classi�cation
of workers as low- and high-skilled. Electrical eqiupment

Year Ref. region Region 1 Region 2 Region 3 Region 4 Region 5
1995 122.35 134.99 133.46 131.85 120.81 133.84
1996 124.79 137.68 136.11 134.48 123.21 136.50
1997 131.64 145.24 143.59 141.86 129.98 144.00
1998 139.51 153.92 152.18 150.34 137.75 152.61
1999 144.53 159.45 157.64 155.74 142.70 158.09
2000 149.04 164.43 162.57 160.61 147.16 163.03
2001 156.98 173.18 171.22 169.16 154.99 171.71
2002 162.47 179.25 177.22 175.08 160.42 177.72
2003 166.19 183.35 181.27 179.09 164.09 181.79
2004 171.22 188.89 186.75 184.51 169.05 187.29

Table 9: Correspondence between high-educated and high-skilled. Number of man-
years in the industry

Machinery Electrical equipment
Education low-skilled high-skilled low-skilled high-skilled
<13 years 169,935 (64.9%) 43,642 (16.7%) 129,459 (55.3%) 30,329 (13.0%)
>=13 years 14,200 (5.4%) 33,973 (13.0%) 20,685 (8.8%) 53,674 (22.9%)
Note: Shares of the total number of employees in parentheses



Table 10: Predicted real wages for two skill groups and share of man hours worked by
high-skilled workers at the industry level

Machinery Electrical equipment
Year W h W l W h=W l Share of H W h W l W h=W l Share of H
1995 152.55 101.99 1.496 0.299 165.40 102.45 1.614 0.360
1996 154.25 102.91 1.499 0.304 167.34 103.65 1.614 0.361
1997 160.14 107.21 1.494 0.303 173.21 106.85 1.621 0.371
1998 164.58 110.42 1.490 0.291 179.60 110.12 1.631 0.359
1999 165.76 110.62 1.498 0.309 182.55 111.72 1.634 0.380
2000 164.15 108.89 1.507 0.323 182.80 112.12 1.630 0.387
2001 171.33 113.74 1.506 0.348 188.62 114.90 1.642 0.401
2002 176.65 117.52 1.503 0.350 192.77 117.91 1.635 0.411
2003 177.43 118.15 1.502 0.361 193.51 118.56 1.632 0.426
2004 180.66 120.60 1.498 0.368 198.28 121.86 1.627 0.428
Notes: Predicted wages based on wage-equation regressions. The wages in the wage equations are measured

in nominal NOK. The predicted wages are then de�ated using CPI (1995 = 1.000)

The share of H is the share of man hours worked by high-skilled employees in the given industry.

Table 11: E¢ ciency parameters related to quality adjustment of man-hours worked by
low and high skilled

Machinery El. equipment
skill category, k �k �k �k �k

1 1 1 1 1
2 1.065 1.123 1.084 1.126
3 1.142 1.215 1.183 1.235
4 1.243 1.311 1.315 1.361
5 1.380 1.440 1.488 1.516

Table 12: Estimates of elasticity of substitution (r� 1), and skill-biased tech-
nical change. St.err. in parentheses

Coe¢ cient Machinery El.equipment
r � 1 �0:65(0:35) �0:50(0:41)
�r ln(�1997=�1996) �0:02(0:02) 0:00(0:02)
�r ln(�1998=�1997) �0:01(0:02) �0:04(0:02)
�r ln(�1999=�1998) 0:01(0:02) 0:03(0:02)
�r ln(�2000=�1999) 0:04(0:02) 0:05(0:02)
�r ln(�2001=�2000) 0:01(0:02) 0:01(0:02)
�r ln(�2001=�2002) �0:02(0:02) 0:07(0:02)
�r ln(�2003=�2002) 0:05(0:02) 0:02(0:02)
�r ln(�2004=�2003) 0:04(0:02) 0:04(0:02)
R2 0:99 0:99
No. of �rms 841 560



Table 13: Estimates of coe¢ cients in system of equations for sales and labour demand
Coe¢ cient of:

Industry Equation lnAit ln cit ln Ki;t�1

Machinery

S
H
L
K

0:21 (0:01) �0:34 (0:01) 0:16 (0:01)
0:21 �0:34 0:16
0:21 �0:34 0:16
0:07 (0:01) �0:10 (0:01) 0:77 (0:09)

El. equipment

S
H
L
K

0:22 (0:01) �0:70 (0:11) 0:15 (0:02)
0:22 �0:70 0:15
0:22 �0:70 0:15
0:07 (0:01) �0:16 (0:04) 0:74 (0:03)

Standard errors in parentheses are obtained from the inverse

Hessian of the log-likelihood function

Table 14: Educational levels
Tripartition of levels Level Class level

0 Under school age
Primary education 1 1st �6th

2 7th �9th
Secondary education 3 10th

4 11th �12th
5 13th �14th

Post-secondary education 6 15th �16th
7 17th �18th
8 19th+
9 Unspeci�ed

Table 15: Types of education in Norwegian classi�cation of education
Code Description
0 General programs
1 Humanities and Arts
2 Teacher Training and Pedagogy
3 Social Sciences and Law
4 Business and Administration
5 Natural Sciences, Vocational and Technical subjects
6 Health, Welfare and Sport
7 Primary Industries
8 Transport an Communications, Safety and Security
9 Unspeci�ed



Table 16: Quantile regression estimates
Machinery Electrical equipment

Variable 0.05 quantile 0.95 quantile 0.05 quantile 0.95 quantile
Constant 3.895 (0.021) 5.186 (0.010) 3.931 (0.021) 5.151 (0.013)
1996 -0.008 (0.019) 0.032 (0.009) -0.019 (0.014) 0.025 (0.009)
1997 0.010 (0.019) 0.075 (0.009) 0.067 (0.014) 0.096 (0.009)
1998 0.054 (0.019) 0.142 (0.009) 0.081 (0.014) 0.157 (0.009)
1999 0.064 (0.019) 0.188 (0.009) 0.128 (0.014) 0.219 (0.009)
2000 0.067 (0.019) 0.229 (0.009) 0.157 (0.014) 0.260 (0.009)
2001 0.205 (0.019) 0.305 (0.009) 0.243 (0.014) 0.317 (0.009)
2002 0.238 (0.019) 0.356 (0.009) 0.317 (0.014) 0.361 (0.009)
2003 0.238 (0.019) 0.406 (0.009) 0.332 (0.014) 0.418 (0.009)
2004 0.256 (0.019) 0.429 (0.009) 0.313 (0.014) 0.447 (0.009)
reg1 0.454 (0.022) 0.175 (0.010) 0.418 (0.020) 0.330 (0.013)
reg2 0.421 (0.020) 0.136 (0.009) 0.339 (0.020) 0.216 (0.013)
reg3 0.293 (0.019) 0.098 (0.009) 0.324 (0.020) 0.181 (0.012)
reg4 0.302 (0.020) 0.007 (0.009) 0.067 (0.025) -0.008 (0.016)
reg5 0.440 (0.019) 0.135 (0.010) 0.334 (0.022) 0.317 (0.014)
Note: Standard errors in parentheses.

Table 17: Year/labour area speci�c threshold values of trimming of wages according
to quantile regression results. Machinery
Year Thresholds Ref. region Region 1 Region 2 Region 3 Region 4 Region 5
1995 Lower 49.156 77.401 74.888 65.891 66.487 76.325

Upper 178.752 212.938 204.793 197.157 180.008 204.588
1996 Lower 48.764 76.784 74.292 65.366 65.957 75.717

Upper 184.565 219.862 211.452 203.568 185.861 211.241
1997 Lower 49.650 78.179 75.641 66.553 67.155 77.092

Upper 192.674 229.522 220.743 212.512 194.028 220.523
1998 Lower 51.883 81.696 79.044 69.547 70.176 80.560

Upper 206.026 245.227 236.040 227.238 207.473 235.804
1999 Lower 52.405 82.517 79.838 70.246 70.881 81.369

Upper 215.724 256.980 247.151 237.936 217.239 246.904
2000 Lower 52.562 82.765 80.078 70.457 71.094 81.614

Upper 224.753 267.736 257.495 247.894 226.331 257.238
2001 Lower 60.340 95.012 91.927 80.883 81.614 93.691

Upper 242.500 288.877 277.827 267.468 244.203 277.550
2002 Lower 62.365 98.199 95.012 83.596 84.352 96.834

Upper 255.188 303.992 292.364 281.463 256.980 292.072
2003 Lower 62.365 98.199 95.012 83.596 84.352 96.834

Upper 268.272 319.578 307.354 295.894 270.156 307.047
2004 Lower 63.497 99.983 96.737 85.115 85.884 98.593

Upper 274.513 327.013 314.505 302.778 276.442 314.191
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