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Introduction

This Thesis investigates the phenomenon of workeallacation across firms, exploiting
comprehensive matched employer-employee data, amdng use of several analytical tools,
especially, network analysis.

Two are the main strands of literature that coumiitthe background of the study: the
investigation of labor market flows, based on adstiative records tracking individual careers; and
the research on the structure and dynamics of ecom@tworked systems.

The flow approach to labor markets fully falls hretwake of labor economics, as the discipline
has gradually developed over the past two decamlessponse to an ever increasing availability of
microdata which has pushed the search for new tealymethodologies suitable both to
manipulate individual-level observations, and tar&st information from huge amounts of data.

The analysis of complex networks is a truly mu#taiplinary matter, with relevant applications
in both social and exact sciences — e.g. sociolpgitical science, history, or physics, molecular
biology, and computer science. Network studies vegrginally introduced in the first half of the
past century by sociologists in search of an dffeavay for representing, and hence possibly at a
glance grasping social interactions among smalligsoof people But the actual boost, that has
allowed such methodologies to spread rapidly acfiets boundaries, dates back to the late 90s,
when a bunch of great strides were made — maingytdiwcontributions from theoretical physics —
that provided mathematical models, as well ass$tedi techniques allowing for the study of very
large networks, driven by the opportunity, and log hecessity of studying global networks, such as
the World Wide Web, involving thousands, or millioactors and interactiohsin recent years,
economists too have been making increasingly useebiork analysis tools, with prominent
examples in game theory and innovation and busisieshes, yet, there are very few applications
of networks to the investigation of labor markats avorker mobility.

At the origin of our work there is the intuitionatleast the wish — of combining together the two
afore mentioned threads of research, applying nsooflehetworks to worker mobility in the labor
market; indeed, people moving between jobs candterally seen as links connecting together
firms or sectors so as to form an intertwined systéhose topology and functional properties can

be quantitatively investigated.

! For instance, the seminal works of Jacob L. Moriertbe years 30s of the past century, William Idayarner and
Kurt Lewin in the 40s and 50s.

2 The mathematical formalization of both the smadldd model, by Duncan J. Watts and Steven H. Stmgand the
power-law model, by Albert-Laszl6 Barabasi and RAKzert, were developed in 1998-1999.

3 Major contributions in game theory come from therkvof Mattew O. Jackson; scholars using networdysis in
innovation and business studies are Lee FlemindteW&/. Powell, Jason Owen-Smith, just to mentidews.



Our endeavor is aimed at offering a detailed anthgues unprecedented description of labor
market structure at a very fine level of resolutiam order to usefully complement our actual
understanding about how workers move between jahd, more in general about how labor
markets really work. In a network approach to erppteemployee mobility, we recognize a
particularly effective way for pinpointing microMel dynamics of labor flows, and for enucleating
emerging features of the worker reallocation prece&duch elements — suitably organized and
interpreted — may then provide useful indicatiamstdetter policy design by the public authority.

Our interest in investigating worker reallocationed not merely stem from the evidence that
worker mobility between jobs is a major featurenaist contemporary labor markets in developed
countries, but it is impelled by the awarenesshef dritical implications reallocation has both on
individual working lives, and on the productivity the economic system. Reallocation represents a
fundamental passage in people’s career, and atgagd level, it is a key mechanism for
augmenting productivity, that is the capacity otragting value added from worker-employer
matche& The outcomes of both single workers and the ertionomy are ultimately very strictly
connected to the functioning of the reallocatioogass, and namely to its capacity of guaranteeing
smooth transitions between jobs, quick adjustménte labor market to changed macroeconomic
conditions, and effective response to demand tmiaogical shocks hitting industries selectively.

Issues connected with reallocation — its effectswmrkers and firms, the conduct of the
economic actors involved, as well as the contracfaems and norms determining its licit
boundaries — constitute a matter of harsh publibate in Italy, a country that has been
characterized by high mobility of workers during ttast decades, where substantial reforms of
labor legislation have been invoked, announced, artially realized, and where new actors —
especially temporary employment agencies — haventic entered the market, modifying job
searching strategies and recruitment behaviors. iMahy aspects concerning the micro-dynamics
of labor mobility are not known, and hence the néeddevote new effort in investigating
reallocation, devising novel ways to approach lbéhsubject and the data.

To address comprehensively these topics impliesingeta broad research agenda that
encompasses very ambitious questions. With the wakented in this Thesis, we do not pretend to
provide neither definitive answers to such questiamor exhaustive systematization of such a
complex matter; rather, we aim at achieving soneeiip and original results, in order to integrate
the puzzle of labor market studies, in the hopeaoftributing with sensible and useful indications

to the work of scholars and policy makers.

* The productivity-enhancing role of labor realldeathas been recently emphasized by Daron Acemoglu.



Throughout the study, our fundamental attitudenvestigation is inspired by two principles:
first, to provide — as much as possible, and toextent allowed by the data at hand — multiple
empirical results about a same phenomenon, exploan extended range of interrelated
occurrences to be evaluated in their mutual reiahi, so as to possibly better orient economic
interpretation; second, to rigorously test eachcei®f the proposed evidence, in order to
substantially reduce the incidence of spurious andontrolled effects on the processes under
scrutiny.

Our empirical investigation is based on administeatecords from the Italian Social Security
Institute. We employ two different databases, therk@r Histories Italian panel, WHIP, and the
Veneto Worker Histories panel, VWH. Both databaaes built on the same type of source data,
covering private sector employees, and consistngfi@yer-employee matched observations. WHIP
is a 1:90 sample representative of the whole hgti@pulation, and we especially utilize the annual
files referred to the period 1987-1998; VWH covits whole population of private workers in a
region situated in the North East of Italy, Venetod we focus on the period 1991-2001.

The analytical toolbox we employ for investigatie quite varied, spanning from standard
econometric techniques for assessing polytomougeHhmehaviors, structural measures aimed at
revealing local and global topological featuredasfje networks, tests for non-Gaussian statistical
distributions, to algebraic algorithms designed torcovering the block-model structure of a
network from its matrix representation.

The Thesis is composed of three Chapters, correépprio three different essays with the

following titles:

1) “Worker reallocation timing and the role of secsmecific skills. Evidence from microdata
of labor mobility”;

2) “Discovering the network structure of labor molyilit

3) “Temporary employment agencies make the world ssnaltvidence from labor mobility

networks”.

The first Chapter, “Worker reallocation timing atlte role of sector-specific skills. Evidence
from microdata of labor mobility”, utilizes the WHI dataset, and focuses on the timing of
reallocation, comparing two fundamental categowésjob changes: those occurring with no
intervening spell of unemployment, termed quicklogations, and those in which two to twelve

months elapse between separation and the nextemgad; termed slow reallocations.
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The literature background we rely upon comprisesleteoof worker turnover over jobs at the
individual level, search and matching models ofildgium in the labor market, and empirical
works on skill specificity at firm and/or industigvel.

We systematically explore the complex web of catiehs linking together reallocation timing
and two particular dimensions characterizing jolange events: wage outcomes, and sectoral
switches.

Our analysis disproves the common presumptiondtoat reallocations are most likely due to
displacement from previous jobs, while we show slosvemployments are associated to
significantly worse wage performance, compared ob-tp-job transitions. Moreover, we
demonstrate that sectoral switches tend to wotsewage performance of slow reallocations.

On this basis, we turn our attention to the intmter mobility patterns embedded in job
changes, in the attempt to understand whetherdheyreveal some indications about the possible
cause of long reallocation time. We find that tmepgnsity to switch between narrowly defined
industrial sectors is remarkably lower for peomellocating slowly, but conditional upon changing
micro-level sector, the probability of switching ona-level sector is substantially higher for these
people, than for job-to-job movers.

Finally, we employ a network-based algorithm in esrdo identify the cluster structure of
sectoral mobility, and we find that quick realldoas tend to form smaller clusters of industries,
which are homogeneous from a product/technologgtpdiview, while slow reallocations give rise
to larger and more variously assorted groups dbsec

We propose a speculative interpretation of reatlonadifficulties, that has the advantage of
explaining the collected evidence all at once. \Wgua there must be a different distribution of
sector-specific skills among individuals, that ewatly plays an important role in determine
reallocation outcomes. Specifically, we suggest fieople experiencing slow reallocations are
characterized by more sector-specific skills, coragao people realizing quick reallocations; the
key difference between the two types of movers ddimt sector specificity manifests itself
prevalently at 3-digit level for individuals reatiating slowly, while it is mostly related to wider
economic areas for people reallocating quickly. Gamclusion is that professional profiles strongly
dominated by skills which are specific to narrowlgfined sectors are likely to be a
disadvantageous factor for people in search of jobsi

Clear policy implications straightforwardly follofsom such interpretation. Interventions should
be explicitly devised in order to provide peoplehngeneral education and general training off-the
job, suitable to crystallize into skills portablerass many jobs; at the same time, workers and thei

representatives should pay much attention to nafgotvith employers a certain amount of general
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training on-the-job, that may turn out being areefive insurance against costly job search and
prolonged reallocation time.

This is the first essay we carried out in our redgaand it is mostly an exploratory study, asit i
evident from the way the Chapter is conceived dnettired: a progressive collection of stylized
facts, knit together by a tentative interpretatitvle took advantage of this study as an initial
opportunity of training, in order for developingndiarity with the information contained in, or
extractable from individual social security recqrdad for building the capacity for manipulating
very large databases.

Network-based evidence is introduced just for cemanting, and further proving the main
results previously obtained by means of econometnalysis. Nevertheless, although network
analysis is used as a minor source of informatibe,cluster-identification technique we employ
represents one of the most advanced tools availaldetect network partitions, and we provide an
original adaptation of the Newman-Leich algorithortie more general case of weighted networks.

The second Chapter, “Discovering the network stm&cbf labor mobility”, focuses on worker
reallocations between jobs from the VWH datasetl srexplores the web of interconnections
linking together firms (vertices) by means of warkkws (links), with instruments typical of
complex network analysis. Two are the main linegmduiry: we test whether the labor network
exhibits the features of a small world, then waneste the statistical distribution of links over
vertices, in order to assess the presence andduoattole of hub firms.

The literature insights we start from in order bajge our empirical investigation span from the
positive relationship between factor reallocatiod aconomic growth, to the paucity of micro-level
studies on worker reallocation in the current &tare on applied labor economics, up to the
importance of understanding micro-level realloaatrnechanisms for designing effective welfare
schemes aimed at supporting individual income duuimemployment.

By examining an organized set of topological feedumwe are able to show the Veneto labor
network clearly exhibits the nature of small worl@,. it is an interconnected system, essentially
dominated by local clustering, with a relativelywfdong-range links that act as shortcuts,
connecting different bunches of vertices which p#ilige would be much farther away from each
other. The crucial functional significance of suai architecture is to guarantee high accessibility
of network locations, i.e. to make it easy reachangelatively large fraction of vertices from any
initial position in the network. The small worldaswell known network model, and in the specific
context under scrutiny, it guarantees effective ifitglof workers across the labor market.

In order to understand which key actors the smallldvconnectivity relies upon, we then shift

the attention towards the statistical distributadnlinks over vertices, showing it is very unequal,
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with marked right-skewed shape, and demonstratings i well approximated by a Pareto
distribution. This means the small world of laboobility is dominated by a few large hub firms,
i.e. firms controlling many more reallocation chalsthan average, having the fundamental role of
keeping the system integrated while also providingrtcuts for network traversal.

The main hub firms can be classified into threeegaties: (1) big and long-tradition
manufacturing firms; (2) companies involved in se#g8 and commerce, typically organized into
chains of stores, or performing services directlytree costumer’s; (3) temporary employment
agencies and cargo handling subcontractors.

For the labor network to maintain its small-worlthacacter, we should pay attention to
preserving existing hubs, or to favoring the emecgeof new hubs in substitution of those which
close down. In particular, we should be concerrtaliithe survival and performance of big, long-
tradition manufacturing firms, and explicit straesyshould be devised in order to achieve this.goal
The failure of such firms — whose operations adayocritically threaten by competition from low-
wages countries, and by the worldwide economiciscris might indeed result in the sudden
occurrence of structural holes within the netwomnkyich in turn are most likely to hinder the
reallocation mechanisms.

Another interesting result emerges from our analydihe network exhibits two-regime
hierarchical clustering, that is a two-slope negatelationship between the cluster coefficient and
the number of vertex connections. Clustering scd®sn slower with connectivity for firms of
small size, than for firms of medium and large siEkis suggests that when designing policies
aimed at favoring firms dimensional growth, we hawemake sure we are providing firms with
suitable tools in order to expand their labor megkeyond the boundaries of local communities.

This essay operationalizes a range of conceptsrau®ls of complex networks into the specific
context of labor mobility, so laying down the foatidns for the next Chapter. In particular, the
functional significance of the small-world modehmade explicit and extensively discussed, as well
as the role of hubs, and the general meaning bf-skgewed link distributions. The network tools
we employ turn out to be useful in order to extnagprecedented information about labor market
structure; moreover, they also prove themselveddoof significant help in the prospect of
monitoring market trends, pinpointing potentialipgltargets with a level of detail up to the single
firm.

The emergence of a special category of hubs, teempemployment agencies (TEAS), led us to
focus our interest on the relationship between rlabtermediation and the structure of labor
networks. TEAs represent a relatively new phenomendhe Italian labor market, and given their

role of brokers of labor mobility, we expect thegncsignificantly influence the process of worker
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reallocation. The third Chapter, “Temporary empleyt agencies make the world smaller.
Evidence from labor mobility networks”, asks pretyshow the labor market reform of 1997, that
allowed for TEAs, has impacted on the worker reatmon network. Two are the main research
guestions we pose: (1) how, and to what extentrimddiaries affect accessibility of jobs for people
who reallocate within the market; (2) how the mag@wer of intermediaries in controlling worker

reallocation flows evolves over time, and which e fundamental dynamics of such process.

Finding an answer to these questions is ultimaehattempt of identifying and measuring the
terms of the trade off between the advantages tefrirediation, given by increased information
availability for the parties, resulting in highescassibility of job opportunities, and the detrinsen
associated to the concentration of labor transastio the hands of intermediaries. Both effects are
inherent in the activity of labor brokerage, antjimate from the fact that people seek for most
informed intermediaries, in order to take maximudvantage of intermediation services, while
intermediaries obtain information through marketangactions with customers, so that
intermediaries with many customers tend to be matractive, and the market evolves according to
a cumulative-advantage logic that favors conceotrati.e. the emergence of a few big
intermediaries dominating the market for reallcmatservices.

The literature we rely upon encompasses both stuatidabor market intermediation and models
of network structure and formation. The rationade the existence of intermediaries is found in
labor market imperfections that hamper an efficraatching between demand and supply of labor,
hence leaving scope for profitably providing seaaciu screening services to both workers and
employers. As in the previous essay, we employ isodenetworks in order to understand the
functional significance of mobility patterns, araldppreciate the role of TEAs within the system,
aiming at possibly pinning down the fundamental na@gsms of labor mobility and network
evolution.

We operationalize the notions of job accessib#itd market concentration in the context of a
labor mobility network. Our first choice is to euate job accessibility by quantifying the impact of
TEAs on the small-world architecture of the netwarkterpreting the tendency of the world of
worker mobility to become smaller as the signahofeased job accessibility, and vice versa. Next,
we focus on the TEAs power of controlling hiringadmels, as revealed by the number of incoming
links of TEAs in the network; we assess the sia#itlistribution of connections over vertices, and
we outline a process of network formation that igroduce the main empirical findings.

What we do in this Chapter is to address a spe@tionomic problem — labor market
intermediation — by applying two network conceptsthe small-world model, and the link

distribution — that we have defined and discussdtie Chapter “Discovering the network structure
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of labor mobility”. The two essays are indeed ddéfg stages of a unique research: the first step
consisting of building up the analytical tools, asbkessing their viability and performance in the
specific context of labor mobility; the second sbepng the application of such tools to the analysi
of a particular subject that is economically relgva

We construct and examine a series of year netwalnkagined by mapping worker reallocations
in the VWH dataset, and we calculate structuralperoes such as network size, components
coverage, average clustering coefficient, and aepath length. We find that, after the economic
downturn of 1993, the complex web of labor mobiltgbly exhibits the features of a small world.
Through counterfactual analysis, we further esshbthat TEAs, soon after their establishment,
make the world of labor mobility significantly sreal reducing average network distance and
increasing clustering, hence making the labor mari@e accessible.

We then move on to the second research questiorthifoaim, we define the number of
incoming links a firm has as the share of hiringrufels the firm directly controls, hence obtaining
a network-based measure of market power of eadlesemployer. We find the distribution of
links is right skewed, with a fat tail, and it ilvapproximated by a power-law or Pareto function
all over the period considered.

Before the arrival of TEAs, the distribution staldyhibits a distinctive upper cutoff, meaning
that there are some forces at play that effectipegvent single firms from controlling extremely
massive shares of reallocation channels.

Soon after 1997, TEAs gather in the extreme taiheflink distribution, and they visibly modify
its shape, pulling up the right tail even beyond prediction of a pure power-law model. TEAs
offset the forces producing the cutoff, and trigggyolarization of the market that can be precisely
appreciated through statistical tests. Such evmiutlearly reveals a process of concentration f th
market for labor reallocations in the hands ofva TEEAS.

We next introduce a model of network formation aina¢ explaining attachment decisions, and
hence at identifying the dynamics of the processvhich TEAs drive the evolution of the link
distribution. We assume workers are located in acspwhere there exist possible targets for
reallocation moves; when reallocating, each wodstablishes a link going from its initial location
(firm) to the target one, so that it is possibledefine a distribution of incoming links over
locations. Workers look for targets that providghthiocation advantage, i.e. targets that have many
connections, and which are reachable with low dasttargets that are close to the initial positio
in the space. Most relevant for us, such tradespfimization model gives rise to power-law
distributed networks, where the exact shape ofitiedistribution depends crucially on the relative

weighing between the cost variable (distance) aedenefit variable (connectivity).
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Such model fits well the empirical distributiongydathe impact of TEAs can be thought as
equivalent to reducing the importance of attachnoest relative to connectivity advantage, hence
making the connectivity variable to primarily driveallocation decisions. According to the model,
if the relative importance of attachment cost iciently small, the system will evolve towards an
extremely polarized configuration in which a snmralimber of locations, or just one single location
will attract all attachment decisions. In our cattes amounts to say a few TEAs would end up
dominating the market for reallocations. Therefdiee correspondence between the empirical
results and the theoretical predictions turns awirig relevant implications for policy.

Since there are forces pushing reallocations irh#mals of bigger intermediaries, we believe the
evolution of intermediated labor markets shouldvmnitored, and markets should be consequently
regulated, in order to prevent the emergence ofapoly power that might offset the advantages of
intermediation. Moreover, our analysis shows tretesy tends to evolve according to a cumulative-
advantage logic; once in force, such a mechanisnarigdifficult to halt, or to mitigate, becauseth
incentive structure at work is inherently self-fenting. It straightforwardly follows that regulato
interventions must be particularly prompt and vae, if we want them to be successful. This
argument in turn reinforces the need for effectharket monitoring.

We believe that — provided good and updated da&awaailable for investigation purposes — an
analytical strategy of the type presented in tlisag can provide both effective monitoring of
market conditions, and ways of evaluating relevagnomic variables on which to base policy

interventions.
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1 Worker reallocation timing and the role of sector
specific skills. Evidence from microdata of labor
mobility

1.0 Abstract

In this Chapter we present and interpret an orgahset of stylized facts about the phenomenon of
worker reallocation in the Italian labor market. Wevote particular attention to job changes
characterized by the presence of unemploymentsspetiveen subsequent employments, which we
term slow reallocations, and which are contrasted quick, job-to-job reallocations.

Job change events are recovered from social sgcadbrds tracking down the work histories of a
representative sample of employees in the privettoss during the period 1987-1998.

We find that slow reallocations are generally agged with worse wage outcomes, compared to
quick transitions.

We then explore sectoral patterns of labor mobiliwith the aim of casting light on the
characteristics which may determine reallocatiameti The propensity to switch between narrowly
defined industrial sectors reveals to be remarkdbler for people reallocating slowly; but
conditional upon changing micro-level sector, thebability of switching macro-level sector is
substantially higher for these people, than fort@ipob movers. Moreover, quick reallocations tend
to concentrate around smaller sectoral clustersgshwdre homogeneous from a product/technology
point of view, while slow reallocations form largemd more variously assorted sectoral
communities.

We speculate that the collected evidence is commipatvith the idea that individual sector-specific
skills are important in determining reallocatioimitng, with more specific skills ultimately
determining higher reallocation difficulties.

The implications for policy that directly deriveom such interpretation are clear, workers should
bargain harder for general training on-the-job, levtpublic authorities should be concerned by
providing more portable skills, either through f@aneducation, or through professional training
off-the-job.



1.1 Introduction

The mobility of workers between jobs is a releviature of contemporary labor markets in most
developed countries. The incidence of job changes the lifecycle of individuals is typically very
high in Anglo-Saxon countries, but it is quite sfgrant also in some countries of continental
Europe, like Italy and France (Contini and Pac&005). Employment relationships are mostly
long-term, nevertheless, individual work historege not simply a matter of getting hired in a job,
when entering the labor market for the first timed then holding it until retirement; more and
more, working lives are punctuated by employmeminges, sometimes with intervening periods of
unemployment, temporary exit from the labor formesequences of very short employment spells
in seasonal or time jobs.

Job changes affect workers in various ways, but te&tionship with occupational outcomes is
generally not clear cut a priori. On the one hgold,changes play a fundamental role in promoting
individual careers, contributing to upgrade proi@sal profiles, and to rise wages. The flowing of
workers across jobs can be indeed viewed as ansEsoeallocation mechanism that in principle
allows to extract a higher value added from workeployer matches, hence yielding higher
payoffs for both parties. On the other hand, to enfsem one job to another may be difficult and
costly for workers, requiring a prolonged periodsefirch, either on- or off-the-job. In turn, when
experiencing a long period of unemployment, andibgasubstantial search effort, people may be
more willing to mismatch, to the detriment of empteent conditions. This is particularly true
when labor demand is low, information about vacasmas hardly accessible, or when individual
skills are specific to narrowly defined sectorsjstoffering limited possibilities of re-employment.
More in general, the matching process through whechployee and employer establish a
relationship is uncertain by nature, and it mayiteés bad matches, calling for further revision.

In the present Chapter we establish an organizedfsempirical regularities — some of which
are unprecedented in the literature, to the bestioknowledge — concerning job changes, with the
primary aim of characterizing patterns of interegtareers, or difficult reallocations, eventually
inferring some plausible mechanisms at the rosuch difficulties.

The first and most intuitive way in order to appa¢e the success of job changes is to look at the
paceof labor reallocation, that is to say whether wlials pass from one job to another with or
without experiencing periods of unemployment. Unkyment is obviously harmful for workers,
because it leaves people without salary, and itgeasnthe accumulation of pension requirements,
bearing down on future income as well. Besidesmpleyment is most likely to progressively

induce people to adapt to worse and worse job tondi and to accept wage cuts — this



phenomenon is known as the “scarring” effect of mpleyment. In more general terms,
unemployment and poor reallocation outcomes cahdsimultaneous effects of a common cause,
most likely an individual characteristic, for insta the lack of certain qualities, like professiona
skills, or entrepreneurial ability. Hence, periadsinemployment interrupting working careers may
signal categories of workers which are particulatiinerable and exposed to more bumpy, and less
rewarding working-life paths.

Our measures of worker turnover in the private etelent employment in lItaly, referred to the
period ranging from mid 80s to late 90s, show tRh&% of the total sum of separations and
engagements is accounted for by transitions frdartggob, with at most one single month elapsing
between separation and consequent engagement, &89 to reallocations occurring in two to
twelve months, i.e. with career interruptions, ¥tdlated to workers engaging into new jobs one to
two years after leaving old jobs, the rest being mecessions, retirements, and a minority of very
long-term transitiorfs The share of worker mobility explained by job ©hes taking place in two
to twelve months is quite impressive, revealingt thareer interruptions are indeed a major
phenomenon, punctuating people’s working lfves

Career interruptions of the type mentioned above maprinciple result from the deliberate
choice of workers to leave the labor market for sdime, remaining inactive, in the prospect of
promptly finding a new job, when deciding to reanprivate employment. If this is the case, the
observed re-entry times do not reflect actual clitties in finding jobs, but rather voluntary
unavailability of people to work. However, in a oty like ltaly, that has been affected by
persistent, high unemployment all through the $0sh occurrence appears to be unlikely, all the
more that maternity and sick leaves — typicallyrespnting major reasons in order for temporarily
stopping working — are acknowledge by law in altibiaal Labor Contraét It seems much more
probable that the observed interruptions represeatunemployment episodes, stemming from job
matches that have simply come to an end, owingigmidsals, or to workers’ decisions to quit,
possibly against their real will.

Building on such observations, we carry out an eicgdiinvestigation by first pinpointing career

interruptions, based on reallocation timing, anentlileveloping a comparison between quick and

! See for instance Arulampalam (2001), Gregory duices (2001), Arranet al (2005), Garcia-Perez and Rebollo-
Sanz (2005).

2 Turnover measures are obtained from the admitiigraataset that will be presented in the nextiSes. A similar
analysis can be found also in Leombruni and Quargi05).

% In the sample of workers we consider hereafté,nBonths elapse, on average, from the separatitimetfollowing
engagement, for people reallocating in two to twehonths; descriptive statistics are in Table Alldt Appendix 1.2.

* Our study refers only to employment relationstipshe private dependent employment, mostly gowéine open-
ended contracts negotiated at national level whicide substantial employment protection.
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slow reallocations, encompassing the whole €ssafe devote most endeavor in exploring the
complex web of correlations between reallocationirig, wage outcomes, and sectoral switching
patterns. In particular, we believe the sectorahatision of job changes can effectively hint at
factors determining the short-term unemploymentispee observe in the data. At the root of such
approach lies the idea that any diversity foundthiea sectoral patterns of slow reallocations,
compared to quick reallocations, may reveal, alingirectly, some fundamental traits associated to
reallocation difficulties, which are not otherwidieectly observable in the data.

For instance, different patterns of sectoral mgbiinay hint at more or less sector-specific skill
endowments, that in turn may result in sizablyedight chances of finding jobs in the labor market.
Are people who maintain a close relationship wiktricted clusters of productive sectors more
successful than others in reallocating? Or alterelyt are the most furthered those who move
across sectors, because of more portable compstéinaecan be exercised and remunerated in
different areas of the economy? Questions of thed kare of primary importance for our
understanding of labor market functioning, and iouestigation aims at producing useful clues, in
order to find answers.

We are impelled to undertake this type of studp &lg a mass of research on real business cycle
and macroeconomic fluctuations, indicating howtimies in the mechanism of labor reallocation,
stemming from sectoral specialization of skills katt is sector-specific human capital — can
significantly hamper the flowing of workers acrossctoral employment basins, in response to
asymmetric demand shocks, resulting in higher umeynment for workers dismissed from
declining sectofs The major difference between the present studypaavious works, is that we
consider all types of worker transfers that talacelin the market, capturing reallocations not just
originated from displacements and crises; henceareeable to study sectoral mobility with respect
to the bulk of labor mobility, exploring its relatiship with reallocation timing.

Making use of Social Security longitudinal recordsferred to a representative sample of Italian
workers in the period 1987-1998, we are able tonshmat the sorting of workers according to
whether they experience or not a spell of unempgrynbetween subsequent jobs is not primarily
determined by the dismissed/non-dismissed conditibrthe time of separation. Most indirect
reallocations do not originate from layoffs, nehiefess, they prove to be associated to significant

wage losses, compared to direct transitions.

® Henceforth, quick transitions are also referredgjwb-to-job or direct reallocations; slow transitions are also termed
indirectreallocations (more detailed definitions can henfibin Section 1.4).

® See for instance Lilien (1982), Davis (1987), Bati al (1996), Haltiwanger and Schuh (1999). Theoreticatlels

of labor reallocation which take explicitly into meideration the sectoral segmentation of the labarket as well as
possible attritions in the inter-industry transitichave been proposed by Lucas and Prescott (19gpt (1997), and
more recently, by Rogerson (2005).
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We then set up a regression framework, aimed dti@uag how reallocation timing is correlated
to the propensity of switching industrial sectoreofiployment. Our key finding is that, compared to
job-to-job movers, people experiencing career rofgrons tend to remain more attached to the
original micro-level industrial sector, but wheraWeng such economic branch, they are more
willing to change macro-level sector.

Finally, we resort to a network-based methodolagyider to discover and explore the group
structure of inter-sectoral worker flows. Such se&l further reveals that job-to-job movements
tend to concentrate around smaller clusters, thlmat sbomewhat homogeneous in terms of
technology/products, while indirect reallocatiom®up into larger, and more variously assorted
communities of economic activities.

All findings appear to be consistent with the idleat reallocation difficulties may be caused, to
a significant extent, by professional endowmentsdespecific to very narrow sectoral labor
markets. This speculative interpretation — besideg based on sensible and quite insightful
principles, and also in accordance with findingdla@stablished in the literature — appears to be
very effective in explaining all at once the whekt of empirical results. Implications for policyea
quite straightforward. In order to facilitate remétion, and hence an efficient functioning of the
labor market, public authorities should be concéraleout providing workers with a good basis of
general, or portable skills, either directly, thgbugeneral education, or by promoting ad hoc off-
the-job training. At the same time, workers andirth@ganizations should be seeking for
contracting on-the-job general training.

The Chapter is organized as follows: Section 1@oms and comments on some relevant
contributions of the literature on worker turnovg@bh matching, and sectoral mobility of labor;
Section 1.3 describes the administrative datase¢mgloy; Section 1.4 outlines the difference in
the relative wage outcomes associated to directiraticect job changes; Section 1.5 presents the
estimates of the probabilities to change 3-, 2didit sector in a logistic regression framework;
Section 1.6 proposes a speculative interpretatioth® evidence so far collected; Section 1.7
introduces the network-theoretic tool for the asm\yof sectoral mobility, and discusses the results

finally, Section 1.8 concludes.

1.2 Theoretical background

The phenomenon of worker turnover has been addfegsite extensively in labor economics

literature. Two are the main sources from which flbaving of workers across jobs originates:



(i) the reallocation of workers over existing jol{s) the turnover of jobs generated by market
forces, that in turn gives rise to workers realtmorafrom ceased to new jobs.

The job-matching approacho labor turnover offers a substantial body ofotle¢ical research
that provides an explanation for the turnover agdrom the deliberate choice of one of the parties
to cease an existing employment relationship. Bsdbn separations — namely, the breakdown of
employer-employee matches — of such kind are gestetsy the interest of the parties, worker and
employer, in revising their match, whenever morduaile opportunities can be foreseen.
Permanent separations occur any time entrepret@kgor improving the productive assortment
of their employees (layoffs or dismissals), or wipeople voluntarily leave their position, searching
for a better job (quits).

A rationale for job turnover can be found in themdon of creative-destruction models of
economic growth. In this view, endogenous innovaticause the displacement of less productive
establishments in favor of more productive onesegating a worker reallocation flow that goes in
the same direction. Similarly, demand shifts triggiee reallocation of production and of the
associated jobs from declining economic sectoexpanding ones.

Job-matching theory constitutes perhaps the mastiéa setting for modeling individual worker
turnover in micro-labor economics; at the same tithis theory is also the basis for the study of
aggregate labor market dynamics, as in unemployegumtibrium models. The ultimate engine of
turnover is assumed to be the variation in theesaflabor productivity across different worker-job
matches, and thus the variation in the payoffshef parties involved. Models embedded in this
tradition presuppose, on both sides of the markgierfect information about the exact location of
a worker optimal assignment; moreover, employees alowed to contract with workers on an
individual basis.

The classical framework proposed by Jovanovic (A9 &38sumes that for each worker/employer
a non-degenerate distribution of productivitiesoasr jobs/workers exists. The quality of the
employer-worker match is initially uncertain, it @ “experience” good, in that the only way to
determine it is to form the match, and experieriteTihe real productivity of the match is then
revealed gradually over time through an outputaighssuming the parties share the value of labor
productivity according to some predetermined arddirule, if the realized match quality turns out
to be lower than the reservation match quality,k@oand employer have the option of ending the
match, and subsequently starting an employmentioethip with a different counterpart. Hence,
turnover arises as the optimal reassignment of &rsrto jobs, caused by the accumulation of new

information about existing matches with the passdHdane.

" The same notion is also used by Johnson (1978pitelling job shopping over working life.



In Jovanovic’s original formulation, workers receithe full value of their marginal productivity;
firms are thus indifferent to whether workers stayeave, and all relevant separation decisions are
quit decisions. Moreover, only movements from joab are considered, and no assumptions are
made in order to explain how workers can locateradtive jobs. Nevertheless, this simple scheme
accounts for a range of empirical findings aboet ¢brrelation between tenure and turnover. Most
importantly, the model predicts that the worken'slyability of separation is a decreasing function
of job tenure. This is because a worker-employemnmatch is more likely to be detected early than
late, and bad matches are expected to end relatjuétkly, once the low quality is acknowledged.

Building on the same basis, Farber (1999) notibes the gradual mechanism of information
disclosure/detection also provides an explanatiortie increase in monthly separation frequency
observed very early in job relationships. At theyvbeginning of an employment relationship,
uncertainty about match quality is likely to be ywéiigh, while quitting/dismissing can be costly;
thus, there actually is option value in the mataoig workers and employers may decide to continue
with the relationship, despite some signals of pomatch quality. Over the very first months after
engagement, as the information about match qualitgvealed, separation rates increase, and bad
matches are dissolved. The remaining matches are ilgh quality matches, whose separation
rates are low and decline in time.

Early on-the-job search models of individual tureguike those proposed by Mortensen (1978)
and Jovanovic (1979b), look at the matching pro@essdifferent wa§. A worker-employer match
is considered to be a “search” good, implying #esting matches dissolve due to the discovery
(location) of new information about alternative oppnities, while the parties are assumed to be
able to value any prospect match with certaintyeolocated. The search strategy consists of two
components: a criterion for acceptance of alteveatnatching occasions, and a measure of search
intensity, that ultimately determines the frequeneith which alternatives are located. An
established match survives until a better alteveais discovered by either agent. The main
contribution we can grasp from such models is thatprocess of locating alternatives in the labor
market is realistically costly and time consumiggnerating a trade off between the benefits and
costs of stronger search.

In another piece of work, Jovanovic (1984) goesep $urther, merging together his classical
matching model (Jovanovic, 1979a) and the searamdwork proposed by Burdett (1978),
allowing for search both on- and off-the-job, andnte for moves from employment to
employment, as well as from employment to unemplaytnand vice versa. The resulting model

provides two main contributions to the charactéi@aof job-to-job movements. It predicts that

8 For a survey of search-theoretic models of thedanarket, see Rogersenal (2005).



workers are inclined to give up a job with a stalbbege, in favor of a job with a lower initial wage,
provided that the new job guarantees the chahggowing wages. Moreover, as tenure increases,
workers can become more inclined to quit, as langhair wages remain constant, and their non-
firm-specific productivity grows.

Both Jovanovic (1979a, 1979b) and Mortensen (19&€8plain the negative, structural
relationship between separation probability andtgriure, by means of the accumulation of firm-
specific human capital Match quality depends on characteristics botlwofker and employer,
hence it is inherently match specific, and themfor can be viewed as a form of firm-specific
human capital. High quality means there is somgth@luable in the match between worker and
firm, that has no value outside the relationshipthis case, neither party has incentives to ead th
match.

In general, specific capital of the kind so farcdissed accumulates over time, as result of non-
recoverable investments in the employment relatignsA typical example is the training of
workers in particular skills that have a role ie firm, but no value elsewhere. Then, the meaning
of the matching models proposed by Jovanovic andtévieen can be rephrased as follows: as
tenure increases, firm-specific capital accumulates, consequently, the likelihood of separation
decreases. High levels of specific capital can aRrpthe existence of long-term employment
relationships, while low levels can be compatiblghwmore frequent separations. However, as
highlighted by Farber (1999), it is difficult to @mically validate the specific-capital interpredat,
because specific capital is not observed direethy] the wage need not reflect productivity, when
there is specific capital.

The single-agent models so far mentioned defineetisential incentive scheme for individual
turnover, and they are the base of the equilibrapproach to matching in labor markets, used in
macroeconomics. Models belonging to this lattearstrfocus on aggregate job flows, as opposed to
individual turnover; a well-known example is theugiiprium unemployment model developed by
Mortensen and Pissarides (1994). In their framewibr process of matching takes place between
job vacancies and unemployed workers, no on-thesgaych is considered, and worker flows are
generated only by job turnover. Jobs are createddestroyed, according to idiosyncratic
productivity shocks arriving randomly. Job turnovence arises as a consequence of varying
uncertainty in match productivities.

Pissarides (1994) also proposes a search-equitibseiting that allows for both on- and off-the-
job search. More recently, Moscarini (2005) bringggether the microeconomic and the

% In Jovanovic (1979a), specific capital has thenfaf information about the quality of the workerfgoyer match.
The process of accumulation of specific capitalrdime is symbolized in this case by the progressewvelation of
information about match quality.
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macroeconomic views of matching in labor markeesting a job matching modalla Jovanovic
(1984) into a Mortensen and Pissarides (1994) dquiin search environment.

As far as sectoral mobility of workers is concernedrnes (1954) is probably the first author to
provide a systematic contribution on this topic.eTéuthor introduces explicitly the difference
between reallocations involving a change of empioymut not of the type of work, and
reallocations characterized by changing both engsl@and type of tasks performed. Parnes also
provides some empirical evidence showing that #igerl type of job changes is more frequent
among young workers, who also engage in a highebeuo of changes.

The distinction introduced by Parnes is used byl EZ09) to study job changes among young
workers, and for developing a two-stage model bfgearch. Workers first search for career type,
and once they have found it, they look for a firratalm. Changes in type of job are thus more likely
to occur early in working life, while, as experieneccumulates, workers are more likely to search
over employers, within the same career. It stréaghviardly follows that the probability to observe
cross-industry mobility declines, as working expede increases. Using data from the National
Longitudinal Survey of Youth in the US, Neal offessme evidence in direct support of this
interpretation, showing that more than half jobrajes made by young men involve both a change
in job and a movement across sectors.

Jovanovic and Moffit (1990), and more recently Giegay, Upward, and Wright (2000), argue
that inter-sectoral mobility is due more to job-k@r mismatches, than to sectoral shocks. A large
fraction of job creation/destruction and of job Bhas occurs within narrowly defined industries,
and therefore, the prevailing forces driving readliton flows are likely to be firms and workers
idiosyncratic differences. Demand shocks that imhpacsectors differentially generate a net flow
between sectors only throughwage effect: an unfavorable shock in a givenosemioduces a cut
in the wage firms are disposed to pay, consequevtltkers start looking for more appealing jobs
in expanding sectors. Of course, such a reasorpptiea only in labor markets where wages are
highly flexible and are allowed to adjust downward.

Using Quarterly labor Force Survey data for the Wjott and Lindley (2001) explore the
consequences of within- and between-industries sadent on individual wages, and on the
transition into and out of unemployment. They fthdt the wage differential received by between-
industry movers is lower than the one obtained Hmthwithin-industry movers and by stayers,
suggesting that workers who change industry — églhemanual workers — are more exposed to
wage losses, as a consequence of loss in indystgifie human capital. The authors also find it is

not always the case that workers with lower quadtion are less mobile between industries.



The multi-sectoral model of job search and matchirgposed by Moscarini and Vella (2000),
predicts mobility across sectors is negativelya#d by skill specialization, and positively afiedt
by depressed labor market conditions. In a recamkwGolan, Lane, and McEntarfer (2007)
address directly the issue of sectoral changesgusatched employer-employee data drawn from
the Longitudinal Employer-Household Dynamics Progre of the US Census Bureau. The
authors find that workers who are employed in imdes providing low returns to tenure are much
more likely to reallocate across industries, imglicsupporting the idea that accumulation of
industry-specific human capital has a negativeceéfda cross-sectoral mobility.

Haynes, Upward, and Wright (2000) compare US anddata to test the “smooth adjustment
hypothesis”, that states intra-industry reallogagi@re less costly than inter-industry ones. They
find that workers employed in declining sectors r@@e mobile in both countries, and in general,
individuals are more likely to switch sector theder they are unemployed. Moscarini and Vella
(2008) focus on occupations, rather than on indglstectors, and based on matched monthly files
from the Current Population Survey in the US, thiag that occupational mobility declines with
age, family commitments, and education. But higgregate unemployment somewhat offsets the
role of such variables in the choice of career. Tdea conveyed is that, when few jobs are
available, workers accept any job that comes alang, they are willing to mismatch, whereas
when jobs are easy to find, individual comparatadvantages matter more, and unemployed

workers search more selectively, and mismatch less.

1.3 The WHIP dataset

We base our investigation on the Work HistorieBdtaPanel, WHIP in short, a longitudinal panel
made up of administrative records covering botimgiand workers, obtained from Inps, the Italian
Social Security Institut8. The original Inps archives comprise private firausive in industrial and
service sectors, with at least one employee; atui@l firms are excluded, but services and other
activities connected with agriculture are includéde central administration of the State is enfirel
absent from the archives; mail services, stateddeachers, administration of justice, army, and
government agencies are excluded as well. Howdher,archives cover companies owned or
controlled by the State, and public utilities (wateslectricity, energy supply, municipal
transportation). Apart from services offered dikgbly the central administration of the State, then

an almost complete coverage is granted for depé¢muaployment in industrial and service sectors.

° The WHIP database is developed by the Laborafri®evelli — Center for employment studies, basedrin,
Italy: http://www.laboratoriorevelli.it/whip.
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Each year and for each employee, the followingrimfttion are available: place of work, months
for which wages are paid, number of weeks and a@eysally worked, date of closure of the
relationship with the current employer, total wageeived, type of occupation (apprentice, blue
collar, white collar, manager).

Inps archives keep track of the individual wagewdrich social security contributions apply,
which in most cases comprises of the amount of jman@orker receives while actually supplying
labor (including overtime, night shifts, and holydavork bonuses), as well as certain non monetary
benefits like meals, and possible supplements guaniployers. Such amount constitutes the basic
workers earnings.

For each employer, the following data are recordied: location, dates of beginning and closing
down of activity, code of the main economic activiBesides, each month for each employer, the
average number of employees by occupation, antbthkewage bill by occupation are recorded.

The WHIP database is a representative sample dfaien working population, in the economic
areas covered by Inps. The longitudinal sampldtained as follows: for each calendar year in the
period 1985-2001, the records of the employees barthe 18 of March, June, September and
December are selected. In this way, a sequenceughty 1:90 systematic samples of the Italian
population is formed. Each year sample includesamately 100,000 workers. Using available
identifiers (Tax Identification Number and Sociacarity Code), individual longitudinal data are
generated for each sampled worker, relative to paltiod 1985-2001, and various events
characterizing individual working careers are medtasly reconstructed. Univocal identifiers
ensure the linkage between workers and firms, gofitms history and attributes can be attached to
each worker file present in the sample. A comparabluable firm-worker connection is provided
in Italy only by VWH panel, based on the same Ispsrce data.

There is no attrition in the WHIP panel, excludimgnor updating problems, e.g. delays in the
acquisition of information from the firms.

For the purposes of the present investigation, elecs from the WHIP annual files job change
events referring to workers for which we can obsdwo consecutive job spells in the period 1987-
1998, net of transitions occurring between seasjmfisl in the tourist trade sectbrWe consider

individuals of both sexes, aged 15 to 65.

1 To identify consecutive experiences in seasorta joe require that, limited to the tourist tradetsg the job spells
last less than six months, and that more than sinths elapse between them. With respect to 1988tahan National
Institute of Statistics (ISTAT) estimates seasgolas to account for less than two percent of dkjo
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1.4 Reallocation timing and wage outcomes

We begin our empirical research by evaluating #iative wage performance related to job change
episodes, with respect to three relevant dimensicaieer interruptions, displacement condition,
and sector switches. We first describe how thefsenmation are extracted from the Social Security
data; then, we draw attention to the fact thateramgerruptions do not seem to be determined by
displacements; and finally, we run a wage regreseier a set of control variables, that allows to
measure the wage differentials between the groupsnterest, net of several observable
characteristics that might otherwise blur the conspa.

The initial phase of analysis amounts to identify fundamental statistical units, i.e. job change
episodes, and to classify them, according to whethensitions occur with or without an
intervening spell of interruptiorzor each individual experiencing two consecutivie gpells, the
information contained in the administrative arclsivedlow to measure accurately the number of
months elapsing between the first separation amdsthbsequent engagemeklie can hence
observe the re-entry time into dependent employnrerthe private sector, but we do not have
explicit information about the workers actual ssatiuring inactivity; we only know that in the time
span between separation and engagement, individtalsot employed in the private sector.

In principle, during observed inactivity, four difent events can occur: (1) the individual is
unemployed; (2) he/she is temporarily out of tHelaforce; (3) he/she works as self-employee; (4)
he/she works in the public sector. But such evargsot equally probable.

From previous studies, we know that event (3) oerraye involves less than 10% of all
separations (Contirat al, 1996), and conditional upon workers re-entepnigate employment, it
is even less likely to happen. As for event (4)eméering the private sector after moving to the
public one is very unlikely in Italy, where publiemployment is usually a lifetime event
(Leombruni and Quaranta, 2002).

As already mentioned in the introduction, we chotseocus our work on two particular
categories of job transitions: job-to-job moves,which at most one month intervenes between
separation and engageméntand transitions in which two to twelve monthspsk between
separation and engagenéntn the latter case, the twelve-months threshe#dricts investigation

to only relatively short-term transitions, furthaurbing the likelihood of occurrences (3) and (4).

12 |1n the administrative archives, the informatioroab separation/engagement dates are recorded wibmonth

granularity. This means that one to 60 days canadlgtelapse between separation and engagememntdfiocations

classified as job-to-job.

13 We have carried out a sort of sensitive analysliswing for different definitions of the reallodan categories;
namely, we have comprised in the job-to-job ddfinitalso reallocations occurring within two or thnmonths, and the
results have proven to be very similar to thossgmeed henceforth.
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Moreover, under this condition, event (2) turns wube much less probable as WelDverall, we
believe our particular choice of reallocation catégs allows us to think of inactivity spells mgstl
as true unemployment. Of course, this does not yintpat the costs and detriments of
unemployment are equal for all unemployed peopbe timat they have the same urgency to find a
job, nor that they all search with the same intgnsi

We now want to put in relation our two reallocatimategories with a fundamental dimension of
job change, that is its voluntary or involuntarytura. Some transitions indeed arise from the
deliberate choice of workers of leaving unsatisiacpositions, some others are the consequence of
(possibly unexpected) dismissals

In the Social Security archives, no information @bilne nature of separations is recorded, and
hence we cannot directly distinguish between qaitd layoffs. But taking advantage of other,
detailed information contained in the dataset, s identify displacements indirectly, and then use
this information as a proxy for detecting involuytanovers.

Displacements usually originate from three typesewénts: (1) firm closures; (2) collective
layoffs; (3) individual layoffs. Unfortunately, ithe data at hand there is not a reliable way for
identifying displacements related to cause (3), thig should pose much of a minor problem, as
ltalian employment protection legislation makes tkind of discharges generally diffictlt On the
contrary, episodes related to causes (1) and (2beaecognized under plausible assumptions.

As for displacements due to cause (1), we idergifypeople separating from their job in the
same year in which firms close down and exit theketa In order to minimize the possibility of
capturing spurious displacements in the presenceoofpany transformations, we also add the
condition that workers do not immediately engagengwly established enterprises. As for
displacements due to cause (2), we select worleparating from businesses that have reduced the
labor force by more than 20%, between the yearpamation and the year before. These criteria

together lead to our more stringent definition @fpthced workers. We consider also a looser

4 Workers may be willing to stop working, in order attend a period of formal education, aimed atrowing their

professional profiles, or in order to look afteildten or family. But formal training, and matemnior sick leaves are
well acknowledged by all National Labor Contrads, that such events cannot be considered commaongdor

permanent separations.

Moreover, it is worth stressing that, conditionglon re-entering private employment, even assurntiadg) workers

temporarily leave the labor force, it is a factttieey must spend some time searching activelyafgb, during the
short period of non-employment that we observecaeualifying as unemployed.

15 The first occurrence is a case of job-match remigiom part of the worker; the second may be dtieeto job-

match revision from part of the employer, or to destruction of that particular job, by the actafmarket forces.

% 1n firms with more than 15 employees, individuardissals are allowed only with “good cause”, apdsed by the
Paragraph 18 of the Workers’ Statute, adopted #1See also Contini and Morini (2007).

17 Out of caution, we also exclude from the categgrglisplaced workers people who ended the old jbbenbeing in

a wage supplementation regime (the so called CIGIGIS), and who then reallocate job-to-job. Thesepte, possibly
working zero hours at the time of separation, arialy in a subsidized condition that at leasttlgacancels out
displacement detriments.
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definition, which also includes individuals who pisy anticipate a future layoff by leaving their
job during the year just before firm closure. Thdsénitions lead to quite similar results.

The first possible explanation for the material@atof unemployment between jobs is the
involuntary nature of the separation at the origfithe worker reallocation. We may indeed expect
displaced workers to reallocate mostly slowly, hseathey are more exposed to the eventuality of
engaging in job search after separation. But takibg account that layoffs are usually notified to
workers some months in advance, it is in principbssible for a displaced worker to search and
find a new job while still employed, entering thewnjob soon after separation, hence, without
experiencing unemployment. Moreover, a worker fgdime shock of being laid off may be more
willing to search harder for new employment, thimwing a higher propensity to reallocate
quickly (Reyneri, 2002). So that the relation bedwealisplacement and reallocation timing cannot
be fully predicted in advance.

In the sample of job change events we considelyimgpthe strict definition provided above,
displacements account for 22.5% of total reall@cetj and 62% of laid-off workers reallocates job-
to-job, whereas the remaining 38% reallocates io tovtwelve months. Using the less stringent
definition of displacement, layoffs account for 2% of total movements, with 61% of workers
experiencing job-to-job transitions, and 39% rezdlong slowly. This evidence is of central
importance for our study, because it clearly shtivas it is not the displaced condition that mostly
determines the sorting of workers into the categofyindirect reallocations. Indeed, strict
displacements give rise prevalently to job-to-joéansitions, and account for approximately one
fifth only of total movements.

Keeping in mind such evidence, the wage outcomataelto job change episodes can be
assessed, according to various dimensions of sttemamely, the presence of spells of
unemployment between jobs, the displacement camd{tess stringent definition), and change of
the economic sector of activity. Our straightford/atrategy consists in running an OLS regression
of wage variations on a vector of individual chageaistics, a vector of firm characteristics, anddi
dummies.

The basic statistical unit is the change in log-evhgfore and after job transition, that we call
wage outcome. The sample we use is made up of 9%9%bservations related to 76,347
individuals, hence, we deal with repeated obsematiat individual level. Job-to-job transitions

account for 51% of total changes, the remainingdpeeallocations taking place in two to twelve
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months. Slow reallocations, as well as displacemantl sector switches, are identified by means of
dummy variable¥; all other covariates are evaluated at the timsepfration.

We focus on wage dynamics in the neighborhood lofcjeanges, comparing the salary received
during the last period spent in the old job, wtik salary obtained during the first period in tlegn
job. It is important stressing that we only accofortshort term loss/gain due to the differential
between exit and entry wages, while we do not dangpossible wage progression in the new job;
hence, our conclusions about wage outcomes aredrnto short-period horizon.

In the Social Security archives, salaries comeninual amounts, we thus consider the average
weekly wage received in the years of separation emgagement. If separation (engagement)
occurs between January and June (July and Decenaret)therefore we observe less than six
months of potential tenure, we additionally averager the year before (after) the year of
separation (engagemeflt) Salaries are taken in real terms. In order tdtlite influence of
outliers, we exclude from the analysis all obsaovet yielding a wage differential comprised in the
two extreme tails of the overall distribution of geadifferentials, i.e. we exclude observations
below the & and above the 85percentile$.

To control for composition effects across the gsoop observations we want to compare, we
incorporate among the covariates a set of inditidimaracteristics, including gender, age (3
classes), qualification (4 categories), tenure kssesyY. We also add a dummy identifying
permanent movers, that is people who have alrehddynged job at least three times before the
current observation. Some characteristics of tddioh are also considered, comprising location (4
areas), industry (10 macro-sectors), and firm dsmmn (5 classes). Finally a vector of year
dummies is incorporated, to account for cyclicatfuations at economy-wide level. Unfortunately,
in the archives there is no information about stihgo To partly get round this limitation, we
include as regressor the average week wage beéparation, as a rough proxy for attained
education, and more in general, for the skill leaxeknowledged by the firm.

In the OLS setup, we technically face a problenmenfiogenous selection due to unobserved
heterogeneity of workers, that is likely to simokausly affect wage outcomes, reallocation timing,

and also the sectoral patterns of job change. Thpepsity to reallocate slowly can in fact be

'8 See Section 1.4 for more detailed information altloe: classification of economic activities adophbedeafter.

9 When dealing with Italian Social Security data athsalaries, Contini, Filippi and Malpede (2000ygest to employ
week wages instead of day wages, in order to redweeestimation risk, due to the tendency — espgailiffuse
among employers in the south of Italy — of declgless working days than the real weekly amount.

Hence, the span of potential tenure considereciferage wage computation ranges from a minimur4ofo a
maximum of 72 weeks.
% This is a common procedure when working with So8&curity data on wages.
2 Tenure is left truncated at 1985, we thus conssiterdiscrete classes of observed tenure, the bbeisg “one
month”, and the highest being “equal to or moretd4 months”.
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correlated to the regression residuals, if theeeiadividual unobservable traits affecting both the
probability of experiencing unemployment and readlion outcomes. This is likely to be the case,
for instance, whenever workers have different skiitlowments which are not directly observable.
A problem of endogeneity arises also in the casesaaftoral switches, as far as individual
unobservables manifest their effects accordincheodectoral dimension of reallocation. Besides,
the wage level in the old job is likely to be endogusly determined too, since it reflects the past
working history of the worker, which is influencég unobservable individual ability, talent, and
professional attitudes in general.

Hence the OLS coefficients of the independent e of interest cannot be given a causal
interpretation, and consequently, at this stagthefanalysis, we can just appraise the intensity of
the correlation between dependent and independeiatiles. Next Section will then be devoted to
investigate more in detail the relationship betwesadlocation timing and sectoral patterns of job
change, in search of interpretable behavioursdaatactually reveal some particular, unobserved,
individual trait suitable for determining the obgedl correlations. Here, we simply go on estimating
the wage equation, bearing in mind that the madeitf the coefficient of the reallocation dummy
will reflect the compound effect of all factors efting wagesrough andin association tacareers

interruptions.

Tab. 1.1- Relative wage outcomes related to job changes, Ol&gression

type of transition/status change imwage (logs) t-stat.
robust std. error p-value
model | slow reallocation -0.0830 -63.25
0.0013 0.000

displacement -0.0069 -4.90

0.0014 0.000

switch 3-digit -0.0069 -5.45

0.0013 0.000

model Il slow reallocation -0.0582 -29.50
0.0020 0.000

displacement -0.0003 -0.16

0.0017 0.873

switch 3-digit 0.0132 8.21

0.0016 0.000

displacement*slow reallocation -0.0121 -4.48

0.0027 0.000

switch 3-digit*slow reallocation -0.0393 -16.20

0.0024 0.000

Model I: n° of obs: 159,493; R-squared: 0.3361; Stdors adjusted for clusters at individual level.
Model II: n° of obs: 159,493; R-squared: 0.3373}. &trors adjusted for clusters at individual level
Control variables and constant omitted.
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Table 1.1 reports the OLS regression results wedb the three crucial dimensions we want to
focus our attention on, all other covariates aréttenh for brevity>. Two different specifications of
the wage equation are shown. In the first one (mbhdéhe variables of interest enter the equation
separately; in the second (model Il), we also idelan interaction term obtained by combining the
reallocation variable with the other two variablss, that the impact of displacement and sector
switches in association with slow reallocation t@nappreciated, hence, model Il hasI&F-IN-
DIFF form. The reported coefficients can be interpredsdpercentage differences between the
wage outcomes of the two categories identifiedHgydorresponding dummy variables, net of the
effect of other variables.

Let us first focus on model I. After controllingrfeeveral observable characteristics, people
moving job-to-job realize a wage outcome more tB& higher, than people who experience a
short spell of unemployment between jobs; thusngerruption of the working career seems to be
generally associated to considerably worse wag®peances. This in turn supports the idea that
reallocations involving unemployment can indeedhppeople to adapt to worse wage conditions,
perhaps in order to avoid remaining unemployedaforeven more prolonged tiffe At the same
time, switching 3-digit sector, as well as displaeat, seem to have only a limited impact on wage
differentials: in both cases, outcomes are nedstaféected by nearly 0.7%.

A different picture emerges when the interactiomtes included in the model, as reported in the
second part of Table 1.1. Displacement alone sewn# affect wage outcome appreciably, so it
does not seem to be a major cause of relative wagges when changing job, but it yields a
negative, although moderate effect when assoctatetbw reallocation (-1.2%). As for the sectoral
dimension of mobility, the estimates now show timatustry changes alone are associated with
positive, moderate impact on wage outcomes (+1.Bighly significant), but again, when in
association with career interruptions, sector dwvasc determine negative outcomes, this time
lowering wage differentials by nearly 4%.

Summing up, the analysis presented in this Sediramgs to light two important facts. First,
slow reallocations cannot be explained by worksplkdicement. Second, the presence of a spell of
unemployment between jobs has a strong connectitbnsignificantly poorer wage performances.
Moreover, our calculations reveal quite differeatrelation patterns between sectoral mobility and
wage outcomes, according to job transitions beimgct or indirect, suggesting that a deeper
analysis of sectoral mobility is needed, in ordeuthcover possible explanations for reallocation
difficulties.

% The complete results are reported in Table A.102 8ppendix 1.2.
24 See for example Contini and Morini (2007, p. 8)ovdrgue that: “in Italy the large majority of workewill take
whatever position is in sight, no matter how bather than staying unemployed”.
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1.5 Sectoral patterns of job change

This Section provides estimates of the propensitgwitch industrial sector when changing job,
either for people experiencing an interruption lestw successive employments, and for people
moving directly from one job to another. We adoptegonometric approach based on multinomial
probit regression.

We focus on the full sample of job change eventthenperiod 1987-1998, made of 188,728
observations, related to 85,216 individuals. Forcheeemployment spell recorded in the
administrative archives, the sector of activity thie corresponding firm is reported. Such
information is contained in the five-digit Statestl Contributive Code, reflecting the 1971 Census
classification developed by the National Statistiostitute on the basis of the General Industrial
Classification of Economic Activities, known as NECT0, adopted by the European Communities
in 1970. In order to make the classification moeetable and suitable to our aims, we re-code the
original five-digit taxonomy into the 3-digit Cersuglassification Ateco81 adopted in 1981, which
in turn is compatible with NACE standards. Accoglin the 586 five-digit classes reported in the
WHIP annual files, are aggregated into 172 groupsligit levelf™ groups are then further
aggregated according to the Census Classificattend®1 adopted in 1991, obtaining 24 industries
(2-digit level), and 10 macro-sectors (1-digit 8% Table 1.2 provides the absolute frequency and

incidence of sector switches for direct and indireallocations.

Tab. 1.2- Frequency and incidence of sectoral changes

sectoral disaggregation mobility quick reallocat (%) slow reallocations (%)
1-digit (10 sectors) stay 64,489 (67.5) 64,4241$9.
switch 31,015 (32.5) 28,800 (30.9)
total 95,504 (100) 93,224 (100)
2-digit (24 sectors) stay 50,735 (53.1) 56,7809K0.
switch 44,769 (46.9) 36,444 (39.1)
total 95,504 (100) 93,224 (100)
3-digit (168 sectors) stay 36,794 (38.5) 48,2051p1
switch 58,710 (61.5) 45,019 (48.3)
total 95,504 (100) 93,224 (100)

% Four groups do not give rise to job movementstaeg are not used in the analysis.

%It is worth noticing that all aggregations propsee ultimately based on the old 1971 Censusifita®n, which is
not exhaustive for services and tertiary sectoiileaihis quite well detailed for manufacturing. ke, especially when
pushed at the maximum level of disaggregation, dmalysis will tend to provide more detailed resuits
manufacturing industry.
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Noticeably, within-industry flows always represeat conspicuous fraction of movements,
accounting for one to two thirds of total changdspending on the level of disaggregation
considered. This fact can be due to the existehasdastry-specific skills, that workers exploit by
seeking for within-industry careers, but it mayuleslso from asymmetric information about job
opportunities among workers. Workers are likelknow better the sectoral labor market in which
they are or have been employed, having more opptds to be informed of possible job
vacancies in firms similar or related to their euwntr or former one, and knowing better the formal
mechanisms through which one gains access to jobs.

When evaluated at low level of disaggregation itdi within- and between-industry flows
appear to be quite similar for quick and slow kezkions, with approximately two thirds of
transitions remaining within the broad boundariésnacro-sectors. The picture radically changes
when considering greater levels of detail. At 2igign average more than half job transitions ends
up in the same sector of origin, but slow transgi@appear to be significantly more attached to the
original sector (61%), than quick transitions (53%)ch trend is confirmed also at the finest level
of disaggregation (3-digit), with slow transitionsanifesting an even more marked tendency to
remain within the same sector of origin (52%), caneg to job-to-job transitions (38.5%).

This last result is somewhat surprising, and denateonsiderably lower cross-industry mobility
for movers experiencing unemployment spells; magpartantly, sectoral attachment manifests
itself in industries very narrowly defined, appahgrcontrasting with the common-sense idea that
the longer workers are unemployed, the more theprbe willing to mismatch, hence, to switch
sector. As far as short term interruptions are eomed, our data seem to disprove this hint. The
discrepancy between direct and indirect movesgit lavel of sectoral disaggregation suggests that
the similarity observed at low level of disaggrégatmay in fact hide some more complex
dynamics, that cannot be grasped at a first glance.

In order to appreciate more precisely the dynaroicsectoral mobility, our strategy consists
now in two steps: first, defining a set of diffetdaasible moves, based on the notion of sectoral
distance embedded in the Census classificatiomnse@valuating how the likelihood to carry out
different types of moves varies, according to whetkorkers reallocate directly or indirectly.

We can distinguish different mobility events, actog to how many industry boundaries people
must cross in order to complete the reallocatiorvenave contrast different possible choices,

according to the following scheffe

2" The number of group boundaries an individual @esshen reallocating can be thought as a measudistdnce”
between the old and the new job; it is worth naticthat such distance is just obtained on the lmdsasclassification
essentially centred on product and/or technologéaity between sectors. Such technological distaleaves out of
consideration any geographical considerationsloigcation.
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1) remaining in the 3-digit sector of origin;
2) switching 3-digit, remaining in the same 1-dggctor;
3) switching 1-digit sector.

Alternative (1) comprises 84,999 observations, ianour classification it represents the extreme
case of sectoral attachment, alternative (2) co#8/814 events, while alternative (3) represerds th
extreme case of switching behaviour, covering 59 @&vents.

To evaluate how sectoral mobility relates to theing of reallocation, we look at these three
mobility outcomes as the possible states of a respwariable to be expressed as a function of
some explanatory factors, including reallocatiomirig. In order to allow high flexibility in
mobility behaviours, we choose not to impose areommong the realizations of the response
variable, and we resort to a multinomial probit mlodSuch technique is suitable for polytomous
dependent variables with less than 5 responsearasgas it is in our case, and, compared to other
similar techniques, as for instance multinomialitioi has the advantage of relaxing the restrectiv
behavioral assumption of independence of irrelevaltérnatives. The maximization of the
likelihood function of a multinomial probit modelay be computationally demanding (McCulloch
and Rossi, 1994), hence, in our estimation proadue allow different maximization algorithms,
in order to achieve convergence of the likelihomaction to a minimur.

The statistical units of analysis are job changené&y, for each job change episodeve define a

latent processes of sectoral mobility, conditiamabn separation
SECT =Xf+¢, , (1)

where SEC}F is a latent variable, capturing the individual pFopity to switch, or to stay in a
given sectorx is a vector of explanatory variables, evaluatethattime of separatiorfj is the
unknown parameter vector of interest; afndlenotes some zero-mean error term. The latent
measure of sectoral mobility is not observed, arccanduct our analysis on the observed measures

SECT =m, wherem assumes the following values:

m= 0 if job change entails remaining in the santkg® sector;
m=1 if job change entails changing 3-digit sectemaining in the same 1-digit sector;

m= 2 if job change entails changing 1-digit sector;

% This procedure is common among scholars, and vpeimmented it in the software package Stata; foailesee
Gouldet al (2006).

20



and where
SECT=1I{ SECT, > SECTm)}, )2

which says that the latent variable is above sonménmm thresholds SEQm), and SECTis
observed in the absence of any additional censonechanisms. The multinomial probit regression
then consists in the simultaneous estimation déaiht sets of coefficients (i.e. different equasip
corresponding to each outcome category. We takeTSEQ as reference category, that is we set
A™D =0, and we estimate two sets of coefficie#ft5®, andg™?; each of such vectors gives us
impacts on the corresponding outcome, relativledrnpacts on the reference outcome.

We attempt to specify sectoral mobility as a fumetof reallocation timing, whether quick or
slow, and of a bunch of observable characteristitsch we think may have a role in determining
the observed patterns, and which we are actually Ebmeasure in the data. In particular we

examine three different families of explanatorytdas™:

1) worker characteristics evaluated at the timgepiaration;
2) characteristics of the firm from which the warkeparates;

3) economy and labor market aggregate fattors

We consider a vectqy of worker characteristics, including gender, age{mmies: young, and
mature; the benchmark category being prime-agealifqpation in the old job (3 dummies:
apprentice, blue collar, and manager; the refergnoep being white collar), tenure in the old job
(5 dummies: 1 month, 2-3 months, 4-6 months, 13¥®¥hths, and more than 24 months; the
benchmark class being 7-12 months), and a dummgtidenthe displacement/non displacement
status (identified using the less stringent dabtnifprovided in Section 1.4).

In order to take into account individual heteroggnarising from different preferences towards
change/stability and risk, we incorporatepina group of covariates containing information about
individuals past working life: a dummy variable mdi¢ying permanent movers, and a dummy
indicating whether workers have already switchetigs: sector in the past. Among the elements of

29 Moscarini and Vella (2008), in a slightly diffetesetting, suggest to specify the mobility decis&ma function of
worker characteristics evaluated at the time olsson, and aggregate labor market conditions.

30 The state of the labor market indeed interfereth wiorker sorting. Moscarini (2001) spells out timechanism
according to which workers sort ex ante acrosserfit types of jobs, based on information they kmowdvance.
When few jobs are available, workers accept anytliabcomes along and they are willing to mismatwhen jobs are
easy to find, individual comparative advantagestenahore, unemployed workers search more selegtiegld they
mismatch less.
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vectorp; we also include the average weekly wage in thgalldas a proxy for general educational
attainment, and for the skill level acknowledgethy employer at the time of separation.

We then construct a vectqy, whose elements represent characteristics spéaifite firm from
which a worker separates, including industry (2 dues: manufacturing and transportation, and
building; with services and commerce as benchmadtoss), location (3 dummies: North-East,
Centre, South; with North-West as reference aaa),firm dimension (4 dummies: 0-9 employees,
10-49, 250-999, and more than 1000; with 50-249leyees as reference category).

Finally, letr, be a vector of economy and labor market aggregat®rs, that may affect the
individuals propensity to change sector, includitig year dummies (the benchmark year being
1987) aimed at capturing macroeconomic fluctuati@ml an indicator of sectoral occupational
trend$’, incorporated in order to absorb the effects aficgl shocks (as for instance demand trend
variations) that hit micro-level sectors selectydiaving direct repercussions on the likelihood of
re-employment in the same sector.

Quick and slow reallocations are identified by anduy variable $REALL, taking value one if
the individual comes into the new employment vépall of unemployment, and zero otherwise.

The model we estimate is tHas

SECT = )SREALL+ pip+qd+rA+¢, | 3)

where coefficients, x, 6, and4 are estimated using maximum likelihood, and tlaadard errors
are calculated taking into account the groupecctira of the data, that is the presence of repeated
observations at individual level, assuming obséonatare independent across groups (individuals),
but not necessarily within groups.

Table 1.3 reports estimates of model (3). As usmalhe estimation of multinomial probit
models, coefficients are expressed as Z-scoresstamdard normal scores; positive (negative)
coefficients indicate of how many standard devratimnits the Z-score associated to a given
outcome increases (decreases) relative to theerefercase, as result of a one-unit increase in the

independent variable, controlling for the other aaates.

31 Such indicator is defined — for each job changenevand with respect to the old job spell — asvéiréation in the 3-
digit employment stock, between the year of searatnd the year before.

32 Clearly, unobserved heterogeneity, affecting kibth probability of experiencing a spell of unempt@nt and the
choice of sectoral moves, is a potential sourcendibgeneity bias for the coefficient of the readkb@n dummy. So that
the parametey of SREALLcannot be given a causal interpretation, it with@y offer an indication of the sign and
intensity of the correlation between reallocationihng and sectoral moves.
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The econometric investigation yields several, gg&ng results. We notice that young people are
less inclined to remain in the original 3-digit usdry, and more inclined to switch macro-level
sectors, while the opposite is true for old peoglpattern that can be intuitively explained bydim
accumulation of skills which are specific to a giyeb or to a small sectdr Apprentices also show
a marked inclination to remain within the narronubdaries of small industries, avoiding moving
far away of their initial sector, most probably doehe training they are receiving in a specifib |
or task. Women show a significantly higher propgng remain within the original 3-digit sector,
compared to longer moves, and even more so do pemhanovers. People who have previously
switched 3-digit sector are much more inclined watch 3-digit sector again, also aiming at
switching macro-level sectors.

The most important evidence for us is anyway rdlatethe impact of slow reallocation (first
line of Table 1.3). People reallocating in two twelve months show a remarkably higher
propensity to remain in the original 3-digit sectBut conditional upon switching 3-digit sector,
people experiencing a spell of unemployment tendéwitch more 1-digit sector, compared to
people reallocating directly. Specifically, a sloeallocation increases the Z-score associated to
outcome 1 (remaining in the original 3-digit segtby 0.4 standard deviation points, while it also
increases the Z-score associated to outcome 3cfsmgt 1-digit) by 0.23 standard deviations. All
results are statistically significant, and reveajuste definite dual pattern of sectoral mobilityr f
people experiencing a spell of unemployment betveles

When thinking of these results, it is importantbar in mind the wage outcomes related to
switching 3-digit sector we discussed in the prasi&ection. Sector changes entail a significantly
worse (short-term) wage performance when associtteslow reallocations. Combining such
evidence to the data of Table 1.3, it seems thdiviohuals who remain unemployed for a while
adopt two different behaviors: some prefer to de&wc a relatively higher-wage within the original
micro-sector, while some others search at a greldeance, ending up accepting more penalizing
employment conditions.

On the whole, people experiencing a spell of unegmpknt between jobs appear to be either
more conditioned by concerns specific to the oabsector they belong to, or not concerned at all
about sectors, and in this case they obtain theéegb@utcomes. In the next Section, we try to
systematize the whole evidence collected so famraer to identify a possible cause of long

reallocation times, and poor reallocation outcomes.

% See also Moscarini and Vella (2008), who show berupational mobility declines with age.
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Tab. 1.3 — Multinomial probit estimates of sector witches

outcome (0) — remaining in 3-digit outcome (1) witshing 1-digit

coefficient z-stat. coefficient z-stat.
robust std. error p-value robust std. error p-value
slow reallocation 0.4047 36.73 0.2331 20.81
0.0110 0.000 0.0112 0.000
young -0.1802 -13.69 0.0976 7
0.0132 0.000 0.0140 0.000
old 0.2139 10.87 -0.0886 -4.01
0.0197 0.000 0.0221 0.000
apprentice 0.2421 10.03 -0.0488 -1.99
0.0241 0.000 0.0245 0.047
blue collar 0.3621 23.41 0.1132 7.22
0.0155 0.000 0.0157 0.000
manager 0.0837 1.36 0.2004 3.03
0.0617 0.175 0.0661 0.002
female 0.3820 28.36 0.0405 291
0.0135 0.000 0.0139 0.004
permanent mover 0.3359 21.24 -0.0721 -4.36
0.0158 0.000 0.0165 0.000
displaced 0.0576 4.55 -0.1221 -9.45
0.0127 0.000 0.0129 0.000
previous switch 3-digit -0.9049 -73.38 0.0482 N2
0.0123 0.000 0.0112 0.000
wage level at separation 0.0370 2.74 -0.1513 41.5
0.0135 0.006 0.0131 0.000
A occupation 3-digit 0.1737 1.57 0.4883 4.26
0.1105 0.116 0.1146 0.000
north east 0.1003 7.19 -0.0151 -1.04
0.0139 0.000 0.0145 0.298
centre 0.3240 19.93 0.0379 2.23
0.0163 0.000 0.0170 0.026
south 0.4688 26.66 -0.1059 -5.52
0.0176 0.000 0.0192 0.000
dimension 0-9 0.0339 2.07 -0.0463 -2.85
0.0164 0.038 0.0163 0.004
dimension 10-49 -0.0094 -0.59 -0.0884 -5.59
0.0159 0.554 0.0158 0.000
dimension 250-999 0.0736 2.97 0.0825 3.38
0.0248 0.003 0.0244 0.001
dimension 1000+ 0.1012 3.48 0.0882 3.09
0.0291 0.000 0.0286 0.002
tenure 1 -1.3192 -96.55 -1.5006 -111.09
0.0137 0.000 0.0135 0.000
tenure 2-3 -0.3225 -17.36 -0.8319 -43.22
0.0186 0.000 0.0193 0.000
tenure 4-6 0.0407 2 0.0982 4.83
0.0204 0.046 0.0203 0.000
tenure 13-23 0.1502 7.38 0.1062 5.16
0.0204 0.000 0.0206 0.000
tenure 24+ 0.0742 3.64 0.0269 1.29
0.0204 0.000 0.0209 0.197

Note: time dummies and constant are included irreljeessions, but for brevity they are not reported

24



1.6 Sectoral mobility and slow reallocation: a spedative interpretation

We think the empirical facts found in the previdssctions — if properly organized — can reveal
some possible explanations for reallocation diffies; specifically, we believe they can help
identifying what sort of individual attributes mayltimately result in such difficulties.
Unfortunately, the data at hand are quite pooerms of individual characteristics, and hence it is
inherently difficult to directly assess the detamants of reallocation outcomes. Nonetheless, the
information so far uncovered offer substantial supgo one particular explanation, that we
thoroughly discuss in what follows. Our argumengang to be essentially speculative — although
supported by a mass of empirical evidence, asagelly relevant, theoretical results — and its &ctua
significance, in our view, is primarily that of efing a compelling suggestion about where to direct
subsequent research.

The core idea is that there must be a differentridigion of sector-specific skills among
individuals, that eventually determine reallocatguccess/difficulty. In particular, we argue that
people experiencing unemployment spells are cheniaetl by more sector-specific skills,
compared to job-to-job movers; the key differenetwkeen the two types of movers being that
sector specificity manifests itself prevalently3atigit level, for individuals reallocating slowly,
while it is mostly related to wider economic arefas,people reallocating directly.

Skill endowments specific to narrow industrial estare compatible with all the empirical facts

emerged up to now, that is:

* longer reallocation time for people who try to remeto the same sector, because single-
sector labor markets are on average small;

* more frequent re-employment into the original sed¢to workers who bear the risk of
prolonged periods of search (unemployment), andfer not willing to adapt to worse
employment options;

* more frequent long-distant switches for workers wdamnot bear the risk of very long
unemployment, and soon become willing to acceptteve job, even if it yields

comparatively lower salary.

In a mirror-like way, people endowed with skills iafn are comparatively more portable across
sectors have more chances to reallocate quickbause they have larger labor markets where to
search for matches. Moreover, they face less wagge$, even when reallocating afar from the
original sector. Reallocations are anyway morelyike take place within groups of sectors which
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are somewhat affine, according to technology/prodathat some degree of specificity exists, but
it manifests itself at lower level of sectoral djgeegation.

To better understand the rationale behind the m@ganterpretation, let us briefly review some
important contribution in labor economics liter&um order to appreciate how the idea of sector-
specific skills has been introduced and framedrtiStafrom the seminal work of Neal (1995),
several authors have recognized, and demonstridiadworkers receive compensation for some
skills that are neither completely general nor fgpecific, but rather specific to their industry or
sector®. Neal suggests that returns to tenure measureahdst standard wage equations are
capturing the remuneration of industry, rather then-specific skills, and he verifies that in case
of exogenous displacement, individual wage losgesaraccording to whether workers are able to
reallocate in the same industry or not. Using dat&)S displaced workers, Neal compares industry
switchers and stayers, finding that the wage difiee between current and pre-displacement jobs is
negative, and higher for switchers than for stayeles also finds a positive correlation between
wage fall and the level of pre-displacement expeeeand firm-specific tenure, again higher for
industry switcher¥.

More recently, the topic has been addressed by |degsina and Wasmer (2006), who focus
on the process of transition of eastern Europeamtdes in the late 90s, highlighting the role of
specific skills on the lack of mobility across jobBhey contrast the positive role of general
education on workers mobility in the labor markeith the negative role of vocational education.
Notably, to appreciate the costs of reallocatibe, duthors consider unemployment spells between
subsequent jobs and transition towards inactiaty they quantify wage mobility and wage losses
after job separation. They find that age, tenur@, above all, vocational education are associated
with higher wage losses, higher unemployment domatand a higher likelihood to exit the labor
markef®,

The main fact stemming from these considerationthas when the remuneration of skills and

working experience has a sector-specific comportbatsector a worker belongs to automatically

34 parent (2000), using data from the National Lardjital Survey of Youth (US), finds that what madtenost for
wage profiles of young workers is industry-sped§ic not firm-specificity. Dustman and Meghir (200%ased on
administrative data from Germany, document the ingmze of acquisition of sector-specific skills feage growth of
skilled workers early on in career.

% For instance, a displaced worker having accumdilae years of tenure in the same firm would expesdea wage
fall of 23% in case he/she switches industry, mly 1% if he/she is able to reallocate in the samdeistry. These
differences, the author argues, must be captudngesndustry-specific skills losses (Neal, 1995).

3 The authors carry out a comparative study of Rbland Estonia, and examine the probability of rewbmg

employment after job separation, conditional onitgexperienced an unemployment spell. They firat th both

countries, each additional year of education raikesprobability of re-entering employment by ab@08b6 to 11%,
whereas holding basic vocational, or secondaryti@mtal degrees reduce it by 12% to 16%.
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defines the perimeter of the labor market that,pnnciple, guarantees him/her the highest
remuneration when reallocating.

The role of sector specificity of skills can hemeeframed as follows. Let us simply assume that,
net of cyclical trends, in each given time unitaacies open up in the economy at a frequency that
is proportional to the occupational stock. In aiddif let assume that workers searching for a new
job are selective, and enter an employment relstignonly if the prospective salary is above —
preferably much above — their reservation wagenTtiee higher sector-specificity is, the smaller is
the labor market able to offer “good” employmentpogunities, and the smaller is also the
likelihood of matching a satisfactory job offeraach time unit. On the contrary, to the extent that
skills are portable across different sectors, tlagket that can in principle provide the highestlev
of remuneration is by definition larger, and thelbility of finding and accepting a job in a given
time unit is higher, holding all other factors fikeAccording to this simple logic, we expect people
holding comparatively more sector-specific skitistdake longer for finding a job, and to reallocate
more frequently within the same industrial sectoce the cyclical fluctuations at both macro and
micro level are taken into account. Our empiriagadlings point in the direction of such predictions.

Besides and importantly, sector specificity of Iskdan also explain the behavior of people who
reallocate slowly and show a higher propensitywiich industry at progressively lower level of
sectoral disaggregation. Some individuals may ot €&woose to renounce the remuneration of the
specific component of their skill profile, in excige for a relatively more rapid re-employment.
These are people who are most hurt by unemploynaexl,even more so by the prospect of very
long unemployment, hence being particularly sevssito unemployment duration, so that after a
period of unsuccessful search, they rapidly dinhiritseir reservation wage at such a point that it
makes for them acceptable jobs outside their algactor.

Compared to people endowed with skills which areremportable across 3-digit sectors,
individuals having skills which are specific to gi@ 3-digit sectors are thus expectther to
reallocate more slowly, and to remain more attadbettheir original sectomr to reallocate more
slowly, and to move more faraway from their origisactor. This is exactly what we observe
empirically.

As further proof in support of this explanatiore thata reveal that, among people experiencing a
spell of interruption two to twelve months long, nkers who choose to change 3-digit sector
reallocate on average in 5.2 months, while workens re-enter the same sector reallocate more
slowly, in 6.4 months on average. Such a piecevadeace suggests that the former group of

workers may prefer a relatively faster, and lessurgerative reallocation to a more remunerative,
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and slower one; while the latter group may be nasposed to face unemployment in exchange for
preserving the rewarding of sector-specific skill¥hese findings confirm our conjectures.

Moreover, in the estimates reported in Table 1h@, ¢oefficients of the variable indicating
previous sectoral switches reveals that, in geneedple who do not switch 3-digit sector, have
switched less also in the past. This additionaielet is also in accordance with the general idea
that sector specificity matters. Our view is eventifer corroborated by the fact that the same
sectoral patterns highlighted in Table 1.3 emeige @when the regression analysis is performed on
several, relevant sub-samples of workers

An aspect of the above reasoning that is worthssimng, is that people may not be completely
conscious of the quality of their skills, beforepexiencing job search, and just when actually
searching, they may progressively come to disctlverreal perimeter and the characteristics of
their main labor market, adjusting their expectadgiconsequently.

Another possible explanation for the observed teselies on asymmetric information about job
vacancies. This view is to a great extent compléargrio sector-specificity of skills, implying that
workers endowed with stronger sector-specific skalle more likely to be scarcely informed about
job opportunities outside their sector, and they @so less familiar with the formal mechanisms
that allows to enter in contact with such exterj@b prospects. On the contrary, people
characterized by more transferable skills are nhkedy to be part of an information network that
cut-across sectors, providing access to a widegyerahlabor market opportunities.

In order to provide additional support to the sesfoecificity explanation, we next make a step
further in the analysis, trying to assess whette@ppe switching 3-digit sector move according to
some cluster omodular pattern, and how such pattern varies accordingeétiocation timing.
The expression modular pattern corresponds todie that cross-sectoral flows are likely to link
together some sectors more tightly than othergiraiing more densely connected groups of
economic activities, with sparser connections betwgroups. The sector-specificity approach
predicts that people characterized by more se@ecic skills, once renounced the remuneration
of their specific component, should exhibit weakectoral preferences. So that, for these people,

we expect to observe a higher propensity to reafto@t a greater distance from the original

37 A difference of one month may seem small, but eutd also bear in mind that the semester is likelgoincide
with a specific psychological threshold, accordiagvhich, exceeded the first six months of unemplemt, the fear of
long-term unemployment increases rapidly (with sgdefocus on the Italian labor market, see alsodlseussion in
Contini and Morini, 2007).

38 Namely: people aged 15-29, or 30-44, or 45-62%65; male or female workers; manufacturing waskétue or
white collars; people with firm tenure in the olabjhigher than six months long; displaced or napldiced workers.
Moreover, the results reveals to be robust alsd wéspect to the inclusion among the covariate46& sectoral
dummies at 3-digit level.
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position, and also to reallocate more sparsely sscdifferent industries. The next Section is

devoted to address precisely this issue.

1.7 A network approach for identifying modular patterns of inter-sectoral mobility

We now explore job-change patterns by way of a adtvased methodology, that allows to
identify the modular architecture of inter-sectdransitions. This analytical endeavor represents a
first experimentation of how network-analysis teiues can help extracting new information from
labor mobility data, supplementing the empiricablence collected so far.

Essentially, a network is a set of entities, calledtices, connected in pairs by lines, calleddink
If lines are of different intensity, i.e. they cameights, the network is said to be weightedinés
point in only one direction the network is calledtedted. We specifically consider weighted,
directed networks, whose vertices are industriatage at 3-digit level, and whose links represent
flows of workers between sectors; we compare twoworks, originated by quick or slow
reallocations, seeking for identifying charactécstof and differences in the respectoa@mmunity
structures

The community structure of a network is definedbéoa particular partition of the set of vertices
into non-overlapping groups, exhibiting an apprelsidigher density of links within, than between
them. The ability to detect and characterize suchums is of significant, practical importance for
our purpose of investigation. In our setting, comitias would identify sets of sectors within
which worker mobility is particularly intense, offieg an immediate indication of how the labor
market is actually segmented. The assortment dbsecomprised in each community can then
reveal to what extent workers move across sectws dre similar, from the point of view of
technology and/or product. Holding fixed networkesifewer and more heterogeneously assorted
communities in general hint that reallocations lass constrained by sectoral boundaries, hence,
the labor market is less segmented.

In order to detect relevant communities, we res8od spectral algorithm, originally formulated
by Newman (2006a) for unweighted, undirected netaoand then extended to directed networks
by Newman and Leicht (2008). We slightly enhanaedlgorithm, in order to allow for weights on
links; and we characterize the centre-peripherfitecture of each community, according to the
community centrality indegroposed by Newman (2006b). As far as we know, iththe first study
trying to analyze large-scale labor mobility dayanfreans of network-based techniques.

Formally, a directed network of labor mobility assosectors can be represented as a graph, and

denoted a$3(V, L), whereV={i: 1, 2, ...,n} is a finite set of vertices denoting industrgdctors,
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and L = {lj} is a set of links denoting labor flows betweentoes®. A vertex is referred to by its
orderi in the setV; a link pointing fromi toj is defined by the ordered pair ) and denoted bly.
The graphG(V, L) can be fully described by idjacencymatrix A, an x n square matrix whose
entrya; (withi, j =1, ..., 1) is equal to one when the linkis active, and zero otherwise. In our
specific case, since we consider only inter-settoability, the diagonal of the adjacency matrix
contains all zeros, that & = 0. Moreover, since the network is directef, is not necessarily
symmetric.

This notation allows only for a network of binargtare, where links between vertices are either
present or not. But our goal is to describe a ndtvebaracterized by flows of workers, hence by
links of different magnitude, according to how mamgrkers actually cover a given link. We thus
introduce the notion of directed weighted netw@®/, L, W, whereW is ann x n matrix of
weights, that are real values attached to linke €htryw; is the weight of the link connecting
vertexi to vertexj, andw; = 0O if i andj are not connected, i.@; = 0 if g; = 0.

In our context, in-/out-flows of workers to/fromcsers can be quite different in absolute size
across sectors. This occurs for the evident retismn at each point in time, sectors have different
occupational stocks, that in turn give rise toafi#nt turnover in absolute terms; moreover, net of
such stock effect, sectors can be characterizeatiffeyent structural turnover, due either to distin
institutional settings, or to different responsedusiness cycle fluctuations. In order to be able
compare different flows within the system, we résom@ normalization of reallocation flows. Let us

define the elememt; of the weight matrix in the following way

f,
Vvij = F_out ' (4)

wherefj is the absolute number (frequency) of reallocatifisom sector to sectoy, andF*''= % fii
is the total number of reallocations from seatdowards all other sectors. The entwy of the
weight matrix thus represents the share of workemiocating from sectdrto sectorj, calculated
with respect to the total out-flow from sectoin this way,w; captures the relative importance of
sector] as labor market of destination for workers sefyagah sectoi.

In the following analysis, the notion of vertdrgreeplays a fundamental role. The degkeef
vertex i is defined to be the number of links connectingt texrtex with other vertices in the
network.In a directed graph, the degree of a vertex hasctwmoeponents: the number of out-going

links, and the number of in-going links. In terwisthe weight matridV these two measures are

39 A thorough review of network theory can be foundbccalettiet al (2006).
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defined a®'= Z;w; andk™ = Zw;, respectively. Notice that, by the definition of wis afore
introduced, in our mobility network®"' = Zw; = 1.

Among scholars, the problem of community strucidentification has been the centre of great
interest in the last years. The most challenginqgeisof such a topic is that the number and size of
groups is given by the network itself, and not Iy €xperimenter, so that ad hoc techniques have to
be implemented, in order to detect existing commnnesi Mark Newman, one leading figure in this
field of research, has recently proposed a speatggdrithm for community detection, that has
revealed to perform particularly well in severaiffatent real situations, being at the same time
based on sensible statistical principles. The tinliconcept of network community proposed by
Newman can be effectively grasped from his own woré good division of a network into
communities is not merely one in which there ame liaks between communities; it is one in which
there arefewer than expectetinks between communities” (Newman, 2006a, p.T2)is idea is
formalized using a benefit function knownrasdularity(Newman and Girivan, 2004). Modularity
is defined, up to a multiplicative constant, asriienber of links falling within communities, minus
the expected number of such links in an equivatetwork with links randomly placed. Modularity

is denoted witlQ, and it can be written as follows
Q = (fraction of links within communities) — (expedtfraction of links within communities). (5)

Positive values of) indicate the presence of community structure, \eétger values denoting a
stronger, more definite structure. The problem @ihmunities detection can thus be solved by
looking for the partition of the network that yislthe largest, positive value of modularity. Thg ke
contribution of Newman is the reformulation of méattity in terms of network spectral properties,
yielding a computationally feasible way to actualdddress the problem of community
identification. Making use of the algorithms debed in Appendix 1.2, we can assign each vertex
in the network to a precise community, also prawda measure — the community centrality index
Cl — of how central or peripheral vertices are i téspective communiti&s

We consider labor reallocations between induss@tors at 3-digit level, hence dealing with
networks formed by 168 vertices, and we make usallahformation contained in the archives,

considering the job change events taking placéenperiod 1986-1999, referred to people aged 15

“0 The CI index varies between 0 and 1, with lower valueticeting more peripheral positions, and greateuesl
indicating core positions.
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to 65, excluding only transitions between seasia in the tourist trade sectrThe job-to-job
network is formed by 68,253 individual moves, whihe slow-reallocation network is formed by
53,023 moves. Tables A.1.2.3 and A.1.2.4 in ApperidR2 show the complete lists of sectors,
grouped according to the identified communities.

Our algorithm identifies 7 distinct communitiestive job-to-job network, and 5 communities in
the slow-reallocation network. In both cases, wigroup mobility represents only a fraction of
total movements; namely, within-group flows accotmt 37% of transitions in the job-to-job
network, and for 43% in the slow-reallocation netkyahe remaining movements taking place
between communities. The size of groups ranges oo 31 sectors for quick reallocations, to 16
to 58 for slow reallocations.

In the job-to-job network, the most central sectareach community are found to be:

1) building Cl = 0.6667);

2) firm services (0.4311);

3) garment manufacturing (0.2858);

4) commercial concerns and hotel trade (0.2494);
5) machine shops (0.1965);

6) machine tools for metalwork (0.0306);

7) transformation of plastic materials (0.0155).

In the slow-reallocation networks the most cendedltors are:

1) building CI = 0.5523);

2) garment manufacturing (0.2946);

3) commercial concerns and hotel trade (0.2441);
4) machine shops (0.1066);

5) machine tools for food industry (0.0156).

Let us focus specifically on the job-to-job netwotkwe look at the sectoral composition of
each single community, we immediately notice thraugs appear to be substantially homogeneous,
from the point of view of technology and/or productbor flows at 3-digit level tend to link sectors
according to a few well-understood product branchdsch can be characterized by looking at the

1 The time span considered here is two years latger those considered in the analysis carried rotié previous
Sections; we make this choice so as to be abléliveua greater mass of information availabletie WHIP supply at
hand, while the key results change only very shighthen shorter periods are considered.
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sectors with highest centrality values, obtainihg following 7-group taxonomy: (1) building,
energy and transportation; (2) firm services, bagldand ICT; (3) textile-clothing and footwear; (4)
personal services, commerce, and hotel trade; ésallargy and machine shops; (6) machine tools;
(7) chemicals and plastic.

Within-group homogeneity is especially notablehe textile-clothing and footwear community,
grouping all the 21 micro-level sectors — on altofa22 — traditionally pertaining to the garment
value chain. These are all sectors having well-kmg@soduct linkages, sharing some important
aspects of the organization of labor, with mostynéle workforce, characterized by skills and
know-how largely portable across sectors.

As a general feature, it is evident at a glancetti@results tend to be somewhat “manucentric”,
due to the already mentioned nature of the Cerlagsification we employ, which details relatively
poorly services and high-technology sectors. Néedess, the 7-group partition appears to be
extremely sensible, especially if we bear in mine historical product specialization of the Italian
economy. Indeed, Italy has always been a manufagteountry, specialized in the so called light
industry, that is textile-clothing and footweardan the mechanical industry in general. During the
90s, the machine tools business has progressivadgnile a primary exporting sector, although
accounting for a minor share of manufacturing potidtn and employment. Moreover, the last
decade of the past century witnessed a continuoastly of the building sector, which was, and
still is one of the pillars of the Italian econonAll these factors are mirrored quite clearly i th
network partition.

As for the slow-reallocation network, the firstrigito notice is that the core of the community
structure (sectors with the highd&3k) seems to resemble quite closely the pattern ezdeirgthe
job-to-job network. In 4 groups out of 5, the mashtral sectors are the same as in the quick
reallocation case, so that communities can be ctaiaed similarly: (1) building, energy and
transportation; (2) textile-clothing and footweé) personal services, commerce and hotel trade;
(4) metallurgy and machine shops; while commun&y €xhibits a more mixed assortment. The
job-to-job communities with the lowest average caity measures, i.e. machine tools and
chemicals, disappear in the slow-reallocation ndtywand notably, most machine tool sectors are
located in the periphery of the metallurgy commynithile chemicals sectors are dispersed in all
other groups. Sectors pertaining to firm servidgemking, and ICT are included in the expanded
periphery of the community centered on personalices, commerce and hotel trade.

Despite the core of the modular architecture revéalbe relatively similar for both mobility
categories, slow reallocations exhibit much fewanmunities, characterized by larger, much more

heterogeneous peripheries. This evidence revealsdbmpared to people moving job-to-job, when
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leaving the original micro-level sector, people exencing a spell of unemployment, not only
move more faraway from it, but also show more whkiehaviors, that can be interpreted as a signal
of weaker sectoral preferences. People facing utsgmment, once decided to leave the original
micro-level sector, indeed seem to be more williogaccept whatever job in the economy. We
believe this finding supports the idea that peapkdlocating slowly are prevalently characterized
by skills which are valuable prevalently within tBeligit sector of origin, so that when decided to
leave the original sector, they end up moving atiogrto less structured patterns.

1.8 Conclusions

In this Chapter we investigate the phenomenon akeroreallocation in the Italian labor market,
with a special focus on the pace of the reallocgpimcess.

Difficulties in switching from one job to anothewhich manifest themselves in short spells of
unemployment, are a widespread phenomenon thateppe depend on displacements only to a
minor extent. To understand which factors contebttw determine the numerous, short-term
unemployment spells we observe in the data, westigage sectoral mobility patterns, with the idea
that such structures may reveal, albeit indirecHdgme individual characteristics of workers
experiencing different types of reallocations.

We centre our empirical investigation on the congoar between two categories of
reallocations: direct transitions, that is job afp@s taking place within one month at most, and
reallocations occurring with an intervening spédlirdgerruption two to twelve months long. Using
administrative microdata that track down individuabrk histories in the private dependent
employment, we show that, compared to job-to-j@mngitions, career interruptions reveal to be
associated with considerably worse wage perfornsgaroeaddition, sectoral switches evaluated at
3-digit level of disaggregation have a considerahlgrse impact on the wages of people
experiencing a period of unemployment, comparqeetuple reallocating directly.

We then set up a multinomial probit regressionpraer to directly appreciate sectoral mobility
patterns. For people experiencing career intemmapti we document a higher propensity to
reallocate within the original 3-digit industriabctor, and at the same time, conditional upon
moving outside the initial micro-level sector, wetimate a higher propensity to switch wide
economic branches. These findings are both stalbtisignificant and of relevant magnitude, and
are not driven by observable individual charactiess or by cyclical fluctuations at sector-, or

economy-wide level.
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Furthermore, we adopt an original network-basedcaaah to labor mobility, aimed at detecting
and characterizing the community structure of cisesgoral movements. We find that people who
reallocate slowly and switch 3-digit sector tendrtove within broader and more variously assorted
sectoral clusters, compared to job-to-job moverg] we interpret such behavior as a signal of
weaker sectoral preferences.

We believe the collected findings are consistehgtaonce, with the existence of sector-specific
skills that cause superior reallocation difficudtis people endowed with skill profiles specific of
narrower sectors. Besides, this mechanism appedys bperating irrespective of the reasons that
give rise to separation. The rationale behind @B s that individuals endowed with skills and
professional experience which are valuable onhhiwithe boundaries of narrow labor markets,
generally have smaller chance to match an accepgabloffer in a given unit of time. Then, when
reallocating, workers with more sector-specifidiskessentially have two alternatives. After some
unsuccessful search, they can decide to give upgeetor-specific skill endowment, together with
the associated remuneration, in exchange of a raprd re-employment wherever in the economy;
or they can hold on searching nearby the origieatas, and wait longer in order to eventually
match a job offer, that allows them to possiblysprge most remuneration components. As a
general rule, when individual skills depend heawly sector-specific components, reallocations
may reveal to be costly, both in terms of unemplegtnand of prospective wages, due to higher
likelihood to mismatch.

Investigating the determinants of the pace of labeallocation is a matter of particular
relevance, especially in a time of increasing fdity of employment conditions, when people are
called to change jobs many times in their workiifg. lIn such a context, for workers of whatever
category it is more and more crucial having compaés that can be transferred, and perhaps
enhanced, across sectors. Skill portability alladividuals to choose among a wider range of job
opportunities, being less exposed to unemploymedtpeejorative wage outcomes. Consequently,
general training on-the-job should be for workeraaor goal of contractual bargaining, because it
represents a form of unemployment insurance destmglay crucial role in times of job change.
Besides, general education, as well as generaliricaoff-the-job, should be provided by public
authorities, in order to guarantee an efficientctioning of the reallocation process, and hence of

the labor market as a whole.
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Appendix 1.1

Community identification algorithm

Let us approach the question of how to optimalgniify network communities by steps, and focus
initially on the problem of dividing the networktojust two groups.

To calculate modularity, we first need to defingugtable nullnetwork against which to compare
the actual one. To this end, we generate a netwittk the same number of verticas, as the
original one, and where the expected degree of gadiex is equal to the actual degree of the
corresponding vertex in the real network; then, mmadomly place links between vertices.
Therefore, in the null network the expected weighthe link going from vertex to vertexj is
equal tok®""/r, wherer = Z;w; is the sum of link weights all over the network. dur case,
k°“™2r = k'"/r, meaning that the expected weight of the linkngdiormi to j depends only on
the in-degree of, that is on its capacity of attracting workersnfrmther sectors. Given these
notions, and closely following Newman and Leici@@8), modularityQ can be written

wheredg; cj is the Kronecker delta symbol, aads the label of the community to which vertieis
assigned. At this point, it is possible to stararshing for a division of the network into (two)
communities §} that maximize. Let bes = 1 if vertexi belongs to community 1, asg= -1 if it
belongs to community 2, thedigicj = 1/26s + 1) and

ij

1 k'
ZEZ{W‘] —T’}(gsj +1) ZSBUS] ——s Bs, (2a)
wheres s the vector whose elements areghandB is themodularity matrix with elements

B. =W, - . (33.)
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The network can be optimally divided into two conmmities by choosing the index vect®that
maximizesQ for a givenB. For directed networks, the modularity matrix ist nn general
symmetric, but the implementation of the spectigb@thm for community detection requires a
symmetric modularity matrix. Fortunately, this piein can be solved by adding B its own

transpose, to have

Q:4_1rsT(B+BT)s. (4a)

The matrix B+B") is now symmetric and we focus on this form heerafnotice that the
constant term 1fmakes no difference in the position of the maximafip, hence we can omit it.
In order to make the maximization problem more takke, the key intuition of Newman is to
express vectos as a linear combination of the eigenvectarsof the matrix B+B'), in the

following way: s=ZXviu;, wherev; = u;'s. So that equation (4a) can be written as follows

Q=Y vul[B+B7) Y vu, =Y Blusf . (5a)

i j

wherep is the eigenvalue oB@B") associated to the eigenvectgr Expression (5a) is the basic
equation of the network partition algorithm. Let assume that eigenvalues are labelled in
decreasing ordefi, > f» > ... > . For maximizingQ, we have to find an appropriateso as to
concentrate as much weight as possible in the terdfmbte sum (5a) that involves the largest
positive eigenvalug;. This can be done by choosiagroportional to the eigenvectas, but this
solution is normally forbidden by the constragt= +1, so Newman proposes to proceed by
approximation, making as parallel as possible tig. This means choosirgy= +1 if ¥ > 0 and 5
=-1ifu® <0, wheray® is theith element ot (if u™ = 0,5 = +1 are equally good solutions).
Finally, the algorithm can be summarized as follows calculate the eigenvector corresponding to
the largest positive eigenvalue &+B'), and then we assign vertices to communities aitgrto
the sign of the corresponding elements of the egetor.

To divide the network into more than two commursitieve proceed by repeated bisection: we
first divide the network in two groups, and theridé each group and so forth; the process stops

when it reaches a point at which a further divigioes not increase the total modularity.
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The subdivision of a community which is part obegler network requires a generalization of the
method so far explained. Consider the additionaitrdoution to total modularityAQ, obtained

when a communitg within it is subdivided. Defining as before for vertices m we have

AQ :%[Z(Bn + Bji)M_ Z(Bij + Bji)}

i,j0g 2 i,j0g
:iz (Bij +Bji)_5ijZ(Bik+Bki) S;S; (6a)
4I’ i,j0g kOg
1

- ZST (B@ +B® s

where we define a new modularity matB®, that is a sub-matrix d8 corresponding to the sub-
graph g with the sum of each row subtracted from the @moading diagonal element. The
expression (6a) is equivalent to (4a), and we bas apply the spectral method; notice that if the
sub-graph is undivided, the contributia®@ to total modularity is correctly equal to zero.

The complete algorithm for network partitioning da@ now summarized as follows. First, we
construct the modularity matrix (3a) and find tlegest positive eigenvalya of the symmetric
matrix B+B") and the corresponding eigenvectar Second, we assign vertices to communities
according to the sign of the corresponding elemantke leading eigenvector. Third, in the same
way we subdivide each communities, making use efgéneralized formula (6a). The algorithm
ends when communities cannot be further subdivigieidg a positive value ohQ.

The procedure presented above makes explicit Ugeobthe sign of the elements of the leading
eigenvector, but the magnitudes of these elemamtain useful information as well. In particular,
vertices corresponding to elements of great madeitmake larger contributions to overall
modularity. On the contrary, vertices correspondimgmall eigenvector’'s elements make only a
little contribution toQ, and consequently moving them from one group totleer has a limited
impact on modularity. In turn this means that thegmitudes of the eigenvector's elements offer a
measure of how strongly the corresponding vertimdsng to their assigned communities. Vertices
with large elements have thus a very ‘central’ posiin their communities, while vertices with
elements close to zero are on the borderline betwgeeups. To capture this idea in more formal
terms, Newman (2006b) proposes a measure of thagsktr of community membership, called
community centrality, that makes use of the infarora contained in potentially all the
eigenvectors associated to positive eigenvaluéiseofatrix B+B'). We can define the community

centralityCl of vertexi as follows
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Cli =2 (JBuy)® (7a)

whereh is the number of positive eigenvalues of the symaexl modularity matrixp; is thejth
positive eigenvalue, angj is theith component of the eigenvector corresponding gereialuep;.
Making use of the indeXl, it is possible to order vertices within commugstiaccording to a
continuous scale that varies between zero andteltieg us how central (values close to one), or
peripheral (values close to zero) vertices arén@irtrespective groups. To simplify computation a
bit, we actually derive the centrality index only the basis of the information conveyed by thd firs

5 positive eigenvalues of the symmetrized modulamiatrix, i.e. in our calculations we hake5.
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Appendix 1.2

Tab. A.1.2.1 — Descriptive statistics

quick reallocations slow reallocations Il §ample

value % value % value %
N° of observations (job changes) 95,504 100 93,224 100 188,728 100
male 68,661 71.89 62,659 67.21 131,320 69.58
female 26,843 28.11 30,565 32.79 57,408 30.42
young 51,688 54.12 56,162 60.24 107,850 57.15
prime-age 31,531 33.02 26,019 27.91 57,550 30.49
old 12,285 12.86 11,043 11.85 23,328 12.36
non-displaced 67,304 70.47 75,091 80.55 142,395 4575,
displaced 28,200 29.53 18,133 19.45 46,333 24.55
non-permanent mover 78,366 82.06 72,057 77.29 230,4 79.70
permanent mover 17,138 17.94 21,167 22.71 38,305 .3020
apprentice 6,598 6.91 10,520 11.28 17,118 9.08
blue collar 64,880 67.94 67,653 72.57 132,533 70.22
white collar 23,002 24.09 14,773 15.85 37,775 20.02
manager 1,016 1.06 269 0.29 1,285 0.68
north West 35,181 36.84 23,398 25.10 58,579 31.04
north East 29,659 31.06 26,103 28.00 55,762 29.55
centre 17,809 18.65 18,704 20.06 36,513 19.35
south 12,845 13.45 25,011 26.83 37,856 20.06
dimension 0-9 37,737 39.51 43,807 46.99 81,544 143.2
dimension 10-49 32,305 33.83 27,437 29.43 59,742 .6631
dimension 50-249 15,660 16.40 12,505 13.41 28,165 4.92
dimension 250-999 5,873 6.15 5,306 5.69 11,179 5.92
dimension 1000+ 3,929 4.11 4,169 4.47 8,098 4.29
tenure 1 10,355 10.84 18,103 19.42 28,458 15.08
tenure 2-3 9,211 9.64 18,124 19.44 27,335 14.48
tenure 4-6 10,132 10.61 14,325 15.37 24,457 12.96
tenure 7-12 11,301 11.83 11,230 12.05 22,531 11.94
tenure 13-23 16,391 17.16 12,970 13.91 29,361 15.56
tenure 24+ 38,114 39.91 18,472 19.81 56,586 29.98
Avg. week wage at separation 361.90 309.94 336.23
(Euros at 2003 pricesstd. dev. 0.9599 0.8421 0.6423
Avg. months elapsing between 5.85
separation and engagemestd. dev. 0.0097
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Tab. A.1.2.2 — OLS estimates of relative wage perimances related to job change episodes

model | model ||
coefficient t-stat. coefficient t-stat.
robust std. error p-value robust std. error p-value
slow reallocation -0.0830 -63.25 -0.0582 -29.5
0.0013 0.000 0.0020 0.000
displaced -0.0069 -4.9 -0.0003 -0.16
0.0014 0.000 0.0017 0.873
switch 3-digit -0.0069 -5.45 0.0132 8.21
0.0013 0.000 0.0016 0.000
displaced*slow reallocation -0.0121 -4.48
0.0027 0.000
switch 3-digit*slow reallocation -0.0393 -16.20
0.0024 0.000
wage level at separation -0.6237 -193.03 -0.6250 93.49
0.0032 0.000 0.0032 0.000
permanent mover 0.0145 8.66 0.0142 8.51
0.0017 0.000 0.0017 0.000
gender -0.0639 -41.03 -0.0639 -41.27
0.0016 0.000 0.0015 0.000
young -0.0339 -23.69 -0.0337 -23.65
0.0014 0.000 0.0014 0.000
old 0.0056 2.61 0.0054 2.52
0.0022 0.009 0.0022 0.012
apprentice -0.1790 -56.32 -0.1794 -56.48
0.0032 0.000 0.0032 0.000
blue collar -0.1106 -57.65 -0.1105 -57.7
0.0019 0.000 0.0019 0.000
manager -0.0585 -1.53 -0.0582 -1.52
0.0382 0.126 0.0382 0.128
north East -0.0097 -6.39 -0.0097 -6.43
0.0015 0.000 0.0015 0.000
centre -0.0208 -11.79 -0.0204 -11.61
0.0018 0.000 0.0018 0.000
south -0.0304 -15.24 -0.0319 -16.07
0.0020 0.000 0.0020 0.000
dimension 0-9 -0.0236 -11.88 -0.0235 -11.85
0.0020 0.000 0.0020 0.000
dimension 10-49 -0.0138 -6.87 -0.0134 -6.73
0.0020 0.000 0.0020 0.000
dimension 250-999 0.0159 4.86 0.0155 4.76
0.0033 0.000 0.0033 0.000
dimension 1000+ 0.0294 7.53 0.0284 7.34
0.0039 0.000 0.0039 0.000
tenure 1 0.0024 0.94 0.0029 1.13
0.0026 0.347 0.0026 0.257
tenure 2-3 -0.0076 -3.21 -0.0081 -3.43
0.0024 0.001 0.0024 0.001
tenure 4-6 0.0009 0.38 0.0004 0.18
0.0023 0.707 0.0023 0.859
tenure 13-23 0.0084 3.94 0.0084 3.98
0.0021 0.000 0.0021 0.000
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tenure 24+ 0.0281 14.43 0.0281

0.0019 0.000 0.0019
constant 3.7743 191.83 3.7666
0.0197 0.000 0.0196

14.46
0.000

191.72
0.000

Model I: N ° of observations: 159,493; N° of indlvials: 76,347; R-squared: 0.3361.
Model II: N ° of observations: 159,493; N° of indivals: 76,347; R-squared: 0.3373.
All regressions include sector dummies at 1-dilgieel, and year dummies.
R-squared adjusted for clusters at individual level

Tab. A.1.2.3 — Community structure of quick-reallo@ation network

community Ateco81l community -
centrality code slow reall. Ateco definition
(2) Building, energy, and transportation
0.6667 Costruzione d'immobili (per abitazione ed)alt

0.2642
0.2459
0.0582
0.0488
0.0467
0.0428
0.0346
0.0309
0.0305
0.0286
0.0284
0.0206
0.0177
0.0159
0.0131
0.0113
0.0110
0.0106
0.0089
0.0077
0.0058
0.0050
0.0039
0.0029
0.0029

Estrazione e depurazione di gas naturale
Attivita di finitura dell'edilizia

Officine del gas; distribuzione del gas

Servizi ricreativi n.d.a.
Altri trasporti terrestri (urbani, su stradac.)
Fabbricazione di cemento, calce e gesso

Installazione

Industria del tabacco

Raccolta, depurazione e distribuzione d'acqua
Industria dei grassi vegetali e animali
Trasporti aerei

Trasporti marittimi e cabotaggio

Servizi personali n.d.a.

Produzione e distribuzione di energia ebstri

Ricerca di petrolio e gas naturali

N PN O R OO R O, DN WR R NRE RO R P R R O R

Fabbricazione di materiali da costruzioniierizio

Genio civile: costruzione di strade, poriydvie, ecc.

Lavorazione della pietra e di prodotti mitieran metallici

Fabbricazione di conserve di pesce e di@ibdotti del mare

Estrazione di materiali da costruzione edetrefrattarie e per ceramica

Fabbricazione di materiali per costruzionedltestruzzo, cemento e gesso

Produzione e distribuzione di vapore, ac@ldac aria compressa, calore

Montaggio, lavori di impianto tecnico (eseus installaz. elettriche per l'edilizia)

Macellazione del bestiame, preparazione setsazione della carne

Commercio all'ingrosso del legname e di nateta costruzione
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0.0025 2 Fabbricazione di prodotti semifiniti in legno
0.0024 1 Taglio e preparazione industriale del legno
0.0019 2 Estrazione di petrolio
0.0016 1 Lavorazione delle granaglie
0.0013 1 Estrazione di altri minerali; torbiere

(2) Firm services, banking and ICT
0.4311 839 1 Altri servizi prestati alle imprese
0.3332 232 5 Estrazione mineraria di sali di potassio ®sfiati di calce naturali
0.2158 975 5 Spettacoli (esclusi cinema e sport)
0.1944 493 5 Laboratori fotografici e cinematografici
0.1733 810 5 Istituti di credito
0.0915 812 1 Altri istituti monetari
0.0680 330 5 Costruzione di macchine per ufficio e macel@nmpianti per I'elaborazione dei dati
0.0523 630 5 Intermediari del commercio
0.0238 820 5 Assicurazioni, escluse le assicurazioni $icmidoligatorie
0.0231 790 5 Comunicazioni
0.0190 730 5 Trasporti fluviali
0.0143 345 5 Costruzione di apparecchi elettronici, radarenti, televisori, nastri magnetici
0.0096 474 5 Editoria
0.0085 653 5 Commercio al minuto di carburanti e lubrifiga
0.0067 344 4 Fabbricazione di apparecchi per telecomtaton, di misura, elettromedici
0.0059 257 5 Fabbricazione di prodotti farmaceutici
0.0059 364 5 Costruzione e riparazione di aeronavi
0.0046 111 1 Estrazione e agglomerazione del carbon éssil
0.0024 374 5 Fabbricazione di orologi e loro pezzi staccat
0.0022 120 1 Cokerie

(3) Textile-clothing and footwear
0.2858 453 3 Confezione (produzione in serie) di artidblabbigliamento e accessori
0.1729 454 3 Fabbricazione su misura di abiti, biancherapelli
0.1162 436 3 Fabbricazione di tessuti di maglia, magliecéze
0.0652 439 3 Altre industrie tessili
0.0644 431 3 Industria laniera
0.0364 437 3 Finitura di tessili
0.0339 432 3 Industria cotoniera
0.0289 438 3 Fabbricazione di tappeti, di linoleum e digpavimento, nonché di tele cerate
0.0280 456 3 Fabbricazione di pellicce e articoli in pelo
0.0259 451 3 Fabbricazione a macchina di calzature (trguedle in gomma o in legno)
0.0241 442 3 Fabbricazione di articoli in cuoio e affini
0.0230 434 3 Industria del lino, della canapa e del ramié
0.0212 452 3 Fabbricazione a mano di calzature (compeesalzature ortopediche)
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0.0202 616 3 Commercio all'ingrosso di prodotti tessitibaliamento, calzature, articoli in cuoio
0.0189 433 3 Industria della seta
0.0160 981 3 Lavanderia, tintoria e servizi affini
0.0158 455 3 Confezione di altri articoli tessili (seneagitura integrata)
0.0158 672 3 Riparazioni di calzature ed altri articolicimoio
0.0058 466 3 Fabbricazione di articoli in sughero, pagiianco e vimini, spazzole e pennelli
0.0056 435 3 Industria delle iuta
0.0038 365 5 Costruzione di mezzi di trasporto n.d.a.
0.0037 441 3 Concia delle pelli e del cuoio
(4) Personal services, commerce, and hotel trade
0.2494 660 5 Pubblici esercizi e esercizi alberghieri
0.2234 830 5 Ausiliari finanziari e delle assicuraziorfiaai immobiliari, servizi alle imprese
0.1677 970 5 Servizi ricreativi e altri servizi culturali
0.0728 640 5 Commercio al minuto di alimentari
0.0691 923 5 Servizi di pulizia
0.0349 921 1 Servizi di nettezza urbana, servizi di destidne e servizi analoghi
0.0274 650 5 Commercio al minuto di veicoli
0.0267 617 5 Commercio all'ingrosso di prodotti alimenthgvande e tabacco
0.0246 770 5 Agenzie di viaggio, intermediari dei traspartagazzini di custodia e deposito
0.0236 419 5 Panetteria, pasticceria, biscottificio
0.0168 760 5 Attivita connesse ai trasporti
0.0147 423 5 Fabbricazione di prodotti alimentari vari
0.0114 983 5 Studi fotografici
0.0102 619 5 Altri commercio all'ingrosso specializzatiammercio all'ingrosso di prodotti vari
0.0099 418 5 Industria dei prodotti amilacei
0.0095 982 5 Saloni di parrucchiere e istituti di bellezza
0.0090 611 5 Commercio all'ingrosso di materie prime agecanimali vivi, materie prime tessili
0.0090 417 5 Fabbricazione di paste alimentari
0.0089 618 5 Commercio all'ingrosso di prodotti farmaceiuganitari, di bellezza e di detersivi
0.0076 233 2 Estrazione di sale
0.0070 421 5 Industria del cacao e cioccolato, caramegjelati
0.0067 414 5 Preparazione di conserve di frutta e ortaggi
0.0062 615 1 Commercio all'ingrosso di mobili, articolirpa casa e ferramenta
0.0058 612 5 Commercio all'ingrosso di combustibili, madee prodotti chimici
0.0052 614 5 Commercio all'ingrosso di macchine, di materée di veicoli
0.0047 473 5 Stampa e industrie affini
0.0043 674 5 Riparazioni di orologi; gioiellerie
0.0031 422 1 Fabbricazione di prodotti alimentari perdatecnia (ivi compresa la farina di pesce)
0.0026 413 1 Industria casearia
0.0008 424 5 Industria degli alcool etilici di fermentaz®
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0.0000 340 5 Costruzione elettrica ed elettronica

(5) Metallurgy and machine shops
0.1965 319 2 Officine meccaniche n.d.a.
0.0696 314 2 Costruzione metalliche (ivi compresa la red¢aposa)
0.0409 244 2 Fabbricazione di articoli in amianto (ad esidne degli articoli in amianto-cemento)
0.0358 328 2 Costruzione di altre macchine e apparecchcargci
0.0253 224 2 Produzione e prima trasformazione dei metalti ferrosi
0.0201 312 2 Fucinatura, stampaggio, imbutitura, trancéatilavorazione a sbalzo
0.0155 325 2 Costruzione di macchinario per miniere, itdeisiderurgiche, genio civile
0.0147 211 1 Estrazione e preparazione di minerale doferr
0.0123 313 2 Seconda trasformazione, trattamento e rivestio dei metalli
0.0111 220 2 Produzione e prima trasformazione dei metalli
0.0111 311 2 Fonderie
0.0098 315 2 Costruzione di caldaie e serbatoi
0.0087 223 2 Trafilatura, stiratura, laminazione di nagirofilatura a freddo dell'acciaio
0.0080 671 2 Riparazioni di autoveicoli e biciclette
0.0069 212 1 Estrazione e preparazione di minerali metaibn ferrosi
0.0069 362 2 Costruzione di materiale rotabile a scartdmerarmale e a scartamento ridotto
0.0059 467 3 Industria del mobile in legno
0.0058 491 5 Bigiotteria, oreficeria, argenteria e taglalle pietre preziose
0.0057 361 2 Costruzione navale, riparazione e manuteazionavi
0.0045 463 2 Fabbricazione in serie di elementi di carpeat falegnameria, pavimenti in legno
0.0045 341 3 Fabbricazione di fili e cavi elettrici
0.0022 420 5 Industria zuccheriera
0.0017 464 2 Fabbricazione di imballaggi in legno
0.0006 428 5 Industria delle bevande analcoliche e dedpia gassate

(6) Machine tools
0.0306 322 2 Costruzione di macchine utensili per la lazane dei metalli, utensili per macchine
0.0261 316 2 Fabbricazione di utensili e articoli finiti metallo, escluso materiale elettrico
0.0225 324 4 Costruzione di macchine e apparecchi pexdesirie alimentari, chimiche e affine
0.0153 343 4 Fabbricazione di materiale elettrico di ustustriale, di pile ed accumulatori
0.0153 353 4 Fabbricazione di apparecchiature, accessmmza staccati per automobili
0.0149 342 2 Fabbricazione di motori, generatori, trastmior, interruttori e altro materiale elettr.
0.0135 373 3 Fabbricazione di strumenti ottici e di appahgature fotografiche
0.0130 352 2 Costruzione di carrozzerie, rimorchi e casswbili
0.0101 327 4 Costruzione di altre macchine e apparecaifpi
0.0099 371 5 Fabbricazione di strumenti di precisionegmarecchi di misura e controllo
0.0097 323 2 Costruzione di macchine tessili e di loroeasori, macchine per cucire
0.0089 326 5 Fabbricazione di organi di trasmissione
0.0080 321 2 Costruzione di macchine e trattori agricole
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0.0075 2 Costruzione e montaggio di autoveicoli (coespr trattori stradali) e relativi motori
0.0062 4 Costruzione di cicli, motocicli e loro pastaccate
0.0062 2 Fabbricazione di tubi di acciaio
0.0058 3 Fabbricazione di apparecchi elettrodomestici
0.0054 4 Fabbricazione di strumenti musicali
0.0037 2 Produzione di birra e malto
0.0034 5 Fabbricazione di lampade e apparecchi pamiilazione
0.0025 2 Industria del vetro
0.0022 2 Fabbricazione di altri oggetti in legno (mioksclusi)
0.0012 4 Fabbricazione di materiale medico-chirurgiapparec. ortopedici (scarpe escluse)
0.0011 4 Fabbricazione di prodotti in ceramica
0.0005 5 Industria del vino e delle bevande a baséndi
(7) Chemicals and plastic
0.0155 4 Trasformazione delle materie plastiche
0.0127 5 Fabbricazione e trasformazione di prodoitndi di base
0.0063 1 Industria petrolifera
0.0053 5 Fabbricazione di altri prodotti chimici destii all'industria e all'agricoltura
0.0044 4 Fabbricazione di altri prodotti chimici destii al consumo privato e all'uso d'ufficio
0.0038 2 Fabbricazione di fibre artificiali e sintét&
0.0030 2 Fabbricazione di mastici, pitture, vernianehiostri da stampa
0.0022 5 Fabbricazione di sapone e detergenti sintpticfumeria
0.0021 4 Industria della gomma
0.0018 2 Industrie manifatturiere diverse
0.0015 1 Rigenerazione e riparazione di pneumatici
0.0014 1 Recupero
0.0014 4 Produzione di mole e altri corpi abrasivilaai
0.0011 4 Trasformazione della carta e del cartondgrfaszione di articoli in pasta-carta
0.0009 4 Fabbricazione della pasta-carta, della ead@l cartone

Tab. A.1.2.4 — Community structure of slow-reallocaon network

commur_wity Ateco8l co_mmunity Ateco definition
centrality code quick reall.
(1) Building, energy and transportation
0.5523 501 2 Costruzione d'immobili (per abitazione ed)alt
0.5018 245 2 Lavorazione della pietra e di prodotti mitieran metallici
0.4886 720 2 Altri trasporti terrestri (urbani, su stradac.)
0.4613 111 4 Estrazione e agglomerazione del carbon éssil

46



0.4019 163 2 Produzione e distribuzione di vapore, ac@ldeg aria compres.; produz. di calore
0.2750 502 2 Genio civile: costruzione di strade, pomtirdvie, ecc.
0.1123 120 4 Cokerie
0.1088 211 1 Estrazione e preparazione di minerale doferr
0.0764 504 2 Attivita di finitura dell'edilizia
0.0556 231 2 Estrazione di materiali da costruzione edetrefrattarie e per ceramica
0.0291 812 4 Altri istituti monetari
0.0259 242 2 Fabbricazione di cemento, calce e gesso
0.0254 243 2 Fabbricazione di materiali per costruzionealtestruzzo, cemento e gesso
0.0162 416 2 Lavorazione delle granaglie
0.0138 411 2 Industria dei grassi vegetali e animali
0.0134 239 2 Estrazione di altri minerali; torbiere
0.0115 212 1 Estrazione e preparazione di minerali metaibn ferrosi
0.0112 740 2 Trasporti marittimi e cabotaggio
0.0102 161 2 Produzione e distribuzione di energia etzsttri
0.0085 921 3 Servizi di nettezza urbana, servizi di desmidne e servizi analoghi
0.0075 839 4 Altri servizi prestati alle imprese
0.0063 422 3 Fabbricazione di prodotti alimentari perdatecnia (compresa la farina di pesce)
0.0053 461 2 Taglio e preparazione industriale del legno
0.0049 140 6 Industria petrolifera
0.0036 162 2 Officine del gas; distribuzione des gas
0.0036 620 6 Recupero
0.0033 615 3 Commercio all'ingrosso di mobili, articolirga casa e ferramenta
0.0019 613 2 Commercio all'ingrosso del legname e di nateta costruzione
0.0017 482 6 Rigenerazione e riparazione di pneumatici
0.0004 413 3 Industria casearia
(2) Textile-clothing and footwear
0.2946 453 5 Confezione (produzione in serie) di artidblabbigliamento e accessori
0.1543 454 5 Fabbricazione su misura di abiti, bianchercapelli
0.0749 436 5 Fabbricazione di tessuti di maglia, maglies@ze
0.0510 451 5 Fabbricazione a macchina di calzature (trajuedie in gomma o in legno)
0.0348 429 2 Industria del tabacco
0.0333 456 5 Fabbricazione di pellicce e articoli in pelo
0.0331 672 5 Riparazioni di calzature ed altri articolicimoio
0.0263 442 5 Fabbricazione di articoli in cuoio e affini
0.0254 452 5 Fabbricazione a mano di calzature (compeeseltature ortopediche)
0.0246 438 5 Fabbricazione di tappeti, di linoleum e digpavimento, nonché di tele cerate
0.0198 981 5 Lavanderia, tintoria e servizi affini
0.0181 439 5 Altre industrie tessili
0.0162 431 5 Industria laniera
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0.0142 437 5 Finitura di tessili
0.0136 455 5 Confezione di altri articoli tessili (seneaditura integrata)
0.0103 616 5 Commercio all'ingrosso di prodotti tessitibaliamento, calzature e art. in cuoio
0.0074 434 5 Industria del lino, della canapa e del ramié
0.0073 433 5 Industria della seta
0.0052 432 5 Industria cotoniera
0.0050 435 5 Industria delle iuta
0.0036 341 1 Fabbricazione di fili e cavi elettrici
0.0035 373 7 Fabbricazione di strumenti ottici e di appehéature fotografiche
0.0035 466 5 Fabbricazione di articoli in sughero, paglianco e vimini, spazzole e pennelli
0.0031 441 5 Concia delle pelli e del cuoio
0.0023 346 7 Fabbricazione di apparecchi elettrodomestici
0.0019 467 1 Industria del mobile in legno
(3) Personal services, commerce and hotel trade
0.2441 660 3 Pubblici esercizi e esercizi alberghieri
0.1203 830 3 Ausiliari finanziari e delle assicuraziorffaai immobiliari, servizi alle imprese
0.1011 975 4 Spettacoli (esclusi cinema e sport)
0.0990 970 3 Servizi recreativi e altri servizi culturali
0.0951 493 4 Laboratori fotografici e cinematografici
0.0549 640 3 Commercio al minuto di alimentari
0.0515 340 3 Costruzione elettrica ed elettronica
0.0319 979 2 Servizi ricreativi n.d.a.
0.0295 983 3 Studi fotografici
0.0266 650 3 Commercio al minuto di veicoli
0.0225 419 3 Panetteria, pasticceria, biscottificio
0.0195 630 4 Intermediari del commercio
0.0171 730 4 Trasporti fluviali
0.0154 421 3 Industria del cacao e cioccolato, caramefjelati
0.0147 330 4 Costruzione di macchine per ufficio, macchanmpianti per I'elaborazione dei dati
0.0140 923 3 Servizi di pulizia
0.0120 770 3 Agenzie di viaggio, intermediari dei traspartagazzini di custodia e deposito
0.0118 982 3 Saloni di parrucchiere e istituti di bellezza
0.0118 750 2 Trasporti aerei
0.0116 417 3 Fabbricazione di paste alimentari
0.0110 345 4 Costruzione di apparec. elettron., radiogogiy televisori, dischi e nastri magnetici
0.0100 423 3 Fabbricazione di prodotti alimentari vari
0.0085 790 4 Comunicazioni
0.0084 810 4 Istituti di credito
0.0079 418 3 Industria dei prodotti amilacei
0.0076 820 4 Assicurazioni, escluse le assicurazioni $icaldligatorie
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0.0075 760 3 Attivita connesse ai trasporti
0.0075 374 4 Fabbricazione di orologi e loro pezzi staccat
0.0072 364 4 Costruzione e riparazione di aeronavi
0.0072 326 7 Fabbricazione di organi di trasmissione
0.0071 365 5 Costruzione di mezzi di trasporto n.d.a.
0.0068 371 7 Fabbricazione di strumenti di precisioneggmharecchi di misura e controllo
0.0066 415 2 Fabbricazione di conserve di pesce e prodeltinare per alimentazione umana
0.0066 474 4 Editoria
0.0061 617 3 Commercio all'ingrosso di prodotti alimentagvande e tabacco
0.0061 653 4 Commercio al minuto di carburanti e lubrifita
0.0056 619 3 Altri commercio all'ingrosso specializzat@nmercio all'ingrosso di prodotti vari
0.0051 984 2 Servizi personali n.d.a.
0.0048 414 3 Preparazione di conserve di frutta e ortaggi
0.0048 491 1 Bigiotteria, oreficeria, argenteria e taglalle pietre preziose
0.0034 618 3 Commercio all'ingrosso di prodotti farmaceyusanitari, di bellezza e di detersivi
0.0033 614 3 Commercio all'ingrosso di macchine, di matere di veicoli
0.0032 674 3 Riparazioni di orologi; gioiellerie
0.0029 611 3 Commercio all'ingrosso di materie prime agecanimali vivi, mat. prime tessili
0.0028 473 3 Stampa e industrie affini
0.0028 257 4 Fabbricazione di prodotti farmaceutici
0.0027 612 3 Commercio all'ingrosso di combustibili, migéee prodotti chimici per l'industria
0.0025 420 1 Industria zuccheriera
0.0022 258 6 Fabbricazione di sapone e detergenti sintedicché di altri prodotti per l'igiene
0.0020 424 3 Industria degli alcool etilici di fermentaa®
0.0018 347 7 Fabbricazione di lampade e apparecchi paniilazione
0.0017 425 7 Industria del vino e delle bevande a baséndi
0.0012 251 6 Fabbricazione di prodotti chimici di base
0.0011 412 2 Macellazione del bestiame, preparazione segwazione della carne
0.0007 428 1 Industria delle bevande analcooliche e deltpie gassate
0.0003 256 6 Fabbricazione di altri prodotti chimici destii all'industria e all'agricoltura
0.0000 132 2 Estrazione e depurazione di gas naturale
0.0000 232 4 Estrazione mineraria di sali di potassio fosfiati di calce naturali
(4) Metallurgy and machine shops
0.1066 319 1 Officine meccaniche n.d.a.
0.0994 314 1 Costruzione metalliche (ivi compresa la redaposa)
0.0413 233 3 Estrazione di sale
0.0406 503 2 Installazione
0.0234 131 2 Estrazione di petrolio
0.0229 328 1 Costruzione di altre macchine e apparecchcaréci
0.0145 427 7 Produzione di birra e malto
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0.0138 322 7 Costruzione di macchine utensili per la lazane dei metalli, utensileria e utensili
0.0137 134 2 Ricerca di petrolio e gas naturali
0.0123 315 1 Costruzione di caldaie e serbatoi
0.0120 316 7 Fabbricazione di utensili e articoli finiti metallo, escluso materiale elettrico
0.0113 244 1 Fabbricazione di articoli in amianto (esclasticoli in amianto-cemento)
0.0100 325 1 Costruzione di macchinario per le minierenthustrie siderurgiche e le fonderie
0.0098 342 7 Fabbricazione di motori, generatori, trastmon, interruttori e materiale elettrico
0.0090 490 6 Industrie manifatturiere diverse
0.0082 323 7 Costruzione di macchine tessili e di loroeasori; macchine per cucire
0.0079 311 1 Fonderie
0.0077 313 1 Seconda trasformazione, trattamento e rimestio dei metalli
0.0069 321 7 Costruzione di macchine e trattori agricole
0.0067 671 1 Riparazioni di autoveicoli e biciclette
0.0064 220 1 Produzione e prima trasformazione dei metalli
0.0059 312 1 Fucinatura, stampaggio, imbutitura, trancéatilavorazione a sbalzo
0.0057 224 1 Produzione e prima trasformazione dei meiali ferrosi
0.0056 241 2 Fabbricazione di materiali da costruzionkierizio
0.0052 222 7 Fabbricazione di tubi di acciaio
0.0051 223 1 Trafilatura, stiratura, laminazione di nagirdfilatura a freddo dell'acciaio
0.0041 260 6 Fabbricazione di fibre artificiali e sintéig
0.0040 362 1 Costruzione di materiale rotabile a scartamrarmale e a scartamento ridotto
0.0037 462 2 Fabbricazione di prodotti semifiniti in legno
0.0036 352 7 Costruzione di carrozzerie, rimorchi e casswhbili
0.0030 351 7 Costruzione e montaggio di autoveicoli (cagspr trattori stradali) e relativi motori
0.0025 361 1 Costruzione navale, riparazione e manuteazibnavi
0.0015 464 1 Fabbricazione di imballaggi in legno
0.0014 255 6 Fabbricazione di mastici, pitture, vernianehiostri da stampa
0.0013 170 2 Raccolta, depurazione e distribuzione d'acqua
0.0012 463 1 Fabbricazione in serie di elementi di carpeaf falegnameria, pavimenti in legno
0.0009 465 7 Fabbricazione di altri oggetti in legno (nioésclusi)
0.0003 247 7 Industria del vetro
(5) Mixed group
0.0156 324 7 Costruzione di macchine e apparecchi perdesirie alimentari, chimiche e affine
0.0118 483 6 Trasformazione delle materie plastiche
0.0084 327 7 Costruzione di altre macchine e apparecaifpi
0.0082 343 7 Fabbricazione di materiale elettrico di ustustriale, di pile ed accumulatori
0.0075 353 7 Fabbricazione di apparecchiature, accesgm®ze staccati per automobili
0.0068 348 2 Montaggio, lavori di impianto tecnico (eseusstallazioni elettriche per 'edilizia)
0.0063 363 7 Costruzione di cicli, motocicli e loro pastaccate
0.0055 492 7 Fabbricazione di strumenti musicali
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Produzione di mole e altri corpi abrasivilaai

Fabbricazione di apparecchi per telecomuitingzontatori, apparec. elettromed.
Fabbricazione di altri prodotti chimici pripalmente destinati al consumo privato
Fabbricazione di materiale medico-chirurgi@pparec. ortopedici (scarpe escluse)
Fabbricazione della pasta-carta, della @adal cartone

Fabbricazione di prodotti in ceramica

Trasformazione della carta e del cartondyrfehzione di articoli in pasta-carta

Industria della gomma
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2 Discovering the network structure of labor mobilty

2.0 Abstract

This Chapter explores the network topology of iilen labor mobility in the Italian region of
Veneto, during the 90s. Drawing upon a matched eyeplemployee dataset that covers the
universe of private dependent workers, we map iddal job changes onto a directed graph, where
vertices indicate firms, and links denote transtéraorkers between firms.

Three are our major empirical findings: (1) thewwk is a small world; (2) the degree distribution
is well approximated by a power law in the tail) (he overall architecture is denoted by
hierarchical clustering. High level of interconrient redundancy of paths at local scale, and small
average distances all contribute to guarantee rhatgcassibility to a large fraction of labor market
locations. We show that the measured connectivitgially depends on the presence of hubs that
span the network from side to side, bridging togettlifferent local clusters by means of long-
distance links. The main hubs are found to be ldnges, belonging to three categories: (1)
temporary jobs agencies; (2) long-tradition manufiacg companies; (3) chains of department
stores, supermarkets, and companies providingcgerdirectly at the costumer’s.

We argue that public authorities should devote isp@are to hubs. In particular, long-tradition
manufacturers — nowadays facing tough competitresgure from low-wages countries — should be
supported, since their failure would lead to anranpdented lack of interconnectivity in the labor
market, hampering labor flows. Besides, particaléention should be placed on the emergence of
temporary employment agencies, not much as gatheremprecarious employment, rather as
effective labor market integrators. We believenwgk analysis, of the sort discussed in the present
study, can be an extremely effective tool, in ordérmonitoring labor market functioning,
identifying potential weaknesses, and locating iseetargets for policy interventions.
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2.1 Introduction

The object of investigation of the present Chapethe firm-to-firm network formed by worker
reallocations. Our analysis moves on two levelsstFive perform a systematic exploration of the
network structure of labor mobility, so as to pdw®/ia description of the reallocation market that is
totally unprecedented, because of both the dimarsiplored (network), and the fine level of data
disaggregation (individual reallocations). Secowe, categorize network properties according to
functional significance, so as to identify theirplgations for labor market functioning, ultimately
aiming at identifying the critical elements — eitlgngle firms or connectivity structures — that
should be protected, or promoted, in order forloeations to occur smoothly and efficiently.

Our work complements the traditionfdw approachto labor markets, by way of considering
individual firm-to-firm transitions, and then pasiiing each of them into a more and more
complex mobility pattern. We use employer-employeatched data referring to the whole
population of private dependent workers in a higimiglustrialized region of Italy, Veneto. We
single out worker reallocations occurred durings, and map them onto a directed graph, whose
vertices represent employers, and whose links siipgbpassages of workers from one employer to
another. We explore in detail a variety of locadl ghobal properties of the graph, uncovering firm-
to-firm pathways and characterizing the employensgking into such circuits, and we discuss how
the collected evidence is related to specific foohimdustrial organization

Veneto represents a sort of ideal setting for shglyabor reallocation. Firms are quite fairly
distributed over the entire territory, and they arganized around a plurality of small and medium
urban centers, so that, a priori, there is no simgilustrial concentration able to capture a migjori
portion of mobility flows, i.e. there are no cleart center-periphery patterns. Besides, throughout
the 90s, Veneto labor market has been charactebyedrelevant, positive rate of job creation in
both manufacturing and services, and by almostidrial unemployment. Consequently, soon as
vacancies open up, they are very likely to bediléth people from the pool of employed people,
hence originating firm-to-firm switches, and givinge to proper chains of substitutions, known as
vacancy chains (Contini and Revelli, 1997). In sacbontext, the micro-level structure of labor
mobility turns out to be particularly important thetermining the aggregate behavior of the

reallocation market.

! Importantly, our research effort is not aimed sséessing whether and to what extent reallocationgjaod for the

economy or individuals. In the analysis we perfotihg, amount of labor mobility is taken as an exagesnfactor, and
the focus is on the global arrangement of indivigol transitions. The key research question ikemtgiven a certain
demand and supply of reallocations, in turn oriintpa certain level of worker mobility, what feets or elements of
the connectivity structure, revealed by individoadves, have an impact on the functioning of thdlaeation market.

Understanding what is the optimal amount of wortkenover in the economy is a question that goesheyhe scope
of our current work.
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The study draws upon the VWH datalfaselongitudinal panel that presents the uniquéufea
of covering the entire population of private seatarkers and employers in Veneto, so allowing to
recover virtually all individual transitions betwedrms. Moreover, the administrative nature of
VWH ensures that the network we construct is aabd representation of the true fabric of labor
mobility, since very little is the ambiguity in tlgata about what a change of employer actually is,
and quite small is the actual uncertainty as totlhdrea worker has moved or not from one firm to
another.

Worker reallocation is quantified by counting inidival firm-to-firm passages. This type of
mobility arises in two cases: when workers resmfotm a new job match, whatever the reason at
the origin of such decision; or when workers fimbgner job, after being fired by employers aiming
at modifying the workforce assortment, or at redgocemployment level. In all cases, in order to
properly speak of reallocation, the period of noampyment intervening between subsequent job
spells must be reasonably short.

In this essay we consider all employment transstioccurred over a whole decade, the 90s, so as
to capture patterns of mobility not influenced lhypi-term fluctuations of the business cycle. We
take account of job switches generated both byscnd dismissals, imposing the relatively loose
condition that the transition is accomplished with2 months. Most importantly, we focus on the
unweightednetwork, exploring the arrangement and directibfinks, without paying attention to
how many workers actually pass through each lirfkufare study of the weighted network will then
benefit from the knowledge of the underlying unvireegl structure.

In the following analysis, a key concept is thatpath that is an uninterrupted chain of links
connecting several firms in sequence. Based upsm®xistence of paths — especially short paths —
and on their layout, we evaluate the extent to Wwididferent locations (employers) are accessible
from a given position in the network. The key idisathat paths are not mere displays of
independent, unrelated mobility episodes, but rattieey signal effectively practicable routes to
navigate across the labor market.

This view is strongly supported by empirical eviderabout the dominant role vacancy-chain-
driven reallocations played in the very tight lalnoarket characterizing Veneto during the 80s and

the 90&. A vacancy chain denotes a succession of subetisitof workers into jobs, which is

2 \VWH is the acronym for Veneto Worker Historiesnatched employer-employee dataset developed &epartment
of Economics of the University of Venice “Ca’ Fostaon the ground of administrative records frone titalian Social
Security Institute; see Occai al. (2001).

% Based on an earlier version of the VWH datasettala and Valentini (2004) show that the sharempleyer-to-
employer transitions accomplished within 4 months;ounted for by vacancy-chain processes, is oragee38%.
Taking into account the further tightening of Vemé&bor market, throughout the second half of tbg, @ve believe in
our setting the share of employer-to-employer items explained by vacancy chains is unlikely &rbuch lower than
the one calculated by Tattara and Valentini.
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ultimately made possible by the existence of a tnietal degree of overlapping among the sets of
tasks, skills, and professional profiles offeredi attmanded by firms located along the chain.
Insofar as paths embody substitution chains, tlemcé represent channels through which a given
worker can potentially flow through. In turn, thieeans that the network, i.e. the arrangement of all
paths, can be viewed as a sort of infrastructuaé ighcapable of supporting and directing worker
flows. Our task is then to study the propertieswth infrastructure.
The measures we present in the next Sections seatesdly aimed at gauging to what extent it is

possible to move from one vertex to another follayva connected path, and understanding which

elements guarantee such connectivity. In particwarinvestigate three fundamental issues:

1) the level of network interconnection and the exiseeof asmall-worldeffect;
2) the shape of the probability distribution of vertiks, the so calledegree distributiofy

3) the characteristics of the most connected vertlugss and their impact on connectivity.

The reminder of the Chapter is organized as follo®8exction 2.2 gives a brief account of the
economic importance of factor reallocation, withegpl focus on labor markets; Section 2.3
provides the formal definitions of the labor mdlyilnetwork, and of the metrics we use to define its
structure; Section 2.4 describes the dataset amddmple selection criteria, also providing some
notions about Veneto economy; Section 2.5 discussesork connectivity and the small-world
characteristics; Section 2.6 analyzes the degsgghiition; Section 2.7 focuses on the hierarchical
structure of the network; Section 2.8 highlight® throperties of the most important vertices;

finally, Section 2.9 concludes.

2.2 Theoretical insights on labor reallocation

The mobility of workers between employers is aidaive feature of most contemporary labor
markets. Quite intuitively, both the success ofvitihal work histories and firms performance rely

* The organizations (vertices) populating our netwiffer substantially in employment size, and setiaracteristic
plays a relevant role in determining the numbecainections each vertex can support, as a pureegoasce of its
dimension; see the discussion in Watts (2004, p-38). That is to say, the process generating tisemwed link

distribution is likely to be influenced by the (urdwn) process governing the size distribution oh§. To disentangle
the complex relationships linking together these timensions is far beyond the scope of the presesay; here, we
analyze exclusively labor mobility patterns, andrthdiscuss the results making use of all the inftion available,

including firm size. As we show in Section 2.6, tesrdegree and firm size are correlated, but thengity of such

linkage is only moderate and, thus, it is far frbeing conclusive, leaving good autonomy to theyasigwe perform.

On the size distribution of firms, see the pionegrarticle of Simon and Bonini (1958), and moreerdly Luttmer

(2007), and Buldyreet al (2007).
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critically on the characteristics of the labor teehtion process; therefore, to understand the
mechanisms underlying such phenomenon represenggaa interest for policy makers, in order to
devise appropriate measures for boosting econorawgtly and community welfare.

In market economies, growth — especially long-tgmowth — is widely understood to rest on
two pillars: innovation and reallocation of prodoat factors (Acemoglu, 2009). Let us imagine
output is obtained by means of combinations ofdia;tcapital and labor; more specifically, assume
production takes place through matching units lobtgworkers) with units of capital (technologies,
firms). Many units of capital and labor exist, eadtaracterized by specific attributes, hence,
several different matches of labor and capital eldyng different productivity — are feasible, of
which some do exist at any given point in time.

Weitzman (1998) coined the term “recombinant gréwtbkferring to the possibility of rising
value added by means of looking for new, produtgtienhancing combinations/matches of factors,
obtained through dissolving already existing magcla@d forming new ones, suitable of generating
higher product. In other words, under the play efestive forces stemming from market
competition, growth can be viewed as a processoastant recombination of factors into new
productive configurations with increased “fitness”.

This process is propagated by reallocation. Reatioc of factors between concurrent uses, in
particular labor transfers between industries omgi is a counterpart of growth. Indeed, growth
usually takes place together with output, labod aapital moving away from given companies
towards their competitors, and from sectors in Whilske economy ceases to have comparative
advantage, towards those where advantages argatrdm real markets, existing firms, procedures,
and products are continuously replaced by new amk#e capital is diverted between alternative
investments, and workers transfer across firms €hmuo the Schumpeterian spirit of creative
destruction.

Small improvement in technology, or increase inivitihal skills within a given production
configuration have a positive, direct effect on quctivity, but their potential impact can in
principle better unfold if the production configtican, formed by labor and capital, is allowed to
change, for instance by dissolving current emplaaployee matches and forming new ones. Of
course, this process implies a cost associatedatohrbreaking, namely, potential unemployment
for workers, and long-lasting vacancies for empieybut positive effects overcome negative ones

in the long term, according to most literature

® Of course, the extent to which the potential faxductivity-enhancing reallocation is realizedilely to be a function
of a number of factors. Existing theoretical modelsd to emphasize frictions in product and facoterkets (Caballero
and Hammour, 1996), externalities associated witlovation (Aghion and Howitt, 1992), or the impatinternational
trade (Melitz, 2003).
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The relationship between growth and reallocatiopadicularly evident in times of economic
crisis or industrial restructuring, and it has b&stensively studied with reference to transition
countries, or to major trade reforfndlost dynamic market economies have been shovexhibit
significant rates of resource reallocation acrasslpction units, and across economic seétdrs
labor economics, workers turnover over jobs has llee object of extensive investigation both on
theoretical and on empirical sides. Applied anaykeus mostly on the dynamics of aggregate
employment flows, according to business cycle tlatbns, exploring occupational and sectoral
dimensions as well. Some studies go further, addrgsthe relationship between worker
engagements (separations), and job creation (désimj at the employer levél

Most of the creative destruction process, thus meadtocation, takes place at micro level, that is
at establishment level; therefore, the bulk of attention as researchers should be devoted to
exploring reallocation at a very disaggregated ll@feanalysis. But the micro-level structure of
labor mobility — in particular the complex web obmmections between firms each worker
contributes to weave as the result of changing eyepl— has never been thoroughly investigated

At firm-level resolution, the fabric of labor moibyl emerges as the combination of different
individual transitions into longer paths, linkinggether many firms in sequence. We may think of
each link as a door opened by the passage of oneo workers, and we may look at a chain of
links as a corridor with many doors, along whichll@ations progressively both come into being,
and find an outlet, being fed by multiple sourcesd branching off into different directions along
the way. At firm-level resolution, worker reallocat looks like a gradual process of percolation
through a porous material, and the microscopic igcture of this material is what ultimately
determines direction and timing of the flows we alsu observe at some higher level of
aggregation.

Understanding the micro-level structure of lab@ileeation, and the related dynamics of worker
transfers from job to job, is relevant also to \asdf decisions. In Italy, at present time, this dadpi
of particular interest, since the political aresanbw engaged into an animated debate about the
possible transition from a welfare system for labased essentially on high firing costs, strong

® On transition economies, see for instance Browd Barle (2004); on trade reforms, see the recepemay
Kambourov (2008).

" The empirical regularities of these processes heen extensively documented in studies of joHaeation, such as
those by Davis and Haltiwanger (1990, 1992, 1998 relationship between reallocation and prodigtivas been
analyzed by Baily, Hulten, and Campbell (1992),tBlaman and Dhrymes (1998), and Foster, Haltiwgrayat Krizan
(2001), among others.

® For a comprehensive review of the so called fippraachto labor markets, see Schettkat (1996). With refezeto
the U.S., flow analyses can be found for instamcEadllick and Fleishman (2004), and in Yashiv (20@¢&cupational
and sectoral mobility are discussed in Moscaritni @homsson (2007), and in Kambourov and Manov&kiDg), while
recent examples of employer-level studies are thdé§ooperet al (2007), and Davist al. (2006, 2009).

° To the best of our knowledge, the only attempxplore this phenomenon is the study of Curranini Beri (2006).
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employment protection, and social security cushi@ssociated to job maintenance (wage
supplementation schemes, as CIG, CIGS, or CIG irogdg, towards a welfare system of
“flexsecurity” (Ichino, 2009).

Flexsecurity is essentially based on two simultaseanechanisms: high unemployment
subsidies, being able of effectively supporting ividbial and household income, and active
reallocation policies, substituting for high empiognt protection and wage supplementation
schemes (De Vos, 2009). The aim of such a systémasmbine benefits for firms, stemming from
employment flexibility, with substantial income peotion for workers. At the very core of the idea
of flexsecurity lays the worker reallocation progea smooth and efficient reallocation of workers
across jobs represents the key for successful astdisable labor welfare policies, also allowing
for productivity enhancement, according to recorabon of production factors. Therefore,
reallocation can be regarded as the crucial dinsengoverning the relationship between welfare
choices and productivity paths.

The possibility of designing successful welfareiges and promoting growth largely resides in
our ability of pinpointing the fundamental pattewfsiabor mobility, up to a highly disaggregated
level of resolution, in order to extract valuableth about how reallocation actually work. Network
analysis applied to employer-worker linked dataegius a unique chance of exploring in detail the
structure of worker reallocation, about which wevénatill very little empirical knowledge, and
almost no priors about what to expect from whatlvenot know.

2.3 Network definitions

This Section provides the formal definitions of ttp@ph-theoretic concepts we are going to use
throughout the study. L&t = {i: 1, 2, ...,n} be a finite set of firms, representing networktiees.
For each ordered pair of firms ), with i, 0V andi #j, let |, O {0,1} be a link pointing from to

j, with I, =1if at least one worker has passed from firno firm j (active link), andl; = 0
otherwise (inactive link); let theh :{lij} be the collection of such links. The set of firaral the

set of links form the binary, directed labor mdlyilnetwork G(V, L), of which an instructive

graphical example is given in Figure 2.1. Tdwaltnumber of vertices ig; the number of active

links is m=3% Y1 ;the number of active links divided by the tatamber of links then gives the
iov jov i

network density denoted by(G) =nmy/n(n—-1). Henceforth, with the word links we refer to just

active links.
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Figure 2.1 — Network withn=9, andm=10

o

[1s3

Note: firms 2 and 4, as well as 3 and 6, directlyxehange workers in both directions.

We define in-degreeof vertexi the number of links pointing towards and we denote it bi";
similarly, we defineout-degreeof vertexi the number of links originating from and we denote it
by k®. Thetotal-degreeof vertex i, indicated byk', is then the sum of in-degree and out-degree.

In formal terms we can write the following express°

K=Y, . (1a)
jov

kiout — zlij , (1b)
jov

kitot = kiin + kiout ) (1C)

The average degree of a network is equal to theageedegree of its vertices, denotedk(iy).
The vertices with highest degree are ternhedbs If we think of the degree of a vertex as a

realization of a random variabke thedegree distributions then the probability distribution ¢,

1% For the sake of simplicity, in the reminder of tieat we generally omit the superscriptskpfind we often refer to
total-degree simply as degree.
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i.e. the probability that a vertex has degree éxacjual tok, and it is indicated bg(k)=PrK=k)*".
In the text we also refer to tleemplementary cumulative degree distribut{(@CDD), denoted by
P(k), and defined to bB(k)=Pr{K>k).

We say there is path from vertexi to vertexj, eitherif I, = 1 orif there is a set of distinct
intermediate verticegy, jo, ...,jn such that; =I,, =...=I, , = 1 A networkcomponents a set of
vertices which are all reachable through pathd)eeimutually reachable, obtainingsé&ongly
connected componenor just one-way reachable, obtainingwaakly connected componemt
network may consist of several components, whichbeaordered according to size, i.e. the number
of vertices they comprise. We say a network exbibgiant componentwhen the largest weakly
connected component covers at least 50% of ver{iggs> n/2), the largest strongly connected
component covers at least 25% of verticag.& n/4), and the other components are small
(typically of order Ing)). In the text, we refer to giant weakly/strongiygnnected components with

the acronyms WCC and SCC, respectively. Path amgpbonents are exemplified in Figure 2.2.

Figure 2.2 — Strong components (blue, dotted), weadomponents (orange, dashed),
and shortest path from vertex 6 to vertex 4 (greehnks)

1n directed networks there exist three differesgme distributions: the in-degree, out-degree tatad-degree.
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The length of a path fromto | is equal to the number of links we have to rumglto reach
starting fromi. In general, a pair of vertices can be connecteddveral different paths; we call
geodesiche shortest path frointo j, and we denote its length lay '°>. We then defin@verage
path length(APL) of a network the average length of the geaebetween all possible pairs of
vertices in SCC, denoted bifG), yielding™

d(G) B nSCC(nSCC _1) ' (2)

The set of firms with which firm directly exchanges workers, both on entry and, exicalled
(neares} neighborhoodof i, and it is defined a$/, :{j av 1, =101, :1}; the number of neighbor

vertices ofi is thusz; = |Nij|. This notion leads to the definition of a metdalled clustering
coefficient The clustering coefficient of vertaxdenoted byC;, measures the extent to which the
neighbor vertices afare linked together, forming a densely connectedg Following Watts and
Strogatz (1998), we define the clustering coeffitief vertexi as the ratio between the actual
number of links between its neighbors, and the maxra possible number of such links. Denoting
by u andv two generic neighbors of we obtain the next definition

22 L

C —UNVN 3
C o0 - )

which takes values in the interval [0,1]. Vertioggh »; = 1 are assigne@; = 0. The average
clustering coefficient of a network is indicated 6YG), and in the text we refer to it with the
acronym ACC. WherC; is high, compared t&(G), i is said to be part of &cal structure
(equivalently,i has local connections), as the average distarteeebr its neighbors is smaller than
expected; whelg; is less than averageis said to be part of global structure (equivalently, has
global connections), as its neighbors tend to weqdalistinct, local groups. In Figure 2.3 diffete

graphical examples of clustering for the greenesedre given.

'2 Notice that in directed networks usuatlytd;.
13 See Boccaletit al (2006).
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Figure 2.3 — Clustering coefficient: vertex 1 has ax (a), intermediate (b), no clustering (c)

()
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A further, essential network-theoretic concephit tof vertexoetweennessSuch quantity offers
an indication of the relevance of a vertex in aginetwork, measured as its capacity of controlling
communication between other vertices. Accordinght® original formulation given by Freeman
(1977), a vertex is considered relevant to the rextieat it falls on the geodesics between other

vertices. The betweenness index of vertadenoted by, is then defined as follows

bl:th\Zh;:j{%(-l):l, @

where gn; is the total number of geodesics connecting theege verticesh and j, in both

directions, andj (i) is the number of geodesics connectirandj, passing through vertex
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2.4 Data and network construction

The basis for our empirical evaluations is the V\fW&hel, a matched employer-employee dataset
derived from administrative records of the Itali@acial Security Institute, referring to the entire
population of private sector workers and employeigeneto, during the period 1975-2001.

Veneto is a dynamic, “manucentric” region, whodaotamarket, starting from the middle 80s,
has been characterized by nearly full employmemd, lay a positive rate of job creation in almost
every sector of the economy. The industrial systecharacterized by a large population of small
and medium firms, frequently organized in districtdose specializations are garments, textiles,
leather and shoes, goldsmiths, mechanical prod@wtsiture, and plastics. Within this territory,
VWH covers each single worker employed in the pgavsector (except only for self-employed,
farm workers, and people receiving no salary), eadh single establishment with at least one
dependent worker. The information available is @xtly rich and allows to build a monthly
history of the working life of each employee, whashbeen hired for at least one day by an
establishment based in Veneto, during the periaobeérvation, regardless of the worker’s place of
residence.

Firms can be distinguished by their univocal Tagnlification Number, “codice fiscale”, while
workers are marked by an anonymous individual cddethe source archives, the firm code
changes each time legal ownership of the firm changven if there is no stop in the underlying
operations, nor appreciable change in the natutbeofictivity. Whenever such situation has been
recognized, the business is said to be continuems,the old employer (incorporated) is assigned
the code of the new employer (incorporatifig)

Another type of problem stems from the fact thapkyer codes actually identifynsurance
positions not firms. Although in most cases each firm haly @ne security position, it is possible
for firms to register their employees under differgositiond”. Anytime the Social Security
archives provide an explicit indication of whichsit@ns are dependent on a parent one, all the data
are consolidated into only one unit, retaining othlg parent’s identification code. Of course, we
can only partially account for complex, and henagarelusive, business structures, as for instance
informal groups. Nevertheless, according to sclsqf@attara and Valentini, 2003, 2004; Occari and

Pitingaro, 1997), the adopted procedure leadssiatiafactory approximation of the real boundaries

14 Formally, legal employer A is considered incoriedainto legal employer B anytime more than 50%itsf
employees are taken over by B. This procedureas iy Tattara and Valentini (2003, 2004), and iensployed to
construct the current version of the VWH dataset. & detailed explanation of the method, see Oauati Pitingaro
(1997).

!> For instance, there may be distinct positionsbfae and white collars, or for different plants.
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of most enterprises. In the text, with the wordnfior, alternately, employer, we always refer to the
consolidated insurance position.

As for individual employment spells, if there aled breaks in working experience, as long as
the worker continues at the old employer (as ddfaigove), the spell is considered uninterrupted.

Three are the steps we make to built the netwoilst,Fwe single out relevant reallocation
episodes; then, we list all the ordered pairsrafigiinvolved in such occurrences, so as to obkean t
link setL; and, finally, we isolate frorh the firms belonging to the network, getting theter set
V. An important implication of such approach is thasinesses not involved in labor reallocations
do not enter the network; hence there are notteswheertices in the graph.

We restrict our focus on the reallocations of weskef both sexes, aged between 15 and 65
years, whose separation occurred within the pedid®1/1991-12/31/2000, and where at most 12
months elapsed between the separation and theviojoengagemefit We also keep track of the
reallocations cutting across the administrativeniolauies of Veneto, so that firms located outside
the region can enter the network sample, to thengéxhat they transfer/receive workers to/from
firms located in Veneto. No restrictions are imgbsa the duration of job spells, nor on types of
occupation, whether blue or white collar, apprentiar manager. We exclude reallocations in the

same firnt’.

2.5 Small-world connectivity

According to the criteria defined in the previowecton, we are able to record 2,375,008 employer
switches, and to map them onto a network of 379,8&tices and 1,899,898 directed links.
Network statistics are listed in Table 2.1. We obsahat 54% of vertices represents firms located
inside Veneto, and 68% of links corresponds tdaeations between firms both located inside the
region. About 72% of employer switches goes aloimggsl which carry just one worker, the
remaining run through links carrying 3.5 workers average. The network density is equal to
1.32e-5, revealing a quite sparse topology. Sustlirelearly reveals how, at firm-level resolution,
worker mobility appear to be made of a myriad atidct trickles, substantiating the image of labor

market as a sponge, through which workers percakateater drops.

16 periods of apparent inactivity which are longarttone year are very likely to hide voluntary efitan the labor
market, or temporary transitions to public- or satiployment; in these cases we cannot speak ofesiip changes.
' This type of mobility typically concerns seasonabs, since temporary lay-offs are not permitted Italian
legislation.
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Table 2.1 — Network statistics

metric value

n. of vertices 379,391

n. of links 1,899,898
average degree (std. dev.) 10.02 (56.35)
density 1.32e-05

size of WCC (as percentage) 373,998 (98.6)
size of second largest weakly connected component 6

size of SCC (as percentage) 175,436 (46.2)
size of second largest strongly connected component 4

APL of SCC 4.41

ACC of actual network 3.48e-02

ACC of random network based on actual in-degreteiloligion 3.53e-04

ACC of random network (Et$—Rényi) 5.49e-05

The very first way for appraising the level of netw interconnection is through the analysis of its
components. Bearing in mind the definitions prodide Section 2.3, we notice from Table 2.1 that
the network exhibits a giant weakly connected comepb, comprising 98.6% of firms, which in
turn has acore formed by a giant strongly connected componentegng 46.2% of firms. These
findings reveal a surprisingly interconnected cguafation with a centre of gravity in SCC.

The investigation can be pushed further, in orderuhcover more subtle aspects of the
relationship between the core, and the verticesngghg to WCC, but not to SCC. Namely, we
perform abow-tietype of analysis, grouping the vertices connetde8CC into four categories: IN
component, consisting of vertices that can onlychethe core; OUT component, consisting of
vertices that can only be reached from the cord\DEILS, comprised of vertices that cannot
reach the core, nor can be reached from it; amaJlyi TUBES, comprised of vertices that can
reach OUT, while can be reached from IN (Broeleal, 2000). In the actual network, IN and OUT
components cover most of the firms which are nogatliy part of SCC, respectively 107,336 and
86,398, corresponding to 28.3% and 22.8% of thaitgt whereas TENDRILS and TUBES play a
negligible role (few tens of vertices). Interestingg6% of the firms belonging to IN and OUT has

total degree equal to just one. Therefore, thelomyoof the network may be sketched as a huge
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flower eyeof strongly interconnected firms, surrounded hppeolla of vertices, each of which have
a single link, either pointing to, or coming frorhet eye. Such an outline brings to light an
extremely integrated labor market structure, mgaefua single continent practicable along nearly
all possible directions, as opposed to an archjjpetd segregated islands.

The sparse topology and the existence of giant ooemis are two necessary conditions, in
order for the network to be classified asnaall world a well-known model of network, which fits a
variety of real world phenometfa Formally, a directed graph is said to be a swaitld if the

following properties hold:

1) the network is integrated, i.e. it exhibits diaamponents;

2) the network is sparse;

3) average path length in the giant strongly cotetecomponent is small compared to the size
of the component (typically of order mg) *9);

4) average clustering coefficient is high.

A small world can be described as an interconnesistiem, essentially dominated by local
clustering, with a relatively few long-range linkkeat act as shortcuts, connecting different bunches
of vertices which otherwise would be much farthesmaw from each other. The crucial functional
significance of a small world is to guarantee hagicessibility of network locations, i.e. to make it
easy to reach a relatively large fraction of veidrom any given network position. In a small-
world network, SCC guarantees the existence ofsph#tween all possible locations comprised
within its boundaries, while low APL indicates suldtations can be reached with little effort;
besides, high ACC, i.e. redundancy of links at ldesel, promotes robustness to disconnection
and, through multiple independent pathways, rediaacessibility as well (White and Houseman,
2002). These are all highly desirable charactegdtr a labor mobility network, whose capacity of
allocating labor and absorbing local shocks reles, natural way, on its level of integration, tbe
existence of many alternative career opportuniied, on easy access to such opportunities.

To verify whether our network behaves as a smalildyave still have to verify whether the

fundamental properties (3) and (4) hold.

18 The first formal specification of the small-worfdodel has been proposed by Watts and Strogatz (1898a
comprehensive review of small-world models, see Maw (2000); for an empirical study of the small-ldaretwork
of scientific collaborations in economics, see Ga&tal. (2006).

' This condition stems from the study of random meks, where APL varies only logarithmically with so that it is
usually claimed that the average degree of separetismall, compared to the size of the networdwhan, 2000).
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From Table 2.1, we notice that APL is equal to 4@&aning the whole SCC — hence almost
half of the global network — can be traversed Bsléhan five steps on average, an exceptionally
small number compared to SCC size, and even snthb@rthe benchmark value tg{). Such a
result leads us to conclude that the labor mobilgywork indeed shows the short distance pattern
typical of a small world.

Table 2.1 reports ACC equal to 3.48e-02. In ordesvaluate this value, we compare the actual
network with two counterfactual random models;hié real network exhibits significantly higher
clustering than such benchmarks, we can rightlincidat it is highly clustered. First of all, we
build a network of the same size as the real onewith links placed completely at random. Such
network has ACC equal to 5.49e-05, that is threlersrof magnitude smaller than the one observed
in the real data. Secondly, we build a random ndtwath the same in-degree distribution as the
real one, yielding ACC equal to 3.53e-04, thatwe brders of magnitude below the actual value.
The real network therefore reveals itself to bersity clustered, thus manifesting its unambiguous
nature of small world.

The observed clusterization is likely to be, atstepartly, a reflection of the geographical
dimension embedded in the data, revealing the kvedivn fact that labor mobility in Veneto tends
to remain mostly local in spatial terms, becauséhefcost of long-distance commuting. But high
clusterization is likely to reflect also anotheominent feature of Veneto economy. Namely, the
phenomenon of industrial districts, that is buncbefrms whose productive activities are tightly
interwoven along the value chain, and which aratied in proximity to one another.

Districts are clusters of firms closely knit by meaof a range of different types of relationships,
among which the mobility of labor plays an impottesie, so that some scholars qualify districts as
“self-contained labor markets” (Tattara and Vol@€01). Nevertheless, by no means districts
should be thought as entities totally separateuh fitee rest of the labor market. The work of Tattara
et al (2000) — based on an earlier version of the VWdtaset — shows that industrial districts
indeed continuously exchange workers with the rmging economic system, sketching out
essentially the same framework that here we cadlisrorld.

Another special trait of Veneto is the presenca glurality of middle-size urban centers, with
weak hierarchical relationships, which may deepes tendency of labor mobility to exhibit
clustering, since each conurbation is expecteata densely interconnected labor market.

In the next Sections we explore thoroughly the abi@ristics of the firms that populate our

small world.
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2.6 A close look at the degree distribution

Intuitively, at firm level, a larger workforce games — holding all other conditions fixed — a legh
worker turnover, that is likely to translate intdhigher number of connections, both on entry and
exit. Consequently, we could be induced to thirkt ttonnectivity is by and large determined by
employment size, and we might conclude it is thee dilistribution of firms that ultimately
determines the distribution of connections in afaobility network. Hence, we might conclude it
would be much worth focusing on analyzing the dsition of firm size.

As for just the employers located inside Venetbe-danly ones for which we observe the whole
stock of employees — the correlation between degwree firm size isp=0.575, positive and
moderately relevant in magnitudeo=0.596 and =0.536 for in-degree and out-degree,
respectively). The distribution of employment stoelone hence appears to be inadequate, in order
to explain the distribution of links. Several vénlies are likely to be at play in determining the
activation of inter-firm connections, but we stilave no effective priors about what such
determinants actually are, and how they affect eotivity. Among the very first steps to be made,
in order for truly advancing in our understandinigtioe reallocation phenomenon, it is worth
autonomously assessing the properties of the deljggéution systematically.

The total-degree sequence of our network ranges froe to 11643, with average valkig)
equal to 10, standard deviation of 56, and medfgast two; 82.5% of vertices h&sk(G), 41.2%
hask=1, and 1.3% hak>100. Such a description points to a very uneqagkem, markedly right-
skewed, and characterized by a heavy or fat taiil& considerations hold true for both the in-
degree and the out-degree distributions. To gragpdr details, in Figure 2.4 we plot, on a log-log
scale, the complementary cumulative distributiolGDD, for total-degree, in-degree, and out-
degreé®. At a glance we notice that each plot follows eacicut negative relation, that appears to
be almost linear above some threshold, locatdaHIO for Figure 2.4a and 2.4b, andkab0 for
Figure 2.4c. This pattern is characteristic of atmbty distributions belonging to the Paretian or
Zipf's family, which have attracted a great deahtiEntion in network literature.

% The complementary cumulative distribution guarasta better visual display than the basic frequetislyibution,
because it reduces possible fluctuations in theeme right tail, due to the low number of obsexwadiin this region
(Newman, 2005).
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Figure 2.4 — Complementary cumulative degree distbutions and power-law fits
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(c) out-degree
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It has been claimed that, in many real world nekspthe degree distribution obeys a power law,
i.e. the probability of observing a vertex with deg equal td is proportional tok raised to a
constant exponent (Albert and Barabasi, 1999). grvdaw distribution is right-skewed and has a
fat tail indicating that extremely large events aaee but much more likely than what we would
expect in a standard Gaussian model. On a doulglgrithmic scale, a power-law distribution
displays a straight line, revealing its perhapstndastinctive feature, namely, the propertysctle
invariance meaning that, if we increase the scale or unjtsvhich we measure the quantity of
interestk by a given factor, the shape of the distributipfig andP(k) remain unchanged, except
for an overall multiplicative constant (Newman, 80, For this reason, networks characterized by
power-law degree distributions are usually refetedsscale-freenetworks.

In what follows, we attempt to assess rigorouslethibr the degree distributions characterizing
our labor mobility network indeed behave as powers.. It is worth stressing that, in most practical

cases, it is extremely difficult to know for certavhether a given quantity is drawn from a power-

2 For instance, a Normal distribution curves shampiya log-log plot, implying that the probability @ vertex having a
degree greater than a certain cutoff value is giffely zero.
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law distribution; what can be typically done ishet to verify that the data at hand are consistent
with a model in which the given quantity is assurteede drawn from a power-law distribution.
The probability distribution of a quantity is said to be power law if it is drawn from a

probability distribution of the form given by thellowing expression
p(k) Dk™, )

wherea represents the scaling exponent. Notice that sisthibution diverges ak tends to zero,
so, provided that>1, the power-law behavior must set in only aboweedain thresholdmyin>0.
Moreover, when dealing with vertex degree, the tjtyawe are interested in can take only positive,
integer values; hence, we are confronting a discdistribution. Putting together these two

observations, we obtain the following expressianp{®)

k—a
K)=Pr(K =k)=—— 6
p(k) = Pr( ) Zak) (6)

where the functiod is the generalized, or Hurwitz zeta function a trm

k)= (k) (7)

n=0
Then, the complementary cumulative distribution thesform

Z(a.k)

P(k) = . 8
( ) Z(a"kmin) ( )

To verify whether the empirical distributions shown Figure 2.4 have power-law tails, we
resort to the procedure proposed by Claeset. (2009)?% In extreme synthesis the methodology

runs as follows:

1) we fit a power law to the empirical data usingxmum likelihood, simultaneously
estimating the scaling parameteand the lower bound of the scaling regikas;

%2 More technical details are given in Appendix 2.1.
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2) we evaluate the goodness of the power-law fitddgulating an appropriagevalue;
3) if the power law is not ruled out by the preddast, we contrast it with plausible alternative
distributions, all characterized by fat tails, bgans of likelihood ratio tests.

Table 2.2 — Power-law fit to actual data

total-degree in-degree out-degree
total n. of observations witke0 379,391 272,875 292,371
scaling parameter 2.633 2.625 2.710
cutoff pointkmin 107 106 56
p-value of the fit 0.137 0.660 0.393
n. of observations witk>kmin 4592 1661 4298

Table 2.2 shows the key results of the power-ldtng§. Notice that, in this contexp;values are
used to rule out the power-law hypothesis; hermethfe power law to be a plausible model for the
data, thep-value has to be high, and vice versa; we makerdlagively conservative choice of
rejecting the power law if thp-value is less than 0.1. For in-degree and outedsgwe obtain
scaling parameters equal to 2.625 and 2.710, regelyc and cutoff point&=106 andk=56; thep-
values corresponding to such fits are 0.659 and8).&vealing that the power law is actually a
plausible model in both cases. As for total-degvee estimate a scaling parameter equal to 2.633,
with a lower boun&=107, implying that the scaling behavior is limit®d4592 observations in the
right tail of the distribution. Thp-value corresponding to such fit is 0.137, indeedamoextremely
high value, but sufficient to accept the power ksia reliable hypothesis.

We now compare the power law with a choice of aH#ve discrete distributions, all
characterized by fat tails. In such comparisonsymall p-value and a positive likelihood ratio
indicate that the power law is favored over therakitives; when thp-value is large enoughp{
value >0.1), the sign of the likelihood ratio ist meliable, and we should conclude that, according
to the data at hand, the test does not favor ondehmver the other. Table 2.3 summarizes the
results.

The exponential distribution, Poisson, and stretagonential are firmly ruled out by the tests.

The largep-values for the log-normal, Yule, and power lawhmixponential cutoff indicate that
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there is no sufficient information in the datapmler to distinguish between alternative hypotheses
from a statistical point of view, this means thaher the pure power law, the log-normal, or the
Yule distribution are equally good models for ttaef.

Following considerately the reasoning of Clauset emlleagues, we conclude that the tests offer
a rather good support to the power-law model, agnich we can follow the main literature on
networks, in order to understand the possible fanat implications of such a finding.

Most importantly, in the literature, power-law degrdistributions have been associated with
models of network growth based on the rulepoéferential attachmefit meaning that new
connections are assigned to vertices, with protbabihat is proportional to the number of
connections vertices already have. This processsgige to “rich get richer” phenomena, mirrored
in empirical distributions evolving towards increagy unequal patterns, since even small
inequalities tend to deepen over time. Prefereattaichment mechanisms are, in other words, self-
reinforcing; therefore — most important for our lgss — in a world governed by preferential
attachment, the position of well-connected vertisassually difficult to overthrow.

In the world of labor reallocation, the position lést connected firms, hubs, cannot be easily
taken by firms starting with just a few connectipesher new comers or small players. Hubs are in
a position of persistent dominance, that can oelyhveatened by their failure. Thus, hubs take up
the fundamental role of points of reference of siystem; and the system largedglf-organize
around hubs. The importance of hubs will be thohtyidiscussed in Section 2.8.

Table 2.3 — Power lawys. alternative fat-tail distributions for discrete data

total-degree in-degree out-degree

LR p-value LR p-value LR p-value

power law with exponential cutoff ~ -0.887 0.183 -0.772 0.214 -0.284 0.451

exponential 9.051 0.000 6.187 0.000 8.908 0.000
log-normal -0.558 0.577 -0.523 0.601 0.007 0.995
Poisson 8.449 0.000 6.360 0.000 8.112 0.000
stretched exponential 186.826 0.000 115.665 0.000 190.636 0.000
Yule -0.834 0.404 -0.682 0495 0.233 0.816

% Notice that both log-normal and Yule are actuaktremely similar to the power law, and hence they very
difficult to distinguish, even by the most finetidtical test (Clausedt al 2009).

%4 For a thorough discussion, see Albert and Bargh88i9), Watts (2004), and Newman (2005).

% |mplications of preferential attachment in the teom of labor mobility are thoroughly discusseddhapter 3.
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2.7 Hierarchical structure

The coexistence of a high level of clustering, anBaretian-tailed degree distribution results in a
negative correlation between clustering and dedwe®yn ashierarchical clusteringmeaning that
the network exhibits a hierarchy of vertices, viltk most important hubs at the top, with the lowest
clustering, and the less connected vertices atbtiom, organized into small, highly clustered
communities. Ravasz and Barabasi (2003) illustnat® hierarchical clustering can result from a
modular network architecture, where small, higimegrated clusters of vertices are assembled into
increasingly larger groups, progressively lessgrated, but still clearly separated from each other

In the actual network, we measure a statisticaliyiicant, negative correlationof-0.548)
between degree and clustering, a sign of consiteetabrarchical organization. So, as the number
of connections increases, vertices are more likelgave neighbors which are not interconnected,
i.e. neighbors belonging to distinct, local clusteaccordingly, hubs prove to be characterized, not
only by a large number of connections, but alsoablarge number of long-range connections,
spanning different communities.

We can push the analysis further, in order to fbgsixtract other interesting patterns from the
data. To this aim, in Figure 2.5 we plot, on a log-scale, the average clustering coefficient agjain
degree. The display shows a clearly negative oveeald; moreover, we notice that for higher
the plot becomes more dispersed, most likely du¢héoever smaller number of observations
available for high degrees. But the perhaps mastasting observation concerns the emergence of
a clear discontinuity in the outline, approximatidgated betweek=100 andk=200. Up to such
region, the clustering scales down only slowly wkthabove such region, it scales visibly much
faster, although the relationship is considerabbremoisy. All things considered, we advance the
hypothesis that two different scaling regimes destexXirms in the first regime — i.e. below the
discontinuity — are embedded into interconnectigiyictures which are essentially local, whereas
firms in the second regime — i.e. above the disnaity — belong to structures that span the
network globally.

In order to substantiate better such a claim, e focus on the employer side of the labor
network, and recall the correlation between firmesand degree. In Figure 2.5 the position of the
mean degree of relevant employment classes isipigat; we especially focus on the category 25-
49 employees (blue line), and 50-249 employeesline)l whose mean degrees are locatdd-a1
and k=205 respectively. Firms above 50 employees arellyst@nsidered mid-size, while below
such threshold they are small; we thus notice that switch between clustering regimes
approximately corresponds to the transition betw&®mall- and mid-size firms. The same pattern

holds also with respect to both in-degree and egtrek.
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In Italy, and especially in Veneto, the size cla8s249 comprises a huge fraction of the most
dynamic and innovative businesses, namely, thote a@imparatively greater capacity of adopting
articulated schemes of division of labor, and mid&ly to occupy leading segments of the value
chain (Caprio, 2001; Mediobanca-Unioncamere, 208@dium firms retain the control of several
commercial brands spread worldwide, and rely omlpction activities localized in many countries,
so as to be commonly labeled “pocket-multinatiohg(Sensis, 2001).

The size class 25-49 identifies much smaller omgitns, often artisan firfis which usually
exhibit quite pervasive family control, partake dobordinate segments of the value chain, and
overall show a less complex structure than mediumsf Such category may hence be viewed as
the ultimate class of expansion for small, tradidilbmanufacturing firms whose operations largely
depend on the contribution of the work of the epteneur-founder.

Our analysis suggests that the interaction witkirdi far-distant areas of the labor market is a
an emerging trait, distinguishing medium firms fremaller ones. Hence, medium firms appear to

be bridges between the local and global dimensidaheoproduction process.

Figure 2.5 — Hierarchical clustering
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% According to the current Italian legislation, iecsors as for instance the garment industry, ficaa still be
considered artisan up to 34 employees.
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All these considerations yield to compelling polioyplications. When designing measures
aimed at especially favor the evolution of smaing into medium ones (a matter of never-ending
debate in Italy), we should bear in mind that strahsformation implies an increased capacity of
covering distant locations within the labor mark@tit this in turn is not automatically granted to
any organization, because of the costs and diffeziinherent in dealing with a wider and more
heterogeneous neighborhood. Consequently, politgrecpushing dimensional growth which do
not simultaneously supply firms with specific meaimsorder to expand their recruiting strategies

far beyond the boundaries of local clusters, arstrikely destined to be ineffective.

2.8 The importance of hubs

The hierarchical architecture discussed in theiptesvSection discloses the critical function hubs
have within the reallocation topology: by meansonig-range connections, hubs tie up many small
communities into a single, integrated small-workekwork. The present Section is specifically
devoted to appraise the hubs role in determiniegctinnectivity properties of the network. First,
we quantitatively assess to what extent hubs lieetween other vertices; then, we evaluate how
hub failures affect the connectivity of SCC; amkfly, we minutely describe the fields of activity
and the organizational forms of major hub firms.

The index of betweenness measures how much a gergex lies on the shortest paths between
other vertices: low values denote somewhat isolategeripheral positions, high values reveal
positions in control of large numbers of pathwaysoas the network. Vertices with high
betweenness are commonly referred tbradges i.e. intermediaries between different areas ef th
labor market, and bear high responsibility in direg labor flows, connecting together many,
distinct local communities. In the actual netwonke find a positive and very strong correlation
between degree and betweenngs$,.861, meaning that good hubs tend to be also gaddes.

We next aim at verifying to what extent small-woddnnectivity relies on the presence and
functioning of hubs. According to the proceduregmeed by Albereet al. (2000), we assume a
fraction of employers is hit by a crisis, pushihgm to close down the firms, and we observe how
the size of SCC varies in response to such faildre® series of simulations are performed, one in
which we delete increasing fractions of verticessgm completely at random, the other in which

we progressively remove the highest degree vertildas results are shown in Figure 2.6.
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Figure 2.6 — Impact of vertices removal on SCC covage
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Hub failures prove to have a disruptive impact loe ¢coverage of SCC, and, consequently, also
on small-world connectivity; whereas the closureaof equivalent number of firms chosen at
random leads to only marginal changes in the dizleeogiant component. In particular, the removal
of just 1% of hubs reduces SCC by 23%, pushinginf46.2% to 35.5% of network coverage; on
the contrary, the deletion of 1% of vertices choaemandom reduces SCC by less than 1%. The
elimination of 5% of the highest degree verticets @&CC connectivity by more than a half, down to
22%; and a 10% removal leads to a complete craakitige component, down to 4.2% of network
extension. On the other hand, a 10% random renaiwartices reduces SCC connectivity by less
than 6%, leaving almost intact the character ofntiaén continent.

The explanation for such results is rooted in theefan nature of the degree distribution. Since
most vertices have only a few connections, andetbes lie on a very few paths between other
vertices, it is unlikely that their (random) rembwadfects connectivity substantially. But when the
removal is deliberately targeted at hubs, eactviddal failure has disruptive effects, up to depriv
the network of its small-world character, via thesimtegration of the giant component. The
hierarchical structure of the network makes huligcal in keeping connected different parts of the
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system, and such feature is precisely mirroredhim high vulnerability of the system to hub
closures.

Furthermore, in a small-world network, hubs have tmportant function of making the
architecture, not only accessible, but effectivedarchable, or navigable (White and Houseman,
2002). A little like if they were “observation tovas from which workers can easily sight around
the system, and which can be seen from all arobadsystem. Consequently, to the extent that
labor market accessibility and searchability cdasgi priority objectives of policy action, we may
want to preserve hubs.

Making use of additional information available imetVWH database, we classify the first 50
hubs according to sector of activity, and for eaebtoral group we display the average workforce,
together with the main, average network statisiesults can be seen in Table 2.4. At a glance, we
notice that hubs are mostly very large firms, hyléager than the overall average, which in Veneto
is around 10 employees. Such result is not a sspre have pointed out already that, in our

network, the correlation between firm size and degds positive and significant.

Table 2.4 — The first 50 hubs by type of activity

activity n. firms  workforce degree clustering betnaess
hotel trade and tourism 2 1876 7115 0.0025 0.0129
temporary employment agencies 5 1013 6432 0.0023 02986.
wholesale, supermarkets 10 1929 3326 0.0032 0.0070
porterage and cargo handling services 6 270 2966 0050. 0.0083
personal and social services, leisure 5 724 2725 0056. 0.0071
manufacturing 14 1663 2416 0.0048 0.0049
catering 6 576 2219 0.0038 0.0044
construction 1 388 1711 0.0013 0.0039
advertising (dissemination of) 1 165 1710 0.0081 0088
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Examining the data thoroughly, three broad categasf businesses can be detected:

1) big and long-tradition manufacturing firms;
2) companies involved in services and commercacayly organized into chains of stores, or
performing services directly at the costumer’s;

3) temporary employment agencies and cargo handlibgontractors.

As for the manufacturing group, it is easy to retpg several activities distinctive of Veneto
economy. Four companies produce household andgsiofeal appliances, either as final makers or
suppliers of dedicated parts; they belong to thecated “Inox Valley” district, located in the
province of Treviso, and they all hold prominensgions in their respective market segments at
international level. Two hubs are the undisputedtldwide leaders of the eyeglass industry; they
are the major players around which the eyewearictistf the Belluno province is organized.
Another company is a prominent, historical produziewool fabrics, now mostly involved in the
garment sector, which during various decades hdsaferast textile district in the province of
Vicenza. Each of these firms is deeply rooted local, socio-economic context, and tightly nested
into a cluster of firms among which the exchangevofkers is particularly intense; at the same
time, each player has connections spanning diffecestant areas of the regional and also national
economy’.

Not very tightly embedded into a district framewpotkere are seven more manufacturing
companies: three mechanical firms, dealing withdpotion of motorcycles, gears, and energy
plants; one furniture maker; three companies warkmthe food and beverages industry. Notably,
all three food-processing firms are involved indurotions subject to a great deal of seasonality,
resulting in a high workforce turnover over the ryerehich in turn is, at least partly, responsitie f
the exceptionally large number of connections.

All manufacturing hubs are well-known, historicehde names whose popularity can attract
applicant workers from afar. Moreover, productiatiaties are in some cases carried out through
multiple plants, facilitating the emergence of lemig connections, once the plant-level data are
consolidated into one single company; even thoaghllithe examined cases, the plants belonging
to the same company tend to be located in a gmited area.

Firms involved in the service sector — comprisirgeh trade and tourism, personal and social
services, commerce, and catering — share two najits: they typically carry out business through

%" Notice that, not all the major industrial distsiaf Veneto have a hub figuring among the largessoFor instance,
the goldsmith district of Vicenza, as well as thetivear district of Riviera del Brenta do not comgpi our shortlist.
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multiple local units, and they are inherently cletéeazed by a high rate of workforce turnover. The

ten department stores or supermarkets listed iheT2ld own chains of stores, or point of sales in

different cities and towns all over Veneto. The amigations dealing with personal and social

services or catering have a highly decentralizedctire as well; in this case operations are
performed, not only by means of distinct local snhut also through posting workers directly to

costumer’s place. As for high turnover, that isrslawerage job spell, we acknowledge that a job in
a supermarket, or a summer spent working in thesiosector are often taken as temporary career
steps, on hold to find other, better job opporiesit Service sector hubs often play the role of
intermediate ports-of-stay for people who are wgifior better careers.

A completely different condition is that of temporamployment agencies and cargo handling
subcontractors. For these firms, acting as hubtheénlabor market is somewhat inborn in their
economic activity. In Italy, porterage cooperativepresent a long-standing phenomenon, that has
been intensifying over time, hand in hand withitt@easing segmentation of production processes,
and the rising importance of the logistics sector.contrast, employment agencies offering
temporary jobs in a range of different fields reyarat a true novelty.

The rapid settlement of a number of private empleyntompanies — suddenly emerged in the
role of hubs — is the result of the policies addptethe second half of the 90s, aimed at rendering
the labor market more flexible (labor market refas1997). Employment agencies — often local
branches of companies operating worldwide — a&@ matural way as transmission belts for labor
reallocation. Moreover, they treat a variety of wgational profiles, and allocate skilled personnel,
whereas, porterage cooperatives deal almost exelysivith low value-added services, to be
performed by unqualified workers, often gatherethinithe weakest components of the workforce,
as for instance immigrants. Importantly, employmsavices are almost always operated through a
network of subsidiaries spread all over the teryitin order to intercept a larger portion of labor
demand and supply.

Employment agencies play a role under many resaabgous to the one played system
integratorsin the context of product value chains. The teystesn integrator was first introduced
by Brusoni and Prencipe (2001), referring to congmmesponsible of design and assembly of
complex products, whose realization requires thetrdmution of several, (mostly) independent
producers of components. Modular product architestuinvolving a large number of specialized
organizations, represent a major phenomenon ireagmarary markets (Baldwin and Clark, 2000),
increasingly taking place across, rather than wittountries (Feenstra, 1998; Gereffial, 2005).

A modular and decentralized production scheme alléov superior efficiency, stemming from

specialization, but such an advantage is contirnlyaotrasted by the risk of coordination failure,
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inherent in the interplay of a multiplicity of agenSuch a trade off is precisely resolved by sgyste
integrators, whose task is to coordinate individyadrations along the value chain, supplying the
key interfaces of communication between modulatsur8ystem integrators have a comprehensive
sight of the production process, and they use iffectively coordinate several actors, each of
which is endowed with limited information, aiming ahieving superior outcomes for the system
as a whole.

Employment agencies search both sides of the latawket, looking for parties available for
matching, and then they recombine such options éfifiective matches; in so doing, they allow
workers and firms to enlarge the horizon of chaigmificantly beyond the boundaries of their local
neighborhood, possibly granting access to bettéctmea. In this respect, employment agencies play
the function of system integrators, since they domte agents by means of a superior knowledge
of the market, allowing for possibly superior agged outcomes. This aspect is almost always
overlooked in the Italian, current debate over faibarket intermediaries, but it brings to lightttha
when addressing the issue of labor mobility, poliogpkers more and more should consider
temporary employment agencies as important couatisrfo interact with.

From the previous observations, it is clear thatedéralized business structures have a crucial
role in determining network connectivity. By consttion, our network of inter-organization
mobility does not consider the spatial articulatidnndividual firms. We can imagine decentralized
structures as "networks in the network”, which vemrmt observe directly, but which can help
traversing the actual network — somewhat as anrgnoléend transport network in a big city allows
people to move more quickly and effectively, congolato surface transportation. Engaging into an
organization that operates through several distumsts, in distinct locations, but whose units
respond to a unique management, undoubtedly open®ajor opportunities for mobility, first
within the organization itself, and then possibtyrass the whole network, in directions and at

distances that would otherwise be much less lit@lyccur.

2.9 Conclusions

This essay addresses the phenomenon of workeocatdin by way of a network-based approach,
which is new to labor market studies. Using matcketployer-employee data, referring to the
whole dependent workers in the Italian region oh&e, we construct a directed graph whose
vertices represent employers, and whose links depassages of workers from one employer to

another, occurred throughout the 90s. We show #tevark is a small world, whose degree

82



distribution is well approximated by a power lawdavhose architecture is denoted by hierarchical
clustering.

The simultaneous presence of a high level of iot@mection, redundancy of paths through
clusterization, and small distances between vextregeals that workers can easily flow through
almost the entire network in only a few steps, #rely can access a variety of job opportunities
with a limited effort.

The observed connectivity crucially depends on phesence of a small number of highly
connected hubs, that span the network from sidsdi, bridging together distinct local clusters of
firms, and also providing the system with effectnavigability.

The network architecture exhibits a hierarchy atiges with the most important hubs at the top,
and the less connected vertices at the bottom.Nde ghe hierarchical relationship is characterized
by a discontinuity separating small firms, whicle assentially embedded into local communities,
and medium firms, which interact considerably mwor¢h different distant areas of the labor
market. We hence conclude that, in order to falierdvolution of small firms into medium ones,
policy makers should provide employers with specibols aimed at expanding their recruiting
strategies beyond the boundaries of local laboketar

The failure of central hubs most likely resultstire split of the labor market into different
separated pieces; a more segregated labor maiketuis especially exposed to the harmful effects
of asymmetric shocks, which cannot be effectivelyabsorbed, and hence may cause persistent
unemployment in the most isolated areas of the@ognin the light of these considerations, policy
makers should pose a special attention in supmgppgrecisely those firms that guarantee a major
connectivity to the system. Hence, an effectivéleeation policy hinges critically upon our ability
to localize hubs and their connection patterns.

The most important hubs are large firms belongmthtee distinct categories: agencies offering
temporary jobs; long-tradition manufacturing firntgmpanies involved in personal services and
commerce, typically organized on different localtsior posting workers to the customers’ place.
In Italy, temporary job agencies represent a nemergent phenomenon that has been promoted in
the second half of the 90s, through legislative sness aimed at fostering labor market flexibility.
Our study reveals that such provisions also sthemgid labor market accessibility, via the
establishment of new hubs, an effect almost alveasgslooked in the actual debate over flexibility
and labor market intermediaries.

A major scope for policy intervention is represenby the safeguarding of big manufacturing
hubs, nowadays particularly exposed to the comypetipressure stemming from low-wages

countries. But a special attention has to be devalso to firms operating in the service sector and
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commerce through a decentralized organization; dunis are particularly important for labor
market connectivity because they can facilitategicenge reallocations, via posting workers to
different locations of the same company.

Especially during a deep and widespread econornsiscas the one we are facing in these days,
the strategy for protecting hubs should be acclyrédored on the basis of the characteristics and
conditions of the targeted subjects. Network ansilgélabor mobility, of the type proposed in this
essay, can offer a suitable tool, in order to achithis goal. In our view, the identification and
characterization of hubs may also offer a transgacéterion for assigning subsidies, as well as
extraordinary funds aimed at supporting employm@mtitaly for instance: CIGS, or Mobility

Compensation), which are in the discretional digpo§the public administration.
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Appendix 2.1

Estimating power-law parameters

Let us assume the discrete quantityfollows a power law forx > Xmin. The complementary

cumulative distribution then has the form

_ {a.x)
" @) (12)

equivalent to equation (8) in the text, where thaction { is the generalized, or Hurwitz zeta

function of the form

-a

Z(a,x)=i(n+x) : (2a)

n=0

The maximum likelihood estimator for the parameteroposed by Clauset al (2009) is

i=1 X . —

-1
a 01+ nl:iln % 1} : (2a)
min 2
This estimator is proven to give good results ptedixmin > 6 andn > 50. Before calculating

expression (2a), we need to knaw,. The authors propose to choose the valye that makes the
probability distributions of the empirical data aafithe best-fit power law as similar as possible
above such threshold. In the case of non-normad, davaluations over similarity between
distributions are usually done by calculating thelrkogorov-Smirnov (KS) statistic, which is

defined to be the maximum distance between theilnlisions of the actual data and of the fitted
model

D= QX?AS(X) ~P(x)| . (3a)

whereS(x) is the complementary cumulative distribution fud actual data for the observations with

value equal to or abowe,in, andP(x) is the complementary cumulative distribution floe power-
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law model that best fits the data for the obseovetiwith value aboveg,,. The calculation of such
difference returns a single number that is smdtiethypothesized distributions that better fit the

data. The estimat& .. is then the value ofyi, that minimizeD. Equations (2a) and (3a) together

hence vyield the estimated values of both the sgglarameter of the power-law distribution, and

related lower bound.

Goodness-of-fit test for the power-law model

Clauset and colleagues suggest evaluating the gsedof the power-law fit, obtained with the
previous method, again by means of using a KS bestynthesis, the idea is to build a test that
generates p-value quantifying the plausibility of the hypotiwed distributional model. The test is
based on the distance between the distributiotiseoémpirical data and of the hypothesized model;
such distance is then compared with distance meawmmnts for synthetic datasets generated
according to the same hypothesized model, andeatdime size of the actual dataset.

Thep-value is defined as the fraction of synthetic s for which the distance measurement is
larger than that obtained for the actual datehéfgevalue is much lower than one, we can conclude
that the data are unlikely to be drawn from a polaer; if it is close to one, then the data may
indeed be drawn from a power law. Notice that thedmpess-of-fit test is a tool aimed only at ruling
out models, that is to say, the test can onlyughvhen the hypothesized model is probably wrong,
while it cannot tell us when it is right.

More specifically, the procedure runs as follows:

1) fit the power law to the data using the method abov

2) calculate the KS statistic for the best-fit powaew lto the data;

3) generate a large number of synthetic dataseteedddame size of the actual sample, and with
same parameters of the estimated fit, then fit sachple according to the methods at point
(1), and calculate the KS statistic for each fit;

4) calculate thep-value as the fraction of the KS statistics for Hymthetic datasets whose
value exceeds the KS statistic for the actual détdje p-value is sufficiently small the

power-law distribution can be ruled 6ut

2 Keep in mind that the statistical variation of @ statistic becomes smallermbecomes large. This means that the
p-value becomes a more reliable teshdsecomes large, but for smallit is possible to get quite hightvalues even
when the power law is the wrong model for the datds is not a deficiency of the method; it reflette fact that it is
genuinely hard to rule out the power law if we hawvdy a few observations. For this reason, phealue should be
treated with caution whemis small, namely when < 50.
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Goodness-of-fit tests for competing distributions

Even if the power-law model is proven to be a godof our data, there may exist other types of
distributions that match the data equally wellewen better. In order to make our judgment over
the plausibility of the power law, in case it igmoled out by the goodness-of-fit test definedvatyo
we have to contrast it with alternative, competiligtributions. To this aim, we have to solve two
problems: first, defining how to identify which oo hypothesized models, the power law or a
competing candidate, better fits the data; secawlecting a suitable choice of alternative
distributions for comparison

In order to compare alternative fittings, Claused @olleagues suggest to use a likelihood ratio
test (LR). Such test consists of computing theliliomd of the empirical data under two different
distributions, and then calculating the logarithintlee ratioR of the two likelihoods. A positive
(negative) value oR then indicates the winning (losing) distribution.

Notice that the log LR is subject to statisticaictiuation. If its true value is close to zero, then
the fluctuations can easily change the sign ofrdi®m, and hence the test cannot be trusted. To
make a quantitative judgment about whether the sighe log LR is sufficiently reliable, we hence
need to know the size of the expected fluctuatioasywe need to know the standard deviatioR,of
that can be estimated from our data through thé@odgbroposed by Vuong (1989).

Let us denote our two candidate distributionpl{y) andp,(x). Then the log LR is

R=i[ln (%) ~In pz(x)]=i[£§1>—z§2>]_ (4a)

It can be demonstrated thRtbecomes normally distributed abhecomes large, with expected
variancens®, wheres” is the expected variance of a single term, thattm approximated by the

variance of the data

o? =23 [0 o) (0 7o) . 5]

i=1

Then the probability that the measudas a magnitude as large or larger than the obderv

value R is

0= ;[I‘ R e—t2/2n02 dt + J'+oo e—t2/2n02dt} - ‘erfc(R/m} , (6a)
o’ ‘

—00 R‘
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whereo is derived from (5a), and erfc(-) is the Gausgaor function. The probability expressed
by (6a) is another example pivalue. Ifp is small, then the sign & can probably be trusted as an
indicator of which model is the better fit to thata. If p is large, then the LR test is inadequate to
discriminate between the given distributiths

Next step is to choose which distributions compeita the power law. We follow Clauset al
(2009), and choose a few well-known distributiortsiali are all right-skewed, with a fat tail: the
power law with exponential cutoff, exponential, dogrmal, Poisson, stretched exponential or

Weibull, and the Yule distribution. In Table A.2l1the normalized functional forms are reported.

Tab. A.2.1.1 — Distributions

Name p(x)

Na 1-a o-Aa

power law with exponential cutoff a7 X ‘e

exponential (L— e )ePm B
log-normal %\/% [erfc('“xmﬁ“‘)]_1 Eexd— %]
Poisson [e/’ - z:"z‘o”rf]_l /X

stretched exponential o) (xﬂ-le-ﬁﬂ )[e“ﬁm

Yule (@-1) %xﬁ__ﬂ Q{‘x(%j

*approximated by continuous distributions

Notice that, since the power law with exponentiatioff is a superset of the pure power law, it
can never be a worse fit than the latter model. éles, if the correspondingvalue shows that the
LR is not significant, then there is no statisticedson to prefer the cutoff form over the pure,one
which gives a more parsimonious representatiohefiata, through a functional specifications that

employs less parameters.

2 A slightly different test, based on Chi-squaredréquired for comparing nested distributions. &anore detailed
discussion of this special case, see Vuong (1989).
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3 Temporary employment agencies make the world
smaller. Evidence from labor mobility networks

3.0 Abstract

This Chapter investigates how temporary employmegegncies (TEAs) affect the shape and
functioning of the network of inter-firm worker miity in a highly industrialized region of Italy,
Veneto.

Drawing upon a matched employer-employee datasgetcthvers the universe of private dependent
workers, individual job changes are mapped ontiarectéd graph, where vertices indicate firms,
and links denote transfers of workers between fitnsequence of year networks is computed, in
order to appreciate the effects of TEAs after thstablishment occurred in 1997.

We explore two related issues: (1) how, and to vebdént intermediaries affect accessibility of
jobs for people who reallocate within the markeheve accessibility is measured by the small-
world characteristics of the network; (2) how tharket power of intermediaries in controlling
worker reallocation flows evolves over time.

TEAs are found to considerably improve job accelssip both reducing the average network
distance between firms, and increasing clustering.

A few TEAs rapidly become the most connected vestiof the system, being in control of
progressively higher shares of reallocation chagreeid causing a significant concentration of the
market. We interpret such empirical evidence in light of a model of network formation,
according to which intermediaries affect attachméahgagement) decisions by reducing
search/transaction costs workers incur in ordéntba job.

Our study provides an original representation @ tifansition from a system in which matching
between workers and firms is completely decentdlizo a system in which matching is brokered
and, hence, centralized. The trade off, inhereasigociated to intermediation, between increased
accessibility of matching opportunities, througformation centralization, and monopolistic and/or
monopsonistic power, descending from increasedeardration of the market, is neatly captured by
our methodology. Important indications are finadligclosed to policy makers, who may want to
keep the market monitored, and to possibly hamper gystem from becoming excessively
polarized, through properly limiting the market pavef TEASs.
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3.1 Introduction

This Chapter aims at offering an original grasgphofv employment intermediaries impact on labor
market functioning. We use employer-employee matateta from Veneto, a region of ltaly, to
investigate two related issues: (1) how, and totvelgent intermediaries affeatcessibilityof jobs

for people who reallocate within the market; (2whthe market power of intermediaries in
controlling worker reallocation flows evolves owene, and which are the fundamental dynamics
of such process. We focus on a special categoimpt@imediaries, temporary employment agencies
(TEAS), and exploit the labor market reform of 198hat allowed such intermediaries to be the first
operating in Italy, in order to appreciate the effeof labor intermediation in the very first years
after its introduction (1997-2001). During the perispecifically chosen for this study, TEAs are
the only intermediaries in the market, and our daiep track of all worker reallocations involving
TEAs as origin or destination, hence we are abtmpiure the whole labor mobility actually related
to intermediaries, offering a quite unprecedentetupe of intermediated labor markets. Our main
object of analysis is a directed graph, whose eestiindicate employers (firms or TEAs), and
whose links denote transfers of workers between@yaps.

We are interested in a particular notion of jobesstbility, intuitively defined as the possibility,
for workers who reallocate within the market, todte and reach new employeraccessibility, in
this sense, is of crucial importance for labor neaidperation: only an accessible market does allow
the mixing and matching process — through whichatetrand supply continuously recombine (re-
match) into new arrangements — to unfold all itseptal benefits, ultimately generating
productivity gains. In order to obtain a workablefidition of job accessibility, we think of the
reallocation network empirically mapped as if it rerean existing infrastructure, specifically
designed for guiding worker flows. Hence, we saynitwork is accessible if it exhibits the typical
properties of amall world Next, we quantify the impact of TEAs on the snavadirld architecture,
interpreting the tendency of the world of worker bility to become smaller as the signal of
increased job accessibility.

We next center our attention on the position of §EA the reallocation market, and, more
specifically, we focus on the TEAs power of corltrg hiring channels, as revealed by the number
of incoming links TEAs exhibit in the labor mobylinetwork. To this purpose, we consider the

process of network formation as it can be inferireth the statistical distribution of connections

! Labor reallocation is a two-sided process, andcéea notion of accessibility of market opportursitiean be
formulated for either parties involved in the machprocess, workers and firms. In the present waek choose to
take the worker perspective, and we preferentiallgrpret inter-firm labor mobility as a worker Hegation process
over given locations (employers). In the text, vee the term job to refer to a working position téfit by a specific
employer, so that to change job always means togehamployer.
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over vertices. We first track the evolution of thistribution, and point out how labor flows glohall
adjust to the presence of labor market intermegbarthen, we introduce a toy-model of network
formation that fits the empirical data, and helpscasting some light on the mechanisms governing
TEAs activity. In this way, we are able to devisaligy warnings intended to address possible
excess of power of TEAs in controlling engagemdématnnels.

The Chapter is organized as follows: Section 3&iges a brief overview of the theoretical
foundation of labor market intermediations, witlsecific focus on TEAs; Section 3.3 describes
the role of TEAs in Italy in the period under stu@ection 3.4 introduces the network analytical
framework; Section 3.5 describes the data; Se@i6éns devoted to appraise TEAs effect on job
accessibility; Section 3.7 investigates how TEAsitoal worker flows; finally, Section 3.8

concludes.

3.2 Outline of labor market intermediation

The conceptual foundation of labor intermediatienrooted in the existence of labor market
imperfections that hamper an efficient (competjtivatching between demand and supply of labor.
One major feature of real, imperfect labor marketthe difficulty, for both individuals and firms,
to locate partners for matches, and/or to effetimegotiate over the terms of a possible matching
agreement. In the real world, indeed, match oppdras are not generally guaranteed nor costless,
and the outcomes of the matching process can beoftan improved upon by identifying and
eliminating existing obstacles to labor market gation, and to negotiation over contractual terms.
Hence, some third parties — the intermediaries ¥ owmane into play, in order to exploit such a
situation, and to realize profits by selling ad Ineatching services to workers and firms, that i tu
will benefit from better matching.

In the introduction to a recently published coliestof essays on labor market intermediation,
probably the most authoritative and comprehengieatiment of the subject now available, Autor
offers the following definition of labor market ertmediaries: “Labor market intermediaries (LMIs)
are entities or institutions that interpose thenegbetween workers and firms to facilitate, inform
or regulate how workers are matched to firms, hosvkws accomplished, and how conflicts are
resolved” (Autor, 2009, p. 1). Two are the mainegaties of market imperfections which can be

addressed and exploited by LMIs, and which ultinyaaélow for the existence of intermediaries:

1) costly information;

2) asymmetric information, resulting into adverse cidba.
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Workers looking for jobs are not generally informedabut all existing vacancies in the market,
and firms looking for new workers are not generatifypprmed about all people available for work.
Both workers and firms have to actively look fortgratial matching counterparts, and they incur a
cost for this activity. Workers bear the direct tcokexploring the employers side of the market,
applying for job, and sitting in interviews, andetlindirect cost of foregone work or leisure.
Employers bear the direct cost of vacancy advagiand applicants screening, and the indirect cost
of foregone output, up to when vacancies are filled

LMIs reduce search costs by way of collecting infation about players on one side of the
market, and then selling them to players on theroside of the market, at a price lower than the
cost the latter players would incur if searchingthgmselves. Types of services offered by LMIs
are for example: contacting pools of candidate$ wgecific characteristics, accepting and filtering
curricula, tracking applications, and providing @es to databases of candidates or vacancies.

Noticeably, when information are costly, very oftery are also asymmetric. Whenever it is too
costly to collect complete information about pragfpeatches, the more informed actors have some
incentive to exploit such advantage to the detrinoériess informed ones. Workers might hide or
blur some information in their curricula or credalt, in order to appear more attractive to pognti
employers. Similarly, firms might exploit asymmetmformation to the detriment of workers, for
instance by underpromoting deserving workers, deonot to pay higher wages (Garcia-Perez and
Mufoz-Bullén, 2005), or by omitting or misrepresegtreal job conditions, in order to attract
aspirant workers (Lee, 2009).

LMIs can mitigate the problem of adverse selectioe to asymmetric information by way of
performing accurate prescreening of both job seeled employers, and by assuming direct
responsibility for selection, through special cantual provisions. The actual scope for LMIs is
ultimately determined by the incidence of the infation asymmetry LMIs are intended to solve.

The literature also points to a third element dbimational asymmetry that is specific to
intermediation activity, namely, the asymmetry betw the LMI itself and its clients, either firms
and workers. Indeed, LMIs which are in the busingsselling information are inherently better
informed about the information they sell, than #reir customers. Therefore, the informational
advantage of LMIs over each single participant laker market transaction represents a potentially
strong incentive for the intermediary to use itfoimation in order to extract a rent from the
intermediation services. The analyses of Lee (2@d@) Kleiner and Todd (2009) exactly illustrate
how intermediaries can actually use their advantaglke detriment of customers.

The potentially harmful consequences of this kihéhformational asymmetry bring to light the

compelling trade off — inborn in any process obimfiation brokerage/concentration — between the
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benefits of increased accessibility of informati@m our case represented by availability of huge
blocks of information at a reasonably low price)d @ahe detriments resulting from the monopolistic
and/or monopsonistic position of mass informationvmer (in our case represented by high
markups charged by LMIs for intermediation servjomsby promotion of best-markup matches,
rather than matches that are optimal for the partie

Assuming that the amount of information availaldethe parties through a broker positively
depends on the broker actual market share, thelpethefits of information brokerage for costumers
increase with the market share, giving rise tolareaforcing incentive mechanism that prompts
further growth of the intermediary market powerg Birokers tend to attract more clients because
they can deliver potentially higher benefits, s@dreing ever bigger. But also the informational
advantage of the intermediary over its clients, dhd resulting monopolistic/monopsonistic
behavior do increase with the market share, upssiply neutralizing the benefits of information
brokerage, and producing net damages, when theaetmad&ches a deep level of concentration.

In order to prevent such pernicious outcomes inldber market, it is of crucial importance to
keep under control the market power of LMIs. Acdogdto standard arguments, competition
between private LMIs, and/or between private LMisd apublic employment agencies, can
significantly favor workers and firms, by keepingM (competitive) the price of intermediation
services, while guaranteeing matching quality. Ageaeral rule, we would like LMIs to play freely
in the market, improving the matching between dedmamd supply of labor, but at the same time
we do not want any LMI to be in substantial dominposition in the market. In this respect, the
role played by policy makers in shaping marketcttiee, and in regulating market functioning, is
of fundamental importance for a good performancatefmediated labor markets.

The present work focuses on a particular categérizMis, that is temporary employment
agencies, perhaps the most widespread and popigamiediaries based on voluntary participation
on both sides of the market. TEAs are formallynied for supplying firms with extra-employment
during periods of exceptional activity, by meansspgcial contracts whose duration is strictly
limited in time. However, TEA action may de facto g and indeed it goes — beyond the letter of
regulatory provisions.

People apply to TEAs for accessing short-term egrpént with negligible investment in job
search, but very often, they also resort to TEAt@mts as an entry stage to more stable
occupations, in the hope of transforming temporappointments into permanent ones (Autor,
2001; Autor and Houseman, 2002).

Firms rely on TEAs so as to reduce the fixed co$t@bor search, while they can count on a

pool of workers from which to single out the magitable candidates for temporary jobs in time of
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peak activity, or in exceptional, unforeseen sitret. But it is also documented that employers
often outsource to TEAs the staffing of criticategories of workers, or even the selection of the
whole workforce. In this case, people who wanta@bagjob in such firms simply must start working

through a TEA (Houseman, 2001; Ichiebal, 2004).

Garcia-Perez and Mufoz-Bullén advance the evemg#roargument that TEAs “in fact offer a
unique screening device that matches the individuial the most appropriate skill-level to the job
in question” (Garcia-Perez and Mufioz-Bullén, 20051). The same authors highlight that hiring
TEA workers, in order to screen them, and then ffer germanent positions only to the most
suitable ones, has become a common strategy fos.fiAlong the same lines, Autor shows that, in
several sectors of the economy, TEA services reptetie most important channel for recruiting
new, permanent workers (Autor, 2001).

In Italy, throughout the period considered in thtisdy, TEAs are the only type of intermediaries
allowed to operate in the labor market. Hencenbgithrough TEAs is the unique means available to
firms and workers, in order to access externalck@ag and screening services. At the same time,
contracts with fixed term, even of short duratican be signed by the parties without the necessary
intervention of an intermediary. Such a particidantext extends the scope of TEAs to the whole
range of LMIs typical functions, that is well beybthe mere channeling of short-term workers.
Indeed, as thoroughly discussed in the next Sectimre is far strong evidence that Italian TEAs
do search and select people aimed at eventudilygfibermanent positions, very often appointing

skilled workers, technicians, and professionals.

3.3 Temporary employment agencies in Italy (1997-2Q)

Private temporary employment agencies constituidatively new phenomenon in the Italian labor
market. They were allowed to operate by Legge (Law)96 of 1997 the so called Treu reform of
the labor market, and the first companies werebésted between 1997 and 1998. The reform
provided for the end of the public monopoly of eayphent services, and introduced a new type of

employment contract, called “interinale”, that igp@visional contract in which an agency hires

2 The precise normative references is Legge 196/18Qf 1-11), integrated by Decreto Ministero davhbro 381/97
and 382/97, Circolare esplicativa Ministero del &av 141/97, Decreto Ministero del Lavoro 31/05/1988d
29/11/1999, and modified by Legge 488/1999 and ZB&J. See also CCNL “Imprese fornitrici di lavoesriporaneo”
(National Labor Contract for the temporary employtrgector) of 1998.
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people for the purpose of placing them at the diapof a client firm for a period of fixed duration
Up to the year 2003, the only type of contractrimdiaries can deal with is the interirtale

Since the approval of the Italian Civil Code in 294he standard form of employment
agreement has always been the open-ended coratdwbugh fixed-term contracts, especially
targeted to seasonal jobs in agriculture, food $tryy and tourist trade sector, were also alldtved
The scope for fixed-term contracts was significaethlarged in 1987 by Legge n. 56, and there is
evidence that the use of such arrangements hasvelgsacreased during the 90s, up to represent
42% of total engagements in the private sectorenéfo during the year 2001 (that is the final year
relevant for our analysis), corresponding to 6.2%mployment in terms of days worked (Veneto
Lavoro, 2008a and 2008b). Interinale contracts lakta rapid diffusion immediately after their
introduction, generating 58,500 engagements in 280¥eneto, corresponding to 11% of total
engagements in the private sector, and 0.8% of gmmEnt in terms of days worked.
Notwithstanding all this, in 2001 the share of daysked with open-ended contracts is still more
than 84%, indicating that the labor market is stidminated by arrangements characterized by high
firing costs and tight regulatory restrictidns

Until 1997, ltalian legislation strictly prohibitethe intermediation of subordinate labor, even
when such activity was freely given, and it infidtheavy penalties for failures to comply with this
rule®. Before Treu reform, employment services were alipumonopoly operated through a
network of provincial agencies, which were usuallyy inefficient, and in most cases were of no
help at all to unemployed people (Barbietial 2001). TEAs thus represent the very first example
of private employment intermediary in contemporiayy.

Treu reform, and the related National Labor Cortfactemporary employment sector, signed
by the representatives of workers and employel®988, officially provide for three cases in which

firms can resort to provisional contracts:

* during peak activity;
» when there is temporary need for specific expestise

* in case of temporary replacement of workers on, siclon maternity leave.

% The relevant normative was modified in 2003 bygB.I1276/03, the so called Biagi reform, enlarging scope for
labor market intermediaries.

* Fixed-term contract were also regulated by LeqR® 2962.

® During the period considered in the present stulg, Italian labor market maintained a very steatployment
protection legislation, as far as standard employnie concerned. In 1999, the OECD still rankedy!28 over 27
countries in terms of “overall strictness of prai®e against dismissals”, where lower ranking iadés stricter
regulation (OECD, 1999). Noticeably, according t@amltet al (2005), Italy has been the country with the latglkop
in the OECD Employment Protection Legislation sabeix for temporary employment since the mid-90s.

® The normative reference are: codice civile (Ofilde) art. 2127; Legge 264/49, and Legge 1369/60.
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Nevertheless, as pointed out by the Italian Depamtnof Labor in 2001, the use of provisional
contracts in practice responds to a variety of aesswhich go far beyond the letter of the
regulatory measures. In addition to the cases geavifor by law, Italian employers resort to
provisional employment agreements also to selentidates to fill posts, pending permanent
appointments (Ministero del Lavoro e delle Poliéchociali, 2001).

This choice is partially motivated by the short xtonary periods provided for by National
Labor Contracts in case of standard employment.obationary period is an initial period in which
the employment relationship may be terminated atinitiative of either parties, without previous
notice and further obligations. After the conclusiof the probationary period, the employment
relationship becomes permanent, and dismissal ssilple only in the cases strictly regulated by
law, and, specifically, individual dismissals aregractice extremely cosflyAccording to most
Italian Labor Contracts, the probationary periodreat exceed six months, and it is typically just
one or two months for low-skill contractual positis On the contrary, provisional contracts de
facto allow for a much longer trial period, givdrat they can be stipulated for up to more than 24
month$*°, while being subject on the whole to less regujatestrictions, than other fixed-term
contracts.

Most importantly, by resorting to provisional cadts — differently from what happens with
other forms of fixed-term contracts — firms can esx the searching and screening services
provided by TEAs, in order to identify the professal and individual profiles which are most
suitable for the specific vacancies they havelto fi

As for the initial years of TEA activity, the imgance of the screening motivation is well
illustrated by the high rate of transformation efmfporary positions into permanent ones. A survey
conducted by the Italian Department of Labor sholat, in both 2000 and 2001, roughly one
fourth of provisional contracts were subsequerdyngformed into permanent positions (Ministero
del Lavoro e delle Politiche Sociali, 2001). Buttérms of head count such percentage is actually
much higher, since the same individual can sigeraes of distinct provisional contracts with the

same employer.

" See the discussion in Ichiepal (2003), and in Kugler and Pica (2008).

® The current National Labor Contract for the meétmnsector, which is widely recognized to be tleading

employment agreement in Italy, in the case of opeted contract, provides for a probationary peoibd-6 weeks for
low-skilled workers, 12 weeks for medium-skilledhda24 weeks for high-skilled; these figures areuoced to 3-4, 8,
and 12 weeks respectively, for workers who haveaaly completed the apprenticeship in another fimtave attained
two years of working experience in another firmingathe same job.

° Legge n. 196 of 1997, and the related Nationalkabontract for the temporary employment sectot@98 did not
specify the maximum duration of provisional contsad he official provisions only established tha¢re could be up
to four extensions of the initial appointment, Borcumulative period of the extensions not grediant24 months.
D.lgs. n. 386 of 2001 introduced a maximum terrB@&imonths overall.

10 According to the Italian Department of Labor, 802 in Italy, the average duration of appointméstaround five

months, with a markedly right-skewed distributidrdarations (Ministero del Lavoro e delle PoliticBeciali, 2001).
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Furthermore, the role of TEAs in terms of searchang screening is revealed by the fact that
firms very often ask agencies for workers who nstett requirements, and/or who have high-skill
profiles, as highlighted by lacus and Porro (200&)eed, in Veneto in the years immediately after
Treu reform, low-skilled workers occupied only 5@¥gprovisional jobs, with a marked tendency to
decrease over time (Veneto Lavoro, 2008b). Morgeneral, Italian TEAs are proved to have a
truly multivocal capacity of treating a variety pfofessional profiles; they do not just deal witle t
traditional figure of young, male, low-skilled waik but they also treat more mature, manual
workers with specialized skills, as well as youngnmand women with medium-high educational
attainment, who typically work in the service sed¢f@orroet al, 2004).

As for workers, several may be the reasons to afgplyrovisional jobs: a favorable attitude
towards flexibility, the possibility to identifyrims with suitable vacancies, the opportunity taalg
individual skills to firms, the advantage of redety specific training from TEAs, or simply the lack
of valid alternatives. It is in general an empiftigaestion whether such form of employment is a
trap that inexorably leads to precariousness, or cmef a bridge to permanent jobs
(Buechtemann and Quack, 1989).

In this regard, Ichin@t al. (2004) — using data on the entire populationrolvigzional workers
during the first six months of 2001 in two regiooisitaly, Tuscany and Sicily — show that the
probability of finding a permanent job is substaltyi higher for people having an interinale
contract, than for people unemployed. Specificalhe authors consider the outcome “finding a
permanent job after 18 months”, and they estimhte dverage effect of the treatment “being
engaged in a provisional job” on treated workersey find a positive and large effect of TEA
employment, accounting for 50-60% of the baselinie@me probability of the treated group. Such
a study demonstrates that provisional employmeas ‘it been a ‘trap’ of endless precariousness
in ltaly, but has been an effective springboardaimirpermanent employment” (Ichied al, 2004,

p. 31), also thanks to the intermediation servipes/ided by TEAs. Yet, a word of caution is in

order, since such evidence might not extend to mewent periods.

3.4 Data: the Veneto Worker History panel

The empirical ground for investigation is the VWIidnel, a matched employer-employee dataset
derived from administrative records of the Itali&ocial Security Institute, covering the entire
population of workers and employers in Veneto, miyithe period 1975-2001.

Veneto is a dynamic, “manucentric” region, whodaotamarket, starting from the middle 80s,

has been characterized by nearly full employmem, lay a positive rate of job creation in almost
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every sector of the economy. The industrial systecharacterized by a large population of small
and medium firms, frequently organized in districtdose specializations are garments, textiles,
leather and shoes, goldsmiths, mechanical prodfatsiture, and plastics. VWH covers each
single worker employed in the private sector (excagy for self employed, farm workers, and
people receiving no salary), and each single dastabent with at least one employee. The
information available are extremely rich, and allmabuild a monthly history of the working life of
each employee, who has been hired for at leastdageby an establishment based in Veneto,
regardless of the worker’s place of residence.

Firms can be distinguished by their univocal Tagnlification Number, “codice fiscale”, while
workers are marked by an anonymous individual cddethe source archives, the firm code
changes each time the legal ownership of the finanges, even if there is no actual stop in the
underlying operations, nor appreciable change enrtature of the activity performed. Whenever
such situation is recognized, the business is s$aicbe continuous, and the old employer
(incorporated) is assigned the code of the new eyepl(incorporating)-

Another problem is that employer codes formallyntifg insurance positionsnot firms.
Although in most cases each firm has only one #gcposition, it is possible for employers to
register different categories of employees undferdint position¥. Anytime the Social Security
archives provide an explicit indication of whichsgemns are dependent on a parent one — and
hence pertain to the same firm — all the data amesalidated, retaining only the parent’s
identification code. Of course, we can only palgiaccount for complex, more elusive business
structures, as for instance informal groups. Nénadess, the adopted procedure, in our view, leads
to a satisfactory approximation of the real bouregaof most enterprises. In the text, with the word
firm or, alternately, employer, we always refethie consolidated insurance position.

Given the triangular structure of provisional casts, we observe TEAs as formal employers of
temporary workers. We do not know which are thentlfirms temporary employees actually work
for, while engaged through TEAS, but we can trdtkeallocations having TEAs as either origin or
destination. Hence we can include TEAs in the ndtvas vertices, exactly in the same way we
include other firms involved in episodes of workeallocation. Importantly, we can keep track in
our network of mobility episodes related to peoplespecially young people — who first enter the

labor market through a TEA, and then find a jololiasct employees of some private firm.

1 Formally, legal employer A is considered incorfiedainto legal employer B anytime more than 50%itsf
employees are taken over by B. This proceduredsl lry Tattara and Valentini (2003, 2004), and ienigployed to
construct the current version of the VWH dataset.

2 For instance, there may be distinct positionsbfae and white collars, or for different plants.
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In order to build our labor mobility network, welset from the VWH database all worker
reallocations responding to a set of defined ¢ateand we map them onto a directed graph, whose
vertices represent firms and TEAs, and whose loisote passages of workers from one firm to
another, or between firms and TEAsAn important implication of such approach is thasinesses
not involved in labor reallocations do not enter tietwork; hence, there are not isolated vertices i
the graph.

We construct 11 year networks for the period 199212 we restrict our focus on the
reallocations of workers of both sexes, aged betwEe and 65 years, whose engagement —
following a separation — occurred within th& df January and the 3bf December of each year,
and where at most 6 months elapsed between theatiepaand the subsequent engagerfieie
also keep track of the reallocations cutting actbgsadministrative boundaries of Veneto, so that
firms located outside the region can enter the adtwsample as well, as long as they
transfer/receive workers to/from firms located irenéto. No restrictions are imposed on the
duration of job spells, nor on the type of occupatiwhether blue or white collar, apprentice, or

manager. We exclude reallocations in the same"firm

3.5 Network setup and empirical strategy

An ideal setting for appreciating network propestisuch as accessibility, is when there is an
observable network infrastructure — that is a gigenfiguration of channels (links), through which
different locations (vertices) communicate with keasther — upon which some dynamical
phenomenon, usually represented by flows — foams traffic flows, information flows, or disease
diffusion — takes place. The ultimate goal of irtigestion is to understand something about the
phenomenon running along the infrastructure, epprexiating how the process actually takes
place, to what extent, and with which consequenaed;in order to do so we need to know some
characteristics of the infrastructure, since ithis particular arrangement of available channes th
decisively determines the process dynafics

In our specific case, however, it is not possiblalistinguish in advance between the network

infrastructure, and the process taking place oMié only observe the process — i.e. workers

13 For a precise formalization and explanation of gnaph-theoretic concepts we use throughout theeptestudy,
especially those highlighted in the text by meafiatic letters, see Section 2.3.

14 Long periods of apparent inactivity could possibige voluntary exits from the labor force, henae make the
relatively conservative choice of not includingoar analysis people whose inactivity spells excéed®nths.

5 This type of mobility typically concerns seasoijabs, since temporary lay-offs are not permitted Igfian
legislation.

16 Comprehensive reviews of network analysis andjislications can be found in Albert and Baraba0g) and
Newman (2003); the issue of processes taking maaeetworks is specifically addressed in Sectiol & Newman'’s.
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reallocating between firms — as it progressivelynes to pass, while we are not aware of the
channels potentially available to each worker attiime of the engagement decision. We thus carry
out our analysis relying only on actually accompdid worker transfers; we map the arrangement of
such moves, and treat the resulting network ast ifvere a real, practicable infrastructure
specifically intended for guiding worker flows. Thewe ask how the shape of the infrastructure
would affect a reallocation process possibly talptage on it.

When analyzing a networked system, a key concdphisofpath that is an uninterrupted chain
of links connecting several vertices in sequenasel upon the existence of paths, and on their
characteristics, we evaluate the extent to whidferdint locations are reachable from a given
position in the network. In the case of inter-finvorker reallocation, paths are given by the
combination of distinct mobility episodes into l@ngoutes, cutting across the system. Of course,
the recognition of a path does not necessarily nleainsingle individuals do cover the whole path
length through subsequent reallocations. Indeedkeve usually move just one, or a few steps at a
time, so that, at firm-level resolution, the flogif labor through the system looks more like a
gradual process of percolation through a porousnaht than like a process of massive, long-
distance migrations. Hence, just as the microscapichitecture of pores determines the
permeability of a sponge, the layout of firm-taafipathways determines how our mobility network
can be traverséd

Considering the network of labor mobility as anuadly practicable infrastructure, we can think
of job accessibility as the possibility of reachitige largest possible fraction of employers, by
means of the fewest job changes to be carried aaisging paths, regardless of the initial position
in the network. Noticeably, the theory of complertworks closely relates this notion of
accessibility to a specific model of network knoas small world(Watts and Strogatz, 1998;
Newman, 2000; Goyaét al, 2006), whose crucial functional significancepisecisely that of
making locations easily reachable one from anot@ploying a parsimonious assembly of links.
The smaller the world, the more accessible locatiare. We hence make the original choice of
using the small-world properties of the inter-fimatwork as a proxy indicator of job accessibility.

" The role of network paths is strongly supportedebypirical evidence about vacancy-chain-drivenloeations, a
widespread phenomenon in the tight labor marketaaierizing Veneto during the 80s and the 90s. @asean earlier
version of the VWH dataset, and limited to the nfanoturing sector in the Veneto provinces of Trevasm Vicenza,
during the period 1991-1996, Tattara and Valent®@04) show that the share of employer-to-empldyensitions
accomplished within 4 months accounted for by vagarhain processes is on average 88%. Given the shightly

broader definition of reallocation we adopt, anklirtg into account the further tightening of Vend#édor market
throughout the second half of the 90s, we believeuir setting the share of employer-to-employerditions explained
by vacancy chains is unlikely to be much lower tH@one calculated by Tattara and Valentini.
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According to the literature, a network is said ® & small world when the following four

conditions simultaneously apply:

1) a large number of locations is reachable from what@osition in the network, i.e. there
exist paths connecting a relevant fraction of guespairs of vertices;

2) locations are reachable with little effort, i.etarconnected vertices are on average only a
few steps away from each other (where to go aldinkas assumed to be costly);

3) the system is overall parsimonious, i.e. the aatuahber of links is much smaller than the
maximum possible number, obtained when a link &@dl between every possible pair of
vertices (where to provide a link is assumed tadsly);

4) vertices form cohesive groups, i.e. vertex neighliend to be interconnected among each
others, meaning that it is easier for a given wette establish, maintain, or reproduce a

connection with another vertex, if the latter iseally connected to most its neighbors.

The combination of such principles confers on tbi&am of accessibility an immediate economic
meaning: the system is accessible if, whateveralnibcation we are in, both the number of
opportunities potentially available for future mevis high (condition 1), and the cost of actually
accessing such opportunities is, on average, lamditions 2, 3, and 4). In many real-world
situations, there is a striking trade off betwele® mnumber and variety of alternative opportunities,
which are in principle reachable from a given aditposition or status, and the cost of actually
reaching such opportunities. The small world revedtelf to be an extremely effective
configuration in order to resolve such a trade b#cause it guarantees maximum reachability,
while minimizing the costs both for the system deer — i.e. the cost of constructing the
infrastructure — and for the system user — i.e.ctist of using the infrastructure in order to reach
given target.

The four defining properties of the small-world nebdan be re-framed in exact graph-theoretic
terms in a directed network, resulting in the fallog propositions respectively:

1) the network exhibits aiant weakly connected compondhVCC) and agiant strongly
connected compone(BCC);

2) average path lengtfAPL) in SCC is appreciably small;

3) densityof links is low;

4) averageclustering coefficienfACC) is appreciably high.
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A small world thus comes into view as an integrasgdtem, essentially dominated by local
clustering, with a relatively few long-range lintkeat act as shortcuts, connecting different bunches
of vertices which otherwise would be much fartherag from each other. The giant strongly
connected component guarantees the existence lus patween all possible locations comprised
within its boundaries, while short distances intBcthat locations can be reached with little effort
besides, clustering — meaning redundancy of linkoeal level — promotes robustness to link
disconnection and, through multiple independentyways, reliable accessibility as well (White and
Houseman, 2002).

In order to quantitatively appraise the small-wagrtdperties, the thumb rules we follow are:

1) SCC and WCC cover at least 25% and 50% of vertiespectively, and the other
components are small (typically of orderrj(wheren is the total number of vertices);

2) APL in SCC is of the same or lower order asdgy;

3) the link density is several orders of magnitlmeer than its maximum possible value;

4) ACC is at least two orders of magnitude lower tA&C of a random network of the same

size as and with the sanmedegree distributiorof the actual network.

The combination of these criteria identifies a &g parameters values for which a network
shows small-world characteristics. The evolutioring® small-world parameters over time can then
indicate whether the world is getting smaller ogdar, or whether it is possible to recognize a
transition from a large to a small world, or vicrsa.

In order for a small-world architecture to be asdale in practice, there is still one other
property to be satisfied, namely, the possibilidy &gents to effectively uncover short paths using
only local information — a property known agavigability after the work of Kleinberg (2000).
Indeed, the mere existence of short paths conmegimssible pairs of vertices is not enough, in
order to guarantee that agents with little knoweedf how the system is globally structured can
easily locate such paths. Therefore, effective gahility has to be provided by other network
characteristics.

In heterogeneous networks — i.e. networks diffefenrh regular lattices — some vertices tend to
fall significantly more than others on short paths,effect known as “funnelling” (Newman, 2001).
Vertices falling on many shortest paths are saidh&we highbetweennessthey constitute
particularly advantageous positions, in order toppint network locations, and to easily traverse
the system, playing as gateways to a large fractfarertices. This in turn means that, if agents ca

reach locations with very high betweenness, thes @asier for them to find a short way towards
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given target sites. Holding fixed other network rataeristics, the vertices with many connections,
that is with highdegree on average tend to have also high betweennasplysbecause the larger
the number of links a vertex has, the higher thench that many of the existing shortest paths pass
through it, while the chance of many shortest pathssing trough a low-degree vertex is much
smaller (Holme and Kim, 2002; Bienenstock and Batg200352.

Such observations lead us to conclude that, wheraaters do not possess perfect knowledge of
the network structure, one possibility to rendeneall world navigable is to allow for the presence
of hubs that is vertices with many more connections thegrage, and whose connections span far
distant sites. By virtue of their size and centyalhubs can be easily located from almost every
position within the system, being close to mosessitAgents can thus effectively navigate the
network by first locating a hub, and then beinginedted toward their objective. This explanation
appears to be particularly convincing in the contaxinter-firm labor mobility, where network
locations (firms) are crowded with agents (workevkjch interact among each other, exchanging
information about the conditions and the structofghe labor market. Hub firms are crossing
points where people can find the richest mass @drnmation, in order to extend their own
knowledge of the labor market, and consequentbctiitheir future explorations.

To guarantee that a small-world network is trulgessible, or navigable, hubs must thus be
present. The literature on complex network shows tite presence of a hub “backbone” is signaled
by a very right-skewed degree distribution, chadzed by a fat tail: a few, very big hubs occupy
the tail, while the bulk of vertices has much lesenections than average.

Verifying the existence of a hub architecture naltyrleads to our second block of research
guestions, namely, to what extent TEAs control worftows, and how TEAs market shares of
hiring channels evolve over time. We tackle theseieés by looking at the functional form of the
degree distribution, which is widely acknowledgedt a key indicator of the mechanisms at play
in network formation (Newman, 2003). We thus abandbe view of the network as an
infrastructure, denoted by certain arrangemeninét| and focus on the process responsible for the
accumulation of links over vertices in time.

In this respect, the literature on complex netwosk®ws that the degree distribution of a
network with a hub backbone is very often well apxmnated in the tail by a Paretian distribution,
more specifically, by a negative power law (Albantd Barabasi, 1999, 2002; Newman, 2003). This
behavior can be in turn explained by precise mashan of link formation based essentially on
preferential attachment. In Chapter 2, we haveadiyelemonstrated that the degree distribution of

8 The actual strength of the correlation betweenregnd betweenness is an empirical matter, anuayt vary
considerably across networks; but in general, andtmelevant for our analysis, vertices with manyrenconnections
than average tend to have also betweenness muoér iigan average.
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the labor mobility network in Veneto indeed hasaadfian tail. In the present work, we focus on the
evolution of the degree distribution over time, lw#fpecial emphasis on where TEAs are exactly
positioned, and how they affect the shape of te&idution.

Overall, our empirical strategy consists of twogst In the first stage, we calculate the main
topological properties of the year networks. Wel@ate the small-world characteristics, devoting
particular attention to detecting discontinuitiesegging around the year 1997 — that is when Treu
reform was passed — by means of comparing the lacte@vork with expressly designed
counterfactuals, so as to prove to what extent Teea#ly affect the system (Section 3.6.1). Next,
we verify the presence of a hub backbone, with $amuthe position of TEAs (Section 3.6.2). In the
second stage, we first introduce and discuss a hebaetwork formation, whose simple theoretical
assumptions are compatible with the reality of tabwbility (Section 3.7.1). Subsequently, for
each year network, we calculate the degree distoibuevaluating whether the obtained results
match the predictions of the theoretical model, atsb discussing policy implications (Section
3.7.2).

3.6 TEAs effect on job accessibility

3.6.1 Small-world analysis

For each year network we compute the following prtps: number of vertices and links, density,
size of WCC and SCC, APL, and ACC. Moreover, we para the structural properties of the
actual year networks in the period 1997-2001, whth respective properties of two different series
of counterfactual networks, constructed accordmthé following rules:

» counterfactual (1): we take the actual network esrdove all TEA vertices, together with
incident links (both incoming and outgoing), obtagh a new network with the same
architecture of the actual one, but without reat@ns involving TEAS;

» counterfactual (2): we take the actual network tordeach TEA vertey, we remove the
non-TEA vertexi that satisfied= min(k) subject to the conditiok > k; , wherek is the
total-degree i.e. we leave TEAs and related mobility in thewmk, but we remove the
non-TEA firms most equivalent to TEAs in terms efnmber of connections, together with

incident links.
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The difference between the actual network structum@ that of counterfactual (1) provides us
with an estimate of TEAs impact, which assumes Tr&ability — i.e. labor mobility involving
TEAs either as origin or destination of reallocatie has no substitute in the labor market, and
hence representing an upper-bound to the real Té&ffext. The difference between the actual
network structure and that of counterfactual (2)nsant to proxy for the substitution of TEAs by
other firms, selected from those which in the dchework are most similar to TEAS in terms of
number of connections. Accordingly, the comparibetween the structure of counterfactual (1)
and that of counterfactual (2) yields a prudenéipproximation of TEAs effect, which can be
thought of as lower-bound estimate. In extreme tmgis, for TEAs to have a substantial role in
shaping the network architecture, we want countéutd (1) to be sizably different from the actual
network, and counterfactual (2) to be as similgp@ssible to it.

Before entering the core of the analysis, it ison@nt to stress that labor reallocation networks
tend to be affected by the business cycle. It de@d a well established empirical fact that labor
mobility is strongly correlated with the cyclic @tuations of the economy, with worker turnover
being markedly procyclical, and reallocations ctaghg the most dynamical component of such
trend®. Hence, the business cycle affects the size awd fikely, the density of the reallocation
network, with consequences that extend also tathengement of links, and, in particular, to the
existence and size of giant connected componeimtssevemergence in random graphs is proven to
be related to the density of connectfdn§Vhen the cycle is exceptionally low — as it wadtaly
during the recession of 1992-93 — the network waflpear comparatively much sparser and less
interconnected, while in periods of high cycle €tsas in 1994-95 — it will be much more dense
and interconnected.

Figure 3.1 shows the evolution of network size. Blgstem exhibits a minimum extension in
1993, with 67,578 vertices and 86,602 links, andaximum in 2001, with 104,439 vertices and
207,504 links. Throughout the period, the link dnis very low, around 2.0e-05, with a minimum
of 1.84e-05 in 1992, and a maximum of 2.23e-059851 The network is extremely sparse, as
required by the small-world model.

A procyclical pattern is evident during the timeaspl1991-1997. There is a pronounced
downward spike in correspondence of the 1992-98sson (-25% links), followed by a rapid
growth in 1994-95 (+47% links), as the economy vecs in consequence of a Lira devaluation that
boosts export competitiveness, which in turn eglgciavors the largely export-oriented economy
of Veneto. After 1997, the business cycle impagteaps to be much weaker; the network exhibits

19 For the US labor market, see for example Datial. (1996); Fallick and Fleischman (2004). For théidtalabor
market, see Tattara and Valentini (2004); Leombaumu Quaranta (2005).
2 The first exhaustive treatment of the emergenagiasft components in random graphs is in Bollol&856).
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an intense, sustained increase in vertices and lalkover the period 1997-2001 (+49% links,
+29% vertices), with a partial slow down in 200gai in correspondence of a downturn, induced
by the burst of the new-economy bubble, and byeasing uncertainty in the international

geopolitical scenario.

Figure 3.1 — Vertices & links
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Comparing the actual trend with counterfactual (@& notice that TEA links considerably
contribute to explain the observed growth of cotines, augmenting the counterfactual base by
1% in 1998, 5% in 1999, 10% in 2000, and 14% in13bMNoticeably, counterfactual (1) exhibits a
decrease of links in 2001, compared to the yeaf260 that, in the last year of observation, the

action of labor market intermediaries turns oubéahe sole factor driving the increase in thealctu

L Most of the increase in links between 1997 andla8@nyway independent on TEA direct action, amlasponds to
a general growth of labor mobility involving the @b Italian labor market, which started in the rélgk and went on
during the first decade of the present century fhleni and Quaranta, 2005).
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number of active channels of communication betwiens. In 2001 counterfactual (2) has 8%
more links than counterfactual (1); this figure neegents our prudential estimate of TEAs impact,
revealing that, Treu reform, through the establishtrof private intermediaries, indeed appears to
be able to effectively unlock new reallocation pathdisclosing unprecedented mobility
opportunities.

Figure 3.2 shows the extent of the largest strdnggkly connected components, in terms of
percentage of vertices covered, allowing us to adsst look at the inter-connectivity architeaur
A procyclical pattern is again neatly recognizal3€C shows a minimum in 1993 at 13%, and a
maximum in 2000 at 30%, for WCC such figures ar@7ahd 90% respectively. From the year
1995, SCC keeps on permanently above 25%, and Vé@@ins above 85%; in the same period,
the second largest strongly connected componergrnewers more than 6 vertices, while the
second largest weakly connected component doesxtend beyond 14 vertices. The system,
hence, clearly exhibits the inter-connectivity stuue distinctive of a small world, that is a smgl|

large “continent”, surrounded by several, very srhslands”.

Figure 3.2 — Largest components (% coverage of thentire network)
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In 1997, the giant continents enter a steady grgath, leading to a cumulative increase of 13%
for SCC, and 4% for WCC, over the period 1997-20B1.2001, SCC of counterfactual (2)
substantially superimposes the actual SCC, and d&retl6% larger than SCC of counterfactual (1),
revealing how the extent of mutual connectivityndact positively affected by TEAs, while it is
insensitive to the exclusion of non-TEA firms. Aastg evidence that TEAs appreciably favors the
integration of the system.

Figure 3.3 shows APL and ACC, the former expresseuimber of links between locations (left
axis), the latter expressed as an index numbewtras between 0 and 1 (right axis). All over the
period, ACC is at least two orders of magnitudehbigghan ACC of a network of the same size of,
and with the same in-degree distribution as theahatne, but with links placed at random; the
clustering pattern typical of a small world is theiearly into sight. Up to the year 1998, ACC
fluctuates between 0.007 and 0.010, with only g sfight tendency to increase over time; from
1999 to 2001, the indicator goes through a phasxwémely intense growth, scoring 0.015 at the
end of the period, 57% above the level of 1997.

Figure 3.3 — APL & ACC
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ACC of counterfactual (1) remains substantiallyt f& the pre-reform level, while ACC of
counterfactual (2) closely follows the actual pdth2001, the actual network exhibits ACC 63%
higher than counterfactual (1); while ACC of coufdetual (2) lays 46% above counterfactual (1),
thus revealing a strong, positive effect of TEAsctustering.

APL exhibits a maximum in 1993 at 8.5, a minimun2001 at 5, and all through the period it is
strictly lower than Infscg, as required in order for the network to be albmvarld. After Treu
reform, mutually interconnected vertices becomaiantly closer to each other: between 1997
and 2001, the average distance is reduced by als asu24%. Counterfactual (1) has an almost flat
behavior, while counterfactual (2) lays just 1 gertage point above actual APL. In the last year of
observation, APL is 20% less than APL of countdtfac(1). There is sharp evidence that TEAs
provided shortcuts to network locations, substégtraducing average distances.

There is another important observation, emergioghfcomparing the charts in Figure 3.1 and
3.3. Looking at counterfactual (1), we notice thiaks considerably increase over time, but such
expansion has an almost neutral effect on thenatearrangement of links, as measured by ACC
and APL. On the contrary, the increase in netwazk directly due to labor market intermediation
does modify the structure, in the direction of lEgbohesion and lower distances. This is a further
proof that, ultimately, it is the special actionT&#As that makes the small world of labor mobility
smaller, and therefore more accessible.

In order to have a grasp of the dynamics underlyimegobserved increase in clustering (Figure
3.3), in Figure 3.4 we plot the actual ACC in fuantof degree, grouping vertices into 7 degree
classes and showing ACC values for each tass

As made clear by the chart, ACC of best connecetices, namely those witt»10, increases
significantly over time, while ACC of vertices wifast a few connections falls remarkably. This
suggests that TEAs simultaneously reduce the eneoledds of firms with a handful of
connections, which generally tend to be part alyaiohesive local communities, and increase the
embeddedness of companies with many connectioten(bfg companies), which tend to be little
clustered, because they are more likely to openateeveral distinct labor markets, interacting with
firms that are not directly linked togeth&r Thus, intermediaries, not only enhance overall
cohesiveness, but also transfer cohesion from tocalore global scale.

The clustering reduction for little-connected firsisggests that TEAs offer to small employers,
and to their employees, recruitment sources aniidbcadion opportunities that are different from
those offered by their strictly local communitid$e clustering increase for well-connected firms

22 0f course, clustering is not defined for vertieath degree equal to one (no interconnected neigbo
% 0n the positive correlation between degree amd $ize, see Chapter 2.

109



indicates that several employers, which intera¢hwai same hub firm, but not much among each

others, become closer, by means of applying to comnEAS.

Figure 3.4 — ACC (Y)vs. degree classes (X)
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On the whole, the small-world analysis, togethethvihe counterfactual comparisons, reveals
how labor intermediaries indeed make the labor etarkignificantly smaller, through the
establishment of shortcut paths that span the engricom side to side, knitting together distant
vertices into more cohesive communities, and redp@verage distances. This is partially a
consequence of the TEAs capacity to operate acaodarge variety of economic sectors,
professions, and geographical locations. Such veasal nature makes TEAs hubs for

heterogeneous workers and firms, reflecting intadespread and far-reaching connectivity.
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3.6.2 Hub structure

We begin the hub analysis by considering the td¢gjree sequence of each year network. In Table
3.1 a few summary statistics are reported: numlberedices (), average degree&d), median
degree Ksq), degree of the $9percentile Kgg), maximum degreekia).

From the very beginning, the total-degree sequenbéits a quite broad range of values, that
tends to widen over time. Despite the relativelghhmaxima (315 in 1992, rising up to 6,524 in
2001), the average degree is always very low, rgnfiom 2.6 in 1993 to four in 2000 and 2001.
This is due to the extreme concentration of th&idigtion around the minimum degree, as revealed
by the median, which takes the value one up to 1864 two thereafter. Two striking features are
thus revealed: the by far largest fraction of wesi has degree less than average, with the bulk of
vertices exhibiting just the minimum degree; a drfrakction of vertices has degree many times
larger than average, as shown by the scores &dhercentile, which is 6 to 9 times greater than

average.

Table 3.1 — Total-degree distributions: main descptive statistics

year n ke kso koo Kmax
1991 80,680 3.1 1 23 429
1992 78,300 2.9 1 21 315
1993 67,578 2.6 1 17 507
1994 69,816 3.0 1 22 527
1995 78,450 3.5 2 28 467
1996 78,966 3.4 2 27 358
1997 80,820 3.4 2 29 480
1998 84,823 3.6 2 30 731
1999 91,136 3.8 2 32 2,100
2000 100,671 4.0 2 35 4,635
2001 104,439 4.0 2 33 6,524

All through the period, the total-degree sequermevs an extremely unequal pattern, markedly
right-skewed, with a heavy or fat tail. The samérige for both the in-degree and the out-degree
distributions. Such features identify a particul@twork configuration in which a few hub vertices
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largely dominate the system, by means of widespmathectivity. Hubs do not constitute a
defining element of small-world networks, but theiresence enhances the navigability of the
system, so crucially determining the extent to Wwhacsmall world is actually accessible by agents
with little knowledge of the overall infrastructuréhe analysis shows that the small world of labor
mobility hinges upon a clear-cut hub backbone, thegng maximally qualified to guarantee
effective accessibili§/. Moreover, the maximum degree shows a steep isergsst after the year
1997, with an average annual growth of about 108&ggesting that Treu reform favors the

formation of large hubs.

Table 3.2 — Ranking of the 10 biggest TEAS, accomj to total-degree

overall ranking (1= highest total-degree)

first 10 TEAS 1997 1998 1999 2000 2001
a 40,455 4 1 1 1
b 40,456 16 2 2 2
c - 37 3 3 3
d - 56 4 4 4
e - 103 7 6 6
f - 301 22 8 7
9 - 321 27 10 9
h - 331 30 13 11
i - 514 36 22 13
| - 689 56 23 14

In Table 3.2 the overall ranking of the 10 bigg€BtAs in terms of total-degree is reported. In
1997, only two TEAs are operating, with a very liedi activity, as revealed by their low ranking.
Already in 1998, one TEA reaches the extreme faihe connectivity distribution, ranking fourth
overall, while other four TEAs are positioned withthe first hundred vertices, and all the first 10
TEAs are within the 99 percentile of the distribution. In 1999, TEAs dtively take over the
degree distribution, with four intermediaries figndccupying the first four positions. Soon after

their appearance in the system, TEAs show highditeness and strong capacity to capture labor

24 0On the same topic, see also the discussion indBez:8.
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mobility flows, becoming the far most important BubLabor market intermediaries prove
themselves to be very effective in seizing andingutvorker reallocations, making the network
easily navigable, and hence truly accessible.

This last piece of evidence completes our empiriappraisal of TEAs effects on job

accessibility, and allows us to finally organize tesults in terms of the following stylized facts:

* the network is a small world;

TEAs make the system appreciably smaller, shortedistances between firms;
» the network exhibits a hub architecture suitablguarantee effective navigability;

* TEAs promptly emerge as major network hubs.

The combination of such elements provides a dezisiwdence that TEAs enhance labor market
accessibility in a remarkable way. The system @wthole tends to assume the character of a large
cohesive community, taking upon itself some of tiaracteristics typical of much smaller
communities. Moreover, many crucial shortcut pdilesveen firms are firmly under control of
TEAs, and therefore they are particularly easyadrate from workers with limited information
about the market.

These facts certainly embed a positive elemenudfment in terms of economic policy. An
efficient reallocation of labor is essential, irder for the economy to be productive, to allochte t
available resources in the most effective way, tmdbsorb local and transitory shocks that hit
sectors, and industries. Furthermore, an easy amwbth reallocation process is fundamental in
guaranteeing workers more rapid and less costlymakket transitions, with immediate and long-
lasting benefits on individual income profiles. &ssibility, as defined in the present context, is
undoubtedly one of the factors at the very road gbod functioning of labor markets.

Nevertheless, after Treu reform, the system tumisto be strongly dependent on TEAS, in
particular on a handful of them. Such a situatisrespecially critical, because the collapse, or
malfunction of even a small number of hubs can comgse connectivity at a great extent (Albert
et al, 2000). Moreover, not only we might fear theedl of the biggest TEAs, and the consequent
“hole” produced in the network, that would hampeallocation, but — as thoroughly discussed in
Section 3.2 — we are concerned about the growingopalistic/monopsonistic power a few TEAsS

can exert on the reallocation market.
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3.7 Control over reallocation channels, and evolubn of TEAs market power

3.7.1 Models of network formation

In the last decade, the literature on complex ndtwtas concentrated much on connectivity
distributions, producing a mass of theoretical amdpirical work. In particular, very skewed
distributions with heavy tails, such as those weeobke in the labor mobility network, have been
associated to link formation mechanisms basegbreferential attachmentwhere the probability
that a new vertex connects to a given one is assuoee proportional to the degree of the existing
vertex. According to such a process, vertices wigmy links are more likely to attract new links, so
that a highly unequal configuration is graduallygeated.

Perhaps the most widely acknowledged model of nétwuat exploits a preferential attachment
rule is the one proposed by Albert and Barabas®9L9The authors develop an algorithm of
network formation that gives rise to degree disttidns denoted by power-law tails. In its original
formulation, the model is based solely on the atrigf new vertices in time, and on linear
preferential attachment. After this model, manyrdegdistributions from empirical networks have
been claimed — and in several cases demonstratetie-power-law distributed, so that preferential
attachment is now generally accepted to be the amesim at work behind these results (Newman,
2003; Clausett al, 2009).

Scholars have also attempted to build models thaiwant for the upper truncation, or cutoff, to
the power-law behavior that is often observed impieical degree distributions. The presence of a
cutoff is explained by the existence of a constraithe preferential attachment mechanism,
limiting the addition of new links to vertices. dmestingly, Mossaet al (2000) model such
constraint as an information cost. The intuitiomibd this approach is that agents/vertices bear a
cost in order to gather and analyze informationceoming other vertices. Therefore, especially
when the system is large, agents are assumed kobto the state of the entire network. In large
networks, the authors argue, it is very unlikelgtth new coming actor knows the degree of all
existing vertices. The decision about which vettegonnect with, hence has to be taken based only
on information about a subset of possible locati@ither a fraction or a fixed number of vertices).
Then, preferential attachment comes into play witeuch a subset. On the whole, the link
distribution resulting from these rules turns aube power law with an upper, exponential cutoff,
whose strength depends on the incidence of infoomabsts.

We now want to verify whether the key assumptionslanlying network models based on

preferential attachment are plausible in the cdnt#xlabor mobility, so that such theoretical
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indications can be used as a base for modellingdisteibution of hiring channels — i.e. the in-

degree distribution — in the reallocation markétrée are the points we have to validafé

1) network growth, i.e. addition or activation of ngertices in time;
2) attractiveness of highly connected vertices;

3) possible presence of information/transaction costs.

As for the first point, network growth, the expléina is quite straightforward in our case. In
Veneto there has been a positive, strong rateeaition of new ventures throughout the 90s. Hence,
the potential number of sources, or destinationsarker reallocations increases in time, because a
progressively larger number of firms operates mrarket, so the actual number of vertices in the
labor mobility network can also increase in tffhe

In order to explain why agents are willing to trfemgo well-connected firms, we propose two
related arguments. First, people may seek to jonpleyers with many incoming connections,
because they interpret this evidence as a signfana$ prosperity. In most cases, firms that grow
and hire people from different sources can be icgytdahought to be a good destination for
successful reallocation. Second, people might siradbpt a herd behavior, addressing those firms
which have been already addressed by many workarsdifferent origins.

Besides, whenever the network structure is such ithdegree and out-degree are strongly
correlated, people may seek to join employers Widin in-degree because such locations tend to be
overall more central in the system, hence beinglyiko offer easier access to further reallocation
opportunities. That is to say, people perceiveii@rtance of hubs in providing accessibility, and
actively seek for them, since hub locations embpdsitive option value in terms of future caf&er
Given a minimum knowledge of the network — e.g.pbssibility of directly observing, or proxying
for firm degrees — it is therefore convenient tall@cate towards more central locations.

The assumption about the existence of informatian#action costs reasonably holds true as
well. It is indeed unlikely that workers are alecbstlessly evaluate the characteristics of atidi

and jobs present in the system, especially whersygtem is formed of several thousands firms,

% We empirically focus on the in-degree distribufibecause it captures exactly how agents choogeréaiocation
targets, and how firms can control the reallocatiarket.

% The analysis is mainly focused on the worker sifiehe market, hence the emphasis on the factoverging
attachment decisions. Vacancies are simply asstonexist, and to always be available to reallogptimorkers.

2" For a generative model of network that accountdéh contraction and re-growth and that produsiorks with
topological features similar to preferential-attaeimt networks, see Saaveétal (2008).

% n our specific case, the observed correlationvben in-degree and out-degree is highO(8 on average over the
years), indicating that employers with high in-dsgrtend to have high out-degree as well, so reptiagegood
locations from which to access many other locatiarthe market.
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and even more jobs, as it is the case in our reatilon network. Workers, indeed, usually have
limited resources to invest in the process of jearsh, employer screening, and bargaining over
contractual conditions.

Building on the evidence of power-law-like degresstributions, and hinging upon the
fundamental assumptions discussed so far, somatretedies propose a paradigm of network
formation in which preferential attachment is natedtly assumed, but arises naturally from the
simultaneous optimization of multiple competingesdtjves. This approach is of particular interest
from an economic perspective, because it expliaittydels the trade off between costs and benefits
— represented by distinct network metrics — aggmtisally face when taking decisions in a context
of scarce resources (as it is typically the cagelotearch).

The fundamental outline of this sort of models esatibed and discussed in Fabrikental
(2002), and further developed in D’Souaaal. (2007). A brief description of the basic framelwor
may be the following. Network vertices — represemtagents — are thought to arrive uniformly at
random in a given space. Upon arrival, each vemest link with another vertex that is already
present in the system. Newcomer vertices are imaegliaware of the position — both in the space
and in the network — of other vertices, and in otdeestablish a connection with them, they have to
bear an attachment cost, which is assumed to mgional to the Euclidean distance between the
current location and the target one. Newcomer e&stiare assumed to benefit from linking with
vertices that are centrally located in the systidwat, is vertices with high degree; accordingly, whe

deciding about linkage, they choose targets whiehsanultaneously:

1) close to their actual position in the space;
2) centrally located in the network.

The former objective captures the attachment cast ©h order to establish a successful
relationship with a vertex far away in the spacke Tatter objective represents the option value
associated to very well connected locations. Irotords, networking activity is assumed to yield
a trade off between (immediate) costs, represdmyatistance, and (future) benefits, represented by
centrality.

We may think of the attachment cost as the costtedlto gathering from target vertices
information about some specific aspects of thechtteent relationship, analyzing such information,
and then negotiating about relevant aspects. Titteefathe target in the space, the more difficult
and costly is to obtain accurate, fundamental Btthas about attachment conditions, and to

evaluate such information. In the context of labmmbility, such costly effort may easily be thought
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to concern specific features of jobs, contractuahditions, tasks to be performed, working
environment, just to mention a few characteristics.

More formally, the model can be framed as folloWsrtices arrive uniformly at random in a
defined space (e.g. the unit square, or the um#) liThe set of vertices at timés denoted by .
The system at=0 has a single root vertex and no connectiongaah time step a new vertex

arrives and selects an existing vertgXV,_, with which to establish a link. Les; be the Euclidean

distance betweenandj, reflecting the cost of effort farto reachj; let g1 be some measure of
network centrality of vertek, e.g. degreegvaluatedat timet-1, assumed to be proportional to the
benefit offered by location The terms regulating the attachment decisiontof are captured by a
simple objective functior(q, 9, whose argument is the weighted sum of facgprands, as

described by the expression
Fi,t(qls) =qj,t—1_a$j | (1)

where the parameterreflects the relative weighting between the twieotives, witho>0. Vertexi

then choosepso as to maximizE; the agent’s optimization problem can be written
maxF = max(q; ., - ) . 2)

The choice of, and the consequent behavior of the model, dependsally ona. Whena is
above a particular threshot¢n), expressed as a function mfwhose exact shape depends on the
characteristics of the space considered, the tadidbetween Euclidean distances and centrality
holds, and the resulting connectivity distributiomns out to be a power law, characterized by an
emerging, upper, exponential cutoff, whose intgngitows with a. Almost pure power-law-
distributed networks are obtained whens very close to the threshold. Asgoes below the
threshold, Euclidean distancas progressively loose importance in the optimizatwocess, and
the resulting connectivity distributions assumehhigpolarized shapes, with a few, very large hubs
being the targets of most connections. For veryllsmaues ofa, the network would collapse to a
star, i.e. the most polarized possible structure, wislingle vertex as center, and all other vertices
just pointing to the center (Fabrikagttal, 2002).

Such optimization-based model (OPT model hencefoetweals itself to be very flexible, being
able to account for a wide range of distributiobahaviors in function of just a single parameter.

Moreover, the simple assumptions of the model Iséna@ghtforward interpretation in the context of
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labor mobility, capturing in a very simple way ttrade off that workers willing to reallocate have
to face between search/transaction costs and berafijob search. We hence take the OPT
framework as reference model for labor reallocation

In a complex system of interactions between estittharacterized by a power-law connectivity
distribution with upper cutoff, a well-defined ha&chy is manifest, but the influence each entity ha
— i.e. the portion of the system a single entity cantrol through direct connections — is limited,
possibly constrained by the same forces that gothermetwork formation. So that on the whole,
the system maintains a noteworthy level of decénéition. On the contrary, a star network is the
ultimate stage in degree concentration, correspgndo a fully integrated system, in which
hierarchy is manifest at its utmost level: all thewer is in just one’s hands. Both such
organizational patterns are common in nature. psnted by Clausegt al (2009), several network
data, ranging from social relationships to physoadntities, exhibit power laws with exponential
cutoffs; on the other side, integrated systems am®g by multiple elements each of which
individually responds to a central “authority” arery frequently observed in institutions, firms, up

to biological beings.

3.7.2 Empirical degree distributions

In Figure 3.5 we plot on a log-log scale the comm@atary cumulative in-degree distributions,
CCDDs, together with the corresponding power-law. fAt a glance, we notice that each year plot
follows a clearly negative, and almost linear trema the extreme tail of the distribution, a
downward departure from the power-law fit is evidenthe years 1991, 1992, 1995, 1996, 1997,
and 1998, while it is much less pronounced in 128®l 1994. In 1999 the empirical data overlap
almost exactly the straight line, whereas in 2000 2001 the distribution tail drifts progressively
more upward, concentrating greater weight thanipied by a pure power law.

This brief, visual inspection yields several coesadions. First, the straight-line plots visibly
match the power law hypothesis. Second, the fastydef the extreme tail observed up to the year
1998 is in all effect a truncation, and it mears #xtremely massive events are actually lessylikel
to occur than in a pure power law. Third, after 898 coincidence with the materialization of
TEAs effects on the connectivity structure, thedegree distribution shows a transition from an

upper truncated pattern to a much more unequalionehich the tail becomes much heavier.

2 Of course, we do not claim such model offers augate, true description of the way the inter-fiahor mobility
network develops. We just aim at drawing attentiarthe fact that a generative model built on tresgle and highly
stylized lines can still yield remarkable resudts,it will be made clear in the following sub-Seanti
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From the analysis performed in Section 3.6.2, wevkthat in the years 1999, 2000, and 2001
the four biggest hubs are TEAs, and several otli&ksToccupy the very last percentiles of the
distribution. It straightforwardly follows that tH@ggest TEAsS are capturing unprecedented shares
of hiring channels, which are moreover increasmgme. And in so doing, intermediaries produce
a sharp polarization of the degree distributioat tiheviates consistently from both the simple, and
the cutoff version of the power law distribution.

Following the OPT model, we frame the statisticaleistigation in order to verify whether a
power law is indeed a suitable distribution fordiegree, and then we assess whether and when a
power law with exponential cutoff is preferred tpare power law. We devote special attention to
identifying possible pattern transitions inducedTiBAs.

In general terms, the probability distribution ofj@antityk is said to be power law if it is of the

form given by the following expressith
p(k)Ok™, 3)

wherea represents the scaling exponent. Notice that autistribution diverges dstends to zero,
so, provided thad>1, the power-law behavior must set in only aboweedain thresholdmyin>0.
When dealing with degree distributions, the qugniie are interested in can take only positive,
integer values; hence, we are confronting a digcdistribution. Putting together these two

observations, we obtain the following expressianp{®)

_ o KE
p(k) =Pr(K =k) = @k (4)

where the functiod is the generalized, or Hurwitz zeta function a frm

—a

Jakn) =3 (+ky) - (5)

n=0

When empirically fitting power-law-like distributins, it is generally appropriate to use the
complementary cumulative distribution, instead leé simple probability distribution of the form

(4); the cumulative representation indeed reduossiple fluctuations in the extreme right tail, due

% The passages henceforth closely follow Clagsat (2009).
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to the low number of observations in this regiomd @& ultimately allows for better estimates and
better visualization (Newman, 2005). The complemgnicumulative distribution associated to
expression (4) has the form

{(a,k
Z(a(lk )) ’ ©

1 ¥min

P(K 2 k) =

and it is again power-law distributed, appearing agraight line on a doubly logarithmic scale.

The mere appearance of a straight line nonethedgsesents only a necessary, but not sufficient
condition for a distribution to be power law. Hente rigorously assess the plausibility of the
power-law model, we implement the test method psepoby Clausegt al. (2009). In extreme

synthesis the procedure runs as follows:

1) fit a power law to the empirical data using maximiikelihood, simultaneously estimating
the scaling parametarand the lower bound of the scaling regiam,;

2) evaluate the goodness of the power-law fit by datowg an appropriatp-value;

3) then contrast the pure power law with the power \th exponential cutoff by means of a
likelihood-ratio test

In Table 3.3 the key parameters of the fitted polaess, together with thp-values of the related
goodness-of-fit tests, are shown; in the last telomns the likelihood-ratio tests of the comparison
between the pure power law and the power law wiffoeential cutoff, together with the related
values, are reported. In the goodness of fit mstie pure power lawg-values are used to rule out
the power-law hypothesis, hence for the power lawe a plausible modes;values must be high,
and vice versa (we make the standard choice aftmegethe power law fop-values less than 0.05).
Whereas, in the likelihood-ratio test a smadValue and a positive (negative) likelihood ratio
indicate that the power law wins (loses) over theraative; on the contrary, when tpevalue is
large enough (>0.05), the test does not favor oogetover the other.

3l The power law and the power law with exponentialoff are nested distribution, meaning that oneilfaraf
distributions, the power law, is a subset of tHeeatthe power law with cutoff. As highlighted ita@setet al. (2009),

it is always the case that the larger family otritisitions provides a fit at least as good as tinaler family, since
every member of the smaller family is also memlfahe larger one. Thp-value associated to the likelihood-ratio test
is precisely meant to indicate whether the fittimprovement of the power law over the pure power \&th cutoff is
substantial or not.
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Table 3.3 — Distribution fitting

Comparison with

Power-law fits .
power law with cutoff

year a Kmin p-value LR test p-value
1991 2.752 5 0.520 -2.354 0.030
1992 2.822 5 0.000 -0.552 0.293
1993 2.827 4 0.060 -0.262 0.469
1994 2.857 12 0.780 -0.268 0.464
1995 2.630 5 0.000 -11.176 0.000
1996 2.787 10 0.140 -2.749 0.019
1997 2.595 5 0.080 -7.779 0.000
1998 2.609 6 0.500 -4.958 0.002
1999 2.554 6 0.540 -1.604 0.073
2000 2.556 8 0.560 -0.065 0.716
2001 2.576 7 0.880 0.000 1.000

In all years, except for 1992 and 1995 (rememberptrticular turbulences the Veneto labor
market underwent in the period 1992-1995), the pdaxwe model provides good fits, with excellent
performance in 1991, 1994, and all over the peli®88-2001; in 1993, 1996, and 1997 there is
only a moderate evidence in favor of the model, dudrall, the power law performs quite well,
hence revealing itself to be a reasonable theatdienchmark for our data.

The power law with exponential cutoff is strictlyeferred over the pure power law in 1991,
1996, 1997, and 1998. While in 1999, 2000 and ewere so in 2001, the two models are not
statistically different according to the likelihooatio test?, but from the plotting in Figure 3.5 the
cutoff distribution appears to be unquestionablfauared, compared to the standard power law.

From the analysis performed so far, we can pinpgbiatfollowing, compelling stylized facts:

* up to the year 1998 the data are well fitted bpwaer law with upper truncation;

* in 1999, as TEASs reach the tail of the distributiampure power-law sets in;

32 \We do not have a model that can specifically aotéor the observed rise in the extreme tail of digtribution, we
can just say in the years 2000-2001 the truncastdhiition does not provide a better fit than siraple power law.
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* in 2000-2001 the tail of the distribution, leadthg biggest TEAs, drifts upward away from
the power law prediction, pushing the system towamh increasingly polarized
configuration, in which the few biggest TEA hubsitol a massive share of reallocation

channels.

The behaviour of the data can be consistently exgdiaby the OPT model in a very effective
and parsimonious way. Progressively reducing tmarpatera in the OPT model can produce a rise
in the extreme tail of the degree distribution &amto the one manifesting in the data just after t
appearance of TEAs in the market, and amplifyinGBAs increase their connectivity. As already
mentioned, in the OPT framewouk represents the incidence of information costsatirad to
benefits of attaining central locations; a reductio the parametess means a reduction in the
information/transaction costs agents bear in otdexxplore the system and to establish successful
links. In the actual network, TEAs can hence beveig as the vehicles of such a drop. In particular,
from 1999 on, a small bunch of TEAs overtake thegrdaw, hinting to a strong polarization of the
system, that might deepen even more, eventualjgdring a collapse of the network to a star
configuration.

Of course, the fact that the evolution empiricallyserved closely matches the predictions of a
simplified network model of the kind invoked in tpeevious sub-Section, does not mean such a
model is an exhaustive representation of the rdanpmenon of worker reallocation in
intermediated labor markets. Rather, the proposedllpl is aimed to show that TEAs affect the
process of network formation very muah if there were a drop in information/transaction gosss
provided for in the OPT framework.

Indeed, a major role of intermediaries — as hidtieg in Section 3.2 — is “sinking the searching
and matching costs workers would otherwise fullgefandividually, by means of centralized
collection and use of information that is then madailable to workers and firms” (Autor, 2009; p.
17). Noticeably, the triangular form of provisior@intracts offered by TEAs also provides a way
of concentrating the negotiation process over eympént conditions, entirely devolving it to TEAS,
so further curbing transaction costs. These areatenales, identified by the economic theory, for
the existence and action of labor market internmezgiiawe have just demonstrated that there exist a
convincing and consistent set of empirical resalipporting, and quantitatively illustrating such
arguments.

Most relevant for policy is the tendency towardsremcreasing polarization of the system, with
TEAs in control of overriding market shares of nemgagements. The OPT model suggests that the

action of TEAs considerably shifts the trade oftwmen cost of search and benefits of central
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locations, in favor of the latter factor. This inrm reflects into reallocation decisions that

increasingly aim at TEA targets. Such process lisssstaining — according to the attachment rule
in the OPT model, and also in agreement with tigeirments discussed in Section 2, i.e. increasing
attractiveness of bigger brokers — and could ewdiytyproduce a strong, or even complete

concentration of the market in the hands of somaslE

Although we can rely just on four years of obseaorad as for appreciating TEA activity, given
the trend observed, we might be concerned that a mmarket such as the one we study, where
intermediation activity is not subject to quantitatconstraints at the level of single TEA — TEAs
become so much attractive for the parties (becadsself-reinforcing incentives inherent in
information brokerage) so as to determine an exeessncentration of the labor mobility network.
This would mean that the market of hiring servidesfacto becomes a monopoly/monopsony,
controlled by a few TEAs, which, once gained dominaositions, can exploit this advantage to the
detriment of their customers. Such a scenario wbaltlarmful, both because of the high rent TEAs
could extract from their activity, and because loé bad matching services firms and workers
receive in a non-competitive intermediation marletleed, either parties, workers and firms, and
the economic system as a whole, would incur thectlicost of high TEA prices, and the indirect
cost of mismatch.

Whenever the first tangible signs of market conegimn are in sight, prudent policy makers
may want to intervene, so as to monitor the maiegtds, and then deciding whether to possibly
restrain the action of intermediaries, by meanspa$sing appropriate regulative measures, or
fostering competition in the intermediation sectdhrough establishing efficient public
intermediaries.

The call for well-timed intervention of the publauthority is even more compelling given the
fact that, as self-sustaining mechanisms of cunwalaidvantage — such as those which seem to
drive TEAs attachment — progressively set in, itdmes more and more costly and difficult to
intervene, in order to modify the individual-levatentive structure underlying the functioning of
such mechanisms. In these cases it is hence bettarcover market trends in the very bud, and,
where appropriate, rectify them while they are yaitwidespread. Essential to such good practice is
market monitoring.

The analysis carried out in this Chapter, and i@ pmesent Section in particular, provides
transparent and well-defined policy tools in orétr monitoring labor markets, and for detecting
market-concentration processes. The set of techeigque have presented nevertheless calls for
further development, and we still need more sopaistd analyses, which can yield additional

indications about market evolution. In the lightalfr first, promising results, we believe policy
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authorities should promote labor market studies tisa network-based methodologies, which may

result to be particularly effective in uncoverinmdgpredicting a variety of phenomena.

3.8 Conclusions

This study originally combines two different stranaf research: the empirical analysis of labor
mobility, based on linked worker-firm data from adstrative archives, and the investigation of
social networks, making use of graph theoretic ept&a We specifically address the role of
temporary employment agencies in shaping the n&tabmnter-firm worker reallocation, trying to
answer two major questions: (1) how TEAs affect gmgessibility for people reallocating within
the market; (2) how TEAs capacity of controllingnker flows evolves over time, and with which
consequences. In this work, the focus is on theashpf TEAs on worker flows direction and
arrangement, while the effects of intermediationratividual job market outcomes, as for instance
wages and employment duration, constitute a tapifuture research.

Using employer-employee matched data from Venetegen of Italy, we construct a directed
graph, where vertices indicate firms, and linksalerpassages of workers between firms.

We first consider the actual arrangement of wotkensfers between firms, as if it were an
infrastructure aimed at supporting and directingofaflows, and we assume the small-world
properties of such infrastructure as an indicatqgolo accessibility.

The network shows a remarkable small world charadteluring the period 1995-2001, i.e. after
the recession of 1992-1993; and the key small-wiydds visibly deepen just after the arrival of
TEAs, that were first allowed to operate in 1997Twgu reform of the labor market. In order to
better identify the impact of labor market internaes, we perform a counterfactual analysis
aimed at providing reliable measures of such efféée find that, in 2001, TEAs generate an
increase in clustering between 46% and 63%, corddara counterfactual situation with no TEAS,
and a corresponding reduction in average netwoskadces of around 20%. TEA mobility also
increases the level of network interconnectivitgsiBles, TEAs provide the small world of labor
mobility with improved navigability, suddenly becorg the most important hubs of the network, to
the point that, already in 1999, four TEAs firmlgrdinate the connectivity distribution.

Such evidence urges us to conclude that Treu refthnough the establishment of TEAs,
enhances labor market accessibility in a signitieesty. The labor network as a whole assumes the
character of a large cohesive community, whichlmaeasily traversed from side to side. Moreover,
most shortcut paths between firms are firmly urmtertrol of TEAs, and therefore they turn out to

be particularly easy to locate from workers withited information about the market.
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We then shift our attention to TEAs position in tmarket, and focus on the mechanisms of
network formation. By looking at the time evolutiah the link distribution, we notice that the
market share of engagements controlled by TEA®asas considerably. This evidence reveals that
TEAs greatly increase their market power over ceallion services; and this is very likely to
exacerbate the negative effects of the informaaigymmetries between labor market intermediaries
and clients, workers and firms, thus representirigkafor good labor market functioning.

We make a step further, and interpret the impaditAs on the link distribution in the light of a
simple model of network formation, based on strdayivard assumptions, and offering good grasp
of the fundamental trade off workers have to fadeenvreallocating. The underlying idea is that
target vertices for reallocation are chosen bynoming a function in two arguments: initial
attachment cost of entering in touch with a posnémployer (distance factor), and benefits
deriving from centrality of the employer in the wetk (centrality factor). The centrality factor
attract new links according to a logic of cumulati@dvantage, i.e. people prefer to attach to the
most connected vertices; the distance factor coatisly mitigates such attachment mechanism.

When the trade off holds, different link distributs can emerge, all characterized by Paretian
tails with upper truncation, guaranteeing thatehisra limit to the employers capacity to corner th
market. That is to say, the trade off represergsang obstacle in order for single employers to be
able to control major shares of reallocation chéngo as to become dominant actors. This is
exactly the situation we observe in the data uP®@y.

After Treu reform, the action of new players — thiermediaries — ease the trade off in favor of
network centrality, diminishing the incidence otaghment cost. Hence, workers find it more
advantageous to link to the most central vertex] toe cumulative advantage mechanism takes
over the scene. As a result, the link distributiemolves towards a more unequal pattern,
increasingly polarized around a few TEASs, that ejaeas monopolist/monopsonist, controlling
unprecedentedly high market shares — much biggar those controlled by any other employer.
This is what we observe during the years 1999-2001.

The theoretical model we use as benchmark pretiet®ietwork could eventually collapse to a
star, with a single center, a TEA, that capturésedlllocations, progressively pushing out of the
market other competitors. Although such a resydtasents a purely abstract, speculative scenario,
nonetheless, given the good correspondence bettteemodel predictions and the empirical
evidence collected, it entails an immediate warnagolicy makers.

On the one side, TEAs prove themselves to be viéegteve in fostering job accessibility for
workers; on the other side, the biggest TEAs appeaincreasingly corner the market for

reallocations, potentially exerting disproportiaaiower. A policy intervention might hence be
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needed, so as to guarantee competition in themetgiation sector, or some regulative mechanisms
should be devised, in order to prevent the systeam fbecoming excessively polarized. The
technigues we employ represent a set of tools ihaiseful for monitoring the market, and
providing quick identification of emerging trendaccording to which designing well-timed

interventions.
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