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tIn a market, agents with a ri
her set of opportunities to trade should beable to demand better terms of trade. For instan
e, workers who have moreextensive so
ial networks may be able to demand and re
eive higher wagesthan equally-quali�ed peers who are less well-
onne
ted, sin
e they may hearabout more job openings. When a worker hears about openings more often, thedynami
 opportunity 
ost of foregoing a 
urrent opportunity for employmentis smaller. We formalize these insights in a model of dynami
 sear
h andmat
hing and market mi
rostru
ture following Satterthwaite and Shneyrov, inwhi
h unemployed workers are mat
hed with open jobs in dis
rete time, andnegotiation between a �rm and a set of workers is modeled as a �rst-pri
eau
tion. We show that when workers 
an be ordered by a one-dimensionalparameter whi
h summarizes their frequen
y of hearing about job openings,whi
h we interpret as a proxy for network 
onne
tedness, equilibrium wages,and therefore present dis
ounted utility, is monotoni
ally in
reasing in the levelof 
onne
tedness. We investigate numeri
ally the quantitative impli
ations ofthe model, with a fo
us on the long-run value of having an extensive networkas a fun
tion of the underlying e
onomi
 primitives of the model.1 Introdu
tionMany markets are 
hara
terized by fri
tions that arise from the la
k of informationabout trading opportunities. Buyers and sellers do not know about ea
h others ex-1



isten
e.1 It is possible that market parti
ipants di�er in their a

ess to informationabout trading opportunities. For example, it is well established that so
ial 
onne
-tions that provide information about job openings play an important role in the jobsear
h pro
ess (see Rees [14℄, Granovetter [8℄, Bewley [1℄, and Pellizarri[12℄). A number of re
ent papers have investigated the e�e
t of so
ial referrals onlabor market out
omes (see for example Calvo-Armengol and Ja
kson [4, 5℄).Calvo-Armengol and Zenou [6℄, Ioannides and Soetevent [9℄, Fontaine[7℄, andMayer [10℄ introdu
e job sear
h through so
ial networks into a labor marketmat
hing framework. In these papers it is assumed that job-seekers and �rms aremat
hed through a pro
ess that depends on the so
ial 
onne
tions of the job-seekers.On
e a mat
h is realized wages are determined through Nash bargaining. Better
onne
ted workers �nd jobs qui
ker and are unemployed for shorter periods of time.Consequently, they enter the wage bargaining pro
ess with higher outside options,whi
h results in higher wages. In equilibrium every mat
h between a job-seeker andva
an
y leads to a �lled va
an
y.In this paper we analyze a di�erent bargaining pro
ess. We show that under 
er-tain 
onditions better 
onne
tedness 
an be asso
iated with longer unemploymentspells. We propose a framework where workers 
ompete for job openings. In ourmat
hing te
hnology, whi
h is adapted from the market mi
rostru
ture model of Sat-terthwaite and Shneyrov [16℄, in ea
h dis
rete period zero, one, or more workersmay be mat
hed with ea
h open job opportunity. The likelihood of a 
urrently-unemployed worker hearing about some job opportunity in a given period is givenby the worker's exogenously-given level of 
onne
tedness, whi
h is a one-dimensionalparameter with a spe
i�ed distribution in the population. In 
ontrast to approa
hessu
h as that of Calvo-Armengol and Ja
kson [4℄, we abstra
t away from spe
i�
details of network stru
ture in favor of the one-dimensional summary parameter.Workers mat
hed with a job opportunity 
ompete in a �rst-pri
e sealed-bid au
-tion, with the worker demanding the lowest wage re
eiving the job and earning theper-period wage he demands. In formulating bids, workers do not know how manyother workers have also been mat
hed with the same job opening, so our bargainingte
hnology does not require restri
tive informational assumptions on the worker'sside; the worker only needs to have 
orre
t beliefs regarding the steady-state of themarket. Our representation of network 
onne
tness via a one-dimensional parameterallows us to 
hara
terize and 
ompute steady-state equilibria of our model with-out resorting to ad-ho
 behavioral rules or simulation approa
hes. The 
onne
tnessparameter serves to di�erentiate workers based on their dynami
 opportunity 
ost1These sear
h or mat
hing fri
tions have been studied in a vast and growing literature thatmainly fo
uses on the labor market, see Rogerson et al [15℄ for a survey.2



implied by the expe
ted waiting time until they next hear about a job opening.Workers therefore set their wage bids strategi
ally, and, therefore, well-
onne
tedworkers who hear about many job opportunities are able to be patient and demandhigher wages. Under some 
onditions, this 
an lead to equilibria in whi
h the lengthof unemployment is not monotoni
ally related to network 
onne
tedness, as well-
onne
ted workers strategi
ally 
hoose to remain unemployed. Despite this, beingbetter 
onne
ted is unequivo
ally better for a worker in our model, as the longerunemployment times are more than 
ompensated for by high wages while employed.The paper is organized as follows. Se
tion 2presents our modi�
ation of theSatterthwaite and Sherstyom framework, adapted to allow mat
hing frequen
ies todi�er a
ross agents, and 
hara
terizes steady-state equilibrium properties. Se
tion3illustrates the equilibrium properties for sele
ted parameter values, showing quan-titatively how the wage-demand 
urve, unemployment time, and long-run utilitydepend on the thi
kness of the market and the distribution of 
onne
tness parame-ters among workers. Se
tion 4 
on
ludes with a dis
ussion of possible empiri
al testsof the model, and of other interpretations of the model.2 The modelThe model is founded on the market mi
rostru
ture model of Satterthwaite andShneyrov [16℄. In that model, buyers are mat
hed to sellers on a many-to-onebasis, with sellers, who have idiosyn
rati
 
osts, 
ondu
ting a �rst-pri
e au
tion withreservation value. Our model simpli�es the setup somewhat, in that �rms, who willbe the analogs of sellers, have a 
ommonly-known maximum wage they are willingto pay, and 
ondu
t the �rst-pri
e au
tion with that wage as the reservation value.Workers are the analogs of buyers. Workers are all identi
al in terms of produ
tivityand preferen
es, ex
ept workers vary in the frequen
y with whi
h they are mat
hed;in the Satterthwaite and Shneyrov model, buyers are mat
hed in every period.In another simpli�
ation relative to the original model, in our setting there isno entry and exit. The same set of �rms and workers remain in the market. Ea
hperiod there is an exogenously-given probability that an existing worker-�rm mat
hwill dissolve, resulting in the worker be
oming unemployed, and the �rm re-listingthe position. Therefore, the steady-state 
onditions of our model are slightly di�erentthan those determined by entry and exit in Satterthwaite and Shneyrov.
3



2.1 PreliminariesThe model operates in dis
rete time t = {. . . ,−2,−1, 0, 1, 2, . . .}. There is a 
on-tinuum of workers with mass W . Workers are distinguished by a �
onne
tedness�parameter c, whi
h is distributed among the population of workers a

ording to the
df G with density g bounded away from zero. The support of g is [cL, cH ], with
cL > 0 and ∫ cH

cL
dG(c) = W . In ea
h period t, a worker may be either employed orunemployed. Write gU for the density of unemployed workers, and gE for the densityof employed workers, with gU(c) + gE(c) = g(c) for all c ∈ [cL, cH ]. For notational
onvenien
e, the mass of employed workers is E =

∫

c∈[cL,cH ] dGE(c) and the mass ofunemployed workers is U =
∫

c∈[cL,cH ] dGU(c).There is a total measure of J jobs available. Therefore, the number of employedworkers E ≤ J , and the number of positions available will be denoted P ≡ J −
E. At the beginning of ea
h period t, there is a probability λ that ea
h existingmat
h of worker to job dissolves. Job loss is independent of a worker's 
onne
tednessparameter.2The 
onne
tedness parameter c determines the probability a worker willhear about a job opportunity in the period. This probability is realized independentlya
ross workers. Therefore, for any level of 
onne
tedness c, the measure of workerswith 
onne
tedness less than c who hear about a job opportunity is

A(c) =
∫

κ≤c
κ · dGU(κ). (1)Note that A′(c) = cgU(c).Workers who hear about job opportunities are equally likely to hear about anyjob opportunity. Formally, the mat
hing pro
eeds as follows. Suppose there is ameasure P of jobs available, and a measure A(cH) of workers who hear about jobs,and de�ne ζ = A(cH)

P
to be the workers-to-jobs ratio. Then, random mat
hing ofworkers to jobs implies that the number of workers k who hear about a given job isdistributed Poisson with mean ζ ,

πk =
ζk

k!eζ
. (2)Furthermore, sin
e whether a given worker hears about a job is independent of anyother worker hearing about the job, for any given job, the number of workers withparameter c ∈ I1 and the number of workers with parameter c ∈ I2 who hear about2Be
ause we are 
onsidering steady-state equilibria, and a worker's wage is determined by hisbidding optimally with respe
t to his dynami
 opportunity 
ost, a worker who is 
urrently employedwill not, in equilibrium, want to leave his job. 4



the job are independent, and also distributed Poisson, for any intervals I1 and I2. Inparti
ular, the number of workers with 
onne
tnedness less than c to hear about aparti
ular job opportunity is Poisson with mean A(c)
P

.A worker who hears about a job opportunity does not know the number of otherworkers who also hear about the same opportunity, nor the 
onne
tedness parametersof those workers. She does know the distribution of 
onne
tedness parameters amongthe population in the steady state. Bargaining between �rm and workers takes theform of a �rst-pri
e au
tion, in whi
h the worker who submits the lowest wage bidgets the job, at the wage he submits. All jobs and �rms are identi
al, and themaximum salary a �rm is willing to pay is normalized to one.2.2 Wage demands are monotoni
Let ρ(w) be the probability, in steady state, that a worker who makes a wage demandof w gets the job, 
onditional on being mat
hed with a job opportunity. Then, thedis
ounted ultimate probability of getting a job P (c, w) if a worker of 
onne
tedness
c makes a wage demand w is de�ned re
ursively as

P (c, w) = cρ(w) + (1 − cρ(w))δP (c, w).Therefore
[1 − δ + δcρ(w)]P (c, w) = cρ(w)

P (c, w) =
cρ(w)

1 − δ + δcρ(w)
.Note that

∂P

∂c
=

1 − δ

(1 − δ + δcρ(w))2
.The dis
ounted expe
ted utility V (c, w) of a worker of 
onne
tedness c who makesa wage demand of w is then

V (c, w) = cρ(w)Mw + (1 − cρ(w))δV (c, w)and so
V (c, w) = P (c, w)Mwwhere M is the expe
ted length of the job. Let w(c) denote the optimal wage demandas a fun
tion of c. Then, the interim utility for a worker of 
onne
tedness c is

V (c) = sup
w

P (c, w)Mw = P (c, w(c))Mw(c)5



and by the Envelope Theorem
V ′(c) =

∂P

∂c
(c, w(c))Mw(c).Proposition. The wage demand fun
tion w(c) is nonde
reasing in c.The proof is by 
ontradi
tion. Suppose that c1 > c2 but w(c1) < w(c2). Let

wi = w(ci), i = 1, 2. Sin
e wi are optimal for their respe
tive ci,
P (c1, w1)Mw1 ≥ P (c1, w2)Mw2

P (c2, w2)Mw2 ≥ P (c2, w1)Mw1.Then, we have
P (c1, w1)w1 ≥ P (c1, w2)w2 =

P (c1, w2)

P (c2, w2)
P (c2, w2)w2 ≥

P (c1, w2)

P (c2, w2)
P (c2, w1)w1,whi
h implies that

P (c1, w1)

P (c2, w1)
≥

P (c1, w2)

P (c2, w2)
. (3)Note that

P (c1, wi)

P (c2, wi)
=

c1ρ(wi)
1−δ+δc1ρ(wi)

c2ρ(wi)
1−δ+δc2ρ(wi)

=
c1

c2
·
1 − δ + δc2ρ(wi)

1 − δ + δc1ρ(wi)
.So (3) is equivalent to

1 − δ + δc2ρ(w1)

1 − δ + δc1ρ(w1)
≥

1 − δ + δc2ρ(w2)

1 − δ + δc1ρ(w2)

1 −
1 − δ + δc2ρ(w1)

1 − δ + δc1ρ(w1)
≤ 1 −

1 − δ + δc2ρ(w2)

1 − δ + δc1ρ(w2)

δ(c1 − c2)ρ(w1)

1 − δ + δc1ρ(w1)
≤

δ(c1 − c2)ρ(w2)

1 − δ + δc1ρ(w2)

1 − δ + δc1ρ(w1)

ρ(w1)
≥

1 − δ + δc1ρ(w2)

ρ(w2)

1 − δ

ρ(w1)
≥

1 − δ

ρ(w2)

ρ(w1) ≤ ρ(w2).But, sin
e w2 > w1,ρ(w2) < ρ(w1), whi
h 
ompletes the 
ontradi
tion. End ofproof. 6



2.3 Steady-state distributions of workers and jobsThe monotoni
ity of wage demands implies that the least-
onne
ted worker whohears about a job is the one to get it. Therefore, the probability η(c) that a workerof type c gets a job in a given period is
η(c) = c · Pr(no worker less 
onne
ted hears about this job) (4)

= c · exp

[

−
A(c)

P

] (5)So, we 
an write the 
onditions required for a distribution gU and an un�lledmeasure of jobs P to form a steady-state equilibrium. For any c ∈ [cL, cH ], thedensity of workers of type c who get jobs must be equal to the density of workers oftype c whose jobs disappear:
gU(c)η(c) = λgE(c) (6)

cgU(c) exp

[

−
A(c)

P

]

= λ(g(c) − gU(c)) (7)
cA′(c) exp

[

−
A(c)

P

]

= λ(cg(c) − A′(c)). (8)In the last step, we 
onvert the di�erential equation into one in A(c), the measure ofworkers with 
onne
tedness less than c who hear about a job opportunity. We willsolve this di�erential equation, and then re
over the density of unemployed workersvia the identity gU(c) = A′(c)
c

. Rearranging this into the standard form for a �rst-order di�erential equation,
A′(c) =

λcg(c)

c exp
[

−A(c)
P

]

+ λ
(9)The boundary 
ondition for the di�erential equation is A(cL) = 0, be
ause we assume

G(cL) = 0.Therefore, the distribution of unemployed workers gU(c) and the measure P ofpositions available in steady state are not yet determined. To nail this down, wealso need to have that the total �ow of workers in and out of jobs must be equal.We assume that hiring and termination de
isions are simultaneous, in that workersleaving their positions do not parti
ipate in the sear
h pro
ess, and �rms do notattempt to �ll those positions until the next period.We entertain the possibility that no worker hears about some jobs. In this 
ase,that job remains va
ant and available in subsequent periods (�the position will remain7



open until �lled�). Steady-state o

urs when the number of positions �lled exa
tlyequals the turnover rate:
(1 − π0) · P = λE (10)

(

1 − exp

[

−
A(cH)

P

])

· P = λE (11)
exp

[

−
A(cH)

P

]

= 1 −
λE

P
(12)

A(cH) = −P ln

[

1 −
λ(J − P )

P

] (13)This last equation dire
tly relates the total mass of workers hearing about jobs in aperiod, A(cH), to the total number of un�lled positions P . This therefore serves asan upper boundary 
ondition on the di�erential equation for A(c), whi
h makes thisa shooting problem. The solution method is thus to sear
h over P for a value su
hthat the upper boundary 
ondition is satis�ed.2.4 Equilibrium bidding strategiesWe 
an now turn to the 
hara
terization of the wage demand fun
tion. The �rst-order ne
essary 
ondition for w to be the optimal wage demand for c is
∂P

∂w
(c, w)w + P (c, w) = 0

(1 − δ)cρ′(w)

(1 − δ + δcρ(w))
w +

cρ(w)

(1 − δ + δcρ(w))
= 0

(1 − δ)ρ′(w)w + (1 − δ + δcρ(w))ρ(w) = 0.Let τ(w) be the inverse wage demand fun
tion. Sin
e the wage demand fun
tion isin
reasing, so is its inverse, and so we 
an write, based on earlier 
al
ulations,
ρ(w) = exp

[

−
A(τ(w))

P

]

ρ′(w) = −
A′(τ(w))τ ′(w)

P
exp

[

−
A(τ(w))

P

]

.Combining this with the �rst order 
ondition,
−(1 − δ)w

A′(τ(w))τ ′(w)

P
exp

[

−
A(τ(w))

P

]

+

(

1 − δ + δcexp

[

−
A(τ(w))

P

])

exp

[

−
A(τ(w))

P

]

= 0.8



(1 − δ)wA′(τ(w))τ ′(w) = P

(

1 − δ + δcexp

[

−
A(τ(w))

P

])

.

τ ′(w) =
P
(

1 − δ + δτ(w)exp
[

−A(τ(w))
P

])

wA′(τ(w))(1 − δ)
.The boundary 
ondition on the di�erential equation is determined by observingthat a worker of type cH only gets a job if she is the only unemployed worker to hearabout the job. Therefore, in equilibrium, w(cH) = 1, the maximum willingness topay of the �rm, and so τ(1) = cH .3 Numeri
al examplesWe explore properties of the steady-state equilibria as a fun
tion of parameter val-ues. In all 
ases, the distribution g(·) is uniform on the interval of 
onne
tednessparameters, the mass of workers W is set to 1, and the dis
ount fa
tor is δ = 0.99.3.1 Baseline 
aseAs a baseline 
ase, 
onsider [cL, cH ] = [0.1, 0.4], with J = 0.99, λ = 0.01. Theequilibrium fun
tions are plotted in Figure 1. In this 
ase, the number of jobsavailable is 
lose to the number of workers, and job turnover is slow. Therefore,equilibrium unemployment U ≈ 0.049 and the sto
k of un�lled positions P ≈ 0.038are low, and the probability that a well-
onne
ted unemployed worker is the onlyone to hear about a parti
ular job opportunity is high. Therefore, the probabilityof getting a job in a period is an in
reasing fun
tion of c, and unemployed workerstend to be less 
onne
ted. The wage-demand fun
tion is 
lose to linear.Figure 2 depi
ts an intermediate 
ase of natural unemployment, where the massof jobs available is J = 0.95. The mass of job openings in steady state de
reases to

P = 0.138, and the mass of unemployed workers in
reases to U = 0.064. Therefore,it be
omes less likely for a well-
onne
ted worker to be the only one to hear about aposition, so the probability of getting a job in a period initially in
reases in c, thende
reases in c, with a 
orresponding U-shaped distribution of unemployed workers:both well-
onne
ted and ill-
onne
ted workers tend to be unemployed, while thosein the middle are least likely to be unemployed. Nevertheless, the wage-demandfun
tion is still in
reasing in c, as is the value fun
tion; well-
onne
ted workers makeup for longer stints out of work by higher wages when working.Moving on to a higher natural unemployment 
ase, Figure 3 shows the equilibrium
hara
teristi
s when the number of jobs available is J = 0.90. In equilibrium, the9
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Figure 1: Steady state equilibrium fun
tions for baseline 
ase.
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tions for medium natural unemployment 
ase.
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Figure 3: Steady state equilibrium fun
tions for high natural unemployment 
ase.mass of unemployed workers is U ≈ 0.109 and the number of open jobs is P ≈ 0.009.Therefore, well-
onne
ted workers go a long time before obtaining a position, but,when they do obtain one, they do so at signi�
antly higher wages than their less-
onne
ted 
ounterparts.The results for the high natural unemployment 
ase depend on the relativelysmall turnover rate. In
reasing the turnover rate to λ = 0.05 while maintaining theother parameters of the high unemployment 
ase gives equilibrium values displayedin Figure 4. In steady state, the mass of open jobs is P = 0.110 and the mass ofunemployed workers is U = 0.210. With the smaller workers to jobs ratio, well-
onne
ted workers do not go long before being the only worker to hear about ajob.
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Figure 4: Steady state equilibrium fun
tions for high natural unemployment, highturnover 
ase.
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4 Con
lusionBased on Satterthwaite and Shneyrov [16℄ we develop a dynami
 sear
h andmat
hing model that allows for heterogeneous arrival rates of trade opportunities.We phrase our model in terms of a labor market where better 
onne
ted workersare more likely to hear about job-openings. We show that wages are in
reasingin 
onne
tedness. Depending on the parameterization of the model unemploymentduration 
an be in
reasing or de
reasing in 
onne
tedness.The fundamental 
hallenge of any empiri
al analysis of the role of informationis that information �ows (or 
onne
tedness) is usually not observed. However, theframework presented here provides testable impli
ations. In the low unemployment
ase wages and unemployment duration are negatively asso
iated. In the high unem-ployment 
ase wages and unemployment duration are positively asso
iated. Mat
hingon an individual basis and subsequent wage determination through Nash bargainingalways predi
ts a negative asso
iation between unemployment duration and wages.We have fo
used so far on investigating the quantitative e�e
ts on wages andlong-run welfare that better so
ial networks 
an provide. We have set market parti
-ipation 
osts to zero and ignored entry and exit possibilities for workers. With zeroparti
ipation 
osts, workers would not want to exit. We also assume that �rms havea degenerate distribution of reservation wages whi
h is 
ommonly known. This 
ouldbe generalized within the Satterthwaite-Sherstyom model, whi
h does 
ontemplateprivate information on both sides of the market, but adding �rm-spe
i�
 reservationwages would not 
hange the qualitative 
on
lusions. Be
ause we investigate steady-state equilibria, workers who are 
urrently mat
hed with a job would not be madebetter o� by voluntarily terminating their employment and returning to the marketto sear
h again; however, we do rule out the possibility of on-the-job sear
h in the
urrent model.We have motivated the modi�
ation of the Satterthwaite-Shneyrov model as alabor market, in whi
h the 
onne
tedness parameter is interpreted as the e�e
tivenessof a worker's so
ial network in funneling news of job opportunities to the worker.The theoreti
al 
ontribution is to show that the 
onne
tedness parameter as we havede�ned it fun
tions to order agents in equilibrium by their dynami
 opportunity 
ost.Other interpretations of the model are possible. For instan
e, in a real estate market,the analog of job openings would be available properties, and workers would mapinto potential buyers.
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