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Abstract
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isolate changes in workers’ outside options that are independent from changes in the marginal product
of labour. This paper builds on the predictions of a search and bargaining model with multiple cities,
industries and occupations to propose novel identification strategies. Using a unique administrative
panel database for Germany, the study exploits differences in both the employment composition across
cities and in job-specific skill transferability as sources of variation for identification. The main finding
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1 Introduction

It is increasingly accepted that labour markets are not perfectly competitive and that frictions of
various kinds generate rents to the employment relationship for both workers and employers. These
frictions imply that wages depart from the marginal product of labour and partly reflect workers’
outside options. In the particular case of search and bargaining models, wages are determined by
both the marginal product of labour and a weighted average of wages in alternate jobs.! Since an
industry-specific shock will be passed through into wages via two channels (the marginal product
and workers’ outside options), comparative statics of search and bargaining and perfect competition
models will differ. Yet, despite these differences, the marginal product hypothesis remains the
benchmark for wage formation and only few empirical attempts have examined the relevance of
workers’ outside options for wage formation. The goal of this paper is to propose a strategy to
examine whether wages conform to the predictions of search and bargaining theory and test the
relevance of this strategy using an administrative panel database on workers in Germany.

A key difficulty in identifying search and bargaining mechanisms is that a worker’s marginal
product is not directly observable. The main contribution of the paper is to show that it is
possible to use observational data to separate the respective effects of outside options from those
of unobserved productivity. In particular, the paper argues that if one is willing to place some
restrictions on the production function, a triple difference estimation combined with an instrumental
variable strategy can correct observed wage movements for changes in the marginal product of
labour and what is left can be interpreted as search and bargaining effects.

The most recent approach to identifying search and bargaining mechanisms has been suggested
by Beaudry et al. (2012). The authors propose a multi-city multi-sector model of search and
bargaining in which a worker’s outside option is formed by all the industrial wages of the city in
which the worker lives. The authors show that in such a framework, a worker’s outside option can be
written as a weighted average of industrial wages, where the weights are given by the corresponding
industrial employment as a share of city employment. Thus, a direct implication of the proposed
model is that, conditional on productivity, a city with a larger proportion of high-paying industries
benefits from higher wages in all its industries.

The authors argue that variation “within industry across cities” can be used to identify the

!For a survey on search-theoretic models of the labour market, see Rogerson et al. (2005).



effect of workers’ outside options on industry-city wages. Consider an environment with 2 cities (A
and B) and 2 industries (manufacturing and natural resources). In this environment, the natural
resources sector is located in city A only. Imagine that for some exogenous reason, the price of
natural resources goes up. Assume that following that increase, wages go up in both sectors and
both cities but that, for simplicity, no labour movements are observed across sectors. Further
assume that shifts in productivity in the manufacturing sector are identical in both cities. Since
the natural resources sector is only located in city A and since no labour movements are observed,
workers’ outside options remain identical in city B and the increase in wages in the manufacturing
sector in city B can be entirely attributed to a shift in productivity (possibly due to the fact that the
manufacturing sector works to process natural resources). In city A, however, the increase in wages
observed in the manufacturing sector reflects both an improvement in workers’ outside options
and a shift in productivity. In this particular environment, the identification strategy proposed
by Beaudry et al. (2012) consists in taking the difference between periodical changes in wages in
the manufacturing sector in city A and those observed in city B, and attributing the residual wage
variation to changes in workers’ outside options in city A.

Beaudry et al. (2012) make an important step towards identifying search and bargaining effects.
However, their approach has two limitations which this paper attempts to address. First, the
authors assume a technology in which factors are perfect substitutes. Since this assumption implies
constant marginal product of labour within an industry and city, it is unclear whether independent
effects of workers’ outside options are also identified when technology is of a different form. This
study adopts a more flexible formulation of the production function and discusses the conditions
under which the restrictions placed on technology do not allow for a separate identification of the
effects of workers’ outside options.

Second, the authors implicitly assume that workers are identically mobile across any two pairs
of occupation-industry (hereafter ‘job’) cells. A consequence of this assumption is that measured
outside options are identical for all workers of the same city. Imagine for instance that the manu-
facturing sector employs both white and blue collar workers but that the natural resources sector
only uses blue collar workers. The Beaudry et al. (2012)’s assumption implies that white and blue
collars in the manufacturing sector in city A have the same outside options and the same prob-

ability of being employed in the natural resources industry, even if the latter only employs blue



collar workers. However, one may think that the ability to transfer skills across jobs affects whether
and how wages offered in other jobs enter the measure of outside options. This paper recognizes
that workers potentially face heterogeneous barriers to mobility and explores the importance of the
treatment of mobility across occupations and industries for wage formation.

To implement these changes, this paper builds on Beaudry et al. (2012)’s model and adapts it to
allow for multiple occupations and differences in occupation-industry-specific skill transferability.
In this framework, the outside options of a worker are given by a weighted average of the wages in
all jobs of the city in which the worker lives. The most important difference with Beaudry et al.
(2012) is that the weights are represented by transition probabilities between the job currently
occupied and the alternate jobs in which the worker could potentially be hired. These transition
probabilities reflect the idea that the importance of a job in a worker’s outside options depends not
only on the relative number of vacancies available in that job but also on the ability of a worker
to actually perform the job. Since these weights depend on the job that the worker is currently
employed in, workers’ outside options differ across jobs in the same industry and city.

The treatment of mobility across jobs plays an important role for the identification strategy. To
see why, consider the previous example but assume that following the increase in the price of natural
resources, city A and B experience differential shifts in productivity in the manufacturing sector.
Under Beaudry et al. (2012)’s approach using variation “within industry across cities”, all of the
differential in wage growth in the manufacturing sector between the two cities would be attributed
to search and bargaining effects, thus effectively ignoring that changes in the value of the marginal
product of labour within industry may differ across cities. The identification strategy proposed in
this paper can deal with this issue by exploiting differences in workers’ outside options within an
industry and city. In particular, identification can be achieved using a triple difference estimation
based on variation “within industry-city across jobs” and “within job across cities”. In this example,
the triple difference consists in first, taking the difference between changes in wages for blue collar
workers in the manufacturing sector in city A and the equivalent wage variation for white collar
workers, and second, calculating the difference between that change and its particular counterpart
in city B. The first difference removes changes in productivity common to all occupations within
an industry and city, and the second one eliminates job-specific shifts in productivity.

This paper proposes to apply the logic of this example to an environment with multiple jobs



and multiple cities, and to the more realistic situation in which employment moves unconstrainedly.
However, when employment moves unconstrainedly, the triple difference estimation has to be com-
bined with an instrumental variable strategy. In fact, there may be an endogeneity problem because
changes in productivity may affect the employment composition in a city which, in turn, affects the
weights used to calculate workers’ outside options. Hence, the triple difference by itself may not
be enough to identify independent effects of workers’ outside options. The paper uses Bartik-style
instruments to isolate changes in workers’ outside options that are uncorrelated with labour move-
ments. These instruments are similar to those used by Beaudry et al. (2012) and predict workers’
outside options by combining national job wage premia with the local structure of employment
that would prevail if job-city employment had grown according to the national trend. The paper
shows that these instruments are valid if shocks to comparative advantages are uncorrelated with
past job-city-specific comparative advantages.

The empirical strategy is implemented using an administrative panel database on workers in
Germany provided by the employment statistics of the Institute of Employment Research (IAB)
for the period 1975-2001. This paper finds that while the treatment of mobility is an important
issue, placing restrictions on the technology does not appear to be an important source of bias.
Overall, results suggest that job-city wages conform to the predictions of search and bargaining
theory. The wage spillover effects from a shift in workers’ outside options are strong and consistent
over a wide range of sensitivity checks: specifically, a 10% increase in workers’ outside options
generates a 7% wage increase.? Results from a variance decomposition suggest that a framework
that ignores search and bargaining effects would explain on average 11.5% of the cross-sectional
variance in city wage growth, while a model that accounts for the effects of workers’ outside options
is capable of explaining a much larger fraction of the variance. This fraction amounts to 18.9% in
the case of constant mobility and increases to 68.8% in a model that incorporates differences in
job-specific skill transferability, suggesting that the framework of this paper may also be helpful for
understanding the sources of the rise in wage inequalities that has been observed over the past 25
years in Germany.

Using a similar database, Card et al. (2013) provide descriptive evidence of the role of establish-

’Imagine, for instance, that the only option a secretary in the tertiary sector has access to is working in the car
industry. This results means that a 10% wage increase for secretaries in the car industry will generate a 7% wage
increase for secretaries in the tertiary sector.



ment, worker and match-specific components in explaining the rise in wage inequality. The authors
find that a considerable fraction of the rise in inequality is due to rising variation in the wage premia
that are offered by different employers. In this paper, search and bargaining mechanisms create
wage disparities across employers for workers with otherwise similar characteristics and imply that
the rise in workplace heterogeneity may have been caused by an increase in the dispersion of work-
ers’ outside options. Therefore, this paper provides a theory of wages consistent with Card et al.
(2013)’s findings and offers a potential explanation of the source of rising workplace heterogeneity
that differs from traditional explanations based on institutional or supply and demand factors.
This paper proceeds as follows: Section 2 presents the model. Section 3 discusses how identifica-
tion can be achieved. The empirical setting is described in Section 4. Section 5 presents results. In
Section 6, the paper quantifies the importance of changes in workers’ outside options in explaining

the cross-sectional variance in city wage growth. The last section concludes.

2 Model

This section generalises Beaudry et al.’s (2012) multi-city, multi-sector model of search and bar-

gaining to a framework with occupational and sectoral mobility.

2.1 Setup

Consider an environment with one final good Y, assembled from the economy-wide output of I

industries, as given by
I X
Y = (Z aiZZ-X> ,
i=1

where x < 1, a; is a parameter reflecting aggregate demand for the industrial good i and Z;
denotes the economy-wide output of industry 7. The price of the final good is normalised to one.
The economy is segmented into C local labour markets, hereafter cities, indexed by c¢. Each city
is populated by L. individuals who are either employed or unemployed. The economy-wide output
Z; is given by the sum of Yj., the output produced in each city. The price of the industrial good
in city ¢ is pjec.

For clarity, production involves labour only and uses ) occupations indexed by ¢. The paper



starts without explicitly specifying a functional form for technology and discusses later on the
implications of placing restrictions on the production function. In what follows, an occupation-
industry cell is referred to as a job and indexed by j, i.e. j = (¢,7). S denotes the set of job and
since each industry uses ) occupations, the cardinality of S is @ x [I.

The number of firms and aggregate employment in an industry and a city are endogenously
determined by a free entry condition within a framework a la Fonseca et al. (2001). In this frame-
work, an individual receives the option of creating a firm in industry ¢ and city ¢ with probability
Q;.. Upon learning €2;., the individual finds out n, the amount of labour he or she can manage,
where n ~ G(n). Within an industry and a city, differences in entrepreneurial ability to manage
jobs are the only source of firm heterogeneity. Finally, to enter the production market, he or she
faces a constant start-up cost, denoted by K. Free entry implies that individuals with expected
payoffs larger than the fixed entry cost K become entrepreneurs.

The labour market considered is characterised by search and matching frictions. For simplicity,
assume that workers can move within but not across cities. Appendix C of the Supplementary
Material discusses the implications of workers’ mobility across cities and demonstrates that the
results are robust to an extension allowing for this type of mobility. For the majority of the analysis,
this paper focuses on random search and ignores resignations as well as on-the-job search. However,
implications of directed search across occupations as well as on-the-job search are discussed in
Appendix D and K-3 of the Supplementary Material, respectively. Once matches are made workers
and firms bargain over the wage rate, through Nash bargaining in a complete information context.
Layoffs occur at an exogenous rate, denoted by 9.

The model is couched in continuous time. Workers and firms live forever, discount the future
at an exogenous rate p and are risk neutral. Workers seek to maximise the expected discounted
sum of future utility flows, and firms are profit maximisers. Let E'R. denote the employment rate
in city ¢, wj. be the wage in job j and city ¢ and 7;. denote employment in job j and city c as a
share of city ¢ employment. The steady state is characterised by values of ER., wj. and n;.. Prices
adjust such that markets for industrial goods clear and react to shifts in the demand for industrial

goods, as captured by a;.



2.2 Search and matching

In each city, there is a pool U, of unemployed workers drawing job offers from the entire local labour
market. Workers face barriers to mobility and their appointment to a particular job depends on
three components: labour market frictions (as captured by the matching function), vacancies in
that particular job and on the job performed prior to unemployment.
The rate at which unemployed workers meet any vacancy is governed by a city-specific matching
technology
M, =M (Lo~ No),(Je— V).

where N, denotes the total number of employed workers in city ¢, L. the total number of workers
in city ¢ and J. the total number of existing positions (filled and unfilled) in city ¢. (L. — N.) is the
number of unemployed workers in city ¢ and (J. — N,) is the number of vacant positions available
in city ¢. The matching function is of the Cobb-Douglas type, exhibits constant returns to scale
and is increasing in both arguments. These features imply that 7;., the proportion of employment
in each job, equals the proportion of existing positions (filled and unfilled) in job j and city ¢. That
is, Nje = ﬁ, where Jj. denotes the total number of existing positions in job j and city c¢. In

steady state, the number of positions that are destroyed equals the number of matches such that

1—0o
SER. =M ((1 — ER.), (Z - ERC>> = (1— ER.)° <Z - ERC> :

(& Cc

where o is the coefficient of the Cobb-Douglas matching function.

Given the matching function, the probability that an unemployed worker meets any vacancy is

JER.
1-ER:"*

given by . = %, or in steady state, 1. = Then, the probability that the vacancy is
from a particular job type is determined by 7;., the proportion of employment accounted for by
that type in the local economy. Finally, whether workers actually fulfil the match is based on their
ability to transfer skills across jobs. Workers’ skill transferability from job j to k is captured by the
measure @y ; € [0,1], where k indexes the destination job cell. This measure is zero if the cost of
transfering skills between two jobs is prohibitive, and one if workers are perfectly mobile. Combining
employment shares together with the skill transferability measure, one obtains the probability that

a worker previously employed in j (e.g. as a secretary in the automobile industry) finds a job in k

(e.g. as a legal assistant in the tertiary sector) in city c¢. This transition probability is given by



1 if k=yj
¢kc|j = (1)
(1 — ) Xke|jmre  if ke S\ {7},

where 1 denotes the probability that a worker previously employed in j is re-employed in the same

occupation and industry and

Pklj

Z Pr! |5k’
k'eS\{j}

Xkelj =

such that ), ¢ Uhelj = 1.3 The term Xke|j can be interpreted as a measure of relative mobility.
In the following 3x2 example, xz74|s5c reflects the ease with which a secretary in the car industry
transfers skills to a legal assistant job in the tertiary sector, relative to moving to any other job in

city A.

City (4) Car (C) Tertiary (7)

Engineer (E)

Secretary (S)

\<LTA Isc

Legal Assistant (L) Nire

3The transition probability Yye|; sums to 1 because

DoWkes = pH(L—p) D XkeliThe

kes keS\{s}

- Pk|j
= p+(1-p > S oo™
RS\ vy

=1
= pt+1-p
1.



When workers are homogeneous and thus identically mobile across jobs (i.e. when ¢y); = ), the

(conditional) probability of finding a job equals the proportion of vacancies for that particular job

(Yke|j = Mke). Finally, the probability that a firm Uﬁlls a vacancy is given by ¢, = ch\fjvc. In steady
state, this probability is given by ¢. = (15_EER}EC> .

2.3 Wage determination

Let V]J;(n) and Vi, (n) be the discounted value to a firm with managerial ability n of a filled position
and a vacancy in job j and city ¢, respectively, and the difference between both values be the match
surplus for the firm. Let Uf.(n) and Uj,(n) be the discounted value to a worker (in a firm with
managerial ability n) of being employed and unemployed in job j and city ¢, respectively, and
the difference between both values be the match surplus for the worker. Wages are set by Nash

bargaining with disagreement points V7.(n) and U, (n) for firms and workers, respectively

Vim) = Viin)| = [Usn) = U] . (2)

where k is the relative bargaining power of firms and workers. To understand the nature of the
wage equation, it is useful to write down the Bellman equations. Step-by-step details on how the
following equations are derived can be found in Appendix A of the Supplementary Material.

Let VM PLjc(n) be the value of the marginal product of labour in job j, city ¢ and in a firm with
managerial ability n. If a position is filled, it generates a flow of profits of [VMPL;.(n) — wj.(n)],
where w;.(n) is the wage in job j, city ¢ and firm with managerial ability n. The probability of a
worker being laid off in the subsequent period and the position becoming vacant is . Thus, the

discounted value to a firm of a filled position is given by
pVA(n) = [VMPLje(n) = wje(m)] = 6 [Vii(m) = Vie(m)] . (3)

The probability of the vacancy being filled in the following period is ¢..* Hence, the discounted

value to a firm of a vacancy is

pVii(n) = b | Vih(n) = Via(n) | (4)

4For simplicity, assume that if a firm does not fill a job, there is no cost to maintain the position.



Combining equations (3) and (4), the match surplus for the firm can be written as

VMPLj.(n) — wjc(n)
p+ 0+ '

Vi(n) - Vi(n) = (5)

An employed worker in job j, city ¢ and firm with managerial ability n receives the wage w;.(n)
and is laid off with probability  in the next period.’ Therefore, the discounted value to a worker

of being employed is

pUje(n) = wje(n) — 8 [Uj(n) — Uje(n)] - (6)

The probability of an unemployed worker previously employed in jc¢ being matched to job k in city
¢ is Ycibyc);- The probability of him or her remaining unemployed in the coming period is (1 —1)¢).

Thus, the discounted value of being unemployed is given by

() = e > UielUfe — PeUje(n), (7)

keS
where U7, is the average discounted utility of employment in job k and city ¢, averaged over all
firms that operate in city c¢. This paper assumes that if an unemployed worker is matched to a
particular job, then he or she develops skills which are identical to those of his co-workers, which
means that the measures of relative mobility satisfy XusckXke|j; = Xwc[j- This assumption implies

that the summation term can be rewritten as follows

Pt
Z 1/)kc\] kc = Z ¢kc\]wk07 (8)
kes plo+ 0+ ) kes

where wyg,. is the wage offered in job k and city ¢, averaged over all firms that operate in city c.

Combining equations (6), (7) and (8), the match surplus for a worker is given by

e w_ L Ve
Uselm) = Uje = 5055l = 800+ 5 + ) %wk”w’“ ©)

The match surplus for a worker is a decreasing function of workers’ outside options in other jobs of

For clarity, any relevant city-specific features such as amenities and unemployment benefits are normalised to
zero. Local amenities and unemployment benefits are captured by an entire set of city time-varying dummies in the
empirical section.
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the city’s economy. For example, if the probability to be matched to high-wage jobs increases (either
because of a greater concentration of employment in high-wage jobs or because the mobility cost
to access high-wage jobs decreases), then the value of a match in job j relative to unemployment
decreases.

Substituting the expressions (5) and (9) into (2), and solving for the wage offered in a firm with

managerial ability n, one obtains

wje(n) = 11V MPLje(n) +Y2e > PreljWhe, (10)
keS
_ (p+9) _ K(pt+d+¢c) e
where 1. = (CET TS (0,1) and 9. = R ET R re i 0. The parameters ~yi.

and 9. are functions of three exogeneous parameters: the discount rate p, the rate at which layoffs
occur ¢ and k, the relative bargaining position of workers and firms. 7. and 9. also depend on the
local employment rate FR., as captured by )., the probability that an unemployed worker meets
any vacancy, and by ¢., the probability that a firm fills a vacancy in city c.

Averaging (10) over all firms which operate in the market in city ¢, one obtains the following

expression for the wage in job j and city ¢,

Wjec = ’leVMPLjC + Y2¢ Z wkc\jwkcv (11)
keS

where VM PL;. is the value of the marginal product of labour in job j and city c. In order to avoid
estimating a tautological relationship, the wage in job j and city ¢ can be expressed as a function

of wages in alternate jobs only. Using (1) and solving for wj., one obtains

Wje = :chVMPch + Yoc Z wkc|jwk07 (12)
kesS\{j}
where 1. = 1_771;” and o, = % The parameters 7. and s are functions of the city-specific

employment rate, as captured by v, and .
Equation (12) has the form of a reflection problem (Manski, 1993; Moffitt, 2001; Beaudry et al.,
2012) in which job-city-specific wages are determined by some fraction of the value of the marginal

product of labour and by a weighted average of wages in alternate jobs. This weighted average

11



derives from the discounted utility of unemployment and reflects workers’ outside options.

On top of differences in the marginal product of labour, this equation highlights two sources
of wage disparities: differences in the local structure of employment (n.), and differences in job-
specific skill transferability (xjc|;), as captured by the transition probability (y;). The first
implies spatial variation in wages; cities whose employment is skewed towards high-paying jobs
tend to pay higher wages in all jobs since a larger proportion of good jobs translates into better
outside options. The second source results in industrial and occupational wage differentials; jobs
whose skill transferability is skewed towards high-paying jobs will pay higher wages as easier access
to good jobs translates into better outside options.

It is worth noting that the coefficient 9. only captures the first-round effect of a one-unit shift
in workers’ outside options. Imagine that a secretary can switch to a legal assistant job and that a
legal assistant can become a lawyer, but that a secretary cannot directly become a lawyer. Further
suppose that, everything else being equal, the wage for lawyers goes up and translates into a one-
unit increase in the outside options of legal assistants. Equation (12) indicates that legal assistants’
wages would first increase by J2.. Due to the feedback dynamics inherent to the wage equation, this
first-round effect modifies the outside options of workers who can directly switch to legal assistant
jobs, therefore generating additional rounds of wage adjustment. The way feedback dynamics
multiply themselves out depends on workers’ mobility; for instance, in the case of secretaries who
can only switch to legal assistant jobs, lawyers’ wages enter the wage determination of secretaries
only indirectly, as second-round impacts and beyond, through changes in legal assistants’ wages.
Most of the paper is devoted to the identification of the partial impacts of a shift in workers’ outside

options. In Section 6, the paper derives an expression for the total impacts.

3 Towards identifying independent search and bargaining effects

Identifying independent search and bargaining effects appears difficult mainly because the value of

the marginal product of labour is both unobserved and correlated with workers’ outside options.
To give a sense of why identification may still be possible, it is useful to start with a quite extreme

example.5 Consider an environment with two labour markets (cities A and B), two industries

(natural resources and manufacturing) and two occupations (white and blue collar workers). The

5The author thanks an anonymous referee for this example.
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natural resources industry is located in city A and employs blue collar workers only. Assume that
the price of natural resources goes up and that following this increase, wages of blue collar workers
increase in both the natural resources sector and the manufacturing industry in city A, but that
no other wage or employment changes are observed whatsoever.

Could the increase in wages of blue collar workers in the manufacturing industry in city A
reflect an increase in the value of the marginal product? In this particular environment, it is hard
to present any pathway in which the value of the marginal product would go up for blue collar
workers in the manufacturing sector in city A but not for white collar workers. For instance,
if the shock to natural resources had caused a shift in productivity in the manufacturing sector
(perhaps because natural resources are used as inputs in the production of manufactured goods),
one would have expected wages of both white and blue collar workers to increase in both cities.
Therefore, given that no labour movements are observed anywhere and that wages for white collar
workers do not change, one is led to conclude that the increase in wages of blue collar workers in
the manufacturing industry in city A reflects independent effects of an improvement in workers’
outside options and not a shift in labour demand in the manufacturing industry.

Although this example is extreme, this logic of comparing changes in wages “within an industry-
city” and “across cities” can be extended to the case in which one observes some labour movements.
Imagine for instance that, following the increase in the price of natural resources, blue collar workers
in city A reallocate from the manufacturing industry to the natural resources sector. In this case,
the increase in wages of blue collar workers in the manufacturing industry in city A cannot be
entirely attributed to search and bargaining effects because the reallocation towards the natural
resources sector modifies the industrial composition in city A, which in turn affects the weights used
to calculate the outside options of blue collar workers. However, independent effects of workers’
outside options can still be identified as long as one uses an instrumental variable strategy to isolate
changes in blue collar workers’ outside options that are uncorrelated with labour movements in
city A. One possible strategy would consist in using a Bartik-style instrument, i.e. in predicting
changes in workers’ outside options using industrial employment growth at the national level. The
observed changes in wages of blue collar workers in the manufacturing sector in city A could then
be attributed to changes in their predicted outside options.

In subsection 3.1, the paper formalises this example and adopts a quite general formulation of

13



technology to show how observational data can be used to identify independent effects of workers’
outside options. The subsection then discusses the empirical implications of imposing more restric-
tive assumptions on the production function. Subsection 3.2 presents instruments that deal with

both the feedback dynamics of wages and the endogeneity of the transition probabilities.

3.1 Placing restrictions on the production function

In what follows, the paper uses an occupation-industry notation whenever necessary for clarity
and uses the subscript gi to denote the job that refers to occupation ¢ and industry ¢. Using this

notation, equation (12) rewrites

Wqic = ﬁlcVMPLqic + Y2c Z wkc|qiwkca (13)
keS\{qi}
where wy;. is the wage in job ¢i and city ¢, VM PLg,. is the value of the marginal product of labour
in job ¢i and city ¢ and ty)q; is the transition probability from job gi to job k in city c.

The production function in industry ¢ and city ¢ takes the following form
Y;c = L'4¢ (eliCNlicv ooy eqichim cey QQicNQic)v (14)

where 6. is a productive term associated to job ¢i in city ¢, Ngi. is employment in job ¢i and
city ¢, and where Fj.(-) is of the CES form. Note that all the components of the production
function are allowed to vary over time. For clarity, the time subscript is omitted until necessary.
The productive term 6y, has both a national job-specific effect and a local job-specific effect; in
particular, 0. = 04 + €4ic, Where €4, is a source of comparative advantage of city ¢ for job gz,
and where by definition ) e4e. = 0. A key assumption for the identification strategy is that,
while there is no restriction on the national component 64, the local job-specific effect €4 is well
approximated by a random walk.

This formulation of technology assumes that a job is associated with a specific set of skills
and entirely characterises a worker’s type, which means that in a particular job-city cell, workers
with the same set of individual characteristics (e.g. age, nationality, gender, education) all share
the same productivity. Subsection 5.3 explores the limitations of such an assumption by allowing

productive terms to depend upon previous job.
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The marginal product of labour in job ¢i and city ¢ that follows from (14) can be written as
MPLqic = fic(alichia ey Hqichicy ey HQ’iCNQiC) : gqic(eqic) ’ hqic(Nqic)a (15)

where fic(01icNiics ---s 0gicNgics -+, 0QicNQic) is an industry-city-specific aggregate that depends on
the composition of employment in industry ¢ and city ¢, gqic(0qic) is @ component that depends on the
job-city-specific productive term and where hg;c(Nyic) is a function of job-city-specific employment.
If, for instance,lthe production function in industry ¢ and city ¢ is a CES of the form Y;, =

[Zqul qucN;i C} ;, where «v < 1, then the components of the marginal product of labour for ¢i are

1—v

given by fi. = [Z?:l qucNgic ", Ggic = Ogic and hge = Ngizl. In the limiting case where factors
are perfect substitutes (i.e. when v = 1), the marginal product of labour is constant and given by
Ggic = Oqic (as fic = hgic = 1).

In order to make the relationship between job-city wages, a city’s employment rate and the
components of the value of the marginal product explicit, the paper performs a first-order log
linear approximation of equation (13). The log linear approximation is taken around the point
where cities have identical employment rates (EFR. = EFR) and where employment is uniformly
distributed across jobs (74 = &), which occurs when both the value of the marginal product
of labour and mobility costs are constant across jobs and cities (i.e. VMPLg. = VMPL and
$klgi = ¢, where k is the destination job). Derivation details can be found in Appendix B of the

Supplementary Material. Expressing the wage equation as the first difference between two steady

state equilibria, one obtains

Alnwgier = Na1Apier + V102A fier + V10320457 + Y104 AInNyier

+ 5/2A Z wkcﬂqiwkc‘r + aSAERCT + quicw (16)
keS\{qi}

where A denotes the time difference, 7 is the time subscript and Aéqiw = JazAegicr. Note that
to reduce measurement errors, the paper averages annual data over five years, taking mutually
exclusive and jointly exhaustive intervals.” 4; and 4 correspond to 7. and Fs. evaluated at the

point where cities have an identical structure of employment and «g-a5 are constant terms obtained

" Appendix K-7 of the Supplementary Material shows that using alternative time frames does not affect the baseline
estimates.
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from the linear approximation. The coefficients J11 to Y14 capture the effects associated with
each of the components of the value of the marginal product of labour. 4o is the coefficient of
interest and captures the importance of search and bargaining mechanisms in wage determination.

It is important to note that in this framework, whichever restrictions are placed on the pro-
duction function, €4, the unobserved local job-specific component of the productive factor, will
always be part of the error term. In what follows, the paper examines whether 72 can actually be
identified, assuming first that any endogeneity issue resulting from the correlation between mea-
sured workers’ outside options and the unobservable term quiCT can appropriately be tackled with
an instrumental variable strategy. The instruments are discussed in the next subsection.

Equation (16) suggests that the proper approach for the identification of 42 depends on three
factors: (1) whether industrial prices include a local component, (2) the specific restrictions placed
on technology and (3) how mobile workers are across jobs. The last dimension determines how
wages offered in alternate jobs enter the wage determination process and whether workers’ outside
options are better represented using transition probabilities or employment shares to weigh wages
in alternate jobs. When workers are identically mobile across jobs, then xj.rq; = 1 and the measure
of workers’ outside options becomes > nerwger, the city-specific average wage. Whether workers’
outside options are job-city-specific (fre iity—speciﬁc is critical for the identification strategy because
it affects the type of variation that can be used in the data to identify 5.

When workers face heterogeneous mobility costs, “within job across cities” and “within industry-
city across jobs” data variation can be used, making identification possible with practically any
price and technology encompassed by specification (14). Consider the case in which the production
function in industry ¢ and city c is a CES with v < 1. Then, the effect of f;.; can be captured by an
entire set of industry-city-specific time-varying dummies and the impact of 64, can be controlled
for using job-specific time-varying dummies. In such a case, the parameter of interest is identified

by estimating

Aln Waier = Adier + AdqiT +M a4AlaniCT + ’?QA Z Q;Z)kcﬂqiwk:(rr + quicw (17)
keS\{qi}

where d denotes a set of dummy variables. With this production function, whether industrial prices

include a local component or not is irrelevant as price effects will be absorbed by d;... It is worth
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noting that, since d;.r also captures city-time effects, equation (17) no longer has the term ER.. in
an explicit form. The inclusion of both job-specific and industry-city-specific time-varying dummies
implies a triple difference estimation to correct wage movements for changes in the marginal product
of labour. For example, in a framework with two occupations, two industries and two cities, this
is equivalent to the following: taking the difference between periodical changes in wages for blue
collar workers in the manufacturing sector in city A and the equivalent wage variation for white
collars, then calculating the difference between that change and its counterpart in city B, and finally
estimating the importance of workers’ outside options in explaining the residual wage variation.

The first difference (within city, across jobs, as captured by d;.;) also removes any local and lo-
cal industry-specific factors that the model does not capture but that may interfere with inferences.
These factors include effects associated with changes in city-specific employment rate, house prices,
non-tradable goods across cites, input-output linkages, local demand, the German Confederation
of Trade Unions, and other local forces that may contribute to the growth of cities such as, for
instance, education externalities (Acemoglu and Angrist, 2000; Moretti, 2004), employment diver-
sity, agglomeration effects or local house prices effects (Blanchard and Katz, 1992; Glaeser et al.,
1992; Glaeser and Gottlieb, 2009; Moretti, 2011). The second difference (within job across cities)
purges job-city-specific periodical differences in wages from national-level movements in occupation
and industry factors.

In the limiting case where factors are perfect substitutes, equation (16) becomes

Aln Waier = ’?lalApicr + ’Vla3A9qiT + :72A Z wkcﬂqiwkm' +asAER + quicn (18)
keS\{qi}

and whether one should include industry-city-time dummies on top of job-time dummies depends
on the assumption placed on industrial prices. If industrial prices are invariant across cities, then

79 is identified by estimating

Aln Waier = Adqi‘r + ’S/QA Z wkcﬂqiwkm' + a5AERCT + quicw (19)
keS\{qi}
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or, controlling for a wider range of local time-varying factors,

AInwgicr = Ader + Adgir + 22 Z Yker|qiWher + Aégicr, (20)
keS\{qi}
where d.. denotes a city time-varying set of dummies.

When mobility costs are constant across jobs, the identifying variation can only come from
“within job across cities” data variation as any set of city time-varying or industry-city time-
varying dummies would be colinear to measured outside options. In other words, when mobility
costs are constant, wage disparities generated from search and bargaining mechanisms stem from
local differences only and can, by construction, hardly be distinguished from those resulting from
standard general equilibrium local forces. For this reason, identification is only possible if the
marginal product of labour is constant and if prices vary across industries only. This particular

case would lead to the estimation of the following wage equation

Aln Waier = Adqi'r + :YQA Z Nker Wker + a5AERCT + Aéqicr' (2]—)
keS

Within the set of technologies encompassed by (14), all other cases produce a biased estimate of

V2.

The most recent approach to identifying search and bargaining mechanisms has been suggested
by Beaudry et al. (2012) and corresponds to the special case for which technology has perfectly
substitutable factors and workers’ mobility is homogeneous across any pair of jobs. Thus, without
extending the analysis to a more general framework, it is unclear whether Beaudry et al. (2012)’s
empirical strategy confounds the effects of changes in outside options with those resulting from
changes in the value of marginal productivity.

The following figure summarizes the conditions under which the parameter 7> can be identified.
As Figure 1 indicates, controlling for more flexible formulations of the value of the marginal product
of labour is impossible when differences in mobility across jobs are unimportant for measuring
outside options. Therefore, when presenting results, this paper starts from the most restrictive
case, showing first that those mobility differences matter for wage formation, and then moves

towards the most general case.
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Figure 1: Prices, technology and mobility restrictions
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3.2 The endogeneity of the outside options of workers

This subsection discusses how the paper deals with the endogeneity issue that results from the
feedback dynamics of wages and from the correlation between both the transition probabilities
and the unobservable job-city-specific time-varying component €g;cr, left in the error term. The

treatment of this issue is completely symmetric to that of Beaudry et al. (2012).8

Job creation and transition probabilities

To clarify the link between the transition probabilities and the error term, it is useful to first set
up the equation that determines the number of positions that are created in a particular job and
city. The time subscript is omitted where possible henceforth. Job creation is determined by a
free entry condition whereby individuals with expected payoffs larger than the fixed entry cost K

become entrepreneurs. Thus, the total number of positions that are created in job ¢i and city c is

8For further derivation details, see Beaudry et al. (2012).
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given by

quc = Lchc /oo quc(n)f(n)dn7 (22)

*
ic

where Jy;c(n) denotes the number of positions in job gi, city ¢ and firm with managerial ability n

and where the cutoff n}, satisfies Z(?:l Jgic(nf ) V2 (nk) = K.

qic

Using equation (22), the transition probability from job gi to job ¢'i’ in city ¢ can be written as

QO /-/| 'Jq’ilc
¢q’i’c|qi = Q I . ) (23)

Z Z (Prs|qz'<]rsc - (Pqi|qi<]qic
r=1s=1

where r indexes an occupation and s is an industry subscript. Taking a linear approximation around
the point where cities have identical employment rates and a similar employment structure, the
transition probability can be rewritten as a function of current s and s, the sources of comparative

advantage of city c¢. That is,

1 1
1ilolgi @~ Qs — I'QC_QiC
quc|qz QI_1+771|: i'e QI_l(Q ):|

1 1
+ m |:5q’i’c - w (QI “E€c— 5qic):| + 73 [@q'z‘/qz‘ - m (1 - @qi|qz’) > (24)

where Q. = Z£:1 Qge, €c = Zf?:l Z£:1 grse and mi-m3 are positive terms obtained from the linear
approximation. The first three components are associated with the job-city-specific employment
share 7y/;7c. The last component reflects workers’ skill transferability from job gi to ¢’7’. Since the
last term is measured at the national level, any correlation between the transition probabilities and
the error term stems from the employment shares components, and more specifically, from the fact

that these employment shares depend on current comparative advantages.
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Instruments

The endogeneity issue is tackled with Bartik-style instruments. The latter are constructed using a

decomposition of the following term

A Z &kcﬂqiljkﬂ') (25)

keS\{qi}

where = denotes a prediction, 1/3kCT|qZ- = Xker|qiTlker and vgr is the nation-wide wage premium in
job k relative to some numeraire job. This measure reflects predicted workers’ outside options
and weights each national job wage premium with the corresponding predicted job-city-specific
transition probability. The terms Xjcr|q; and 7jger are constructed using predicted employment, i.e.
the level of employment that would be observed if start-of-period employment had grown according
to the national trend. Specifically, predicted employment in job k, city ¢ and time 7 is computed

as

\J NkT
Nier = Neer-1y 3y (26)
k(r—1)
such that Ner = 5, o Niers fer = 257 and {peroi = Phlgi 9
- kes Shers Tker = 7., Xkerlai = 530 cs\ (ary Pxllailliter

Since the main identifying variation is across cities and national wage premia do not vary across
cities, one only needs to be concerned about the condition under which predicted employment shares
are uncorrelated with the error term. This condition is met if the term 4., (left in the error term)
follows a random walk or, in other terms, if shocks to 4r are uncorrelated with the sources
of start-of-period job-city-specific comparative advantages. This can be seen by noting that an
expression similar to (24) can be derived for predicted transition probabilities, where instead of
being functions of current components, ﬁkcf‘qi depends on past sources of comparative advantages.

The paper proposes two sets of instruments, constructed by decomposing (25) into four ele-
ments, each of them isolating a different type of data variation but valid under the exact same
identifying assumption. These two sets of instruments are particularly useful for testing overiden-

tifying restrictions. The decomposition uses the fact that, for example, the option of working as a

9The paper uses Nic(r—1) = % §+4 Niet, t € (7 —1) as start-of-period employment, which is akin to using the

fifth lag to predict actual local employment. The choice of the base year from which the growth rate is computed
trades off exogeneity against its potential to be a good predictor for employment.
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secretary in the car industry for a secretary in the tertiary sector in city A may change over time,
either because of shifts in the wage offered to secretaries in the car industry in city A or because of
changes in the probability of being hired there (as captured by the transition probability). Based

on this idea, one can break equation (25) down into the following instruments. The first one,

IV’Iqim’ = Z wkcr|inVk'rv (27)
keS\{qi}
isolates variations in workers’ outside options that are due to changes in wage premia. The second

instrument,

IVquiCT = Z Vk(T—l)Awkcﬂqia (28)

kesS\{qi}
identifies changes stemming from shifts in transition probabilities. Since the probability of finding
a particular job hinges on both vacancies (as captured by employment shares) and mobility costs,

IV54ier can be split into two further elements,

IVE}qu‘r = Z Vk(T—l))ZkC(T—I)|inﬁkCT7 (29)
keS\{qi}

which is associated with changes in employment shares, and

Wigier = Y Viir—1)ker AXker|gis (30)
keS\{qi}

which is based on changes in measures reflecting relative mobility. If the variation stemming
from differences in sectoral and occupational mobility matters for wage formation, the first stage
estimates on IVagier and IVjger should enter in a positive, similar and statistically significant
manner. The first set of instruments will include IVig4r and IVager, the second set comprises
IVigicr, IV3gicr and IVygier. When workers are identically mobile across occupations and industries
(i.e. when ¢y = ¢), changes in workers’ outside options can only stem from changes in wages or
shifts in employment shares. In such a case, the set of available instruments reduces to I'Vi., =
> Mker Avkr and IVoer = 37 Vp(7—1)Afker- Appendix E of the Supplementary Material discusses

keS keS
the validity of these instruments in more detail.
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4 Empirical setting

4.1 The German labour market since 1980

Traditionally, West German firms conformed to collective sectoral agreements that were negoti-
ated between employer associations and large unions. Although the labour market was heavily
centralised, firms were allowed by law to negotiate workplace-specific contracts or to opt out of
collective agreements. Since 1990, Germany experienced a falling coverage of sectoral agreements
and an increase adoption of opt-clauses. For instance, Card et al. (2013) document that the fraction
of West German workers whose wages are set outside the sectoral agreements system rose from 27%
in 1995 to 44% in 2007. Hassel and Rehder (2001) report that one-half of the top firms had signed
opening clauses by 2000 and that 43% of their employees were affected by these pacts. This shift
towards a more decentralised labour market was likely accelerated by the re-unification and the
economic integration of Germany in 1989 and by the mid-1990s and early 2000s reforms that aimed

at liberalising the labour market and reducing unemployment.'?

4.2 Data source

This paper uses the factually anonymous IAB Employment Sample (IABS) for the years 1975-
2001.11 Data access is provided via a Scientific Use File supplied by the Research Data Centre
(FDZ) of the German Federal Employment Agency (BA) at the Institute for Employment Research
(IAB). IAB employment statistics cover all employees registered by the German social insurance
system and subject to social insurance contributions. In 1995, the data covered 79.4% of all
employed persons in West Germany; the self-employed are not covered. This paper focuses on
full-time workers, as information on hours worked is not available. Information on wages captures
all earnings subject to statutory social security contributions and reported at least once annually.
The wage measure corresponds to daily wages. The reporting of income is truncated from above

and from below. The upper limit is the contribution assessment ceiling for social insurance, which

0The major reforms that took place were the 1996 labour Law Act for Promotion of Employment, the 1998
Minimum Wage for Construction Workers, and the Hartz Reforms between 2003 and 2005.

"The term “factually anonymous” means that personal information has been “depersonalised”, i.e. that “in-
formation concerning personal or material circumstances can no longer or only with a disproportionate amount of
time, expense and labour be attributed to an identified or identifiable individual” (section 3[7] of the Federal Data
Protection Act).
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is adapted annually to the growth of nominal wages, and the lower limit is the minimum wage.!?
The Scientific Use File provides a 2% anonymous sample of the original IAB employment database.
Over the entire sample period, a 2% representative sample is drawn from four clusters, namely
German nationals, foreign nationals, West German residents and East German residents. With
data on East Germany available only from 1991 onwards, this study concentrates on West German
residents, aged 16 to 62, over the period 1977-2001. The paper uses 19 geographical areas, “cities”,
built according to Kropp and Schwengler’s (2011) definition of labour markets. The analysis uses
16 industries and 32 occupations (and a combination of 135 occupation-industry cells), classified
according to the 1973 3-digit German classification of economic activities and the 1975 German

classification of occupations, respectively.'?

4.3 Wages adjusted for workers’ characteristics

The main results are based on a common two-stage approach, which allows for individual observable
characteristics to be controlled for. The second stage estimates the relationship of interest. The
first stage consists of purging individual wages from components which are associated with age,
gender, nationality or education, using a series of Mincer-type regressions.

For each year, log individual wages are regressed on a vector of individual characteristics and a
complete set of occupation-industry-city interaction terms. Individual wages are expressed in euros
and converted into real wages using the consumer price index, base 2005, provided by the German
federal statistical office. The vector of individual characteristics includes age, the square of age, a
gender dummy, a nationality dummy, a categorical variable for education and a full set of education-
gender, education-nationality and education-age interactions.'® In performing yearly regressions,
returns to skill are allowed to vary over time. The dependent variable wy;., is constructed using
five-year averages of the coefficients on the job-city dummies. As for the wage premia, the same

approach is used: log individual wages are regressed on the same vector of individual characteristics

12While the baseline estimation ignores top-coding, Appendix K-4 of the Supplementary Material shows that
dealing with the top-coding issue does not alter the qualitative aspect of the results.

13Kropp and Schwengler’s (2011) correspondence table between districts, labour markets and regions can be down-
loaded at http://www.iab.de/389/section.aspx/Publikation/k110222301. Appendices F-1 of the Supplementary Ma-
terial provide details regarding the definition of cities, industries and occupations. Appendix J of the Supplementary
Material shows summary statistics of local industrial and occupational employment shares and suggests substantial
variation in the composition of employment across cities.

14The educational variable includes six categories: without vocational training, apprenticeship, highschool with
Abitur, highschool without Abitur, polytechnic, university.
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and a complete set of job dummies. The coefficients on the dummies are used to compute vg;-, the
job wage premia. The square root of the number of observations in each job-city cell is used to

create weights for the second stage estimation.

4.4 Skill transferability measure

As shown by Gathmann and Schoenberg (2010), moves across similar jobs are more likely to be
observed than distant switches. Accordingly, this paper proxies skill transferability using observed
occupation-industry-specific transitions. In order to obtain a representative number of individuals

moving across cells, the data are pooled over the entire period to construct

Nk|qi

R —— 31
PE|qi Z Nk\qz‘7 ( )
kesS

where Ny ,; denote the total number of individuals switching from job gi to k from one year to the
next.

Table 1 shows summary statistics for sectoral mobility, defined as the fraction of individuals who
report an industry different from that reported one year earlier. On average, 5.6% of individuals
switch industry from one year to the next. Table 1 also reports the most and the least likely job
destinations and their corresponding conditional switching probabilities (conditional on being a
mover). For instance, of the workers who move out of the primary sector, 13.6% switch to public
administration, while only 2.8% go into sewage and sanitation. Workers in the secondary and
tertiary sectors are most likely to move within their sector and are very unlikely to switch to the
primary industry.

Table 2 is the occupational counterpart of Table 1. Statistics for occupational and sectoral
mobility are similar: on average, 5.7% of individuals switch occupation from one year to the
next. Table 2 shows that manufacturing workers are more likley to move to jobs related to travel
and transport, whereas the probability of them moving to, say, arts, creative and recreational
occupations is less than 1%. Administration- and bureaucracy-related occupations are the most

probable destinations for technicians, services and professionals workers.
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Table 1: Sectoral mobility and switching probabilities

Overall mobility

Variable Mean Std. Dev. Min. Max. N
Sectoral mobility (in %) 5.6 1.8 2.2 11.3 6399
For movers only

Most likely destination Least likely destination
Origin Switching Switching
Industry probability Industry probability Industry
Primary sector
Primary sector 13.6 Public administration 2.8 Sewage, sanitation
Secondary sector
Wood, chemicals, basic metals 15.5 Machinery, motor vehicles 1.5 Primary sector
Machinery, motor vehicles 19.8 Electrical 1.4 Sewage, sanitation
Electrical 19.8 Machinery, motor vehicles 1.2 Primary sector
Texiles, leather 13.6 Electrical 1.1 Primary sector
Food, beverages, tobacco 24.0 Retail trade 1.0 Finishing trades
Construction trades 13.6 ‘Wood, chemicals, basic metals 1.6 Sewage, sanitation
Finishing trades 15.3 Electrical 1.4 Sewage, sanitation
Tertiary sector
Wholesale 19.8 Retail trade 1.0 Primary sector
Retail trade 20.8 Wholesale 0.8 Primary sector
Transport and communications 17.9 ‘Wholesale 1.5 Primary sector
Finance, insurance, real estate 14.5 Wholesale 1.4 Primary sector
Restauration, recreational 17.0 Retail trade 0.9 Primary sector
Education, health, social 35.3 Sewage, sanitation 0.6 Primary sector
Sewage, sanitation 48.9 Education, health, social 0.7 Finishing trades
Public administration 30.3 Education, health, social 1.3 Finishing trades
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Table 2: Occupational mobility and switching probabilities

Overall mobility

Variable Mean Std. Dev. Max. N
Occupational mobility (in %) 5.7 2.0 17.2 18315
For movers only
Most likely destination Least likely destination
Origin Switching Switching
Occupation probability Occupation probability Occupation
Agricultural
Farming, forestry, gardening, fishing 20.1 Construction 0.2 Leather goods
Manufacturing
Stone, jewelery, brickwork 23.1 Construction 0.1 Leather goods
Glass, ceramics 16.1 Travel, transport 0.1 Arts, creative, recreational
Chemicals, plastics, rubber 17.1 Travel, transport 0.1 Arts, creative, recreational
Paper, printing 15.9 Travel, transport 0.3 Technicians (engineers)
‘Woodwork 17.1 Travel, transport 0.1 Arts, creative, recreational
Metalworkers, primary product 26.7 Skilled metal work 0.1 Arts, creative, recreational
Skilled metal work 17.7 Travel, transport 0.1 Arts, creative, recreational
Electrical 21.9 Technicians (manufacturing, science) 0.1 Leather goods
Metal assembly, installation 17.2 Metalworkers, primary product 0.1 Arts, creative, recreational
Textiles 11.5 Other services, personal, leisure services 0.1 Machine operators
Leather goods 13.0 Travel, transport 0.1 Arts, creative, recreational
Food, drink, tobacco 30.3 Other services, personal, leisure services 0.1 Arts, creative, recreational
Construction 23.2 Travel, transport 0.1 Arts, creative, recreational
Building 26.7 Construction 0.1 Arts, creative, recreational
Carpenters 19.1 Travel, transport 0.2 Arts, creative, recreational
Painters 17.6 Travel, transport 0.2 Arts, creative, recreational
Goods sorters, packagers 19.8 Travel, transport 0.1 Arts, creative, recreational
Assistants 15.8 Travel, transport 0.1 Machine operators
Machine operators 33.9 Construction 0.1 Health services
Technicians
Engineers 45.3 Administration, bureaucracy 0.1 ‘Woodwork
Manufacturing, science 33.8 Administration, bureaucracy 0.1 ‘Woodwork
Services, professionals
Buying, selling 51.2 Administration, bureaucracy 0.1 Machine operators
Banking, insurance, agents 75.6 Administration, bureaucracy 0.1 Stone, jewelery, brickwork
Arts, creative, recreational 46.6 Administration, bureaucracy 0.1 ‘Woodwork
Other services, personal, leisure services 17.0 Administration, bureaucracy 0.1 Machine operators
Travel, transport 23.2 Administration, bureaucracy 0.2 Leather goods
Administration, bureaucracy 32.3 Buying, selling 0.1 ‘Woodwork
Public order, safety, security 23.0 Administration, bureaucracy 0.1 Glass, ceramics
Health services 34.4 Administration, bureaucracy 0.1 Machine operators
Teaching, social employment 34.4 Health services 0.1 Stone, jewelery, brickwork

27



5 Results

To make this study comparable with that of Beaudry et al. (2012), this paper first examines the
importance of the treatment of mobility across occupations and industries using the most restrictive
formulation of prices and technology. As it turns out, it appears that the heterogeneity in workers’
mobility across jobs is an important dimension for identification. The paper then exploits the
variation created by differences in job-specific skill transferability to show that as one controls for
sequentially more and more flexible specifications of the production function, the importance of

workers’ outside options does not decrease.

5.1 Homogeneous versus heterogeneous skill transferability

To evaluate the importance of job-specific skill transferability in wage formation, this section com-
pares the estimates obtained by estimating specifications (19) and (21) — cases 4 and 8 of Figure
1, respectively.

In addition to the endogeneity issue associated with workers’ outside options, estimating (19)
and (21) also requires dealing with the endogeneity of local employment rates. The traditional
approach to dealing with the endogeneity of the employment rate is to construct the so-called Bartik
instrument, used in various studies (Blanchard and Katz, 1992; Beaudry et al., 2012). Exploiting

the disaggregation at the occupational level, the Bartik instrument is given by

~

Nir = Ng(r-1)

32
Nir—1) (32)

Bartiky.r = Z Mec(r—1)
kesS
Since (32) is based on past employment shares and predicted current employment, the identifying
assumption is identical to that required to ensure the validity of the instruments for workers’ outside
options.

By predicting local employment growth solely, the Bartik instrument focuses on the numerator
of the employment rate and neglects changes driven by shifts in the labour force. Since West
Germany experienced important variations in its population (especially following the immigration
wave that occured after the fall of the Iron Curtain), the Bartik instrument may perform poorly if
used on its own to predict the employment rate. Presumably, limited information on unemployed

workers prevented US studies from creating the labour force counterpart of the Bartik instrument.
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German data, however, allow individuals to be traced over time and therefore unemployed workers
to be affiliated to a particular occupation and industry. This paper takes advantage of this source
of information to create a second instrument, Bartiks.,, which replaces employment in equation
(32) by its corresponding labour force counterpart.

Results are shown in Table 3. Standard errors are clustered at the level of the city, thus allow-
ing the error terms to be heteroscedastic and correlated within city.'® Each of the specifications
includes a full set of time-varying occupation-industry dummies to control for changes in industry
and occupation aggregates, including changes in national occupation-industry wage premia and
industry-wide bargaining. Thus, the estimates rely on a comparison of periodical differences in
wages within occupation-industry cells across cities. In a 2x2x2 framework, this would mean com-
paring periodical changes in wages for secretaries in the car industry in city A with those in city B

and testing the importance of workers’ outside options in explaining the residual wage variation.

15Using alternative clusterings of the data (city-time, industry or industry-time) does not alter the statistical
significance of the results.
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Table 3: Homogeneous versus heterogeneous job-specific skill transferability

Dependent variable

A log wagesgicr

Homogeneous Heterogeneous Homo- / Heterogeneous
Regressors (1) (2) (3) (4) (5) (6) (7) (8)
OLS v OLS v v OLS v v
A Outside optionscr:
AD e MeerWher 0.728%** 0.416*** 0.500***-0.113  —0.005
(0.034) (0.148) (0.065) (0.230) (0.240)
A Outside optionsg;cr:
AZkES\{qi} Vher|qiWher 0.363*** 0.644*** 0.603*** 0.262*** 0.671*** 0.465***
(0.033) (0.120) (0.108) (0.047) (0.158)  (0.146)
A Employment ratec, 0.014 0.098 0.193*** 0.129 0.149* 0.032 0.194 0.214
(0.056) (0.171) (0.071) (0.080) (0.088) (0.050) (0.164) (0.179)
A dgir yes yes yes yes yes yes yes yes
First stage
IVier (for A wage premia) 1.811%** 1.880***  1.890***
(0.440) (0.468) (0.458)
IVaer (for A empl. shares) 2.901** 2.981**  2.791**
(0.793) (0.798) (0.790)
IVigicr (for A wage premia) 1.241*** 1.263*** 1.034***  1.047***
(0.190) (0.192) (0.199) (0.203)
IVagicr (for A trans. proba.) 1.237** 0.766
(0.452) (0.443)
IV3g4icr (for A empl. shares) 1.077** 1.264***
(0.434) (0.133)
IVygicr (for A skill transf.) 1.814%** 1.141%**
(0.452) (0.153)
Bartikycr 1.9471%** 2.382%** 2.373*** 1.961***  1.953***
(0.431) (0.372) (0.370) (0.426) (0.431)
Bartikacr (labor force) —1.829*** —2.200***-2.287*** —1.847*** —1.838***
(0.431) (0.402)  (0.401) (0.428)  (0.432)
F-stat.: AY L cgMherWher 11.04 8.28 24.53
F-stat.: AZkES\{qi} Vher|qiWher 16.51 13.98 13.84 31.46
F-stat.: A ERcr 13.16 15.58 12.78 10.63 9.64
Over-id. p-val. 0.40 0.36 0.40 0.57 0.75
AP p-val. 0.00 0.00 0.00 0.00 0.00
Observations 6632 6632 6632 6632 6632 6632 6632 6632

Notes: Standard errors, in parentheses, are clustered at the city level. ¥** p<0.01, ¥* p<0.05, * p<0.1.
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Columns (1) and (2) show results for specification (21), which assumes homogeneous job-specific
skill transferability. In both columns, estimates are positive and statistically significant at the 1%
level. As expected, the OLS estimate is biased upwards. The IV coefficient indicates that a 1%
increase in the city average wage generates a 0.415% positive spillover effect on wages. This first
set of results is in line with Beaudry et al. (2012).

Results associated with specification (19) are shown in columns (3) to (5). The estimate obtained
with OLS is large at 0.363 and statistically significant at the 1% level. Unlike previous results, the
direction of the bias is a priori ambiguous. On one hand, the reflection problem and the endogeneity
of employment likely create an upward bias. On the other hand, the transition probabilities are
measured with errors, pulling down the OLS estimate. Column (4) shows the results obtained when
using the first set of instruments, which decompose changes in predicted outside options into wage
premia variations and shifts in the transition probabilities. Column (5) is based on the second set
of instruments, which further isolates movements in the local composition of employment (shifts in
Nker) and changes in the relative mobility measure. Whichever IV specification one looks at, the
estimates are similar — 0.644 in column (4) and at 0.603 in column (5) — and statistically significant
at the 1% level.

The two sets of instruments offer a test of overidentifying restrictions. Since each instrument
explores a distinct type of data variation, any deviation from the identifying assumption would be
weighted differently and, therefore, produce different estimates. For this reason, the similarity of the
results obtained in columns (4) and (5) can be interpreted as evidence that shocks to comparative
advantages are uncorrelated with past job-city-specific comparative advantages. The Hansen test
statistics at the bottom of the table gives support to this argument.

The second section of Table 3 shows the first stage. Each of the IV’s estimates is statistically
significant at the 1% level and affects workers’ outside options in a similar fashion, indicating that
wages, employment shares and skill transferability are important determinants of workers’ outside
options. Importantly, the fact that the estimates on IVag;.r and V4. are statistically significant
provides support to the mechanism put forward in this paper that differences in job-specific skill
transferability also enter workers’ wage-bargaining process. The IV’s corresponding F-statistics
of the excluded instruments is above 10, confirming that the relevance condition is satisfied. For

each endogenous regressor, the Angrist-Pischke p-value is zero, indicating the absence of a weak
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instrumental variables problem. As for the employment rate, the Bartik instruments enter the first
stage in a statistically significant manner. Not surprisingly, the labour force counterpart of the
original Bartik measure is negative.

So far, results suggest that differences in job-specific skill transferability matter for wage forma-
tion. However, since the estimates obtained across the different specifications do not statistically
differ from each other, it may be the case that relaxing the homogeneity assumption only adds
unnecessary complications or noise to the analysis. Columns (6) to (8) evaluate this possibility and
introduce both measures of workers’ outside options, »_ nrcwre and Y Xje|qi"TkcWhe, iN one

kesS keS\{qi}
single specification. Once the endogeneity of workers’ outside options is accounted for, the estimate
on the city average wage becomes negative and statistically insignificant while the estimate on the

other measure remains unaltered. A different picture would have emerged if differences in job-

specific skill transferability had little value-added, or were simply adding noise to the estimation.

5.2 Isolating search and bargaining mechanisms

An important condition for the identification strategy is that the variation used to identify the
effects of outside options is not very correlated with labour movements across industries and occu-
pations within a city. Thus, this subsection starts by explicitly reporting the correlation patterns
between the instruments and periodical changes in the log of job-city employment within a labour
market. Table 4 shows that none of the instruments affects changes in log job-city employment in
a statistically significant manner, making it even harder to argue that the IV estimates could be

biased due to a correlation between the instruments and changes in the marginal product of labour.
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Table 4: Correlation pattern between the instruments and employment.

Dependent variable A log employment ;.
Regressors (1) (2) (3) (4) (5) (6)
IV1gicr (for A wage premia) 0.970 0.997 0.980
(0.641) (0.656) (0.656)
IVagicr (for A trans. proba.) —0.344 —0.625
(1.521) (1.552)
IV3gicr (for A empl. shares) 0.336 —0.516
(0.764) (1.596)
IVigier (for A skill transf.) —0.486 —0.895
(0.777) (1.617)
A dgir yes yes yes yes yes yes
A der yes yes yes yes yes yes
Observations 6632 6632 6632 6632 6632 6632

Table 5 exploits the fact that differences in job-specific skill transferability generate job-city-specific
outside options to sequentially controls for more flexible formulations of the value of the marginal
product of labour (thus moving up from case 4 to 1 in Figure 1).

The first three columns correspond to specification (20) which adds an entire set city-time
dummies to the most restrictive formulation of prices and technology. Thus, relative to columns
(3)-(5) of Table 3, specification (20) takes an additional difference that compares periodical changes
in, say, secretaries’ wages in the tertiary sector to those changes in any other occupation and
industry within city A. In doing so, local time-varying factors are removed from the wage equation
and the residual variation is attributed to the differences in workers’ outside options that stem from
job-specific skill transferability.

Columns (4)-(6) add industry-city-time dummies (therefore controlling for local industry-specific
effects) and show estimates consistent with a specification that allows industrial prices to vary across
cities, while maintaining the assumption of perfectly substitutable factors. Relative to the previous
columns, the triple difference estimation focuses on periodical changes in wages across occupations
in the same industry and city, which means for instance comparing wage differentials for secre-
taries to those for engineers within the tertiary sector of city A. Such a comparison relies on the
premise that there exist sufficient differences between the mobility of secretaries and engineers (i.e.

XkC|ST # XkC\ET)-

Columns (7)-(9) introduce the change in log job local employment to specification (20). To deal
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with the endogeneity of this variable, this paper uses a Bartik-style instrument, constructed in a way
similar to the instruments used for workers’ outside options and valid under identical conditions.
In particular, the instrument is given by the change in the log of job local predicted employment,
computed as in equation (26), i.e. by multiplying the initial level of job-city employment with the
corresponding national-level growth of job employment.

Finally, estimates consistent with the most flexible formulation of technology, such as a CES
production function with v < 1, are shown in columns (10)-(12), where both industry-city-time
dummies and changes in log job-city employment are controlled for. In such a case, the assumption

imposed on industrial prices is irrelevant as any local component will be captured by d;.,.
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Table 5: Adding flexibility to the value of the marginal product.

Dependent variable

A log wagesgicr

Regressors @ ® @ 5 (6 OGO (10) (1) (12
OLS v v OLS v v OLS v v OLS v 1A%

A Outside optionsg;cr:

AZkES\{qi} Vher|qiWher 0.262*** 0.713*** (0.655*** —0.065 0.574*** 0.462** 0.230*** 0.829*** 0.709*** —0.100 0.897*** 0.789**
(0.049) (0.165) (0.153) (0.069) (0.206) (0.190) (0.045) (0.184) (0.200) (0.068) (0.292) (0.320)

A log employmentg;cr 0.017*** 0.030 0.046 0.010 0.155 0.196

(0.007) (0.047) (0.049) (0.010) (0.157) (0.164)

A dgir yes yes yes yes yes yes yes yes yes yes yes yes

A der yes yes yes yes yes yes

A dier yes yes yes yes yes yes

Instrument set set 1 set 11 set 1 set 11 set [ set 11 set I set 11

F-stat. 41.88 35.15 26.52 25.24 14.99 15.73 21.59 17.76

Over-id. p-val. 0.29 0.15 0.08 0.10 0.22 0.15 0.15 0.17

AP p-val. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Observations 6632 6632 6632 6632 6632 6632 4974 4974 4974 4974 4974 4974

Notes: Standard errors, in parentheses, are clustered at the city level. ¥¥* p<0.01,

¥ p<0.05, ¥ p<0.1.



Diagnostic tests are satisfactory at any conventional level. The IV estimates on the variable
of interest are positive and statistically significant at the 1% level across specifications, while the
coefficient on the employment variable is, with one exception, statistically insignificant.'® There-
fore, while the previous table suggests that the treatment of mobility across jobs matters for the
identification of search and bargaining mechanisms, Table 5 indicates that the restrictions placed
on technology and prices are not an important source of bias. Specifically, it appears that the in-
struments coupled with both occupation-industry-specific and city-specific time-varying dummies
do a good job in isolating productivity from independent effects of workers’ outside options on
wages. In what follows, specification (20) is refered to as baseline specification. Retaining column
(2), the estimate obtained suggests that a 10% increase in workers’ outside options generates a 7%
wage increase, which is remarkable considering that this estimate only captures first-round wage

impacts.

5.3 Allowing the productivity term to depend upon previous job

The production function Y;. assumes that in a particular job-city cell, workers with the same set of
individual characteristics all share the same productivity. This assumption implies that, whichever
restrictions are placed on technology, productive components do not depend on previous job and
neither do values of the marginal product of labour. This section discusses the implications of
relaxing this specific assumption and instead assuming that productive terms are of the form 6y,
where ¢i indexes previous job.!7

A direct implication of relaxing this assumption is that the unit of analysis of the discounted
values for firms and workers becomes a job in a city, conditional on previous job. This means that
the indices in equations (3), (4), (6) and (7) are adjusted to reflect a worker’s previous job. Although
the form of these discounted values remain unaltered, the wage equation will have an additional
component relfecting the fact that skills accumulated in the previous job can be transported to the
next job and can therefore affect productivity.

To see where this difference is coming from it is useful to write down the discounted utility of

being employed and unemployed in job k and city ¢, conditional on previously being employed in

16 Allowing the effect of employment to vary across occupations has no impact on the estimate of interest.
"For clarity, I omit n, the firm’s managerial ability, in the discussion that follows. Omitting this term has no
implications since the wage equation is aggregated at the job-city level later on.
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qi. Letting these terms be denoted by Uy, . and Uy, respectively, one obtains,

clgi
PUf i = Wi = 0 (Ufigqr = Ui ) (33)

where wy,|q; denotes the wage offered in cell ke conditional on ¢i, and
pUe = Ve Y UwelkUfrep — YeUjer (34)
k'eS

Note that since it only depends on future potential employment opportunities, the utility of be-
ing unemployed only depends on where the person was employed prior to becoming unemployed.

Combining (33) and (34), one can express the utility of being unemployed as follows

Uge = P fcwc 5 Jlr 5 (ppj(L::(;ﬁ 1;2 e k/;q%fckwk' + %wk’dk%'dk} (35)
where vy, = Wyrelr, — Wire The term v, corresponds to the wage premium in job k" and city
c paid to workers previously employed in job k, relative to the average wage paid in job k/ and
city ¢. The main difference between this equation and the baseline framework is captured by the
wage premia component YrrekVirelk- Equation (35) implies that outside options will also have
to reflect the fact that chligrs in a job are compensated for any additional contribution above the
average productivity in that particular job.

Solving for the Nash bargaining solution and averaging at the job-city level, one obtains the

following wage equation

P [p+0+1(l+6) p+(5+¢c
= 71V MPLg; ey + L0 e kil (36
Wke|gi = Ve kc|qi +720,0+wc Do k/;gu)k c|kWk'c P+ %wk c|kVE c|k ( )

This equation suggests that differences in wages within the same job-city cell are fully explained by
differences in the value of the marginal product of labour. One can obtain the equation of interest
by averaging (36) within job k& and c.

This wage equation suggests that if the assumption placed on productive terms in the baseline
framework is too restrictive, the coefficient 72 estimated in Table 5 may suffer from an upward

bias. Ideally, one would want to estimate (36) at the job-city level using the traceablility of
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individuals in Germany to construct the premium component . YrrelkVirelk- However, with a
2% random sample of the population only, constructing a measu’;/eef)f Viei that perfectly matches
the predictions of the model is impossible. This is the case because, at a particular point in time,
the number of individuals with similar observable characteristics per job-city cell, conditional on
previous job would be insufficient. Nevertheless, the paper proposes to proxy the wage premium
with vyep, = Wi |p — We, Where wyy, is the counter-part of wys |y, computed at the national level.
While this is certainly not perfect, this approach does at least give sense of how large the bias may
be. Instruments for > Wy Visck are constructed in a way similar to that of the baseline measure
of outside options. v

Results are shown in Table 6. The wage premia component does not appear to have any
statistically significant impact on wage determination and more importantly, its inclusion does not
alter the estimates on measured outside options. Thus, this table suggests that the restrictions

placed on the productive term in the baseline framework is not an important source of bias.

Table 6: Allowing productive terms to depend on previous job.

Dependent variable A log wagesgicr
Regressors (1) (2) 3)
OLS v v

A Outside optionsge,:
AZkGS\{qi} Vher|qiWher 0.213*** 0.687*** 0.632***
(0.053) (0.152)  (0.139)

Wage premia component:
AZkES\{qi} Yier|qiVker|qi 0.050 0.071 0.070
(0.057) (0.063) (0.062)

A dgir yes yes yes
A der yes yes yes
Instrument set set 1 set 11
F-stat. 26.87 24.99
Over-id. p-val. 0.55 0.39
Observations 6632 6632 6632

Notes: Standard errors, in parentheses, are clustered
at the city level. *** p<0.01, ** p<0.05, * p<0.1.
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Robustness tests Appendix K of the Supplementary Material provides a number of robustness
tests: Appendix K-1 presents results from a specification that replaces industry-city time-varying
dummies with occupation-city time-varying dummies. Appendix K-2 tackles the issue of self-
selection into cities and occupations. Appendix K-3 studies the implications of on-the-job search.!®
Overall, none of these changes alter the estimates on measured outside options in a way that would

change the fundamental conclusions on this paper.

6 The total effect of a shift in workers’ outside options

Although the main objective of the paper is to estimate the coefficient 79, it is useful to derive an
expression for the total effect of a shift in workers’ outside options. This expression is then used
for two purposes: first, to perform a test of the validity of the model and second, to compute the

fraction of the variance of the wage growth across cities that is due to the effects of outside options.

6.1 Deriving the total effect

In order to derive the total effect of a shift in workers’ outside options, the paper first uses (16)
to set out equations for wages determined by productivity, the wages paid elsewhere in the local

economy and city-specific employment rate. That is,
We =0, + %V W, + asE, (37)

where W, is a QIx1 vector with a typical element being wg;c; O, is a QIx1 vector with typical
element (g + Y11pic + F102 fie + F1030gic + F10uNgie); Ve is a QIxQI matrix with typical element
Ykelqi> & and gi being the column and row indexes in the matrix; and = is a QQIx1 vector with a

typical element being local employment rate. Solving (37) for the vector of wages, one obtains

W, = ec + :)/Z\IJC [M - ;?ZLI’C]il 90 + a5ACEC7 (38)

18 Appendix K-4 discusses the top-coding issue affecting individual wages in the IABS sample. Appendix K-5
proposes alternative measure of mobility. In Appendix K-6, the paper examines the effect of interest differs before
and after the fall of the Iron Curtain. Appendix K-7 proposes to average the data over three and eight years, as an
alternative to five years. In Appendix K-8, standard errors are clustered at the city-time, industry or industry-time
level. Finally, Appendix K-9 investigates whether the baseline estimate differs across industries and occupations.
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where M is a QIxQI identify matrix and A, = 32V, [M — ’yz\IlC]_l + M.

The second step consists in writing the vector of productivities ©, as a function of the vector
of national wage premia. To achieve this goal, one first has to obtain an expression for the national
wage premia. Let vy denote the national wage premium in job qi, i.e. the nation-wide wage paid
in job gi relative to the nation-wide wage paid in some numeraire job, say occupation-industry 11.

Using equation (13), the wage premium in job g¢i is given by

Voo = Z(wqic - wllc)

C

= Z Ve (VMPLqic - VMPLllC) + Z Y2e Z (¢kc|qi - 1/ch|11) Wke- (39)

¢ ¢ keS\{qi}
Taking a linear approximation in a way similar to that described earlier (i.e. around the point where
cities have identical employment rates and where employment is uniformly distributed across jobs),

one obtains

Vgi =M1 Z [a1(pic — pic) + 2(fic — fie) + @3(gic — O11c) + @a(InNgie — InNyp.)] (40)

[

Equation (40) can be further simplified by rewriting the value of the marginal product of labour as

a function of two components: a national job-specific and a local job-specific term. In particular,

Pic =pi + b, fie = fi+ E{C, Ogic = Oqi + Egic and Ny;c = Ny; + E(]]\gc, where by definition Y e =0,
cngc =0,>. €Zic =0and ), eé\gc = 0. Using this rewrite, equation (40) reduces to

vgi = Y1 a1 (pi — p1) + a2(fi — fi) + a3(0gi — 011) + au(InNg; — InN1y)] . (41)

As in Beaudry et al. (2012), job wage premia depend on industrial prices. However, since this
paper relies on a more flexible production function, job wage premia also depend on the nationwide
components of the marginal product of labour. Using equation (39), the vector of productivities

can now be rewritten as a function of the vector of national wage premia, i.e.
@C:V+wc+A7 (42)
where V' is a QIx1 vector of national wage premia with typical element v4; w. is a QIx1 vec-
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tor with typical element being (ao + ’yloqsfc + 7y1a25{c + Y1038 gic + 71@4531'0)» the job-city specific
components of the value of the marginal product of labour; and A is a QIx1 vector of constant
terms.

Substituting equation (42) into (38), one obtains equations for wages determined by productiv-

ity, national wage premia and local employment rate. Specifically,

Wc - @c + ;5/2\1’6 [M - ’3/2\116]71 [V + e + A] + a5ACEC

= T+ 0. +%V: (M~ 3PV + asAZ + 320 [M — 50 @, (43)

where Y, = 32U, [M — ﬁg\I/c]_l A. Since A is a vector of constant terms, the typical element of T
is a job-specific term, independent of local components.

In equation (43), the relevant measure of workers’ outside option is a weighted average of job
national wage premia. Unlike equation (16), the weights combine the transition probabilities with
the parameter 77 itself, making direct estimation of this type of relationship infeasible. Nevertheless,
the total effect of a shift in workers’ outside options can be computed by substituting 4o with its
estimated counterpart, ':72. Specifically, the total effect of a shift in workers’ outside option can be

measured as

2 2 -1

GoA (e M =Fow| V), (44)
where A denote a time first difference.

6.2 Model testing

The previous subsection suggests that if the model is sound, estimating the wage equation using
A (\Ilc [M — A9 \IJC] o V) as an alternative measure of outside options should yield an estimate of
that does not statistically differ from the baseline estimate. Table 7 shows the results obtained when
taking 0.55, 0.6 and 0.65 as reference parameters.'® For all columns, the estimates are positive and
statistically significant at the 1% level. The size of the I'V's coefficients is close to that estimated

in the baseline, suggesting that the model proposed in this paper provides a good approximation

19Repeating this exercise for parameter values over the range 0.55 to 0.65, the paper finds that using ':yg = 0.6235
as the reference parameter to create the new measure of workers’ outside options yields an estimate of 42 of 0.6235.
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of the wage determination process.

Table 7: Testing the validity of the model.

Dependent variable A log wageSqicr
A2 =0.55 F2 = 0.60 A2 = 0.65
Regressors (1) (2) (3) (4) (5) (6) (7 (8) (9)
OLS vV v OLS Y Y OLS Y Y
A Outside options;cr:
N —1
A(\Ifc [M - azxpc] V) 0.454%** 0.668*** 0.668*** 0.434%** 0.638*** 0.638*** 0.412*** 0.606*** 0.606***
(0.086) (0.138) (0.138) (0.082) (0.132) (0.132) (0.078) (0.125) (0.125)
A dgir yes yes yes yes yes yes yes yes yes
A der yes yes yes yes yes yes yes yes yes
Instrument set set 1 set 11 set 1 set 11 set I set 11
F-stat. 482 321 437 291 392 262
Over-id. p-val. 0.51 0.80 0.51 0.80 0.50 0.80
AP p-val. 0.00 0.00 0.00 0.00 0.00 0.00
Observations 6632 6632 6632 6632 6632 6632 6632 6632 6632

Notes: Standard errors, in parentheses, are clustered at the city level. ¥** p<0.01, ¥* p<0.05, ¥ p<0.1.

6.3 Variance decomposition

The objective of this subsection is to quantify the importance of changes in workers’ outside options
in explaining the cross-sectional variance in city wage growth. To achieve this goal, the paper focuses
on changes induced by shifts in the composition of job local employment and compares the fraction
of the variance that is explained by changes in outside options to the fraction of the variance that
would be explained in the absence of search and bargaining effects. In addition, to evaluate the
role of the treatment of mobility in measuring outside options, the paper distinguishes between a
framework with constant mobility and a model with heterogeneous job-specific skill transferability.

If wages are determined by productivity only, then changes in the industrial and occupational
structure of employment have no effect on wage formation. In such a case, the total effect on

cross-sectional variance reflects employment composition changes only and can be measured by the
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following ratio of variances

Var[ Z Nker Wke(r—1) — Z nkc(T—l)wkc(T—l)]
keS keS

, (45)

Var[ Z NkerWker — Z nk‘C(Tfl)wkC(Tfl)}
kes kes

where the denominator corresponds to the variance of city wage growth over two periods.

In the presence of search and bargaining effects, employment composition-induced changes in
outside options modify job-city wages and generate an additional indirect effect on city wage growth.
As a result, the nominator in (45) is augmented by an additional term capturing the total effect
of changes in outside options on job-city wages. In a framework where job-skill transferability is

irrelevant for wage formation, the variance ratio is computed as

Var Z Nker <wkc(7'—1) +’?2A Z nk’C‘rVk"r> - Z nkC(T—l)waC(T—l)]
kesS k'eS kesS
(46)
Var|: Z Nker Wker — Z nkc(T—l)wkc(T—l)}
keS keS
If, instead, differences in workers’ mobility matter, the variance ratio can be measured with
2 2 -1
Var Z Nker (wkc('rl) + ’YQA [\ch (M - 72‘110) V}) - Z Nke(r—1)Wke(r-1)
keS keS (47)

Var[ Z Nker Wker — Z nkc(rfl)wkc(‘rfl)}
keS keS

These ratios are reported in column (1)-(3) of Table 8. The first column corresponds to (45), the
second one to (46) and the last one to (47). The results indicate that the predicted direct effect of
changes in the composition of job local employment ranges from 4% to 20% in a model where wages
are determined by productivity only. Columns (2) and (3) suggest a framework that accounts for
search and bargaining effects always explains a much larger fraction of the cross-sectional variance
in city wage movements. This fraction ranges from 6% to 36% in the case of constant mobility
and from 33% to more than 100% in the case where mobility differs across any two pairs of jobs.
The results of columns (2) and (3) also indicate that the treatment of mobility plays an crucial
role in determining the fraction of the variance that can be explained by changes the within-city

composition of employment.
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Table 8: Variance ratios.

Outside options
Productivity Nker Vker|qi

(1) 2) ©))

(1982-86) to (1977-81) 0.040 0.063 0.337
(1982-86) to (1987-91) 0.070 0.130 0.584
(1987-91) to (1992-96) 0.144 0.201 0.534
(1992-96) to (1997-01) 0.205 0.363 1.296
Average 0.115 0.189 0.688

Interestingly, these results are consistent with the finding of Card et al. (2013) according to which
a considerable fraction of the increase in wage inequality is due to rising dispersion in the wage
premia that are offered by different employers. In this paper, search and bargaining mechanisms
create wage disparities across employers for workers with otherwise similar characteristics and imply
that the rise in workplace heterogeneity may have been caused by an increase in the variance of
workers’ outside options. Columns (2) and (3) of Table 8 show an increase in the variance ratio

over time and therefore seem to support this idea.

Concluding remarks

This paper empirically demonstrates that workers’ outside options are important determinants of
wages. The paper proposes novel strategies to identify changes in workers’ outside options that are
independent of changes in the marginal product of labour, the main challenge of estimating search
and bargaining effects. To do so, the paper adapts a multi-city multi-sector model of search and
bargaining to allow for multiple occupations and for differences in job-specific skill transferability.
It then shows how differences in job-specific skill transferability can be used as a source of variation
for identification. The main result is that a 10% increase in workers’ outside options generates a 7%
wage increase. This estimate is remarkably robust to a various range of sensitivity checks, which

indicates that search and bargaining mechanisms play a substantial role in wage determination.
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A Derivation of the wage equation

This section provides a detailed explanation on how equation (12) in the manuscript is derived.

Wages are set according to the following Nash bargaining rule

Vi(n) = Viam)] = [U5.(n) — U] s W
To obtain the wage equation one has to derive the match surplus for both the firm and the worker.

Deriving the match surplus for the firm is straightforward and implies the following equation

_ VMPLj(n) — wjc(n)
B p+ 0+ '

Vii(n) = Vii(n) (2)

Deriving the match surplus for the worker deserves more attention and is described in details in

what follows.

Deriving the match surplus for the worker

First, the paper rewrites the discounted value of employment as a function of the discounted value
of unemployment. An employed worker in job j, city ¢ and firm with managerial ability n receives
the wage wj.(n) and is laid off with probability § in the next period. Therefore, the discounted

value to a worker of being employed is

pUje(n) = wje(n) — 8 [Uj(n) — Uje(n)] - 3)

Solving for the discounted value of employment one obtains

J

€ 1 u
PUS(n) = ——swen) + S5 ). @)

Second, the discounted value of unemployment is rewritten as a function of averaged discounted
values of employment. The probability of an unemployed worker previously employed in jc being

matched to kc is ¥ty ;. The probability of him or her remaining unemployed in the coming period



s (1 —1.). Thus, the discounted value of being unemployed is given by
() = e Y UrelUke — VeUje(n), (5)
kesS

where Uy, is the average discounted utility of employment in job & and city ¢, averaged over all

firms that operate in city c. Solving for the discounted value of unemployment, one obtains

pUﬁ:( ) = Z¢kc\]Ukc’ (6)

+¢c Py

where the summation term reflects the outside options of a worker in job j and city ¢, and is
independent of a firm’s managerial ability n.

Third, the paper obtains an expression for the discounted value of employment as a function of
averaged discounted values of employment. Substituting (6) into (4), one can rewrite the discounted

value of being employed as follows

) = — e
ch(n) - p+5ch(n) + (P+5 P+¢c ];wkc|]Ukc (7)

Averaging equation (7) over all firms that operate in city ¢, one obtains that

1 0the
Ut = —w; Ue 8
jc p+(5ch+ (,O—I—(S p—i—ibc ;wkcg ke ( )

where wj. is the average wage in job j and city ¢, averaged over all firms that operate in city c.
Fourth, the paper solves for the weighted average of averaged discounted values of employment
> kes Yie|jUjg.- Multiplying the average discounted value of employment given by equation (8) by

the corresponding transition probabilities and summing over jobs, one obtains

0the
ZwkoUISC - o+ 5 Zwkc\] We + ( Ny wp—l—lbc Zd)kcb Z wk’c|kUk’ (9)

kes keS keS k'eS

This paper assumes that if an unemployed worker is matched to a particular job, then he or she
develops skills which are identical to those of his co-workers, which means that the measures of

relative mobility satisfy XurexXkelj = Xr! Recalling that 9pc/; = Xge|j"ke, One can rewrite (9) as

clj-



follows

dtbe
Zwkc\jUﬁc = p_i_(szwkcb ke T ( 5 wp—i—iﬁ ZXk’cLynk’ Uk’ anc

keS kesS k’eS keS
=1
0
= Z ¢kc|jwkc N - Y Z 1/% ’c|j Uk’ (10)
p+5k€5 (P"‘&(P"‘d’c) k‘/ES

Since the summation term on the right-hand side is je-specific, then » /o YnrejUgre = Y e s VkeljUse-

Solving for the weighted average of averaged discounted values of employment, one obtains

Pty
> WreiUke = +5+Cw > Pre)jWe- (11)
kes c) kes
Finally, the paper obtains the match surplus for the worker. To do so, equation (11) can be
used to express both, the discounted value of being employed and unemployed as a function of

wages. That is,

1 e
Ugcnziw'cn+ E i Wkes 12
and
— 1
UJC p+5+¢c Zwkcbwkc ( 3)

Combining equations (12) and (13), the match surplus for a worker is given by

¢ w_ L Ve

Deriving the wage equation from the Nash bargaining rule

Substituting the expressions (2) and (14) into (1), one obtains

VMPLe(n) ~wye(n) _ [ 1 "
k(p+ 6+ o) - p+5ch( n) — (0 +0)(p+0+ ) %%gcbwkc . (15)

Solving for the wage in job j and city ¢ offered in a firm with managerial ability n, equation (15)



rewrites

wje(n) = NV MPLje(n) +72¢ Y YeljWhes (16)
kesS
_ +6) _ £(p+0+de) c : :
where v1. = W)Jg’;(m and Yo, = (p”)in(ﬁ“%) (p+g’+wc). Averaging (16) over all firms which

operate in the market in city ¢, one obtains the following expression for the wage in job j and city

)

Wje = fle‘/MPLjC + Y2¢ Z wkzc\jwkca (17)
keS

where VM PLj. is the value of the marginal product of labour associated with job j and city c.
In order to avoid estimating a tautological relationship, the wage in job j and city ¢ can be
expressed as a function of wages in alternate jobs only. Using the fact that iy, ; = p if k = j,

equation (17) can be rewritten as

Wje = Y1eVMPLj. + Yocpwjc + vac(1 — p) Z Vke|j Wkes (18)
keS\{j}

and solving for wje,

wie = NV MPLjc+F2¢ > kel jWes (19)
keS\{j}
where 1. = 1_7;;# and o, = %;Z) The parameters 91, and g, are functions of the city-specific

employment rate, as captured by v, and .

B Log linear approximation of the wage equation

In order to make the relationship between job-city wages, a city’s employment rate and the com-
ponents of the value of the marginal product explicit, the paper performs a first-order linear ap-

proximation of equation (13) in the manuscript.

Lete = [pl-c, fies Ogic,InNgie, > ¢kc|qiwkc7 ER.| be the vector of variables affecting the wage
keS\{qi}
equation and with respect to which the log linear approximation is taken. Making this relationship



explicit and taking logs on both sides of equation (13) in the manuscript, on obtains

In [wgic(e)] = In | F1c(€)VMPLgic(€) + Fac(€) > Wpejgi(€)wrele) | , (20)

kGS\{qz}
where VM PLyic(e) = fic(€)gqgic(€)hgic(e). The linear approximation is expanded around the point
where cities have identical employment rates (FR. = ER) and where employment is uniformly
distributed across jobs (1gic = QI) This occurs at the point eg = [p, f,0,InN,w, ER], when both
the value of the marginal product of labour and mobility costs are constant across jobs and cities

(i.e. when VM PLyie = VMPL = pfgh and ¢y = ). The approximation is given by
In [wgic(e)] ~ In [wyic(eo)] + VIn [wyic(eo)] (e — eo). (21)
In what follows, the paper derives both components of the right-hand side of (21) separately.

Deriving wgic(eo):

In [wyic(eo)] = In | F1c(€o)V M PLgic(€o) + F2c(€o) Z Vkelqi(€0) Wk (€0)
keS\{qi}
Since ER.(eg) = ER, then 71.(eg) = 1 and 2.(eg) = 72. Moreover, since mobility costs are con-
stant across jobs and cities, then t|qi(€0) = ﬁ and Y. Ppejqi(€0)wkc(€o) = w. Therefore,

keS\{qi}
equation (22) can be rewritten as

In [wqic(eg)] =In [’N}qVMPL + ’S/Q'LU] . (22)



Deriving ywgc(eo)(e — eo):

Vin [wic(eo)] (€ —eo) = (23)
ﬁ/chPLqic

alcpicgqichqic

- (OMPLg.
1 Y1cPic < gic )
— - OMPL ;e
wgic(€o) ViePic \ amN,;,

Y2c

(aag}%cc) VMPLgc + ( 8%6) . g{qi} DkelgiWhe

’ (e - e0)7
(o)

OMPLy; Ofic 9] OMPLgic OFfic Ohgic
where 00 ‘qlc - |:( 2 ) nghqm + fzc ( gqlc) hqic:| and Blanjo = [(aln{\fqic) gqichqic + ficgqic ((917n1(\1;;c>:| .

qic

Evaluating the vector of derivatives at the point eg = [p, f,0,InN,w, ER] and recalling that

Y1c(€o) = 71 and Fac(eo) = 72, one obtains

Vin [wgic(eo)] (e —eo) = (24)
/
Y1 fgh Pic — P
’ylpgh fic - f
| el || e
NV MPL + ~yw A1p {( ) gh+ fg ( )} InNyie — InN
~ Z wkc Wke — W
N V2 N red\iai) g
(ag}%) fgh+ (agﬁz)w ER.—ER
Obtaining the linear approximation:
Combining (22) and (24), one obtains
Inwge = o+ Y101pic + Y102 fic + 13045 + Y1040 Ngie + Yo Z YkelqiWhe + a5 E R,
kesS\{qi}

(25)



where ag-a5 are constant terms obtained from the linear approximation. Specifically,

S fgh
! YWV MPL + ~vyw
B pgh
Qo =
YIVMPL + vyow

9y
h+f<6€) h]

B D oh
“ T SIVMPL + yuw _<8ln )g“fg(alnzvﬂ

as = 1 (9 fgh + 0% w
5 T SWWMPL +yw |\9ER) "’ JER

a3 = b % g
3 Y VMPL +vw |\ 90
/
N

and

mnaoip + Yeas f + Yraz0 + JioalnN + Jow + as ER
Y VMPL + ~ow '

ao = In[yipfgh + yow] —

C Implications of workers’ mobility across cities

This section discusses the implications of allowing for labour mobility across cities. Such an exten-
sion modifies the value of being unemployed by expanding the set of a worker’s outside options.
Whether modeled as random or directed search, this extension generates an additional occupation-
industry-specific term. This term reflects the option of searching for a job across all cities and
is captured by job time-varying dummies in the empirical section. Therefore, including labour
mobility across cities has no impact on the estimate of interest.

To see why, consider first random search. An unemployed worker has probability (1 — I") of
getting a random draw in his city; probability I' of getting a draw in any city. In this case, the

value of being unemployed in job j and city ¢ can be expressed as

C
pUS = (L=T)e Y tpejUke + T e > Wby jUser —theUfk, (26)

kesS =1 kesS

j-specific term

where I’ 2521 Ver Y hes Yre|jUge captures the option to search across cities. Since job-specific skill

transferability ¢y,; is measured at the national level, workers” mobility across cities will be captured



by a job-specific term.

Consider now directed search. An unemployed worker has probability A of being able to change
geographic location and choosing to move to the city which maximises his value of being employed.
Then,

pUjuc - (1 - A)wc Z wkc\legc + AHICE/lX [wd Z wkc’|lesc’ —lﬁchuc; (27)

kesS kesS

j-specific term

where max [wcl > Yre ;U Ec,] results from a directed search across cities. As for a given job there
¢ keS
is only one location which maximises the value of being unemployed, workers’ mobility across cities

can be captured by an occupation-industry-specific term.

D Implications of directed search across occupations

As for the case of directed search across cities, directed search across occupations modifies the
value of being unemployed by expanding the set of a worker’s outside options. Assume that an
unemployed worker has probability A’ of being able to direct his search towards the occupation
that maximises his value of being employed. Then, the vaule of being unemployed in job j and city
c is given by

C
pUS = (1= N)he > e Ufe + A max [Z Ve > ke jUke | —eUj, (28)

kesS =1 keS

j-specific term

C

where the term max { e Y Ure ;U ,gc,] results from a directed search across occupations. Since
¢ le=1 keS

the occupation that maximises a worker’s utility of employment is similar for all workers of a

particular job-type, implications of directed search across occupations will be captured by job

time-varying dummies in the empirical section.



E Examining consistency

Writing the transition probability as a function of comparative advantages:
In order to examine consistency, it is helpful to first explicitly express the transition probability
as a function of comparative advantages. To achieve this goal, one can rewrite 4. as the sum of

a term common to all jobs of the same city €., and another comparative advantage component,

Ugje» Where by definition Z g1 Zz 1 Vgic = = 0.! By the same token, define Q;. = Q. + v{!, where
! = 0. Using this formulation, one can rewrite equation (23) of the manuscript as
i=1Y
1 Q 1 1
1/’q’i’c|qi ﬁ""ﬂl [Ui’c+ QI— :| + T2 [ qzc QI 1 qzc
1
+ 73 [%’i'qi - ﬁ(l - @qiqi)] . (29)

A similar expression can be obtained for the predicted transition probability. However, instead of
being a function of current components, zﬁq/i/mqi depends on past sources of comparative advan-

tages, i.e.

A 1 Q 1
wq’i’cﬂqi ~ QI 1 +m |:Ui’c(7' 1) QI 1 ZC(T 1):| + 2 |:U2’i’c(7'—1) + ﬁvgicﬁ'—l)
1
+ 3 |:90q’i’|qi - ﬁ(l - Soqi|qz'):| ) (30)

where 7 is the time subscript. Equation (30) has been obtained using the fact that predicted

employment shares can be written as

A 9qit
Ngict = Ngic(t—1) 0 )

Z an t'e(rt— 1ng7'
=1i¢=1

/

N .
where Yair = qu‘(qrzil) )

!Note that the comparative advantage of city ¢ for job ¢i is given by:

Q I
<0qic - Z 0qic> - (Z Z |:0q’i/c - Z eq’i’c:| ) =  Egic —Ec
c =1 c

¢'=1i'=

=
quc'



Evaluating the validity of the instruments:
In what follows, the paper examines the validity of the first set of instruments I'Vigcr and IVagier.
Examining consistency for the second set of instruments is analogous. This first set of instruments

is given by

Ivlqicr = Z lzszquiAykT and IVquCT = Z Vk(-rfl)AQ;kcﬂqi'
keS\{qi} keS\{qi}

IVi4icr is uncorrelated with the error term if 2

c Q I
! Y1 Q, IhCHi} Z Z Z <Z QIZ;kCT|inVkT - :U’quiT> quiCT =0. (31)

c=1g=11i=1 \keS

Since the wage premia do not vary across cities, condition (31) can be rearranged as follows

I
Q,Agn:m(ZA% )39 SIS MZZM“ZAEW> -

c=1 g=1 i=1 q=1 i=1
C

where the second term on the left-hand side is zero because ) eg4icr = 0. Allowing C' — oo first,
c=1

condition (32) is satisfied if

c Q I
Ch—rgo Z Z Z 1; CT|in5qic7' =0. (33)

Hence, the validity of IV4;.- hinges on the exogeneity of the prediction 1/3kc|q2- with respect to shocks

C
to €gicr. Using (30) together with the fact that ) v, =0, Z U =0 and ) ggicr = 0, condition
kesS c=1
(33) rewrites
c Q I Q ¢ 1 1
. n _ . Q . - .
Clgnoo ; qz:; ; wkCT‘inequT - q; ; Clgnoo ; |:7T1 mvic(‘r—l)qu“ﬁ' +m2 QI -1 U;ic(‘r—l)Asqu :

Therefore, IVi4icr is exogeneous if £ (v o(r— )Asqm.) = 0and E(vE Atgicr) = 0and E(Av

qZC(T 1) qzcr) =

2Note that in writing this condition, the paper uses the fact that D okes Vkelgivhe = gi = (1 =) 35 YrejqiVe
keS\{qi}
and that quicf = J1azAegicr.
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1

0, i.e. if shocks to the source of comparative advantages Aaqi . are independent of past comparative

Q €
advantages vj.,, Ugjer-

Similarly, IVagicr is a valid instrument if it satisfies

cC Q I
1 _ .
T 198 g M 220 <Z Vi(r—1)Aker|gi — qz‘(r—l)Aﬂ) Aégier = 0. (34)

c=1q=1i=1 \keS
As for IVigjer, this limiting argument can be developed to obtain the following expression

c Q I Q
. n . 1 Q ].
Clgréo E § E AwkcﬂinEqim’ = g g 611_1;1(1)0 E |:771QI_1AUZ-C(T_1)A€qicT +W2WAIU;,L-C(T_1)A€(I’L‘CT .

c=1g=1i=1 q=11i=1 c=1

Therefore, IVagcr is exogeneous if E (Avﬁ(T_l)AequT) = 0 and E(Avgic(T_l)

Acgicr) = 0, ice. if

£

shocks to the source of comparative advantages AsquT are independent of past changes in compar-

ative advantages.
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F  Definition of cities

Cities are constructed in accordance with the definition of labour markets proposed by Kropp
and Schwengler (2011; KS labour markets henceforth).> According to their definition, Western
Germany comprises 38 labour markets and 9 regions. The constraint of 20 individuals per cell
requires merging KS labour markets since without any further aggregation, some labour markets
would represent less than 1500 individuals per year, i.e. on average, less than 6 individuals per
cell if one would work with 250 occupation-industry cells. In order to obtain 5000 individuals per
city-year, KS labour markets are merged in two steps. The first one aggregates KS labour markets
at a higher digit in conformity with the official classification. The second one aggregates zones with
an insufficiant number of individuals to their neighbours. To maintain geographical coherence, this
study makes sure that the aggregated labour markets belong to the same region. It follows that
the original 38 KS labour markets are merged into 19 geographical areas (‘cities’), of which 10

correspond to KS labour markets and 9 are aggregates. Table 1 describes these steps.

30nline material including Kropp and Schwengler’s (2011) correspondence table between districts, labour markets
and regions can be downloaded at http://www.iab.de/389/section.aspx/Publikation/k110222301
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Table 1: Aggregation of labour markets

Labour markets as defined in Kropp and Schwengler ‘Cities’ Regions
N 38 25 19 9
official official bridges merged official
Hamburg 2000000 20 20 2 2
Braunschweig/Wolfsburg 3101000 31 31 31 3
Gottingen 3152012 31 31 31 3
Hannover 3241001 32 32 32 3
Oldenburg(O.) 3403000 34 34 34 3
Osnabrck 3404000 34 34 34 3
Bremen 4011000 40 40 4 4
Diisseldorf-Ruhr 5113000 51 51 51 5
Aachen 5313000 53 53 53 5
Koln 5315000 53 53 53 5
Miinster 5515000 55 55 55 5
Bielefeld/Paderborn 5711000 57 57 57 5
Siegen 5970040 59 merged with 53 53 5
Frankfurt a.M. 6412000 64 64 6 6
Kassel 6611000 66 merged with 64 6 6
Koblenz 7111000 71 71 7 7
Trier 7211000 72 merged with 71 7 7
Stuttgart 8111000 81 81 81 8
Karlsruhe 8212000 82 82 82 8
Mannheim 8222000 82 82 82 8
Freiburg i.Br. 8311000 83 83 83 8
Offenburg 8317096 83 83 83 8
Villingen-Schwenningen 8326074 83 83 83 8
Konstanz 8335075 83 83 83 8
Loérrach 8336050 83 83 83 8
Ulm 8421000 84 84 84 8
Ravensburg 8436064 84 84 84 8
Miinchen 9162000 91 91 91 9
Passau 9262000 92 92 92 9
Regensburg 9362000 93 merged with 92 92 9
‘Weiden i.d.OPf. 9363000 93 merged with 92 92 9
Bayreuth 9462000 94 merged with 95 95 9
Coburg 9463000 94 merged with 95 95 9
Hof 9464000 94 merged with 95 95 9
Niirnberg 9564000 95 95 95 9
Schweinfurt 9662000 96 merged with 95 95 9
Wiirzburg 9663000 96 merged with 95 95 9
Saarbriicken 10041100 100 100 10 10
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G

Industrial classification into 16 categories

Table 2: Industrial classification into 16 categories.

Primary sector

Industry 1

Agriculture, hunting, forestry and fishing
Mining and quarrying

Electricity, gas and water supply

Secundary sector

Industry 2

Wood and products of wood and cork

Pulp, paper, paper products, printing and publishing
Chemical, rubber, plastics and fuel products

Basic metals and fabricated metal products

Other non-metallic mineral products

Industry 3
Machinery and equipment (nec)
Motor vehicles, trailers and semi-trailers

Industry 4
Electrical and optical equipment
Other transport equipment

Industry 5

Textiles and textile products

Leather, leather products and footwear
Other non-metallic mineral products
Manufacturing n.e.c.

Industry 6
Food products, beverages and tobacco

Industry 7
Construction trades

Industry 8
Finishing trades

Tertiary sector
Industry 9
Wholesale, trade and commission excl. motor vehicles

Industry 10
Sale of automotive fuel
Retail trade excl. motor vehicles - repair of household goods

Industry 11
Transport storage and communications

Industry 12
Finance, insurance, real estate and business services

Industry 13

Hotels and restaurants

Recreational, cultural and sporting activities
Other service activities

Private households with employed persons

Industry 14
Education
Health and social work

Industry 15
Sewage and refuse disposal, sanitation and similar activities
Activities of membership organizations (nec)

Industry 16
Public admin. and defense - compulsory social security
Extra-territorial organizations and bodies

Source: The TAB anonymised sample.
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H Occupational classification into 32 categories

Table 3: Occupational classification into 32 categories.

Agricultural
Occupation 106:

Mining and quarrywork

Occupation 709:

Manufacturing

Occupation 1011:
Occupation 1213:
Occupation 1415:
Occupation 1617:

Occupation 18:

Occupation 1924:
Occupation 2530:

Occupation 31:
Occupation 32:

Occupation 8336:

Occupation 37:

Occupation 3943:
Occupation 4447:
Occupation 4849:

Occupation 50:
Occupation 51:
Occupation 52:
Occupation 53:
Occupation 54:

Technicians

Occupation 6061:
Occupation 6263:

Services and professionals

Occupation 68:

Occupation 6970:
Occupation 8283:
Occupation 9093:
Occupation T174:
Occupation 7578:
Occupation 7981:
Occupation 8485:
Occupation 8689:

Farming, forestry, gardening, fishing

Mining and quarrywork

Stone, jewelery, brickwork
Glass and ceramics

Chemicals, plastics and rubber
Paper and printing

Woodwork

Metalworkers, primary product
Skilled metal work and related
Electrical

Metal and assembly / installation
Textiles

Leather goods

Food, drink and tobacco
Construction

Building

Carpenters

Painters

Goods sorters, packagers
Assistants

Machine operators

Technicians - engineers and related
Technicians - manufacturing and science

Buying and selling

Banking, insurance, agents

Arts, creative and recreational

Other services, personal and leisure services
Travel and transport

Administration and bureaucracy

Public order, safety and security

Health services

Teaching and social employment

Note: Occupations in the IAB anonymised sample are classified into 32 broader categories
according to the 1975 German classification of occupations.
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I  Occupation-industry mix

An important step of the data work consists in defining the aggregation level of occupations,
industries and cities. To ensure the precision of the measures reflecting wage premia, employment
shares and employment transitions, this paper requires that each occupation-industry-city cell
contains at least 20 employed individuals every year. Finally, an occupation-industry cell is retained
if it is present over the years 1977-2001 and if it is observed in at least 5 cities. 135 occupation-
industry cells meet these two criteria. Table 4 shows which occupation-industry mix is retained
for this study. The table also informs on the representation of occupations within industries and
across cities. The figures indicate the number of cities in which an occupation-industry cell (which

satisfies the aforementioned criteria) is observed.

Table 4: Occupation-industry mix

Occupation/Industry 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
106 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10
709 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1011 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1213 0 0 0 0 9 0 0 0 0 0 0 0 0 0 0 0
1415 0 18 0 9 18 0 0 0 0 0 0 0 0 0 0 0
1617 0 16 O 0o 17 o0 0 0 0 0 0 0 0 0 0 0
18 0 5 0 0 5 0 0 0 0 0 0 0 0 0 0 0
1924 o 17 19 19 o0 0 0 0 0 0 0 0 0 0 0 0
2530 9 19 19 19 17 0 8§ 19 10 16 10 5 0 0 0 9
31 13 7 13 19 0 0 0 19 0 6 9 0 0 0 0 0
32 0 0 17 18 0 0 0 0 0 0 0 0 0 0 0 0
3336 0 0 0 0 14 0 0 0 0 0 0 0 0 0 0 0
37 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0
3943 0 0 0 0 0 19 o 0 0 0 0 0 19 14 0 0
4447 0 7 0 0 0 0 19 o0 0 0 0 0 0 0 0 14
4849 0 0 0 0 6 0 11 100 o0 0 0 0 0 0 0 0
50 0 0 0 0 19 o0 0 0 0 0 0 0 0 0 0 0
51 0 0 7 5 0 0 0 18 O 0 0 0 0 0 0 0
52 0 8 10 12 13 12 0 0 7 7 0 0 0 0 0 0
53 0 0 9 0 7 0 0 0 0 0 0 0 0 0 0 0
54 5 6 0 0 0 0 12 o0 0 0 0 0 0 0 0 0
6061 0 6 1 12 0 0 7 0 0 0 0 10 0 6 0 9
6263 8 16 16 19 13 0 0 5 8 0 0 13 0 7 0 12
68 0 9 1 10 10 19 0 0 19 19 0 0 11 0 0 0
6970 0 0 0 0 0 0 0 0 0 0 11 19 0 0 0 0
8283 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0
9093 0 0 0 0 0 0 0 0 0 7 0 13 19 19 12 19
7174 0 19 16 12 14 14 8 0 19 18 19 6 5 0 5 19
7578 5 19 19 19 19 17 18 12 19 19 18 19 14 19 18 19
7981 0 0 0 0 0 0 0 0 0 0 0 7 0 8 5 13
8485 0 0 0 0 0 0 0 0 0 6 0 0 0 19 19 0
8689 0 0 0 0 0 0 0 0 0 0 0 0 0 19 14 11
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J Industrial and occupational employment shares

Table 5 shows summary statistics of yearly local industrial employment shares (i.e. of 1 = ]]\\[;g,

where t is the time subscript), computed over the entire sample. The rest of the table computes

the summary statistics of local industrial employment shares (i.e. of 7. = ]]\\7;:) by industry. Table
6 presents the occupational counterpart of Table 5. Both tables suggest substantial variation in

the industrial and occupational composition of employment across cities.

Table 5: Industrial employment shares

Variable Mean Std. Dev. Min. Max. N

Overall 0.063 0.035 0.006 0.250 7904

Primary sector

Primary sector 0.017 0.007 0.007 0.034 19
Secondary sector

Wood, chemicals, basic metals 0.066 0.028 0.029 0.130 19
Machinery, motor vehicles 0.109 0.045 0.056  0.228 19
Electrical 0.091 0.032 0.050  0.166 19
Texiles, leather 0.075 0.041 0.029 0.172 19
Food, beverages, tobacco 0.036 0.013 0.024 0.068 19
Construction trades 0.054 0.013 0.042  0.093 19
Finishing trades 0.028 0.004 0.019 0.034 19
Tertiary sector

Wholesale 0.055 0.010 0.035 0.075 19
Retail trade 0.084 0.012 0.062 0.107 19
Transport and communications  0.044 0.017 0.030  0.095 19
Finance, insurance, real estate 0.092 0.022 0.059 0.130 19
Restauration, recreational 0.043 0.008 0.033 0.062 19
Education, health, social 0.104 0.014 0.074 0.127 19
Sewage, sanitation 0.039 0.008 0.024 0.052 19
Public administration 0.064 0.014 0.035 0.086 19
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Table 6: Occupational employment shares

Variable Mean Std. Dev. Min. Max. N
Overall 5.7 2.0 1.6 17.2 18315
Agricultural
Farming, forestry, gardening, fishing 0.009 0.002 0.005 0.016 19
Manufacturing
Stone, jewelery, brickwork 0.004 0.003 0.002 0.010 10
Glass, ceramics 0.008 0.009 0.001  0.029 9
Chemicals, plastics, rubber 0.021 0.008 0.009 0.043 18
Paper, printing 0.013 0.004 0.007 0.022 17
Woodwork 0.005 0.005 0.001  0.015 6
Metalworkers, primary product 0.034 0.013 0.015 0.064 19
Skilled metal work 0.089 0.01 0.073  0.106 19
Electrical 0.025 0.005 0.015 0.032 19
Metal assembly, installation 0.026 0.010 0.007 0.047 18
Textiles 0.016 0.011 0.003  0.038 14
Leather goods 0.008 0.011 0.002  0.030 6
Food, drink, tobacco 0.028 0.008 0.018  0.053 19
Construction 0.045 0.014 0.029  0.087 19
Building 0.007 0.002 0.003 0.013 14
Carpenters 0.011 0.006 0.005 0.026 19
Painters 0.008 0.002 0.005 0.016 18
Goods sorters, packagers 0.014 0.006 0.006 0.028 18
Assistants 0.009 0.008 0.002  0.031 12
Machine operators 0.006 0.002 0.003 0.010 13
Technicians
Eengineers 0.018 0.009 0.003  0.030 15
Manufacturing, science 0.037 0.012 0.016 0.058 19
Services, professionals
Buying, selling 0.087 0.008 0.076  0.107 19
Banking, insurance, agents 0.042 0.008 0.030 0.057 19
Arts, creative, recreational 0.004 0.001 0.002  0.006 10
Other services, personal, leisure services
Travel, transport 0.076 0.008 0.065 0.098 19
Administration, bureaucracy 0.223 0.015 0.196 0.243 19
Public order, safety, security 0.007 0.003 0.003 0.012 13
Health services 0.065 0.009 0.048 0.082 19
Teaching, social employment 0.038 0.006 0.027  0.052 19
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K Additional results

K-1  Occupation-city time-varying dummies

Table 7 presents a specification that includes occupation-city time-varying dummies (dger). Such
a specification does not arise naturally within the framework of the paper, yet it is interesting
to see how far the identification can go. When occupation-city-time dummies are included, the
triple difference estimation focuses on periodical changes in wages across industries in the same
occupation and city, which means for instance comparing wage differentials in the manufacturing
sector with those in the tertiary sector for secretaries in city A. To allow for identification, such
a comparison requires that there be sufficient variation in observed mobility of secretaries across
industries within city A. The IV estimates are positive and similar to those of the baseline but
quite imprecisely measured. This result is not too surprising as one would expect variation across

sectoral switches to be much less pronounced than occupational movements.

Table 7: Occupation-city time-varying dummies.

Dependent variable A log wagesgicr
(1) 2) (3)
OLS v v
A Outside optionsg;er:
AT e s\ (qi) Yher|qiWher —0.279***  0.723 0.569*
(0.102) (0.440) (0.332)
A dgir yes yes yes
dger yes yes yes
Instrument Set set I set 11
F-stat. 13.60 35.61
Over-id. p-val. 0.690 0.518
AP p-val. 0.00 0.00
Observations 6449 6449 6449

Notes: Standard errors, in parentheses, are clustered
at the city level. *** p<0.01, ** p<0.05, * p<0.1.
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K-2 Unobserved abilities

The baseline estimates rely on the assumption that the sample is a random draw of the population.
However, in practice workers tend to self-select into cities (Dahl, 2002) and occupations (Gibbons
et al., 2005; Groes et al., 2009) for unobserved earnings-related reasons. The baseline specification
may provide a biased estimate of search and bargaining mechanisms if the structure of employment
within cities correlates with unobserved abilities.

To deal with that issue, this section exploits the traceability of individuals in the database
and estimates adjusted wages using workers who stay within the same firm, occupation, industry
and city from one year to the next (the ‘stayers’ henceforth). Specifically, this section pools the
years 1976 to 2001 together and regresses yearly changes in stayers’ wages on an entire set of job-
city-specific time-varying dummies. The estimates on the dummies correspond to yearly changes
in job-city-specific wages, purged of workers and firms’ unobserved fixed characteristics. These
estimates are then used to construct both the dependent variable and the national wage premia in
a similar way to the baseline. Results are shown in Table 8.

Columns (1)-(3) correspond to the baseline specification, estimated using changes in wages for
stayers. As for the previous specifications, diagnostic tests are satisfactory at any conventional
level. The IV estimates do not statistically differ from the baseline estimates and are comparable
across sets of IVs, which again supports the identifying assumption. Columns (4)-(6) introduce
industry-city-time dummies. Relative to the preceding three columns, this exercise is particularly
demanding as the estimate is now identifed by comparing wages along an additional dimension, i.e.
by focusing on periodical changes in stayers’ wages across occupations of the same industry and
city. The next three columns add changes in log job-city employment. The last columns interact the
employment variable with occupational dummies. Importantly, once the endogeneity of workers’
outside options is taken into account, the estimate of interest is qualitatively similar to the baseline
estimate. Finally, it is interesting to note that, since the estimates are identified on stayers only,

this set of results also suggests that wages tend to be renegotiated over time.
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Table 8: Focusing on firm-job-city stayers.

Dependent variable

A log wagesgicr

Regressors (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
OLS v I\% OLS v v OLS v v OLS v v

A Outside optionsger:
0.150*** 0.613*** 0.609*** —0.099 0.708*** 0.627*** —0.223*%** 1.100*** 1.117*** —0.230*** 0.839*** (.849***

A ZkES\{qi} wkc‘r\qiwkCT

(0.036) (0.167) (0.168) (0.067) (0.245) (0.147) (0.073) (0.392) (0.357) (0.071) (0.271) (0.253)

A log employmentg;cr —0.001 0.339** 0.339**
(0.012) (0.147) (0.147)

A (log emplgicr * dg) yes yes yes
A dgir yes yes yes yes yes yes yes yes yes yes yes yes
A der yes yes yes
A dier yes yes yes yes yes yes yes yes yes
Instrument set set I set 11 set 1 set 11 set 1 set 11 set I set 11
F-stat. 39.34 26.26 19.58 13.58 11.10 8.35 16.79 11.35
Over-id. p-val. 0.15 0.25 0.35 0.58 0.44 0.74 0.37 0.67
AP p-val. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Observations 5334 5334 5334 5334 5334 5334 4845 4845 4845 4845 4845 4845

Notes: Standard errors, in parentheses, are clustered at the city level. ¥ p<0.01, ¥* p<0.05, * p<0.1.



K-3  On-the-job search

This section discusses the implications of allowing workers to search while on the job. Such an
extension modifies the utility of being employed in the following way.

If a worker is not laid off, the probability of which is S(1 — §), the probability of him or her
receiving an offer from ke is (1 — §)tctbyc;. The worker accepts the offer if the utility of being
employed with kc exceeds the utility derived in his current job. Thus,

US, = wje+ BSUL + B(1—6) {(1 — $)Ufe + e 3 el | Pr (Uke < USe) U + Pr (Uke > USL) Ui }
kes
= Wjc + B5U;‘c + ﬂAjCUjEC + /8(1 - 5)¢(’ Z wkc\jP’r (Ulic > U]ec) Ulscv (35)
keS

where Aj. = (1-9) [(1 — e) + e k%:s Vel PT (U/,fc < Ujec>] is the probability that a worker remains
in his current job (either because he or she did not receive any other offer or rejected an outside
offer). Including on-the-job search augments the utility of employment by two additional terms:
a first term that reflects the probability of being a stayer (Aj.), and a second one which captures
workers’ outside options when on the job (@ZJC > Ukel PriUs. > Ufc]U,SC>.

To understand the empirical implicationskgfq on-the-job search, it is useful to take a linear

approximation of equation 35.% One obtains

Uj('ic ="y + lejc + TQU;LC + T3t + T4Ajc + 75 Z Uke » (36)

keS
—

city-specific

where the Ys are constant terms obtained from the linear approximation. Equation 36 implies
that one can control for the wage effects of on-the-job search by adding the probability Aj. to the
baseline specification. The city-specific variables 1. and ) Uf, are absorbed by the city-specific
time-varying dummies. Table 9 shows that controlling fof Etklgle probability of being a stayer leaves

the baseline results unchanged.

4As previously, the linear approximation is taken around the point where cities have identical employment rates
(ER: = ER) and where employment is uniformly distributed across jobs (nk. = &)
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Table 9: On-the-job search.

Dependent variable

Regressors

A log wagesgicr

(1) (2)
OLS v

(3)
v

A Outside optionsg;cr:
A Z wch\qiwkCT

0.263*** 0.721*** 0.662***

kesS\{qi}

(0.049) (0.166) (0.154)
A Probability of stayingg;cr 0.021 0.033 0.031

(0.022) (0.022) (0.022)
A dgir yes yes yes
A der yes yes yes
Instrument set set 1 set 11
F-stat. 41.73 35.55
Over-id. p-val. 0.29 0.15
AP p-val. 0.00 0.00
Observations 6632 6632 6632

Notes: Standard errors, in parentheses, are clustered
at the city level. *** p<0.01, ** p<0.05, * p<0.1.
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K-4 Top coding

The TABS sample is top-coded at the highest level of earnings that are subject to social security
contributions. Top coding affects around 10% of the observations each year. The issue can be
severe for highly educated groups: 50% of the wage observations for university and polytechnic
graduates are right-censored. Columns (1)-(3) and (4)-(6) of Table 10 show the estimates obtained
when dropping top-coded observations and highly educated individuals, respectively. This exercise

does not alter the qualitative aspect of the results.

Table 10: Using uncensored wages only and excluding highly educated.

Dependent variable A log wagesgicr
Drop
Top-coded observations Highly educated individuals
Regressors (1) (2) 3) (4) (5) (6)
OLS v v OLS v v
A Outside optionsgicr:
AZkeS\{qi} Vger|qiWher 0.231%** 0.748"** 0.711*** 0.304*** 0.879*** 0.753***
(0.038) (0.136)  (0.127) (0.048) (0.181) (0.155)
A dgir yes yes yes yes yes yes
A der yes yes yes yes yes yes
Instrument set set | set 11 set | set 11
F-stat. 49.05 37.04 46.51 38.70
Over-id. p-val. 0.13 0.31 0.76 0.10
AP p-val. 0.00 0.00 0.00 0.00
Observations 6632 6632 6632 6632 6632 6632

Notes: Standard errors, in parentheses, are clustered at the city level. *** p<0.01, **
p<0.05, * p<0.1.
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K-5 Alternative mobility measures

Table 11 introduces some flexibility in computing the mobility measure py4; from job ¢i to k. In
columns (1)-(3), ¢y is computed over two different intervals, 1976-1991 and 1992-2001. Columns
(4)-(6) introduce spatial flexibility by separating the sample between Northwest and Southwest Ger-
many. Since the constraint of 20 individuals per job-city-year cell leaves little room for manoeuvre
in the construction of ¢4, it is difficult to allow for even more flexibility. Whichever column
one looks at, the estimates remain robust to using period-specific or region-specific measures of

mobility.

Table 11: Computing the mobility measures over two periods/regions.

Dependent variable A log wagesgicr
Two periods Two regions
Regressors (1) (2) (3) (4) (5) (6)
OLS v I\Y OLS v v
A Outside optionsgicr:
Azkes\{qi} Vier|qiWher 0.264™** 0.513"** 0.515™** 0.294™** 0.591*** 0.611**~
(0.042) (0.132) (0.130) (0.048) (0.123)  (0.111)
A dgir yes yes yes yes yes yes
A der yes yes yes yes yes yes
Instrument set set I set 11 set 1 set 11
F-stat. 52.14 41.80 102.60 80.41
Over-id. p-val. 0.27 0.50 0.42 0.39
AP p-val. 0.00 0.00 0.00 0.00
Observations 6552 6552 6552 6458 6458 6458
Note: Standard errors, in parentheses, are clustered at the city level. *** p<0.01, ** p<0.05,
*
p<0.1.
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K-6 Sample split

Table 12 examines whether the effect of interest exhibits anything particular after the accession of
East Germany to the IAB sample in 1991 (or the fall of the Iron Curtain in 1989). The pre-1991
period experienced relatively higher pressure from trade unions. If, as a result, wage premia were
relatively smaller, one may be worried that the baseline estimate is driven by the post-1991 period
only. To investigate this possibility, this section splits the sample into two intervals, the pre- and
post-1991 periods. Whichever period one considers, the estimates remain statistically significant

and similar to those of the baseline specification.

Table 12: Sample split.

Dependent variable A log wagesgicr

1977-1991 1992-2001
Regressors (1) (2) (3) (4) (5) (6)
OLS v I\Y OLS I\Y I\Y

A Outside optionsgicr:

AY e (i} Vherlaither 0.277*** 0.708"**  0.557***

0.245™* 0.709"** 0.784***

(0.066) (0.254) (0.224) (0.055) (0.177)  (0.188)

A dgir yes yes yes yes yes yes

A der yes yes yes yes yes yes

Instrument set set I set 11 set 1 set 11
F-stat. 40.18 29.13 11.97 11.01
Over-id. p-val. 0.90 0.79 0.24 0.10
AP p-val. 0.00 0.00 0.00 0.00
Observations 3316 3316 3316 3316 3316 3316

Notes: Standard errors, in parentheses, are clustered at the city level.

p<0.05, * p<0.1.
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K-7 Alternative time frame

Table 13 shows that averaging the data over three or eight years, as an alternative to five years,

generates results which are qualitatively similar to the baseline estimates.

Table 13: Alternative time frame.

Dependent variable A log wageSgicr
Three-years averages Eight-years averages
Regressors (1) (2) (3) (4) (5) (6)
OLS v v OLS I\Y v

A Outside optionsgicr:

AZkES\{qi} Vker|qiWhker 0.255"** 0.599*** 0.566™** 0.397*** 0.942*** 0.866™*
(0.041) (0.161) (0.153) (0.063) (0.200)  (0.208)
A dgir yes yes yes yes yes yes
A der yes yes yes yes yes yes
Instrument set set I set 11 set I set 11
F-stat. 35.98 27.64 19.92 17.84
Over-id. p-val. 0.310 0.249 0.516 0.372
AP p-val. 0.00 0.00 0.00 0.00
Observations 11606 11606 11606 3316 3316 3316

Notes: Standard errors, in parentheses, are clustered at the city level. *** p<0.01, **
p<0.05, * p<0.1.
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K-8

Alternative clusterings

Table 14 shows that using alternative clusterings of the data does not alter the statistical significance

of the results.

Table 14: Alternative clusterings.

Dependent variable

Regressors

City-time clustering

A log wagesgicr

Industry clustering

Industry-time clustering

(1) (2) (3)
OLS v v

(4) (5) (6)
OLS v v

(7) (8) 9)
OLS v v

A Outside optionsg;cr:
A Zkes\{qi} djkcﬂqiwkc‘r

0.262*** 0.713*** 0.655***

0.262*** 0.713*** 0.655"**

0.262*** 0.713*** 0.655***
(0.041) (0.181) (0.168) (0.046) (0.185) (0.178) (0.041) (0.181) (0.168)

A dgir yes yes yes yes yes yes yes yes yes

A der yes yes yes yes yes yes yes yes yes
Instrument set set | set 11 set [ set 11 set [ set 11
F-stat. 35.96 24.76 56.86 40.84 0.27 0.37
Over-id. p-val. 0.27 0.37 0.31 0.25 0.263 0.362
AP p-val. 0.00 0.00 0.00 0.00 0.00 0.00
Observations 6632 6632 6632 6632 6632 6632 6632 6632 6632
Note: ¥ p<0.01, ¥ p<0.05, * p<0.1.
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K-9 Industry/Occupation effects

Tables 15 and 16 investigate whether the baseline estimate differs across industries and occupations.
For each industry (occupation), Tables 15 (Table 16) runs a regression interacting the measure of
workers’ outside options with a dummy for the corresponding industry (occupation). Columns (1),
(3) and (5) show the main effect. Columns (2), (4) and (6) present the estimate for the interaction
term. In general, the coefficient on the interaction term is statistically insignificant, which suggests
that decentralisation forces are similar across industries (occupations), whichever the unionisation

degree they exhibit.
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Table 15: Transition index, by industry.

Dependent variable A log wagesgicr
OLS IV -set I IV - set II
Main Interaction Main Interaction Main Interaction
(1) (2) (3) (4) (5) (6)

Primary sector

Industry 1 0.285%** —(0.152* 0.707*** —0.670 0.715*** —0.184
(0.0503)  (0.0750) (0.157)  (1.264) (0.162)  (0.196)

Secondary sector

Industry 2 0.259***  0.039 0.666***  0.246 0.666**  0.244
(0.055)  (0.101) (0.191)  (0.360) (0.191)  (0.360)
Industry 3 0.242*%*  0.263** 0.618***  0.482 0.620%**  0.477
(0.050)  (0.081) (0.170)  (0.413) (0.169)  (0.388)
Industry 4 0.254***  0.119 0.785*** —0.618 0.787*** —0.623
(0.051)  (0.062) (0.173)  (0.418) (0.174)  (0.419)
Industry 5 0.285*** —0.213 0.710*** —0.094 0.706*** —0.146
(0.053)  (0.134) (0.191)  (0.444) (0.192)  (0.416)
Industry 6 0.270*** —0.275* 0.709*** —0.091 0.704***  —0.065
(0.048)  (0.122) (0.163)  (0.497) (0.164)  (0.491)
Industry 7 0.262*** —0.019 0.730*** —0.221 0.742***  —0.190
(0.049)  (0.187) (0.162)  (0.339) (0.169)  (0.348)
Industry 8 0.261***  0.0019 0.669***  0.202 0.664***  0.239
(0.049)  (0.164) (0.167)  (0.248) (0.167)  (0.242)

Tertiary sector

Industry 9 0.257***  0.198 0.718*** —0.300 0.721%**  —0.552
(0.050)  (0.132) (0.158)  (1.833) (0.158)  (1.960)
Industry 10 0.252***  0.330* 0.710"**  0.523 0.712***  0.438
(0.049)  (0.139) (0.163)  (0.534) (0.161)  (0.676)
Industry 11 0.263***  —0.0922 0.795** —1.925* 0.795*** —1.956*
(0.049)  (0.114) (0.193)  (0.926) (0.193)  (0.925)
Industry 12 0.254***  0.150 0.653***  1.194 0.643***  0.682
(0.051)  (0.087) (0.177)  (1.377) (0.166)  (1.142)
Industry 13 0.241***  0.244 0.678***  1.951** 0.686***  1.783*
(0.054)  (0.140) (0.169)  (0.721) (0.169)  (0.707)
Industry 14 0.282%** —0.251** 0.759*** —0.412 0.761%** —0.508
(0.051)  (0.084) (0.192)  (1.092) (0.193)  (1.006)
Industry 15 0.249%**  0.405 0.709%**  0.224 0.710**  0.176
(0.047)  (0.220) (0.156)  (0.935) (0.159)  (0.722)
Industry 16 0.283*** —(0.224* 0.743***  —0.326 0.730%** —0.444
(0.047)  (0.090) (0.161)  (0.469) (0.160)  (0.462)

Notes: Standard errors are clustered at the city level. Standard errors in parentheses. *** p<0.01, ** p<0.05,
* p<0.1. p-values in brackets. 30



Table 16: Transition index, by occupation.

Dependent variable A log wagesgicr
OLS IV -set I IV - set 11
Main Interaction Main Interaction Main Interaction
@) (2) (3) (4) (5) (6)
Agricultural
Occupation 106 0.259***  0.154 0.723*** —2.051 0.726*** —1.636
(0.051) (0.325) (0.162) (1.670) (0.165) (1.189)
Manufacturing
Occupation 1415 0.266*** —0.246 0.792*** —0.782 0.794*** —0.818
(0.048) (0.198) (0.179) (0.448) (0.179) (0.461)
Occupation 1617 0.274***  —0.554* 0.737*** —0.568 0.736*** —0.556
(0.054) (0.235) (0.153) (0.352) (0.155) (0.326)
Occupation 1924 0.258***  0.163 0.697***  0.141 0.695***  0.129
(0.050) (0.137) (0.172) (0.301) (0.169) (0.303)
Occupation 2530 0.275*** —0.106 0.763*** —0.274 0.773*** —0.162
(0.0479) (0.0936) (0.188) (0.319) (0.191) (0.272)
Occupation 31 0.251***  0.099 0.719***  0.347 0.713***  0.173
(0.053) (0.087) (0.168) (0.414) (0.163) (0.345)
Occupation 32 0.255***  0.592** 0.752*** —1.143 0.762*** —1.178
(0.049) (0.215) (0.172) (0.613) (0.173) (0.620)
Occupation 3943 0.256***  0.206 0.708*** —0.118 0.715***  0.0626
(0.048) (0.144) (0.167) (0.336) (0.167) (0.286)
Occupation 4447 0.263*** —0.080 0.702*** —0.013 0.714*** —0.0571
(0.049) (0.167) (0.166) (0.411) (0.171) (0.393)
Occupation 4849 0.260***  0.152 0.645* —7.647 0.720*** 1.611
(0.049) (0.204) (0.251) (26.17) (0.175) (1.960)
Occupation 52 0.266*** —0.105 0.707*** —2.211 0.709*** —2.117
(0.048) (0.141) (0.165) (1.529) (0.163) (1.233)
Occupation 53 0.268*** —0.338 0.784** 16.16 0.663*** —0.437
(0.049) (0.189) (0.252) (29.12) (0.170) (0.944)
Technicians
Occupation 6061 0.265*** —0.142 0.759***  5.707 0.766***  6.455
(0.049) (0.285) (0.193) (8.219) (0.199) (9.088)
Occupation 6263 0.270*** —0.111 0.705***  0.0272 0.702***  0.0247
(0.053) (0.096) (0.172) (0.391) (0.171) (0.391)
Services and professionals
Occupation 68 0.257***  0.117 0.697***  0.577 0.695***  0.622
(0.0508) (0.132) (0.162) (0.443) (0.165) (0.424)
Occupation 6970 0.262*** —0.031 0.723*** —0.007 0.715***  0.194
(0.0514) (0.125) (0.170) (0.494) (0.167) (0.542)
Occupation 7174 0.258***  0.075 0.623***  0.594* 0.630***  0.684**
(0.0473) (0.125) (0.176) (0.244) (0.175) (0.252)
Occupation 7578 0.269*** —0.0902 0.841*** —2.874 0.859*** —3.455
(0.0473) (0.105) (0.181) (3.596) (0.201) (3.683)
Occupation 7981 0.257***  0.111 0.714***  0.152 0.720*** —0.241
(0.0503) (0.175) (0.176) (1.881) (0.173) (0.979)
Occupation 8485 0.269*** —0.221 0.708***  0.139 0.709***  0.0681
(0.0491) (0.138) (0.177) (0.776) (0.177) (0.660)
Occupation 8689 0.267*** —0.183 0.717*** —0.344 0.726*** —0.899
(0.0519) (0.253) (0.168) (1.645) (0.166) (0.835)
Occupation 9093 0.243***  0.375* 0.671*** 1.259 0.660*** 1.276
(0.0477) (0.158) (0.159) (0.721) (0.157) (0.720)

Note: Standard errors are clustered at the city level. Standard errors in parentheses. *** p<0.01, ** p<0.05, *
p<0.1. p-values in brackets. Industry-specific occupations are not reported.
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