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1 Introduction

While macroeconomists and policy makers are often quick blame labor mar-
ket frictions for high unemployment,1 empirical evidence has usually not
been very kind to the view that unemployment is purely, always and every-
where, a labor market phenomenon.2

Reinforcing this apparent puzzle, labor markets of countries like France,
Spain or Italy have recently become more similar, at the margin at least,
to that of the United States. There is now increased flexibility in Euro-
pean labor markets: temporary employment contracts have multiplied, and
subsidies to low skill jobs are widespread. Yet, European economies remain
sluggish while the US economy is booming, suggesting that labor market
imperfections cannot explain, on their own, high unemployment.

Where are we to find, therefore, the missing pieces of the puzzle? Labor
market frictions and wage rigidities are not the only deviation away from
the Arrow-Debreu paradigm. Modern economies are plagued with a vari-
ety of informational imperfections in financial markets. Our claim is that
moral hazard, adverse selection and search externalities in credit markets
are relevant not only for finance but also for labor economics.3

Indeed, there is a prevalent recognition that the major impediment to the
creation of small firms is the difficulty to locate available credit. For instance,
Blanchflower and Oswald (1998) report that raising capital is the principal
problem of potential entrepreneurs: 20% of the respondents of the 1987 UK
National Survey of the Self-Employed report that where to get finance was
the biggest difficulty they encountered when becoming self-employed.4 On
top of that, 51% of the participants in the British Social Attitudes Survey
who say they failed to become self-employed report, over the period 1983-
1986, that lack of capital or money was the main reason of their failure.5

Since 40 to 60% of jobs are held in small firms (less than 100 employees),6

1See, notably, the OECD job studies.
2The recent OECD Employment Outlook (July 1999) shows, for instance, that the link

between unemployment rates and labor market rigidities is at best tenuous across OECD
countries.

3For an excellent survey on the importance for macroeconomics of credit market im-
perfections, see Easterly et al. (1999).

4Blanchflower and Oswald (1998), table 8.
5Blanchflower and Oswald (1998), table 6.
6These numbers are based on industry and market services. See OECD Job Study
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a theory of job creation and unemployment has to deal with difficulties in
locating credit, and thus with credit market imperfections.

This is, of course, the foundation of the credit channel view of the trans-
mission of monetary policy: new businesses, having poor access to credit
markets, are the primary victims of monetary contractions.7

Our objective in this paper is twofold. We want to think about the theory
of unemployment in a environment in which the Modigliani-Miller theorem
does not apply. And we want to build a specifically macroeconomic model of
the interaction between credit and labor markets. To this end, we develop
a model of firm creation in which new entrepreneurs are credit constrained
and must raise funds before they enter the labor market to search for work-
ers. Taking as our starting point that a competitive representation of the
credit market would be as unrealistic as the assumption of perfect spot labor
markets, we choose to model capital market imperfections and labor market
imperfections in a perfectly symmetrical way.

To achieve this symmetry (and the simplicity it entails), we depart from
usual models of credit imperfections. Economists traditionally focus on
loan market imperfections that stem from moral hazard and/or adverse se-
lection.8 This type of imperfection is however not the driving force of our
model. Instead, we take a leaf from the macro/labor literature, and use an
alternative modeling strategy that has proved more tractable and fruitful
in thinking about the macroeconomic aspects of labor markets: search the-
ory. While recognizing that asymmetric information and moral hazard do
in principle matter,9 we focus on credit and labor rationing that arise, in a
world where agents are imperfectly aware of their economic opportunities,
from the stochastic nature of the matching process between creditors and
borrowers, workers and entrepreneurs. We thus follow, in the credit market,
the lead taken by Pissarides (1990) in the labor market, and summarize
at a highly abstract level the properties of the credit and labor matching
processes by a pair of matching functions.10

(1994).
7See, for instance, Gertler and Gilchrist (1994), Bernanke and Gertler (1989).
8See, for instance, Stiglitz and Weiss (1981) for microeconomic foundations, and Aghion

et al. (1999) for macroeconomic applications.
9In labor markets, they lead to labor rationing and equilibrium unemployment. See,

e.g., Shapiro-Stiglitz (1984).
10Matching functions reflect the fact that trading partners are not fully informed of each

other’s existence, because of horizontal heterogeneity in location, sectors of activity, type
of skills, etc... This is different from more traditional vertical heterogeneity in which the
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Main results

Our model generates a decomposition of unemployment into two parts, one
depending only on labor market imperfections (job search frictions and wage
mark-up), and the other depending on credit market imperfections. This
second term appears as an interaction term—the higher the level of the
unemployment rate in the absence of credit frictions, the larger the increase
in unemployment stemming from credit frictions.

Furthermore, we show that the equilibrium and comparative statics of our
model are reminiscent of the IS/LM model. Credit market imperfections
multiply the effect of profit shocks, and looser monetary policy lowers un-
employment and slackens the credit market.

We then calibrate an economy in which the total pecuniary cost of credit
frictions represents around 5.3% of annual GDP. We establish that credit
frictions of that magnitude can raise unemployment to 10% compared to 6%
in the absence of credit frictions.

The paper is organized as follows. Section 2 introduces the model. Section
3 derives the equilibrium. Section 4 presents the comparative statics of the
model. Section 5 provides a simple formalization of the effects of monetary
policy on credit and labor markets. Section 6 extends the model to endoge-
nous wages, and discusses the role of debt as a strategic variable in wage ne-
gotiations. Section 7 attempts to assess empirically the interaction between
credit and labor markets by exploring the links between venture capital in-
vestment and unemployment for 16 countries between 1986 and 1995. The
conclusion summarizes and outlines directions for future research.

2 The model

2.1 Entrepreneurs, workers and financiers

There are three types of agents: entrepreneurs, workers and financiers. En-
trepreneurs have ideas but they cannot work in production and have no
capital of their own. Workers toil on the production line and transform the
entrepreneurs’ ideas into output; they have no entrepreneurial skills, and
no capital. Financiers have access to the financial resources required for

productivity of a job or of the worker, or the solvency of a creditor, are unknown.
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the concretization of the entrepreneurs’ ideas, but they have no ideas and
cannot work on the production line.11 In the real world, there is a bit of the
entrepreneur, the worker and the financier in each of us. In our model, how-
ever, there is not. For simplicity, entrepreneurship, working and financing
are assigned to mutually exclusive types of agents.12

2.1.1 Entrepreneurs and workers

Producing output in a firm requires a team of one entrepreneur and one
worker. There are labor market frictions, so that entrepreneurs and workers
cannot meet easily. An entrepreneur must search at a flow cost γ for the
worker that will enable her to carry out her idea. We adopt the now standard
device of Pissarides (1990), and subsume the process of matching workers to
firms (which in principle involves heterogeneity, together with informational
difficulties) into a simple constant returns to scale technology h(U ,V) that
“produces” a flow of matches between firms and workers with two “inputs:”
job vacancies V posted by firms, and available (i.e., unemployed) workers
U .13 Measuring labor market tightness (from the point of view of firms) by
the index θ = V/U , the instantaneous probability that an entrepreneur will
find a worker is thus

h(U ,V)
V = h(θ−1, 1) ≡ q(θ).

Quite intuitively, the tighter the labor market, the less probable it is that
an entrepreneur will meet an available worker (q′ < 0).

2.1.2 Financiers and entrepreneurs

Since an entrepreneur must expand resources to search for a worker before
production even starts, a prerequisite to this search process is the financ-
ing of the entrepreneur’s recruitment efforts. Traditional models of the labor
market focus solely on labor market frictions, and conveniently assume away
credit market frictions: entrepreneurs instantaneously finance the vacancies

11We will hereafter interchangeably refer to financiers or bankers.
12In the model, entrepreneurs are cash-constrained and need the financiers to obtain

capital. More generally, firms could rely on financiers to provide other inputs (such as
expertise, advice, or market knowledge) that they do not have.

13We impose, as usual, that marginal products in matching are positive but decreasing:
h1 > 0, h2 > 0, h11 < 0, h22 < 0.
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they post either on their own or by borrowing on a perfect capital market.14

Credit markets, however, are plagued by frictions that do not differ much
from those encountered in labor markets: there is considerable heterogene-
ity between prospective debtors, and informational difficulties hinder smooth
contracting between borrowers and lenders. Instead of trying to specify in
detail the nature of credit market frictions, we take a leaf from the labor
economics literature and use the device of a matching function to formal-
ize at an aggregative level the difficult relationship between financiers and
entrepreneurs.15

The benefit of the matching function approach has been well demonstrated
in the macro/labor literature: matching frictions generate specificity of eco-
nomic relationships in a parsimonious way. This benefit overweighs, in our
opinion, the (very minimal, as we shall see) danger that our results might dif-
fer in some subtle ways from microeconomic stories left untold by matching
functions. Our paper therefore proposes to describe frictions and specificity
symmetrically in credit markets and labor markets.16

Formally, let B be the number of bankers looking for borrowers/entrepreneurs,
and denote by F the number of entrepreneurs looking for financing. Each
of these F entrepreneurs is searching at a flow private (non-pecuniary) cost
c for one the B available bankers. The flow of loan contracts successfully
signed between financiers and entrepreneurs is given by the constant returns
to scale credit market matching function m(B,F).17 From the point of view
of firms, credit market tightness can be measured by φ = F/B. Equivalently,
1/φ is an index (for firms) of the liquidity of the credit market.18

14Which way they do it is irrelevant, as in Pissarides (1990).
15den Haan, Ramey and Watson (1999) and dell’Ariccia and Garibaldi (1999) also rep-

resent credit market frictions using a matching function. However, they do not consider
interactions with labor market frictions.

16We share this objective with Caballero and Hammour (1998). Our paper differs from
theirs in several dimensions. Our credit imperfections are stochastic (frictional) due to
the matching approach of our model; theirs stem from the standard default problem. We
build a financial contract which rules out heterogeneity across production units and allows
to derive close form solution of the model, whereas Caballero and Hammour must take
care of the distribution of debts and accordingly of the history of productive units (which
substantially increases the complexity of their model). Finally, our focus, unlike theirs, is
not on the efficiency aspect of cycles, but rather on labor markets and the transmission
of credit and monetary policy.

17We impose m1 > 0, m2 > 0, m11 < 0, m22 < 0.
18Our concept of liquidity is the willingness of financiers to part from their resources to

lend them to firms. It is similar to the notion of liquidity used in stock markets. There are
of course other (more physical) meanings of liquidity studied in the literature—such as the
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The instantaneous probability that an entrepreneur/borrower will find a
suitable financier is thus

m(B,F)
F = m(φ−1, 1) ≡ p(φ),

while the success probability of a financier in his search for an entrepreneur
is

m(B,F)
B = m(1, φ) = φp(φ).

Not surprisingly, the former probability is decreasing in credit market tight-
ness, while the second is increasing.

2.2 Four stages in the life of a firm

The life of a firm can be decomposed into four successive stages of stochastic
length: fund raising, recruitment, creation and destruction.

• Fund raising. In stage 0, prospective entrepreneurs are looking (at
a flow search cost c) for a bank willing, in exchange for a future re-
payment, to finance the posting of a job vacancy, while financiers are
searching for clients at a flow search cost k. The probability that
an entrepreneur will find a financier (equivalently, the probability of
transition to the recruitment stage) is p(φ).

• Recruitment. In stage 1, entrepreneurs have found a financier and
are looking (at a flow search cost γ borrowed from their financier)
for the worker that will enable them to start operating their firm.
The probability that an entrepreneur will meet a worker, and that the
financing stage will end, is q(θ).

• Creation. In stage 2, the firm has found a worker and is generating
exogenous flow profits y. It uses these profits to pay its workers an
exogenous wage ω19 and by paying back to his financier a flow amount
ρ for as long as the productive unit operates. The repayment ρ is
negotiated between the financier and the entrepreneur.

volume of funds available for lending. For a leading analysis of liquidity as the availability
of financial instruments available to transfer wealth across periods, see Holmström and
Tirole (1998).

19We show in section 6 that the results are not fundamentally different when the wage
is negotiated between entrepreneurs and workers.
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• Destruction. In the final stage 3, the match between firm and worker
is destroyed. We assume that destruction is exogenous—i.e., that the
transition from stage 2 to 3 occurs with an exogenous probability s.

Throughout, we assume that their are no commitment problems for fi-
nanciers, firms or workers.

2.2.1 The value of a bank

Call Bi, (i = 0, 1, 2, 3), the value of a bank in the fund raising, staffing,
creation and destruction phases, and r the (given) riskless rate. The Bellman
equations describing the evolution of the value of the bank over these four
stages are:

rB0 = −k + φp(φ)(B1 −B0) + Ḃ0, (2.1)
rB1 = −γ + q(θ)(B2 −B1) + Ḃ1, (2.2)
rB2 = ρ+ s(B3 −B2) + Ḃ2. (2.3)

The financier suffers a cash outflow −k in the fund-raising stage while it is
looking for a client. It pays out a flow −γ in the recruitment stage, while
it finances the entrepreneur’s posting of a job vacancy. Once the firm is
created, the bank enjoys a cash inflow ρ that corresponds to the repayment
of its debt by the entrepreneur.

We assume that value of a bank destroyed after the financier has met the
entrepreneur is zero: B3 = 0.

2.2.2 The value of an entrepreneur

Let Fi (i=0,1,2,3) denote the value of an entrepreneurial unit in the fund
raising, staffing, creation and destruction phases. It evolves as follows over
the four stages of the life of the firm:

rF0 = −c+ p(φ)(F1 − F0) + Ḟ0, (2.4)
rF1 = q(θ)(F2 − F1) + Ḟ1, (2.5)
rF2 = y − ω − ρ+ s(F3 − F2) + Ḟ2, (2.6)

8



where y denotes the exogenous flow profit of the firm once it starts operating.
The value of a firm destroyed after the entrepreneur has met the financier
is assumed to be zero:20 F3 = 0.

2.3 Bargaining between the financier and the entrepreneur

The contract between a financier and an entrepreneur is written after they
meet. The terms of the contract are i) that the bank will finance the recruit-
ment cost of the entrepreneurs (γ per unit of time) for as long as it takes
to find a worker, and that, in exchange, ii) the entrepreneur will repay the
financier a constant amount ρ per unit of time for as long as the firm oper-
ates.21 Note that we refer to this financial contract as a “loan” although it
has equity-like aspects. The return to the financier depends on how quickly
the firm finds a worker and on how long the firm will operate. In point of
fact, the contract between financier and entrepreneur is very similar to a
venture capital deal.

Financier and entrepreneur share the surplus of their relationship according
to a generalized Nash bargaining rule

ρ = argmax(B1 −B0)β(F1 − F0)1−β ,

where β ∈ (0, 1) measures the bargaining power of financiers in the credit
relationship.22 It follows that the stipulated loan repayment ρ must satisfy

β(F1 − F0) = (1− β)(B1 −B0). (2.7)

20This assumption and the previous one (B3 = 0) are not essential. They amount
to assuming that the project is destroyed by a shock which brings the present value of
the project to less than zero, which means that each party wishes to withdraw from the
project. All destructions are thus efficient in our model. The model can easily be extended
to introduce inefficient destructions. See Caballero-Hammour (1998) on this point.

21An alternative to this particularly simple loan contract would be a loan schedule that
would make repayment to the financier contingent on accumulated debt and on the time
it took the entrepreneur to find a worker. This alternative contract would force us to
introduce ex post heterogeneity between entrepreneurs—which we want to avoid.

22In a Rubinstein game of alternating offers and counter-offers, the parameter β reflects
the relative impatience of the negotiating parties.
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3 Long-run equilibrium

Assume it is costless to setup a bank or a firm. Free entry of financiers
and entrepreneurs on the credit and labor market then ensures that, in
equilibrium, there are no unexploited profit opportunities:

B0 = 0 and F0 = 0. (3.1)

3.1 Equilibrium credit market tightness

From the free entry conditions (3.1) (which imply that Ḃ0 = Ḟ0 = 0) and
from the fund-raising stage value functions (2.1) and (2.4), it immediately
follows by reading period 0 Bellman equations backwards that

B1 =
k

φp(φ)
, (3.2)

while
F1 =

c

p(φ)
. (3.3)

In a less liquid credit market (higher φ), the equilibrium value of a (matched)
financier is lower, while the value of a (matched) firm is higher—as financiers
have to search less and firms more when there are more firms relative to
banks.

Since the surplus of the banking relationship is shared between financier and
entrepreneur according to (2.7), we immediately conclude that

Proposition 1 In equilibrium, the tightness of the credit market is

φ∗ =
1− β
β

k

c

Proof. Substitute (3.2) and (3.3) into (2.7).

The lower the flow cost for financiers of looking for a suitable lender, and the
higher the flow cost for entrepreneurs of searching for a banker, the lower φ
(i.e., the higher the number of available financiers relative to the number of
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entrepreneurs raising funds). Moreover, the less profitable the sharing of the
surplus of the credit relationship is to the bank, the tighter the credit market
(higher φ). Remarkably, φ and hence the value of the financier and of the
entrepreneur are constant in equilibrium and do not depend on θ—which
allows for a convenient recursive solution the model.23

3.2 Equilibrium financial contract

The equilibrium repayment of the entrepreneur to her financier can now
be calculated. Banker and entrepreneur must share the expected present
discounted value of the profits, net of wages, that the firm will generate
once it starts operating. The stronger the bargaining power of the bank
relative to the entrepreneur, the larger the share of the profits that it will
claim. Indeed, we can establish:

Proposition 2 In equilibrium, the repayment flow from entrepreneur to fi-
nancier is

ρ = β(y − ω) + (1− β)(r + s)γ/q(θ)

Proof. The proof is by forward substitution of the Bellman equations. From equations
(3.2), (3.3) and proposition 1, observe that free entry of banks and firms imposes the
constancy of the value of the bank and of the firm in the fund-raising stage. Therefore,
Ḃ1 = Ḟ1 = 0 in equilibrium. But then the Bellman equations in the recruitment stage,
(2.2) and (2.5), imply that, in equilibrium,

B1 =
−γ + q(θ)B2

r + q(θ)
(3.4)

and

F1 =
q(θ)F2

r + q(θ)
. (3.5)

Similarly, the “exit” equations B3 = 0 and F3 = 0 imply that Ḃ2 = Ḟ2 = 0, so that we
conclude from equations (2.3) and (2.6) that

B2 =
ρ

r + s
, (3.6)

and from equations (2.5) and (2.6) that

F2 =
y − ω − ρ
r + s

. (3.7)

23This recursivity of the solution is not general. It is due to the particular combination of
assumptions made so far: constant returns to scale assumption on the matching function h,
generalized Nash bargaining, and same discount factors for all agents. In section 5, where
we relax the latter assumption to discuss the effect of monetary policy, the equilibrium
values of φ and θ must be calculated simultaneously, rather then recursively.
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By forward substitution of (3.6) into (3.4), and of (3.7) into (3.5), we find, using the

(equilibrium) Nash bargaining condition βF1 = (1− β)B1 that the value of ρ must be the

one given in the proposition.

To interpret this proposition, it is convenient to rewrite ρ as

ρ
q

(r + q)(r + s)
= β(y − ω) q

(r + q)(r + s)
+ (1− β) γ

r + q
, (3.8)

where we have dropped the argument of q for brevity.

The term on the left is the expected present discounted value, evaluated
at the instant financier and entrepreneur meet, of the flow repayment the
entrepreneur between the random dates the firm will start and stop produc-
ing. The first term on the right is the expected present discounted value of
profits, net of wages, generated by the firm while in operation—computed,
again, from the perspective of the instant financier and entrepreneur meet.
Finally, the second term on the right-hand side of (3.8) represents the ex-
pected present discounted value of the flow of funds loaned by the financier
to the entrepreneur from the time they meet until the random time the firm
finds a worker and starts producing.24

The equilibrium Nash-bargaining loan contract described by proposition 2
and equation (3.8) thus stipulates that the expected present discounted value
of repayments from the entrepreneur to the financier is a weighted average of
the expected present discounted value of the firm’s profits net of wages, and
of the expected present discounted value of the loan made by the financier
to the entrepreneur, with the weights given by the respective bargaining
power of financier and entrepreneur. The larger the bargaining power of the
financier in the credit contract negotiation (i.e., the larger β), the larger the
share of the expected present discounted value of profits net of wages that he
can extract from the entrepreneur. Conversely, the stronger the bargaining

24Formally, let T1, T2 and T3 denote the random times when, respectively, financier
and entrepreneur meet (i.e., the beginning of the recruitment period), entrepreneur and
worker meet (the beginning of the creation stage), and entrepreneur and worker are sep-
arated (destruction). Then, from the properties of the exponential distribution, we see
that the expected present discounted value at T1 of a flow of $1 between T1 and T2 is
E{

R
T2
T1

e−r(s−T1) ds|T1} = 1/(r + q), while the expected present discounted value at T1

of a flow of $1 between T2 and T3 is E{
R
T3
T2

e−r(s−T1) ds|T1} = q/[(r + s)(r + q)]. The

former expected present value rises, and the later declines, the smaller θ, as date T2 will
on average arrive faster when θ is small (as q′ < 0).
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power of the entrepreneur, (i.e., β close to zero), the closer the value of the
firm’s repayment to the expected present discounted value of what it has
borrowed.

Increased tightness θ of the labor market raises the repayment ρ. The tighter
the labor market, the longer it will take for the firm to find a worker and to
start producing (since q′ < 0), and the longer the bank will have to finance
the entrepreneur. Consequently, the equilibrium loan contract specifies that
the entrepreneur should on average repay more when labor markets are tight.

Should we conclude from proposition 2 that our model predicts, counter-
intuitively, that the equilibrium loan contract depends on the state of the
labor market θ but not on the tightness of the credit market? No, because
we have not yet computed the equilibrium θ.

3.3 Equilibrium labor market tightness

To complete the description of equilibrium, it suffices to notice that in equi-
librium the expected search costs that financiers and entrepreneurs incur by
entering the credit market must equal the expected benefits that they derive
from eventually striking out a financial relationship. Therefore:

Proposition 3 Equilibrium credit market tightness φ and labor market tight-
ness θ are the solution to the pair of equations

k

φp(φ)
= β

q(θ)
r + q(θ)

{
y − ω
r + s

− γ

q(θ)

}
, (3.9)

c

p(φ)
= (1− β) q(θ)

r + q(θ)

{
y − ω
r + s

− γ

q(θ)

}
. (3.10)

Proof. Equations (3.2) and (3.3) provide us with backward-looking expressions for B1

and F1 that depend on solely φ: it is these expressions that we read on the right-hand

side of equations (3.9) and (3.10). Now, forward substitutions of equation (3.6) into (3.4),

and of equation (3.7) into (3.5) provide us with two alternative formulas B1 and F1 that

depend on the endogenous parameters ρ and θ. Substituting out ρ out of these formulas

using proposition 2, we get alternative expressions for B1 and F1 that depend only on

θ: we find these expressions on the left-hand side of equations (3.9) and (3.10). Equilib-

rium requires that the backward and forward expressions for B1 and F1 coincide—whence

proposition 3.
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To understand what equation (3.9) means, place yourself at the time a
financier decides to enter the market. Before the financier meets a en-
trepreneur, he will on average spend

k

r + φp(φ)
,

a cost which, quite naturally, depends exclusively on the state of the credit
market.25 When he meets the entrepreneur, he will get a fraction β of the
total surplus of the relationship (the term in curly bracket on the right-hand
side of (3.9)). The present discounted value, measured at entry time, of this
future benefit, is26

φp(φ)
r + φp(φ)

{
q(θ)[y − ω]

[r + q(θ)](r + s)
− γ

r + q(θ)

}
β.

Equation (3.9) then simply tells us that the expected cost for the financier
of entering the market equals the expected benefit he will derive from inter-
acting with an entrepreneur. If the expected cost of entry is higher because
the credit market is looser (i.e., there are many financiers chasing few en-
trepreneurs), it must be compensated in equilibrium, for entry to occur, by
a larger benefit. This larger benefit stems from a looser labor market (i.e.,
many vacancies relative to unemployment) which shortens the expected du-
ration of the recruiting stage. Equation (3.9) indeed defines an upward
sloping iso-value (B0 = 0) locus in (θ, φ) space.

A similar interpretation applies, mutatis mutandis, to equation (3.10). It
defines a downward sloping iso-value (F0 = 0) locus in (θ, φ) space, depicting
the trade-off for the entering firm between a tighter credit market (which
raises the expected cost of searching for a bank) and a looser labor market
(which lowers the expected cost of finding a worker).

Equilibrium is depicted graphically in Figure 1. Consistent with proposition
2, the BB and FF loci intersect at φ∗ = [(1−β)/β]/[k/c]. Moreover, figure 1
shows that existence and uniqueness of equilibrium are easy to guarantee.27

25Let T0 the date at which the banker enters the market and starts searching for an
entrepreneur. Then E{

R T1
T0

e−r(s−T0) ds|T0} = 1/[r + φp(φ)].
26 The expected value at time T0 of $1 at time T1 is E{e−r(s−T0) |T0} = [φp(φ)]/[r +

φp(φ)].
27Let φB be such that k/[φBp(φB)] = β(y−ω)/(r+s), and φF be such that c/[p(φF )] =

β(y−ω)/(r+s). Figure 1 shows that a necessary and sufficient condition for existence and
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Figure 1: Equilibrium with exogenous wage

Note that figure 1 offers a picture of our economy that is reminiscent of the
IS/LM model—although our FF/BB model rests on different theoretical
foundations. On the horizontal axis, higher values of θ are associated with
larger gross output, since gross output rises with labor market tightness.28

On the vertical axis, we have a measure of the tightness of credit markets, φ,
that replaces the interest rate of the IS/LM model. The FF and BB curves
“stand in” for the IS and LM curves. Sections 4 and 5 confirm the similarity
of the comparative statics of our FF/BB framework with that of the IS/LM
model.

Finally, observe that our model nests the Pissarides equilibrium. The equi-
librium without credit market frictions obtains when either k = 0, or c = 0
or p(φ) = +∞ for all φ. Equilibrium tension in the labor market in the
absence of credit frictions is then θ̄, defined, from equations (3.9) or (3.10),

uniqueness of equilibrium is φB < φF . We assume that this restriction on the parameters
of the model is satisfied.

28 See section 3.4.
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by
y − ω
r + s

=
γ

q(θ̄)
.

This means that in the absence of credit frictions the value of newly created
firm (matched with a banker but not with a worker) is zero—which is indeed
the Pissarides free-entry condition for firms when there are no credit search
frictions.

How does θ compare with θ̄? The answer is provided by inspection of figure
1, or more formally by

Proposition 4 Credit market imperfections lower equilibrium labor market
tightness: θ∗ < θ̄.

Proof. From either equation (3.9) or (3.10), and using proposition 1, equilibrium labor
market tightness satisfies

γ/q(θ∗) = γ/q(θ̄)− c

1− β [p(
1− β
β

k

c
)]−1 < γ/q(θ̄). (3.11)

Since q′(.) < 0, it follows that θ∗ < θ̄.

The second term on the righthand side of the equality sign in equation
(3.11) summarizes the effects of credit market frictions on equilibrium la-
bor market tightness. For given labor market frictions and profit conditions
(i.e., given q(.), γ and θ̄), equilibrium θ∗ is higher the larger the credit search
costs k or c, and the stronger credit market frictions.29

All our results about equilibrium labor market tightness of course translate
directly into statements about equilibrium unemployment and gross out-
put, since unemployment rises and gross output declines when θ rises. In
particular, credit frictions unambiguously raise equilibrium unemployment
relative to the Pissarides model. Accordingly, given labor market frictions
and profit conditions, our model predicts the existence of a positive relation-
ship between equilibrium unemployment and credit market frictions. This
prediction will be the base of our empirical investigation of section 7.

3.4 A Beveridge curve representation

To characterize the effects of credit market imperfections on job vacancies
and unemployment and to complete the solution of our model, it suffices

29As captured by upward shifts in the function p(.).
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Figure 2: Beveridge curve (P: Pissarides equilibrium; W: equilibrium with
credit market imperfections)

to represent equilibrium as the intersection of the Beveridge curve (defined
below) and of the ray representing equilibrium labor market tightness in the
(U ,V) plane.

Let u denote the unemployment rate. Normalize the mass of workers to 1,
so that u = U . In steady state, flows in and out of the unemployment pool
must equilibrate, so that

s(1− u) = θq(θ)u. (3.12)

Since θ = V/u, the equation of the Beveridge curve is u = s/[s+(V/u)q(V/u)],
which can be shown, given our assumptions, to be decreasing and convex.

Now, we know that in equilibrium we must also have

θ∗ = V/u.

Equilibrium job vacancies and unemployment are therefore determined graph-
ically in figure 2.
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4 Comparative statics

We now examine how equilibrium credit and labor market tightness react,
in our economy, to changes in fundamental parameters. We provide both
qualitative (graphical) answers, and quantitative measures (based on log-
linearization) of the effects at work.

4.1 Qualitative comparative statics

Let us look in turn at the effect on equilibrium of higher search costs for
banks, of lower search costs for firms, and of improved firms’ net profits.

4.1.1 Higher search costs for banks

What happens if the banks’ search cost k rises? Inspection of equations
(3.9) and (3.10) reveals that the BB curve shifts up and to the left (for any
given level θ, a higher k induces exit by financiers and raises φ), while the
FF curves stays unchanged (firms entry decisions are not directly affected
by k). As a result, the credit market tightens and the labor market slackens,
as depicted in figure 3.

The basic mechanism is simple: higher search costs make some financiers
exit the credit market. The resulting tightening of the credit market induces
some firms to exit, which lowers θ and mitigates the tightening of credit
market—through a move along the FF curve.

If we think, admittedly with some poetic license, of higher search costs for
banks as being induced by tighter monetary policy or more restrictive credit
conditions,30 these comparative statics are quite similar qualitatively to that
associated with contractionary monetary policy in the IS/LM model: tighter
monetary policy lowers output and tightens the credit market.

4.1.2 Lower credit search costs for entrepreneurs

What happens if the firm’s fundraising cost goes down? Lower credit search
cost c for firms induces entry of new entrepreneurs at any given level of

30We examine a more prosaic version of monetary policy in section 5.
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Figure 3: Increase in the bank’s search cost k

credit market tightness: the FF curves shifts out and to the right. The
banks’ entry decisions are not directly affected by c, so that BB does not
move.

In equilibrium, entry of new firms tightens both the credit and labor markets
(a move along the BB curve), but the tightening of the credit market is
mitigated by the entry of new financiers trying to take advantage of the
increase in the number of entrepreneurs looking for credit. Equilibrium is
depicted in figure 4.

Note that the parameter c that we have been shifting captures among other
things the administrative costs of financing new firms, which are influenced
in particular by red tape and socio-cultural frictions.31

31These costs can be flow costs as in our model. Or they can be fixed costs, in which
case can view c as their flow equivalent.
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Figure 4: Decrease in the firm’s search cost c

4.1.3 Improvement in firms’ net profits

Imagine firms net profits y−ω increase. This increased profitability directly
affects the entry decisions of both firms and financiers by increasing the size
of the surplus that entering banks and firms will eventually split. As a result,
for any given credit tightness φ, more firms are willing to search when y−ω
is higher, so that the FF curve shifts out and to the right. At the same time,
for any given labor market tightness, more financiers are willing to search
when y−ω is high, so that the BB curve shift down and to the right. Figure
5 depicts the equilibrium: credit market tightness is ultimately unchanged32,
but the labor market tightens and unemployment declines.

Figure 5 hides a profit multiplier story. If improved profitability only af-
fected directly firms’ entry decisions (i.e., if the BB curve did not shift to
the right at the same time FF does), an increase in net profits would tighten
the labor market but to a lesser degree, and the credit market would tighten.
The shift in the BB curve that is concomitant with the shift in the FF curve
amplifies the tightening of the labor market, and eliminates (or more gener-

32This is a result of proposition 1.
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Figure 5: Increase in net profits y − ω

ally attenuates) the tightening of the credit market. In the next subsection,
we will see how this profit multiplier manifests itself formally.

4.2 Quantitative implications

The qualitative comparative statics results we have just presented do not
tell us much about the quantitative relevance of the labor and credit market
frictions. To get a feeling for the size of the effects we have been discussing,
we now log-linearize its main equations. This will enable us to examine the
impact of changes in the search parameters c, k and γ, and of variations
in the present discounted value of profits before repayment of the debt,
on equilibrium credit and labor market tightness. We proceed under the
simplifying assumption that the discount rate r is zero.33

Call Π = (y−ω)/(r+ s) = (y−ω)/s the expected present discount value of
profits at the time the firm meets its worker. Denote by x̂ the log-differential

33It is straightforward but cumbersome and uninstructive to generalize this characteri-
zation of quantitative comparative statics to the case r > 0.
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of a variable x, i.e., x̂ = d log x. Call ε and η the elasticities of the credit
and labor matching functions:

ε = −p
′(φ)φ
p(φ)

, η = −q
′(θ)θ
q(θ)

.

Under the assumptions we have made on the matching functions, ε ∈ (0, 1)
and η ∈ (0, 1). Elementary algebraic manipulations of equation (3.9), using
proposition 1,34 tell us how equilibrium labor market tightness responds to
changes in c, k, γ and Π when r = 0:

θ̂ =
1
η

{
(1 + µ)Π̂− µ[εk̂ + (1− ε)ĉ]− γ̂

}
, (4.1)

where
µ =

B1

βΠ−B1
=
q(θ)
q(θ̄)

− 1 ≥ 0,

is a measure of credit market tightness—i.e., a measure of the departure of
equilibrium labor market tension from the Pissarides model. µ ranges from
0 when θ = θ̄ (no credit frictions) to +∞ when credit frictions go to infinity
and θ goes to zero.35

We conclude that:

• The elasticity of equilibrium labor market tightness with respect to
the present discounted value of profits is (1+µ)/η > 1. Credit market
frictions thus multiply the effect of changes in profits on labor market
tightness relative to the Pissarides case (µ = 0). The coefficient 1 + µ
measures the profit multiplier we have exhibited in figure 5.

• The elasticity of θ with respect to the search cost of banks k is −µε/η,
while its elasticity with respect to the credit search cost of firms is
−µ(1− ε)/η. Both elasticities are negative: credit frictions slacken the
labor market. These elasticities are larger in absolute value the tighter
the credit market.

• The elasticity of θ with respect to the labor search cost γ is exactly
the same, −1/η, as in the Pissarides model.

34Alternatively, we could use both (3.9) and (3.10).
35Alternatively, one can rewrite µ as a function of φ: µ = G(φ)/[Π − G(φ)], where

G(φ) = 1
1−β

c
p(φ)

= 1
β

k
φp(φ)

is the expected cost of credit frictions; µ depends positively on

G(φ).
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Using equation (3.12), the unemployment rate u responds to changes in θ
according to:

û = −(1− u)(1− η)θ̂. (4.2)

As in the Pissarides model, the proportional effect of labor market tightness
on the unemployment rate depends on the level of employment—a reflection
of the convexity of the Beveridge curve. Combining equations (4.1) and
(4.2) tells us how the equilibrium unemployment rate responds to changes
in profits and search costs:

• The elasticity of u with respect to Π is −(1− u)(1 + µ)(1/η − 1) < 0.

• The elasticity of u with respect to k is −(1− u)µε(1/η− 1) < 0, while
its elasticity with respect to c is −(1− u)µ(1− ε)(1/η− 1) < 0. These
elasticities are larger in absolute value the larger the employment rate.

• The elasticity of u with respect to γ is −(1− u)(1/η − 1) < 0.

Finally, define the internal rate of return of loans to firms, as the interest rate
R that equalizes the expected discounted value of the loan γ

R+q(θ) and the
expected discounted repayment on the loan q

R+q(θ)
ρ

R+s . Using proposition
2, we find that

R− r = β(r + s)µ. (4.3)

The excess return R−r on business loans is increasing in β (the share of the
bank) and in µ (credit market imperfections). Credit market imperfections
affect the excess return on commercial paper by increasing the duration of
the (costly) first stage, and by increasing the cost of credit (and therefore
µ). Finally, an increase in the destruction probability s increases R by
decreasing the expected length of the repayment period.

4.3 Calibration

To get a feel for the equilibrium levels predicted by our model, we now adopt
the following parameterizations for matching functions:

q(θ) = q0θ
−η

p(φ) = p0φ
−ε,
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u(%) Credit p0 = +∞ p0 = 1
Labor
q0 = 1.5 5.6 9.3
q0 = 1.1 9.9 16.0

Table 1: Equilibrium unemployment

where q0 and p0 are (scale) measures of the intensity of the matches in labor
and credit markets.

Table 1 reports equilibrium unemployment rates in four different cases that
correspond to all possible combinations of “high” and “low” credit and labor
market frictions.36

Traditional explanations (purely based on labor market imperfections) rely
on a high degree of mismatch on the labor market, as measured by q0, to
explain high unemployment: this is the first column of our table. Our model
suggests an alternative perspective, provided instead by the first row of table
1: high unemployment could well be the result of a combination of labor
and credit frictions that are both moderate. Indeed, for the parameters of
the northeastern cell of the table, it takes about one year to find a credit
line, and eight months to recruit a worker. Total pecuniary credit costs37,
measured by k/φp(φ), represent 7% of total discounted output y/(r + s).
Equivalently, flow pecuniary credit costs Bk represent 5.3% of annual GDP.38

Furthermore, the multiplier 1 + µ equals 1.74, so that the elasticities of
tightness to profits Π, and search costs c or k, and γ are respectively, using
(4.1), 3.4 , -1.74 and -2. The internal rate of return on loans to the firms is
22.4% a year, i.e. an excess return of 17.4% over the riskless rate r = 5%. In
other terms, the internal rate of return on loans is 17.4% higher than it would
be absent credit market imperfections—which we view as an improvement
over the standard calibration of the matching model.

36β = 0.5; γ = 1.5; y = 1; s = 0.15; r = 0.05; c = 0.35; k = 0.35; η = 0.5; ε = 0.5;w =
0.66.

37I.e., excluding the “sweat cost” for the entrepreneur of finding a financier.
38Using the formula Bφp(φ) = (1 − u)s, we get Bk/[y(1 − u)] = [sk/y]φp(φ) = [.15 ×

.35/1] × 1 = 5.3% .
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5 Monetary policy

To study the effects of monetary policy on liquidity and unemployment,
now assume that the financiers’ opportunity cost of funds differs, for some
reason that we do not model, from that of the entrepreneurs, and think of
monetary policy as a way of affecting the opportunity cost of banks.

Denote by r∗ the discount rate of banks in the first and second stages of
their life, and by r∗∗ their discount rate in the third stage. Assume all other
agents discount the future at their psychological rate r, and that r∗ < r.
The Bellman equations become:

r∗B0 = −k + φp(φ)(B1 −B0) + Ḃ0, (5.1)
r∗B1 = −γ + q(θ)(B2 −B1) + Ḃ1, (5.2)
r∗∗B2 = ρ+ s(B3 −B2) + Ḃ2. (5.3)

rF0 = −c+ p(φ)(F1 − F0) + Ḟ0, (5.4)
rF1 = q(θ)(F2 − F1) + Ḟ1, (5.5)
rF2 = y − ω − ρ+ s(F3 − F2) + Ḟ2, (5.6)

Rewriting F1 =
q(θ)
r+q(θ)

y−ρ−w
r+s and B1 =

−γ+q ρ
r∗∗+s

r∗+q(θ) , Nash-bargaining over ρ
between firms and entrepreneurs now implies that

F1

B1
=
1− β
β

r∗∗ + s
r + s

r∗ + q(θ)
r + q(θ)

Using the free-entry conditions to compute the backward-looking values of
B1 and F1, and assuming (for simplicity and without much loss of generality)
that r∗∗ = r, we find that39:

φ =
k

c

1− β
β

r∗ + q(θ)
r + q(θ)

(5.7)

Note that φ now depends on the tightness of the labor market, so that the
solution of our model loses its recursivity. But the interpretation of equation
(5.7) remains straightforward: during the bargaining over ρ, the financiers
are more patient (r∗ < r), and thus able to extract a higher effective share
β′ (with 1−β′

β′
= 1−β

β
r∗+q(θ)
r+q(θ) ) of the total surplus of the financial relationship.

39If r∗∗ �= r, then φ = 1−β
β

k
c
r∗+q(θ)
r+q(θ)

r∗∗+s
r+s

.
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Figure 6: Impact of looser monetary policy

β′ increases with θ, because entrepreneurs must search for workers longer in
a tighter labor market. This longer duration hurts bankers less in relative
terms since they discount the future at a lower rate.

Recalculating the BB and the FF curves, one finds after a few manipulations:

k

φp(φ)
= β

q(θ)
r∗ + q(θ)

{
y − ω
(r + s)

− γ

q(θ)

}
, (5.8)

c

p(φ)
= (1− β) q(θ)

r + q(θ)

{
y − ω
(r + s)

− γ

q(θ)

}
. (5.9)

The FF curve, which is the indifference curve of entrepreneurs, is indepen-
dent of the monetary policy parameter r∗, but the location of BB curve of
course depends on r∗. Looser monetary policy (a decrease in r∗) thus shifts
the BB curve down and to the right, but leaves FF unchanged. In equilib-
rium, depicted in figure 6, this lowers φ and raises θ, slackening the credit
market and reducing the unemployment rate. These are indeed the typical,
almost textbook, effects of looser monetary policy—presented in our FF/BB
framework.

Two remarks are in order. First, monetary policy has a direct impact on
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credit market tightness, and credit market tightness is transmitted to the
labor market through a change in the creation rate of new firms, as was
suggested in introduction. Second, monetary policy is more effective (given
labor market frictions) in stimulating the economy when credit market fric-
tions are high. This is quite intuitive: decreasing the opportunity cost of
credit has more impact when the total cost of screening is high. Graphically,
the BB curve is flatter and the FF curve steeper when the efficiency of the
credit matching function is lower. Formally, a straightforward computation
of the semi-elasticity of labor market tightness to the interest rate faced by
banks yields, when r = 0,

∂θ̂

∂r∗
=

µ

1 + µ
ε

η

Π
γ
.

Given Π and γ and labor frictions, a larger µ (i.e., a larger departure from the
Pissarides equilibrium stemming for larger credit frictions p0) is associated
with a more effective monetary policy.40

6 Endogenous wage

We have so far assumed that the wage paid to workers was exogenous. We
now examine what happens in the more general, and probably more realistic
case where the wage is negotiated between workers and entrepreneurs.

Endogenous wages gives rise to “ménage à trois” between workers, en-
trepreneurs and bankers: all three parties have a stake in the firm, yet
they only meet and negotiate pairwise. This gives an incentive to the par-
ties who bargain first (the financier and the entrepreneur) to anticipate in
their financial dealings the later arrival of workers in the firm. Debt thus
becomes a strategic instrument that financiers and entrepreneurs can use to
affect the wage that workers will eventually negotiate with their employer.41

40By contrast, one can show that for given credit frictions, and given ε and η, a more
efficient labor matching function (i.e., a higher q0) has no impact on the semi-elasticity of
labor market tightness to the interest rate.

41 The use of debt as a device to decrease the share of workers has been studied em-
pirically and formalized theoretically by Bronars and Deers (1991) and Perotti and Spier
(1993). The existence of this problem is recognized by Caballero and Hammour (1998),
but assumed away by the assumption of block bargaining (workers vs. bankers and en-
trepreneurs). Our assumption of sequential bargaining seems more natural.
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6.1 Sequential bargaining

There are now two types of contracts in our economy: loan contracts nego-
tiated between financiers and entrepreneurs, and wage contracts bargained
between entrepreneurs and workers. We assume that these contracts are
negotiated sequentially. The loan contract is first struck in stage 1, when
financier and entrepreneur meet. The wage contract is then negotiated in
stage 2 when entrepreneur and worker find each other. Entrepreneurs and
workers take as given the loan contract which was written before they met.
Bankers and entrepreneurs know that the result of their financial bargaining
will influence the terms of the eventual labor contract.

6.1.1 Wage bargaining

We start with a description of wage bargaining between entrepreneur and
worker, given the terms of the financial contract ρ struck earlier between
the entrepreneur and her financier.

Let W denote the value for a worker of being employed, U the value of
being unemployed, and b unemployment benefits. Then W and U satisfy
the following Bellman equations:

rW = ω + s(U −W ) + Ẇ , (6.1)
rU = b+ θq(θ)(W − U) + U̇ , (6.2)

since θq(θ) is the probability that an unemployed worker will get out of
the unemployment pool by finding a job. Assume that entrepreneur and
worker share the surplus (F2−F0)+(W −U) generated by their relationship
according a general Nash bargaining rule.42 Then

ω = argmax(F2 − F0)α(W − U)1−α,

where α ∈ (0, 1) measures the bargaining power of the entrepreneur in the
labor relationship.

This enables to prove:
42We could an alternatively assume that the outside option of the firm during bargaining

is F1, which would mean that the relation banker-entrepreneur is preserved in case of a
separation. However, in that case, the financier would have to start again paying the
recruitment cost γ. Knowing, she might prefer to credibly commit ex-ante to withdraw
from the relationship in such a case, which brings us back to our specification.
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Proposition 5 The wage schedule in any individual firm is given by

ω = α(y − ρ) + (1− α)U.

Proof. The first-order condition for an optimal surplus sharing is, using the exit condition

F2 = 0, αF2 = (1 − α)(W − U). Substituting equations (2.6), (6.1), and (6.2) into this

first-order condition yields the expression in the proposition.

The larger the firm’s output net of repayment to the financier, the larger the
wage. The more pleasant the prospect of unemployment looks to the worker
(i.e., the larger U), the larger the wage must be. If workers have all the
bargaining power (α = 1), they extract all the surplus of the relationship by
claiming what is left of output once the financier has been repaid (w = y−ρ).
If workers have no bargaining power, they are just paid the annuity value
of the utility they would get if they were unemployed (w = rU).

We will need below the following characterization of the effect of the repay-
ment ρ on the wage contract in the firm—a crucial effect since it will be
taken into account by financier and firm in their negotiation over ρ:

Corollary 1 A unit increase in repayments to the firm’s financier decreases
the wage by α (i.e., ∂ω/∂ρ = −α).

The more the entrepreneur has promised to repay its financier, the smaller
the total surplus that remains available to the firm and its worker. Since the
workers get all the surplus when they have all the bargaining power (α = 1),
it is in such a case that an increased repayment to the banker affects them
most.

6.1.2 Loan bargaining

Since the loan contract between financier and entrepreneur is written be-
fore the entrepreneur meets his worker, banker and entrepreneur take into
account the effect of the bargain they strike now on the later negotiation
between entrepreneur and worker. While it is still true that ρ is

ρ = argmax(B1 −B0)β(F1 − F0)1−β ,

the outcome of bargaining is now given by:
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Proposition 6 The financial contract between financier and entrepreneur
is

ρ = β′′(y − ω) + (1− β′′)(r + s) γ
q(θ)

(6.3)

where β′′ = β/[1− α(1− β)] > β.

Proof. Using corollary 1 to keep track of the effect of ρ on the firm’s future wage,
the first-order condition for optimal sharing of the surplus is, using the exit conditions
B0 = F0 = 0:

(1− β′′)B1 = β′′F1. (6.4)

The expression in the proposition follows immediately, using equations (2.2), (2.3), (2.5)

and (2.6).

The equilibrium Nash-bargaining loan contract is similar to the one de-
scribed by proposition 6 for the exogenous wage case. The only difference is
that it is now the the effective bargaining power (β′′, 1− β′′) of banker and
entrepreneur which matters for the wage contract.

Equations for equilibrium wages and equilibrium (θ, φ) are derived in the
appendix.

6.2 Workers’ expropriation and firms’ participation con-
straints

The remarkable feature of proposition 6 is that the workers’ bargaining
power affects, in our two-stage negotiating process, the effective bargaining
power of firms and banks. When workers have no bargaining power, and
only then, they get their reservation wage (the unemployment benefit b)—
regardless of the financial contract ρ. 43 The wage is then for all intents
and purposes exogenous, with the result that financiers and entrepreneurs
share their surplus according the shares β, 1− β, since β′′ = β when α = 0.
However, when the wage is affected by ρ because workers have the muscle
to obtain a share of net profits y − ρ, the two stage bargaining process de
facto strengthens the bargaining power of the banker, as he will then claim
a share β′′ > β of the surplus of the financial relationship.

43See equation (A.1).
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This raises the following difficulty. We have so far assumed that entrepreneurs
borrow exactly γ per unit of time, and repay the corresponding ρ. However,
since increasing the value of ρ is a way to decrease the share of workers in
the wage bargaining problem, it is in the interest of both bankers and firms
to use debt as a strategic variable to expropriate workers, and to stipulate
a flow loan larger than γ and, accordingly, a repayment larger than ρ. In
point of fact, the cash flow from financier to entrepreneur should rise be-
yond γ up to the point where wages have been reduced to their reservation
level b!44 We should however not forget that, in more general settings, debt
has disincentive effects on the recruiting efforts of the entrepreneurs. We
must check that the introduction of these disincentive effects into our model
would not overturn its results.

Imagine therefore, to simplify, that the entrepreneur searches for a worker
if finding a worker does not lower the firm’s expected value:

q(θ)
r + q(θ)

F2 − F1 ≥ 0.

It is straightforward to show that this incentive compatibility constraint for
firms implies that the flow amount, call it z, that a financier will lend to an
entrepreneur cannot exceed the job search cost:45

z ≤ γ.

The rationing of credit that is required to give the entrepreneur the incentive
to search thus limits the use of debt as a strategic instrument to expropriate
workers. In equilibrium, one can show that the incentive compatibility con-
straint is binding. As a result, the equilibrium flow loan is exactly z = γ,
and the wage remains higher than the reservation level b. In other words,
the financial contract (γ, ρ) we have described for exogenous wages is the
incentive compatible equilibrium under endogenous wages.

44This reasoning of course presupposes either that the entrepreneur has consumed right
away the resources lent to her by the financier above and beyond what was needed to
search for a worker, or, if she has not, that she has protected them so they cannot be part
of the negotiation with the workers.

45 Use the modified Bellman equation for the firm rF1 = z− γ+ q(θ)(F2−F1) together
with the incentive compatibility constraint.
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7 Empirical investigation

One of the major empirical predictions of our model is embodied in equation
(3.11) which reflects the link between equilibrium labor market tightness and
financial frictions (as summarized by costs c and k). To make this equation
more testable, we express its implications for equilibrium unemployment
u = s/(s+ θq(θ)): 46

u− u
u

=
1− η
η

Financial costs
Π

For instance, if matching function in the credit market were Cobb-Douglas,47

we would get:

u− u
u

=
1− η
η

1
p0

kεc1−ε

βε(1−β)1−ε

Π
. (7.1)

u is the unemployment rate that would prevail, due to frictions on the labor
market, in the absence of credit imperfections (the Pissarides unemployment
rate). Equation (7.1) states that deviations of unemployment away from u
are increasing in financial frictions and decreasing in aggregate profits (which
reflect cyclical factors).

We therefore estimate, after linearization, a dynamic version of equation
(7.1):

uit = Di + bu.ui,t−1 + bc.cycleit + bvc.vcit, (7.2)

where Di reflects country-specific frictional factors on the labor market, bu
characterizes the short-run dynamic of unemployment, and cyclical factors
are captured by bc.48 The Frish-Waugh interpretation of the regression is
that bvc reflects the impact of venture capital investments net of cyclical
factors like profits—in other words, the impact of the (negative of) financial
imperfections. In this sense, bvc measures the short-run impact of venture
capital, while bvc/(1 − bu) estimates the long-run impact of a permanent
change in venture capital, and Di/(1 − bu) gauges the equilibrium rate of
unemployment controlling for cyclical indicators and financial market im-
perfections. We use the least-square dummy variable estimator, treating
the fixed effects Di as parameters.

46We linearize around θ and u = s/(s + θq(θ)), we neglect quadratic terms in u2 and
we use the definition of θ̄: γ/q(θ) = Π.

47This example is only illustrative.
48 Regressions with the logarithm of unemployment instead as dependent variable gave

very similar results.
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7.1 Data description

We build a panel of OECD countries using two sources of data. First, some
usual macroeconomic indicators on unemployment, aggregate investment,
real and nominal GDP were compiled from the OECD national accounts
and labor force statistics. These data cover the period 1960-1999. Second,
we used data on venture capital published in Jeng and Wells (1998, pp64-65,
tables 11-12). As they very carefully report it, venture capital investment is
the sum of start-up, seed and expansion investment. Early stage investment,
which we find to be the most significant variable, is defined as the sum of
start-up and seed. These data are used to construct an unbalanced panel
covering the period 1986-1995 for 20 OECD countries. In three countries,
New Zealand, Australia and Japan, the number of observation was only 3 or
4, and accordingly, these countries were removed from our sample. German
aggregate indicator were not consistent over the period due to reunification,
and Germany was also taken out. In the end, we build a panel with the
16 following countries: the US, Canada, the UK, Ireland, France, Spain,
Italy, Portugal, the Netherlands, Belgium, Austria, Switzerland, Finland,
Norway, Sweden and Denmark. All countries thus have 10 venture capital
observations, except Norway and Finland (8 observations). The total num-
ber of observations in the panel is thus 156. Each lag in the specification
removes 16 observations, and accordingly, our baseline regression will have
140 observations.

7.2 Results

We try several cyclical controls and several specifications. All specifications
include lagged unemployment in the regressors. Tables 3 and 4 differ in the
cyclical control (real GDP growth in table 2 and investment/GDP ratio
in table 4). Columns 1 to 7 of each table include country specific effects.
Columns 1, 2 and 3 try different specifications (with possibly a lag on the
cyclical control, and with the lagged venture capital variable, or including
both the contemporaneous and the lagged venture capital variable). Our
preferred specification includes contemporaneous and lagged variables, and
is reported in column 4. Columns 5 to 9 test the robustness of this speci-
fication: notably, columns 5 to 7 add common time effect, country specific
trends or both. Columns 8 and 9 impose a common constant instead of the
country fixed effects, with or without time effect.

33



As it can be seen from all columns between 1 and 7 in table 3, our lagged
venture capital variable is always negative and significant at the 1% level,
whereas the current venture capital variable is never significant. This sug-
gests the presence of a time-to-build period or, consistent with our search
theory, a time-to-recruit period between investment and the decrease in un-
employment. The Durbin-Watson statistics are generally very close to 2.49

In columns 8 and 9, the coefficient on lagged venture capital is significant
at the 10% level (7 and 9%), whereas the Durbin-Watson statistics are less
satisfactory, around 1.5.

We find similar results when we control for aggregate investment in table
4. In columns 3 to 7, the Durbin-Watson statistics are slightly smaller than
before, around 1.7 or 1.8, but still satisfactory. Lagged venture capital
is slightly less significant, but our preferred specification 4 still achieves
significance at the 5% level.

There thus seems to be a quite robust negative correlation between lagged
venture capital investment and unemployment. To measure the magnitude
of the effect, we can calculate the short-run effect of a one standard devi-
ation (0.075) in the venture capital to GDP ratio, as well as the long-run
effect of a permanent one standard deviation increase. Table 2 shows the
unemployment effects corresponding to our different specifications.

Specification B3 B4 B5 D3 D4 D5
Short-run -0.25 -0.28 -0.28 -0.24 -0.20 -0.15
Long-run -2.40 -2.10 -2.50 -0.90 -0.91 -0.63

Table 2: Short run and long run effects

The coefficient on lagged venture capital is always estimated in the same
range (around -3.3), and accordingly the short run impact is rather similar
across specifications: it corresponds to a reduction in unemployment around
0.25% of the labor force. In the long run, the impact hinges on the coefficient
bu whose estimates depend more strongly on the cyclical control; accordingly,
this effect ranges in, say, 0.9 to 2.5 percent of the labor force.

Next, table 5 shows that, consistently with our model, seed and start-up
49The Durbin-Watson-Savin-White time series test for autocorrelation of residuals, if

applied without caution to our panel, would never reject the null of no autocorrelation.
We are however unaware of any available tests for panels.
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investments are the really important variable: controlling for continuation
investment does not change the significance of early stage venture capital.
Continuation investment is never significant.

Our empirical study therefore indicates that important determinants of un-
employment are to be found outside the labor market: notably, as the model
had suggested, credit market conditions are particularly relevant.

8 Conclusion

This paper has set the foundations of a simple macroeconomic model of
credit and labor market imperfections based on matching frictions. Our
framework generates comparative statics reminiscent of the IS/LM model,
and shows that labor and credit market imperfections interact in a comple-
mentary way. This may explain why European and US unemployment rates
still differ so much in spite of increased similarity at the margin of their
labor markets. It also provides a rationalization of the common opinion
that labor market structure is not solely responsible for the remarkable US
growth performance.

Our paper leaves open a number of questions, both theoretical and empir-
ical. First, what would happen if entry into banking or entrepreneurship
were not instantaneous—i.e., what would happens if the long run were not
reached immediately as in our paper? Second, what if liquidity not only
meant willingness to lend, but also existence of sufficient financial resources
to finance economic activity? Third, what additional empirical evidence
could be adduced to back up our claim that the combination of moderate
credit frictions and moderate labor frictions might be enough to explain high
unemployment?

Answering the first question is easy—it suffices to modify the free entry
conditions—and required to meaningfully formalize the dynamic response
of labor and credit markets to outside shocks and their behavior over the
business cycle.

Dealing with the second issue would enable us to “close” our model in a more
traditional way, to study in our setup whether the economy generates enough
liquidity in the face of shocks to finance itself without outside intervention,50

50This is one of the main question asked by Holmström and Tirole (1998).
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and to generate a mechanism for the propagation and transmission of shocks
over time.

Finally, the search for empirical evidence on credit frictions figures, first
and foremost, on our research agenda. Some data on gross credit flows have
been compiled recently by Dell’Ariccia and Garibaldi (1999)51 for the US. A
cross country extension of their data set could be used to provide additional
corroboration of our story on high unemployment.

Appendix: endogenous wages

Using equations (6.1) and (6.2) to compute U provides an alternative characteriza-
tion of the optimal wage contract described in proposition 5:

ω = αθ(y − ρ) + (1− αθ)b (A.1)

where

αθ = α
r + s+ θq(θ)
r + s+ αθq(θ)

.

The weight αθ increases from α to 1 when θ ranges from 0 to ∞: higher tightness
increases workers’ outside options and increase the share αθ of the profits net of
repayment they get. In the limit θ → +∞, workers’ outside option is the same as
their current net value, and they capture all the surplus (αθ → 1).

With this expression in hand, we are ready to characterize the equilibrium with
endogenous wages:

Proposition 7 Equilibrium credit market tightness φ and labor market θ are the
solution to the pair of equations

k

φp(φ)
= β′′(1− σθ)

q(θ)
r + q(θ)

(
y − b
r + s

− γ

q(θ)

)

c

p(φ)
= (1− β′′)(1 − σθ)

q(θ)
r + q(θ)

(
y − b
r + s

− γ

q(θ)

)

51Their paper, of which we were made aware after writing ours, focuses solely on the
credit market but it does use a matching model of credit to try to rationalize observed
gross credit flows.
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Proof. From equations (3.6) and (3.4), and equations (3.7) and (3.5), we find:

B1 = − γ

r + q(θ)
+

q(θ)

r + q(θ)

ρ

r + s
, (A.2)

F1 =
q(θ)

r + q(θ)

y − ω − ρ
r + s

. (A.3)

Now use equations (A.1) and (6.3) to express ω and ρ as functions of θ:

ω = σθ [y − (r + s)
γ

q(θ)
] + (1− σθ)b (A.4)

ρ = µθ(y − b) + (1− µθ)(r + s)
γ

q(θ)
, (A.5)

where σθ = [αθ(1− β′′)]/[1−αθβ′′] and µθ = (1− σθ)β′′. Inserting these expressions into

equations (A.2) and (A.3), and equating the resulting formulas with the values for B1 and

F1 from the still-valid equations (3.9) and (3.10), we get the equations in the proposition.
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Table 3 : Unemployment impact of venture capital (controlling by GDP growth) ; dependent variable : unemployment a

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Unemployment rate (-1) 1.02

(29.80)
1.01

(28.83)
0.89

(26.42)
0.89

(25.84)
0.89

(21.07)
0.73

(14.79)
0.73

(10.28)
1.01

(62.33)
1.02

(60.68)
GDP growth rate -44.95

(-17.21)
-44.85

(-16.90)
-29.80

(-10.03)
-29.78

(-10.09)
-28.44
(-6.19)

-22.55
(-7.12)

-21.17
(-4.25)

-31.81
(-10.10)

-26.30
(-5.92)

GDP growth rate (-1) - - -20.69
(-7.32)

-20.82
(-7.37)

-21.15
(-5.25)

-24.63
(-873)

-27.29
(-6.79)

-15.98
(-5.06)

-17.53
(-4.01)

Venture capital rate - 0.03
(0.03)

- 0.57
(0.71)

0.27
(0.28)

0.13
(0.14)

-0.08
(-0.07)

-0.23
(-0.24)

0.36
(0.32)

Venture capital rate (-1) -4.15
(-4.41)

-4.15
(-3.90)

-3.38
(-3.25)

-3.79
(-3.12)

-3.78
(-2.98)

-3.65
(-2.54)

-3.70
(-2.45)

-2.29
(-1.73)

-2.54
(-1.84)

Fixed country effects / constant - - - - - - - 1.29
(9.95)

0.80
(3.66)

USA 1.06 1.08 1.91 1.92 1.63 2.76 -2.82 - -
CAN 1.35 1.38 2.52 2.53 2.24 -3.56 -9.26 - -
GBR 1.04 1.07 2.15 2.19 1.90 2.20 -2.30 - -
IRE 2.47 2.52 4.38 4.46 4.08 9.23 3.68 - -
FRA 1.18 1.21 2.49 2.54 2.22 7.54 2.61 - -
SPA 1.51 1.57 3.95 4.05 3.68 -5.63 -10.24 - -
ITA 0.89 0.93 2.35 2.41 2.07 18.37 13.17 - -
POR 1.77 1.79 2.59 2.60 2.30 4.24 -0.85 - -
HOL 1.00 1.02 2.08 2.10 1.80 -10.03 -16.20 - -
BEL 1.90 1.93 3.13 3.19 2.88 -8.87 -13.67 - -
DEN 0.99 1.02 2.00 2.04 1.73 0.61 -4.57 - -
NOR 1.75 1.76 3.38 2.39 2.04 -11.50 -19.54 - -
SWE 1.15 1.16 1.61 1.63 1.34 -19.08 -23.41 - -
FIN 2.09 2.12 3.23 3.26 2.92 -69.01 -72.36 - -
AUT 1.26 1.27 1.83 1.85 1.54 7.30 1.88 - -
SWI 1.07 1.07 1.35 1.36 1.08 -2.10 -6.96 - -

Common time effects No No No No Yes No Yes No Yes
Country specific trends No No No No No Yes Yes No No

Weighted Statistics
R² 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.98 0.97
F-statistics 6077.55 3864.46 4175.26 3328.53 674.54 932.82 444.65 1338.54 330.51
Durbin-Watson 2.05 2.04 1.90 1.90 1.84 2.19 2.13 1.46 1.49
Number of observations 140 140 140 140 140 140 140 140 140

1

a Estimation method : Generalized Least Square Dummy Variables (with cross-section weights) ; t-statistics are in parentheses.



Table 4 : Unemployment impact of venture capital (controlling by Inv/GDP) ; dependent variable : unemployment a

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Unemployment rate (-1) 0.55

(11.95)
0.55

(11.18)
0.74

(14.57)
0.74

(14.47)
0.72

(13.22)
0.43

(5.48)
0.46

(5.30)
0.99

(59.90)
0.98

(59.73)
INV / GDP -51.34

(-8.54)
-51.51
(-8.51)

-86.91
(-12.70)

-87.01
(-12.59)

-77.17
(-9.18)

-84.05
(-10.66)

-80.51
(-7.92)

-71.90
(-11.78)

-60.67
(-7.77)

(INV / GDP) (-1) - - 58.28
(8.14)

58.56
(8.01)

51.77
(6.41)

9.54
(0.90)

12.11
(1.01)

74.35
(11.53)

63.87
(7.79)

Venture capital rate - -0.38
(-0.28)

- 0.06
(0.04)

0.32
(0.22)

-0.39
(-0.29)

0.16
(0.11)

-0.37
(-0.26)

0.11
(0.08)

Venture capital rate (-1) -5.11
(-3.22)

-4.92
(-2.69)

-3.22
(-2.26)

-3.29
(-2.05)

-2.70
(-1.67)

-2.00
(-1.38)

-2.15
(-1.40)

-2.70
(-1.80)

-2.67
(-1.74)

Fixed country effects / constant - - - - - - - -0.07
(-0.19)

-0.34
(-0.70)

USA 11.49 11.54 6.41 6.37 5.70 12.70 15.05 - -
CAN 14.18 14.27 8.07 8.03 7.31 16.13 19.35 - -
GBR 13.06 13.12 7.31 7.26 6.55 23.21 23.22 - -
IRE 15.87 15.95 8.74 8.68 8.16 69.54 68.01 - -
FRA 16.06 16.13 9.19 9.14 8.40 23.33 24.53 - -
SPA 21.16 21.25 12.43 12.36 11.69 -10.32 -8.13 - -
ITA 15.06 15.12 8.54 8.49 7.87 46.51 47.05 - -
POR 16.79 16.87 9.78 9.73 6.49 -12.45 -9.13 - -
HOL 13.20 13.27 7.25 7.20 7.62 30.59 31.10 - -
BEL 13.99 14.05 8.32 8.28 7.12 -16.06 -13.35 - -
DEN 14.09 14.14 7.87 7.82 6.30 34.78 35.75 - -
NOR 13.53 13.58 7.16 7.11 5.99 70.26 68.61 - -
SWE 11.80 11.84 6.76 6.72 9.00 11.42 12.37 - -
FIN 17.21 17.28 9.77 9.72 7.33 26.74 23.83 - -
AUT 14.34 14.38 8.33 8.28 7.41 -3.83 -0.01 - -
SWI 14.70 14.75 8.48 8.43 -1.52 0.95 - -

Common time effects No No No No Yes No Yes No Yes
Country specific trends No No No No No Yes Yes No No

Weighted Statistics
R² 0.98 0.98 0.97 0.97 0.97 0.99 0.99 0.96 0.97
F-statistics 2629.66 1731.88 1438.53 1065.07 345.16 486.38 327.88 659.64 273.10
Durbin-Watson 1.13 1.13 1.67 1.67 1.63 1.85 1.85 1.52 1.47
Number of observations 140 140 140 140 140 140 140 140 140

a Estimation method : Generalized Least Square Dummy Variables (with cross-section weights) ; t-statistics are in parentheses.



Table 5 : Comparison of different measures of venture capital ; dependent variable : unemployment a

(1) (2) (3)
Unemployment rate (-1) 0.89

(25.84)
0.88

(25.06)
0.89

(25.27
GDP growth rate -29.78

(-10.09)
-28.21
(-9.10)

-29.54
(-9.85)

GDP growth rate (-1) -20.82
(-7.37)

-23.46
(-8.12)

-20.88
(-7.29)

Venture capital rate 0.57
(0.71)

- 0.54
(0.66)

Venture capital rate (-1) -3.79
(-3.12)

- -3.83
(-2.94)

Continuation venture capital rate - -0.21
(-0.78)

-0.00
(-0.00)

Continuation venture capital rate (-1) - -0.05
(-0.16)

0.14
(0.44)

Fixed effects / constant - - -
USA 1.92 1.95 1.89
CAN 2.53 2.39 2.54
GBR 2.19 2.06 2.12
IRE 4.46 4.42 4.42
FRA 2.54 2.64 2.51
SPA 4.05 4.17 4.07
ITA 2.41 2.56 2.41
POR 2.60 2.59 2.56
HOL 2.10 2.11 2.05
BEL 3.19 2.94 3.16
DEN 2.04 2.06 2.04
SWE 2.39 2.43 2.36
NOR 1.63 1.66 1.61
FIN 3.26 3.23 3.27
AUT 1.85 1.89 1.85
SWI 1.36 1.31 1.35
Weighted Statistics
R² 0.99 0.99 0.99
F-statistics 3328.53 2919.22 2240.19
Durbin-Watson 1.90 1.81 1.89
Number of Observations 140 140 140

a Estimation method : Generalized Least Square Dummy Variables (with cross-section weights) ; t-statistics are in parentheses.
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