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Abstract

I construct and estimate an equilibrium search model with two-sided heterogeneity
and on-the-job-search. Both firms and workers are heterogenous in a productivity
parameter, and solve their respective optimization problems in an environment with
undirected search. Market equilibrium is achieved by the entry and exit of firms run by
profit maximizing entrepreneurs. The structure of the model allows for a wide-range of
wage-setting mechanisms; three of which, an exogenous output-sharing rule, a surplus-
splitting rule and a Bertrand competition mechanism, the paper deals with explictly.
The paper delivers a theory of equilibrium wage dispersion and labor turnover, and
relates these to observable and unobservable worker and firm characteristics. The
structural model is estimated using matched a uniquely comprehensive employer and
employee Austrian panel data. The full distribution of time-varying worker and firm
productivities and transition rates are estimated. Preliminary results suggest that
firm heterogeneity explains one-quarter of residual (after accounting for observable
worker characteristics) wage dispersion, and person-specific unobserved heterogeneity
for the remaing three-quarters. Firm effects explain perhaps 45% of inter-industry
wage differentials, and up to 30% of wage variation for low-skilled workers. Unobserved
worker heterogeneity explain nearly all of gender wage differentials and wage dispersion
amongst high-skilled workers. Firm effects account for three-quarters of the explained
variation in wage growth rates. Over the lifecycle workers switch to firms with higher
productivity. Firm heterogeneity explains the firmsize-wage effect; turnover and the
fraction of the workforce recruited from the pool of unemployed are decreasing in firm
productivity.
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and helpful discussions. I am most grateful to Synthesis Forschung and Giinter Kernbeiss for providing the
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1 Introduction

The central proposition of this paper is that the huge and well-documented dispersion in
productivity amongst firms' may have important implications for understanding two central
facts of labor markets; the large amounts of wage dispersion that can not be attributed to
observable worker characteristics, and the high degree of labor turnover, even at low frequen-
cies, found in labor markets. Beginning with these observations I construct and estimate
an equilibrium model of a labor market with heterogenous workers, firms and entrepreneurs
who interact in an environment with search frictions, where there is on-the-job search. The
basic setup borrows most closely from the matching with labor market frictions literature.?
However, my model removes the requirement of a matching function, by modelling an ex-
plicit entrepreneur and firm optimization problem.?> The number of firms is determined by
the occupational decision of a class of entrepreneurs, who are modelled as having an exoge-
nously determined managerial ability distribution, and can choose to start a firm or become
workers. The structure of the model allows for a wide range of wage-setting mechanisms.
The paper deals with three of these mechanisms explictly, an exogenous output-sharing rule,
a variant on the Nash-bargaining assumption widely used in the literature, and the Bertrand
competition mechanism of Postel-Vinay and Robin (1999).

The modelling strategy allows for structural identification of time-varying person and
firm productivity parameters, to my knowledge the first paper to do so, as well as job de-
struction, job offer and unemployment rates. I use a new Austrian dataset which is uniquely
comprehensive, it covers all employees in Austria from 1972 to 2003, to estimate the model.
The findings speak to a number of issues much debated in the literature: the contribution
of firm and worker heterogeneity to the cross-sectional wage distribution, the role of search
versus human capital accumulation in wage growth over the lifecycle, inter-industry wage dif-
ferentials, the firmsize wage effect, mobility decisions of workers over the lifecycle, turnover
and the composition of hiring at firms, productivity shocks versus structural change as a
source of job creation and destruction, and firm entry and exit. The model also addresses
key questions of the macroeconomic search literature, the Beveridge curve and the relative
volatility of wages, vacancies and unemployment.

There are two main theoretical innovations. The matching function is replaced with an
entrepreneur and firm decision problem, allowing for a more explicit treatment of firm-worker
interactions, as well as making the model more amenable to estimation using microeconomic
data. Second, the structure is flexible enough to accomodate a diversity of wage-setting theo-
ries, providing a unified framework within which to compare them. Finally, the model results
in a log-linear wage determination function, which make its results directly comparable to

!See Bartelsman and Doms (2000) for a survey, Syverson (2004) and Dunne, Foster, Haltiwanger and
Troske (2004).

2See Pissarides (2000) for an overview.

3The matching function has, I would argue, no clear empirical microeconomic counterpart. For this
reason most of the empirical literature using matching models has focused on macroeconomic issues, see for
example [| and Shimer (2005). Moreover, in most of this literature there is no real sense in which there is a
firm. Rather job vacancies are treated in isolation of each other.



the large reduced-form literature in the areas on which it touches.

Thus far, my preliminary results suggest that the firm effect accounts for around one-
quarter of the residual variation in wages (after having accounted for observable worker
characteristics), with the person effect explaining the rest. Firm effect and the unobserved
part of the person effect are slightly positively correlated, a correlation coefficient of 0.08. The
variation in the firm effect explains perhaps 45% of inter 2-digit industry wage differentials,
and as much as 30% of wage dispersion amongst low-skilled workers. It explains little of
gender wage differentials, which are accounted for entirely by the unobserved component
of the person effect, and only around 14% of the residual wage variation for workers with
a university degree. For understanding wage growth the firm effect’s explanatory power is
twice that of observables (experience and tenure), albeit still only 8%.

The data provides broad support for the predictions of the model. Over the lifecycle
workers do switch to firms with higher estimated productivity, and there is a positive rela-
tionship between the firm effect and average experience and tenure levels at the firm. The
firmsize-wage effect can nearly entirely be explained by the fact that higher productivity
firms pay more and are larger. Workers’ probability of leaving a firm is decreasing in the
firm effect. Turnover and the fraction of a firm’s workforce hired form the pool of unemployed
are lower at more productive firms.

After a brief review of the related literature, Section 3 describes the model and Section
4 outlines identification and estimation method. In Section 5 I discuss the data source and
some main features of the Austrian labor market. In Section 6 I discuss the results and
Section 7 concludes.

2 Related Literature

When interested in how firm heterogeneity induces wage dispersion and job mobility, a
natural starting point is the search literature, of which there are two major strands. Both
strands of the literature assume the existence of labor market frictions that create rents,
which are then divided between workers and firms. The part of the literature that has
become synthesized in what has become known as the Burdett-Mortensen model, Mortensen
(2003) provides a comprehensive overview, assumes that all rents go to firms.? Firms post
wages both to compensate and induce workers to join the firm;®> wage dispersion exists in
equilibrium both if heterogenous or homogenous firms are assumed. In closely related models,
typically known as matching models, workers and firms are matched with each other via a
matching function. Search is truly undirected in that firms do not strategically set wages
to attract workers, rather wage-setting is determined by Nash-bargaining. This literature
begins with Diamond (1982) and Pissarides (1985), it is summarized in Pissarides (2000).

4Early papers are by Phelps (1970), Mortensen (1970) and Rothschild (1973), Butters (1977), Burdett
and Judd (1983), Mortensen (1990) and Burdett and Mortensen (1998).

°In this the literature is related to the efficiency wage literature, in that wages play a dual role. In this
case to both compensate and attract workers, a similar idea to the turnover theory of efficiency wages, see
for example Salop (1979).



Common to all this literature, with the notable exception of Acemoglu and Shimer (2000) is
that productivity differentials are exogenous.

Whilst this paper is based on search in markets with labor market frictions, it is never-
theless worth bearing in mind as a point of reference the literature on search in competitive
markets. The defining paper of this literature is Jovanovic (1979), and the Roy (1951) model,
who suggests that there is learning about the productive value of a worker-firm match. Mo-
bility arises on account of imperfect information about match-quality, as workers leave low
productivty matches to, in expectation, higher productivity matches. Jovanovic and Moffitt
(1990) use this idea to explain why gross inter-sectoral mobility is much higher than net
flows, Topel (1991) to estimate the amount of firm-specific human capital, and Topel and
Ward (1992) and Neal (1999) to explain the high mobility rates amongst young workers.
These models have in common that wage dispersion is induced by differences in match, not
firm, productivity. The mechanisms described by Jovanovic have only recently been intro-
duced into a setting with labor market frictions by Moscarini (2005). The model in this
paper could be fruitfully expanded to incorporate these ideas, but in this more parsimonious
version such mechanisms have been shutdown.

Most empirical work on search models with labor market frictions has focussed on the
Burdett-Mortensen model.’ Koning, Ridder and van den Berg (1995) estimate the simplest
Burdett-Mortensen model, Bowler, Kiefer and Neumann (1995) estimate a version of the
model with heterogeneous productivity. Recently, with the increased availability of matched
emploer-employee panel datasets, have richer models been estimated. Bontemps, Robin and
van der Berg (1995) use French data to estimate a model with heterogeneous firm produc-
tivity, Christensen et al. (2005) use Danish data to estimate a Burdett-Mortensen model
with on-the-job search. Postel-Vinay and Robin (2002) introduce Bertrand competition in
a model of on-the-job search. They allow for two-sided heterogeneity and structurally re-
cover firm productivity parameters and the variance of person productivity. It is this latest
structural empirical literature that this paper is most closely related to. The basic setup,
however, draws upon the simpler Pissarides (2000) setup. As a consequence the estimation
method is more akin to Abowd, Kramarz and Margolis (1999). This makes the results less
easily comparable with previous attempts at structural estimation of search models, but
more easily comparable to the far larger reduced-form literature in these areas.

The estimation results speak to a large and diverse literature, which I will discuss when
appropriate in the results section. There are, however, a few related papers worth mentioning
at the outset. Most obviously the estimating equations and computational methodology are
similar to that of Abowd, Kramarz and co-authors.” A difference is that the estimating
equations in this paper are derived from an explicit model within which the results can be
interpreted and given explicit meaning. Furthermore, the structure of the model allows for
estimation of a richer set of parameters, such as time-varying firm effects and transition rates
for workers, which in turn can be related to a wider set of questions than is possible in a

6The earliest papers are Wolpin (1987) and Eckstein and Wolpin (1990) that estimate Albrecht and Axell
(1984) search model of workers with heterogenous reservation wages.

TAbowd, Kramarz and Margolis (1999), Abowd, Finer and Kramarz (1999) and Abowd, Creecy and
Kramarz (2002).



reduced-form framework. The papers results also speak to research on worker mobility and
job creation and destruction, which has been summarized and inspired by Davis, Haltiwanger
and Schuh (1996). The structure provided by the model allows for a causal interpretation of
many of the findings, for example are job losses caused by idiosyncratic shocks to firms or
aggregate changes in the exogenous job loss rate, and the data allow for a comparison of the
Austrian with the US labor market.® Further reference points are the the debate on whether
inter-industry wage differentials are explained by firm or person-specific heterogeneity, see
Gibbons and Katz (1992) and Murphy and Topel (1990) for example; and the literature on
the firmsize wage effect summarized by Oi and Idson (1999).

3 Model

In this section I describe a labor market with search frictions, where a continuum of het-
erogeneous workers face a continuum of heterogenous firms and produce a unique good.
Firms are created by entrepreneurs who have the choice between being workers or starting a
firm. They make job offers to workers using an undirected search technology, so as to attain
their optimal size. Workers switch firms as they receive better job offers. I consider three
mechanisms about the way in which firms and workers share output, an exogenously deter-
mined output sharing parameter, a variation on Nash-bargaining and Bertrand competition
between firms. In the subsequent sections I take the model to the data.

3.1 Setup
3.1.1 Workers:

There is a continuum of workers of mass N,,. For now I treat workers as homogenous, with
productivity p, and extend the model to the heterogenous worker case in Section []. Workers
maximize the present discounted value of wages and discount the future at an exogenous
and constant rate p > 0. When unemployed workers receive a flow utility bp. Job search is
assumed equally effective on-the-job and when unemployed, workers are contacted by firms
at a rate A and can choose to accept or reject wage offers.

3.1.2 Entrepreneurs:

There is a stock of potential entrepreneurs characterized by a productivity parameter f. They
have the choice of starting a firm, endowing that firm with their productivity parameter and
receiving the value of that firm (present discounted value of profits). Alternatively, they can
become a worker and join the pool of unemployed. f has a cdf ® on the support [0, fmax)-
For simplicity I normalize the mass of potential firms to one, so that the cdf of firms also
gives the distribution of the mass of firms.

8See Huber et al (2004) for work on some of these issues using the same data source used in this paper.



3.1.3 Firms:

Firms differ in the parameter f (which is derived from the entrepreneuer who runs the
firm), where f should be thought of raising labor productivity. Firms maximize the present
discounted value of profits, they use a discount rate p > 0. The only input into production
is labor and the production function is constant returns to scale.

qJ‘ = njfjp fOI' all j (1)

Search is undirected and firms contact workers at an endogenously given (Poisson) vacancy
rate v; resulting in a flow of new hires n; = H(v;,(;), where where (; is a vector of state
variables to be determined. Worker-firm matches are subject to an exogenous job destruction
rate . Workers may also choose to leave the firm on receiving a job offer from another firm,
such that the total exit rate of workers from the firm is p; = M(d;,;), where where ¢ is a
vector of state variables to be determined. The law of motion for the size of a firm is:

nj =1 = [N (2)

Firms have a cost of hiring workers which is convex in the number of job offers they send
out. I assume that creating vacancies is costly and convex in the number of vacancies:’

1
Cj(U) = %5032" — >0 T >0 (3)

3.1.4 Wage setting:

Wage setting in this economy follows an output sharing rule:
wij = sfipi (4)

where w;; is the wage of individual ¢ at firm j, and s is an output sharing parameter.
In this paper I consider three types of sharing rules. The simplest is one where the sharing
parameter is exogenously determined and common to the entire labor market. I will make this
assumption for the exposition of the model and as a baseline case for estimation. In section ||
I allow the sharing-rule to follow the common surplus-sharing assumption. Finally, in section
] I consider the sharing-rule under the assumption of Bertrand competition between firms.

3.1.5 Bellman equations:

Firm j’s value function solves the Bellman equation given by:

pV (fjn;) = H}J?X{(l — s)n;fip — c(v;) +nV,} (5)

9This functional form is for exposition reasons, in the empirical section I will use the more flexible
functional form wjuj’ where ¢ > 1.



For a worker i the value of being unemployed solves the Bellman equation:

pU.b) =ty +AL[ W) - U (6)

Wmin

For a worker the value of being employed at firm j solves the Bellman equation:

!

w;,

W (p, £5,U) = sfp+ 0U — W] + A /W "W - W) (7)

where €() is the cumulative distribution of the value of job offers in the labor market, over
the interval [Wiin, Wiax]- For clarity of exposition I will drop subscripts hereafter.

3.2 Steady State

A steady state in this economy is defined as one where firmsizes and unemployment rates
are constant.

fl=1=0 (8)
3.2.1 Workers:

Proposition 1 A worker’s value function is increasing in f. Hence, workers switch to firms
with higher productivity.

Take the derivative of (7) with respect to f and rearrange to obtain:

ow sp
of  p+d+A1—-Q(W))

>0 (9)

ow

Workers choose jobs to maximize the value of employment, hence or > 0 implies that

they will choose the firm with the higher productivity parameter f.

Proposition 2 Workers’ wage profiles are in expectation increasing and concave in labor
market tenure. Wage growth is in expectation decreasing and convex.

The essence of this proof is that workers switch to more productive firms, so over their
labor market tenure their wage is increasing. However, the probability of receiving a higher
wage offer is decreasing in the productivity of the worker’s current firm, hence the wage
profile is concave. See Appendix A.1 for a formal proof.

Proposition 3 Workers job switch rate is in expectation decreasing and convex in labor
market tenure.



The probability of changing jobs conditional on having received a job offer is simply
the probability that the wage offered is higher than the worker’s existing wage. Since in
expectation workers’ wages are increasing at a decreasing rate, the probability they receive
a wage offer higher than their current wage is decreasing. For a formal proof since Appendix
Al

Note that the model has the implication that if a worker loses her job exogenously she
becomes equivalent to a worker with no labor market experience.

Proposition 4 More productive firms employ, in expectation, a more experienced workforce,
1.e. a workforce with higher labor market tenure.

The intuition for this result follows from proposition [|. If firm productivity is in expecta-
tion increasing in labor market tenure, then labor market tenure is in expectation increasing
in firm productivity. For a formal proof see Appendix A.

Proposition 5 The minimum wage an unemployed worker is willing to accept is bp and
therefore the minimum productivity of a firm that wishes to attract any workers is given by

fu=t.
The minimum wage acceptable to an unemployed worker is given by U = Wi (fu, p, U),
which when substitute equations (7) and (6) into this expression yields:

Wmin = Sfup = bp (]‘0)

3.2.2 Firms:

Outflows of workers from firms: Workers’ decision rules imply that workers leave due
to exogenous job destruction, or because they receive an offer from a firm with a higher
productivity. Hence, the outflow rate of workers from a firm is

j= 0+ A1 -T())) (11)
where I'(f) is the cdf of the firm productivity levels associated with job offers
B — S w(fda(f) 1)
S o fraa(f)

Proposition 6 Worker outflow rates are decreasing in firm productivity.

g—‘; = —AI"(f) <0, since I''(f) is a pdf and hence always positive.

Corollary 7 Average tenure at a firm is increasing in firm productivity.

The expected tenure at a firm 7T is simply the reciprocal of the flow probability of leaving
the firm, T = i, (see Appendix A.2 for a proof). Hence,

or 1 Ou
af ~ il "
A
= EF’(f)>O (14)



Inflows of workers to firms: The inflow of workers to a firm with productivity f is a
function of the vacancy rate, such that

!
n=vlut @ -u)g [ m(r ) (15)

fmin
where n; = m(f;,w), w is a vector of state variables to be determined in equilibrium, and

L=/ it m(f', @)d®(f’), the total number of workers actually employed. Workers who
receive a job offer from a firm accept that offer if they are either unemployed or at a firm
with lower productivity.

Proposition 8 The probability of hiring a contacted worker is increasing in firm productiv-
ity.

Denote the probability of hiring a contacted worker as

!
w(h=us (=g [ m(r @) (16)
, then 5
g7 = (L—wL2(F)>0 (17)

Proposition 9 Higher productivity firms recruit a smaller fraction of their labor from the
pool of unemployed.

The fraction of workers a firm hires from the unemployed pool is, from (15),
-1
u ( (1 —u) ff @)d®(f’ )) , which is decreasing in f.

Job offer rate: In steady state w = 0. This implies a relationship between the unem-
ployment rate, the exogenous job destruction rate and the rate at which workers receive job
offers:

5(1 —u)

u

A= (18)

Firm vacancy-employment ratios: In steady state n = 0, which when substituting for
n (15) and p (11) into (2) implies

0+ A1-T
@ (1—w) f i w)d®(f")

where 6 is the vacancy-employment ratio for the firm, or one over the marginal efficiency
of hiring workers, i.e. the ratio of the probability of a worker leaving the firm over the
probability of a contacted worker joining the firm.

O(f, A\ u) =

3|@

9



Proposition 10 A firm’s vacancy-employment ratio is decreasing in its productivity level.

The probability of a worker leaving pu is decreasing in f, and the probability of hiring
a contacted working 7 is increasing in f. Consequently more productive firms have lower
vacancy to employment ratio.

Substituting for A using (18) yields an expression for a firm’s vacancy-employment ratio
as a function of the firm’s productivity and the unemployment rate.
v_d__uwr(-u F(f)) | 0

Uy + (1 —u)+ ffm @)d®(f")

0(f,u)

Notice that for values of f € [fmin, fmax] ¢ Will be in the interval [%, J].

Optimal firm size, output and profits: The value function that solves the firm’s Bell-
man equation, see Appendix A.2, is:

v Ui, 1A 1)

p+ pl" ptp

The firm maximizes this value function with respect to v. Taking first order conditions

and imposing the steady state condition that n» = 0 , which implies n = g and from (20)

% =2 = 11 yegults in:
v nov

(1_3)fp1 _lcl v
sy Rl (22)

which given the functional form for ¢(v) (3) and recalling that v = nf yields the optimal size
of a firm with productivity parameter f in steady state:

" (=) fp (23)

where k = —£-.
ptp

Proposition 11 Firm size is increasing in firm productivity.

on _ k 1 1 Ok 2K 00
o7 ~ e ‘S”’*(W@‘Ew

since a_f > 0 (recall that —H < 0) and 2 < 0.

) (1= 8)fp>0 (24)

Proposition 12 More productivity firms pay higher wages and are larger, i.e. there is a
positive firmsize wage effect.

From (4) g”“; = sp > 0 and the previous proposition showed 7 > 0. As a result firmsize

and wage will be positively correlated.

10



Proposition 13 The value of a firm is strictly increasing in firm productivity.

Given n* (23) and v* = n*£ the first derivative of the steady-state value function of the
firm (21) with respect to f is:

ov 1.0y 10 nou
N 1or _nop 2
5= pas (57 o) > (#)
(1=s)fp

since 2 57 >0 and < 0, where y = . see Appendix A.2. There are two sources of
additional profits for more productive firms, the present discounted value of higher output
given the labor force, (n+ = )8y and the value of the increase in size due to a decrease in the

af’
exit rate of workers and an increase in the probability of hiring a worker, y (}Tg—;ﬁ — %g—‘;)

3.2.3 Entrepreneurs:

Entrepreneurs have the choice between starting a firm, with productivity level f;, or becom-
ing an unemployed Worker The value of unemployment (6) is independent of an entrepre-
neur’s f, 5 8U =0, Whllst V. > 0, from the previous proposition. Therefore there will for each
level of unemployment be some minimum productivity level f = ((u) such that:

V(C(u),u) = U(u) (26)
where 8%—(:‘) < 0.
The minimum productivity firm in steady state will be given by the constraint imposed

by either the participation decision of the entrepreneur, or the participation decision of the
worker. Whichever of these two is larger will be binding, so that:

b
fmin = maX{;,C(U)} (27)
where % =0 for ((u) < ¢ and %Aui“ < 0 for ((u) > L.

3.2.4 Economy aggregates:

Mass of firms: Given fu, (27) the expression for the mass of firms in the economy, as a
function of the unemployment rate is:

Nf(“) =1- q)(fmin) (28)

where 2% L =0 for ((u) < and L >0 for C(u) > 2.

11



Unemployment rate: The number of workers in the economy times the employment rate
has to equal the sum of all workers employed by firms. This relationship defines the steady
state unemployment rate in the economy:

Jmax
(N @) (=) = Ng) [ ()G (29)

ONy

3 afmin
Since “gur < (), —-

u* which solves (29).

>0 and % > ( there will be some steady state unemployment rate

Job offer rate: Using (18) we obtain the steady state job offer rate in this economy:

5(1 —u*)

u*

A, =

w (30)

Note that I could have solved for the unemployment rate instead. Then used the fact
that the number of job offers sent out by firms has to equal the number of job offers received
by workers to complete the system of equations.

Comparative statics: [ will consider three types of shocks that may affect this labor
market, i. an aggregate shock to firm productivity f, ii. a change in the exogenous job
destruction rate 9, and iii. a change in the level of unemployment benefits b.

Aggregate shock to f:

Proposition 14 An aggregate shock to firm productivity induces an inverse relationship be-
tween unemployment and the aggregate vacancy rate, i.e. a Beveridge curve type relationship.

An increase in all firms’ f will increase the optimal size of existing firms (23), and induce
some firm entry (as some entrepreneurs’ f increase above the threshold). As a consequence
there is a decrease in the unemployment rate (29) and increase in the job offer rate (18) and
the aggregate vacancy rate ([ P v(f)d®(f)). The increase in the job offer rate will raise
fmin, but (by contradiction) not enough to offset the first-order effects. A decrease in all
firms’ f will have the opposite effect. Hence, aggregate shocks to firm productivity result
in an inverse relationship between unemployment and the vacancy rate, i.e. there exists a
Beveridge curve type relationship.

Changes in §: An increase in the exogenous job destruction rate will increase the
vacancy-employment ratio 6 (20), as a consequence decrease the optimal firm size (23) and
increase the unemployment rate. The effect on the job offer rate is ambiguous, from (18)

_u)—g0u )
Pw = %, since 9% > 0, the net effect [may] be ambiguous. Profits fall which induces

an exit of firms. [to be completed].
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Changes in b: An increase in b only has an impact on aggregate outcomes if the mini-
mal acceptable wage to an unemployed worker is the binding margin on which entrepreneurs
make their decision, i.e. f,(b) > f. If so then an increase in b will induce some entrepreneurs
to become workers, hence increasing the unemployment rate. The analysis is symmetric for
a decrease in b.

3.3 Heterogenous Workers

I now extend the model to allow for heterogenous workers. Workers are assumed heterogenous
in their productivity p, which is continuously distributed over the support [pmin, Pmax] With
a cumulative distribution function II. Denote by p the expected mean productivity in the
population, p = f :::" pdll(p). All workers are contacted at the same rate A and receive a
flow utility bp when unemployed. Entrepreneurs p is drawn independently from their f.

Notice that in this model all sorting mechanisms have been shutdown so that the distri-
bution of worker productivities are in expectation the same in all firms and equal to p. To
see this note that:

e Search is undirected, so that firms have an equal chance of meeting any worker in the
labor market.

e Unemployed workers accept job offers from all firms, since fu;, > l;’ .

e All employed workers accept job offers only from more productive firms, to see this
observe that (9) holds true for all p.

e Firms are willing to hire all workers, once contacted, irrespective of their p. Production
is constant returns to scale, from (21) 49X > 0, the only constraint on firm hiring is the
cost of sending out job offers.

So despite f and p being complements in production there is no expected relationship
between the average quality of the workforce and the productivity of the firm. Whilst
under perfect competition there would be positive assortative matching, see Becker (1973)
and Sattinger (1979), the information imperfection that results in undirected search in this
model prevents any kind of sorting.

Consequently, I assume that the average productivity of workers at a firm is the equal to
the average productivity in the population, p; = p for all j firms. Then all the implications
of the model follow as before, except that in the firm’s problem p is replaced with p, and the
key equations become:

A=9)fp, 1] 0=9)fp

e S (P (31
n*(fu) = #1_3)@ (32)

The random search assumption is, of course, more contentious in the context of het-
erogenous workers. What it implies is that within a labor market, however defined, firms

13



can not direct their search to workers of a certain productivity. But rather firms contact
workers by some other mechanism, personal contacts and networks, chance, idiosyncratic
preferences, which from the perspective of the modeller or econometrician can be depicted
as being random. Extending this framework to include directed search would be a promising
way of exploring sorting in markets with search frictions.

3.4 Surplus Sharing

One alternative wage-bargaining mechanism frequently used in the literature is Nash-bargaining,
which has been extended by Moscarini (2005) to on-the-job search. Moscarini makes two
simplifying, but not innocuous, assumptions, which Shimer (2005) discusses in detail and
proposes an alternative to. I will proceed with the Moscarini assumptions. The first is that
once a worker has decided to join a firm her outside option becomes unemployment. Whether
realistic or not this assumption simplifies the analysis vastly since only the current firm (and
the value of unemployment) is important to wage determination and not the identity of firms
who may have made a job offer to the worker. The second assumption is that the firm does
not take into account the impact of its wage policy on turnover.

Given Moscarini’s assumptions a worker always chooses between the value of the job
offered, W;; as given by (7) and unemployment, U; as given by (6). If a firm does not fill a
vacancy the vacancy is destroyed, i.e. a job offer only ever reaches one worker. The value of
a filled vacancy to the firm j is given by:

pJi(p, ) = (1= si) fipi = A1 = QW) J = 6] (33)

Nash-bargaining implies that:
w;; = arg max(W;; — Ui)"Jilj_a (34)
Given Moscarini’s second assumption the first-order condition to this problem satisfies:
ady =1 —a) (W —U;) (35)

In Appendix A.4 I rearrange the first-order condition to derive an expression for the wage

f
w:afp+(1—a)bp—|—a)\/ J'do(f) (36)
Smin

When dividing both sides by fp and substituting for J’ from (33) yields

B b ! (1—s)f 1 ,
S—Oz+(1—a)}+a/\/fminp+5+)\(1_®(fl>>?d¢(f) (37)

It is clear that the sharing-rule is independent of the worker’s productivity. Intuitively
this is true since J, W and U are all linear functions of p.
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3.5 Bertrand Competition:

In the literature the main alternative to Nash-bargaining has been the wage-posting assump-
tion of the Burdett-Mortensen model. Postel-Vinay and Robin (1999, 2002) propose a more
complicated wage-setting mechanism in an environment with on-the-job search, where em-
ployers initially pay the reservation wage of the worker and then match outside offers, i.e.
Bertrand competition for workers. The assumption is that all the match surplus goes to
the firm. In this section I derive the sharing parameter under the Postel-Vinay and Robin
assumptions.

Postel-Vinay and Robin (2002) derive the wage under these assumptions, see Appendix
A.5 for an outline of the deriviation. The wage of a worker now depends on both the firm
the worker is currently at, f, and the outside option the worker had when deciding to stay
at that firm, which I shall denote by .

A !
wip.o. ) =pr = =p [ (1= Via)da (33)
and
s(p,x, f) = l[x — Aw f/(l — V(z))dz] (39)
p7 9 - f p+5 .

such that the share is decreasing in the productivity of the firm the worker is at and increasing
in the highest productivity firm that this worker has received an outside offer from. Firms
typically pay below marginal productivity, and workers may take wage cuts on switching
employers on account of the option value of being at a high productivity firm.

4 Data

This section outlines the main features of the dataset Synthesis Erwerb and explains the
construction of key variables. Next it describes the main features of the Austrian labor
market. It compares labour market outcomes to those in the US and finds them quite
similar. Additional information is provided in Appendix C.

4.1 Description of Synthesis Erwerb data

The data used in this paper has been obtained from Synthesis Forschung. The data provides
continuous information on employees engaged in the labor market from 1972 to 2003. It
is based on social security records for employees who are employed, unemployed, or on
maternity leave. A total of [128,782,463] observations correspond to worker-firm matches
generating positive income. Observations are employer and year specific, i.e. an observation
starts either on the January 1 of a year or when a worker joins that employer, an observation
ends on December 31 of a year or when a worker leaves that employer.

Only employees for whom social security contributions are made are covered by the
dataset, this includes nearly all employees in Austria, with exceptions as follows.!’ The self-

10No records are kept for individuals who are not in the labor market, or work outside Austria.
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employed, who currently account for around 10% of the laborforce in Austria, are covered
by a different social security institution. Coverage for certain public employees increased
in the mid-1990s. Moreover, certain workers with very short-term contracts, who account
for around 7% of the laborforce, were also excluded from social security contributions and
are not covered by the dataset until the 1990s. I will be using the expressions ‘firm’ and
‘establishment’ interchangeably throughout this paper, since I have no way of distinguishing
between the two.

4.1.1 Observed Variables:

The data contains information on income earned and contracted hours worked during each
observation. The wage measure I use is the hourly wage, the income earned during each
observation divided by the number of hours worked. The income measure is reliable since
social security contributions depend on it. The hours measure is likely to have a lot of
measurement error, contracted hours being only a very rough measure of actual hours worked,
83% of full-time employees have contracted hours of either 161.7, 163.8 or 168 hours per
month.

Prelimimary analysis suggests that in firm measures, industry classification and region,
are well measured. Worker variables associated with a job much less so. Education and
occupation are poorly measured, since both of these vary too much than is plausible over the
lifecycle, with as much as 30% of workers switching education and 40% switching occuption
between years. [need to sort this out] Gender is well measured with no one switching gender
thoughout the entire sample.

4.1.2 Tenure and actual experience variables:

Tenure is measured as the cumulative number of hours worked at a given employer, whilst ac-
tual experience measures the cumulative number of hours an individual has been employed.!!
Tenure measures, for those where the employer-employee relationship begins after the be-
ginning of the sample, are likely to be accurate. Actual labor market experience measures
can not be constructed for those entering the labor market before January 1, 1972. Hence, 1
obtain experience and tenure variables for 69% of the data, only tenure for another 19% and
neither for 12% of the data. I proxy experience and tenure for the initial observation of some
of the people unobserved at the beginning of their career by matching on sex, education, full-
time or part-time employment, age (in years), region, two-digit industrial classification, and
number of children (only for women). The R-squared is 0.51 for the experience regression
and 0.26 for the tenure regression. Thus I construct both variables for 92% of the data.

UT divide these measures by 5.5 times the days in the year (the average hours recorded for a full-time
employee), so that experience and tenure are expressed in years of full-time employment.
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4.1.3 Observation selection:

Since workers switch jobs mid-year and retain several jobs at the same time there are fre-
quently multiple entries for an individual in a single year. A single entry per worker and
year, a ‘dominant’ job, was selected by first selecting the worker-firm match from which
the worker derived the most income that year (reducing the number of observations by
27,989,711), then, in case of ties, selecting the worker-firm match with the longest duration
in that year (reducing the number of observations by 4,801). The remaining number of
multiple observations involve repeated identical matches between the same firm and worker
within a single year, amongst those the first observation was chosen (reducing the number
of observations by 77,780).

For the purpose of most of the empirics in this paper workers in agriculture, mining,
tobacco, utilities, transportation, non-profit organisation and the public sector were dropped
from the analysis. This reduces the number of observations by 27% to 73,284,765, an average
of around 2.3 million per year. For the actual estimation I also exclude all observations
corresponding to firms with less than an average of ten employees and those where the
firm effect is identified by less than thirty observations (a firm effect is identified by every
observation employees of that firm at other firms).

4.2 The Austrian labor market

This section outlines several features of the Austrian labor market, additional tables are
provided in Appendix B.

4.2.1 Laborforce composition:

During the sample period, 1972 to 2003, the Austrian labor market was characterized by
a steady growth in employment. Male labor market participation rates declined in the
1970s from 85% and have since stabilized at around 80%. Meanwhile, female labor mar-
ket participation steadily increased, from under 50% in the early 1970s to over 65% now.
Unemployment rates have been stable and low, whereby we can distinguish between the
1970s, where unemployment rates were 1-2%, and the period after the second oil price shock
where they fluctuated between 3% and 4%. GDP. Wage growth rates decline throughout the
sample period.!?

Austria’s schooling system encourages a large number of individuals, especially men,
to start an apprenticeship (46% of observations). Many, 28% of observations, only have
compulsory schooling (up to age 15) and comparatively few have high school completion or
a university degree, 10% and 6% of observations respectively. There is a trend away from
apprenticeships towards more high school and university completion.

12Numbers are based on Eurostat data.
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4.2.2 Wages and wage-bargaining:

Log wages are close to normally distributed in Austria and levels and trends for mean
and median near identical, with the median slightly above the mean. Wage growth has been
decelerating rapidly throughout this period. The standard deviation of log wages fell steadily
from 0.62 to 0.60 in 1993 after which it increased to 0.65 in 2002. Wage level regression
produce similar result as those for other countries. There is the usual concave experience
and tenure profiles. The return to experience is around 7% per annum (Abowd, Karmarz
and Margolis (1999) find experience returns of a similar magnitude for France,around 0.06,
and somewhat higher for the US, around 0.1) and the return to tenure below 2% per annum.
More education is associated with higher wages, the return on university education over
compulsory education is around 0.35 log wage points. The penalty for being female is as
much as 0.25 log points.

Sectoral wage-bargaining agreements cover nearly all employees in Austria.'®* Employer
( Wirtschaftskammer) and employee (Arbeiterkammer) representatives bargain over mini-
mum wage levels (tariffloehne or contractual wages) and annual wage increases, which will
differ according to employee qualifications, seniority and any number of other factors deemed
relevant. In the 1960s and early 1970s, periods of high growth and low unemployment, min-
imum wages and actual wages were subject to the same bargained wage increases. By the
early 1980s, with higher unemployment and lower economic growth after the second oil price
shock, employees bargained power diminished and bargained wage increases were lower and
significantly lower for actual than minimum wages. Increasingly in the 1990s the wage-
bargaining agreements began to exclusively focus on the setting of minimum wages.'*

To measure how binding the centrally bargained wage agreements were I construct a
minimum wage for every combination of 4-digit sector (503 industries), year, education
category and experience category (a total of 672,000 categories containing an average of
150 observations each). By comparing these minimum wages in each category with those
actually paid one can obtain an impression of how binding the tariffloehne are. In practice
very few workers seem to be receiving wages close to the minimum in their category. It is
clear that there is very large wage dispersion, even within very tight categories of workers.
the difference between the minimum and the 1st, 5th, 10th, 25th and 50th percentile is on
average 0.6, 1.2, 1.5, 2 and 2.6 log points respectively.

4.2.3 Labor mobility:

The Austrian labor market is characterized by a lot of worker mobility. From year to year
around 20% of workers switch 1-digit industry; inter-regional mobility is low though, with
only around 4% of workers changing regions between years (on the dominant job definition).
On average workers in the private sector start or end an employment relationship every
2.3 years, i.e. the fraction of switches to workers is 0.45. This hire and separation rate
compares with US quarterly separation rates of 9.4% from the JOLTS or 24.5% from the

13There are a few instances where agreements are reached at a firm level, Austrian Airlines is one such.
Href]
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LEHD, see Davis, Faberman and Haltiwanger (2006).!5 Mobility decreases, at a decreasing
rate, with age, education and tenure. If we ignore short periods of non-employment around
40% of employment transitions are directly between two firms. A third of workers becomes
unemployed (for 40% of which unemployment is short-term, less than 28 days). and one-
quarter become unemployed.

The labor mobility numbers outlined here are likely to overstate the amount of actual
mobility. Seasonal workers may have stable employment relations but nevertheless change
firms twice or more times a year. Workers on short-term contracts may have multiple em-
ployment relationships with the same firm in the same year. Correcting for these issues by
focusing on switches in dominant jobs, which limits the maximum number of switches per
year to one, reduces mobility to around one firm switch in three years, i.e. the fraction of
switches to workers is 0.33. This number is comparable to Davis, Faberman and Haltiwanger
(2006) full-quarter transitions definition using the LEHD, which is 11.9% per quarter. This
suggests perhaps one-third higher mobility in the US than in Austria, keeping in mind that
the LEHD generates very high mobility estimates for the US.

4.2.4 Job creation and destruction:

I measure job creation and destruction in two ways: the net number of hours worked that are
created or destroyed at a firm; and the net number of employment relations that are created
or destroyed by a firm.!'® In each of these categories I distinguish between jobs created /
destroyed by expanding or contracting firms and entering or exiting firms. I calculate annual
job creation and destruction rates, which, as Pinkston and Spletzer (2004) find, abstracts
from the large seasonal fluctuations in employment found in many parts of the economy. The
job creation rate is on average 11.8% (8.4% for expanding establishments) per annum when
measured in employment relations and 9.4% (6.9%) per annum when measured in hours; the
job destruction rates are on average 10.5% (8.4% for contracting establishments) and 9.0%
(6.7%) per annum respectively. Over time the series track each other closely, whereby the
job series is much more volatile than the hours series, suggesting that part-time employees
get hired and fired most frequently. In comparison, using Business Employment Dynamics
Data for the US Pinkston and Spletzer (2004) find job creation rates, measured as number
of employment relationships, of 14.6% (9.4% from growing establishments) and destruction
rates of 13.8% (8.8% from shrinking establishments). Since the laborforce is growing faster
in the US economy the destruction rates are probably more easily comparable, suggesting
that the US has more job turnover, primarily on account of greater firm entry and exit.

15JOLTS is the Job Openings and Labor Turnover Survey. LEHD stands for Longitudinal Employer
Household Dynamics. These hire and separation rates can be aggregated, thus JOLTS suggests lower mobility
in the US than Austria, whilst LEHD suggests much higher mobility. I quote the average of the hires and
separation rates in Davis, Faberman and Haltiwanger (2006).

16T use the convention in the literature to measure job creation and destruction from t-1 to t. To turn
these numbers into rates I divide by the average employment levels in t-1 and t.
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5 Estimation Method

This section shows how, using the data described, the parameters of the model can be recov-
ered. I will follow recent work in this literature by taking a limited information approach.” I
will estimate transition and unemployment rates using information on worker mobility. The
remaining parameters will be identified from individual wages and the relationship between
the size of a firm and its productivity. The disadvantage of the limited information approach
is that if the model is correct a full information approach will be more efficient. There are
three distinct advantages though: this approach is computationally feasible, it provides a
clearer sense of which data is identifying which parameters, and the additional restrictions
provided by the model can be tested independently. I will show identification under all
three assumptions about wage-setting (exogenous sharing parameter, surplus-sharing and
Bertrand competition).

The model as described is stationary and non-stochastic. I will assume that at any given
point in time (the data is annual from 1972 to 2003) the model is in steady state, and that
the observations are independent draws from this steady state distribution. In contrast to
the existing literature I will allow firm productivity, as well as person productivity, to be
time-varying.

5.1 Transition Rates

The model provides a number of restrictions that the transition rates have to satisfy.
The number of new hires of a firm is given by (15), which can be rearranged to yield:

Nt
e+ (1= ue) = fﬁ;‘t m(f")d®(f)

vjp = for all j,¢ (40)

The random search assumption implies that the aggregate number of job offers, divided
by the number of workers in the labor market equals the job offer rate:

th fmax
A\t = —/ v(fjt)d®(f) forallt (41)
Nwt fmin
where N,; = £ and L, is the number of workers actually employed.

l—ut
The steady-state requirement that the unemployment rate be constant, . = 0, implies

Aty
(1 — Ut)

Finally, the number of workers who leave the firm is given by (11), as well as a time-
specific idiosyncratic shock to the firm:

ST u(f)de(f)
Tmp(f1)dD(f7)

1"Bontemps, Robin and Van der Berg (2000), Postel-Vinay and Robin (2002) and Christensen et al (2005).

oy = for all ¢ (42)

fje — 6 — A1 — )=¢;; forallj,t (43)
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Substituting (40), (41) and (42) into (43) and substituting for N, yields the following ¢
non-linear equations:

w2

J

/fmax DB — (1 ) /f v(fjt)dé(f')” _ Zgﬁ =0 forall ¢

Jmin min §
(44)
where v(f;:) is given by (40):
In the data I observe the number of new hires at a firm 7;, and the fraction of workers

who exit a firm p;,. The mean wage at a firm increases monotonely with firm productivity
(given the model), so it is possible to calculate L% ffjf  m(f")d®(f’) directly from the data
[condition on industry]. Alternatively I can first estimate f, see below, and then calculate

=l m(f)da(f).

Hence, (44) describes a non-linear equation in u for each time period, and can be solved
using some method of solving non-linear equations. Alternatively, I can add further moments
by postulating that Ej[e;|n] = 0 for all ¢, where n is the size of the firm, and use general
method of moments.

5.2 Firm and Worker Productivity

Taking the log of the wage-setting equation (4) in each time period and adding an indepen-
dent and identically distributed error term, yields a linear regression:

Inw;j = Ins; +Inpy +In fi + 45 (45)

for all workers at all firms in all time periods. Clearly the panel dataset used for this paper
does not contain enough information to estimate such a regression so additional restrictions
have to be imposed. I will assume that an individuals productivity is a function of a person
fixed effect and observable time-varying personal characteristics (X) and that the price of
these characteristics is time, person and firm invariant, such that:

Inp; = Inp; + 8, Xy (46)

I split firm productivity into a time invariant and a mean zero time-varying component:

In fj: = In f; + (In fj — In f;) (47)

where In f; = %Z In fj;. Equation (23) provides a relationship between firm productivity

t
and firmsize and hence a way to measure the time-varying component of firm productivity.
Taking logs, rearranging, demeaning and substituting into (47)

Infy=Infi+Alnny; —Aln(l —s;) — Alngy + Alne, + Alng + A(¢Inby,) (48)
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where A indicates a demeaned variable, ¢ is taken to be common to the entire labor market

and
1-— 1-T(f;
Alnf; = Alnd, — Alnwu, + Aln w “tf)( (i) (49)
uy + (1 — ) ffmin n(fie)d®(fi)
I proxy wet(1—u)(1-T(/j0)) = n%n as a decreasing power function of n. Substituting

urt (=) [] - n(fj0)d®(fi0)
these expressions into (45) assuming that ¢ is time-invariant, such that Aln; = 0, and
since there is no selection ¢;; = ¢, such that

ln wijt = BOt -+ hlpz + /ngX’Lt —+ ln f] + BnA ln njt + 5ijt (50)

where [3;, is a collection of all the time-varying terms and those common to the entire labor
market (Ins; — Aln(1—s;) + Alng — p[Alnd; — Alnwy)), as well as inflation and aggregate
productivity growth (which are not in the model, but are in the data), 5, = 1+ ¢,,. Once
p and f are estimated, ® and II can be constructed over the observed support.

The expression for optimal firmsize is given by (23). Given the estimates of fj;, ¢;+ and
0;: from the previous stages and assuming an iid error term leads to the following regression:

Inn; = Boy +ds + By ln@jt + Bf In fjt + ﬁq In g +¢€j (51)

where (3, = ﬁ In(l —s;) —Ing|, ds = —ﬁlnws, and f; = 3, = ﬁ = % Finally, by

using the estimate of 3, from (50) one can pin down the relative magnitudes of s and .
5.3 Surplus Sharing

Below I outline identification under the Nash-bargaining assumption. Transition and unem-
ployment rates are estimated as before. Nash-bargaining implies a sharing rule, given by
(37). I approximate this sharing-rule by:

s=a+(1—a)(e;Inf+e@,Inp+p,InA,) (52)
where ¢, ¢, > 0 and ¢, < 0. Using a linear approximation In(1 — s;) = s; and

1_
lnszlna—l—Ta(goflnvaSOple‘i‘%\ln)‘w) (53)

where the bargaining share o, as well as ¢, , , and p, are assumed time invariant. Substi-
tuting this into the wage equation (45), thereby allowing for the same structure on the firm
and person effect, generates the following regression:

Inwije = By + B, Inp; + B0 Xit + B¢ In f; + B,,AInng + 5, In Mot + Ags + Eijt (54)

Where 50 = lna; ﬁp = (1+1?Ta90p)7 BzZ = (ﬁx_'_(l —Oé)@p),Aﬁf = (14_17704()0][)’ 6712 =
(14 ¢,)(1+ (1 — a)py) and B, = ITTQSO,\, A= (1 - a)pyAln Ay — ¢[AInd; — Alnwy. T
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will approximate this last term with a time fixed effect if there is not enough variation in
the data. The sharing parameter o and ¢, are identified from the constant term and the
coefficients on Aln \,; and In \,.

To identify the remaining parameters I use the the equation determing firmsize (?7) and
substitute in the (biased) estimates for the firm and productivity effect, In f and In p:

Inn;, [+ (1+(1— oz)gof) Inf; + (1 — a)gpp Inp; + (1 — @), In Af55)

—¢[Ind; —Inu) —Ing — In, + Ingjy] (56)

which, given an iid error term, results in the regression
Inn; = By + Bl(lnfj +1Inp;) + Fyln Ay, — ¢ [Ind; — Inw] +ds + ¢4 (57)

where 60 = —1H¢, 61 = m7 BQ = (1 - CY)(,O)\, ds = —h”v/’y

¢ and ¢, are identified from the coefficients on In A\,, and In§; — Inw; (recall that o and
¢, are already identified). Then ¢, is identified from the coefficient on In fj or from the
estimate of /3,5, in the previous regression. Finally, using the coefficient on In p; I can identify
¢,- Thus In f; and In p; can be reconstructed.

5.4 Bertrand Competition

[to be completed]

6 Results

In this section I describe the parameter estimates and their relationship to observable worker
and firm outcomes. The findings in this section are preliminary and should be taken as in-
dicative. The results are based on data for Vienna, roughly one-quarter of all observations.
Estimates are for the exogenous output sharing parameter specification. The labor mar-
ket specification considered here is all of Vienna, with 20,687 firms and 1,558,596 workers.
Transition rate estimates are to be completed and not outlined here.

6.1 Estimates
6.1.1 Firm and Person Effects:

The firm and person effects have a standard deviation of 0.16 and 0.36 respectively. They
are both close to normally distributed, though somewhat negatively skewed. The coefficient
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of correlation between the two is 0.15, the covariance is 0.0087.

observations 20687 i
standard dev.  0.2381 observations 1558596

skewness 0.3028 standard dev.  0.4014
skewness  0.0827

15
[

Density

‘ 2 -1 0 i 2
Firm Effect Person Eflect
(58)
Over time there has been an slow upwards trend in the variance of the firm effect and a
slow downwards trend in the variance of the person effect.

6.1.2 Transition Rates:

[to be completed]

6.2 Wage Level Differentials
6.2.1 Cross-Sectional Wage Dispersion:

Observable worker characteristics, education, gender, experience and tenure, can explain
around 40% of the variation in log wages observed in the data, see Table This compares
with around 30% in the usual Mincer wage regressions, typically somewhat higher for men
and somewhat lower for women. Partly this is explained by the fact that the measures of
experience and tenure I use are superior to those usually available. Sample selection, recall
that observations of workers at small firms have not been used, may also play a role. Firm
effects explain around one-quarter of the remaining variation in wages, and the unobservable
component of the person effects the remaining three-quarters, see Table 1.

Table 2 shows that the explanatory variables are highly positively correlated with each
other, hence the variance of wages, 0.33, is half again that of the explanatory combined,
0.22. As predicted by the model, tenure and experience are both positively correlated with
the firm effect. The firm and person effect are also positively correlated, contradicting the
no sorting prediction of the model. However, the positive correlation is much reduced once 1
control for the observed part of the person effect (the net person effect is the residual from
regression (5) in Table 1). Similarly, much of the positive correlation between the person
effect and experience and tenure can be explained by education and gender.
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Table 1: Cross-section regressions on log wages, person effect, and log wages net of observ-

ables
Dependent Var Log Wages Person Effect Net Log Wages
(1) (2) (3) (4) (5) (6) (7) (8)
Experience 0.0588 0.0532 0.0704 0.0648
Experience sq. -0.0012 -0.0011 -0.0016 -0.0014
Tenure 0.0186  0.0205 0.0063  0.0084
Tenure sq. -0.0003 -0.0003 0.0001  0.0000
Female -0.2919 -0.2497 -0.2557
Compulsory 0.0624  0.0326 0.0360
Apprenticeship 0.1596  0.1052 0.1097
Vocational 0.3275  0.2356 0.2459
High school 0.3807 0.2654 0.2760
University 0.4145  0.2946 0.2995
Firm effect 1.1686 1 1.1943 1.0414
Person effect 1.0667 1
Net person 1.0342  0.9952
Constant 1.9552 2.0232 2.0179 2.0393 -0.0447 2.0722 2.0834 2.0736
R-squared 0.399 0.5019 0.7442  0.8208 0.1724 0.2573 0.7929 0.9874
Table 2: Summary correlations in the cross-section
Correlation
Log Wage Experience Tenure Firm Effect Person Effect Net Person
Log wage 1
Experience 0.5302 1
Tenure 0.3986 0.5338 1
Firm effect  0.4321 0.1193 0.0534 1
Person effect 0.6875 0.0198 0.0972  0.1484 1
Net person  0.5851 -0.0263 0.0615 0.0758 0.9097 1
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6.2.2 Wage Dispersion by Gender and Educational Category:

Table 3 shows mean and variance of the explanatory variables by worker characteristic.
Around three-quarters of the gender wage gap is explained by lower person effects. Lower
firm effects and labor market experience account for most of the remaining differentials.

Differences in the average person effect account for most of the wage differentials between
education groups, average firm effect, labor market experience and tenure also increase sub-
stantially with educational attainment level. Interestingly the variance of firm effects de-
creases and the variance of person effects increases with education. The ratio of firm to
person variance is 0.3 for workers with no qualifications, whilst it is 0.14 for those with a
university degree, suggesting that firms play a larger role in explaining wage dispersion for
low-skilled workers. The results look similar when decomposing by occupation.

Table 3: Means and variances of variables by gender and education

Mean (relative) Variance Covariance
Wage Firm  Person Wage Firm Person Firm & Person
Male 0 0 0 0.3253 0.0246 0.1163 0.0055
Female -0.3319 -0.0376 -0.2466 0.2674 0.0282 0.1155 0.0082
No qualifications 0 0 0 0.2502 0.0340 0.1109 0.0079
Compulsory 0.0916 0.0264 0.0343 0.2780 0.0308 0.1187 0.0061
Apprenticeship 0.2822 0.0565 0.1615 0.3110 0.0251 0.1142 0.0064
Vocational 0.3575 0.0752 0.2074 0.3311 0.0220 0.1313 0.0067
High school 0.4935 0.1034 0.2873 0.3346 0.0203 0.1354 0.0055
University 0.5884 0.1140 0.3490 0.3416 0.0209 0.1519 0.0057
Population Avg. 2.5019 0.0094 -0.0010 0.3297 0.0262 0.1302 0.0087

6.2.3 Inter-Industry Wage Differentials:

The earliest literature on the relative importance of firm versus person characteristics ana-
lyzed inter-industry wage differentials, with papers by Krueger and Summers (1988), Murphy
and Topel (1987) and Gibbons and Katz (1992). Abowd, Kramarz et al (1999, 2000, 2002)
find that unobserved firm and person effects each account for around half the inter-industry
wage differentials found in France and Washington State.

Firms are categorized at the 2-digit industry level, a total of 38 sectors. The average
experience, tenure, education and sex by industry are calculated by weighting them by the
market prices of these attributes, using the regressions in Table 1. For example, a year of
experience is weighted by 0.065, and a university degree by 0.3. The standard deviation of
average log wages, is 0.22; the interquartile range is 0.29. Table 4 shows that all explanatory
variables are highly positively correlated, suggesting a high degree of sorting and therefore
making it difficult to disentangle the various determinants of average log wages.

Either firm or person effects can explain around 80% of the variation in wages on their
own. Only 38% of the total variance in average log wages can be attributed unambiguously to
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Table 4: Correlations at 2-digit industry level

Correlation of 2-Digit Industry Means
Wage Firm Person Net Person Exp. Tenure Education Sex
Log Wage 1
Firm Effect  0.8833 1
Person Effect 0.9151 0.7341 1

Net Person 0.8159 0.5940 0.9092 1

Experience 0.5725 0.3177 0.3338 0.3375 1

Tenure 0.4876 0.3066 0.3658 0.4144 0.4515 1

Education 0.6862 0.5481 0.7725 0.7144 0.2201 0.2322 1

Sex 0.6240 0.5833 0.6397 0.3413 0.200 0.1656 0.1556 1

individual components (calculated as the sum of the variances of the observable components
divided by the variance of average log wages). 45% of this variance is due to the differences
in the average firm effect, 20% due to differences in unobservable (net) person effects, and
15% due to both differences in total experience and gender composition.

6.2.4 Firmsize Wage Effect:

There is a large literature related to the observation that larger firms pay higher wages, with
an average premium of around 30% when going from a firm with 25-99 employees to one
with over 1000 employees, and controlling for 1-digit industry, see Oi and Idson (1999). I
find a somewhat lower elasticity of 0.026 and 0.016 in my data, when controlling for 1-digit
and 2-digit industry fixed effects respectively.

The literature suggests a number of explanations for this phenomenon, monitoring costs
(Oi, 1983), to prevent shirking (Shapiro and Stiglitz, 1984 for example) and rent-sharing
(Katz and Summers, 1989), whereby larger firms may have higher rents for a number of
reasons. The explanation provided by the model in this paper is most similar to the last of
these theories, conditional on the industry more productive firms pay both higher wages and
are larger. Hence, once I control for firm fixed effects the positive effect of firmsize on wages
should disappear.

The firm fixed effect reduces the elasticity of the wage with respect to firm size by two-
thirds, and accordingly can explain two-thirds of the firmsize wage effect. Adding additional
controls entirely eliminates the firm size wage effect, see Table 5.

6.3 Wage Growth Differentials

Wage growth is infrequently discussed in the literature, Abowd, Kramarz and Margolis
(1999) for example do not discuss it at all, and Mincer regressions are nearly always done
in levels. Once I have obtained firm fixed effect estimates I can run the regression (50) in
first differences, thereby providing insights on role of firms in determining life-cycle growth
patterns.
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Table 5: Firmsize wage effect

Dependent Variable: Log Wage

(2)

(3)

(4) (5)

(6)

(7)

Log firmsize 0.0158 0.0069 0.0101 0.0043 -0.0060 -0.0040 0.0004
Experience 0.0581  0.0690 0.0536  0.0536  0.0648
Experience sq. -0.0012 -0.0015 -0.0011 -0.0011 -0.0014
Tenure 0.0159  0.0042 0.0201  0.0203  0.0083
Tenure sq. -0.0024  0.0001 -0.0003 -0.0003  0.0000
Female -0.2663 -0.2454
Compulsory 0.0576 0.0304
Apprenticeship 0.1459 0.1020
Vocational 0.2815 0.2091
High school 0.3084 0.2344
University 0.3545 0.2707
Firm effect 1.3513 1.2264 1.1289 0.9955
Person effect 1.0230 0.9974
Constant 1.947  1.8909 2.4671 2.0810 2.0524 1.9851
R-squared 0.1020 0.4299 0.7608 0.2161 0.4560 0.5075 0.8209

Controls: all specifications control for 2-digit industry

It is worth noting that a first difference to a traditional Mincer regression, see Table 6
column (1), has very low predictive power with an R-squared of 0.04. In part I suspect that
is on account of measurement error in measured hours, nevertheless there is clearly much
room for improvement. It turns out that the change in the firm effect alone has more than
twice the predictive power of the observable variables and is only slightly correlated with
changes in tenure and experience. Reassuringly, the coefficients on experience and tenure
are very close to those from the regression in wage levels. However, the coefficient on the
change in the firm effect is below 0.8, whilst we would expect it to be equal to one.

On average the firm effect’s contribution to wage growth over the life-cycle is around 10%
of total wage growth, with gains to experience accounting for around half of wage growth.
This number may understate the contribution of firm changes to wage growth though since
the standard deviation in workers’ first job is already 0.18.

Workers with higher levels of education switch jobs less frequently, but benefit more from
job-switching than those with less education. In contrast their gains to experience are lower.
Gender differences are not pronounced.

6.4 Worker Mobility

A central feature of the model, and indeed most models of job mobility, is that workers
switch in response to wage changes. Moreover, they switch from firms with lower to those
with higher firm effects. It has been observed that workers seem to frequently take wage cuts,
even when switching jobs, see for example [ref]. This observation has been taken to provide
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Table 6: Wage regression in first differences
Dependent variable: Difference Log Wage

(1) 2 B @ (5) (6)

Diff. Experience 0.0698 0.0645 0.0653
Diff. Experience sq. -0.0020 -0.0018 -0.0018
Diff. Tenure 0.0064 0.0109 0.0111
Diff. Tenure sq. -0.0001 -0.0002 -0.0002
Diff. Firm effect 0.7956 0.7944 0.7856 0.7819
Controls sector sector sector
Constant 0.0232 0.0458 0.0458 0.0206 0.0202
R-squared 0.0402 0.0878 0.0889 0.1250 0.1263

Table 7: Wagegrowth summary statistics by sex and education category

Mean Variance Mean Variance

Diff. Wage Diff. Wage Switches per Year Diff. Firm Diff. Firm
Male 0.0482 0.0515 0.1981 0.0137 0.0356
Female 0.0482 0.0578 0.2039 0.0002 0.0360
No qualifications 0.0314 0.0686 0.2696 -0.0132 0.0386
Compulsory 0.0392 0.0575 0.2369 -0.0013 0.0368
Apprenticeship 0.0493 0.0525 0.2048 0.0113 0.0352
Vocational 0.0545 0.0536 0.1674 0.0303 0.0353
High school 0.0548 0.0506 0.1557 0.0431 0.0329
University 0.0532 0.0516 0.1535 0.0457 0.0338
Population avg. 0.0482 0.0538 0.2002 0.0135 0.0357
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Table 8: Regression on the probability of leaving a firm
Dependent variable: Indicator Variable for Exit from Firm

(1) (2) (3) (4) (5) (6)

Experience -0.0199 -0.0093 -0.0094 -0.0099 -0.0503
Experience sq. 0.0005 0.0003 0.0003 0.0003 -0.0095
Tenure -0.0298 -0.0296 -0.0291 0.0003
Tenure sq. 0.0010  0.0010 0.0010 -0.0291
Female 0.0115 0.0010
Compulsory schooling -0.0163
Apprenticeship -0.0340
Vocational education -0.0576
High school -0.0601
University -0.0689
Firm effect -0.0904 -0.0475 -0.0703 -0.0569 -0.0573 -0.0503
Person effect -0.0586 -0.0516
Log Wage -0.0069
Constant 0.2102 0.3320 0.3368 0.3681 0.3370 0.3511
R-squared 0.0226  0.0519 0.0728 0.0744 0.0752 0.0752

Controls: all specifications control for 2-digit industry fixed effects

strong support for a large match-specific component of wages and wage growth. Unless the
model is extended to include a match-specific effect I can not disentangle to what degree
observed wage cuts are due to such factors and to what degree they are a statistical artifice
on account of a lot of measurement error in the hours worked variable.

The model also predicts that the probability of a worker exiting a firm is decreasing and
convex in the firm productivity, which is a more easily testable prediction since in the data
switches between firms are well measured. A linear regression'® on an indicator variable for
when a worker exits the firm, see Table 8, consistently shows that the probability of exit
is decreasing in the firm effect, even when controlling for the wage. As predicted by the
model mobility is also decreasing and concave in both experience and tenure. Mobility is
also decreasing in education and women are slightly more likely to move than men.

6.5 Turnover

The model predicts that the number of workers leaving a firm, conditional on the size of
the firm, is decreasing in firm productivty. Moreover the fraction of hiring form the pool of
unemployed should be decreasing in firm productivity. Both these predictions are confirmed
by the data and robust to conditioning on 2-digit industry and year fixed effects, see Table 9.
However, the coefficient on log firmsize and log inflow should be equal to one. Furthermore
when controlling for other firm characteristics, such as average person effect, the magnitude

18 Probit results give very similar marginal effects to those found in the linear regression.
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Table 9: Regression on exit rate and fraction entering from unemployment
Dependent: Log outflow of workers Dependent: Log inflow from unemployment

(1) (2) (3) (4)

Firm effect  -0.0437 -0.0682 Firm effect -0.2889 -0.2538
Log firmsize 0.8791 0.8796 Log inflow  0.8756 0.8871
Year effect Yes Year effect Yes

R-squared 0.6477 0.6514 R-squared  0.8059 0.8276

Controls: all specifications control for 2-digit industry.

of the firm effect becomes positively related to the outflow of worker.

6.6 Job Creation and Destruction

[to be completed

e How good are idiosyncratic/aggregate shocks to f at explaining job creation and de-
struction?

e How good are aggregate shocks to § at explaining job creation and destruction?]

6.7 Economy Aggregates

[to be completed
Show various aggregate relationships and compare with U.S. results:

e Beveridge curve
e Matching function

e Relative volatility of parameters f, 0, A, u and Ny.]

6.8 Simulations

[to be completed]

7 Conclusions

Given that this is a proposal in conclusion I will outline the main aspects in which I in-
tend to extend this paper. So as to ensure that the estimation technique fully reflects the
model, I intend to extend the model to allow for idiosyncratic shocks to productivity and
match-productivity. This will allow for estimation of transition dynamics, will rationalize
the estimation of time-varying firm productivity and explain the tenure-wage and tenure-
exit probability profiles observed in the data. Sorting could be incorporated by allowing for
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directed search by firms; I suspect, however, that such an extension will merit a separate
paper.

I need to work out the identification under the Bertrand competition wage-setting as-
sumption, whereby, unlike Postel-Vinay and Robin (2002), I intend to use the panel aspect
of the data to achieve identification of the model. Empirically a lot of work remains, es-
timating transition rates and productivity parameters with the full set of data, under all
three wage-setting assumption and various labor market specifications. Furthermore, the
transition dynamics need to be tested, as well as the macroeconomic implications.
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9 Appendix A: Details of Some Theoretical Results

9.1 Appendix A.1

Workers’ wage profile is in expectation increasing and concave in labor market tenure.
Wage growth is in expectation decreasing and convex. Workers accept offers from firms
with higher productivity, therefore the expected wage of a worker after having received n wage
offers is (if we assume draws are independent):

M, = spEmax(f1,..fn) (59)
Jmax
= [ paa(py (60)
fmax
= [ oy (61)
fmax
= oy - [ et (62)
fmax o
— o [ B (63)
frnin
Notice that M, is strictly increasing and strictly concave in n.
8Mn fmax
T = s / (f)" I ®(f)df > 0 (64)
0?M,, Fmax "
T = [ ey me)te <o (65)
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The undirected search assumption implies that all workers receive job offers at a Poisson arrival
rate of A, so that the number of job offers any worker receives follows a Poisson distribution, i.e.:

So then the expected wage for a worker continuously employed for ¢ periods is given by:

()\t)ne—)\t

mn(t) = Pr(n offers in time ¢) = "

Ew(t) = an(t)Mn
n=0

The first derivative is positive since M, is increasing in n:

OEw(t) 0 |« "
T = 5 ;Wn(t)Mn—i—e My

e n—1_,-X\ __ n,—\t
ZMn An(At)" e A" e AN,
n=1

n!

= > MuA(mn 1 —m,) — Ae MM

n=1

o0
= > Amp(Mpy1 — My) >0
n=0

The second derivative is negative since M, is increasing and concave in n:

O?EBw(t)
ot?

0 | Mt

5 Z:jl A (Mgt — My) + Ae™ (My — Mo)

> N (mn1 = ) (Mpg1 — M) — Xe M (My — My)

n=1

- Z >\27Tn(Mn+1 - Mn) + Z )\27Tn—1Mn+1 - Z )\27rn—1Mn

0o
Z )\27Tn(Mn+2 - 2]\4n—‘,-1 + Mn) <0
n=0
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The third derivative is positive since M,, is increasing and concave in n:

O3 Bw(t)

0 | = _
5 = 3 | 2o A (Masa = 2M iy + My) + M (M — 2My + M)
n=1

(o]
= D N(mpo1 = mn) (Mg — 2My 11 + M,) — XNe ™ (My — 2M; + M)
n=1

(76)

(77)

= = Nmu(Mpp2 = 2Mg1 + M) + > X 1 Mpyo — > 2Xm 1 Mgy + Y X, {38)
n=0

n=1 n=1 n=1

o0
= = Nmu(My — Myj1 — Mpyg + M) >0

n=0

Workers job switch rate is in expectation decreasing and convex in labor market
tenure. 1 have shown that workers switch jobs when they receive a job offer from a more pro-
ductive firm. The probability that one of n job offers is higher than the current is (given the
independence assumption) is:

Py =1-a(f)" (80)

P, is strictly increasing and convex in f, with a negative third derivative:

o~ ey ma() >0 (81)
882;" —®(f)"Ind®(f)* <0 (82)

Given that the number of job offers in a given time follows a Poisson distribution (66) the
probability of having switched at least once in a given period of time, o(t), is:

()\t)ne—)\t

o (83)

7n(t) = Pr(n offers in time ¢) =

o(t) =Y ma(t)Py (84)
n=0

Notice that the derivatives of P, have the same sign as those of M,, so that using the same
procedure as before it can be shown that:

0o (t)
ot

0?0 (t)
ot?

> 0,

9.2 Appendix A.2

Average tenure at a firm is increasing in firm productivity. [see proof on p.91 in Ljunquist
and Sargent]
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More productive firms employ, in expectation, a more experienced workforce, i.e. a
workforce with higher labor market tenure. [to be completed|

The firm’s value function, first-order conditions and optimal size: Solve for the firm’s
value function as follows:

pV (f,n)

qu)ix{(l —s)nfp —c(v) +nV,} (85)
= max{(1 = s)nfp—c(v) + (1 — pn) Va} (86)

Guess that the solution takes the form V = x 4+ by, substitute into the value function for the
firm () and collect terms

pyn = (1—s)nfp— pny (87)
_ A=s)fp
Vo= oo, (88)
pr = —c(v)+ny (89)
_ (1-s)fp
S C(v) +p77 pt+u (90)

which is verified by substituting the expressions for « and y into V =z + yn:

vy oo e n-s)fp (-s)fp (91)
P p pt+u p+

= o)+ (ot o) (92)

= )+t (o= (93)

= (I=s)nfp—cv)+(n—pn)V, (94)

So the firm problem is to maximize V' by choice of v:

(L-s)fp, L[ Q-9

V = c(v 95
ptp P ptp (®) (95)
ov (I-s)fpon 1,
_— = —— — - =0 96
5 FES—T pC(v) (96)
Imposing the steady state condition that n = 0 implies n = g and from () % =7 = g% resulting
in:

(1-s)fpl 1,
——=—Cc(v 97
Tn 0o (v) (97)
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which given the functional form for ¢(v) () and recalling that v = nf yields:

= (2 ) 0

The more general functional form for the cost of making job offers:
c(v) = yo?

yields

(1-s)fpl 1 $—1
pra p¢¢(n9)

_ p 1 _ =
= 7P+#7¢¢94’(1 s)fp

The value function of a firm is strictly increasing in firm productivity. Define
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since g—’]f < 0. Hence we can rewrite the value function as
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and

ov 1

Oy
af ~" o

)8f+y

: on ou
since 5% > (0 and af < 0.

9.3 Appendix A.3

107w
(Waf - pof

7L8“> >0 (111)

To find the minimum productivity level at which, in steady state, an entrepreneur is willing to start

a firm, set

V(C(u),u) = Ulu) (112)

1- 1 /01— bp + A\E(W

p+p p\ ptp p+A
_ _ A bp + AE(W)
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By the implicit function theorem:
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where k; > 0 for all ¢ = {1,..6}. Now, in steady state the probability of a worker exiting a firm
is decreasing in the unemployment rate (since higher unemployment is associated with a lower job
offer rate), and the probability of a worker accepting a job offer is increasing in the unemployment
rate. The combined effect implies that higher unemployment is associated with a lower 6 for all

firms:
ou oA
o ZZa-r 11
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9.4 Appendix A.4: Surplus-Sharing

The Bellman equations for a filled vacancy, an employed and an unemployed worker are:

pJ(p. f) = (A=s)fp—A1-QW))J—-4dJ (122)
Wmax
oW(p,QU) = sfp+6(U—-W)+ A/ (W' — W)dQ(W') (123)
w
pU = bp+ ANEW')-U) (124)

The Nash-bargaining condition is

w;j = argmax(W;; — UZ-)O‘Jilj_a (125)

The first-order condition, assuming that the wage policy does not affect turnover, satisfies

a(Wij — Ui)afljilj_a = (1—a)(W; — Ui)aJi;a (126)

OéJi‘ = (1 — Oz)(Wl — Uz) (127)
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Taking the derivative of the worker’s Bellman equation with respect to f:

ow ow ow
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and
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so then
87W > O
of

(139)

and workers will switch to firms with higher productivity and implying that we can replace 2 with

®, such that ;
w:afp+(1—a)[bp+)\/ | (W' = U)d®(f")]

and using the first-order condition that aJ = (1 — a)(W — U)

f
w:afp+(1—a)bp+a)\/ Jdd(f")
b U
s=a+(1—a)= +a) —do(f’
( )f T (f)
Recall that, replacing €2 with &:

pJ(p, f) = (1—=s)fp—A1-®(f))J—6J
(1=s)fp
p+o+A1—2(f))

Hence we can write

_ —049 o ! (1-=s)f '
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which is independent of the productivity of the worker.

9.5 Appendix A.5: Bertrand Competition:

[see Postel-Vinay and Robin (2002)]
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