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Abstract

In a market, agents with a richer set of opportunities to trade should be
able to demand better terms of trade. For instance, workers who have more
extensive social networks may be able to demand and receive higher wages
than equally-qualified peers who are less well-connected, since they may hear
about more job openings. When a worker hears about openings more often, the
dynamic opportunity cost of foregoing a current opportunity for employment
is smaller. We formalize these insights in a model of dynamic search and
matching and market microstructure following Satterthwaite and Shneyrov, in
which unemployed workers are matched with open jobs in discrete time, and
negotiation between a firm and a set of workers is modeled as a first-price
auction. We show that when workers can be ordered by a one-dimensional
parameter which summarizes their frequency of hearing about job openings,
which we interpret as a proxy for network connectedness, equilibrium wages,
and therefore present discounted utility, is monotonically increasing in the level
of connectedness. We investigate numerically the quantitative implications of
the model, with a focus on the long-run value of having an extensive network
as a function of the underlying economic primitives of the model.

1 Introduction

Many markets are characterized by frictions that arise from the lack of information
about trading opportunities. Buyers and sellers do not know about each others ex-



istence.! Tt is possible that market participants differ in their access to information
about trading opportunities. For example, it is well established that social connec-
tions that provide information about job openings play an important role in the job
search process (see REES |14|, GRANOVETTER |[8|, BEWLEY [1|, and PELLIZARRI
[12]). A number of recent papers have investigated the effect of social referrals on
labor market outcomes (see for example CALVO-ARMENGOL AND JACKSON [4, 5]).
CALVO-ARMENGOL AND ZENOU [6], IOANNIDES AND SOETEVENT [9], FONTAINE
[7], and MAYER [10] introduce job search through social networks into a labor market
matching framework. In these papers it is assumed that job-seekers and firms are
matched through a process that depends on the social connections of the job-seekers.
Once a match is realized wages are determined through Nash bargaining. Better
connected workers find jobs quicker and are unemployed for shorter periods of time.
Consequently, they enter the wage bargaining process with higher outside options,
which results in higher wages. In equilibrium every match between a job-seeker and
vacancy leads to a filled vacancy.

In this paper we analyze a different bargaining process. We show that under cer-
tain conditions better connectedness can be associated with longer unemployment
spells. We propose a framework where workers compete for job openings. In our
matching technology, which is adapted from the market microstructure model of SAT-
TERTHWAITE AND SHNEYROV [16], in each discrete period zero, one, or more workers
may be matched with each open job opportunity. The likelihood of a currently-
unemployed worker hearing about some job opportunity in a given period is given
by the worker’s exogenously-given level of connectedness, which is a one-dimensional
parameter with a specified distribution in the population. In contrast to approaches
such as that of CALVO-ARMENGOL AND JACKSON [4], we abstract away from specific
details of network structure in favor of the one-dimensional summary parameter.

Workers matched with a job opportunity compete in a first-price sealed-bid auc-
tion, with the worker demanding the lowest wage receiving the job and earning the
per-period wage he demands. In formulating bids, workers do not know how many
other workers have also been matched with the same job opening, so our bargaining
technology does not require restrictive informational assumptions on the worker’s
side; the worker only needs to have correct beliefs regarding the steady-state of the
market. Our representation of network connectness via a one-dimensional parameter
allows us to characterize and compute steady-state equilibria of our model with-
out resorting to ad-hoc behavioral rules or simulation approaches. The connectness
parameter serves to differentiate workers based on their dynamic opportunity cost

!These search or matching frictions have been studied in a vast and growing literature that
mainly focuses on the labor market, see ROGERSON ET AL [15] for a survey.



implied by the expected waiting time until they next hear about a job opening.
Workers therefore set their wage bids strategically, and, therefore, well-connected
workers who hear about many job opportunities are able to be patient and demand
higher wages. Under some conditions, this can lead to equilibria in which the length
of unemployment is not monotonically related to network connectedness, as well-
connected workers strategically choose to remain unemployed. Despite this, being
better connected is unequivocally better for a worker in our model, as the longer
unemployment times are more than compensated for by high wages while employed.

The paper is organized as follows. Section 2presents our modification of the
Satterthwaite and Sherstyom framework, adapted to allow matching frequencies to
differ across agents, and characterizes steady-state equilibrium properties. Section
dillustrates the equilibrium properties for selected parameter values, showing quan-
titatively how the wage-demand curve, unemployment time, and long-run utility
depend on the thickness of the market and the distribution of connectness parame-
ters among workers. Section 4 concludes with a discussion of possible empirical tests
of the model, and of other interpretations of the model.

2 The model

The model is founded on the market microstructure model of SATTERTHWAITE AND
SHNEYROV [16]. In that model, buyers are matched to sellers on a many-to-one
basis, with sellers, who have idiosyncratic costs, conducting a first-price auction with
reservation value. Our model simplifies the setup somewhat, in that firms, who will
be the analogs of sellers, have a commonly-known maximum wage they are willing
to pay, and conduct the first-price auction with that wage as the reservation value.
Workers are the analogs of buyers. Workers are all identical in terms of productivity
and preferences, except workers vary in the frequency with which they are matched;
in the Satterthwaite and Shneyrov model, buyers are matched in every period.

In another simplification relative to the original model, in our setting there is
no entry and exit. The same set of firms and workers remain in the market. Each
period there is an exogenously-given probability that an existing worker-firm match
will dissolve, resulting in the worker becoming unemployed, and the firm re-listing
the position. Therefore, the steady-state conditions of our model are slightly different
than those determined by entry and exit in Satterthwaite and Shneyrov.



2.1 Preliminaries

The model operates in discrete time ¢t = {...,—2,—1,0,1,2,...}. There is a con-
tinuum of workers with mass W. Workers are distinguished by a “connectedness”
parameter ¢, which is distributed among the population of workers according to the
cdf G with density g bounded away from zero. The support of g is [cr, cy], with
cp > 0 and [ dG(c) = W. In each period ¢, a worker may be either employed or
unemployed. Write gy for the density of unemployed workers, and gg for the density
of employed workers, with gy (c) + gg(c) = g(c) for all ¢ € [cr, cy]. For notational
convenience, the mass of employed workers is & = [, .1 dGg(c) and the mass of
unemployed workers is U = [.c(., .1 dGu(c).

There is a total measure of .J jobs available. Therefore, the number of employed
workers £ < J, and the number of positions available will be denoted P = J —
E. At the beginning of each period ¢, there is a probability A that each existing
match of worker to job dissolves. Job loss is independent of a worker’s connectedness
parameter.?The connectedness parameter ¢ determines the probability a worker will
hear about a job opportunity in the period. This probability is realized independently
across workers. Therefore, for any level of connectedness ¢, the measure of workers
with connectedness less than ¢ who hear about a job opportunity is

Ale) = L<Cm - dGy (k). (1)

Note that A'(¢) = cgy(c).

Workers who hear about job opportunities are equally likely to hear about any
job opportunity. Formally, the matching proceeds as follows. Suppose there is a
measure P of jobs available, and a measure A(cpy) of workers who hear about jobs,
and define ( = @ to be the workers-to-jobs ratio. Then, random matching of
workers to jobs implies that the number of workers k£ who hear about a given job is
distributed Poisson with mean (,

k
= i 2

Furthermore, since whether a given worker hears about a job is independent of any
other worker hearing about the job, for any given job, the number of workers with
parameter ¢ € I; and the number of workers with parameter ¢ € I, who hear about

2Because we are considering steady-state equilibria, and a worker’s wage is determined by his
bidding optimally with respect to his dynamic opportunity cost, a worker who is currently employed
will not, in equilibrium, want to leave his job.



the job are independent, and also distributed Poisson, for any intervals I; and I. In
particular, the number of workers with connectnedness less than ¢ to hear about a
particular job opportunity is Poisson with mean %.

A worker who hears about a job opportunity does not know the number of other
workers who also hear about the same opportunity, nor the connectedness parameters
of those workers. She does know the distribution of connectedness parameters among
the population in the steady state. Bargaining between firm and workers takes the
form of a first-price auction, in which the worker who submits the lowest wage bid
gets the job, at the wage he submits. All jobs and firms are identical, and the
maximum salary a firm is willing to pay is normalized to one.

2.2 Wage demands are monotonic

Let p(w) be the probability, in steady state, that a worker who makes a wage demand
of w gets the job, conditional on being matched with a job opportunity. Then, the
discounted ultimate probability of getting a job P(c,w) if a worker of connectedness
¢ makes a wage demand w is defined recursively as

P(c,w) = cp(w) + (1 — cp(w))dP(c, w).

Therefore
[1 =8+ dep(w)]P(c,w) = cp(w)
cp(w)
P = )
(¢,w) 1 =0+ dcp(w)
Note that
oP 1—46

e (1—0+dep(w))?
The discounted expected utility V (¢, w) of a worker of connectedness ¢ who makes
a wage demand of w is then

V(e,w) = cp(w)Mw + (1 — cp(w))dV (¢, w)

and so
V(e,w) = P(c,w)Mw

where M is the expected length of the job. Let w(c) denote the optimal wage demand
as a function of ¢. Then, the interim utility for a worker of connectedness c is

V(e) = sup P(c,w)Mw = P(c,w(c))Mw(c)
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and by the Envelope Theorem

oP
Oc
Proposition. The wage demand function w(c) is nondecreasing in c.

The proof is by contradiction. Suppose that ¢; > ¢ but w(e;) < w(ez). Let
w; = w(¢;), i = 1,2. Since w; are optimal for their respective ¢;,

V'(e) = —(c,w(c)) Mw(c).

P(cl,wl)]\/[wl 2 P(Cl,wg)M'LUQ
P(CQ,U)Q)MU)Q Z P(Cg,wl)Mwl.

Then, we have

P(Cl,’LUQ P(Cl,wg)

P(er,wi)wn > Pler, wa)ws = 2= Pleg w)

P(co, wy) P(co,wr)ws,

~— | —

P(CQ, W2

which implies that
P(Cl, ’LUl)

P(CQ, ’LUl)

P(c1,ws)
P(cy,we) )

>

Note that )
P(Cl, wz) . m B C1 1-6 + 502,0(wz)
N cap(w;) o
P(CQ’ wz) 1—5-12—202;)(101-)

Co . 1-96 + 5clp(wz)

So (3) is equivalent to

1 =6+ deap(wy) 1 =38+ deap(ws)
1—=0+4d0cpw) — 1—=084deip(ws)

1 1 — 0+ deap(wy) < 1. 1 =9+ deap(ws)
1 =0+ dcp(wy) — 1 — 64 dcip(ws)
d(cr —ca)plwr) — _ S(er = co)p(ws)
1—=0+d0cp(w) — 1—=38+dcip(ws)

1 -0+ deyp(wy) 1 =0+ deyp(ws)
p(wy) - p(w2)
1-0 S 1—-946
p(wi) — pws)
plw) < p(ws).

But, since wy > wy,p(we) < p(wip), which completes the contradiction. End of
proof.



2.3 Steady-state distributions of workers and jobs

The monotonicity of wage demands implies that the least-connected worker who
hears about a job is the one to get it. Therefore, the probability n(c) that a worker
of type ¢ gets a job in a given period is

n(c) = c¢-Pr(no worker less connected hears about this job) (4)
A(c)
oo |- ()

So, we can write the conditions required for a distribution gy and an unfilled
measure of jobs P to form a steady-state equilibrium. For any ¢ € [cg,cql, the
density of workers of type ¢ who get jobs must be equal to the density of workers of
type ¢ whose jobs disappear:

(@) = Aga( (©)
carlen |~ = Note) - av(0) )
CA(¢) exp [—A}f)] — Aeg(e) - A(). ®)

In the last step, we convert the differential equation into one in A(c), the measure of
workers with connectedness less than ¢ who hear about a job opportunity. We will
solve this differential equation, and then recover the density of unemployed workers
via the identity gy(c) = @. Rearranging this into the standard form for a first-
order differential equation,

N Acg(c)
A(C)_Cexp [_%] T (9)

The boundary condition for the differential equation is A(cz) = 0, because we assume
G(CL) = 0.

Therefore, the distribution of unemployed workers gy (c) and the measure P of
positions available in steady state are not yet determined. To nail this down, we
also need to have that the total flow of workers in and out of jobs must be equal.
We assume that hiring and termination decisions are simultaneous, in that workers
leaving their positions do not participate in the search process, and firms do not
attempt to fill those positions until the next period.

We entertain the possibility that no worker hears about some jobs. In this case,
that job remains vacant and available in subsequent periods (“the position will remain

7



open until filled”). Steady-state occurs when the number of positions filled exactly
equals the turnover rate:

(1—m)-P = AE (10)
(1—exp l_A(;H)D.p = \E (11)
exp [_A(](;H)} _ 1_A?E (12)

Aley) = —Ph [1—@1 (13)

This last equation directly relates the total mass of workers hearing about jobs in a
period, A(cy), to the total number of unfilled positions P. This therefore serves as
an upper boundary condition on the differential equation for A(c), which makes this
a shooting problem. The solution method is thus to search over P for a value such
that the upper boundary condition is satisfied.

2.4 Equilibrium bidding strategies

We can now turn to the characterization of the wage demand function. The first-
order necessary condition for w to be the optimal wage demand for ¢ is
g—i(c,w)w + P(c,w) = 0
(L—0d)ep'(w) cp(w)
(1 =64 ocp(w)) (1 =09+ dcp(w))
(1—=298)p' (w)w+ (1 =0+ dep(w))p(w) = 0.

= 0

Let 7(w) be the inverse wage demand function. Since the wage demand function is
increasing, so is its inverse, and so we can write, based on earlier calculations,

) = e |- A0
) = A )]

Combining this with the first order condition,

(1 A0 | ACOD](  y [ AL [ A

P P
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A
(1—-0)wA' (r(w))7 (w) =P (1 — 0 + dcexp l—@b .
P (1 — 0+ 67(w)exp [—MD
wA'(T(w))(1 = 9)

The boundary condition on the differential equation is determined by observing
that a worker of type cy only gets a job if she is the only unemployed worker to hear
about the job. Therefore, in equilibrium, w(cy) = 1, the maximum willingness to
pay of the firm, and so 7(1) = cp.

(w) =

3 Numerical examples

We explore properties of the steady-state equilibria as a function of parameter val-
ues. In all cases, the distribution g(-) is uniform on the interval of connectedness
parameters, the mass of workers W is set to 1, and the discount factor is 6 = 0.99.

3.1 Baseline case

As a baseline case, consider [cr,cy] = [0.1,0.4], with J = 0.99, A = 0.01. The
equilibrium functions are plotted in Figure 1. In this case, the number of jobs
available is close to the number of workers, and job turnover is slow. Therefore,
equilibrium unemployment U = 0.049 and the stock of unfilled positions P ~ 0.038
are low, and the probability that a well-connected unemployed worker is the only
one to hear about a particular job opportunity is high. Therefore, the probability
of getting a job in a period is an increasing function of ¢, and unemployed workers
tend to be less connected. The wage-demand function is close to linear.

Figure 2 depicts an intermediate case of natural unemployment, where the mass
of jobs available is J = 0.95. The mass of job openings in steady state decreases to
P =0.138, and the mass of unemployed workers increases to U = 0.064. Therefore,
it becomes less likely for a well-connected worker to be the only one to hear about a
position, so the probability of getting a job in a period initially increases in ¢, then
decreases in ¢, with a corresponding U-shaped distribution of unemployed workers:
both well-connected and ill-connected workers tend to be unemployed, while those
in the middle are least likely to be unemployed. Nevertheless, the wage-demand
function is still increasing in ¢, as is the value function; well-connected workers make
up for longer stints out of work by higher wages when working.

Moving on to a higher natural unemployment case, Figure 3 shows the equilibrium
characteristics when the number of jobs available is J = 0.90. In equilibrium, the
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Figure 1: Steady state equilibrium functions for baseline case.
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Figure 2: Steady state equilibrium functions for medium natural unemployment case.
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Figure 3: Steady state equilibrium functions for high natural unemployment case.

mass of unemployed workers is U = 0.109 and the number of open jobs is P = 0.009.
Therefore, well-connected workers go a long time before obtaining a position, but,
when they do obtain one, they do so at significantly higher wages than their less-
connected counterparts.

The results for the high natural unemployment case depend on the relatively
small turnover rate. Increasing the turnover rate to A = 0.05 while maintaining the
other parameters of the high unemployment case gives equilibrium values displayed
in Figure 4. In steady state, the mass of open jobs is P = 0.110 and the mass of
unemployed workers is U = 0.210. With the smaller workers to jobs ratio, well-
connected workers do not go long before being the only worker to hear about a

job.
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Figure 4: Steady state equilibrium functions for high natural unemployment, high
turnover case.
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4 Conclusion

Based on SATTERTHWAITE AND SHNEYROV [16| we develop a dynamic search and
matching model that allows for heterogeneous arrival rates of trade opportunities.
We phrase our model in terms of a labor market where better connected workers
are more likely to hear about job-openings. We show that wages are increasing
in connectedness. Depending on the parameterization of the model unemployment
duration can be increasing or decreasing in connectedness.

The fundamental challenge of any empirical analysis of the role of information
is that information flows (or connectedness) is usually not observed. However, the
framework presented here provides testable implications. In the low unemployment
case wages and unemployment duration are negatively associated. In the high unem-
ployment case wages and unemployment duration are positively associated. Matching
on an individual basis and subsequent wage determination through Nash bargaining
always predicts a negative association between unemployment duration and wages.

We have focused so far on investigating the quantitative effects on wages and
long-run welfare that better social networks can provide. We have set market partic-
ipation costs to zero and ignored entry and exit possibilities for workers. With zero
participation costs, workers would not want to exit. We also assume that firms have
a degenerate distribution of reservation wages which is commonly known. This could
be generalized within the Satterthwaite-Sherstyom model, which does contemplate
private information on both sides of the market, but adding firm-specific reservation
wages would not change the qualitative conclusions. Because we investigate steady-
state equilibria, workers who are currently matched with a job would not be made
better off by voluntarily terminating their employment and returning to the market
to search again; however, we do rule out the possibility of on-the-job search in the
current model.

We have motivated the modification of the Satterthwaite-Shneyrov model as a
labor market, in which the connectedness parameter is interpreted as the effectiveness
of a worker’s social network in funneling news of job opportunities to the worker.
The theoretical contribution is to show that the connectedness parameter as we have
defined it functions to order agents in equilibrium by their dynamic opportunity cost.
Other interpretations of the model are possible. For instance, in a real estate market,
the analog of job openings would be available properties, and workers would map
into potential buyers.

14



References

1]

2]

3]

4]

[5]

(6]

7]

8]

191

[10]

[11]

[12]

[13]

Bewley, Truman (1999). Why Wages Don’t Fall during a Recession. Harvard
University Press.

Blanchard, Oliver and Peter Diamond (1994). Ranking, Unemployment Dura-
tion, and Wages. Review of Economic Studies 61, 417-434.

Calvo-Armengol, Antoni (2004). Job contact networks. Journal of Economic
Theory 115, 191-206.

Calvo-Armengol, Antoni and Matthew O. Jackson (2004). The Effects of Social
Networks on Employment and Inequality. American Economic Review 94(3).

Calvo-Armengol, Antoni and Matthew O. Jackson (2007). Networks in Labor
Markets: Wage Dynamics and Inequality. Journal of Economic Theory 132(1),
27-46.

Calvo-Armengol, Antoni and Yves Zenou (2005) Job matching, social network
and word-of- mouth communication. Journal of Urban Economics 57, 500-522.

Fontaine, Francois (forthcoming) Why are similar workers paid differently?
Journal of Economic Dynamics and Control.

Granovetter, Mark S. (1973). The Strength of Weak Ties. American Journal of
Sociology 78 (6).

loannides, Yannis M. and Adriaan Soetevent (2006). Wage and Employment
in a Random Social Network with Arbitrary Degree Distribution. American
Economic Review 96(2).

Mayer, Adalbert (2008). Quantifying the Effects of Job Matching through Social
Networks. Working Paper, Texas A&M University.

Montgomery, James D. (1991). Social networks and labor-market outcomes:
toward an economic analysis. American Economic Review 81(5).

Pellizzari, Michele (2004). Do Friends and Relatives Really Help in Getting a
Job? London School of Economics, CEP Discussion Paper 623.

Pissarides, Christopher A. (2000). Equilibrium Unemployment Theory. Cam-
bridge: MIT Press.

15



[14] Rees, Albert (1966). Information Networks in Labor Markets. American Eco-
nomic Review, Papers and Proceedings 56(2), 559-566.

[15] Rogerson R., R. Shimer, and R. Wright (2005). Search-Theoretic Models of the
Labor Market: A survey. Journal of Fconomic Literature.

[16] Satterthwaite, Mark A. and Artyom Shneyerov (2007). “Dynamic Matching,
Two-sided Incomplete Information, and Participation Costs: Existence and Con-
vergence to Perfect Competition.” Econometrica 155-200.

16



