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Abstract

In this paper we study the effects of social networks on wage inequal-
ity and aggregate production. In particular, we consider a simplified
version of the model by Calvé-Armengol and Jackson (2003), with
good and bad jobs and skilled and unskilled workers. Our findings are:
i) increasing the number of social links increases aggregate output and
may reduce inequality; ii) given a number of social connections, out-
put increases if the average distance among worker decreases; iii) a
more mixed and well-integrated society, that is a society in which het-
erogeneous workers share social links, produces more output and less
inequality than a society in which some workers are isolated, when pro-
ductivity of the most productive agents in the best jobs is sufficiently
low. We draw some policy implications from these results.

JEL classification: A14, J31, J38
Keywords: Social Networks, Wage Inequality, Aggregate Output
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I. Introduction

The importance of social networks in labor markets is well known
in the sociological literature (e.g. Granovetter (1974)) which high-
lights the importance of social links, like friends, relatives and ac-
quaintances, as sources of information on jobs. A number of empir-
ical studies report that approximately between 40% and 60% of em-
ployed workers found their jobs through social networks although,
in general, these proportions vary with sex, occupations, skills, and
workers’ socio-economic background.?

Another line of empirical research shows that observable indi-
vidual characteristics (e.g. education, skill level, abilities, family,
etc.) account for only about 50% of wage inequality (see Arrow
and Borzekowski (2003) for references). The fact that workers have
different social ties or links can play a role in explaining such an
evidence. In particular, all other variables held constant, workers
with different networks will have on the average different wages and
employment opportunities. Furthermore, as remarked by Calvo-
Armengol and Jackson (2004), variables such as workers’ location
or race may capture network effects, and therefore they can inter-
act with other workers’ individual characteristics in explaining wage
outcomes and inequality.

Joining a small but growing economic literature, we model so-
cial networks in labor markets in order to investigate their role in
explaining wage inequality among workers, as well as aggregate pro-
duction. In particular, we consider a simplified version of the model
by Calvé-Armengol and Jackson (2003), in which information about
heterogeneous jobs arrives randomly to heterogeneous agents. We
study the case of two types of jobs (good/bad) and two types of
workers (skilled /unskilled). Unemployed workers accept any offer
while employed workers accept it only if the job is more attractive
(in terms of pay) of the current one. If this is not the case, they pass

1See Montgomery (1991) for further discussion and references. Other works on this field
are Holzer (1987), Green et al. (1999) and Topa (2001). Pistaferri (1999) is a study on
Italian data.



4 A .M. LAVEZZI AND N. MECCHERI

the information about the vacancy to a worker in their network.

We find that, in general, the geometry of the network affects
aggregate production and inequality. In particular, we show that:
i) increasing the number of links in a network increases output and
reduces inequality; ii) for a given number of social links connecting
all agents, output increases if the average distance among workers
decreases; iii) for a given number of social links, output increases
and inequality decreases when all agents have some links, given that
the productivity of skilled workers is sufficiently low.

The rest of the paper is structured as follows: in Section II.,
we offer a brief overview of the related literature; in Section III.,
the basic model is introduced and described; in Section IV., we
present and analyze some simple examples; in Section V., results
of simulations are reported and discussed; in Section VI. we derive
some policy implications; Section VII. concludes.

II. Related literature

A fundamental contribution in economics on the role of social
networks in labor markets is the seminal work of Montgomery
(1991), who presents an adverse selection model in which job refer-
rals improve the quality of firm-worker matches, when firms cannot
perfectly observe workers’ ability before hiring. In this model, an
increase in the density of social ties increases wage inequality. The
reason is that social ties convey to firms more information on work-
ers’ quality, and this increases the gap between the (higher) wage
paid to referred workers, and the market wage paid to those who
find a job through other channels.

Montgomery (1994) analyzes also the role of “weak ties”, that
is relationships with non frequent social interactions (or transitory
relations), and shows that they are positively related to the aggre-
gate employment rate. Furthermore, weak ties reduce inequality,
measured by the distribution of employment which obtains with so-
cial interactions, relative to a case of absence of a social network, in
which individuals are randomly allocated to jobs.
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In our model, inequality does not depend on adverse selection,?
but on the network structure. Furthermore, differently from Mont-
gomery (1994), we do not consider inequality only in terms of em-
ployment opportunities but also in terms of wage differentials.

Arrow and Borzekowski (2003) propose a static model which
focuses on wage inequality determined by differences in the num-
ber of connections of workers to firms, in an imperfect information
framework where firms have more information on workers connected
to them. In this environment, workers with different number of con-
nections have on average different incomes. In particular, they find
that about 13-15% of the variation in log wages is attributable to
the variation in the number of workers’ connections.

Firms are imperfectly informed on workers’ productivity also in
the dynamic model of Krauth (2004). In this model employed
workers may provide information on the skills of their unemployed
friends, and the number of connections is positively related to em-
ployment (both for individual workers and in the aggregate).?

In our framework, the mechanism through which social networks
affect employment, productivity and wages in the economy is quite
different from that emphasized in Arrow and Borzekowski (2003)
and Krauth (2004). In particular, here the social network is the
channel by which workers increase their probability to find a (better)
job, rather than the channel by which firms acquire more informa-
tion on workers’ productivity.

Our paper closely follows Calv-Armengol and Jackson (2003),
who present a very general model with exogenous networks* among
workers, which facilitate the transmission of information on job va-
cancies. They show that both wages and employment are posi-
tively correlated across time and workers. Furthermore, differences
in drop-out rates from the labor force are explained by the different

2 Another paper that studies the effects of social networks on inequality in an adverse selection
framework is Finneran and Kelly (2003).

3 Krauth (2004) also shows that average employment is positively related to the fraction of
weak ties for a given number of connections.

4For models in which the formation of the network is endogenous, see Jackson and Wolinsky
(1996), Bala and Goyal (2000) and Calv6-Armengol (2004).
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social networks of workers. In a companion paper, Calvo-Armengol
and Jackson (2004) analyze in more detail the special case with
identical jobs and a single wage level, providing also a number of
simulation results. In our model with heterogeneous jobs and work-
ers, we extend their framework to the study of the dynamics of
aggregate output and inequality, as well as their correlation.

II1. A model of labor market with social networks

IITI.A. Production, wages and turnover

We present a model of labor market which derives from Calvo-
Armengol and Jackson (2003). In particular we study the case
with two types of jobs and two types of workers. Time is dis-
crete and indexed by ¢t = 0,1, 2... The economy is populated by a
number of risk-neutral, infinitely-lived agents (workers) indexed by
i €{1,2,...,N}. In each period a worker can be either employed or
unemployed. Indicating with 6 the employment status of the worker,
¢ € {0 (unemployed), 1 (employed in job 1),2 (employed in job 2)}
and with A her or his type, A € {1,2}, we have that each agent in
every period can be in one of the following states:

(11
12
22
21
10
20

if type 1 and employed in job 1
if type 1 and employed in job 2
if type 2 and employed in job 2
if type 2 and employed in job 1
if type 1 and unemployed
if type 2 and unemployed

W »®W » »w »w »

\

On the production side, we consider one-to-one employment re-
lationships (that is each firm needs a single worker to produce), and
assume a very simple form of a production function, in which pro-
ductivity depends on the type of match between the worker and the
job (firm). In particular, we denote with 3’ the output of a firm
employing worker ¢, at time ¢, for a match A\ or, in other words,
the surplus generated by match A0 (output price is normalized to
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one).

In this paper, we focus on an hi/low skill and good/bad job
economy. First, we assume that worker 2 is more productive than
worker 1, for instance because s/he is more skilled. Second, we
consider job 2 as being more productive than job 1, for instance
because it is a hi-tech, good job. According to these assumptions,
the parameter y’, indexing the productivity of a match, follows the
rule:

y2 > 12 = 2 s gl s (= 10 = y20).

In other words we assume that the highest (lowest) productivity
obtains when a skilled (unskilled) worker has a good (bad) job.?
Other cases fall in between, and for simplicity are assumed to give
the same product®.

Wages are a fraction of match surplus, and are denoted by w*
By with 8 € (0,1).7 This produces an ordering of wages ob-
tainable in a given match, which follows the ordering of outputs.
Obviously, unemployed workers earn zero wages, and we normalize

9:

their reservation utility to zero.

The labor market is subject to the following turnover. Initially,
all workers are unemployed. Every period (from ¢ = 0 onwards) has
two phases: at the beginning of the period each worker receives an
offer of a job of type f, with f € {1,2}, with arrival probability ay €
[0, 1]. If the agent is already employed, and not interested in the offer
in the sense that the offered job has a lower wage, s/he passes the
information to a friend/relative/acquaintance who is unemployed
or employed but receiving a lower wage then the one paid for the
offered job. At the end of the period every worker loses the job with

°In a work in progress we consider also a good/bad match economy, in which the highest
productivity is obtained in all matches of the type A0 with A = 0, and compare (in terms of wage
inequality and aggregate output driven by the structure of social networks) results obtained for
the two “economies”.

SNotice that we are assuming that skills have a certain degree of transferability across jobs,
since y'2 and y?! are strictly positive. In other words, skills are partially general (see Becker
(1964) for the distinction between general and specific skills).

“For instance 3 may represent the bargaining power of workers when wages are set by Nash
bargaining, as is usual in search models. Clearly, profits are (1 — 3)y*?.
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breakdown probability b € [0, 1].

III.B. Social links and job information transmission in a
hi/low skill - good/bad job economy

Social networks in the economy may be conveniently represented
by a graph g which summarizes the links of all agents, where g;; = 1
if 4 and j know each other, and ¢;; = 0 indicates that they do not
know each other. It is assumed that g;; = g¢;;, meaning that the
acquaintance relationship is reciprocal. Given the assumptions on
wages and arrival probabilities, the probability of the joint event
that agent ¢ learns about a job and this job ends up in agent’s j
hands, is described by p;;(s3):

aj)if j - i ar“i Si = SAO or Si — SAlgtf 7é 9
i if f =1, 5 = sMOF0) A0
pz](sl)ze) - af ZIc:Sk:s)‘O ik 1f f 17 Si S

y S5 = S

9i eop A2 o N(6£2)
if f=25= =

af Zk:sk:SAQ(OyéQ) ik f 5= 85,5 =8

In the first case, worker 7 receives with probability a; and takes
for her/himself a job offer. This holds if s/he is either unemployed
or employed in a bad job when s/he receives an offer for a good
job. In the second case the worker ¢ is employed and receives with
probability a; an offer for a bad job, that s/he passes only to an
unemployed worker j(# 7). We assume that among all unemployed
workers connected with ¢ by a social link, ¢ chooses 7 randomly.
Hence, the probability that worker j receives the information by

S 95 In the third case the worker i is
kisp=sA0 Jik

employed in a good job and receives an offer for a good job with
probability as, thus s/he passes the offer to a worker connected
with her/him who is employed in a bad job or unemployed, with
probability > 941

A0(0£2) Jik

worker ¢ is equal to

kisp=s
To sum up, a worker who receives an offer makes direct use of it

if the new job opportunity increases her/his wage. Otherwise, s/he
passes the information to someone who is connected with her/him.
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The choice of the worker to whom pass the information is “selec-
tive”, in the sense that the information is never passed to someone
who does not need it,® but it is random with respect to the subset of
the connected workers who improve their condition (wage) exploit-
ing such an information (for example, a worker receiving a good job
offer is indifferent to pass it to an unemployed contact or a contact
employed in a bad job?). Finally, we exclude that job information
may be transmitted to more than one (connected) worker.®

IV. Some simple examples

We begin by presenting some examples. First, we consider the
role of social ties on the expected wage of a worker. Second, we
illustrate the potential effects of changing the network geometry on
wage inequality and aggregate output. Although these examples
are very simple, they are useful to introduce the effects of social
networks on wages and output, as well as other relevant aspects
that we will investigate afterward in more detail by providing a
number of simulations results and discussing policy implications.

IV.A. Social links and expected wages

Consider an unemployed worker ¢ in period ¢, that is a worker
who entered the period unemployed and did not receive any offer in
that period. Her/his state at the end of period t is s*°. Her or his
expected wage in period t + 1, when the expectation is formulated
in period t, is strictly dependent on the network she or he belongs,
which is the same in all periods. As examples, we consider now
two possible situations. In the first example, the worker has no
social ties; in the second example, agents ¢ and j are connected, j
is employed in a bad job in period ¢ and has no other links.

8If all of the worker’s acquaintances do not need the job information, then it is simply lost.

9Hence, these agents are “competitors” for the information on such a vacancy (see below).

10 Calv6-Armengol and Jackson (2003) provide various extensions on the process of trans-
mission of job information.
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Example 1 Figure 1 represents the case in which worker 7 has no
links.

0O ® ©

Figure 1: No links

In this case, the expected wage in ¢+ 1 for worker ¢ depends only
on the exogenous probabilities that s/he directly receives some job
offer at the beginning of that period. In this case, since worker i
accepts an offer for a bad job only if she or he does not receive an
offer for a good job, her or his expected wage in the next period is
equal to:

A2 Al
Ewmﬂ = aw”" + Cll(l — CLQ)U}

Example 2 Figure 2 represents the case in which worker ¢ has a
link with worker j (who has no links other than with 7).

o o=@

Figure 2: One link with a worker in a bad job

Now worker ¢ can also find a job, other when directly receives
some offer, when worker j passes to her or him some job information.
Of course, being employed in a bad job, worker j passes to worker ¢
only information about a bad job and retains for herself or himself
an offer for a good job. In particular, worker j passes an offer for
a bad job to worker i if the former does not lose the job (with
probability (1 — b)) at the end of period ¢, and receives an offer for
such a job (with probability a;) at the beginning of time ¢ 4+ 1, or
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if s/he loses the job (with probability b) at the end of time ¢ and
receives both an offer for a good and a bad job (with probability
ajas) at the beginning of time ¢ + 1. Thus, in this context, worker
1’s expected wage in ¢t + 1 is given by

Fw;i1 = aow™ + gl(l — az)wAi +

~
i receives an offer for job 2 receives an offer only for job 1
Al
+ a1(1 —b)(l—ag)(l —al)w +
o g
VvV
j does not lose the job and receives an offer for job 1; i receives no offers

+ CLlCLQb(l - a2)(1 — al)w/\l =

~
j loses the job and receives both an offer for job 1 and 2; i receives no offers

= asw™ + a1 (1 — ag)[1 + (1 = b)(1 — a1) + agb(1 — ay)]w™.

Since the expression in square brackets is greater than 1, the
expected wage for the worker ¢ in £41 is now higher than in Example
1 i.e. the social link with worker j has a strictly positive effect (on
average) for worker 7.

Obviously, when an unemployed worker is linked to a worker
employed in a good job, the latter may pass offers for both types
of jobs (conditioned on keeping her/his job at the end of period t).

This increases the expected wage in period t 4 1 for worker 7.1

Example 3 More complicated cases can arise, for instance, when
two unemployed workers are “competitors” for information that is
when they are both linked to an employed worker who may transmit
the information only to one of them. In this case, their wages in pe-
riod ¢+ 1 are negatively correlated because they are “competitors”.
Consider, for example, Figure 3 in which, at time ¢, worker ¢ has a
link with worker ;5 who has in turn a link with another unemployed
worker, worker z).

"This aspects are fully analyzed in Calvé-Armengol and Jackson (2003). They show that
increasing the wage of any of an agent’s connections leads to an increase (in the sense of sto-
chastic dominance) in the probability that the agent will be employed and the agent’s expected
wages.
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Figure 3: One link with a worker in a bad job with another link

In such a case, worker j passes only with probability an half a
(bad) job offer to worker i. For such a reason, worker i expected
wage in t 4 1 is equal to:

(1 — b)(l — CL1) + agb(l — CLl)

Bw; i1 = ayw™ + ai(1 — ag)[1 + Juw™.

Since in this case the expression in square brackets is lower than
the corresponding one in Example 2, the expected wage for the
worker ¢ in t + 1 is now lower than in the previous example. Hence
one may conjecture that, ceteris paribus, a worker (weakly) prefers
to be linked to workers with no other links. However, as stressed
by Calvé-Armengol and Jackson (2003), this holds in the short run
(that is in a one period perspective), but in a longer run perspective
it should be carefully reconsidered. In fact, referring to the men-
tioned case, the presence of a “competitor”, worker z, results useful
for worker ¢ since the former helps to improve the wage status of the
common connection, worker j, and this, in the longer run, increases
the probability that s/he passes more information to worker ¢. This
aspect outweights the local (conditional) negative correlation, due
to the “competitive effect”, and induce long-run positive correlation
between wages of workers ¢ and z (see Calvi-Armengol and Jackson
(2003)).

What stated for expected wages holds true for expected outputs,
given our assumptions. In Section V. we focus directly on outputs,
while wages are examined in terms of inequality among workers. In
particular we study the long-run dynamics by means of simulations.
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IV.B. Changing the network geometry: inequality and
aggregate output

Before presenting the simulations, we describe in a simple form
another example which introduces the consequences of a change in
the network geometry on inequality and aggregate output, for a
given structure of the population and the same size of the network,
i.e. the same number of links.

Example 4 Consider the following network structures, g; and go,
and states of four workers in a generic period t¢:

g1 g2
Figure 4: Networks ¢; and ¢

In both cases we have two unemployed workers and two employed
workers, in one of the possible jobs, and two workers for each type.
Obviously, output, wages and inequality at time ¢ are equal in the
two different networks, but they might differ in ¢ + 1 because of
different network geometry. For both networks we compute the
following expected values for period t + 1: i) average output; ii)
wages for each worker; iii) wage inequality, measured by the Gini
index of (expected) wages .12

Network | Output Wagesli,j,z,K] Inequality
ar 2.632 | 0.55,1.31,0.75,1.60 | 0.220
g2 2.655 | 0.55,1.50,0.60,1.60 0.238

Table 1: Output, wages and inequality

12Parameters in this simple example are the following: a; = 0.5, az = 0.5, b = 0, y*! = 1,
y'?2 = y?! =2, y?2 = 4; 3 = 0.4. The choice of b = 0 is just for simplification and it does not
affect the qualitative result that we introduce here.
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We observe that in network g» output has increased by a percent-
age of 0.8%, as well as inequality, which shows a relatively higher
percentage increase of 8%. Output increases as the improvement in
the expected output of worker j, which has more links go, outweights
the worsening of the situation of worker z, which in ¢; has one link
less with a worker in a good job. This is reflected in the changes in
expected wages, which are simply proportional to expected output
in our framework.'® The change is such to determine an increase in
inequality. So, in this simple case, a change in the network struc-
ture from ¢; to g9, simply obtained by a rewiring of only one link,
increases output at the price of an increase in inequality.

V. Simulations

In this section we present the results of the simulations.'* Our
aim is to assess how the presence and the structure of social networks
affects dynamics of output and wage inequality in the long run. We
begin by considering the effects of the number of social ties. Then we
explore other aspects of social networks topology, usually considered
by the theory of social networks, and finally we study the case in
which the number of links is fixed.

V.A. Social links, dynamics and long-run patterns of out-
put and inequality

Consider a network with 4 agents. For simplicity we assume that
two workers are unskilled (white dots) and two workers are skilled
(black dots), and that initially all workers are unemployed. Hence,
at time ¢ = 0 we have two workers in state s'° and two workers in

13The fact that the expected wage of worker j increases while that of worker z decreases is
an application of Lemma 2 in Calvé-Armengol and Jackson (2003). This states that an agent’s
probability of being employed, expected number of offers and wages all increase (in the sense
of stochastic dominance) if the agent’s probability of hearing job information through contacts
network improves and wvice versa.

A1l simulations was programmed in R (http://www.r-project.org/). The codes of simula-
tions are available upon request from the authors.
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state s20.1°

We analyze six possible network configurations (see Figure 5): an
empty network g4, that is a situation in which no social tie exists;
a network with one link between unskilled agents (gp); a network
with one link between skilled agents (g¢); a network with one link
between agents with different skill levels (gp).

The last two networks represent more complex “social environ-
ments”. In particular, gg is a “path-connected” network, that is a
network in which all agents are linked to the two agents on their
side, thus with four social ties all agents are (directly and indirectly)
connected to each other. Instead, gp is a complete network in which

each agent is directly connected with each other, for a total of six
links.

@] @] o————0© @] @]
[ ] [ ] [ ] [ ] o————o
ga 9B gc
@]
L L] XK
gp 9k gr

Figure 5: Networks g4 - gr

g | Output | Inequality | Correlation
ga 2.751 0.212 -0.773
g | 2.791 0.197 -0.748
go | 2.829 0.203 -0.777
gp | 2.810 0.201 -0.785
ge | 2.917 0.181 -0.762
gr | 2.939 0.177 -0.738

Table 2: Output and inequality

We study the relation between the structure of the network and
the average production in the network, as well as the degree of in-

15Workers are numbered from 1 to 4, starting from top left and counting clockwise.
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equality. In particular, we simulate the economy for 500,000 periods
using these parameters: y'' = 1; y'2 = ¢?! = 2; y?2 = 4; a; = 0.15;
as = 0.10; b = 0.015; 3 = 0.4.1® Results of simulations are reported
in Table 2. In particular, we present the value of average output per
worker, and of average inequality, measured by the Gini index (both
averages are computed over the 500000 periods of the simulations).
Also, we report the correlation of output and inequality:.

Starting from the situation with no social ties, even moving to
just a single link (g19 = go1 = 1 in gp or g34 = gu3 = 1 in go) we see
that (average) output increases and inequality decreases. However,
some qualifications are needed according to whether the single link
is between low-skill or between hi-skill workers. With respect to
g4, in gp the increase in output is less pronounced (+1.45% against
+2.84% in g¢) while reduction in inequality is stronger (—7.07% in
gp and —4.24% in g¢).

Clearly, these results make sense. Having a link with another
worker increases the probability to get a (better) job. This increases
the average output during time. Furthermore, since hi-skill workers
are more productive when hired in a good job, and having a link
increases the probability to get that job, output is greater in go. At
the same time, since wages are in proportion of output, inequality
is greater too (even if it is lower than in the “no links” case) since
hi-skill workers, with potential higher wages, are the only agents
taking advantage of the social tie.

For reasons that now should be clear, the case of gp is interme-
diate between gp and go. In fact, maintaining the same number
of social links (one), output and inequality have an intermediate
value with respect to gp and g¢. In this case, therefore, we have the
indication of a possible tradeoff: “mixing” the population, that is
allowing agents of different type to be connected, decreases output
with respect on the case in which two skilled workers are linked, as
the flow of good jobs to skilled workers is reduced (in other words

16Values for az = 0.10 and b = 0.015 and taken from Calvé-Armengol and Jackson (2004),
who consider only one type of job. We choose the value of a; = 0.15 on the assumption that it
is more difficult to get a good job than a bad job.



JOB CONTACT NETWORKS, INEQUALITY, AGGREGATE OUTPUT 17

more “mismatches” may occur). However, inequality decreases as
one unskilled worker has more opportunities to obtain a job, good
or bad. Of course, the converse holds if we compare the “mixed”
situation with one in which two low-skill agents are connected. This
result can be extended to networks with more agents as well (see
Section V.C.).

As we see from Table 2, adding more links further increases out-
put and decreases inequality. In particular, in a comparison between
the two networks in which all agents are connected, we notice that in
network gr output is increased by 6.83% respect to g4, and inequal-
ity is decreased by 16.51%), while in network gg output has increase
by 6.03% and inequality has decreased by 14.62%. Hence, in this
framework an increase in the number of links is unambiguously as-
sociated with an increase in average output and to a decrease in
inequality.'”

Output Dynamics
w A “

T T T T T T
100 200 300 400 500

3.0

25
I

average output
20

1.0

0.0
I

o

time
4 agents, empty network (red) vs complete network (green)

Figure 6: Output dynamics in g4 (red line) and gp (green line)

In Figure 6 we compare the output dynamics in the two extreme
cases: the empty network g4 (red line) and the complete network
gr (green line). As remarked, average output in the complete net-
work is higher, and from the figure we can also observe that it is

ITIndividual average wages over the period, have a predictable pattern: in g4 unskilled work-
ers’ average wage is 0.733, and skilled worker’s wage is 1.47; in gr these values are respectively
0.784 and 1.568. This, as noted, shows that identical workers may earn (on average) different
wages according to their social links.
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more stable over time (first five hundred periods of the simulations).
Clearly, with all links activated the individual probabilities of being
unemployed, and unproductive, are drastically reduced with respect
to the empty network.

Output dynamics is compared to inequality dynamics in Figures
7 and 8.

Output and Inequality: 4 agents, empty network Output and inequality: 4 agents, complete network
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output
20

T
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0 100 200 300 400 500 0 100 200 300 400 500

time time

Figure 7: Output and inequality: Figure 8: Output and inequality:
empty network complete network

In both cases the strong negative correlation is clear. In addition,
we notice that the (in)stability of output is mirrored in the behavior
of the Gini index over time.

The negative correlation depends in general on the parameters.
In particular, with a very low breakdown probability with respect
to the probabilities of job arrival, we have that the economy is al-
most always in full employment, corresponding to the maximum
per worker output, equal to 3. The levels of wages we chose are
rather compressed, and therefore a state of full employment is asso-
ciated to a low level of inequality. In this case, inequality increases
when a worker loses the job, which corresponds to a drop in average
output. This explains the negative correlation between output and
inequality.

The sign of the correlation may change with different parameters.
For example we show in Table 3 that, with a relatively high break-
down probability (b = 0.5), the correlation becomes positive in an
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empty network, and returns to be negative with a path-connected
network and a complete network.

g | Output | Inequality | Correlation
ga | 0.843 0.517 0.142
ge | 0.959 0.486 -0.009
gr | 0.961 0.486 -0.015

Table 3: Output and inequality: b = 0.5

With a higher probability of losing the jobs, workers are more
often unemployed. When all workers are unemployed, inequality is
clearly absent. In this case inequality increases when some worker
finds a job, and therefore output and inequality move in the same
direction. With a positive number of links, the network may coun-
teract the probability of being unemployed, and in practice makes
this situation more similar to the case with low b. Once again social
links strongly affect correlation between output and inequality even
changing its sign. This confirms that social networks play a relevant
role in explaining the behavior of such a correlation.

At any rate, we remark that the positive relation between the
number of links and output, and the negative relation between the
number of links and inequality is robust to the change in b, in par-

ticular when we compare g4 with gz and gp. '®

V.B. The role of the network geometry: average path
length and the ‘“small world” property

In order to explore the role of the network geometry on output
and inequality, we also consider two networks with the same number

18The relation may well be nonmonotonic, as inequality in gz and gr is the same. We have
also tried with a very high level of production and wage (y22 = 20 and ya3 = 100) for the match
22, in order to increase wage differentials, without obtaining significant changes in the results.
Increasing the number of links still increases output and reduces inequality, the correlation
remains negative. With high y22 = 20 and b = 0.5, we obtain a positive correlation with an
empty network. With a complete network the correlation is still positive, but lower in absolute
value. This confirms that increasing the number of links reduces the degree of linear correlation,
but in the case of high y2o and b, correlation is not sufficiently reduced to become negative.
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and type of agents, and the same number of links, reproducing an
example of Calvé-Armengol and Jackson (2004) (see Figure 9).

gc 9H
Figure 9: Networks g5 and gp

In g¢ all agents have three links (the two neighbors and a neigh-
bor of one of her/his neighbors) while in gy they still have three
links but one of them is further away. This two networks are char-
acterized by different values of their average path length.

In the terminology of the theory of networks (e.g. Albert and
Barabasi (2002)), the average path length is the average minimum
number of steps to connect any pair of nodes (workers, in our case).
In particular, in go the average path length is 1.786, while in net-
work gy is 1.571. Running simulations!? for these two different net-
works, we obtain that inequality is approximately identical (0.178),
while average output is slightly higher in gy than in gg: 2.943 vs
2.940.

Network gy is a simple way to introduce a typical characteristic
of real social network, which are referred to as having the “small
world” property. The small world property in simple terms refers
to the fact that despite the network’s size (often large for real world
networks), it is possible to find a relatively short path between any
two nodes.?

19Parameters are the same of Section V.A..

20More exactly, other than by a short average path length, small world networks are also
characterized by an high clustering coefficient (see Watts 1999), meaning that agents create
dense subgroups highly interconnected (in other words friends of an agent in turn know each
other).
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In our example, the intuition behind might be synthesized with
the fact that “long-range” links facilitate the circulation of informa-
tion. In particular, for an agent having a link with another worker on
the “other side” of the network permits to benefit from the presence
of the neighbors of the latter. This because they pass information to
the connected worker, increasing the probability that s/he obtains
an higher wage and, as a consequence, the probability that s/he
passes more job offers to the former connected agent. Of course,
the presence of other distant agents could not be exploited (if not
marginally) with no link to an agent placed among them.

V.C. The role of the network geometry: network compo-
sition and exclusion

In this section we consider the following issue. Given a structure
of the population and a given number of links, which network com-
position is associated to maximum output and minimum inequal-
ity? Are there tradeoffs? Furthermore, which effects on output
and inequality does the exclusion of some worker from the network
produce?

We consider some possible configurations of a network with eight
agents (four skilled and four unskilled, all initially unemployed),
with six links. In general, we are considering the plausible situa-
tion in which not all possible links exist, given for example the cost
of forming the network (see Calv6-Armengol (2004) for an explicit
analysis of endogenous network formation with costly links). In Fig-
ure 10 we represent various cases in which some agents are excluded
from the network.
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Figure 10: Networks g; - g1: exclusion of some agents

In Figure 11, instead, we represent a case with no exclusion, that
is in which each agent has at least one link.

Figure 11: Network gp;: no exclusion

Table 4 summarizes the results of simulations, with the usual

parameters.
g | Output | Inequality | Correlation
g1 2.876 0.201 -0.868
g 2.813 0.194 -0.816
gk | 2.890 0.193 -0.851
Jr, 2.862 0.190 -0.830
gu | 2.902 0.188 -0.840

Table 4: Output and inequality

In network g all unskilled workers are excluded while all skilled
workers are connected with each other. This represents a situation
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with two social groups: the first enjoys a high level of social in-
teraction, while the second is formed by isolated individuals. This
situation, associated with the fact that highly connected workers
are also the most productive, determines a high level of output but
also a high level of inequality. Network g represents the polar case:
in this situation output and inequality are lower than in network g;.

In networks gx and g7 exclusion is partially removed. These
networks represent cases in which the population is more mixed,
in the sense that agents of different kind share social links. In
particular, in gx two unskilled while in g7 two skilled workers are
excluded. With respect to g7, the inclusion of two unskilled agents in
the network, associated with the consequent reduction of the density
of links among skilled workers, produces an increase in output and
a marked decrease in inequality (the average Gini index drops from
0.201 to 0.193). In a comparison with gr, instead, output in gg
is higher and inequality is practically the same. Network g; shows
further decrease in inequality, since all unskilled workers have social
links and the excluded worker are skilled. However, as expected,
this reduces average output.

These results confirm once again that the composition and the
geometry of the network play a relevant role in explaining aggregate
results, and also that workers with identical observable characteris-
tics have different wage profiles over time according to their social
links (for example, in g; the average wages of skilled and unskilled
workers are, respectively, 1.568 and 0.733, while in g;; these values
are 1.556 and 0.767).

A particular remark deserves network g,; in which no worker is
excluded. The configuration of this network represents the minimal
admissible structure with only six links and no worker excluded.
The result is particularly interesting: output is the highest and in-
equality is the lowest. Such a result confirms that social integration
can be beneficial in terms of efficiency and equality, given that there
is no trade-off in moving from a segregated society (like the one de-
picted by gr and g;) to a more integrated one.*

21A network similar to ga; in which the pairs of unskilled agents are connected produces a
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This result is dependent on the assumption on the productivity
of the different matches. In particular, it holds if the productivity of
skilled workers in good jobs is not very high. In fact, when moving
from g7 to gys, skilled workers are penalized while unskilled workers
take advantage from the rewiring of links. The case represented in
Table 4 is one in which the second effect dominates the first. Clearly,
if the productivity of skilled workers in good jobs is sufficiently high,
the result is reversed.

g | Output | Inequality | Correlation
gr | 10.619 0.429 -0.932
gv | 10.563 0.428 -0.959

Table 5: Output and inequality: 1.0 = 20

In Table 5 we present the results when 9 = 20 for a comparison
between gy and gj;. We see that in gy, output decreases and inequal-
ity is basically constant.?? In this example, therefore, to increase
the efficiency of the system in terms of production, all advantages of
exchanging information on jobs should be reserved to skilled work-
ers. In the next section we discuss in more detail this and previous
results in order to derive some policy implications.

VI. Discussion and policy implications

Our results indicate that network effects are relevant in the labor
market since they strongly influence employment perspectives, out-
put and wage inequality as well as correlation between them. In our
framework, the most striking indication is that the number of so-
cial links produce positive effects both on aggregate production and
wage dispersion. In particular, when the number of links increases

similar result.

22In simulations with g2 = 100, we find that in gp; output and inequality are higher. The
result on inequality appears to be dependent on the chosen inequality index, as the distribution
improves in the lower percentile and worsens in the highest, but the latter effect dominates. An
examination of the dependence of our results on the chosen inequality index is left for future
research.
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for a given population of workers and given parameters, indicating
that members of a society are more interconnected, output gener-
ally increases and inequality decreases. For a given number of links,
output may also increase when the average distance among workers
is reduced.

This result is not so widespread in the previous literature which,
in the presence of social network effects, has often pointed out the
existence of a general trade-off between production performance and
degree of inequality among workers (e.g.  Montgomery (1991)).
The reason is due to the fact that in such a literature social net-
works are primarily a tool of conveying information about workers
type or productivity to firms. With such a channel of information,
firms become more able to discriminate in hiring and paying among
workers and this increases their productivity but also wage disper-
sion. In our framework, instead, as in Calvé-Armengol and Jackson
(2003), social ties permit to transmit information about job vacan-
cies to workers and this produce clear benefits: output increases,
since there is an higher probability that workers are employed and
are effectively producing, and wage inequality may decrease, since
employment perspectives improve for all workers.

The most obvious lesson that derive from such a result is that so-
cial ties, or more in general each channel which fosters the transmis-
sion of information about job opportunities among workers, should
be expanded. Clearly, this depends, at least partially, on our as-
sumptions. For example, firms are totally passive entities in our
framework. A natural alternative assumption is that firms “prefer”
to allocate good jobs to skilled workers, and therefore are more will-
ing to dismiss unskilled workers in good jobs. The simplest way to
consider this aspect would consist in assuming different values of b
for different worker-job match. This could possibly cause more in-
equality, as unskilled workers would be at disadvantage with respect
to skilled ones. This, and other extensions, are left for future work.

Another relevant result is represented by the effects produced by
the network composition. In other terms, given a population and
a fixed number of social ties, which network composition produces



26 A .M. LavEzzl AND N. MECCHERI

better welfare results? Also in this case our results have provided
some indications. Networks with links among heterogeneous agents,
that is networks which include different type of workers, can be
better given some technological requirements. Namely, when the
productivity of skilled workers in good jobs is sufficiently low with
respect to the productivity in other matches.?® It can then be poss-
sible that, given a case in which the most productive agents derive
the maximum benefit from the social network, allowing some of the
less productive agents to have some links, more than compensate
the loss of output due to the reduction in the number of links among
the most productive agents.

The policy implications may range from residential policies to
the organization of the schooling system. Social networks depend
heavily on the interaction among individuals and, obviously, neigh-
borhoods and schools are important determinants of the degree of
social interaction. In this case, the indication is that more mixed
neighborhoods and schools which prevent the exclusion of members
of some social group, unskilled in our case but in general any ethnic,
religious, or cultural group, can be beneficial to society in terms of
higher production and lower inequality.

VII. Conclusion

We have proposed a simple model of transmission of information
on jobs in a labor market. Workers who share a social relation may
exchange information. We have shown that an increase in the num-
ber of links is generally associated with an increase in the average
level of production and might it be with a decrease in inequality.

In addition, we have studied the effects on output and inequality
of the geometry of the network and of its composition. We have
shown that, for a given number of links, a network without social
exclusion and with a more mixed population sharing social connec-

230ur examples are sufficient to highlight this result. A more detailed analysis of the rela-
tionship between productivities in various matches and the dynamics of output and inequality
is left for further research.
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tions can produce a higher level of output and be less unequal, if
the difference in productivity between the most productive matches
and the others is sufficiently low.

Affiliazione ed indirizzo degli autori

A.M. Lavezzi: Dipartimento di Scienze Economiche, Universita
di Pisa, Via Ridolfi 10, 56124 Pisa, Italy, ph. ++439 050 2216208;
fax ++39 050 598040, e-mail lavezzi@ec.unipi.it

N. Meccheri: Dipartimento di Scienze Economiche, Universita di
Pisa, Via Ridolfi 10, 56124 Pisa, Italy, ph. ++439 050 2216377, fax
+-+39 050 598040, e-mail meccheri@ec.unipi.it



28 A .M. LavEzzl AND N. MECCHERI

References

Arrow, K. J. and Borzekowski, R. (2003), “Limited Network Con-
nections and the Distribution of Wages”, mimeo.

Albert, R. and Barabasi, A.-L. (2002), “Statistical Mechanics of
Complex Networks”, Review of Modern Physics 74.

Bala, V. and Goyal, S. “A Noncooperative Model of Network For-
mation”, Econometrica 68, 1181-1230.

Becker, G. (1964), Human Capital: a Theoretical and Empirical
Analysis with Special Reference to FEducation, The University of
Chicago Press, Chicago.

Calvé-Armengol, A. (2004), “Job Contact Networks”, Journal of
Economic Theory 115, 191-206.

Calvé -Armengol, A. and Jackson, M. (2003),“Networks in La-
bor Markets: Wage and Employment Dynamics and Inequality”,
mimeo.

Calvé-Armengol, A. and Jackson, M. (2004), “The Effects of Social
Networks on Employment and Inequality”, mimeo, forthcoming in
American Economic Review.

Finneran, L. and Kelly, M. (2003) “Social Network and Inequality”,
Journal of Urban Economics 53, 282-299.

Granovetter, M. S. (1974), “Getting a Job: A Study of Contacts
and Careers”, Harvard University Press, Cambridge (Mass.).

Green, G. P., Tigges, L. M. and Diaz, D. (1999), “Racial and
Ethnic Differences in Job-Search Startegies in Atlanta, Boston and
Los Angeles”, Social Science Quarterly 80, 263-278.

Jackson, M.O. and Wolinsky, A. “A Strategic Model of Social and
Economic Networks”, Journal of Economic Theory 71, 44-74.



JOB CONTACT NETWORKS, INEQUALITY, AGGREGATE OUTPUT 29

Krauth, B. V. (2004), “A Dynamic Model of Job Networking and
Social Influences on Employment”, Journal of Economic Dynamics
and Control 28, 1185-1204.

Holzer, H. J. (1987), “Informal Job Search and Black Youth Un-
employment”, American Economic Review T7, 446-452.

Montgomery, J. D. (1991), “Social Networks and Labor Market
Outcomes: Toward an Economic Analysis”, American Economic
Review 81, 1408-1418.

Montgomery, J. D. (1992), “Weak Ties, Employment, and Inequal-
ity: An Equlibrium Analysis”, American Journal of Sociology 99,
1212-1236.

Pistaferri, L. (1999) “Informal Networks in the Italian Labor Mar-
ket”, Giornale Italiano degli Economisti e Annali di Economia 58,
355-375.

Topa, G. (2001), “Social Interaction, Local Spillovers, and Unem-
ployment”, Review of Economic Studies 68, 261-295.

Watts, D.J. “Small Worlds: The Dynamics of Networks between
Order and Randomness”, Princeton University Press, Princeton,
New Jersey.



Elenco pubblicazioni

1. Luca Spataro, Social Security And Retirement Decisions In Italy, (luglio 2003)

2. Andrea Mario Lavezzi, Complex Dynamics in a Simple Model of Economic Specialization,
(luglio2003)

Nicola Meccheri, Performance-related-pay nel pubblico impiego: un‘analisi economica, (luglio 2003)

Paolo Mariti, The BC and AC Economics of the Firm, (luglio- dicembre 2003)

Pompeo Della Posta, Vecchie e nuove teorie delle aree monetarie ottimali, (luglio 2003)

2

Giuseppe Conti, Institutions locales et banques dans la formation et le développement des districts

industriels en Italie, (luglio 2003)

7. F.Bulckaen - A. Pench - M. Stampini, Evaluating Tax Reforms through Revenue Potentialities: the

performance of a utility-independent indicator, (settembre 2003)

8. Luciano Fanti - Piero Manfredi, The Solow’s model with endogenous population: a neoclassical

growth cycle model (settembre 2003)

9. Piero Manfredi - Luciano Fanti, Cycles in dynamic economic modelling (settembre 2003)

10. Gaetano Alfredo Minerva, Location and Horizontal Differentiation under Duopoly with Marshallian
Externalities (settembre 2003)

11. Luciano Fanti - Piero Manfredi, Progressive Income Taxation and Economic Cycles: a Multiplier-
Accelerator Model (settembre 2003)

12.Pompeo Della Posta, Optimal Monetary Instruments and Policy Games Reconsidered (settembre
2003)

13. Davide Fiaschi - Pier Mario Pacini, Growth and coalition formation (settembre 2003)

14. Davide Fiaschi - Andre Mario Lavezzi, Nonlinear economic growth; some theory and cross-country

evidence (settembre 2003)

15. Luciano Fanti , Fiscal policy and tax collection lags: stability, cycles and chaos (settembre 2003)

16. Rodolfo Signorino- Davide Fiaschi, Come scrivere un saggio scientifico:regole formali e consigli
pratici (settembre 2003)

17. Luciano Fanti, The growth cycle and labour contract lenght (settembre 2003)

18. Davide Fiaschi, Fiscal Policy and Welfare in an Endogenous Growth Model with Heterogeneous
Endowments (ottobre 2003)

19. Luciano Fanti, Notes on Keynesian models of recession and depression (ottobre 2003)

20. Luciano Fanti, Technological Diffusion and Cyclical Growth (ottobre 2003)

21. Luciano Fanti - Piero Manfredi, Neo-classical labour market dynamics, chaos and the Phillips Curve
(ottobre 2003)

22.Luciano Fanti - Luca Spataro, Endogenous labour supply and Diamond's (1965) model: a

reconsideration of the debt role (ottobre 2003)




23. Giuseppe Conti, Strategie di speculazione, di sopravvivenza e frodi bancarie prima della grande

crisi (novembre 2003)

24. Alga D. Foschi, The maritime container transport structure in the Mediterranean and Italy (dicembre
2003)

25. Davide Fiaschi - Andrea Mario Lavezzi, On the Determinants of Growth Volatility: a

Nonparametric Approach (dicembre 2003)

26. Alga D. Foschi, Industria portuale marittima e sviluppo economico negli Stati Uniti (dicembre 2003)

27 . Giuseppe Conti - Alessandro Polsi, E/ifes bancarie durante il fascismo tra economia regolata ed

autonomia (gennaio 2004)

28. Annetta Maria Binotti - Enrico Ghiani, Interpreting reduced form cointegrating vectors

of incomplete systems. A labour market application (febbraio 2004)

29. Giuseppe Freni - Fausto Gozzi - Neri Salvadori, Existence of Optimal Strategies in linear Multisector

Models (marzo 2004)

30. Paolo Mariti, Costi di transazione e sviluppi dell’economia d'impresa (giugno 2004)

31.Domenico Delli Gatti - Mauro Gallegati - Alberto Russo, Technological Innovation, Financial Fragility

and Complex Dynamics (agosto 2004)

32.Francesco Drago, Redistributing opportunities in a job search model: the role of self-confidence and

social norms (settembre 2004)

33. Paolo Di Martino, Was the Bank of England responsible for inflation during the Napoleonic wars

(1897-1815)? Some preliminary evidence from old data and new econometric techniques (settembre
2004)

34. Luciano Fanti, Neo-classical labour market dynamics and uniform expectations: chaos and the

“resurrection” of the Phillips Curve (settembre 2004)

35. Luciano Fanti — Luca Spataro, Welfare implications of national debt in a OLG model with

endogenous fertility (settembre 2004)

36. Luciano Fanti — Luca Spataro, The optimal fiscal policy in a OLG model with endogenous fertility
(settembre 2004)

37.Piero Manfredi — Luciano Fanti, Age distribution and age heterogeneities in economic profiles as

sources of conflict between efficiency and equity in the Solow-Stiglitz framework (settembre 2004)

38. Luciano Fanti — Luca Spataro, Dynamic inefficiency, public debt and endogenous fertility (settembre
2004)

39. Luciano Fanti — Luca Spataro, Economic growth, poverty traps and intergenerational transfers
(ottobre 2004)

40. Gaetano Alfredo Minerva, How Do Cost (or Demand) Asymmetries and Competitive Pressure Shape

Trade Patterns and Location? (ottobre 2004)

41 . Nicola Meccheri, Wages Behaviour and Unemployment in Keynes and New Keynesians Views.
A Comparison (ottobre 2004)




42. Andrea Mario Lavezzi - Nicola Meccheri, Job Contact Networks, Inequality and Aggregate Output
(ottobre 2004)

43. Lorenzo Corsini - Marco Guerrazzi, Searching for Long Run Equilibrium Relationships in the Italian
Labour Market: a Cointegrated VAR Approach (ottobre 2004)

44 Fabrizio Bulckaen - Marco Stampini, Commodity Tax Reforms In A Many Consumers Economy: A

Viable Decision-Making Procedure (novembre 2004)
45.

Redazione:

Giuseppe Conti

Luciano Fanti — coordinatore
Davide Fiaschi

Paolo Scapparone
Email della redazione: Papers-SE@ec.unipi.it




