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ABSTRACT: We study whether older workers are costly to firms. Our estimation equations
are derived from a variant of the decomposition methods frequently used for measuring mi-
cro-level sources of industry productivity growth. By using comprehensive linked employer-
employee data from the Finnish business sector, we study the productivity and wage effects,
and hence the profitability effects, of hiring and separation of younger and older workers. The
evidence shows that separations of older workers are profitable to firms, especially in the
manufacturing ICT-industries. Robustness checks include the use of regional labor supply and
other variables as instruments for the potential endogeneity of the labor flows.
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1. Introduction

Increasing average age of the work force poses difficult challenges both to firms and the
whole society. As a result of changes in the age structure, an increasing share of firms’ em-
ployees is in higher age groups. Changes in the available labor supply also imply that firms
may not be able to hire as many young employees as they wish. On the other hand, pressures
on the sustainability of pension systems have led governments to find ways of getting people
to lengthen their working lives. Efforts have been made to reduce incentives of using early
retirement channels, as the actual retirement age in many countries falls clearly below the
mandatory retirement age (OECD, 2006). There have been demands for raising the mandatory
retirement age, but also for extending the subjective right to continue working. Most notably,
in the US mandatory retirement age rules have been eliminated in most private sector jobs as
a result of anti-age-discrimination laws introduced in the 1960s. There have been policy
changes also in some European countries. In the UK, for example, workers have the right to
request to stay on the job after the mandatory retirement age. In some countries the subjective
right has been extended, for example in Finland to 68 years. These developments will in turn

still increase the average age of the work force.

From the firms’ point of view, an important issue is how to deal with the aging work force. To
illustrate the firms’ dilemmas, we can consider the following examples. The Swedish high-
tech firm Ericsson recently decided to offer redundancy to workers in the 35 to 50 age group
and having at least 6 years’ seniority. This was based on the firm’s view that staff turnover
was too low and the age structure was becoming disadvantageous.' A confidential Wal-Mart
memorandum leaked to the media in 2005 stated that aging workforce and increasing tenure
caused an unacceptable growth in benefit costs.” These age-related increases in labor costs are
related to health care costs and seniority-based pay systems, which are common in many
firms.® On the other hand, there are examples where firms have been able to prosper by keep-
ing or hiring older workers or have experienced disruption of productivity when older em-
ployees with tacit knowledge have left. The advocates of older employees emphasize that
lower turnover and higher experience may compensate age-related losses in working capacity
(e.g. AARP, 2005). The role of aging employees for the performance of firms may clearly be

an industry-specific issue.



We examine the connection of aging work force to firm performance by using information on
the hiring and separation of employees. Our approach is to disaggregate labor flows to and
from firms by age to three groups, “young” (30 or less), “middle-aged” (31 to 50), and “old”
(over 50). We emphasize that the labels “young” and “old” are used just for illustrative pur-
poses and refer to relative age. We show that firm-level labor productivity change can be de-
composed to the effects of the hiring and separation rates of the age groups and to the effect
of productivity growth of those workers in different age groups who are staying in the firm.
Our decomposition bears a resemblance to the kind of decompositions used frequently to de-
compose industry-level productivity change to the impacts of entry and exit of firms, and pro-
ductivity growth in continuing firms. A commonly used formula has been suggested by Foster
et al. (2001), but our formulation is closer to the formulas proposed by Maliranta (1997),
Vainioméki (1999) and more recently by Diewert and Fox (2005). In contrast to the industry
studies where firm productivities are observed, in our case the productivity of the individual
employees within firms cannot be measured. However, the decomposition leads to a simple
estimation equation where the parameters have the interpretation of relative productivity lev-
els of the different employee groups. A similar decomposition can be made for firm wage
growth. Combining the two decompositions, we also obtain an equation for firm profitability
change, which is the main interest of this paper. To be able to perform the analysis we need
detailed and comprehensive linked employer-employee data. We use the FLEED (Finnish
Longitudinal Employer-Employee Data) data set of Statistics Finland that covers basically all
firms in the country and all of their employees. The decompositions relate to performance
change in the two-year intervals 1995-97, 1997-99, 1999-2001, and 2001-2003.

Our results show that there are indeed differences between the age groups in their relative
productivity and wage levels, and hence the age structure of employees may have impacts on
firm performance. In particular, we find that the outflow of older workers has an economi-
cally strong positive effect on the firms’ profitability, especially in the manufacturing ICT
industries. This is mainly because before separation the productivity level of newly hired
older workers is substantially below that of the average worker in the firm but their wage
level is, however, reasonably close to the average. Other labor flows instead have generally
more neutral effects on firms’ profits. On the hiring side for instance, the relative wage levels
of older workers correspond to their relative productivity levels so that the inflow of older
workers does not change the profitability of the firms. Separated young workers have consid-

erably higher productivity levels than the average worker or separated older workers. This is



most likely caused by high-productivity employees having more job opportunities and being
more likely to switch jobs. But the wage levels of the separated young workers are also rela-
tively high, which means that outflow of young workers does not harm firms’ profitability
significantly. To control for the fact that the labor flows are to a large extent chosen by the
firm, we instrument the flows by variables that describe either exogenous changes in the sup-
ply in the local labor market (to instrument hiring), and changes in local labor demand or the
characteristics of the existing work force of the firms (to instrument separation). The instru-

mental variable estimation results provide further support to our main findings.

The structure of the paper is as follows. In section 2 we provide a theoretical discussion. In
section 3 we describe the decomposition of the growth in productivity, wage, and profitability
to the impacts of the labor flows. In section 4 we describe the data set and present the estima-
tion results. Section 5 concludes the paper with some suggestions for further research.

2. Previous research

It is not immediately clear, what is an optimal age structure or optimal turnover rate for a
firm. Young workers are less experienced, but usually have longer and more up-to-date edu-
cation. Older workers may have passed the peak of their physical productivity, but may be
able to compensate for it with their long experience. The decision on the age structure also
depends on labor supply. The availability of workers of different ages may rapidly change,
since the younger age cohorts are smaller than the old ones. This may encourage firms to keep
their aging employees. The wage structure also has an impact on the firms’ choices, since it is
the productivity and wage effects together that determine the impact of the age structure on
firm performance. Wages often have seniority-based elements. There are several alternative
explanations for this: there is wage growth with accumulation of human capital through ex-
perience, older workers as insiders have more bargaining power in the wage negotiations,
employment protection legislation favors older employees, and there can be deferred pay-
ments elements in wage setting (see e.g. Lazear, 1990). According to the deferred payments
argument (Lazear, 1979; Hutchens, 1986), lower pay of the employees in their early career is
repaid by the firm in the form of wage that exceeds productivity in the later career. While

Lazear uses this feature of wage determination to explain the existence of mandatory retire-



ment, it can also give an explanation for differences between age groups in the employers’
incentives to initiate separations. Pension systems may give an additional reason for this kind
of relationship between productivity and pay. In defined benefits pension systems the pension
is typically defined as a fraction, based on the length of the employment relationship, of the
last year’s income (so-called final salary pension) or the last few years’ income. This gives

incentives for employees to bargain for a back-loaded wage.

Our paper relates the discussion on deferred payments and separation incentives to two other
fields of literature. One is the connection of age and productivity, which has been extensively
discussed in psychology and physiology (e.g. Kanazawa, 2003), and in recent years also in
economics. Since individual-level productivity measures are available only in very special
cases, a field of research has emerged, where linked employer-employee data sets are used for
analyzing the impact of work force characteristics, like average age or shares of employees in
different age groups, on plant- or firm-level productivity and wage (e.g. Hellerstein et al.,
1999; Hellerstein & Neumark, 2004; llmakunnas & Maliranta, 2005; Maliranta & Ilmakun-
nas, 2005; Daveri & Maliranta, 2007). A drawback of this line of studies is that they do not
pay much attention to how the structure of the work force is determined, although in some
studies the work force age (and other characteristics) have been instrumented (Aubert & Cré-
pon, 2003; Malmberg et al., 2005; Daveri & Maliranta, 2007).

The research with linked data sets is mostly concerned with comparisons of productivity and
wage profiles to test different theories of wage formation. The results in this literature are not
quite conclusive, but there is some evidence from various countries that firm productivity
tends to have an inverted U-shaped relationship with age, while average wage is increasing in
age (for a survey, see Skirbekk, 2004). Evaluation of the performance of firms has not been a
central issue in this context. We will also utilize linked data, but will extend the analysis to
directly examining how the age structure of the work force changes through the inflow and

outflow of labor input and how the flows subsequently influence firm profitability.

Another strand of research that our paper is related to is the connection between labor turn-
over and firm performance. Much of this work has appeared in the field of human resource
management, where the analysis is often restricted to special data sets with emphasis on quit
behavior and the firms’ policies to control it. Traditionally, the negative aspects of this kind of

turnover have been emphasized. In the parlance of the management literature (e.g. Dalton et



al., 1982), separation is dysfunctional, when those high-productivity workers whom the or-
ganization would like to keep, are leaving. This involves costs in the form of rehiring and
training, but also less directly in the form of disruption of informal communication structures.
Costs may also be caused by employer-initiated separations in the form of firing costs. Also
the traditional labor economics view is that quitting needs to be controlled for example with
wage policy since otherwise the employees would not stay long enough to accumulate spe-
cific human capital. There are also models for optimizing hiring and separation to maximize
profits (e.g. Hamermesh & Pfann, 1996). In these models it is assumed that both hiring and

firing have negative consequences through adjustment costs.

In contrast to the traditional view, from the 1980’s management research has emphasized that
labor turnover can also be functional, i.e. in the interest of the organization. This can happen
e.g. when low productivity workers quit or their separation from the firm is initiated by the
employer. Replacing the leavers by new workers also brings new ideas and knowledge to the
firm. In economics, the positive influences of turnover have been emphasized more formally
in models where the search and matching process allocates workers to their best uses in firms
(e.g. Jovanovic, 1979). Worker flows and the matching process may be particularly important

for productivity when technological change is rapid (see e.g. Aghion & Howitt, 1996).

The existing empirical evidence on the effect of various measures of labor turnover on firm
performance, measured by productivity or profitability, is somewhat mixed.* A drawback in
this field of work is that most of the research is concerned with separations, often only with
quits. The hiring side of turnover has received much less attention, except indirectly, since
separations often lead to a need for rehiring. There are, however, a few studies that have ex-
amined the separate effects of hiring and separation on performance; Bingley and Wester-
gaard-Nielsen (2004), llmakunnas et al. (2005), and Siebert et al. (2006) using firm or plant
data, and Blakemore and Hoffman (1989) with aggregate data. Further, there is hardly any
work that studies the impacts of turnover of different types of employees.’ If all employees
were perfect substitutes, worker turnover would be dysfunctional since it would just cause
costs without having a positive impact on productivity. The only necessary turnover would be
such that is needed for expanding or reducing the total size of the labor input. However, if
there is a connection between e.g. the age structure of the work force and performance, it is
the inflow and outflow of different types of employees that the firms should control to opti-

mize the work force structure. In practice, the age structure of the employees changes when



the average age level of the inflow differs from that of the outflow. The optimal age mix of
employees, and therefore the optimal inflow and outflow of different age groups, is based on
the relative productivities and wages of the age groups. The choice of the age mix is con-
strained by legal limits on layoffs, availability of different types of employees (i.e., local labor
supply), and differences in the quit propensities of different employee types.

3. Decomposition and estimation of firm performance

We assume that a firm’s labor force consists of M different age groups (cohorts) j =1, ..., M,
and that the firm’s output (value added) in period 1 can be defined as the sum of outputs of all
the worker groups:

Y, =D, (1)

j
The firm’s labor productivity is the average of labor productivities, weighted by labor shares:
Y M
1 Zi_l (2)
L TL L
M
where L, = Z L,; - Each worker age group can further be divided into two subgroups; workers
j
who worked in the previous period 0 and are still working in the firm, i.e., stayers (stay), and
those who are working in the firm in year 1 but were not there in period 0, i.e., they were

hired after 0 (hire). The firm’s labor productivity level can then be expressed as follows:

21 Z L:Lj stay 1] stay Z I‘1j,hire Y1j,hire (3)

i Ll Llj stay i Ll I‘1j,hire

Because the shares of stayers and hired workers add up to one,

i Llj stay i Llj hire
— 4+ —=1,
2L

(3) can be written as follows:



M Y,

L — Z j,stay 1j,stay z Llj hire lj hire i j,stay Ylj,stay
L1 ] le L:Lj,stay Llj,stay j L1 L:Lj,hire i le Llj,stay Llj,stay

i Llj stay Ylj stay + i L:LJ hire 1] hire Yl,stay
le LlJ stay Llj stay i L1 I‘1j,hire Ll,stay

(4)

To write the labor productivity level of the firm in period O we define a third subgroup, those
who were in the firm in period 0, but are no longer there in period 1, i.e. those who have sepa-

rated after O (sepa). We can write the period 0 productivity in an analogous way to (4):

Y,

Y_o i j,stay 0] stay + Z LO] sepa Oj sepa Z 0] stay 0j,stay
LO ] ZO] LO] stay LO] stay i LO LOj,sepa ZO] LO] stay LOJ stay

— z LOj,stay YOj,stay + Z LO] sepa 0] sepa YOj,stay
j zcj LOj,stay LOj,stay i Lo L0j,sepa LOj,stay

()

Of course it holds that

M M
Z L()j,stay =Z L:Lj,stay .
J J

We are interested in labor productivity growth, i.e., the growth of productivity level between
periods O and 1, i.e.

A= (6)

We define the worker age groups in such a way that none of the staying workers changes her

group between periods 0 and 1, i.e.,

L:Lj ,stay — Llj ,stay
Zoj Llj,stay le L:Lj,stay

course, aging over time, but the age groups should be understood as cohorts rather than abso-

I (and therefore ) for all j. Note that people are, of

0 j,stay l j,stay

lute age groups.

We then obtain®
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i LOj,stay (Ylj,stay _ YOj,stay J"‘
i Zj LOj,stay Llj,stay LOj,stay ( )
7
i I‘1j,hire Y1j,hire - Yl,stay +
i Ll I‘1j,hire Ll,stay
i LOj,sepa YO,stay _ YOj,sepa
i I‘0 LO ,stay LO j.sepa

The first set of terms on the right-hand side of equation (7) shows the productivity growth
“within workers”, i.e. the productivity growth that accumulates over time for those who are
staying in the firm. It can be interpreted as productivity growth due to the accumulation of
human capital through experience. The within worker productivity growth may vary across
the age groups, and the total effect is a labor share weighted average of productivity changes
in the different groups. A firm has a rapid productivity growth when a large proportion of
workers have a high productivity growth rate. These workers may have such human capital
that enables them to adopt or innovate more productive techniques. In other words, these
workers have dynamic long-run effects on the company’s productivity. This effect can be

called as Nelson-Phelps effect according to the seminal work by Nelson and Phelps (1966).

The second set of terms indicates the productivity effects of hiring of workers in different age
groups. As can be seen from (7), hiring of type j workers has a positive impact on productivity
change when these hired workers have a higher productivity level than the average staying
workers. Newly hired workers may be more productive than incumbents in period 1 because
they have learned more productive techniques when they worked for the previous employer,
or have more recent education, for example. Adjustment costs related to the hiring of new
employees are implicitly included in our formulation. The relative productivity of the hired
workers should therefore be understood as productivity net of adjustment costs.

Finally, the third set of terms indicates the productivity effects of separations of different
worker age groups. Quite analogously to the hiring effect, separation of type j workers has a
positive effect on productivity change when these workers have a lower productivity level
than the average incumbent worker in period 0. Again, the productivity impact of separations

is net of adjustment costs.



The terms of (7) can be turned into growth rates by dividing them by the average productivity
level in the periods 0 and 1. The growth rate is then a close approximation of a more common

log-difference, i.e.,

Y/L =Y/l ~|n Yi/L =dIn(Y/L). (8)

Besides labor productivity, we can use a similar decomposition for the average wage level in

the firm. In this case we just replace Y in the equations above by the wage sum W.

Equations (7) and (8), and corresponding equations for wage growth can be used for estimat-
ing productivity gaps and wage gaps between age groups. These gaps can be analyzed both on

the hiring side and on the separation side. We obtain the following estimation models:

A(Y/I-) M M M-1 |

N =@+ o iR 2 Bio s epaSRy + 2 Zip,5ySTAYSH, +6'Z 46 (9)
J i ]
M M M-1

A(\(/X\%j) = a+ZAN,j,hireHRj +ZAN’j’SEpaSRj +z Zw,j,staySTAYSHj 157 +¢ (10)
i i ]

where (Y/L)=05[(Y,/L,)+(Y,/L)] and (W/L)=0.5[(W,/L;)+(W,/L,)] are two pe-
_ b _ Lojsere

riod averages in productivity and wage, respectively, HR; = and SR; =

_ LOj,stay [: Llj,stay

are the hiring and separation rates, and STAYSH, = L
j,stay

staying workers . We have added control variables Z to account for other exogenous

J is the share of

,stay

influences on firm productivity, wage, and profits. In the estimations, we use firm
panel data, so the equations to be estimated will be indexed with i (firm) and t (pe-

riod), which are not shown in (9)-(10).

On the hiring side the coefficients of our main interest that will be estimated with equations

(9)-(10) have the following interpretations:

(Y/L)l,j,hire _(Y/L)l,stay
ﬂ(Y/L),j,hire = (Y/L) (11)
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(W/L)l,j,hire _(W/L)l,stay
ﬂ(W/L),j,hire = (W/L) : (12)

i.e. they measure the relative productivity and wage, respectively, of hired workers in age
group j, compared to all staying workers. For the separation side, the estimable coefficients
are obtained analogously as

(Y/L)O,stay _(Y/L)O,j,sepa

By jisepa = 0 (13)
. (W/L)o,stay _(W/L)O,j,sepa
lB(W/L),j,sepa - (W/L) J (14)

which measure the relative productivity and wage, respectively, of the separated workers. The
intercept « indicates the growth rate in the reference age group of the stayers and the coeffi-

cients of the included STAYSH, variables (M-1 age group variables) indicate differences in

the growth rate in the age groups j and in the reference group.’

In this paper, we are particularly interested in profitability effects. Profitability is measured as fol-
lows:
OPM Y Y/L

T W iea) Wea) (tra)W/L)’ 19)

where OPM denotes operating margin (i.e., OPM =Y — W(1+a)), where a, the ratio of payroll

taxes to wages, is assumed constant over time and across the worker groups.

The growth rate of profitability (15) is therefore the difference between the growth rates of
productivity Y/L and wage WI/L. This relationship can be expressed in a standard manner by

using log differences, i.e.

dinlT=dIn(Y/L)-dIn(W/L) (16)
In this study, however, we have used another approximation for the growth rates of productiv-

ity and wages in equations (9) and (10). We therefore use an alternative for (16):

AT _A(Y/L) AW/L)
o (Y/L) (W/L)

(17)

where IT=0.5[IT, +I1,].
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By inserting (9) and (10) into (17) we obtain an equation for the profitability change

AH M M M -1 |
i 0+ By pnieeHR 2 B epa SRy + 2 2t iy STAYSH +6'Z + (18)
] ] J
where, on the basis of (17), the following approximations hold
Prinire = By, iire = By, pire (19)
IBH,j,sepa ~ ﬂ(Y/L),j,sepa _ﬂ(W/L),j,sepa (20)
Since
(Y/L)l,j,hire _(Y/L)l,stay ~| (Y/L)l,j,hire
ﬂ(Y/L),j,hire = =In Y/L (21)
(Y/L) ( / )l,stay
and
(W/L)l,j,hire _(W/L)l,stay ~| (W/L)l,j,hire
ﬂ(W/L),j,hire = =In WL (22)
(W/L) ( / )l,stay

(19) can be developed as follows

(Y/L)l,j,hire (W/L)l,j,hire _ (Y/W)l,j,hire
,Bn,j,hirezln (Y/L)lystay —In (W/L)lvstay In (Y/W)lvstay

1, j,hire

IT

(23)

= /Bn,j,hire ~In
1,stay

which shows that the parameter of the hiring variable for the worker group j in the profit
equation (18) can be interpreted as a measure of the profitability level of the hired group j

workers relative to all stayers in period 1.

Analogously, we obtain that

T,
_ ~ |n 0, j,sepa , 24

ﬂnvjysepa 1_[O,stay ( )

which provides us a measure of the relative profitability level of the separated group j workers

before they leave.

When using equations (9), (10) and (18) for estimation, there are possible sources of bias. First,
there can be unobservable firm heterogeneity both in productivity and wage levels, which is
correlated with the firms’ choice of labor input. In particular, new firms often start with a new

work force which only slowly evolves over time (Haltiwanger et al., 1999, 2007). Therefore,
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firm vintage and worker cohorts tend to be tied together, with young workers being employed in
firms that have new equipment and a high productivity level. Since we are using growth rates as
the dependent variables, this is not an issue of great concern here. That is, if there is an unob-
served firm-specific component in the productivity or average wage level, it is eliminated when
rates of change are used. Our approach is related to the use of long differences in fixed effects
models (e.g. Griliches & Mairesse, 1998);we define the growth rates and labor flows in two-

year periods. We also control for some observable firm characteristics, included in Z.

Second, there is heterogeneity across workers. This would not be an issue if the firms ran-
domly chose new employees from the pool of applicants or randomly picked up those who are
laid off. This is not likely to be the case, however, since the firms may hire the best applicants
and lay off poor performers. Our hiring and separation flows may therefore be unrepresenta-
tive of the corresponding age groups in the whole population. However, the selection bias
should affect productivity growth and wage growth in the same way (see Hellerstein & Neu-
mark, 2004) and therefore be eliminated when we examine their difference, i.e. the productiv-

ity-wage gaps which directly relate to our measure of firm performance.

Third, the hiring and separation rates are based on the firms’ decisions and are therefore pos-
sibly correlated with the error terms. For example, positive productivity shocks may lead to
the hiring of new, young workers, which then causes an overestimate of their productivity
effect (cf. Olley & Pakes, 1996; Levinsohn & Petrin, 2003). On the other hand, one of our
main interests is the profitability effect of the separations of older workers. It is not quite ob-
vious why a positive productivity or profitability shock should increase separations of older
workers, which would generate a spurious positive correlation between profitability change
and the separation of older workers. More probably, a negative profitability shock should in-
crease a company’s incentives to encourage its older labor force to early retirement, for in-
stance. As a consequence, our main results are more likely biased in the direction of not

showing older workers being overpaid even when they actually may be.

Anyhow, we address this issue in two ways. We identify those older workers who have left
the company for the old age pension, which we consider a more exogenous type of separation
than the other separations. We also use instrumental variables that take into account exoge-
nous variations in labor supply and demand in the local labor market and the structure of the

work force that the firms “inherit” from previous periods.
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4, Empirical analysis

4.1. Data and variables

The unique identification codes for persons, companies and plants used in the different regis-
ters forms the backbone of the Finnish administrative register network and the Finnish statis-
tical system. This provides an excellent opportunity to construct cross-sectionally and dy-
namically representative data for various research purposes by linking different administrative

data sources (see Abowd & Kramarz, 1999).

The data for this study are drawn from the Finnish Longitudinal Employer—-Employee Data
(FLEED). The data set merges comprehensive administrative records of all labor force mem-

bers as well as all employers/enterprises (including information also on their establishments)

subject to value added tax (\VAT). It can be complemented by a range of additional informa-
tion from both private and public sources. FLEED currently covers the years 1990-2002 with
near-perfect traceability of employers and employees across time. The employment statistics,
educational statistics, taxation records, business register, financial statement statistics, manu-
facturing census as well as various surveys are among the original sources of the FLEED

variables.

To define the labor flows and changes in productivity, wage, and profitability, we use 2-year
windows. The flows and changes are defined for the 4 periods 1995-97, 1997-99, 1999-2001,
and 2001-2003.% The observation unit is a firm. In principle we also have data on establish-
ments, but information on value added, our preferred measure of output, and some other rele-
vant variables, like capital intensity, about establishments are lacking beyond the manufactur-
ing sector. Further, the links between employees and firms are more reliable than those be-

tween employees and establishments, especially in multi-unit firms.

Our estimation sample covers the industry sector and service sector. The industry sector con-
sists of mining, manufacturing, public utilities and construction. The service sector comprises
retail and wholesale trade, business services and personal services. Real estate and financial
intermediation are excluded due to problems in measuring output in a reliable manner. The
number of observations in the estimation sample by branches is shown in Appendix Table
Al
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The dependent variables are defined as follows. Labor productivity growth is measured as a
two-year rate of change in value added per employee, average wage is correspondingly a two-
year rate of change in wage sum per employee, and change in profitability is a two-year rela-
tive change in value added per labor costs (wages and social security payments). These vari-
ables are measured in nominal terms, and price changes (and other industry-specific effects)

are controlled by a set industry dummies that are interacted with the period dummies.’

The labor flows are based on the comparisons of employees in the firms in two time periods, t
and t-2. The flow rates are calculated separately for three age groups, “young” (- 30 years),
“middle-aged” (31-50 years), and “old” (51 - years). We use fairly broad age groups to ensure
that we have enough employees in the groups when hiring and separation are disaggregated
by age. In each period age is based on the situation at the end year. For example, those who
were 28 years old in t-2, are 30 years old in t and hence included among the “young”. Those
who were 30 already in year t-2, are 32 in t, and hence included in the middle group. The age
group classification is thus based on year t age, and not on the age at which the employees

were last observed in the firm.

The hiring rate HR;;; for age group j is the number of new employees in firm i in the age group
(those in the firm in t, but not in t-2) divided by the number of all employees of the firm in t.
The separation rate SR;i; is correspondingly the number of exited employees of firm i in age
group j (those in the firm in t-2, but no longer in t), divided by the number of all employees in
the firm in t-2. The share of stayers, STAYSH;;, is the number of staying employees of firm i
in age group j (those in the firm both in t and t-2), divided by all stayers of the firm in t-2. The
sum of these stayer shares is therefore one, so one of the groups is left out of the estimation.

As controls we use the various characteristics of the plants. We control for the log of capital
per employee, which is entered in difference form to be consistent with the form of the de-
pendent variables. The initial levels (in t-2) of log of value added per worker and log of aver-
age wage account for catching-up effect. Finally, we have a set of dummy variables. These
include interacted industry and period dummies (46 industries) to account for the effects of
idiosyncratic industry shocks, and likewise a set of dummies as controls for regional effects

(20 regions).



15

Since the labor flows may be endogenous, we use a number of instrumental variables for
them. In the construction of the instruments we have used the rich employer-employee data,
which make it possible to combine data on individuals and firms to measures of local labor
market conditions. Hiring of new employees can be instrumented with variables that account
for exogenous regional shifts in labor supply in the three age groups. Our first instrument is
the number of individuals who have graduated from institutions of secondary or higher level
education per working age population in the area (or areas) where the firm is situated during
the years t-2 and t-3."° The area is defined as the municipality where the firm is located and all
adjoining municipalities.** For the firms that operate in many areas, we use a weighted aver-
age of the areas in question. The other instruments for hiring are the age-group specific sepa-
ration rates of employees in the business sector in the area where the firm is located, calcu-
lated by using establishment level data. These regional separation rates between periods t-4
and t-2 are used as instruments for hiring of firms operating in the area between periods t-2
and t. All of these instruments describe exogenous shifts in the availability of new employees

of different ages.

To instrument separations we use variables that account for regional shifts in labor demand
that may lead to job-to-job switches. We use as instruments the hiring rates of the three age
groups in the area where the firm operates. These are calculated in the same way as the sepa-
ration rates. The regional hiring rates by age groups between periods t-4 and t-2 are used as
instruments for separations in firms operating in the area between periods t-2 and t. As a ro-
bustness check we estimate the model by dropping the continuing employee age group shares
and use them instead as additional instruments. They describe the potential out of which the
separations happen. In addition, we use the shares of homeowners among each firm’s em-
ployees in the age groups as instruments for separation. One can argue that home ownership
creates adjustment costs for job switching and therefore should work as an instrument for the

separation rates.

Before conducting the econometric analysis we leave out some potentially erroneous observa-
tions that may distort our results. First, we remove those observations where the number of
linked employees differs more than 10% from the number of employees in the company data.
This indicates that the linking of the individual and firm data is incomplete. Second, we re-
move some potentially influential outliers that we detecte by using the method proposed by

Hadi (1992; 1994). The method is useful for detecting multiple outliers in multivariate data.
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Identification of outliers is made on the basis of three variables: 1) the growth rate of average
monthly earnings calculated from the data on individuals (the Employment Statistics), 2) the
growth rate of average wage calculated from the company data, and 3) the productivity
growth rate. The first two variables should be highly correlated with each other because they
are essentially gauging the same thing, but may sometimes differ due to possible inaccuracies
in the links between employees and their employers, for instance. Wage growth is usually
correlated with productivity growth, but sometimes they may be very different because of
measurement errors in output and/or labor input. The identified outliers (418 out of 19 452
firm-period observations) are removed from all estimations except the median regression es-
timation (see Appendix Table A.2). We also restrict the sample to firms that employ at least
10 employees and leave out the firms with over 10 000 employees; 8 observations are

dropped from the sample due to the upper limit.

4.2. Estimation results

Table 1 gives some descriptive summary statistics of our basic sample that is used in the re-
gression analysis below. Because some observations cannot be used in the analysis due to
missing values of the explanatory variables, we are finally left with 18 848 observations. The
average number of linked employees per company is 85.2, which is close to the average num-
ber of employees in these firms according to company data (85.9 employees measured in full-
time equivalents). In other words, our regressions are based on 1.62 million individual-period
observations. Because we have four periods, our sample covers about 405 000 individuals per
period. This figure includes those individuals who are employed by a company in our sample
either in the initial or end year or both. This is roughly one third of the total employment in

the non-farm business sector.

The average nominal productivity growth rate in the 2-year periods is 4.1%. Average wage
growth rate, calculated from company data, is 6.7%. This is reasonably close to the average
growth of monthly earnings of the linked employees, 6.9%, obtained from the register data on
individuals (Employment Statistics). The average level of monthly earnings is €2130. The
average hiring rate, which is the sum of the hiring rates of the three age groups, is 28.6% and
the average separation rate, sum of the separation rates of the three age groups, is 24.5%"
Young employees account for 17.2% of the staying employees and the old workers account
for 20.9%.
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Table 1. Descriptive statistics of the estimation sample

Variable N Average pl Median p99

Average employment (CD) 18848 85.9 11.0 25,5 1036.5
Average employment (ES) 18848 85.2 11.0 25,5 1029.0
Labor productivity growth rate 18848 0.041 -0.732 0.044 0.763
Wage growth rate (CD) 18848 0.067 -0.433 0.068 0.556
Wage growth rate (ES) 18848 0.069 -0.181 0.068 0.326
Profitability growth rate 18848 -0.026 -0.713 -0.021 0.623
Monthly earnings (ES), in euros 18848 2130 1108 2025 4226
Hiring of -30 years 18848 0.143 0.000 0.118 0.545
Hiring of 31-50 years 18848 0.122  0.000 0.100 0.448
Hiring of 51- years 18848 0.021 0.000 0.000 0.167
Separation of -28 years 18848 0.086  0.000 0.058 0.484
Separation of -28 years, unemployment. 18848 0.010 0.000 0.000 0.105
Separation of -28 years, other 18848 0.076  0.000 0.050 0.444
Separation of 29-48 years 18848 0.117 0.000 0.083 0.563
Separation of 29-48 years, unemployment 18848 0.022  0.000 0.000 0.200
Separation of 29-48 years, other 18848 0.096  0.000 0.068 0.474
Separation of 49- years 18848 0.042  0.000 0.023 0.267
Separation of 49- years, retirement 18848 0.012 0.000 0.000 0.111
Separation of 49- years, unemployment 18848 0.014  0.000 0.000 0.152
Separation of 49- years, other 18848 0.015 0.000 0.000 0.154
Share of staying -30 years 18848 0.172  0.000 0.135 0.686
Share of staying 31-50 years 18848 0.619 0.188 0.626 1.000
Share of staying 51- years 18848 0.209 0.000 0.200 0.600

Share of home owners among -30 years 15979 0.574  0.143 0.510 1.000
Share of home owners among 31-50 years 18765 0.719 0.250 0.741 1.000
Share of home owners among 51- years 16710 0.849 0.333 0.886  1.000

Note: CD and ES refer to Company Data and Employment Statistics information, respectively.

Table 2 reports the basic estimates. All of the estimation results reported below are based on
weighted estimation, with firm employment used as the weight. The entries in the third col-
umn are from a separate estimation for profitability change, but they are roughly equal to the
differences of the entries for productivity and wage change in the first two columns. The re-
sults show that hiring of young employees lowers the productivity level, presumably because
of their lack of general skills. However, they also have lower wages, so that the profitability
effect is close to zero. Hiring the mid-aged has a modest negative effect on productivity and a
modest positive wage effect, but neither is statistically significant. However, there is a statisti-
cally significantly negative net effect on profitability. The hired old workers have considera-
bly lower wage level than the average staying worker in year t and therefore these recruit-

ments are not a burden to firms.

On the separation side, exiting young employees have a negative impact both on productivity

and wage. One interpretation of this result is that it is the best performers who have already
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gained some experience in the firm who are leaving. Our point estimates suggest that young
leavers are underpaid, but because of a relatively large standard error the profitability effect
does not differ from zero in a statistically significant way. However, when the profitability
gap of young leavers is compared to that of the oldest leavers, the difference of 23.5%
(17.2%-(-6.3%)) is significant economically and statistically. Separation of the older employ-
ees has a fairly high positive productivity effect and a smaller wage effect. These estimates
indicate that the separating older employees have a lower productivity level than the continu-
ing employees, but they are also paid somewhat less on average. The net effect is thus an in-
crease in profitability. These results seem to support the deferred pay argument or the final
salary pension that gives further incentives to bargain for wage profiles that give a high pay at

the end of the career.*

Table 2. Productivity, wage and profit equations in the business sector

Productivity Wages Profits
(1) @) )
Hired -30 yrs. -0.133*** -0.163*** 0.028
(0.047) (0.023) (0.040)
Hired 31-50 yrs. -0.043 0.034 -0.078**
(0.043) (0.022) (0.038)
Hired 51- yrs. -0.082 -0.148** 0.060
(0.168) (0.064) (0.141)
Separated -28 yrs. -0.150*** -0.084*** -0.063
(0.057) (0.029) (0.064)
Separated 29-48 yrs. -0.036 0.012 -0.048*
(0.026) (0.009) (0.028)
Separated 49- yrs. 0.237*** 0.066*** 0.172*
(0.083) (0.023) (0.088)
Stayers 31-50 yrs. -0.005 0.003 -0.010
(0.044) (0.017) (0.041)
Stayers 51- yrs. -0.068 -0.066*** -0.006
(0.046) (0.020) (0.041)
Observations 18848 18848 18848
R-squared 0.247 0.222 0.271

* p<0.1, ** p<0.05, *** p<0.01

Note: Other variables include the initial wage and productivity levels (in logs), log-change in capital per labor,
regional dummies and interactions of industry and period dummies. Employment weighted estimation. Firms
with at least 10 and at most 10 000 employees included.

As a robustness check of the results we have also estimated the model of Table 2 by using
median regression (Appendix Table A.2), but our main conclusions remain intact. To investi-
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gate whether the results hold for different types of sub-sectors within the whole business sec-
tor, we estimate the models separately for the industry sector and the service sector. Table 3
shows that there are some notable differences in the results between these sectors. We find
that the R? measures of the productivity and profitability equations are substantially higher in
the industry sector than in the service sector. This may reflect a greater importance of idio-
syncratic factors or measurement problems regarding productivity and profitability in service

industries. In the wage equation R? is similar in both sectors.

More interestingly, separation of older workers is particularly profitable in the industry sector.
This implies overpayment of older workers, compared to their productivity. This is even more
pronounced in comparison to the negative profitability effect of separations of medium aged
workers. In addition, in the industry sector we find evidence that the dynamic effects of the
older workers are negative, since continuing older workers have a negative impact on the pro-
ductivity and profitability growth rates. In the service sector the results are different in several
respects. All the labor flows are profit neutral to firms except the hiring of medium aged
workers, which affects profits negatively. Clearly, we cannot find a “Wall-Mart effect” in

services, but in the industry sector there is an “Ericsson effect”.

The separations of the oldest age group may be driven by very different influences. Some of
these employees are retiring. Some are laid off and may face periods of unemployment. Some
are still looking for new jobs and quit to move to other firms. Finally, some withdraw from
the labor market. To investigate whether there are significant differences in the impacts of
different types of separations on firm performance, we have disaggregated the separation rate
of the age group over 50 years into three flow rates. These are separation rate to pension (old
age pension or disability pension), unemployment (including unemployment pension), and
other (job-to-job moves and withdrawal from the labor market). For the sake of comparison,
we have divided separations of the other age groups by destination into unemployment and
other. There are very few in these age groups who end up into retirement; they have been in-
cluded in the category “other”. The estimation results with this disaggregation are shown in
Table 4.

Now the outflow of older workers into retirement and unemployment is found to have a statis-
tically and economically significant positive impact on productivity indicating that these

worker groups had lower than the average productivity level before they left. The results for



Table 3. Productivity, wage and profit equations by sectors

—————————— Industry---———————- ————————--Services--—--——-——-—-
Productivity Wages Profits Productivity Wages Profits
(1) ) ©) (4) ) )
Hired -30 yrs. 0.076 -0.061** 0.137* -0.224*** -0.229***  0.001
(0.083) (0.030) (0.074) (0.051) (0.030) (0.044)
Hired 31-50 yrs. -0.047 -0.020 -0.029 -0.131** 0.053 -0.184***
(0.058) (0.025) (0.051) (0.055) (0.033) (0.047)
Hired 51- yrs. -0.033 -0.074 0.036 -0.298* -0.206* -0.095
(0.222) (0.077) (0.193) (0.164) (0.108) (0.113)
Separated -28 yrs. -0.155* -0.188***  0.030 -0.101 -0.011 -0.084
(0.088) (0.042) (0.070) (0.077) (0.022) (0.082)
Separated 29-48 yrs. -0.102***  0.024 -0.127***  0.025 -0.001 0.025
(0.033) (0.015) (0.029) (0.058) (0.025) (0.060)
Separated 49- yrs. 0.506***  0.131*** (0.381*** 0.027 0.030 -0.003
(0.104) (0.039) (0.095) (0.106) (0.049) (0.107)
Stayers 31-50 yrs. -0.101 0.023 -0.125* 0.047 -0.016 0.062
(0.072) (0.022) (0.065) (0.052) (0.022) (0.051)
Stayers 51- yrs. -0.167**  -0.050* -0.120%* -0.010 -0.080***  0.067
(0.074) (0.025) (0.065) (0.058) (0.029) (0.052)
Observations 9709 9709 9709 9139 9139 9139
R-squared 0.298 0.247 0.342 0.178 0.216 0.147

* p<0.1, ** p<0.05, *** p<0.01

Note: Other variables include the initial wage and productivity levels (in logs), log-change in capital per labor, regional dummies and interactions of industry and period

dummies. Employment weighted estimation. Firms with at least 10 and at most 10 000 employees included.
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Table 4. Productivity, wage and profit equations with disaggregation by destination in the

business sector

Productivity Wages Profits
1) ) €))
Hired -30 yrs. -0.131*** -0.173*** 0.040
(0.046) (0.023) (0.040)
Hired 31-50 yrs. -0.038 0.036* -0.075**
(0.042) (0.021) (0.037)
Hired 51- yrs. -0.072 -0.145** 0.067

(0.168) (0.064) (0.142)
Sep. -28 yrs., other -0.135** -0.045* -0.086
(0.066) (0.026) (0.072)
Sep. -28 yrs., unemp. -0.253 -0.439*** 0.177
(0.204) (0.108) (0.169)
Sep. 29-48 yrs., other -0.013 0.019** -0.032
(0.029) (0.009) (0.033)
Sep. 29-48 y., unemp. -0.076 -0.117** 0.045
(0.118) (0.049) (0.099)
Sep. 49- yrs., other 0.126 0.036 0.089
(0.099) (0.028) (0.117)
Sep. 49- yrs., unemp. 0.434*** 0.103* 0.337***
(0.136) (0.062) (0.116)
Sep. 49- yrs., pension 0.363** 0.085 0.280*
(0.180) (0.069) (0.170)
0

Stayers 31-50 yrs. -0.009 -003 -0.014
(0.044) (0.016) (0.041)
Stayers 51- yrs. -0.077* -0.070*** -0.010
(0.046) (0.020) (0.041)
Observations 18848 18848 18848
R-squared 0.247 0.225 0.272

* p<0.1, ** p<0.05, *** p<0.01

Note: Other variables include the initial wage and productivity levels (in logs), log-change in capital per labor,
regional dummies and interactions of industry and period dummies. Employment weighted estimation. Firms
with at least 10 and at most 10 000 employees included.

wages (the second column) show that the wage level of these workers did not differ significantly
from the average level. In other words, our results indicate that these worker groups had been paid
more than their productivity and their separations have been thus profitable to firms. This can also
be seen in the positive coefficients of the third column, the profit equation. The productivity-wage
gap is quite substantial, about 30%. On the other hand, the results of Table 4 do not provide evi-
dence that those older workers that have left the firm for some other destination, e.g. employment
in another firm, had been overpaid. These workers account for roughly one third of the total sepa-

rations of the older workers. So, a substantial proportion of the older workers are not found to be
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overpaid in our analysis. Interestingly, we do not find statistical evidence that those young or

middle aged workers who separated into unemployment had been overpaid.

Our interpretation of the results is that especially the outflows to unemployment reflect the
firms® choices whereas especially the route to old-age pension is a more exogenous event to
the firm. It is worth noting that the Finnish pension and unemployment insurance systems
have an exit route called “unemployment pension pipeline”, which allows unemployed to
withdraw from the labor market at a relatively early stage by successively transferring to un-
employment compensation, unemployment pension and finally to normal pension. It has actu-
ally been relatively common for the firms to use this system for downsizing their labor force,
which can be seen as an increase in the unemployment risk at an age where the “pipeline”
starts.”® It can also be argued that the use of the unemployment pension has in many cases
been in the mutual interest of the firms and their employees (Hakola & Uusitalo, 2005). Our
results are quite consistent with the existence of this policy that makes it easy for firms to

concentrate labor shedding to the older employees.

The use of temporary workers also makes it easy and cheap to downsize the labor force when
necessary. Unfortunately, our data do not allow us to distinguish between temporary and per-
manent employees. We can still speculate on the likely impacts, since the temporary employ-
ees are usually young. One can argue that concentration of layoffs to temporary employees is
one reason why the average age of employees in Finland rose during the depression in the
early 1990s (see llmakunnas et al., 2004). Also Table 1 above shows that the flow rate to un-
employment has been highest among the young. However, our estimation results do not give

support to the view that this kind of downsizing would have been profitability-enhancing.

In table 5 we show the results with disaggregation of separations by destination, estimated
separately for the industry and service sectors. A similar picture emerges as before: we find
evidence that the older workers are overpaid in the industry sector, but not in the service sec-
tor. In services the labor flows are generally profit neutral, except for hiring of the medium
aged workers, which has a negative effect. According to the results for the industry sector,
those older worker who leave their employer and end up in unemployment or old age pension
have a very low productivity level and their exit is therefore very profitable for the firms. Fur-
ther, having a large share of staying older workers has a negative effect on the productivity

and profitability growth rates.



Table 5. Productivity, wage and profit equations with disaggregation by destination and by sectors

- e Industry--- - - ——————  —————————— Services—--—-——————-
Productivity Wages Profits Productivity Wages Profits

&) ) 3) 4 () (6)

Hired -30 yrs. 0.082 -0.073** 0.156** -0.225*** -0.229***  0.000
(0.082) (0.030) (0.074) (0.052) (0.030) (0.044)

Hired 31-50 yrs. -0.045 -0.018 -0.028 -0.131** 0.055 -0.186***

(0.059) (0.025) (0.051) (0.055) (0.033) (0.047)
Hired 51- yrs. -0.016 -0.069 0.047 -0.303* -0.208* -0.098
(0.223) (0.077) (0.194) (0.165) (0.109) (0.115)
Sep. -28 yrs., other -0.110 -0.118***  0.005 -0.100 0.002 -0.095
(0.077) (0.040) (0.065) (0.086) (0.023) (0.090)
Sep. -28 yrs., unemp. -0.382 -0.463***  0.075 -0.112 -0.272** 0.155
(0.266) (0.149) (0.204) (0.219) (0.133) (0.199)
Sep. 29-48 yrs., other -0.039 0.032* -0.071 0.019 0.005 0.013
(0.046) (0.018) (0.044) (0.066) (0.033) (0.070)
Sep. 29-48 y., unemp. -0.063 -0.099* 0.043 -0.083 -0.131 0.045
(0.147) (0.060) (0.122) (0.153) (0.083) (0.138)
Sep. 49- yrs., other 0.195 0.052 0.145 0.062 0.043 0.018
(0.175) (0.068) (0.164) (0.132) (0.064) (0.147)

Sep. 49- yrs., unemp. 0.624***  (0.218***  0.415*** -0.017 -0.133 0.115
(0.164) (0.066) (0.142) (0.240) (0.156) (0.181)

Sep. 49- yrs., pension 0.687*** 0.051 0.637*** -0.111 0.109 -0.217
(0.211) (0.091) (0.188) (0.294) (0.110) (0.280)

Stayers 31-50 yrs. -0.104 0.024 -0.129** 0.050 -0.014 0.063
(0.072) (0.022) (0.065) (0.052) (0.022) (0.051)

Stayers 51- yrs. -0.168**  -0.049* -0.121* -0.001 -0.078***  0.073
(0.074) (0.025) (0.065) (0.056) (0.029) (0.050)
Observations 9709 9709 9709 9139 9139 9139
R-squared 0.298 0.250 0.343 0.178 0.218 0.147

* p<0.1, ** p<0.05, *** p<0.01

Note: Other variables include the initial wage and productivity levels (in logs), log-change in capital per labor, regional dummies and interactions of industry and period
dummies. Employment weighted estimation. Firms with at least 10 and at most 10 000 employees included.



Table 6. Profit equation by sectors and by ICT/non-1CT division, narrow ICT definition

Hired -30

yrs.

Hired 31-50 yrs.

Hired 51-
Separated
Separated

Separated

yrs.

-28 yrs.

29-48 yrs.

49- yrs.

Stayers 31-50 yrs.

Stayers 51- yrs.

Observations

R-squared

ICT
€8
0.019

(0.107)

~0.103

(0.079)
0.504*

(0.263)
0.209

(0.130)

—0.164%**

(0.058)
0.226*

(0.137)

~0.067

(0.114)

~0.059

(0.108)

4137
0.295

* p<0.1, ** p<0.05, *** p<0.01

Note: Other variables include the initial wage and productivity levels (in logs), log-change in capital per labor, regional dummies and interactions of industry and period

---Business sector---
non-I1CT

2
0.030
(0.037)
~0.090**
(0.040)
~0.222
(0.138)
~0.120*
(0.063)
~0.034
(0.030)
0.174**
(0.085)
0.017
(0.040)
0.014
(0.040)

14711
0.271

————— Industry----—-
ICT non-I1CT
) 4)
0.186 0.108*

(0.169) (0.065)

-0.062 -0.033

(0.119) (0.055)
0.699* -0.403*

(0.362) (0.230)
0.195 -0.036

(0.217) (0.056)

-0.219*** -0.092***

(0.079) (0.029)
0.572*** 0.312***

(0.217) (0.097)

-0.335** -0.025

(0.170) (0.049)

-0.364** -0.016

(0.160) (0.055)
2421 7288
0.355 0.353

dummies. Employment weighted estimation. Firms with at least 10 and at most 10 000 employees included.

—————— Services—-----
ICT non-I1CT
®) ©)

-0.118 0.016

(0.085) (0.046)

-0.209** -0.168***
(0.090) (0.053)
-0.295 -0.033

(0.253) (0.120)
0.315*** -0.133*

(0.091) (0.079)

-0.039 0.027

(0.076) (0.070)

-0.097 0.001

(0.154) (0.142)
0.199** 0.041

(0.079) (0.057)
0.227*** 0.041

(0.085) (0.060)

1716 7423
0.195 0.148
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In order to examine more carefully what drives our findings of the negative productivity and
profitability effects especially in the industry sector we have sliced our data a little bit more.
First, we have classified the companies into ICT and non-ICT groups on the basis of 2- or 3-
digit industries. Our starting point is the widely used classification proposed by van Ark et al.
(2003). In their classification the ICT industries of the business sector consist of a broad vari-
ety of different industries such as “Apparel” (ISIC 18), “Printing and Publishing” (ISIC 22),
“Machinery” (ISIC 29), “Office and computer equipment” (ISIC 30), “Electrical machinery”
(ISIC 31), “Radio, TV and communication equipment” (ISIC 32), “Instruments” (ISIC 33),
“Transport equipment” (ISIC 35), “Miscellaneous manufacturing” (ISIC 36-37), “Wholesale”
(ISIC 51), “Retail” (ISIC 52), “Telecommunications” (ISIC 64), *“Renting of machinery”
(ISIC 71), “Computer services” (ISIC 72), “R&D” (ISIC 73), and “Professional services”
(ISIC 741-743).% The results obtained by using this broad definition of ICT are reported in
Appendix Table A.5. We have, however, chosen to use a somewhat narrower definition.'’
More specifically, we have excluded industries 18, 35, 36-37, 51, and 52 from the group of
ICT industries.

Table 6 shows the results of the profitability change equation for the ICT and non-ICT indus-
tries. (Appendix Tables A.3 and A.4 show the results of productivity and wage equations
separately.) Columns (1) and (2) present the estimates for the whole non-farm business sector.
The coefficients for the separations of the older workers are quite similar for the ICT and non-
ICT parts of the business sector. As for the medium aged workers, there is a significant nega-
tive separation effect in the ICT industries and a significant negative hiring effect in the non-
ICT industries. That is, these workers in the ICT sector have high productivity and a wage
level that does not exceed the average pay. In contrast, in the non-ICT sector their pay ex-
ceeds productivity.

Columns (3) and (4) show the corresponding results for the ICT and non-ICT parts of the in-
dustry sector, respectively. It should be noted that all the ICT industries of the industry sector
belong to manufacturing. The results of column (3) thus provide evidence that older workers
may be a burden to firms particularly in the manufacturing ICT industries. The separation of
older workers has a strong positive effect and the share of staying older workers a strong
negative effect on the profitability growth rate. This is mainly due to a negative Nelson-
Phelps effect, i.e. the older workers affect productivity growth negatively (Table A3). How-

ever, in contrast to these results, hiring of older workers has positive profitability and produc-
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tivity effects. It seems that the firms are able to pick up highly productive employees without
having to pay them more than for average existing workers. In the non-ICT part of the indus-
try sector, staying older workers do not have a significant effect on profitability growth, but
the separation of older workers is profitable and hiring unprofitable for the firms. As to the
other age groups, the separation of medium aged workers has a strong negative profitability

effect in the ICT industries, but also staying mid-aged have a negative influence.

The results for the service sector are quite different. In the ICT industries of the service sector, the
older workers have a positive effect on profitability growth. This comes mainly from a positive pro-
ductivity effect (see Appendix Table A.3). Further, the separations of the young workers have a

positive effect on profitability in the ICT industries but a negative effect in the non-ICT industries.

A comparison of the results obtained with the narrow definition (i.e. Table 6) and with a
broad definition of ICT (Appendix Table A.5) suggests that our preferred classification makes
a sharper, and probably more plausible, distinction between the two kinds of industries, espe-
cially in the industry sector. Analysis made with the narrow definition provides strong evi-
dence supporting the view that older workers constitute a burden to firms because skill obso-
lesce lowers their relative productivity and, in addition, weakens their ability to adopt or in-
novate new technologies. However, when the firms of the whole business sector are classified
on the basis of the broad ICT definition, the separations of old workers appear particularly
profitable in the non-ICT industries. The results for the service sector seem somewhat unex-
pected with both ITC definitions.

One might suspect that our results are driven by some kind of downsizing effect, i.e. that
firms aim to improve their profitability by reducing their work force. The relationship be-
tween labor flows and profitability would in this case be dominated by separations in down-
sizing firms. It should be noted, however, that while our explanatory variables include all hir-
ing and separation flows, we have implicitly controlled the employment growth (or decline)
effect. In any case, for inspecting the downsizing hypothesis more carefully we have esti-
mated the profitability equation by dividing the firms into two separate groups: the declining
firms where employment has decreased and the expanding ones where employment has in-
creased. These results are shown in Appendix Table A.6. Generally, we find that the results
for the declining and expanding firms are very similar to each other both in the whole busi-
ness sector as well as in the industry and service sectors when considered separately.
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In the analysis above the fixed firm effects were eliminated by using two-year differences.
However, our main findings would be biased if, for instance, the separation of older workers
was a consequence of a profitability shock to the firm. So, due to the potential endogeneity of
the hiring and separation flows we have estimated the models using the instrumental variables
discussed in Section 4 above. Since the shares of the stayers can be considered as more ex-
ogenous than the hiring and separation rates, we have not instrumented them. We concentrate
on the profitability change equation. The instrumental variables estimates are reported in Ta-
ble 7. In column (1) we present the results for the whole business sector, in column (2) for the
industry sector and in (3) for the service sector.

Table 7. Instrumental variables estimates of the profit equation

Business sector Industry Services

(1) (2 €))
Hired -30 yrs. 0.325 0.026 -0.570
(0.634) (1.454) (0.942)
Hired 31-50 yrs. -0.010 -0.597 -0.344
(0.836) (1.271) (0.994)
Hired 51- yrs. -6.402* -4.221 0.962
(3.854) (4.786) (4.904)
Separated -28 yrs. 0.019 -0.044 -1.082*
(0.818) (1.274) (0.639)
Separated 29-48 yrs. -0.809 -0.753 1.646
(0.592) (0.602) (1.570)
Separated 49- yrs. 2.213** 2.051** -2.161
(1.097) (0.970) (2.476)
Stayers 31-50 yrs. 0.114 -0.188 -0.532
(0.289) (0.313) (0.561)
Stayers 51- yrs. 0.021 -0.394 -0.272
(0.260) (0.273) (0.449)
Observations 16389 8970 7419
Overident. test (a) 0.729 0.528 0.179
Relevance test (b) 0.005 0.023 0.369

* p<0.1, ** p<0.05, *** p<0.01
(a) Hansen-Sargan J statistics, p-value

(b) Anderson canonical correlations LR statistic, p-value

Note: Hiring and separation variables instrumented. Exogenous variables: the initial levels of productivity and
wage in logs, 2-digit industry dummies. Instruments: Regional worker inflow and outflow variables by age
group, share of home-owners (for more details, see the text).
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The coefficients are much larger in absolute value than in the OLS estimations, but they are
fairly imprecisely estimated. Although the instrumental variables estimation renders most of
the flow variables insignificant, our strongest result in the OLS estimations still gets support.
The separation of old workers has been profitable for the firms in the whole business sector
and in the industry sector. However, we now find evidence that also the hiring of older work-
ers is unprofitable. The overidentification test with the Hansen-Sargan J test statistic shows
that the null hypothesis of no correlation between our instruments and the error terms can be
accepted. Hence our instruments are valid. The instrument relevance test with Anderson’s
canonical correlations test shows that the hypothesis of no correlation between our instru-
ments and the potentially endogenous flows can be rejected for the business sector and indus-
try sector. However, for the service sector there is indication that the instruments are weak.

However, as usual with the 1V estimations the results should be interpreted with caution.

5. Conclusions

We have proposed a new way of estimating the performance effects of age using flows of
labor to and from firms. The results support the argument that at the end of the working career
wage exceeds productivity. Older workers appear to be particularly costly to firms in the
manufacturing ICT industries. Further, the results indicate that in these cases older workers
have a negative effect on profitability (and productivity) growth, on top of lowering the cur-
rent profitability (and productivity) level of the firm. These findings may be explained by ri-
gidities in the wage formation which drive a wedge between the wage and productivity levels
of older workers when rapid technological change makes skills obsolete at a rate that exceeds
the rate of learning-by-doing. Such rigidities may derive from deferred compensation, em-
ployment protection that is focused more heavily on older workers, or insider power of the

older workers in wage bargaining.

There are also differences between separations of the oldest employees to various destina-
tions. It should be noted that our estimates gauge the total effects of outflows of the oldest
workers on productivity. Besides a direct productivity effect (i.e. a worker’s efficiency in her
own task), the estimates of this kind of analysis may arguably also capture various indirect

effects that come into being through the diffusion of knowledge between different worker
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groups within a firm. Important as the diffusion of the tacit knowledge of older worker to the
younger ones may be in many circumstances to the employer, our results, however, suggest
that generally this effect does not outweigh possible shortages in productivity or ability to

adopt new and more productive techniques.

While the results are consistent with the idea of deferred compensation, the institutional set-
ting has obviously also contributed to the results. Firms have incentives to downsize by laying
off the oldest employees. On the other hand, the pension system has given incentives for wage
profiles that peak at the end of the career. Our results support the view that firms have fol-

lowed these incentives created by the institutional setting for improving their performance.

There are changes in the labor market, however, that will in the future increase incentives for
keeping the aging labor force at work. Pension reforms increase the mandatory retirement
ages or extend employees’ rights to stay at work. There is also reduced availability of labor
because of smaller age cohorts. These developments create pressures for firms to keep their
older employees and to use new means for improving their performance, like changes in work
organization and rotation of tasks. There may be shifts away from final salary pensions to
systems where the benefits are more closely tied to contributions over the working career. The
new environment with longer, less fixed retirement age, and fewer incentives for bargaining a

back-loaded wage may give rise to flatter age-wage profiles in the future.™®
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APPENDIX

Table A.1. The number of observations in the estimation sample by branches

Industry | Freq. Percent Cum.
___________________________________ S
(10-14) Mining and quarrying | 73 0.39 0.39
(15-16) Food, bev. & tob. | 626 3.32 3.71
(17-18) Textiles & products | 409 2.17 5.88
(19) Leather & products | 91 0.48 6.36
(20) Wood & products | 519 2.75 9.12
(21-22) Paper & printing | 921 4.89 14.00
(23) Coke and petroleum | 6 0.03 14.03
(24) Chemicals | 250 1.33 15.36
(25) Rubber & plastic | 369 1.96 17.32
(26) Non-metallic mineral | 305 1.62 18.94
(27-28) Basic metals | 1,451 7.70 26.63
(29) Machinery and equip. | 1,101 5.84 32.48
(30-33) Electrical equip. | 592 3.14 35.62
(34-35) Transport equipment | 316 1.68 37.29
(36-37) Manufacturing n.e.c. | 505 2.68 39.97
(40-41) Public utilities | 250 1.33 41.30
(45) Construction | 1,925 10.21 51.51
(50-52) Wholesale and retail trade | 4,642 24.63 76.14
(55) Hotels & restaurants | 594 3.15 79.29
(60-64) Transportation | 1,305 6.92 86.22
(65-74) Other business | 2,055 10.90 97.12
(85&92-93) Misc. services | 543 2.88 100.00

+

|
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Table A.2. Median regression estimates of the profit equation

Productivity Wages Profits
(€H) @) )
Hired -30 yrs. -0.107*** -0.091***  0.000
(0.019) (0.011) (0.014)
Hired 31-50 yrs. -0.006 0.025** -0.057***
(0.020) (0.012) (0.014)
Hired 51- yrs. -0.189*** -0.065** -0.071*
(0.052) (0.031) (0.037)
Separated -28 yrs. -0.098*** -0.091*** 0.025*
(0.020) (0.012) (0.014)
Separated 29-48 yrs. -0.005 0.035*** -0.042***
(0.010) (0.006) (0.008)
Separated 49- yrs. 0.046* -0.016 0.043**
(0.028) (0.017) (0.020)
Stayers 31-50 yrs. 0.041*** 0.054*** -0.014
(0.016) (0.009) (0.011)
Stayers 51- yrs. -0.005 0.015 -0.029**
(0.018) (0.011) (0.013)
Observations 19236 19236 19236
R-squared

* p<0.1, ** p<0.05, *** p<0.01

Note: Other variables include the initial wage and productivity levels (in logs), log-change in capital per labor,
regional dummies and interactions of industry and period dummies. Employment weighted estimation. Firms
with at least 10 and at most 10 000 employees included. Outliers included.



Table A.3. Productivity equation by sectors and by ICT/non-ICT division, narrow ICT definition

Hired -30 yrs.
Hired 31-50 yrs.
Hired 51- yrs.

Separated -28 yrs.

Separated 29-48 yrs.

Separated 49- yrs.
Satyers 31-50 yrs.
Stayers 51- yrs.

Observations
R-squared

ICT
€8
~0.057
(0.120)
~0.108
(0.092)
0.158
(0.335)
0.136
(0.153)

-0.138**

(0.063)
0.275*
(0.152)
~0.085
(0.125)
~0.103
(0.128)

4137
0.260

* p<0.1, ** p<0.05, *** p<0.01

---Business sector---
non-ICT

(2

-0.122%**

(0.045)
~0.045
(0.046)

-0.314**

(0.147)

-0.192***

(0.059)
~0.016
(0.030)

0.198**

(0.091)
0.035
(0.042)
~0.038
(0.044)

14711
0.253

————— Industry----—-
ICT non-I1CT
€) 4)
0.115 0.059

(0.187) (0.075)

-0.138 -0.037

(0.138) (0.063)
0.548 -0.445*

(0.432) (0.239)
0.047 -0.243***

(0.251) (0.087)

-0.160* -0.059

(0.094) (0.036)
0.726*** 0.422***

(0.234) (0.110)

-0.318* 0.017

(0.186) (0.057)

-0.434** -0.027

(0.182) (0.063)
2421 7288
0.296 0.316

—————— Services-----
ICT non-I1CT
®) ©)

-0.196* -0.201***

(0.101) (0.055)

-0.125 -0.099
(0.101D) (0.061)
-0.859** -0.141

(0.361) (0.144)
0.399*** -0.138*

(0.108) (0.076)

-0.078 0.025

(0.097) (0.067)

-0.035 -0.039

(0.187) (0.143)
0.172* 0.039

(0.092) (0.058)
0.275*** -0.049

(0.105) (0.064)

1716 7423
0.231 0.173

Note: Other variables include the initial wage and productivity levels (in logs), log-change in capital per labor, regional dummies and interactions of industry and period
dummies. Employment weighted estimation. Firms with at least 10 and at most 10 000 employees included.



Table A.4. Wage equation by sectors and by ICT/non-ICT division, narrow ICT definition

Hired -30 yrs.
Hired 31-50 yrs.
Hired 51- yrs.

Separated -28 yrs.

Separated 29-48 yrs.

Separated 49- yrs.
Stayers 31-50 yrs.
Stayers 51- yrs.

Observations
R-squared

ICT
(€9
~0.076
(0.047)
~0.009
(0.045)

-0.354**

(0.145)
~0.072
(0.047)
0.029
(0.028)
0.045
(0.061)
~0.024
(0.036)
~0.049
(0.049)

4137
0.244

* p<0.1, ** p<0.05, *** p<0.01

Note: Other variables include the initial wage and productivity levels (in logs), log-change in capital per labor, regional dummies and interactions of industry and period

---Business sector---
non-I1CT

(2

-0.153***

(0.023)

0.045**

(0.022)
~0.094*
(0.053)

-0.069**

(0.031)
0.016
(0.010)
0.027
(0.031)
0.019
(0.018)

-0.053***

(0.021)

14711
0.237

————— Industry----—-
ICT non-I1CT
€) 4)

-0.069 -0.049
(0.058) (0.033)
-0.080 -0.005
(0.057) (0.027)
-0.159 -0.041
(0.167) (0.067)
-0.148** -0.211***

(0.064) (0.056)
0.062** 0.033*

(0.031) (0.018)
0.159* 0.116***

(0.093) (0.040)
0.014 0.042*

(0.047) (0.024)

-0.074 -0.012

(0.055) (0.027)
2421 7288
0.280 0.253

dummies. Employment weighted estimation. Firms with at least 10 and at most 10 000 employees included.

—————— Services-----
ICT non-I1CT
®) ©)

-0.081 -0.220***

(0.072) (0.029)
0.081 0.070**

(0.073) (0.033)

-0.566** -0.112

(0.273) (0.083)
0.090 0.002

(0.070) (0.022)

-0.040 -0.003

(0.059) (0.028)
0.060 -0.040

(0.107) (0.046)

-0.031 -0.002

(0.055) (0.022)
0.044 -0.094***

(0.088) (0.028)

1716 7423
0.218 0.240



Table A.5. Profit equation by sectors and by ICT/non-ICT division, broad ICT definition

-—--Business sector--- —--—-—- Industry---- - —————- Services----—-
ICT non-1CT ICT non-1CT ICT non-1CT
€D) @) ) 4) (5) (6)
Hired -30 yrs. -0.020 0.049 0.263* 0.065 -0.114* 0.075
(0.069) (0.041) (0.150) (0.068) (0.061) (0.046)
Hired 31-50 yrs. -0.046 -0.079* 0.011 -0.065 -0.184*** _0.182***

(0.057) (0.047) (0.100) (0.058) (0.064) (0.058)

Hired 51- yrs. 0.358* -0.282 0.417 -0.389 -0.110 -0.049
(0.196) (0.172) (0.302) (0.248) (0.160) (0.129)

Separated -28 yrs. 0.158** -0.159** 0.149 -0.031 0.195*** -0.220***

(0.078) (0.071) (0.178) (0.056) (0.074) (0.084)

Separated 29-48 yrs. -0.097* -0.066* -0.155** -0.115*** -0.052 0.095
(0.051) (0.035) (0.075) (0.031) (0.070) (0.082)

Separated 49- yrs. 0.091 0.342***  (0.331* 0.393*** -0.045 0.259*
(0.107) (0.090) (0.178) (0.106) (0.141) (0.141)

Stayers 31-50 yrs. -0.037 0.025 -0.284** -0.035 0.054 0.071
(0.064) (0.051) (0.144) (0.052) (0.052) (0.084)

Stayers 51- yrs. -0.001 -0.004 -0.284** -0.042 0.080 0.046
(0.064) (0.050) (0.140) (0.058) (0.057) (0.085)

Observations 8749 10099 3268 6441 5481 3658
R-squared 0.256 0.304 0.386 0.325 0.106 0.262

* p<0.1, ** p<0.05, *** p<0.01

Note: Other variables include the initial wage and productivity levels (in logs), log-change in capital per labor, regional dummies and interactions of industry and period

dummies. Employment weighted estimation. Firms with at least 10 and at most 10 000 employees included.



Table A.6. Profit equation by sectors and by employment growth

Hired -30 yrs.
Hired 31-50 yrs.
Hired 51- yrs.

Separated -28 yrs.

Separated 29-48 yrs.

Separated 49- yrs.
Stayers 31-50 yrs.
Stayers 51- yrs.

Observations
R-squared

Decline
€8
0.001

(0.082)
0.037

(0.101)

-0.329

(0.254)

-0.104*
(0.056)
-0.031

(0.029)
0.136

(0.096)
0.081

(0.078)
0.028

(0.073)

6043
0.380

* p<0.1, ** p<0.05, *** p<0.01

Note: Other variables include the initial wage and productivity levels (in logs), log-change in capital per labor, regional dummies and interactions of industry and period

---Business sector---

Expand
)
0.001

(0.071)
0.045

(0.085)

-0.254

(0.209)

-0.110**

(0.053)
~0.028
(0.028)
0.133
(0.092)
0.063
(0.068)
0.007
(0.064)

7742
0.361

————— Industry----—-
Decline Expand
) 4)
0.090 0.062
(0.119) (0.102)
-0.046 -0.033
(0.090) (0.078)
-0.696* -0.567*
(0.389) (0.322)
-0.002 -0.007
(0.086) (0.083)
-0.112*** -0.102***

(0.035) (0.033)
0.347***  0.315***
(0.101) (0.095)
-0.002 0.012
(0.081) (0.071)
-0.079 -0.080
(0.086) (0.077)
3507 4320
0.444 0.429

dummies. Employment weighted estimation. Firms with at least 10 and at most 10 000 employees included.

—————— Services----—-
Decline Expand
(5) (6)
-0.003 0.003
(0.085) (0.075)

0.106 0.106
(0.148) (0.122)
0.137 0.112
(0.248) (0.206)
-0.150*** -0.160***
(0.054) (0.050)
0.025 0.029
(0.078) (0.072)
0.021 0.028
(0.159) (0.145)
0.118 0.078
(0.118) (0.104)
0.101 0.071
(0.110) (0.096)
2536 3422
0.242 0.218
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Endnotes

1 See “Ericsson puts age limit on redundancy” (Financial Times, April 25, 2006).

2 See “Revieving and revising Wal-Mart’s benefits strategy”, Supplemental Benefits Documentation, Board of
Directors retreat FY06 (http://www.nytimes.com/packages/pdf/business/26walmart.pdf). Some observers, how-
ever, argue that Wal-Mart is not as low labor cost firm as generally thought, since turnover costs are high (“Wal-
Mart’s real cost of labor”, San Diego Union-Tribune, July 7, 2004).

3According to a a recent ruling of the European Court of Justice, employees with longer seniority can be paid
more for the same work, if the length of service enables to do the job better. Seniority-based pay increases are
therefore allowed in principle, but they are not automatically justified. The discussion on the implications of the
ruling has so far concentrated on male-female wage differences and not on age-related pay differences.

* There is also some literature, where the relationship of labor turnover to firm survival is investigated, e.g. Lane
et al. (1996) and Brown et al. (2006).

5 There is empirical research in management (e.g. Williams & Parrack, 1994), and to some extent in labor eco-
nomics (Bishop, 1990), where it is investigated whether it is the good or poor performers who have a higher
propensity to quit or be laid off. This work explicitly addresses the issue of heterogeneity in the labor flows, but
requires that there are data available on individual productivities. In contrast to this, we intend to estimate the
relative productivities of various components of labor turnover.

6 Maliranta (1997), Vainiomaki (1999), Maliranta and IImakunnas (2005) as well as Diewert and Fox (2005)
have presented similar decompositions in different contexts.

7 Note that while we are using labor flows and shares of staying workers by age to explain firm performance,
there is a field of literature where the determinants of hiring and employing older workers are analyzed
(Hutchens, 1986, 1988; Daniel & Heywood, 2007). Related is also the work of Aubert et al. (2006), where the
impact of new technologies on the hiring and separation flows by age groups is analyzed.

¥ We leave out the period 1990-1994, because it was a period of a deep recession and may not be representative
of the developments of labor flows and firm performance. In addition, our company data are substantially less
comprehensive before the year 1995.

% These dummies also account for changes in the payroll taxes a, which were assumed fixed in the derivation of
the formulas in Section 3.

10 Moretti (2004) uses increases in the regional share of college graduates as an explanatory variable in a plant-
level production function to measure spillovers. Our use of the information on graduates is different, since we
use it to form instruments to control for exogenous shifts in labor supply. Since we can disaggregate the labor
flows by education, we could actually measure educational spillovers directly through the hiring flows. This is
left for future work.

1 More precisely, the numbers for each area are calculated by taking a weighted average of all municipalities in
the area around the “central municipality”. Each municipality is the “central municipality” of its labor force area.
So, calculations are performed separately for each municipality so that the number of areas is equal to the num-
ber of municipalities in Finland. The weight of an adjoining municipality is the share of employees of the total
number employees in the “central municipality” who have their residence in that adjoining municipality. The
weight of the “central municipality” is the share of those employees in the “central municipality” who do not
commute between municipalities.

12 The number of observations drops because of the reasons discussed in the text. We exclude some industries,
like finance and real estate, the smallest firms, those where the linking of individuals and firms has not been
successful, and some outliers.

'3 Note that these figures underestimate actual turnover among the employees, since e.g. hiring of an employee
after the start of a two-year period and subsequent separation of the same employee before the end of the period
is not included in the turnover rates.

¥ In the Finnish pension system the pension was until 1996 based on the last four years’ pay and until 2004 on
the last ten year’s pay in each employment relationship. From 2005 pensions are based on annual incomes over
the whole working career and are no longer tied to employment relationships.
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1> Until the year 1996 it was possible for those who became unemployed at the age of 53 to be for two years on
normal earnings-related unemployment compensation, then for five years on a special extension of unemploy-
ment compensation, and at the age of 60 they could retire to unemployment pension until they finally reached
normal retirement age. From 1997 the starting year of the pipeline was raised to 55 years. This reform resulted in
a lower unemployment risk for the age group 53-54 (Kyyra & Wilke, 2007). From 2005 the system has been
changed so that the starting age of the pipeline is 57 and unemployment pension is no longer available for the
younger cohorts. In addition to the unemployment pension system, also disability pension gives incentives for
laying off older employees. The larger firms are responsible for paying the disability pension until the normal
retirement age. This can be avoided, if the worker goes to the unemployment pension pipeline before possible
disability.

181t should be noted that “Financial intermediation” (ISIC 65-67) industries are excluded from our estimation
sample.

17 See discussion in Daveri (2004).

'8 In a recent pension reform in Finland, the subjective right of the employees to stay at work longer has been
extended to 68 years. On the other hand, the firms’ possibilities for using the “unemployment pension pipeline”
for laying off older workers has been limited, as the starting age of the pipeline has been increased. At the same
time, the way pension levels are calculated has been changed. It is now the earnings over the whole working
career rather than in the last few years that counts. The old system has included incentives for high pay at the end
of the career and a fixed retirement age. This is consistent with Lazear (1979), although the system has been
based on a mix of centralized negotiations between labor unions, employer organizations and the government,
and firm-level wage setting.
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