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1. Introduction

This paper investigates the link between social networks and
welfare in the context of a frictional labour market with occupational
mismatch. Empirical studies show that 30-60% of new hires find jobs
via referrals." At the same time, there is evidence that up to 47% of
workers in some occupations are mismatched (Robst, 2007). Thus it is
natural to ask whether the network channel of job search contributes to
higher occupational mismatch. From a theoretical perspective,
Bentolila et al. (2010) and Horvath (2014b) show that social networks
with weak homophily may generate more mismatch compared to the
formal channel of search. Weak homophily here means that workers
have many social contacts in occupations other than their own.
However, more mismatch is not equivalent to lower welfare, especially
in the presence of volatile output. On the contrary, it may be optimal
for workers to diversify their networks across occupations in order to
reduce the risk of unemployment even if this strategy is associated with

more mismatch. This study fills the gap in the analysis of network
implications for social welfare and investigates the optimal level of
network diversification in a setting with stochastic output.

The ingredients of the model are as follows. There are two worker
types and two occupations. The type of worker is given by the initial
training in one of the two occupations. Every worker can be unem-
ployed, employed in the primary occupation or mismatched, which is
associated with a wage penalty. Output fluctuations are described by a
time-homogeneous transition matrix and are correlated between the
two occupations. In the benchmark case there are binary fluctuations in
each occupation, e.g. a period of expansion with high output and many
vacancies and a period of recession with low output and fewer
vacancies. Every worker has a fixed total number of social contacts,
which is the network size. The level of network homophily is char-
acterized by the proportion of contacts with other workers of the same
type. Thus a higher level of homophily implies a less diversified
network and vice versa.
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In this setting the primary contribution of the paper is a detailed
characterization of the optimal network diversification level from the
individual and social perspective. Given that workers are risk-neutral
and take aggregate indicators as given, they choose full homophily of
the social network under some realistic conditions. This is different
when the problem is considered from the perspective of social welfare.
The social planner internalizes externalities that individual network
choices impose on other labour market participants (other workers and
firms) and takes into account changes in aggregate variables, such as
the equilibrium unemployment rate and vacancies. So for a large range
of parameter values, there exists an interior homophily level which is
maximizing workers' expected present value of income. Hence this
paper supports policies targetting stronger occupational diversification
(i.e. interdisciplinary projects and educational programms) as a means
of reducing network homophily.

First, the model is considered in a setting with exogenous vacancies
and no on-the-job search. In this setting there are two counteracting
effects of higher homophily on the expected income. On the one hand,
higher homophily reduces the average fraction of time workers spend
in mismatch. This is a positive effect on the expected income since
workers are less likely to suffer from a wage penalty. On the other hand,
stronger homophily implies that the two groups of workers are
increasingly separated from each other, which prevents information
exchange about open positions. Thus unemployment is higher espe-
cially in the times of low labour demand. This is a negative effect on the
expected income of workers since unemployment is also associated
with a temporary drop in income. This trade-off leads to the optimality
of a diversified social network. Note that this diversification result is
not driven by the risk aversion of workers and their desire to reduce the
volatility of income as in standard portfolio theory (Markowitz, 1970).

Optimal diversification level is robust to parameter changes in the
comparative statics analysis. For example, I find that the optimal
homophily level is higher and diversification is weaker if labour
demand fluctuations are positively correlated. This is because with
positive correlation it is less likely that the mismatch occupation has
high labour demand while it is low in the primary occupation of the
worker. Thus the gain from diversification is reduced. On the contrary,
the optimal homophily level is lower and diversification is stronger
with a lower unemployment benefit. Consider the situation when the
primary occupation has low labour demand and the person becomes
unemployed. If unemployment insurance is relatively low, it is optimal
for the worker to have more contacts in the mismatch occupation in
order to leave the state of unemployment as soon as possible. Lower
wage penalty from mismatch is also associated with stronger diversi-
fication since the cost of diversification is reduced.

Second, the paper is extended to allow for on-the-job search in the
state of mismatch. On the one hand, searching on-the-job is a valuable
option for workers which should raise the present value of income. But
on the other hand, searching mismatched workers reduce job-finding
chances of unemployed workers, which raises unemployment and has a
negative effect on income. I find that this negative effect is dominating
especially if social networks are relatively well diversified. Thus the
optimal level of homophily is higher and diversification is weaker with
on-the-job search. Nevertheless, this negative effect of on-the-job
search on income is partially mitigated when job creation is endogen-
ized in the final version of the model. The optimal homophily is
estimated at 0.8, which means 80% of contacts in the primary
occupation and 20% in the mismatch occupation. The welfare gain
from diversification is equal to 1.3% compared to a fully diversified
network and 0.6% compared to a fully homophilous network.

This paper is closely related to the literature on social networks in
the labour market. The first idea to introduce a separate homophily
parameter into an economic model is due to Montgomery (1991). This
author and later Simon and Warner (1992) emphasize the point that
friends and acquaintances are likely to have similar skills and ability
(homophily by skills). Thus referrals from high ability employees reveal
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positive information to the firm about the quality of the match. This
idea is empirically confirmed by Hensvik and Skans (2013) who show
that in Sweden entrants are more likely to be linked to high ability
incumbent employees than to low ability incumbents (defined from test
scores or wages). Stupnytska and Zaharieva (2015) extend this idea by
separating family and professional contacts in their model. In the
equilibrium there is a self-selection of low ability workers into family
referrals and high ability workers into professional referrals, which
generates a U-shape hiring pattern. Overall, transmitting information
about applicants' characteristics to the employer is a first influence
channel of social networks, which is particularly important in a setting
with heterogeneous workers.

Toannides and Soetevent (2006) and Fontaine (2008) describe a
second influence channel which is based on the transmission of
information about vacancies between connected workers. In the former
study better connected workers experience lower unemployment rates
and receive higher wages. Fontaine (2008) considers a frictional labour
market and shows that differences in networks can generate wage
dispersion among equally productive workers. Other studies incorpor-
ating networks into the search and matching framework include Kugler
(2003), Cahuc and Fontaine (2009), Zaharieva (2013) and Galenianos
(2014). Kugler (2003) suggests that referees may exert peer pressure
on newly hired workers, whereas Zaharieva (2013) shows that bar-
gained wages are inefficiently high in the equilibrium because workers
do not internalize the positive externality on their network connections.
Galenianos (2014) predicts and confirms empirically a positive correla-
tion between referral hiring and matching efficiency across industries.
Cahuc and Fontaine (2009) is a first study incorporating an explicit
structure of the network into the matching function. Their network
approach is also used in the present study but there is no mismatch and
diversification in their model. To the best of my knowledge, there are
only two studies combining social networks and on-the-job search.
Both Horvath (2014a) and Zaharieva (2015) consider a setting with
heterogeneous firms, hence employed workers accept job offers from
more productive employers and forward other offers from less produc-
tive employers to their network connections. This setup implies that
referral offers are associated with wage penalties. This feature is also
present in the current study as mismatch jobs pay low wages and there
is an incentive for workers to continue searching on-the-job in the hope
of better payment in the primary occupation. Despite this similarity
neither Horvath (2014a) nor Zaharieva (2015) consider network
diversification in the presence of output fluctuations.

Most other studies on occupational mismatch are empirical and
distinguish between vertical and horizontal mismatch. The former
approach investigates whether workers are over- or underqualified for
the job. In contrast, horizontal mismatch appears in situations when
the worker doesn't have the “right type” of education to perform the job
successfully, thus this approach is about the degree of correspondence
between the field of study and the occupational choice. This latter idea
is also used in the present work. A number of early empirical papers on
horizontal mismatch include Allen and van der Velden (2001), Wolbers
(2003) and Robst (2007). For example, Wolbers (2003) considers data
on school graduates in a number of Western European Economies and
finds that school-leavers from humanities, arts and agriculture are
more likely to be mismatched than those from engineering, manufac-
turing, business and law. He also considers the business cycle
perspective and reports that in times of high unemployment school-
leavers more often have to accept a job that does not fit their field of
education. Another interesting finding of that paper is that for school-
leavers with a job mismatch, the odds of looking for another job is 1.4
times larger than for the properly matched school-leavers. Robst
(2007) finds similar results for college graduates in the United
States, where 27-47% of workers in arts, social sciences, psychology,
languages and biology are mismatched. He also reports that horizontal
mismatch is associated with a wage loss of about 10%.

More recent empirical studies on occupational mismatch include
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Allen and de Weert (2007), Nordin et al. (2008), and Beduwe and Giret
(2011). The former study finds that the proportion of workers
employed with an appropriate level of schooling but in a different field
is 6% in Spain, 10% in Germany, 11% in the Netherlands and 18% in
the UK. Moreover, this study confirms that mismatched German and
British respondents are significantly more likely to look for other work.
Nordin et al. (2008) finds that in Sweden 23% of men are strongly
mismatched and 16% are weakly mismatched in their job. In addition,
they find a very large penalty associated with occupational mismatch in
Sweden equal to 32%. People with dentist, police and law education are
least often mismatched, whereas those with a biology, psychology or
artistic education are again more often mismatched. Finally, Beduwe
and Giret (2011) investigate job characteristics of workers who
accomplished vocational training and find that 30% of them are
vertically matched but horizontally mismatched in France. They also
find wage penalties of 2—3% for mismatched workers. Overall, empiri-
cal evidence suggests that horizontal mismatch is a frequent phenom-
enon. Moreover, mismatched workers are more likely to be involved in
on-the-job search. There is also a significant wage penalty associated
with occupational mismatch.

The plan of the paper is as follows. Section 2 explains notation and
the economic environment. Section 3 presents the model with two
occupations and output fluctuations. Section 4 contains numerical
results and comparative statics analysis. Section 5 concludes the paper.

2. The framework

Consider the model with two groups of infinitely lived risk neutral
workers and two occupations. Workers of type A obtained training in
occupation A, which is their primary occupation, but they can also work
in occupation B, which is a mismatch occupation for them. In a similar
way, occupation B is a primary occupation for type B workers, whereas
there is mismatch if type B workers are employed in occupation A. Each
group of workers is a continuum of measure 1.

There are m macroeconomic states of the world in this economy,
i = 1...m. Every state i is characterised by the output vector {y/g, ylé}
produced by workers employed in their primary occupation.
Mismatched workers produce lower output yj; =i — Ay, j=A, B.
assume that Ay is positive but sufficiently small so that firms accept
mismatch applications. Firms can open vacancies in each of the two
occupations and pay the flow cost ¢ for every open position.
Endogenous variables v} and v'g denote stocks of vacancies open in
occupations A and B respectively. In order to keep the model tractable I
assume that there is only one channel of job search by means of
referrals. Thus hiring takes place if employed workers who get
information about open vacancies recommend their contacts for the
job. More specifically, firms with open vacancies in occupation j contact
type j workers employed in their occupation at rate s and ask them to
recommend a friend for the job. This is an exogenous search intensity
of employers.

Every worker can be either employed or unemployed and employed
workers can be properly matched or mismatched. Let u} denote the
measure of unemployed workers of type j and e’; — the measure of
employed type j workers, thus u; + ¢; = 1in every state i. Variables e'44
and e'pp denote the measures of properly matched employees, whereas
esp and e'p, are mismatched employees. This notation implies that
ey + ey = ¢y and e}y + by = eh. Workers employed in their primary
occupation receive a high wage w, whereas mismatched workers
receive a low wage wy < w. These wages are the same in the two
occupations and independent of the state. This reflects the idea that
workers and firms sign long-term contracts and there is no possibility
of renegotiation. Aw = w — wy denotes a wage penalty associated with
mismatch. I consider both settings with and without on-the-job search
by mismatched workers. Jobs are destroyed at an exogenous rate 6.
After the job destruction shock workers become unemployed and firms
exit the market. Unemployed workers receive the unemployment
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benefit z < wy. Workers and firms discount future cash flows at rate r.

Next consider the social structure of the population. Every worker
has n social contacts; yn of the same type and (1 — y)n contacts of the
different type. Variable y € [0.5..1] can be interpreted as a level of
homophily in the society. Montgomery (1991) refers to it as an
“inbreeding bias” by type. If y = 1 the society is homophilous as only
workers of the same type are connected in networks. In contrast, if
y = 0.5 the two groups are strongly mixed and there is no “inbreeding
bias”. In general, homophily refers to the fact that people are more
prone to maintain relationships with people who are similar to
themselves. There can be homophily by age, race, gender, religion or
profession and it is generally a robust observation in social networks
(see McPherson et al. (2001) for an overview of research on homo-
phily). The focus of this paper is on the latter type of homophily by
profession or occupation. Jackson (2008) distinguishes between homo-
phily due to opportunity and due to choice. In this respect, homophily
by occupation is likely to arise due to the fact that workers with the
same profession studied or worked together in the beginning of their
career. Thus it is rather a limited opportunity of meeting workers from
different professions which generates homophily rather than an explicit
choice.

At Poisson rate ¢ the macroeconomic state of the economy may
change according to the time-homogeneous discrete Markov chain with
a transition matrix IT:

Mo Ty m
U=(E ] where zﬂf:l

oo Wy i=1

Intuitively, this means that ¢z, is a constant arrival rate of state i with a
vector of outputs {y', yi},i = 1,..,m. Variable ¢ measures the frequency
of output fluctuations. For example, a higher value of ¢ implies more
frequent fluctuations, while a lower value of ¢ is associated with higher
persistence of economic states.

For the purpose of illustrating the model it is convenient to analyze
the case of binary output leading to m=4 states. In this economy every
occupation j = A, B can have high output and labour demand (expan-
sion) or low output and labour demand (recession). Let the probability
of expansion be identical in the two occupations and equal to 0.5. In
addition, let p be the correlation coefficient between the two occupa-
tions. With this notation, the four transition probabilities sy, 75, 773, 714
can be defined and expressed as follows:

The derivation of this matrix is presented in Appendix A. Note that
p = 0 corresponds to the case of independent fluctuations in output.
p > 0 leads to more probability mass on the diagonal, thus symmetric
states with two expansions or two recessions become more likely. In
contrast, when p < 0 asymmetric states become more likely. This case
is convenient for analyzing comparative statics results with respect to
p.

2.1. Network matching

This subsection is dealing with the job-finding and the job-filling
rates for workers and firms. Even though these transition rates are
state-dependent because they depend on the numbers of vacancies and
(un)employed workers, I will suppress the upper index i to simplify the
notation. In order to model referral hiring I follow the approach of
Cahuc and Fontaine (2009). Recall that firms with open vacancies in
occupation j contact type j workers employed in their occupation at rate
s per unit time and ask them to recommend a friend for the job. I
assume that firms never ask mismatched employees for a recommen-
dation, so the average probability of being contacted for properly
matched type A workers is sy/ess. Consider some unemployed type A
worker x with a fraction of type A contacts in the network equal to y,,
whereas y continues to denote the network composition of all other
workers in the market. Since unemployed and mismatched contacts are
not useful in finding type A jobs, the person has yness properly
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matched type A friends. Multiplying this term with sw/ess yields y,nsvs,
which is the number of friends of person x contacted by type A firms.

Note that person x is not the only contact of the friend, thus there is
competition for job information. Suppose that the friend has k other
unemployed type A contacts apart from person x. This happens with
probability u} (1 — u,)”~'~* multiplied by the corresponding binomial
coefficient. Since all friends are treated equally, the probability of
getting a job offer for person x is given by 1/(k + 1). Since k is a random
variable, the final job-finding rate A4 for person x in occupation A is
given by:

ym—1

m—1) i |
nsv; us (1 — ug)™ T
20 e PR
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The derivation of this equation is presented in Appendix A. This
expression shows the following. If person x wants to increase the
fraction of type A contacts y,, this has a positive impact on the job-
finding rate in occupation A, but only if no other worker does the same.
On the contrary, if all other workers also increase their fraction y, the
positive effect of higher y, will be completely dissolved. This already
reveals differences in the privately optimal decisions of workers and a
socially optimal composition of the network. Further I assume that all
workers are identical, that is y, = y, and analyze the optimal composi-
tion of the social network from a social perspective. So the main
research question here is which level of y will maximize the present
value of expected income for all workers of a given group? Is it a
network with y = 0.5, y = 1 or an intermediate value of y? Differences
between privately and socially optimal y will be discussed in later
sections of the paper.

If all workers are identical, the job-finding rates A44 and Agp as well
as the two job-filling rates w44 and wpp for firms become:

SV n n Y n n
=220 =) ypu=sU - =20 —¢f") ypp=s1-¢}")
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These equations have an easy intuitive interpretation. Every type A
employee has yn type A contacts, where every contact is employed with
probability e4. So the probability that there is at least one unemployed
contact of type A who is willing to take the job is equal to1 — ¢}". Thus,
the number of matches between workers and vacancies of type A is
equal to sy (1 — ef").

Next I proceed with identifying the mismatch transition rates Ayp,
Apa and Wap, Wpa. These rates are different depending on whether on-
the-job search by mismatched workers is included in the model or not.
Consider first, the situation without on-the-job search.

Suppose the firm is asking a randomly chosen employee of type A to
recommend a friend for the job. If all type A contacts of the chosen
employee are also employed, which happens with probability e}, this
employee may recommend a contact of type B. The probability that
there is at least one unemployed type B contact out of (1 — y)n is equal
to 1 — ¢f ™", This is because type B workers are employed with
probability ez. Hence, the total number of matches between type B
workers and type A vacancies is equal to sy el” (1 — e ~"). With this
information one can find the job arrival rate to workers B in occupation
A, which is denoted by Ag4. This rate is equal to the ratio between the
number of corresponding matches per unit time and the number of
searching unemployed workers up. In a similar way, one can find the
job arrival rate to workers A getting jobs in occupation B, that is A4p.

v

- Y -
dpa =~ (L= e ") dap = =gl (1 = &)
up Uy

Multiplying these rates by u;/v; gives the corresponding job-filling rates
Wpa = upApalva and y,p = usdap/vg for firms. Note that the first subindex
defines the worker type.
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Fig. 1. Labour market transitions with on-the-job search.

2.2. On-the-job search

It is intuitive to think that mismatched workers may continue
searching for jobs in their primary occupation. Let 14 denote the job
arrival rate to workers A employed in the mismatch occupation B and
associated with on-the-job search. In a similar way, 1z denotes the job
arrival rate to workers B associated with on-the-job search (see Fig. 1).

If on-the-job search is included in the model, the incumbent
employee contacted by the firm can choose not only among unem-
ployed friends of both types, but may also forward the job offer to
mismatched friends. I assume that this employee acts according to the
following scheme:

e If there is at least one unemployed type A contact, forward the offer
to this person;

e If there are no unemployed type A contacts, check if there is at least
one mismatched type A contact and forward the offer to this person;

e If none of type A contacts is either unemployed or mismatched,
check if there is at least one unemployed type B contact and forward
the offer to this person;

e If none of type A contacts is either unemployed or mismatched and
none of type B contacts is unemployed the offer is lost.

In addition, the employee should randomize if there are several
contacts in the chosen group. This sequence of actions implies that
workers always first try to recommend their contacts of the same type,
regardless of whether they are unemployed or mismatched, and only
afterwards forward the offer to the unemployed contacts of the opposite
type. One rationale for this assumption is that workers with the same
training are often working in teams and their knowledge is comple-
mentary to each over. Thus there may be private productivity gains
from recommending workers of the same type. Nevertheless, no
specific technology assumptions are necessary for the purpose of this
paper. When choosing between unemployed and mismatched workers
of the same type, it is intuitive to think that the employee is maximizing
utility of the network's member and puts unemployed friends first in
the order of priority.

Given the described priority order there is no change in the
expressions for Ay4 and Agp compared to the model without on-the-
job search. Next suppose the worker doesn't have any unemployed type
A contacts which happens with probability ¢/". Conditional on being
employed, a given contact is working in occupation A with probability
ern/es and is mismatched with a counterprobability eyp/es. Thus with
probability (es4/¢4)™ all employed contacts are working in occupation A.
This means that 1 — (esa/ey)™ is the probability that there is at least one
mismatched employee out of yn employed type A contacts. This
reasoning allows me to calculate the job arrival rate 1,4 in the following
way:
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Fig. 2. Left panel: equilibrium. Right panel: positive shock in v4.
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Further, note that with probability e/} = €["-(eas/es)™ neither of type A
contacts of the incumbent employee is unemployed nor mismatched.
However, with probability 1 — e{! =" there is at least one unemployed
type B contact, so the job-finding rate Az, becomes:

SV, n —y)n
dpp = ey (1 = e )

up
In a similar way, one can derive the job-finding rate A,z and the job
arrival rate to mismatched type B workers associated with on-the-job
search np:

Svp 1—y SVp
Mg = —ehp(1 — &™) and  ny = =2-(ef" — )

Uy €BA

Considering the problem from the perspective of firms, let variables 1;,
j = A, B denote the probability of filling the position with a type j
worker who was previously in mismatch employment and was search-
ing on-the-job. Then 74 = n,esp/vs and 73 = nzepa/vp. Finally, note that
the two job-filling rates ywgps and w,p are formally again given by
Wpa = uplpalva and ,p = usdgp/vg but they are different from the
expressions without on-the-job search.

3. The model

Sections 3.1-3.3 are dedicated to the analysis of unemployment
rates uy and up, where the upper index i is again suppressed, whereas
Section 3.4 explains the present value equations.

3.1. Unemployment rates without on-the-job search

In order to find the equilibrium unemployment rates u, and up I
follow the approach by Hall and Milgrom (2008). Although in principle
both unemployment rates are separate state variables, they move so
much faster than 7 that one can use the equilibrium values as close
approximations of the actual values of unemployment rates. Thus in
every state i, the inflow of workers into unemployment should be equal
to the outflow of workers. On the one hand, at rate § every worker loses
the job, thus, the inflow of type A workers is equal to 5 (1 — u,). On the
other hand, every unemployed type A worker finds some job at rate
Aaa + Map, either in the primary occupation or in the mismatched
occupation. So the differential equation for the unemployment rate of
type A workers becomes: iy = §(1 — uy) — g (Aas + Aap). And the
differential equation for the unemployment rate of type B workers is:
g = 5(1 — Ug) — ug (ABB + ABA). In the equilibrium it should hold Uy = 0
and 3 = 0, so that:

P P
= Up =
S+ dmatdan  © 6+ dua + Jup )

U

Inserting values for Ay 4, Ay, App and Ag, into (2) produces a system
of two equations in two employment variables e, and ep. This is
summarized in the following lemma:

Lemma 1. For every state i, i = 1,..,m, the equilibrium employment
rates e, and eg are uniquely determined from the following system of
equations:

sm(l — el + svg-ef'-(1 — eﬁ“”") =be, =

ea(ep) 3)

syeef"-(1 — el(;l”)") +svp(l —ef') =6eg = eplen) @

A higher number of vacancies v, leads to higher employment in both
occupations e, and eg and higher job-finding rates Asa, Aup, Agp and
Aga. The same is true for a higher vp.

Proof. Appendix A.o.

Consider Eq. (3). The right-hand side of this equation is a linear
function increasing from 0 to § when e, is increasing from 0 to 1. The
left-hand side of this equation is decreasing down to zero when e =1.
So there exists a unique intersection between these curves. A larger
value ep raises the left-hand side of equation (3), thereby increasing e,.
Thus, one can write e4 as an increasing function of ep, where ¢, (0) > 0
and ¢, (1) < 1. This relation highlights spillovers between the two
occupations. If a larger fraction of type B workers is employed (i.e. e
is rising), then more type B workers will be recommending their type A
social contacts for jobs in occupation B. So the equilibrium employ-
ment rate of type A workers is higher. The same holds true for a higher
employment rate e4, which has a positive effect on the employment rate
of type B workers. This follows from equation (4), where ¢3(0) > 0 and
eg(1) < 1. Hence the equilibrium values of e, and ep can be obtained at
the intersection between the two positively sloping curves e, (¢g) and
ep(ey) which is illustrated on the left panel of Fig. 2.

Next consider a positive change in vacancies v4 which is illustrated
on the right panel of Fig. 2. First, there is a direct positive effect on the
employment of type A workers as finding jobs in occupation A becomes
easier. Graphically this corresponds to the upward shift in e, (ep).
Second, a higher employment of type A workers brings more type B
workers into jobs, so there is a downward rotation in the curve eg(es).
Combining these two shifts together one can see that due to networks a
higher number of vacancies in one occupation is propagating employ-
ment in the other occupation. However, this network multiplier is not
necessarily a desirable feature for the labour market as it will
unambiguously amplify the rise of unemployment in the economy-
wide recession. As a final remark in this subsection, notice that the
corner case y = 1, corresponding to full homophily, implies that e, (ep)
is a horizontal line independent of ez and ez(es) is a vertical line
independent of e4. In this case, unemployment shifts in response to
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vacancy fluctuations are not amplified as the two types of workers are
not connected.

3.2. Unemployment rates with on-the-job search

Differential equations for unemployment don't change with on-the-
job search, thus i; = 6¢; — (Jja + 45)(1 — ¢)), j = A, B. Next consider
changes in variable eqs. The inflow of workers into this category
consists of unemployed type A workers 44414 and mismatched workers
coming from occupation B, that is 7,e5. Given that esp = €4 — eas,
uy = 1 — ¢4 and repeating the analysis for type B workers one gets the
following steady state conditions for e44 and epp:

eaa(ny + 6) = Aaa(l — es) + mues  epp(igp + 6) = App(1 — ep) + nzep

Solving these two equations jointly with the steady state equations
iy = 0 and iz = 0 with respect to variables {es, ess, ep, epp} gives rise to
Lemma 2:

Lemma 2. For every state i, i = 1,..,m, the equilibrium rates e, es4,
ep and epp are uniquely determined from the following system of
equations:

sy (1 — el + svg-efp-(1 — eﬁ,l_V)") = ey where 6Sepp = svp(l — efp)

(5)

syeefy-(1 — e};‘*”") + svp-(1 — ef") = Seg where Sesq = su(1 — €f})
(6)

A higher number of vacancies v; leads to higher employment in both
occupations e, and ep, j = A, B. However, a higher v, raises the
fraction of mismatched type B workers eg,, while a higher vg raises
the fraction of mismatched type A workers esp. For the same state,
employment in both occupations is lower in the model with on-the-job
search.

These findings are illustrated on Fig. 3. Note that epp is the point
where function eg(e4) is crossing the horizontal axis, so that egz = €5 (0).
This means that ¢4, = ¢, (ez(0)). Intuitively, on-the-job search reduces
employment of type A workers as their chances of finding jobs in
occupation B are getting worse. In a similar way, e, is the point where
function ¢, (ep) is crossing the vertical axis, so that ey = ¢4(0). This
means that ez = ez(es(0)), thus the equilibrium employment of type B
workers is also lower with on-the-job search.

Further, consider a higher number of vacancies v, which is
illustrated on the right panel of Fig. 3. This vacancy shock is associated
with an upward shift of the curve ¢, (¢g) and a downward rotation of the
curve eg(es), thus triggering a rise of employment rates ey and ep.
However, there is no change in the number of type B workers employed
in their primary occupation, that is egp remains unchanged with on-
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Table 1
Definition of transition probabilities m;, i = 1, 2, 3, 4.

Expansion in B Recession in B

Expansion in A
Recession in A

7 =025(1+ p)
73 =025(1 — p)

m=025(1 - p)
4= 0251 + p)

the-job search. If occupation A has low labour demand, then relatively
many type B workers find jobs in their primary occupation directly
from unemployment and relatively few workers go through the state of
intermediate mismatch employment in occupation A. In contrast, when
occupation A has high labour demand, then relatively many type B
workers go through the state of intermediate employment in occupa-
tion A and relatively few of them find jobs directly from unemploy-
ment. However, the sum of the two inflows (from unemployment and
mismatched jobs) remains unchanged whatever the situation in
occupation A, leading to the unchanged rate egp. Hence, the number
of mismatched type B workers egs = ¢z — epp is unambiguously higher
when occupation A has high labour demand.

3.3. Numerical example

This subsection illustrates the theoretical result from Lemma 1 by
means of a numerical example. As a starting point the analysis is
focused on the model with exogenous vacancies and binary fluctuations
in labour demand. This is the model with m=4 states (see Table 1),
where every occupation can have high labour demand (with a vacancy
rate equal to 0.052) or low labour demand (with a vacancy rate equal to
0.045). Also note that the two occupations are completely symmetric
with this parameter choice. Other parameters are set in order to
reproduce realistic features of a stylized labour market and include
r=0.02, § = 0.1, s=2, n=40. These parameters will be used everywhere
throughout the paper (Table 2).

Consider the economy in state 4 which is an economy-wide
recession (v4=0.045, vp=0.045). At rate ¢z, occupation A recovers
which is captured by the rise in vacancies v, from 0.045 to 0.052. In
accordance with Lemma 1 this is associated with a rise of employment
of type A workers ey from 0.896 to 0.930. In addition, there is a
positive spillover effect on type B workers whose job-finding rate in the
mismatch occupation Ag, is increasing from 0.085 to 0.251 and their
employment rate ep is increasing from 0.896 to 0.922. At rate ¢m
occupation B recovers and the economy is moving from state 2 to state
1. This is associated with a moderate rise of employment eg from 0.922
to 0.942 followed by a small increase of employment e4 from 0.930 to
0.942 due to the network spillover. Finally, note that 21.9% of workers
are mismatched in state 1. This is due to the fact that vacancy stocks
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Fig. 3. Left panel: equilibrium with OJS. Right panel: positive shock in vacancies v4.
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Table 2
The model with m=4 states, y = 0.5.

Expansion in B, v5=0.052 Recession in B, vz=0.045

State 2 with prob. 7,
€4=0.930, e5=0.922
eap = 0.138, epy = 0.196
Aaa = 1.135, Agp = 0.935
Aag = 0.197, Agy = 0.251

State 1 with prob. m;
ey = ep = 0.942

eap = epy = 0.219

Aaa = App = 1.245
ap = Apa = 0.376

Expansion in A
v4=0.052

State 3 with prob. 3
€4=0.922, e5=0.930

eap = 0.196, eps = 0.138
Aaa = 0.935, Agp = 1.135
Aap = 0251, Apa = 0.197

State 4 with prob. 74
es = ep = 0.896

eap = epa = 0.089

Aaa = A = 0.773
Aag = Apa = 0.085

Recession in A
v4=0.045

are relatively high in both occupations and workers prefer to be
mismatched rather than unemployed. In contrast, the mismatch level
is only 8.9% in state 4. High fractions of mismatched workers in all
states show that the state of mismatch is a stumbling block for workers
on their way to proper employment. One reason for this is the
impossibility to continue searching on-the-job in the considered
setting, so next I turn to the characterisation of the model with on-
the-job search in the state of mismatch.

When on-the-job search is permitted, the equilibrium employment
rates are calculated according to Lemma 2 and presented in Table 3.
First, with on-the-job search unemployment is higher and employment
is lower in every state. This is because unemployed workers of the
opposite type are now less likely to hear about a job as priority is given
to unemployed and mismatched workers of the same type. Even more
striking is that the fraction of mismatched workers is also lower. For
example, in state 1 when both occupations have expansion periods,
mismatched workers constitute only 2.2% of their group. This is much
lower than 21.9% in the model without on-the-job search. These stock
variables can be low for two reasons. Either because the inflow of
mismatched workers is relatively low or because the outflow is too high.
Focusing on type A workers, Table 3 reveals that the outflow rate of
mismatched type A workers (55, = 0.377) is almost three times larger
than the inflow rate 4,3 = 0.141. Thus the stock of mismatched workers
is low mostly due to the high outflow rate. Hence many workers accept
jobs in the mismatch occupation with a fast transition to their primary
occupation thereafter. So in this setting mismatch employment is
rather a stepping stone on the way to proper employment.

Further, as follows from Table 3 mismatch can still be significant
despite on-the-job search in the asymmetric states 2 and 3. For
example, in state 2 we can see that 4.2% of type B workers are
mismatched. This is intuitive as these workers experience difficulties
finding jobs in their primary occupation B and accept jobs in the
mismatch occupation at rate Az4 = 0.120. However, the corresponding
transition rate from A to B is relatively low, 7, = 0.174, and 4.2% of type

Table 3
The model with m=4 states, y = 0.5.

Expansion in B, v5=0.052 Recession in B, vz=0.045

State 1 with prob. m; State 2 with prob. m»

Expansion in A ex = eg = 0.925 e4=0.912, e3=0.903
v4=0.052 eap = epy = 0.022 eap = 0.008, ey = 0.042
ny =ng =0.377 ny = 0.326, g = 0.174

Aaa = Agg = 1.090
Aap = Apa = 0.141

Aaa = 0.989, App = 0.816
Aap = 0.043, g4 = 0.120

Recession in A
v,=0.045

State 3 with prob. 5
€,4=0.903, e5=0.912

eap = 0.042, ey = 0.008
na = 0.174, g = 0.326
Aaa = 0.816, Agp = 0.989
Aap = 0.120, Apsy = 0.043

State 4 with prob. 4

ey = ep = 0.879
eap = epa = 0.018
ny =ng = 0.130

Aaa = App = 0.694
Aap = Apa = 0.035
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B workers remain mismatched on average in state 2.

One remaining question in this section is whether mismatch is pro-
or countercyclical. As mentioned in the introduction, empirical studies
(e.g. Wolbers (2003) and Moscarini and Vella (2008)) report that in
recessions workers are more likely to exit unemployment into mis-
match, thus mismatch seems to be countercyclical. Concerning the
model, recall that transition probabilities sz; are given by:
m=ms=0251 + p) and 7, = 73 = 0.25(1 — p). The fraction of mis-
matched type A workers is equal to 0.022 in state 1 and 0.008 in state 2
when occupation A has high labour demand. In contrast, when labour
demand is low in occupation A the fraction of mismatched type A
workers is equal to 0.042 in state 3 and 0.018 in state 4, which yields
the following averages:

0.022m  0.0087,
_ + _

m+ 7w

0.04275 " 0.01874
3+ 7y

= 0.03 + 0.014p = 0.06 — 0.024p

m+ 7 73 + 7y

The first (second) term above is the fraction of mismatched type A
workers in the times of high (low) labour demand in their occupation.
Comparing these two values, one can see that type A workers are more
likely to be mismatched when labour demand is low in their primary
occupation if p < 0.789. For example, when p = —1, we know that 4.2%
of type A workers are mismatched in the recession (state 3) and only
0.8% of them are mismatched in the expansion (state 2). Given that the
two populations of workers are symmetric the same conclusions hold
for type B workers. Thus the model is inline with empirical evidence if
the correlation coefficient is not too large. Only in the extreme case
when the two occupations are almost perfectly positively correlated
(p > 0.789), mismatch becomes pro-cyclical in the model.

3.4. Present value equations

Next consider present value equations for workers of type A. Let Uy
denote the present value of unemployed type A workers in state i and
U, be the corresponding column-vector containing values U'y. When
unemployed, all workers receive the unemployment benefit z, so let
denote a column-vector of z-values, which has dimension m x 1. In
addition, let variables Wi, and W,z denote the present values of type
A employees in occupations A and B respectively with the correspond-
ing column-vectors of present values W4, and Wjz. Concerning wages
let , wy be the (m x 1) vectors of wages w and wy respectively.
Unemployed type A workers can find a job in occupation A, which
corresponds to the matrix of job-finding rates A,4 of dimension m x m,
and a mismatch job in occupation B, which corresponds to the matrix
of job-finding rates A,p. In order to analyse the implications of on-the-
job search I use an indicator vector 1 with all values equal to 1 if on-the-
job search is included in the model and all values equal to O otherwise.
With this notation the present value equations in matrix form can be
written as:

Uy = §+ ApaWaa = Up) + AgpWap — Up) + T = DUy
Wia = @ —(Wya — Up) + T = 1) Wyy
Wap = @o = 6(Wap — Up) + INy(Was — Wap) + (T — D) Wyp
1 1 1 L.,
Uj Waj Ay = 0 U 0
U =1+ Wy=|: | A= ¢ | N=[: :
uy W 0 - A (R

where j = A, B, parameters r, §, ¢ are scalars, I is the identity matrix
and N; is the mxm matrix containing the job arrival rates nij on the
main diagonal. So the term Ny (W4 — Wyp) reflects the fact that type A
workers employed in occupation B may change the job at rate n'4 and
return to their primary occupation.” Note that at rate ¢ the macro-

2 One implicit assumption here is that the mismatch wage wy is sufficiently high, so
that accepting mismatch jobs is optimal for workers. For the detailed characterisation of
the mismatch reservation wage see the working paper version of this article (IMW
working paper Nr. 547, Bielefeld 2015)
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economic state of the economy may change according to the transition
matrix I1. Further, one can see that:

Wia = M (0 + 6Uy) Wyp = My(wo + 06Uy + INNM (0 + 6Uy))

where M = [(r + 6 + $)I — I and M; = [(r + 6 + )] — IT + IN]™!
are the auxiliary matrices, j = A, B. Inserting these expressions into the
equation for U, and repeating the same procedure for workers of type
B, I obtain the following results (see Appendix B):

Uy = [(r+ Q) — @I + Aga (I = M) + Apg(I — SMy(I + INyM))]™!
X (z + AapMywo + (Aaa + Wy MyNy) Mw)
Up = [(r+ ¢) — @Il + Agg(I — M) + Aga(I — SMp(I + INgMH) !

X (z + ApaMpwy + (App + 1py MgNg) Mw)

Note that the job-finding matrices A4; and Ag;, j = A, B depend on the
homophily parameter y, thus the present value of searching workers
also depends on y which allows me to investigate the question whether
full homophily y = 1 will maximize the present value of income, or it
will be maximized for some interior value of y, implying a diversified
(heterophilous) network.

Next consider the present value equations for firms. Let variables
Vi, and V'z denote the present values of open positions for firms
operating in occupations A, B and V, V3 be the corresponding column-
vectors. When opening the position firms pay an identical flow cost ¢
stacked in a column-vector o. At rate 'y, firms of type A are matched
with a worker of type A and at rate y'z4 they hire an applicant of type
B. Let the corresponding matrices of job-filling rates be denoted by W4
and Wg4. Further variables Jii, and Jip, denote present values of
profits for firms in occupation A hiring type A and type B workers
respectively. The corresponding column-vectors are denoted by Juu
and Jpu. In the former case the worker is properly matched and
produces a high output y'4 with the flow profit v} = y| — w. In the latter
case the worker is mismatched and produces a low output y;, with the
flow profit y, =y}, — wp. In this respect let column-vectors vj, v;
denote flow profits of firms from hiring properly matched and
mismatched workers, j = A, B. This yields:

rVy

— 0+ Yaa(aa — Va) + Foa(pa — Va) + 1Tx(Jaa — Vi)
+ ¢l -1V,

rhaa = va—6WUaa— Va) + ¢UI — D)Jpa

rlga = voa — 6(Jpa — Va) — WNg(pa — Va) + ¢ (T — 1)Ja

Vi Iy wl o 0 e 0
Vis[ o] a=|:| ¥a=|: ¢ | T=[: ¢
vy’ ja 0w 0 g

where j = A, B. These equations reveal the role of on-the-job search.
On the one hand, it is easier for firms in occupation A to hire type A
workers, even if they are temporarily mismatched in occupation B. This
effect is captured by matrix T, containing state-specific hiring rates 7.
On the other hand, type B workers employed in occupation A may quit
their jobs to return to their primary occupation. This effect is captured
by matrix Ny containing state-specific quitting rates n's. Equations for
V3, Jpp and Jp can be obtained in a similar way.

In every state i there is free-entry of firms, which means that in the
equilibrium V,4=0 and V=0. These 2 x m free-entry conditions can be
rewritten as:

0= (Yo + 1T 1AM + YpavoaMp o = (¥pp + Up)vgM + FipropMy

@)

Finally, solving these 2 x m free-entry conditions together with 2 x m
equilibrium equations for unemployment (3)—(4) (or Egs. (5)—(6) if
on-the-job search is permitted) yields 4 x m equilibrium values of
vacancies and employment rates Vi, Uig, ey and e Vi=1.m.

Labour Economics xxx¢ (XXxx) Xxx—xxx

3.5. Economy without output fluctuations

This section deals with the simplest version of the model with
symmetric occupations but without output fluctuations and on-the-job
search. This model serves for the purpose of clarifying the main
mechanism giving rise to network diversification. Since the two
occupations are symmetric, let v denote the level of vacancies (that is
v = v;) and e — the equilibrium employment level for each worker group
(thatise = ¢;, j = A, B). Focusing on type A workers, one can show that
the value of unemployment rU is a weighted average of income levels z,
w and wy:

z(r + 8) + wia + wolap

r4 6+ Aua + M
_z2r+ 8 — o) + wsv(1 — e™) + wosve™ (1 — el1=11)
B (r+6)1—e) +sv(l — e

rUy =

where the last equality obtains by inserting the job-finding rates Ay4
and Ay4p. It is straightforward to show that rU, is increasing in A44 and
Mg as long as the mismatch wage wy is acceptable to workers.? Then it
follows from Lemma 1 that it is also increasing in the number of
vacancies v and in the equilibrium employment e. Further, we know
that sv(1 — ¢™) unemployed workers are matched to firms in their
primary occupation and &ey4 workers lose jobs and become unem-
ployed. So the equilibrium number of properly employed workers (of a
given type) is given by exq = sv(1 — ¢7)/5. Similar logic implies that the
equilibrium number of mismatched workers is given by
eap = sve (1 — e=Y™M)/5. So the equilibrium employment level
e = ey + e4p can be obtained from equation sv(1 — e") = de. Inserting
this in the denominator of rUy in the above equation and considering
the limit » — 0 yields the following:

limrUy = z(1 — &) + w2l (1 — em) + wyLem(l — ed-m)
r—0 o )
=z(1 — e) + weas + woean

which is the social welfare of type A workers. This means that if r is
sufficiently small, then maximizing rU, is equivalent to maximizing
expected income of type A workers. Rearranging this equation to
separate the effect of y on rUy gives the following:

limrUy =z(1 —e) + ﬂ(W — wpe") — ﬂ(w — wp)e™
r—0 o o

Since e is decreasing in y, one can immediately see that expected
income rU, is increasing in the homophily parameter y. This is because
with higher y workers are less likely to be mismatched and mismatch is
associated with a wage penalty w — wy. Note also that the equilibrium
employment level e obtains from equation sv(1 — ") = de. This means
that employment is independent of the network composition y in the
setting with fixed vacancies. The reason is that with higher y more
workers are properly matched es4 and less workers are mismatched
eap, but the sum of the two remains unchanged. Given that we consider
the setting with symmetric occupations, expected income of both
worker types is identical (U,=Up), thus one can conclude that social
welfare of workers is maximized at full homophily of the social network
(y* = 1) in a setting with fixed and exogenous vacancies.

What are the implications of endogenous job creation? The free-
entry condition for firms in occupation A in the decentralized economy
can be written as:

y—-w Yo — Wo Yy —w
C=Ypu—— Ty, :s(l—e’)
Mrts Ay s r+d
, _ Yo — Wo
+ se (1 — ey
r+o (8)
3 Accepting w, requires that rUjs>wp which is equivalent to

(wo — 2)(r + 8) > (w — wp)4aa. This condition guarantees that rUy is increasing in the
job-finding rate A4p.
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where the last equality obtains by inserting the job-filling rates
v = s(1 — e™) and y,, = se™ (1 — 1-"). Rearranging terms on the
right-hand side one gets:

(r + 5>§ =(y = w) = O — wo)e" — (Ay — Aw)em

This equation shows that expected profits of firms are increasing in the
homophily parameter y but decreasing in the employment level e if
Ay > Aw. Intuitively this condition means that hiring workers with
occupation-specific training yields higher profits y — w than hiring
mismatched workers with a flow profit y, — wy. This is typically the case
in labour intensive occupations with specific human capital. If this
condition is satisfied, than stronger homophily y reduces the prob-
ability of hiring mismatched workers and boosts firm profits. From the
job creation condition one can see that it is associated with higher
profits, higher employment level e and more vacancies v. This implies
that expected income of workers is again maximized at full homophily
y* = 1 since rU, is increasing in vacancies and employment.

With endogenous vacancies the total social welfare is given by the
welfare of workers and firms." To calculate the welfare of firms I follow
the approach of Acemoglu and Shimer (1999) (Appendix A), which
implies that the welfare of firms in occupation A can be written as:

y—w +lBAMyO_
r+ao

wo y—w Yo — Wo
Aaalt —cv=v|y,, T/ + -c
A [/AAV+5 Va r+é :I

Here the first term represents firms' payoff from newly created jobs
with type A workers. The number of new jobs is the number of
unemployed workers times the probability that each is hired A44u. The
second term represents firms’ payoff from new matches with type B
workers and cv are the costs of opening vacancies. Since 4au/v = y,,
Jj = A, B it follows that the welfare of firms is equal to zero in the steady
state given that the free-entry condition is satisfied in each occupation.
This implies that total social welfare of workers and firms is maximized
at full homophily (y* = 1) if Ay > Aw.

Next consider the case Ay — Aw < 0. This is the situation in capital-
intensive occupations, where worker's productivity is largely driven by
the quality of equipment rather than occupation-specific human
capital. In this case firms gain higher profits by hiring mismatched
workers. Even though the overall effect of employment e on profits is
now ambiguous, it is still negative if Ay — Aw is sufficiently small in
absolute terms. Thus in this parameter setting it is possible that higher
network homophily y leads to less vacancies v and lower employment e.
For workers this implies that higher y, on the one hand, reduces the
probability of being mismatched and suffering a wage penalty w — wy,
but on the other hand, it generates fewer vacancies v and higher
unemployment 1 — e. This trade-off may lead to the interior solution y*
maximizing the social welfare. Thus one can conclude that
Ay — Aw < 0 is a necessary condition for network diversification in a
setting without output fluctuations.

So far the analysis was focused on y* which is optimal from the
social perspective neglecting the individual decisions of workers. To
capture these, consider some worker x with a network homophily y,.
The present value of unemployment for this worker can be written as:

4 Considering r — 0 one can see that the free-entry condition of firms (8) in occupation
A can be rewritten as: ¢v =esa(y — w) + ea(yy — wo), which implies that in the
equilibrium flow profits of firms on the right-hand side should be equal to the total
costs of open vacancies on the left-hand side. This also means that the flow income of
employed workers is equal to the flow output minus the costs of job creation:
eaaw + eapwo = eaay + eapyy — cv. Inserting this expression into the social welfare
function one gets: lim,_.orUy = z(1 — ¢€) + eaay + eayy — cv, which shows another way
of interpreting social welfare as flow output and leisure net of the job creation costs.
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rUs (1> 7)

—(1 — y"')sve”’(l — el-nm)
1=y

G+ 81 =)+ Byl = omy 4 L=1
Y (1 -

w — z)%sv(l — e + (wy — 2)

=z+
sver (1 — e-nmy

The first order condition for maximizing rU, (y, y,) with respect to y, is
presented in Appendix C. This maximization is performed for fixed
networks of other workers y and given equilibrium employment level e
and vacancies v, which a single worker can not influence. The
numerator of this first order condition doesn't depend on the homo-
phily level y,. Moreover, it is positive if the marginal gain from proper
employment (w — z)sv(1 — e™)/y is larger than the marginal gain from
mismatch employment (wy — z)sve (1 — e!1="")/(1 — y), so the optimal
homophily level is a corner solution y*= 1. Assuming that this
condition, holds one can see that individual optimum coincides with
the social optimum and implies full homophily of the social network
(y* = ) if vacancies are fixed or if vacancies are endogenous and
Ay > Aw. However, when Ay < Aw and its absolute value is sufficiently
small, there exists an interior social optimum y* < 1. In this situation
workers choosing full homophily of their network y* act optimally from
their individual perspective, however, they don't internalize the nega-
tive impact of the network on the endogenous profits of firms. In
contrast, the social planner would take into account that higher
network homophily y reduces the expected profits of firms, which
leads to less vacancies and lower employment and would recommend a
diversified social network.”

This section sheds some light on the optimal network diversification
from the individual and the social perspective, however, conclusions
are limited to the case of a one-state economy without fluctuations in
output. Next section continues this analysis and clarifies the role of
output fluctuations for network diversification.

3.6. Economy with binary output fluctuations

In order to investigate the role of output fluctuations for network
diversification I consider the model with binary fluctuations, so the
matrix of transition probabilities is given by Table 1. In the extreme
case of perfect negative correlation p = —1 the model is reduced from 4
to only 2 states (m=2): state 2 with probability 0.5 — expansion in
occupation A, recession in occupation B, and state 3 with probability
0.5 — recession in occupation A, expansion in occupation B.

As shown in the previous section, maximizing welfare of a given
worker type is equivalent to maximizing the present value of income if r
is sufficiently small. However, when output is fluctuating the interests
of the two worker groups are not aligned. Ultimately, one is interested
in the homophily level y, which will maximize total social welfare of all
workers, that is 0.5U} + 0.5U}. But it is clear that this homophily level
will be a compromise solution respecting interests of both groups. So
the first step on the way to this goal is to gain better understanding of
the monopoly outcomes of every worker group. From an economic
perspective this step is of larger importance because it reveals the
group-specific interests of the two worker types and uncovers the
underlying mechanism of network diversification. Thus the focus of
this paper is on the group-specific optimal diversification level, whereas
the second step of aggregating preferences is considered in the end of
the paper. Without loss of generality, the problem will be addressed
from the perspective of type A workers. The following proposition
shows the present value of unemployment U3 in the model without on-
the-job search:

5 There is also another case when the marginal case from proper employment
(w — 2)sv(1 — e")/y is much smaller than the marginal gain from mismatch employment
(wo — 2)sve™ (1 — e1=1M)/(1 — y), however, this case is ignored in the above analysis for
being unrealistic
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Proposition. In the case of binary fluctuations in output, perfect
negative correlation between the occupations (p = —1) and no on-the-
job search, the present value of unemployment is a weighted average
between wages w, wy and the unemployment benefit z:

rUN) = 2(1 = fi, @) = fig @) + Wi, @) + wofiy ()

where the weights fi,, fi, € [0..1], i=2,3 are given by:
aly; + bi;

(r + 8)(a + b) + aldy + bA3, + aldy + bA}p
chy; + diy;

(r+ 8)(c + d) + A2y + dAjs + cAlp + diig

£ j=AB

0 = j=AB

and variables a, b, ¢, d are provided in the appendix.

Proof. Appendix D.o.

Consider the problem from the perspective of type A workers.
Variable fi, is a fraction of time that type A workers are employed in
their primary occupation and receive a high wage w. Variable fyy5 is a
fraction of time these workers are mismatched and receive a low wage
wo. So the remaining fraction of time 1 — i, — f!  workers spend
unemployed and receive the unemployment benefit z. As shown in the
previous section, maximizing social welfare of type A workers can be
achieved by maximizing their present value of unemployment rU,.
Then the optimal level of diversification y* can be found from the
following first order condition:

U PN /I
dy ’ oy ‘

Marginal cost of diversification

0 — 2)

Marginal gain of diversification

where df},/dy > 0 and of},/dy < 0. Consider diversifying the network
by reducing y. The left-hand side of this condition is the marginal cost
of diversification, which is reflected in worse employment chances in
the primary occupation for type A workers if gamma is lower. The
right-hand side of this equation is the marginal gain, as lower y implies
a higher number of type B contacts and better employment chances in
occupation B. Note that the marginal gain of diversification strongly
depends on the difference wy — z. When accepting mismatched jobs in
occupation B type A workers increase their flow income from z to wg
but give up the option of finding a job in their primary occupation
(recall that this section investigates the model without on-the-job
search) This means that diversification of social contacts is never
optimal if wy = z. In this situation there are no gains from diversifica-
tion. Thus diversification is more likely with a higher value of w, and a
lower value of z.

The optimal diversification level y* above was derived from the
aggregate perspective of type A workers in the initial state i. Given that
the explicit analytical solution for y* is not feasible, next section is
dedicated to the numerical analysis of the model with binary output.
Without loss of generality further analysis will be performed for state
1=3 as the initial state. One can expect that network diversification is
quantitatively more important when output fluctuations are negatively
correlated, which increases the frequency of states 2 and 3, and when
the primary occupation of workers has low output. This leaves state 3
as a preferred candidate for the initial state. The underlying mechan-
isms are qualitatively similar for other initial states, however, corner
solutions of y* are more likely in initial states with higher output.

4. Comparative statics analysis
4.1. Model 1: exogenous vacancies and no on-the-job search
This section presents numerical results for the model with exogen-

ous vacancies and no on-the-job search. Keeping the same parameters
as before implies that the vacancy rate is equal to 0.052 in the times of
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high labour demand and 0.045 in the times of low labour demand.®
Fig. 4 illustrates the shape of the unemployment present value U3 for
different values of the correlation coefficient p. The corresponding
transition probabilities are given by m = =025 +p) and
7wy =m=0.25(1 — p). The left panel of this figure shows that the
present value of income is maximized for some interior homophily
level. For example, if the two occupations are perfectly negatively
correlated. i.e. p = —1, type A workers achieve a maximum present
value when y* = 0.825, which is the proportion of contacts in their
primary occupation (see the green solid curve). This corresponds to 33
contacts out of n=40. At the same time, it is optimal for them to have
(1 —y)n =7 contacts in the mismatch occupation in order to exit
unemployment in the times of low labour demand in the primary
occupation.

Note that the optimal y* is increasing with the correlation coeffi-
cient. For example, when the two occupations are perfectly positively
correlated, i.e. p — 1, the optimal level of homophily is equal to 0.875
(see the purple solid curve). The right panel of Fig. 4 shows expected
income U3 as a function of the mismatch wage wy. One can see that y*
is sensitive to this parameter and falls down to 0.65 when the mismatch
wage is raised to 0.89. This implies a wage penalty of about 1%
(0.9/0.89 — 1), whereas it is about 6% in the benchmark specification of
the model (0.9/0.85 — 1). This result is intuitive since a higher
mismatch wage increases the marginal gain from network diversifica-
tion.

To understand the reason for diversification consider the left panel
of Fig. 5, which illustrates unemployment rates u3 and u?4 for different
levels of homophily. If both occupations have high labour demand
(state 1), then the unemployment rate u', is equal to 0.058 for any
value of y. The same is true when both occupations have low labour
demand (state 4), so the unemployment rate u*, is equal to 0.104 for
any value of y. In contrast, the level of homophily has a strong impact
on the unemployment rates if the two occupations are in the opposite
states. As follows from Fig. 5, increasing homophily from y = 0.5to 1 is
associated with a drop in unemployment from 0.070 to 0.058 in state 2
(see the purple solid curve). Moreover, the same increase in y is
associated with a dramatic rise of unemployment from 0.078 to 0.104
in state 3 (see the green solid curve). Now recall that rU3 (y) can be
rewritten as (when p = —1):

R =w—w = (1 = fo, () = fag @) — W = wo)fag @)

The sharp rise in unemployment in times of low labour demand implies
that workers spend more and more time on average unemployed as y is
increasing. This is captured by the rise in fraction (1 —f3, — f3,),
which is illustrated on the right panel of Fig. 5, right axis. So the
average income drop from unemployment (w — 2)(1 — £3, () — f3, @)
is increasing and achieves its maximum at y = 1. This is intuitive since
higher network homophily reduces the average chances of workers to
exit unemployment; it is a negative effect of higher y on rU3(y).
Nevertheless, the same figure shows that the fraction of time workers
spend mismatched, that is f5,, is decreasing in y (left axis). This means
that the income drop from mismatch (w — Wo)f,fB (y) is maximized at
7 = 0.5. This is a positive effect of higher y on rUj (y). So the optimal y*
is an interior solution, such that the income drop from unemployment
is not yet too large, while the income drop from mismatch is already
relatively low.

4.2. Model 2: exogenous vacancies and on-the-job search

This subsection is dedicated to the numerical analysis of the model
with on-the-job search, but vacancies are still fixed and exogenous in
this subsection. Fig. 6 (right panel) illustrates changes in the unem-
ployment rate for type A workers when on-the-job search is included

4 _

© More specifically, v} = vi = v} = v} = 0.052 and v} = v} = v = v = 0.045
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into the model. In this setting unemployed workers of the different type
are ranked behind mismatched workers of the same type, thus the
probability of leaving unemployment is lower with on-the-job search
and unemployment is higher. For example, for y = 0.5 the unemploy-
ment rate of type A workers increases from 0.070 to 0.088 in the times
of high labour demand (state 2) and from 0.078 to 0.096 in the times of
low labour demand (state 3).

Changes in the unemployment rate reveal that there are two
counteracting effects of on-the-job search on the present value of
income. On the one hand, on-the-job search is beneficial as the option
to continue searching in the mismatched state always has a positive
value. However, this effect is based on the assumption of unchanged
job-finding rates which is not the case in the present model. In
contrast, unemployment is increasing and the probability of finding a
job for unemployed workers is falling with on-the-job search because
some job offers are forwarded to mismatched employees. This is a
negative effect on the present value of income. The left panel of Fig. 6

11

shows that the negative effect is dominating, especially for low values of
Y, since the rise in unemployment is particularly pronounced for strong
diversification levels. Note that the present value U3 on Fig. 6 is
compared to its counterpart without on-the-job search for the case of
perfect negative correlation p = —1, however it is qualitatively similar
for all values of p.

The optimal level of diversification is decreasing (i.e. higher y*) with
on-the-job search but the change is very moderate. For example, y*
goes up from 0.825 to 0.85 in the case of perfect negative correlation
(p = —1), which means that workers should have 34 social contacts of
the same type and only 6 contacts of the opposite type. Underlying this
result is the fact that primary contacts become more important if the
worker wants to leave a mismatch job and come back to the primary
occupation. Thus the cost of diversification is higher and the gain is
lower.

Fig. 7 shows the average fractions of time workers spend in
unemployment (1 — £, — f3.) and mismatch f;, in model 2. One can
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see that on-the-job search sharply reduces the time workers are
mismatched (from 0.170 down to 0.030 when y = 0.5), because the
probability of making a job-to-job transition back to the primary
occupation is relatively high. However, the fact that mismatched
workers receive many job offers from the primary occupation drama-
tically reduces the chances of finding a job out of unemployment and
raises the fraction of time workers spend unemployed. It is even the
case that the fraction of time in unemployment with y = 0.5 is now
larger than with y = 1 (compare 0.088 and 0.110). Also the time in
unemployment is no longer a monotonous function of y. Thus full
diversification y = 0.5 is now suboptimal not because of the sharp
income drop due to mismatch as it was in model 1 but rather because
the risk of unemployment is too high. As y is increasing from 0.5 to 1
the average risk of unemployment is falling because less workers are
mismatched and more job offers reach unemployed workers. But when
y is already sufficiently high, the probability of mismatch becomes low
and unimportant, while the risk of unemployment starts increasing
again because the two groups of workers are more and more separated.
This effect is the same in models 1 and 2.

Finally, there remains a question whether the drop in the present
values of income in model 2 can be attributed to the fact that vacancies
are fixed and exogenous throughout this section. Indeed, one can
expect that on-the-job search can be beneficial for firms, making it easy
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to hire workers, hence firms may create more vacancies when on-the-
job search is permitted. This question is treated in the next subsection.

4.3. Model 3: endogenous vacancies and on-the-job search

This section is dealing with endogenous job creation. In order to
guarantee comparability of the three models, output variables y} and
the cost parameter c are chosen such that endogenous vacancies
coincide with exogenous vacancies when the two occupations are
separated, that is when y = 1. Consider occupation A. When y = 1 the
state space is reduced to only two states from the perspective of firms,
namely, the high output state (i=1 or i=2) and the low output state (i=3
or i=4). The high output is set equal to 0.95, which implies a profit
mark-up for firms equal to 5.5% over the wage w=0.9. The low output
is equal to 0.94. This implies that output drops by slightly more than
1% in the recession. The fall in output of mismatched workers is
assumed to be the same and equal to 0.01. This means: y? = 0.95,
yj =0.94 and )}, = y2, — 0.01. Thus there remain two unknown para-
meters: the output of mismatched workers in the good times y;, and
the flow cost of an open vacancy c. Restricting endogenous vacancies to
be equal to exogenous vacancies from the previous sections and solving
two free-entry conditions (7) jointly with two equations for the
equilibrium unemployment (5)—(6) for firms A in the good and the
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Fig. 7. Left panel: Average fraction of time in unemployment (1 — f/‘? 4~ f%B) with and without on-the-job search. Right panel: Average fraction of time in mismatch f:B with and

/
without on-the-job search. Parameters: p = —1, z=0.2, wy=0.85, w=0.9.
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bad states yields yZ =0.92 and ¢=0.71. All output variables for
occupation B are set symmetrically.” These parameters imply that all
three models coincide in the case of full homophily and guarantee that
model 3 is comparable to models 1 and 2.

The left panel of Fig. 8 shows vacancies as a function of the
homophily parameter y with endogenous job creation. One can see that
in the good times (high output, y? = 0.95) firms increase vacancies
above the exogenous level 0.052 whenever y < 1. On the contrary, in
the bad times (low output yj = 0.94) firms decrease their job creation
below the exogenous level 0.045. Note that the correlation coefficient is
set at p = —1. This means when output is high in occupation A (state 2),
it is necessarily low in occupation B. Since firms in occupation B reduce
their job creation, then (1) type A workers are less likely to exit their
primary occupation and (2) type B workers are more likely to enter
employment in occupation A. This is gainful from the perspective of
type A firms, which leads to more job creation/vacancies in this
occupation. Moreover, the advantage for firms A is stronger the more
interrelated the two populations are, that is lower y. However, when
output is low in occupation A, it is necessarily high in occupation B.
Thus type A workers are more likely to leave their primary occupation
accepting type B jobs and there will be less type B applicants. Both of
these effects reduce expected profits of firms in occupation A, which
leads to less job creation/vacancies in this occupation. Again, this
disadvantage is strongest when the two populations are more inter-
related. So the divergence in vacancies compared to their exogenous
levels is maximal for y = 0.5.

The right panel of Fig. 8 shows changes in the unemployment rates,
here models 2 and 3 are compared. Both models include on-the-job
search. From the perspective of unemployed workers, on the one hand,
in the good times there are more vacancies in the primary occupation
but less vacancies in the mismatch occupation if vacancies are
endogenous. On the other hand, in the bad times there are more
positions in the mismatch occupation but less vacancies in the primary
occupation. The figure shows that in both cases unemployment rates
(u3 and u3,) are lower in model 3. This means that in the good times
(high output) unemployment 1?4 is lower because of more intensive job
creation in the primary occupation, whereas in the bad times unem-
ployment u?, is lower because it easier to get jobs in the mismatch
occupation.

This result has implications for the fractions of time workers spend
unemployed and mismatched. They are illustrated on Fig. 9. Compared
to model 2 workers spend less time unemployed but more time
mismatched if vacancies are endogenous. The same figure also shows
comparison with model 1. One can see that for low values of y (below
0.725), the rise in the time workers spend unemployed due to on-the-
job search is relatively strong, so even with endogenous vacancies
workers spend more time unemployed if on-the-job search is per-
mitted. However, for larger values of homophily (above 0.725), the
impact of on-the-job search on unemployment is moderated, thus
workers spend less time unemployed in model 3 compared to model 1.

These effects shape the present value of income, which is illustrated
on Fig. 10. One can see that U3 is higher in model 3 compared to model
2. This is because workers spend less time unemployed. However,
comparing model 3 and model 1 shows the following: when homophily
is relatively low (y < 0.6) then the present value of income is highest in
model 1, but when homophily is relatively high (y > 0.6), then the
present value of income is highest in model 3. Overall, the optimal y* is
falling down to 0.8 when vacancies are endogenized. Thus even though

7 More precisely, W=yt =yh =y =095,

12 1 .3 _ 34 2 _ 4
Yoa = Yoa = Yo = Yop = 092, Y54 = You = Yo = Yop = 091
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the optimal homophily level y* is not very sensitive to the model
specification, the gain in income associated with raising y from 0.5 to
the optimum strongly depends on the inclusion of on-the-job search
and endogenous job creation into the model. For example, this gain is
equal to 1.3% ((41.84/41.32) — 1) in model 3, while it is two times
smaller in model 1 ((41.72/41.49) — 1).

Finally, the right panel of Fig. 10 shows income of type B workers in
state 3, that is U3. High output in occupation B leads to high labour
demand, so type B workers enjoy higher present value of income
relative to type A workers and their gain from diversification is lower.
This leads to the fact that their expected income is maximized at higher
y equal to 0.85 (see the purple curve). The average welfare of both
groups (0.5U; + 0.5U3) is a black curve inbetween. One can see that the
total welfare is maximized at the compromise solution y equal to 0.825.

5. Conclusions

This paper develops a search model with two worker types, two
occupations and correlated output fluctuations. The model is used to
analyze the effect of social networks on occupational mismatch and
workers' expected income. Given that workers are risk-neutral and take
aggregate macroeconomic variables as given they choose a fully
homophilous network. This is different when the problem is considered
from a social planner perspective. On the one hand, stronger homo-
phily leads to a lower probability of mismatch. This is a positive effect
on the expected income. On the other hand, stronger homophily leads
to a higher risk of unemployment, especially when output and labour
demand are low in the primary occupation of the worker. This trade-off
generates an interior optimal network homophily from the perspective
of the planner who is accounting for the response of aggregate
variables. Hence this paper supports policies targetting stronger
occupational diversification of social networks (i.e. interdisciplinary
projects). Comparative statics shows that optimal network diversifica-
tion is stronger with lower mismatch penalty and lower unemployment
benefit but it is weaker if outputs in the two occupations are positively
correlated. On-the-job search reduces expected income and raises the
equilibrium unemployment rate. This is due to the fact that job
information is less likely to reach unemployed workers. However, this
negative effect is partially neutralized by endogenous job creation.

Finally, some limitations of the presented model should be dis-
cussed. One simplifying assumption is that formal job search is not
included in the model. This is because the purpose of this paper is to
investigate the qualitative properties of a stylized labour market with
occupational mismatch and the underlying mechanism leading to
network diversification. In this respect formal job search doesn't affect
the mechanism, but only the quantitative predictions. Nevertheless, it
would be essential to include formal job search for a proper empirical
estimation of the model. Another limitation is that the total size of the
network is fixed and exogenously given. This assumption can be
addressed by introducing a cost of maintaining social contacts.
Intuitively, this cost could be justified by the fixed time endowment
workers can spend communicating with their friends. However, as long
as the cost of maintaining contacts is the same for both worker groups,
the two decisions — network composition and network size — can be
analyzed sequentially. The more interesting but also the more complex
case of different costs would imply that the two decisions are inter-
related and it is left for future research.
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Appendix A. Appendix

Derivation of the transition matrix IT. Consider two indicator functions x; each taking value 1 if occupation j, (j = A, B) has high output (with
probability 0.5) and 0 otherwise. Then the means of these indicator functions are given by 0.5 and variances by 0.25. Further, we know that
m + m = 0.5 and m + 73 = 0.5, which implies that 7, + 73 = 1 — 2m. Given that all probabilities add up to 1, we get 7y + m; = 1 — 7, — 73 = 2m, SO
that 74 = m. The covariance between the two indicator functions is:

cov(xs, xp) = (1 =051 —-05)m + (1 —.05)(0 —0.5)(0.5 -m)+ (0 - 0.5 —0.5)(0.5 —m)
+ (0 —-050-05m=m-0.25
So the correlation coefficient p, which gives rise to Table 1, can be expressed as:

cov (X, Xg) m — 0.25
- - > m=0251+
’ 025 0.25 & (d+»

Derivation of expression (1):

=1 yn—1

yn—1) T S (n — D! k etk L
w1 = uom - = ——————u (1 — uy)” —
ZE)( k ]A( 4) k+ 1 ,E) Km—1— k! Al =) k+ 1

S (m)! S

1 yn
k m—1-k k n—1-k
= 2: uk (1 = uy)” =—§ ( ]u(l—uA)y
o k+Dign—(k+ 1)y A 4 m & \k+1 A

yn yn
= 1 (yln)uf(l(l — ! = L [E (J;n)ué(l — )+ (}gl)(l - MA)W]
moaci LN

m m
— [Z MA(l _ uA)yn—l -1 - uA)yn:I - 1- (1 - MA)Y
=0

ynu yniuy

Proof of lemma 1.

6/1AA SV yn—1 —
= -1 =11 - +1=e"
0€A (1 — € )2 [ rmea ( eA) A ] ( )2

where o (eq) = " (yn(l — ey) + 1) < 1

—— 5 —o(e) 20,

Note that auxiliary function o (e4) is always smaller than 1 for ¢4, < 1. This is because ¢(0) = 0, (1) = 1 and ¢'(ex) = (yn — l)ej{"‘zyn(l —¢) > 0.
Therefore, all job-finding rates are increasing in v, and vy due to the direct effect and the indirect effect through higher employment rates e, and
eg.0

Appendix B. Appendix

Let M = [(r+ 6+ ¢p)I — ¢IIT™" and My = [(r + 6 + ¢)I — ¢IT + NyI7', so that:
((r+8)I—¢UI=D)Wia=w+ 30Uy = Wiyu=Mw + Uy
((r+ 81— ¢UI = 1) + N )Wap = w9 + Uy + NyWya
Thus the vectors of present values W,p and Uy can be expressed as:

Wap = My(wo + SUs + NyWya) = My(wo + NaMw + 5+ NyM)Uy) =
rUy = {4+ MalM(w + 8Uy) — Uy
+ Asp[Ma (00 + NaMw + 5 + NaM)Up) = Upl + ¢ UT = DUy
> [(r+ ¢ — QI + Aps (I = M) + Aup (I — My (I + N\M))] Uy
= {+ ApMywo + (Aaa + AypMyNy) Mw

Inverting the matrix in the square bracket on the left-hand side produces the final equation for U,.
Appendix C. Appendix

Let Aua = sv(1 — e™)/y and Ly = sve™ (1 — e'="")/(1 — y). The numerator of the derivative orUs (,, v)/dy, is given by:
(W = 2Daa = Wo = DAasl[(r + 8)(1 =€) + . 2aa + (1 = 7,)Aup]
- [w— Z)szAA + (W — 2 - Yx)/TAB] [/TAA - /TAB]
=W —2)lualr+ 8l —e)+ (w-— Z)VijA + W= 2)daa(l — 7)) up
— (wo = DIap(r + &)1 = &) — wo = DIapldaa — Wo — 2)(1 = 1) Zap
— W= Dpdaa + W = DIurdas — Wo — DIas(l = 7)2aa + (wo — (1 = %) Tap
=@+ 61 = e)[w = 2)Aua — Wo — 2)Aap] + W — wo)dupdaa

Appendix D. Appendix

Proof of the proposition. When p = —1, transition matrix IT can be expressed as:
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_ (05 05 _[(r+ o+ 905 — ¢$0.5
”‘[0.5 0.5) > +a+ol ¢n_( 405 r+ 6+ 405
V= 1 r+ 54 ¢0.5 $0.5

T G+ O +6+ ) ¢0.5 r+ 6+ ¢0.5
_ 1 a b
UA = —ad — bc (C d)({ + AAAMa) + AABMUJO)
_ r(3a+43p) _ U3a+43p) 6905
a=r+ =5 b=¢05+ = e,
Gia+43p) 5005 r(i3,+43p)
C=¢0.5+ A/:+5AB r+é+¢ d=r+ A;‘+§AB +b
2 2 3 3
ad — bc = ad — d—r—ir(}w‘ﬁ-l“) a—r—ir(AAA-'_AAB)
r+46 r+46
3 3 2 2
= ad_ad+d V+M + r+w a —
r+46 r+46
Y OV VY B B ¢ v )
r+46 r+6
= J: L+ +0)+ 3 + A3p) + d(Bs + )]
N
5_, ctd wo (e, + dAds] wo [cA3p + dijg]
A (ad — bc) r+6 (ad — bc) r+é6 (ad — bc)

Ay + dA3;

Labour Economics xxx¢ (XXxx) Xxx—xxx

e r(ia + A1)
r+9o

=21 = fly = fl) + Wl + wofdy.  [3 =

where j = A, B. Alternatively, ad — bc can be rewritten as:

-
r+oé

ad — be = [(a+ b)(r + ) + a(ly + Ap) + b(Ala + Aip)]

which allows me to show that (j = A, B):

aﬂﬁj + b/ﬁj

(r+ 6)(c +d) + A3y + dAjy + cAlp + didp

rUZZZ(l _fj;, _f:B)+ijA+W0f:B’ fjj:
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