PART VI

Macroeconomic Implications and the Political
Economy of Corporate Finance
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Credit Rationing and Economic Activity

13.1 Introduction

In the first issue of Econometrica (1933), Irving
Fisher stressed the key role of credit constraints in
amplifying and protracting the ongoing recession.
The combination of nonindexed debt contracts and
deflation, he argued, redistributed wealth from bor-
rowers to creditors; furthermore, the reduction in
the firms’ cash flows and the fall in collateral values
increased leverage and reduced investment, thereby
exacerbating the recession. Fisher’s prescient con-
cern about what are now called balanced sheet ef-
fects has received substantial empirical, microeco-
nomic, and macroeconomic support since his time.
For example, numerous contributions have estab-
lished links between high leverage ratios, falling as-
set prices, and low investment and economic activ-
ity (see, for example, King (1994) and Bernanke et al.
(1999) for an overview).

While this “balance-sheet channel” refers to the in-
fluence of firms’ balance sheets on their investment
and production, the “lending channel,” in contrast,
focuses on the impact of the strength of financial in-
termediaries’ balance sheets on firms’ activity. At the
microeconomic level, firms with weak balance sheets
(often, small firms) depend on monitoring and cer-
tification by financial intermediaries (banks and in-
surance companies) to secure access to funds. They
are thus hurt when banks’ and insurance compa-
nies’ real or regulatory solvency declines. Similarly,
the market for initial public offerings of technology
companies closed after the Internet and communi-
cations company stocks collapsed in 2000; venture
capitalists (the intermediaries monitoring and certi-
fying start-ups) were then deprived of an exit strat-
egy and consequently lacked funds to finance new
start-ups. It took a couple of years for technology
finance to start recovering.

At the macroeconomic level, economists, starting
with Bernanke (1983), have documented the contrac-
tionary impact on loans of a tight monetary policy
(anincrease in the federal funds rate) and a concomi-
tant increase in commercial paper issues (showing
that the contraction is related to a reduction in loan
supply rather than to a decrease in loan demand).
Related observations point at the negative impact of
bank panics on macroeconomic activity (Friedman
and Schwartz 1963) and at the incidence of the tax
associated with bank reserves requirements on bank
borrowers rather than on depositors (Fama 1985;
James 1987).

This chapter provides a theoretical analysis of the
balance-sheet channel (Section 13.2) and of the lend-
ing channel (Section 13.3). Sections 13.4 and 13.5
study the dynamic linkages in infinite-horizon mod-
els with successive generations. Section 13.4 focuses
on dynamic complementarities due to net worth ac-
cumulation and shows how short-term balance sheet
effects can have a long-term impact on the welfare
of either individual families or whole countries. Sec-
tion 13.5, in contrast, looks at dynamic lending sub-
stitutabilities and investigates the negative effect of
today’s investment on future prices and thereby on
future investment.

13.2 Capital Squeezes and Economic
Activity: The Balance-Sheet Channel

This section analyses the impact of interest rates on
economic activity when the corporate sector faces
credit constraints. It revisits the basic moral-haz-
ard and adverse-selection models of Chapters 3
and 6, and generalizes them by endogenizing the
rate of interest. Taking the interest rate as exoge-
nous (and normalizing it to 0 without loss of gen-
erality) was fine until now, since we were focusing
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on the institutions of corporate finance. Moving to
a macroeconomic framework, however, requires en-
dogenizing the rate of interest, unless the savings
function is perfectly elastic at some fixed interest
rate, such as the interest rate on the world financial
markets.

Namely, letting » denote the (real) rate of inter-
est, we posit a savings function S(r), increasing in .
This function can be derived from investors’ prefer-
ences: let date O denote the date at which they lend
and date 1 the date at which their claims on firms pay
off, with associated consumptions ¢y and c;; and let
investors’ preferences be given by

U(co,c1) = ul(co) + ca,

where u(-) is increasing and concave. This formula-
tion is handy since it preserves risk neutrality with
respect to returns (and thus the concomitant sim-
plicity) while making the saving function imperfectly
elastic. The saving function is then obtained from
max {u(co) + c1}
{co,c1}

S.t.

Co + =Y,

1+7r
where y denotes income. This program is equivalent
to!
rgalx{u(c()) +(1+7)(y —col},
0

yielding
u(cg(r)) =1+r.

Because u is concave (1"’ < 0), date-0 consump-
tion decreases with the rate of interest. Savings,
S(r) =y —co(r), in contrast, increase with the rate
of interest.

The extreme case of a perfectly elastic savings
function, in which the interest rate is fixed at some
exogenous level and is given by a “storage technol-
ogy,” or some “international rate,” or else by fully
linear investors’ preferences (co + ¢1/(1 + 7)), pro-
vides a special case of savings function relative to
this more general environment.

The theme of this section, the aim of which is pri-
marily to introduce basic material, is that an increase

1. We assume an interior equilibrium. This is indeed the case if
u0)>1+r>u'(y).
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in the rate of interest has a negative impact on in-
vestment. It is not very surprising, you might say,
that when the price of a factor of production (here
capital) increases, the use made of this factor of pro-
duction decreases. It holds whether or not firms face
financial constraints. The interesting insight is that
interest rates may have very sharp effects in a corpo-
rate finance world, as credit constraints exacerbate
their impact. Indeed, a small increase in the interest
rate may trigger a complete collapse of lending and
a discontinuous reduction in welfare.

13.2.1 Moral Hazard

Let us first revisit the basic, fixed-investment model
of Section 3.2.

Consider a set of risk-neutral entrepreneurs, tech-
nically a continuum of mass 1 of them. Each has

e a project requiring fixed investment I, and owns
assets or net worth A;

¢ a utility function of consumptions ¢y and c¢; at
dates 0 and 1 equal to U(cg,c1) = co + C1; entre-
preneurs are protected by limited liability (in
particular, ¢; > 0).

The entrepreneurs’ particular utility function is in
no way crucial. What is required more generally is
that the entrepreneurs not be more impatient than
the savers,? because otherwise the direction of lend-
ing might be reversed, with limited interest for our
purpose. In this spirit, we will assume that the equi-
librium rate of interest is positive (v > 0).

If undertaken, the project either succeeds, that is,
yields verifiable income R > 0, or fails and vields
no income. The probability of success, p, depends
on the entrepreneur’s behavior: it is equal to py if
the entrepreneur works and p; = py — Ap if she
shirks. Shirking yields a private benefit B > 0 to the
entrepreneur (this private benefit is counted as part
of Cl).

We allow for one dimension of heterogeneity:
entrepreneurs differ in their assets A. Namely, A,
which recall is an index of a firm’s strength of

2. So, for example, in the extreme case in which the savings function
is perfectly elastic at some interest rate 7, entrepreneurs could have
preferences

co +
T Ty

without any change in the analysis.
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Date 0
Investment 7 Moral hazard Profit
Private R (success)
(success) | benefit
Behaves 0
iehehaves 1-p
Misbehaves B ) 0 (failure)
Figure 13.1

balance sheet, is distributed in the population of
entrepreneurs according to the continuous cumula-
tive distribution function G(A) with support [A, A]
and density g(A). The upper bound A in principle
can exceed I; firms with assets A > I do not need
to borrow in order to invest and are therefore net
savers; needless to say, those “borrowers” do not
preoccupy us. For simplicity, we will therefore as-
sume that A < I.

The timing is the familiar one (see Figure 13.1), ex-
cept that we have now got to be careful about dates
since the interest rate may now differ from 0.3

We assume that the project has positive NPV if
and only if the entrepreneur behaves. That is, in the
relevant range for interest rates,

puR > (1 +7v)I > ptR + B.

To solve for the macroeconomic equilibrium, we
proceed as in Section 3.2. Conditional on the entre-
preneur receiving funding, the optimal contract allo-
cates the profit in the case of success between bor-
rower (Rp) and lenders (R;),

R =Ry + Ry,

and gives 0 to both in the case of failure (recall that
the entrepreneur is risk neutral and therefore must
receive the harshest punishment in the case of fail-
ure, namely, O under limited liability). The incentive
compatibility constraint is

(Ap)Ry > B,

and so the maximum expected income that can be
pledged to investors without destroying incentives—

3. Locating the moral-hazard stage at date 1 rather than date 0 is
just an accounting convention, and has no impact on the results.

the pledgeable income—is equal to

B
R—-—).
PH ( Ap )
A necessary and sufficient condition* for an entre-
preneur with assets A to receive financing is
B
R-—— >0+ I1-A).
pu(R- 3, )= 0enu-a)
Let A*(v) (an increasing function) be the smallest
level of cash on hand A that enables funding:
B
R——)=0+7I[l-A*m)].
pu(R=3) = A+l = A ()

The financial market clears when corporate net in-
vestment, 7(7), is equal to investors’ savings; 7(v) is
given by
A*(r)

Jj*(r) (I=AglAda - JA

1(r)

Ag(A)dA
= (1 - GA*(r))I - AS,
where -
A
AC = J Ag(A) dA
A

is the average entrepreneur wealth. Market clearing
means that

I(r) = S(r).
This equilibrium is depicted by point a in Figure
13.2.

The comparative statics are straightforward. Con-
sider, first, an exogenous reduction in the savings
rate. That is, the savings curve moves up in Fig-
ure 13.2. Unsurprisingly, the equilibrium shifts to

4. This condition is necessary since the NPV is negative and so some-
one has to lose if the contract induces shirking. It is easy to see that it
is also sufficient. See Section 3.2 for more details.
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__---- Reduction in savings
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Interest rate r
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"~ Capital squeeze (1)

Net borrowing, savings

Figure 13.2

point b, with lower investment and an increase in
the interest rate.

Let us next look at a deterioration in the firms’ bal-
ance sheets. The proper way to formalize an overall
change in the distribution of the balance sheets is to
assume that the distribution of assets A is indexed
by a parameter 6, G(A | 0), and that an increase in
corresponds to an improvement of the distribution
in the sense of first-order stochastic dominance:

Go(A]0) <0 forA<A<A,

where a subscript here denotes a partial derivative
(0G/00 = Gyp). Intuitively, when 6 increases, the dis-
tribution puts more weight on the upper tail and less
on the lower tail.®

Net borrowing 7(r,0) is affected by a capital
squeeze (0 decreases) in the following way:
dAe
do -
Thus a capital squeeze has two effects:

To = —Go(A*(r))I -

Eviction (indirect effect). The number of firms that
are unable to raise funds because of the weakness
of their balance sheet, G(A* (v) | 0), increases as
0 decreases. The firms that are evicted from the
pool of borrowers are the marginal firms, which
borrowed I — A* (7). The decrease in the demand
for funds corresponds to the first term in the
expression of 7p;

5. See, for example, Mas Colell et al.’s (1995) textbook for an expo-
sition of first-order stochastic dominance.
Note that, because G(A | 0) =1 and G(A | 0) = 0 for all 0,
Go(A10)=Go(A]0)=0.
A special case is that in which 6 is a uniform shift in A (each A be-
comes A+0): G(A | 0) = H(A—0),where H is a cumulative distribution

function. (This case involves a “moving support.” And so if 0 € [0, 0],
the inequality Go < 0 is weak over two ranges in [A + 8, A + 0].)
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Greater needs (direct effect). Because
A A

A¢(0) = J AdG(A | 9) :A—J G(A|0)dA
A A

(after an integration by parts), dA®(0)/d0 > O.
Hence, a capital squeeze reduces the entrepre-
neurs’ average net worth.

Thus, the 7(-) curve may shift outward or (as de-
picted in Figure 13.2) inward. (As we will observe,
this indeterminacy is removed in the variable-invest-
ment version.) For example, if the eviction effect
dominates, a capital squeeze moves the equilibrium
in Figure 13.2 from point a to point ¢, with a lower
level of net borrowing and a lower interest rate.

The investment level, equal to I times the fraction
of firms that have access to funding,

1-G(A*(r) | 0),

in contrast is unambiguously reduced by a capital
squeeze.b

Remark (on redistribution). The literature has em-
phasized that wealth redistribution has an ambigu-
ous impact on efficiency (leaving aside redistributive
aspects of course). While this point has often been
made in more sophisticated growth models (e.g., of
the type reviewed in Sections 13.4 and 13.5), the ba-
sic idea can be conveyed in the static version. A re-
distribution of wealth, namely, a change in the distri-
bution of wealth levels A keeping total entrepreneur
wealth, A¢, constant,” affects in an ambiguous way
the number of firms that make it to the borrowing
threshold. For example, suppose that there are two

6. Its total derivative with respect to 6 is (I times)
dA* dr
_ * _ * aa =r
Go(A*(r) | 0) —g(A*(r) | 9) ar do-
By definition, Gg < 0. Also, dA*/dr > 0 (a higher interest rate leads

to the eviction of marginal firms). Finally,

S'(rydr =1, dr + 7p d0.

And so
d.. " (. , dA*dAe>/<, dA*)
SGli-Ga <me>]7( Gos'+9 505 ) [ (s +a1°6-) > 0.

7. The literature often considers a specific form of wealth redistri-
bution, namely, a mean-preserving decrease in risk for the distribution
G (so the parameter 0 is now a parameter of second-order stochastic
dominance rather than one of first-order stochastic dominance).

For a mean-preserving spread,

dae A A
=J AdGp(A|0)=0 and J Go(A|0) >0 forall A.
de A A

But 79 = —Go(A | 0)I can a priori have any sign.
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levels of wealth, Ay and Ay, in the population and
that the savings function is perfectly elastic, so that
the rate of interest » and the threshold A* (r) are ex-
ogenously determined. A wealth-redistribution pol-
icy brings these to A; and Ay, where Ap < Aj < Ay <
Ap. If the threshold lies between Aj; and Ay, then the
wealth redistribution eliminates the entrepreneurial
class and reduces efficiency. If it lies between A; and
A[, then wealth redistribution allows everyone to be
an entrepreneur and increases efficiency.?

Variable-investment variant. The same exercise
can be performed for a variable investment scale
(Section 3.4). The entrepreneur selects a scale I €
[0, o). Profit in the case of success (RI) is propor-
tional to investment; there is still no profit in the
case of failure. Misbehavior, which, as in the fixed-
investment model, reduces the probability of suc-
cess from py to pi, yields private benefit, BI, pro-
portional to investment, to the entrepreneur. We
assume that, in the relevant range of interest rates,
the following inequalities, where the magnitudes are
expressed per unit of investment, hold:

puR > 1+7v > max{pLR +B,pH(R — A%)}
The first inequality says that investing is a positive-
NPV proposition if incentives are in place. The sec-
ond inequality says, first, that the NPV is negative if
the entrepreneur is induced to misbehave (1 + » >
pLR + B), and, second, that the pledgeable income
per unit of investment does not cover interest and
principal on the loan (1 + ¥ > py(R — B/Ap))—this
assumption, as in Section 3.4, will guarantee that the
optimal investment is finite in this constant-returns-
to-scale model.

Letting R}, denote the entrepreneur’s reward in the
case of success (it is 0 in the case of failure), the
incentive compatibility constraint is

(Ap)Ry = BI,

yielding pledgeable income

B
RI — i Ryt = R—-—)I
4 VH{ {Rbgzlallr/lm} b} PH( Ap) ,

and so the investors’ breakeven condition (which,
due to the competitiveness of the capital market,

8. This mechanism is not the only cause of ambiguity. See Aghion
and Bolton (1997) for a more complete discussion.

holds with equality) is
B
R-—|I=(1+ I1-A).
PH ( Ap ) 1 +7)( )
As in Section 3.4, the investment scale is a multiplier
of assets:

I A

T 1-pu(R—B/Ap)/(1+7)

Note that

e an increase in the rate of interest reduces the
scale of investment,

e all firms are identical up to their scale, and
so the distribution of assets among entrepre-
neurs is irrelevant here (unlike in the fixed-
investment case) for a given level of total assets
A° = [{ Ag(A) dA.

Indeed, net borrowing for a distribution indexed
by parameter 6 is
A
1(r, 0) = f (I—A)g(A] 6)dA
A

_ pu(R — B/Ap)
(1+7)-pu(R-B/Ap)

A%(09),

where

A
A(0) = L Ag(A | 0)dA.

As in the fixed-investment version, let us assume
that 0 is a parameter of first-order stochastic dom-
inance: Gy < 0. Integrating by parts, and using
Go(A]0)=Gog(A]10)=0]
e A
% = _Lx Go(A | 0)dA > 0.

Hence, in the variable-investment variant, the invest-
ment is scaled down when a firm has lower assets
and 7 unambiguously shifts inward with a capital
squeeze (0 decreases), as depicted in Figure 13.2.
Furthermore, as in the case of a fixed investment
size, a reduction in savings leads to a higher rate
of interest and a smaller investment.9

13.2.2 Adverse Selection

As we studied in Chapter 6, adverse selection (the
presence of entrepreneurial private information at

9. Since G(A | 8) =1and G(A | 8) = 0 for all 6.
10. Note also that a mean-preserving spread in the distribution of
net worths has no impact on investment.
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Interest plus principal on
investors’ outlay
(1+r)UI-A)
(1 +r) - A)

0 Ry, Ry/2 R Ry, Ry

Figure 13.3

the initial financing stage) is another factor con-
ducive to credit rationing. Under adverse selection,
the impact of an interest rate increase may be dra-
matic, as we will shortly see. The increased debt bur-
den may create a serious deterioration of the pool
of loan applicants.!'! Conversely, a small improve-
ment in lending conditions may have a substan-
tial impact on economic activity; along these lines,
Mankiw (1986) argues that small government inter-
ventions (e.g., subsidized loans to students, farmers,
and homeowners) can make a big difference.

This section (building on Chapter 6) offers two
illustrations of the potentially strong impact of in-
terest rates on activity in the presence of adverse
selection. Both illustrations use the fixed-investment
version of the model.

(a) Impact of factor price on behavior: asymmet-
ric information on private benefits. Let us assume
that all borrowers have the same fixed-investment
technology and the same level of assets A < I. The
source of heterogeneity is the level of private benefit
B obtained by the entrepreneur when misbehaving.
The latter is distributed in the population of entre-
preneurs on the interval [0, B] according to cumu-
lative distribution function H(B) (with H(0) = 0,
HB) =1).

Investors would want to screen out “bad types,”
namely, those with high private benefits from mis-
behaving. Unfortunately (and as was observed in

11. See, for example, Jaffee and Russell (1976), Stiglitz and Weiss
(1981), and Mankiw (1986), who, in the tradition of Akerlof (1970),
demonstrate the dramatic impact of adverse selection in the market
for loans.
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Exercise 6.1), such types cannot be screened out
since their surplus from the lending relationship is
at least equal to that of entrepreneurs with a lower
private benefit.

Suppose that investors are willing to finance
the project of a representative entrepreneur (“rep-
resentative” from the point of view of investors,
as entrepreneurs all look alike). The entrepreneur
contributes A and the investors I — A. They share the
profit in the case of success in proportions Ry and
R — Ry, respectively. Provided that B is sufficiently
large, the entrepreneur behaves if B < B*(Ry,) and
misbehaves if B > B*(Ry), where B*(R}) is given by

(Ap)Rp = B*(Ry). (13.1)
The investors’ breakeven condition is then
PRp)[R-Rp] = (1 +7)U - A), (13.2)

where
P(Ry) = puH(B*(Rp)) + pL[1 - H(B*(Ryp))] (13.3)

is the expected probability of success (as assessed
by investors).

The key point is that this average probability of
success is increasing in Ry: the lower the debt burden
(the higher Ry, is), the more accountable the entrepre-
neur is. An increase in the interest rate * increases
the debt burden for a given p (see equation (13.2)):
Ry, decreases, making the entrepreneur less account-
able (see equation (13.1): B* decreases), which in
turn increases the debt burden, and so forth. This
vicious circle may lead to a discontinuous drop (col-
lapse, breakdown) in lending.

Example. Suppose that pp =0, B = 1, and H is uni-
form on [0,1]: H(B) = B. Then H(B*) = B* =
(Ap)Ryp = puRyp, and so

p(Rp) = puB* + pL(1 — B*) = piRy.
The investors’ breakeven condition is
PARb(R — Ry) = (1 +7)(I - A).

The possibility of collapse is illustrated in Figure
13.3. When the interest rate is equal to ry, there
are two possible equilibria, Ry, and Ry¥. Both satisfy
the investors’ breakeven condition. The socially op-
timal one is the one that is preferred by entrepre-
neurs and yields entrepreneurial stake Ry. (It is also
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the only stable equilibrium: starting from entrepre-
neurial stake R}, a small increase in Ry, raises p pro-
portionally more than (R — Ry, ) decreases, and so in-
vestors’ profit increases, increasing Ry, further, and
so forth.) A small increase in 7; completely shuts
down the credit market.!?

(b) Impact on the pool of applicants: asymmetric
information about profitability. Still in the fixed-
investment model, assume now that loan applicants
differ in their probability of success rather than in
their private benefit. So B is the same for all entre-
preneurs, but the probability of success is

p+T;

that is, the probability of success is py + T if the
entrepreneur behaves and p; + T if she misbehaves.
As usual, the benefit of this separable form is that
incentives can be separated from adverse selection,
since the incentive constraint,

[(pu+T) - (pL+T)IRy > B,

for a contract {Ry, in the case of success, 0 in the case
of failure} is independent of .

The profitability parameter T is distributed ac-
cording to some cumulative distribution function
H (1) with density h(T) on [T, T] (We keep the same
notation H(-) for the distribution of the privately
known parameter, here T). Let!3

i e s _Jf th(f)dT

T (T)_E(T|T>T)771—H(T)
and

) = (3 | 4 | Th(f)at

T(T) = (T|T<T)—w

denote the truncated means. For example, T (T) is
the expectation of T conditional on T exceeding T.

12. This insight is less interesting than the previous observation
that moral hazard increases with the rate of interest; for, the possi-
bility that the market shuts down completely as the interest rate in-
creases slightly also arises under symmetric information: when B is
known, and in the absence of other sources of heterogeneity, the mar-
ket for loans shuts down when » reaches r*, where

Q+r*)I-A) = pH(Rf A%)

The basic point, though, is that the introduction of heterogeneity (here
with respect to the private benefit) does not eliminate discontinuous
market breakdowns.

13. It is well-known that T and T~ both grow with T, at a rate
between 0 and 1 as long as the distribution’s hazard rates h/(1 — H)
and h/H are, respectively, increasing and decreasing (see, for example,
An 1998).

To simplify the exposition, we will assume that
the entrepreneur has no cash on hand:

A=0.

But we will allow for a general reservation util-
ity Up(7) for the entrepreneur. Until now, we have
mostly assumed that the reservation utility is type-
independent:

Up(t) =0y forall T

(and have normalized the reservation utility to be 0:
Uy = 0).

We will also be interested in situations in which
the utility corresponding to the “outside option,” Uy,
increases with T, and possibly steeply so (the case
in which Uy increases little with T is qualitatively
similar to that in which it is constant). For example,
a talented researcher may have excellent academic
prospects (the outside option) when contemplating
switching careers and raising funds for a start-up.
Or, if the financing helps the firm strengthen its
productive capacity or expand, a firm with a good
project has a better “outside option” (not being refi-
nanced).!4

Remark (absence of reward for failure). In the discus-
sion of the incentive constraint above, we assumed
that the entrepreneur receives 0 in the case of fail-
ure. This is indeed what moral-hazard considera-
tions dictate. But adverse selection only reinforces
the optimality of the absence of reward in the case
of failure, since such rewards tend to “screen in”
low-profitability entrepreneurs. Hence, competitive
investors are wary of such contracts.!> The absence

14. For a state-of-the-art study of contracting under type-dependent
outside options, see Jullien (2000).

15. Suppose that type T selects a scheme {Rg(T),Rg(T)} describ-
ing the rewards in the cases of success and failure. Assuming that
contracts inducing misbehavior yield a negative NPV, and therefore
focusing without loss of generality on contracts that do not induce
shirking (Rg (T) — RE(T) > B/Ap for all T), type T will choose the con-
tract that is most appropriate for the type, and so solves

max_{(py + T)RY(F) + (1 — pu — T)RE(F)}.
Telr,7]
A simple revealed-preference argument (write the two inequalities say-
ing that type T prefers {Rg(T),Rg(T)} to {R%(T’),Rﬁ('r’)} and con-
versely for type T’ and add up the two inequalities) yields
(" = DIRS(T) = RE(T)] = [R5 (T) = RE(T)]]1 > 0
for all (t,7’).

Note, finally, that incentive compatibility in the choice of contracts
implies that a borrower cannot get more for both realizations than
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of reward in the case of failure implies that a con-
tract is solely described by the reward Ry, in the case
of success.

Case 1. High-profitability entrepreneurs are more
eager to receive funding. Assume in a first step that
the reservation utility does not depend on type (or
more generally does not grow fast with the entrepre-
neur’s type):

Ub(T) = Ub.
Then, for a given Ry, only entrepreneurs with
type T > T*(Ryp) apply for funding, where

[pu + T*(Rp) 1Ry = Uy, (13.4)

because the utility from the project, (pg + T)Rp, is
increasing in profitability. The investors’ expected
income is then

[pu + 77 (T*(Rp))I(R — Ry).

And so the investors’ breakeven condition for a
given market rate of interest 7 is'6

[pr + T (T*(Ro) IR — Rp) = (1 +7)(I - A). (13.5)

Note that the left-hand side of (13.5) decreases
with Ry,. Thus, keeping the pool of applicants con-
stant, an increase in the interest rate leads to an
increased stake demanded by investors (R, de-
creases!”), which in turn improves the pool of
applicants (T* increases).

Case 2. Low-profitability entrepreneurs are more
eager to receive funding. Suppose now that U, (T) is
“steeply increasing” (meaning: it is increasing faster

another borrower:
R3(T') <R3 (1) ifRE(T)) > RE(7).

And so contracts that offer a higher reward for failure (and so by
incentive compatibility embody a smaller wedge RE(-) - Rﬁ (-)) attract
lower-profitability types.

16. We are a bit informal here. To be more rigorous, we need to
specify whether the entrepreneur selects R}, or investors compete to
obtain the entrepreneur’s business (the answer is the same for both
cases). For example, if the investors compete, for the candidate equi-
librium described by (13.4) and (13.5), an investor offering a lower
Ry, would not interest the entrepreneur, while one offering a higher
R}, > Ry, would attract a worse pool of applicants, namely, those with
type T > T/, where T/ < T* is given by (pu + 7')Ry, = Up. Hence, this
investor would have both a smaller stake and a lower probability of
success.

17. At least as long as the entrepreneur’s reward is sufficient to
deter shirking.
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than the utility obtained from receiving funding!8).
The contract Ry, then attracts the worst types:

T < 7*(Rp),
where

[pu + T*(Rp) 1Ry = Up(T*(Rp)). (13.6)

The investors’ breakeven condition is then given by
[P+ T (T*(Rp))I(R—Rp) = (1 +7)(I - A). (13.7)

An increase in the rate of interest now has a dras-
tically different impact. As in case 1, the direct ef-
fect is to increase the debt burden (R — Ry). But
condition (13.6), together with the fact that Up(-)
is steeply increasing, implies that T* decreases (the
pool of applicants worsens), which lowers T, lead-
ing to a further increase in (R — Ry,). This spiral may
lead to a complete collapse of the credit market.!®

The two cases are illustrated in Figure 13.4.

13.3 Loanable Funds and the Credit
Crunch: The Lending Channel

13.3.1 A “Double-Decker” Model

As was discussed in the introduction to this chap-
ter, firms in the productive sector may not be hit
solely by their own capital shortage (the balance-
sheet channel), but also by a weakness in the balance
sheets of the financial institutions that lend to them
(the lending channel).

A credit crunch refers to a situation in which the
banks’ equity has fallen to a low level and so banks
are capital constrained and cannot lend as much

18. Again, we are a bit informal here, since the latter utility grows
with T at rate Ry, where Ry, is endogenous. It is straightforward to be
more careful (note in particular that R, < R), but we leave this to the
reader for the sake of conciseness.

19. Let us illustrate the possibility of a collapse. Suppose that
T is distributed uniformly on [0,7]. And so 77 (7%*) = %T*. Let
U, (T) = KT, where K > R (and so the reservation utility grows faster
with T than the utility from being funded, which itself grows at rate
Ry < R).

Then, for a given Ry, € [B/Ap, R], the threshold T* (Rp) under which
the entrepreneur applies for funding is given by

[pu + 7*(Rp)IRp = KT*(Rp).

The investors’ breakeven condition is therefore
puRy
+
[’7 U7 2(K=Rp)
It is straightforward to construct examples in which a small increase
in the interest rate shuts down a hitherto sizeable loan market.

](R—Rb) =(1+7r)I-A).
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Figure 13.4 (a) Case 1; (b) case 2.

as the opportunities offered to them would war-
rant.2 But, of course, the phenomenon has broader
applicability: whenever borrowers need to resort to
what was labeled “informed capital” in Chapter 9,
namely, investors who play a monitoring or certi-
fication function, a weakness in the balance sheet
of the latter translates into difficult times for the
former. For example, a capital shortage at the ven-
ture capitalists’ level translates one tier down into
an increased difficulty for start-ups to raise funds.
This discussion suggests taking a “double-decker”
view of credit rationing: the same logic that limits the
availability of credit for the “real sector” firms also

20. In the case of banks, capital adequacy requirements set by the
Basel Committee and enforced by National Regulatory Authorities di-
rectly or indirectly (through the fear of a later constraint) constrain
the amount that poorly capitalized banks can lend. Similar regula-
tions apply to insurance companies (see, for example, Dewatripont
and Tirole 1994).

limits, one tier above, the ability of financial insti-
tutions to lend to these firms. Our treatment, which
basically combines the partial equilibrium analysis
of monitoring of Chapter 9 with the equilibrium
approach of Section 13.1, follows Holmstrom and
Tirole (1997).21

We thus consider three risk-neutral groups of eco-
nomic agents: borrowers (firms), monitors (banks),
and ordinary (uninformed) investors.

We will assume that each group is composed of
a continuum of members, and so market power is-
sues do not arise. The description of equilibrium will
distinguish between two rates of interest or rates of
return:

(i) the rate demanded by investors—we will let y
denote one plus this rate of interest (soy = 1+7
in the notation of Section 13.1); and

(ii) the rate demanded by monitors on their own in-
vested funds—we will let ¥ denote one plus this
rate of interest.

In equilibrium,
X>Y

for two reasons: the first is that monitors must be
compensated for their monitoring cost, a cost not
incurred by ordinary investors. Because monitors
can always decide to invest as ordinary investors,
it must be the case that they indeed get a superior
return if they are induced to monitor (more on this
below). Second, and more interestingly, x may em-
body a scarcity rent. If the demand for monitoring
is large compared with the supply, then banks are
able to extract quasi-rents by charging a high rate of
interest.??

Asin Section 13.1, we consider both the fixed- and
the variable-investment variants.

13.3.2 Fixed Investment Size

Entrepreneurs. There is a continuum of entre-
preneurs/firms of mass 1. Each has one potential
project of size I, yielding profit R in the case of suc-
cess and 0 in the case of failure. As in Chapter 9, we

21. See also Repullo and Suarez (2000), who look at the impact of
monetary shocks (modeled as shifts in the riskless interest rate).

22. This is unrelated to the exercise of market power, since we have
assumed there was none.
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assume that there are three versions of the project:

good | bad | Bad

Pr(success) pu pL pL
Private benefit 0 b B

with py =pL+Ap > prand B > b > 0.

Only the good version (good behavior) delivers
a positive NPV when financed by uninformed in-
vestors:

puR —yI > 0> [p.R — yI] + B.

Entrepreneurial heterogeneity can be modeled in
anumber of ways. Let us assume here that entrepre-
neurs differ in their net worth, A. Net worth is dis-
tributed according to cumulative distribution G(A)
on [0, ).

There are two categories of (risk-neutral) in-
vestors:

Monitors (financial intermediaries, banks). As in
Chapter 9, a monitor can at monitoring cost ¢ rule
out the Bad project (the one with high private bene-
fit B). As for the entrepreneur’s private benefit, the
monitor’s cost ¢, if any, is incurred in the second pe-
riod. There is a continuum of monitors, with total
net worth Ky, (the distribution, under some assump-
tions, turns out to be irrelevant). They demand rate
of return x on their (own-account) investment.

Uninformed investors are individually small; they
therefore free-ride in the monitoring activity and re-
main uninformed. As stated above, they demand ex-
pected rate of return y.

We will say that the entrepreneur resorts to “direct
or uninformed” finance if she borrows solely from
uninformed investors, and to “indirect or informed”
finance if a monitor is enlisted as well.

We can consider two cases:

e Exogenous interest rate: uninformed investors
have access to a “storage facility” yielding y
units of good for each unit of investment. Their
savings are completely elastic at interest rate
(y —1).

e Endogenous interest rate: the uninformed in-
vestors’ savings are equal to S(y), where S is
increasing in y.

Let us begin with the case of an exogenous inter-
est rate. The market equilibrium can be described
in either of two equivalent ways: certification (Fig-
ure 13.5) and intermediation (Figure 13.6).

Intermediation occurs when the monitor collects
funds from uninformed investors and offers to
entrepreneurs bundled loans using both their own
capital and the money collected from uninformed
investors. For example, banks collect deposits from
depositors and lend these as well as bank capital
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to firms. By contrast, a venture capitalist or a lead
investment bank put their own funds into the bor-
rowers’ ventures, which then attract (at a different
rate of return) the funds of less informed investors
(junior partners, say). It is clear that the choice of de-
nomination, in our simple-minded model, is a pure
matter of accounting of investment flows and has no
real economic implication.

Without a monitor, the borrower, when financed,

obtains NPV
puR

Y
The entrepreneur’s ability to raise uninformed fi-
nance as usual depends on her ability to generate
enough pledgeable income to reimburse the unin-
formed investors’ initial outlay. Let the revenue R in
the case of success be shared between the borrower
(Rp) and the uninformed investors (Ry).
The financing condition,

puRy 2 y (I - A),

and the incentive compatibility condition,

- 1.

Uy

(Ap)Ry > B

(where we use the fact that the borrower prefers the
Bad project to the bad project when misbehaving),
must both be satisfied. And so
pu(R - A%) >y - A)
or
Ay =1- Pifg_ i]

AzAm=1-5 K !
When A < A(y), the entrepreneur cannot obtain fi-
nancing, at least in the absence of a monitor. The
cutoff A(y) increases with y.

With a monitor, we will use the certification para-
digm, which is conceptually slightly simpler. The
revenue in the case of success is then divided among
borrower (Rp), uninformed investors (Ry), and mon-
itor (Rpy). On the investment side, the borrower
brings A, the monitor I, and the uninformed in-
vestors I, =1 — A — Ip,.

Note that by definition of the rate of return x de-
manded by the monitor, the following accounting
identity prevails:

PuRm = XIn.

Similarly,
puRy = ylu.

The entrepreneur’s net utility, given that she could
invest A at the market rate of return y, is then

Pu(R — Rm — Ru)

Uy = -A
Y

_ PR = XIm =yl _
Y

_PuR - X =y)m

Y .

Recall our intuition that x exceeds y. One reason
for this, as we have noted, is that the monitor could
choose to be an uninformed investor in other firms
and economize the monitoring cost c¢; so

XIm—c2ylm or xX—-y2>c/ln.

We thus conclude that Uy > Uy and so the entre-
preneur is better off dispensing with a monitor if she
can afford to, i.e.,if A > A(y); and that for A < A(y),
she will want to minimize the monitor’s capital in-
volvement I,.

Suppose that

(Ap)R, < B

(otherwise the entrepreneur would not need to be
monitored), but

(Ap)Rp > b,

so that, when monitored, the entrepreneur is in-
duced to behave. The monitor’s incentive compati-
bility constraint is then

(Ap)Rm 2 c.

This minimum stake in turn requires a minimum
investment:

puC
Im > 1, = —.
m m(X) (Ap)x

Note that the minimum acceptable rate of return
for monitors (given by (x — y)Im = c) satisfies x =
puy/pL.

The entrepreneur can leverage the presence of a
monitor to obtain financing if and only if the present
discounted income that can be pledged to the unin-
formed investors exceeds their initial outlay, or

pu(R - (b +c)/Ap)
Y

21-A-1In(Xx),

or
AZ> Ay, x),
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where A(y,x) is increasing in y and x. Because
X>Y,
Aly,X) <A(y)

if and onlyif ¢ < ¢ (with some ¢ > 0),2% which we will
assume. It must also be the case that entrepreneurs
prefer to enlist a monitor and receive funding rather
than just invest their net wealth in other firms, i.e.,
that their net utility is positive:

puR — (X — y)puc/(Ap)X >

y
If the monitor obtains no rent from monitoring
((Xx = ¥)In = ¢), then condition (13.8) boils down to

(13.9)

I (13.8)

puR —c > yl.

When the monitor receives a rent ((x — y)Im > ©),
condition (13.8) is more stringent than (13.9). Note,
however, that if (13.8) were violated, then there
would be no demand for monitoring capital and so
monitors could not obtain rents after all. Inequality
(13.9) is then the relevant condition.

To complete the description of equilibrium, we
equate supply of and demand for informed capital:

Km > [G(A(y)) = G(A(y, X)) 1Im(X), (13.10)
with inequality only if (x — y)Im(X) = c.

When the interest rate is endogenous, the rates of
return y and y must also clear the savings market:*

S(y) = Jw (I - A)dG(A)
A(y)

Aly)
n J - A - In(x)]dG(A)
A(y,x)

A(y,X)
- JO AdG(A). (13.11)

Note that entrepreneurs who have assets A in ex-
cess of investment I, if any,?> do not need to borrow
and actually reinvest the surplus A — I in other firms.

23. If A < A, then there is excess supply of monitoring capital and
S0 X = puy/pv; thus ¢(Ap) = pu(B - b).

24. Again, the entrepreneurs who do not receive funding save.
Holmstréom and Tirole (1997) implicitly assumed that those who do
not get funding do not save, an assumption at odds with the assump-
tion that those entrepreneurs who have cash on hand A > I do save
their excess cash (we are grateful to Flavio Toxvaerd for pointing this
out to us). The results are qualitatively identical for the various as-
sumptions that can be made about idle entrepreneur wealth.

25. Section 13.2.1 assumed for simplicity that the upper bound on
A was lower than I. This assumption is really not crucial, as shown
here.

13. Credit Rationing and Economic Activity

The equilibrium rates of return (y, x) are then given
by (13.10) and (13.11).

Turning to comparative statics (in the broadest
framework in which the rate of return received by
uninformed investors is endogenous), we can con-
sider the impact of three types of recession:

(a) Industrial recession (balance-sheet channel).
The distribution G(A) shifts toward lower values
of A (that is, G(A) increases for all A). As in Sec-
tion 13.2, the distribution G is indexed by a parame-
ter O of first-order stochastic dominance: G(A | 9)
with 0G/00 < 0. An industrial recession corre-
sponds to a decrease in 6, i.e., to a less favorable
distribution.

(b) Credit crunch (lending channel). Ky, decreases.

(c) Shortage of savings. y increases (in the per-
fectly elastic case) or S decreases.

Itis easily shown (see Holmstrém and Tirole 1997)
that in the three types of capital squeeze, aggregate
investment goes down and the threshold (A(y,Xx))
over which firms can raise financing increases.

In particular, firms with weak balance sheets
(A < A < A), which need access to intermediaries in
order to raise financing, are hurt by a credit crunch:
as monitoring capital Ky, shrinks, the intermediaries
demand a higher rate of return, x, which squeezes
out the marginal firms (with A just above A) and
hurts the others.?6 Firms with strong balance sheets,
in contrast, are not directly affected since their fi-
nancing does not depend on access to intermedi-
aries. They may even gain in a credit crunch to
the extent that the reduced demand for uninformed
capital by weaker firms may lower the uninformed
investors’ rate of return. Concretely, banks may
become greedier, while the rate of interest on bonds
may fall.?”

26. Relatedly, Davies and Ioannidis (2003), looking at the behavior
of bond issuance and bank lending in the United States between 1970
and 1999, find that securities issuance often does not offset a decline
in bank lending, and thereby confirm that the different sources of fi-
nance are not substitutable.

27. Needless to say, stronger firms may not benefit from a credit
crunch for reasons that are not modeled here. For example, productive
activities may exhibit strategic complementarities, as has been empha-
sized in many macroeconomic models (e.g., Diamond 1982; Shleifer
1986; Cooper and John 1988; Matsuyama 1991).
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Lastly, from (13.11), it is apparent that monitors
enjoy a rent ((x — y)Im > ¢) if and only if Ky, lies
below some threshold. Above that threshold, there
is excess supply of monitoring capital and the mon-
itors’ rate of return is determined by their indiffer-
ence between investing in firms they monitor and
investing in a portfolio of other firms that they do
not monitor.?8

13.3.3 Variable Investment Size

For the sake of completeness, let us investigate the
case of constant-returns-to-scale production. For in-
vestment I, a firm’s income is RI in the case of suc-
cess, and O in the case of failure; the private ben-
efit is BI if left unmonitored and bI if monitored,
in the case of entrepreneurial misbehavior (yield-
ing probability of success py), and O in the case of
good behavior (yielding probability of success ppy).
The monitoring cost is also proportional to invest-
ment: cI. The cost of this constant-returns-to-scale
modeling is that there are no longer firms with weak
and strong balance sheets: firms are homogeneous
up to a scaling factor (namely, their individual net
worth A). As a corollary, only total entrepreneurial
capital, .
Kb = L AdG(A),

matters for the determination of equilibrium inter-
est rates and activity, not its distribution among
entrepreneurs.

Letting K denote total investment, and decompos-
ing it among the contributions of borrowers, moni-
tors, and uninformed investors,

K = Ky + Ky + Ky,

let
T = Km and v _ K
™= K + Ky L

28. We earlier stated that the distribution of K, among intermedi-
aries is irrelevant under some assumptions. Note, first, that individual
intermediaries must invest I, (x) in each of the monitored firms. One
possibility is, thus, that each intermediary has capital equal to a mul-
tiple of I, (x). If this “integer condition” is not satisfied, then some
monitoring capital may be wasted. The analysis then becomes more
cumbersome, but is not substantially altered. Second, and in reference
to Section 4.2, if some individual intermediaries have more than I, (x)
and are each able to monitor multiple firms, then we implicitly rule out
any ability to diversify. One may have in mind that intermediaries are
specialized, in that the shocks faced by the firms they monitor are per-
fectly correlated (see Chapter 4). Again, this assumption is made for
analytical convenience, and does not affect the analysis in a qualitative
way.

The ratio of the monitors’ own funds to total outside
finance, v, can be interpreted as the solvency ratio
of the monitor under the intermediation paradigm.?®
And 1y, is the equity ratio of the borrowers.

We leave it to the reader to check that

decreases y,
a credit crunch
(reduction in Ky,)

increases ¥,
decreases rp,
increases 1y;

decreases y,
a collateral squeeze
(a decrease in Kp)

decreases ¥,
increases tn,
decreases tp,.3°

Discussion. This simple model leaves a number
of questions open. First, the equivalence of certifi-
cation and intermediation, while a convenient fea-
ture, ought to be reexamined in broader setups.
In practice, intermediation gives the intermediary
more leeway in allocating the uninformed investors’
funds. This leeway, unlike in this model, may ag-
gravate moral hazard. On the other hand, the mon-
itor can more easily enjoy the benefits of diversifi-
cation under intermediation than under project fi-
nance, an issue which again does not arise in this
basic model. Second, we have modeled intermedi-
aries as being homogeneous, perhaps up to a scal-
ing factor. In practice, there is a continuum of in-
termediaries with different monitoring intensities
and accordingly with different stakes in the success
of the firms they monitor.3! Furthermore, the de-
mand for various types of monitoring capital moves
around with the economic cycle; in particular, firms
that have gone through difficult times or face dim
prospects need to resort to higher-intensity moni-
toring.

Third, and more importantly for the sake of this
chapter, the story told here is inherently static. Com-
parative statics was performed on inherited levels of
monitoring and entrepreneurial capitals. In practice,

29. The ratio ry, is a crude version of the Cooke ratio in banking
regulation.

30. For completeness, a savings squeeze increases y, decreases ¥,
increases rp, and tp.

31. An introduction to this issue can be found in Holmstrom and
Tirole (1997).
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there are subtle dynamic interactions between the
two, with interesting leads and lags. A key item on
the research agenda is to come up with a tractable
dynamic version of this “double-decker model.”

13.4 Dynamic Complementarities:
Net Worth Effects, Poverty Traps,
and the Financial Accelerator

This section returns to the “single-tier” struc-
ture (that is, it ignores monitoring and the issue
of scarcity of monitoring capital studied in Sec-
tion 13.3). It introduces dynamics and shows that
corporate finance considerations lead to strong hys-
teresis effects3? where there would be none in an
(Arrow-Debreu) framework without agency cost.

13.4.1 Sources of Dynamic
Complementarities

Two main sources of hysteresis have been studied
in the literature.

Retained earnings/balance sheet effects. A firm
coming out of a recession (with low profitability at
date t) tends to lack resources to finance new invest-
ments. In the absence of agency cost, this lack of re-
sources would have no impact on refinancing,?? as
forward-looking investors and managers would op-
timally focus on prospects and arrange the financ-
ing of positive-NPV projects. Not so in the presence
of an agency cost. The latter creates scope for credit
rationing, which implies that current profitability af-
fects future investment and future activity (as we al-
ready observed in Chapter 5).

For example, if we assume that investments depre-
ciate in one period and that the contracts between
the firm and its investors are short-term contracts,
in which the investors are repaid for their date-t in-
vestment out of the date-t profit (a strong assump-
tion, as we noted in Chapter 5), and letting A, I,
and y; denote the assets, investment, and profit at
date £, the mechanics of hysteresis can be schemat-
ically described in the following way:

Yt = A1 — Irin = Y1 = A2 —

32. A hysteresis effect refers to the lagging of an effect behind its
cause.

33. Unless the firm’s low profitability at date t conveys negative
information about its profitability at dates t + 1,t + 2,....
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New entrepreneurs’ opportunities. Rather than fo-
cusing on balance sheet effects of existing firms,
some models trace the source of hysteresis to the
impact of existing activity on would-be entrepre-
neurs through factor prices. For example, these po-
tential entrepreneurs may offer their labor to the in-
cumbent firms before accumulating enough wealth
to become entrepreneurs themselves. This idea is
most easily analyzed in an overlapping-generations
framework. In the two papers that initiated the liter-
ature on the topic—by Bernanke and Gertler (1989),
the seminal formal study of the financial accelera-
tor, and by Banerjee and Newman (1991, 1993)—the
young work and thereby accumulate wealth, which
they can use to start their own firm when they are
older. A higher level of investment and activity at
date t raises the demand for labor and thereby
the wage w; of laborers, who then have more re-
sources, which facilitates their access to funding
at date t + 1. In Aghion and Bolton (1997), Piketty
(1997), and Matsuyama (2000), by contrast, the ef-
fect operates through the interest rate rather than
through wages.3*

Relatedly, the literature has also emphasized the
possibility that credit rationing traps either individ-
uals (or families) or entire societies in poverty. We
will accordingly provide examples of such individ-
ual and collective poverty traps.3>

13.4.2 Dynamics of Wealth Distribution:
A Tale of Two Families

First we provide an example of an individual (family)
poverty trap. To develop this example, we will need
the following preamble.

13.4.2.1 The Warm-Glow Model

We study long-lived lineages of short-lived fam-
ily members. Parents become entrepreneurs if they

34. There are, of course, other reasons why current activity may af-
fect the new entrepreneurs’ ability to raise funding. For example, a high
level of activity may increase tax receipts and boost public investment
in infrastructure and thereby improve the profitability of new private
investments. Or there may be spillovers and accumulation of social
capital. But such sources of hysteresis are not related to corporate fi-
nance considerations (unless, say, the public infrastructure investment
affects corporate governance, e.g., reduces B in the model).

35. See also Banerjee (2003) and Matsuyama (2005) for excellent
discussions of poverty traps, including ones that are not based on
credit rationing.
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have sufficient funds, earn income, and finally leave
wealth as a bequest to their children, who may then
use this wealth to undertake projects of their own,
and so forth. What motivates parents to leave money
to their children is an important modeling choice.
Parents who internalize the welfare of their children
must also, at least indirectly, internalize that of their
grandchildren, that of their great-grandchildren, and
thus that of all members of the lineage. Their choice
of bequest then resembles that of liquidity man-
agement by a long-lived individual unable to secure
long-term finance (i.e., facing a sequence of short-
term borrowing deals) (see Section 4.7.2). Such lig-
uidity management is complex. For the purposes of
this section, we first bypass the difficulty in a some-
what ad hoc way by using the warm-glow model,
which enables us to discuss dynamics without wor-
rying about dynamic programming. Namely, sup-
pose that the following conditions hold.

e Individuals live for one period. An individual liv-
ing at date t has exactly one heir who lives at
date t + 1, and so on.

e Individuals are “altruistic” in a rather specific
way. Rather than caring about the utility of
their heirs, they derive utility from the bequest
they make to their heirs. We will assume that a
generation-t individual derives utility from her
own consumption ¢; and from the bequest £; to
her heir.36 Assume further that the utility func-
tion is a Cobb-Douglas utility function:

ct l1-a Lt a
(i2%2) (%)
where a € (0, 1) is the (impure) altruism param-
eter.3”

Then the utility from income 1y, is (taking logs)

log Ui (y) = {mz;x}{(l —a)logcy +alog L}
Ct,Lt

S.t.

ct+ Ly = ;.

36. We do not use the notation “B;” for bequest in order not to
create confusion with private benefits. Rather, we build on the French
terminology for bequest (“legs”).

37. This modeling borrows from Aghion and Bolton (1997), An-
dreoni (1989), Banerjee (2002), Banerjee and Newman (1991, 1993),
Galor and Zeira (1993), Matsuyama (2000, 2002), and Piketty (1997).
See Bénabou and Tirole (2005) and the references therein for a discus-
sion of the various motives behind altruistic and prosocial behaviors.

This yields
cc=10-a)y: and L; =ayy,

and so

Ut () = yr.
This formulation is particularly convenient since it
allows us to keep our risk-neutral framework.

13.4.2.2 Lineages of Entrepreneurs in
the Warm-Glow Model

Let us now consider a “warm-glow lineage” in which
each generation t is a would-be entrepreneur, who

« is born with some exogenous endowment A, to

which is added the bequest £;_; made by gener-

ation t — 1;

invests this total asset either in a storage tech-

nology yvielding an interest rate equal to O (i.e.,

preserving the wealth) or in a fixed-size project

as described in Section 13.2.1; and

o finally uses the proceed of this investment (her
“income”) for consumption ¢; and bequest £; to
the next generation.

The timing is summarized in Figure 13.7.

Let us assume that the intraperiod rate of interest
in the economy is equal to 0.38

As in the rest of the book, the private benefit B
obtained by misbehaving is expressed in terms of
money. So in the case of misbehavior the entrepre-
neur’s utility from income y; and private benefit B
is y: + B. As usual, we will assume that investment
has a positive NPV if and only if the entrepreneur is
induced to behave:

puR > 1> pLR +B.

It will also prove convenient to assume that success
is a sure thing in the case of good behavior:3?

pH=1.

38. For example, there might be outside investors demanding a rate
of interest equal to 0; or else there are enough would-be entrepreneurs
who do not make it to entrepreneurship and are indifferent between
using the storage technology and lending to entrepreneurs at rate of
interest equal to 0.

39. If we did not make this assumption, then, under the assump-
tions made below, the fraction of entrepreneurs in the population
would converge to 0 as t goes to o since failing entrepreneurs would
deprive their heirs of the opportunity to become entrepreneurs (to
avoid this, one could for example assume that A is stochastic).

Of course, when py = 1, the limited liability assumption cannot be
motivated by large risk aversion for negative incomes. Relatedly, stiff
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Generation t
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L, Bequest | L, =ay,
Asset A+ Ly Moral hazard Outcome: Consumption
Storage (if investment). success/failure ¢, = (1 —a)y,.
(return: 0) (if investment).
or
investment Pr Private Income y,.
in project (success) | benefit
of size .

Behaves Py 0
Misbehaves rr, B
Figure 13.7

Lastly, let A be defined (as in equation (13.4)) by
the equality between the pledgeable income and the
investors’ outlay:

PH (R
or (using py = 1)

- B

A=1- (R - A—p)
The role of the following assumption will become
clear shortly.

B _
—rp)—"A

Assumption 13.1.

A+aR-1) S A
l-a

A
l1-a’

(a) Lineage stuck in a poverty trap. Suppose that
generation t receives bequest

£t—1 <A—A.

Generation t’s total wealth is then insufficient to
have access to funds. Generation t must therefore
invest [A + £;_;] into the low-return storage tech-
nology, and so

Yt =A+ L.

With warm-glow preferences, bequests to generation
t+1are
Li=ayr=a(A+ L),

and so generation t + 1 starts with

A+ Li=(0+a)A+ali1<Q+a)A+a(A-A)

jail sentences for defaulting entrepreneurs would be optimal and solve
the moral-hazard problem. Thus, the case py = 1 is best viewed as an
approximation of economies in which py is large, but smaller than 1.

or
A+ Li<A+aA<A
from Assumption 13.1.
The dynasty’s total wealth per generation con-
verges to A, < A, given by
A

Aw = A+ als A.
1-a

or Ae = <

The lineage is stuck in a poverty trap.

(b) Rich, entrepreneurial lineage. By contrast, sup-
pose that generation t’s initial wealth exceeds A:

L >A*A or AtEA+£t_1 > A.

Generation t has enough pledgeable income to offset
the inventors’ outlay I — (A + £;_;). Under risk neu-
trality, generation t selects the highest NPV solution
and therefore prefers becoming an entrepreneur to
investing in the storage technology. The NPV is then

puR-I1=R-1>0,

and so the entrepreneur’s end-of-period income af-
ter reimbursing lenders is

ye=(R-1)+ A

(recall that the capital market is competitive, and so
the entire NPV goes to the entrepreneur).

Generation (t + 1)’s total wealth at the beginning
of period t + 1 is therefore

A =A+aR-1+A).
Note that
A1 >A+a(R-1+A)>A

from Assumption 13.1.
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Generation’s initial wealth
A+aR=1)
1-a

Ajy1=A+aR-T+A)

Figure 13.8

Hence, future generations also have the opportu-
nity to become entrepreneurs.

The lineage’s beginning-of-period wealth con-
verges to A, where

Aw=A+aR -1+ Au)

or
Aw=A+am—n_
l1-a

Figure 13.8 illustrates cases (a) and (b) and shows
that a small difference in initial wealth (points A~
and A*, respectively, in Figure 13.8) can make a big
difference: for the current generation (as we know
from Chapter 3) and even more for further genera-
tions.

Note, finally, that in the Arrow-Debreu world of no
agency cost (B = 0), long-term incomes of different
lineages would converge to [A +a(R—1)]/(1—a)
regardless of the lineage’s initial wealth (rather than
diverge as in Figure 13.8). A stronger investor pro-
tection, for example, reduces the dependency on
wealth and generates a more equal long-run income
distribution.

Discussion of the warm-glow assumption. The
warm-glow model does not depict true altruism
since each generation does not perfectly internalize
the welfare of the next generation. Rather, individ-
uals are portrayed as deriving utility from feeling
or looking generous; they care about what they give
rather than about how useful this gift is to the next
generation.

This impure-altruism assumption turns out to
be rather important for the treatment above. By

Generation t
t t+1

(young) (old)

has wealth

receives exogenous
A =+ 1w L+ A),

endowment A,

becomes an entrepreneur
(variable-investment variant),

works L, hours at
convex disutility

cost y(Ly),
) consumes.
receives labor
income w;L,,
saves (A + wyL,) at
safe rate of interest r.
Figure 13.9

contrast, consider pure altruism: generation (t — 1)
cares directly about generation t’s welfare, Uy, rather
than about the bequest £;_;. Then, starting at point
A~ in Figure 13.8, a small increase in the bequest
moving generation t’s initial wealth to point A* in-
creases U; discontinuously, and so we would expect
generation (t — 1) to increase its bequest so as to en-
able generation t to have access to financing. (This
reasoning assumes that generations t,t + 1,... still
have warm-glow utilities. If they themselves are truly
altruistic, the analysis has to be modified slightly,
because the incentive compatibility constraints are
a bit different—on this, see also the treatment in Sec-
tion 4.7—but the basic insight is unaltered.)

13.4.3 Collective Poverty Traps

As was pointed out earlier, hysteresis due to finan-
cial imperfections may occur at the level of a society,
and not only at that of a family. We here pursue the
wage conduit (Banerjee and Newman 1993).

Consider an overlapping-generations model in
which

e a generation lives for two periods,

e young agents work and accumulate wealth,

e 0ld agents are entrepreneurs and consume.

The timing for generation t is described in Fig-
ure 13.9, which is rather self-explanatory. A few fur-
ther details, though:

e The rate of interest, 7, from one period to the
next is exogenous.

e The technology available to (old) entrepreneurs
is the variable-investment model of Section 3.4,
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reviewed in Section 13.2 (with as usual pyR >
1> pu(R — B/Ap)). Investment, effort, outcome,
and consumption all occur within period ¢ + 1.

e Producing output requires 1 unit of labor per
unit of investment (the technology is a Leontief
one, in which factors are combined in fixed pro-
portions).

e The population is constant. Hence, the number
of young and old agents are equal at any given
point in time.

e Generation t’s utilityis —(L;) +c¢41, Where ¢4 1
is its consumption when old.

e The disutility of labor satisfies ¢/(0) = ¢'(0) =
o,y >0,y” >0.

The assumption that more investment requires
more labor (one-for-one in this example) drives hys-
teresis: a higher wealth accumulation in the past
together with capital market imperfections raises
investment, and therefore increases the demand for
labor and the wage as well. A higher wage results in
higher wealth accumulation, more investment, and
so forth.

Let us focus on steady states.

Consider first an entrepreneur. A generation-t
agent becomes an entrepreneur at date t + 1. She
then invests Iy, and receives the NPV:

UL = [puR — (1 + w) 141,

since now the unit cost includes the wage, w, per
unit of investment.

The investment I;.; is determined by the in-
vestors’ breakeven condition:

B
1+ 1 —A = R——|I
(1 +w)l t+1 PH( Ap) t+1s

where
A1 = (1 +7)(wL + A)

is the wealth when old. Hence, the entrepreneur
expected date-(t + 1) consumption is
Uéﬂz[ puR - (1 + w)
(I1+w) —pu(R - B/Ap)
As expected, a higher labor cost w reduces both the
NPV per unit of investment (the numerator in the
fraction) and the borrowing capacity (through the
denominator).
Let us now solve for the labor supply. The
marginal cost at t, ¢’ (L;), must equal the marginal

]AHl-
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LHS

RHS

Figure 13.10

benefit at t + 1:
dut+! [dUg*1 ] [dAHl]

dL; dA; dL;
Because
dAgy
a, 1+ w,
’ pHR — (1 + W) ]
L;) = [ 1+7r)w.
V= G w) — puR—Brap | T

In steady state, and because the technology is a Leon-
tief one,

Li=L=1I=1I,
and so

, (1+71)A
v (1 fwrpr(RfB/Ap)>

_ puR - (1 + w)
~ (1+w) - pu(R - B/Ap)

The left-hand side (LHS) of condition (13.12), is
increasing in w (from a positive level at w = 0). Its
right-hand side (RHS) is concave. The steady-state
equilibria are depicted (for the case @'’ > 0) in
Figure 13.10.

In Figure 13.10, there are two steady-state equi-
libria (there can be more generally). The wage and
activity are higher in equilibrium b than in equilib-
rium a.*® Cycles can also exist.

1+r)w. (13.12)

More on the literature. Matsuyama (2004) shows
that heterogeneous technologies may be conducive

40. It is unclear in the absence of further assumptions whether, as
long as they belong to the increasing part of the RHS, equilibria with
higher wages dominate those with lower ones. For, a generation max-
imizes {—y (L) + (RHS)(L + A/w)} over L. Hence,
dui+! ( A ) d(RHS) A(RHS)

=L+ —)—— — 5.
w dw w?

dw

The second term represents the reduced multiplier on the agents’
exogenous endowment.
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to the existence of multiple steady-state equilib-
ria and of cycles. In his model, as in Banerjee and
Newman, economic agents accumulate wealth by
supplying their labor in the first period of their
life. Their wage income is then saved for the sec-
ond period of their life, in which they can become
lenders or entrepreneurs. Entrepreneurs produce
units of physical capital, which, combined with la-
bor, produce a final output. Matsuyama’s model
is built so that, despite credit market imperfec-
tions, there exists a unique equilibrium (similar to
the neoclassical growth model equilibrium) when
entrepreneurs face a unique production technology.
Matsuyama then introduces a choice of technology
in order to analyze composition effects. Suppose,
for example, that there exist two technologies: a
high-return/low-pledgeable-income technology and
a low-return/high-pledgeable-income one. Multiple
steady-state equilibria may then coexist: in a low-
capital-intensity steady state, the wage of the young
is low; and so their net worth when they build on that
wage to become entrepreneurs is small. They con-
sequently invest in a low-return/high-pledgeable-
income technology that produces little capital. The
dearth of capital generates a low wage for the next
generation; and so forth. Matsuyama also demon-
strates the possibility of credit cycles.

Aghion et al. (1999) explore the interest rate con-
duit and show how it may lead to real activity cy-
cles. When entrepreneurs’ borrowing capacity is low
relative to savings, the interest rate falls. Entrepre-
neurs then need to reimburse less to allow investors
torecoup interest and principal on their loans. Entre-
preneurs then rebuild their net worth and increase
their investments. This raises the demand for loans
and puts pressure on the interest rate, increasing the
entrepreneurs’ debt burden, and so forth.*!

13.5 Dynamic Substitutabilities:
The Deflationary Impact of
Past Investment

Section 13.4 emphasized dynamic complementari-
ties: past investment raises the net worth of existing

41. See Aghion et al. (2004) for further work on cycles driven by the
interest rate conduit.

Further examples of cycles created by credit rationing are investi-
gated in the next section and in Chapter 14.

or would-be entrepreneurs, and thereby relaxes their
current borrowing constraint, boosting investment
today. Such dynamic complementarities can arise ei-
ther at the level of families or at the country level.

By fixing the output price, though, the analysis
of Section 13.4 neglected an obvious source of dy-
namic substitutability: in any given industry, an in-
vestment glut yesterday has a depressing effect on
product prices and discourages investment today.
This basic effect operates whether today’s entrepre-
neurs are credit rationed or not; but under some cir-
cumstances, the contractionary impact is stronger
when firms are credit rationed.

13.5.1 Heuristics

To obtain some first intuition as to how past in-
vestment crowds out current investment, let us start
with a static model, with first a fixed investment, and
then variable investment.

13.5.1.1 Fixed Investment Size

Consider, thus, the fixed-investment model. There
is a mass 1 of entrepreneurs. At investment cost I,
an entrepreneur can produce R units of a good with
probability p (and O units with probability 1 — p).
The final price per unit of output is P. Presumably,
P depends on past industry investment, but we do
not need to go into detail at this stage. The proba-
bility of success is py if the entrepreneur behaves
(no private benefit) and p. = py — Ap if she misbe-
haves (private benefit B). We assume that the output
realizations are independent across entrepreneurs
(there is no aggregate uncertainty); this assumption
is consistent with the assumption made above that
the output price is deterministic.

Entrepreneurs are risk neutral and are protected
by limited liability. The distribution of assets in the
population of entrepreneurs is given by the cumula-
tive distribution function G(A) on [0, ). Investors
are risk neutral and demand rate of return equal to 0.
Assume that it is optimal to provide the entrepre-
neurs with incentives to behave.

Varying P, let us compare the level of aggre-
gate investment under credit rationing (B > 0) and
in its absence (B = 0), and show that the first- and
second-best levels of investment are as depicted in
Figure 13.11.
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Figure 13.11

Conditional on receiving financing, an entrepre-
neur’s incentive constraint is

(Ap)Ry > B,

and so the financing condition can be written as
A > A, where
B _
PR——|=1-A.
PH [ Ap ]
The fraction of entrepreneurs who are able to raise
funds is
B

xX=1 7G<prH[PR7 5])’

or, equivalently, total investment is*?

(13.13)

IS8 = XI,
as long as the NPV is positive, i.e., as long as
puPR -1 > 0.

In the positive-NPV range (P > I/puyR), aggre-
gate investment increases with P as long as B > 0.
Whether the impact of P on aggregate investment
increases with B depends on the derivative of the
density. But, as is easily seen in Figure 13.11, aggre-
gate investment is always more responsive to the out-
put price under credit rationing than with no (or lit-
tle) credit rationing, since investment does not move
with the output price in this range in the absence of
credit rationing.

This illustrates the net worth effect: when industry
profitability increases, boosting both the pledgeable
income and the NPV, and for a given investment level
(which is the case here since projects have a fixed
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size), more and more firms pass the solvency test
and get access to financing. This explains the higher
responsiveness of investment under financial con-
straints in the positive-NPV region. As far as invest-
ment is concerned, a unit increase in P is tantamount
to a uniform increase pyR in net worths (A).

To complete this analysis, we can now endoge-
nize the product price by assuming the existence
of a prior “fraction”® X, of similar firms that
were able to raise financing in the past. The output
price is then a decreasing function of total output,
pH(XO + X)RZ44

P =P(pu(Xp + X)R) with P’ <0. (13.14)

An equilibrium is then a “level of investment” XI,
where X is obtained from (13.13) and (13.14):

X=1- G(I - pH(P(pH(Xo +X)R)R — A%)).
Note that as X, grows, X must decrease (a crowding-
out effect (if X increased, then P would decrease,
and so X would decrease after all)) but X, + X must
increase (there is less than full crowding out (if X, +
X decreased, then P would increase, and X would
increase after all)).

The increased sensitivity of investment under
credit rationing, however, is not a general conclu-
sion, as can also be seen from Figure 13.11. A small
increase in P from the negative-NPV to the positive-
NPV region raises the first-best investment dramat-
ically, but the second-best one less so as not all
firms get on board. The effect in force here will be-
come clear in the variable-investment version that
we study now.

13.5.1.2 Variable Investment Size

Next consider the variable-investment model of Sec-
tion 3.4: the number of units of output produced in
the case of success is RI, the private benefit in the
case of misbehavior BI. To be incentivized to behave,
an entrepreneur with investment size I must receive
Ry in the case of success, such that

(Ap)Ry, > BI.

42. “SB” refers to the “second best,” that is, to the situation in which
agency costs (B > 0) lead to credit rationing. By contrast, “FB” will refer
to the “first best,” that is, to a situation in which there are no agency
costs (B = 0) and therefore no credit rationing.

43. If previous-generation entrepreneurs have mass exceeding 1,
then Xy can be greater than 1.

44. We slightly abuse notation by using the same letter P for the
price function and its realization.
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For a given output price P, an entrepreneur with
assets A can borrow up to the level at which pledge-
able income is equal to investors’ outlay:

B
pH(PR—E)Ifl—A

or
A

= T (puBlap) - paPR
Assuming, without loss of generality,*> that all
entrepreneurs have the same net worth A, let us an-
alyze the impact of a prior level of investment I on
current investment. Total output is then pyR (Ip +1).
Because

P =P(pyRy + 1)), with P’ <0,
I =IB= A .
1+ (puB/Ap) — puP (puR(Io + I))R
(13.15)

By the same reasoning as in the fixed-investment
version, condition (13.15) implies that previous in-
vestment partially crowds out current investment:

0 ISB

-1<—<0.
oly

Let us now compare this sensitivity to that ob-
tained in the absence of credit rationing. In this first-
best benchmark, firms maximize their NPV, regard-
less of their solvency:

mlax{(vHPR - DI}

Competitive equilibrium in this constant-returns-to-
scale environment implies that unit revenue is equal
to unit cost, or

puP(puR(p +1))R = 1. (13.16)

Thus, in the absence of credit constraint, past invest-
ment fully crowds out current investment:

ol

e

This is due to what might be labeled a hindering
effect of credit rationing: because part of the benefit
from investment expansion accrues to the entrepre-
neurs and is therefore nonpledgeable, investors are
less keen than entrepreneurs to expand as the mar-
ket becomes more profitable. And so credit rationing

45. Recall that with constant returns to scale, all firms are identical
up to a scale factor. Put differently, only total net worth matters.

may make investment relatively less responsive to
market conditions.

Exercise 13.3 pursues this analysis in the interme-
diate context of variable investment and decreasing
returns to scale.

13.5.2 Investment Glut and Dearth Cycles

Let us embed these ideas into a full-fledged dy-
namic model with overlapping generations of entre-
preneurs. The analysis in this section follows that of
Suarez and Sussman (1997). The model for each gen-
eration is taken to be the constant-returns-to-scale
variable-size version.

Generation-t entrepreneurs have mass 1 and are
born with net worth A each. They live for two pe-
riods, t and t + 1. The representative generation-t
entrepreneur invests I; at date t. Production occurs,
with an output proportional to I;, at dates t and
t + 1. We make the following assumption.

Assumption 13.2 (time to build). At date t, only a
fraction 6 < 1 of investment I; is operational. The
output is ORI with probability p, and O with prob-
ability 1 — p,. By contrast, the investment becomes
fully operational and yields RI; with probability p»
and 0 with probability 1 — p» in the second period
of its life (that is, at date t + 1). The investment fully
depreciates (is useless) aftert + 1.

Assumption 13.2 expresses the existence of a time
to build if p> > p; (otherwise, expected output could
be greater in the first period of the investment).
We therefore assume that, in the absence of moral
hazard,

P1 = P2 = PH-

Let us now introduce moral hazard. Quite gener-
ally, a generation-t entrepreneur may misbehave at
date t (reduce p;) and at date t + 1 (reduce p»). The
reader can follow the steps of the analysis in Sec-
tion 4.2 to solve for this general case. Because this
does not affect the results, we will look at the slightly
simpler case of “increasing moral hazard.” That is,
reflecting the fact that the future is more foresee-
able and contractible at short horizons, we assume
that moral hazard is more substantial in the sec-
ond period. Indeed, we assume this in an extreme
form: there is no moral hazard in the first period
of production, p; = py, and so the date-t income,
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(puORI;)P;, where P; is the date-t output price,
is fully pledgeable to investors. By contrast, date-
(t + 1) production involves an agency cost: p; €
{pL, pu}. The project yields RI; with probability p.
(the private benefit is then BI;) or py (there is no
private benefit). To incentivize the entrepreneur, the
latter must receive R} in case of period-(t + 1) suc-
cess, where
(Ap)Ry = Bly,

with Ap = pu - p1.

The financing condition for the generation-t rep-
resentative entrepreneur is that the pledgeable in-
come exceeds the investors’ outlay. If  denotes the
discount factor between periods (for investors and
entrepreneurs), this condition can be written as

| puRP: + By (RPc1 - %)]It > 1 - A
and so, provided that the NPV per unit of investment
is positive, i.e.,

(0P + BPry1)puR > 1,
the date-t investment is given by
A
[1+ BpuB/Ap] — [(OP; + BPry1)puR]
=71(0P; + BP+1), with? > 0. (13.17)

ItE

For the sake of comparison, the investment in the
absence of credit rationing would maximize the NPV,
and so, under constant returns to scale, the unit rev-
enue must be equal to the unit cost in competitive
equilibrium:*6

(6P + BPii1)puR = 1. (13.18)

In either case (credit rationing or lack thereof), the
output price is given by an inverse demand function

for the good:*”
P, =P((0I; + I;_1)puR), withP’' <0. (13.19)

The interesting case arises when we make the fol-
lowing assumption.

46. For the moment, we ignore the possibility that investment at
date t be equal to 0.
47. Consumers/investors have intertemporal utility
Z Btlee + Pp(z)],
t>0
where z; is their consumption of the good in question, ¢; is their con-
sumption of numeraire, and ¢ is increasing and concave. Then the
inverse demand function is given by P(z;) = ¢’ (z;) = P;.
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Assumption 13.3. 8 < 6.

This assumption states that enough of the in-
vestment becomes operational in the first period
of its life that the “short-term” price (P;) mat-
ters more than the “long-term” price (P;+1) in the
determination of the generation-t investment I,
whether there is credit rationing ((13.17) holds) or
not ((13.18) holds).

Let us show that, under this assumption, the
dynamic equilibrium is stationary in the absence
of credit rationing, but that it may take the form
of an investment (and output) cycle under credit
rationing.

13.5.2.1 Absence of Credit Rationing

Let P* be the stationary price that satisfies the free-
entry condition (13.18),
(0+ B)P*puR =1,
and let P; = P, — P* and P, = Pr.q — P*.
Equation (13.18) yields

A 0 A
Piiy = *Ept,

and, because 6/8 > 1, a nonstationary price series
would diverge. Thus, the only equilibrium with pos-
itive investment in each period*® is a stationary one:

P, = P* forallt.

13.5.2.2 Credit Rationing

Under credit rationing, investment is given by
(13.17). A two-period cycle*® {(I*,P*),(I ,P7)}
satisfies

I" =7(0P* + BP7) > 1" =1(0P + BPY),

Pt =P((OI" +I")pyR) > P~ =P((OI" +I")puR).

48. There also exists a cycle in which investment occurs every other
period. That is, Iy = It and P; = P in even periods, say, and I; = 0
and P; = P~ in odd periods, where

(OP* + BP7)puR =1,
P* = P(0IpuR) > P~ = P(IpuR).
Note that, because 0 > B,
(0P~ + BPT)puR < 1,

and so there is indeed no investment in odd periods.

49. By Sarkovskii’'s Theorem (see, for example, Theorem 4.3 in
Grandmont 1985) cycles of order 2 are in general the “easiest to ob-
tain,” then come other cycles with an even period, and finally cycles
with an odd-period, three-period cycles being the last to appear.
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Such a cycle exists provided that the price and
investment functions are “reactive” enough.>°

13.6 Exercises

Exercise 13.1 (improved governance). There are
two dates, t = 0,1, and a continuum of mass 1 of
firms. Firms are identical except for the initial wealth
A initially owned by their entrepreneur. A is dis-
tributed according to continuous cumulative distri-
bution G(A) with density g(A) on [0,I].

Each entrepreneur has a fixed-size project, and
must invest I, and therefore borrow I — A, at date O
in order to undertake it. Those entrepreneurs who
do not invest themselves, invest their wealth in other
firms. The savings function of nonentrepreneurs
(consumers) is an increasing function S(7), where
v is the interest rate, with S(#) = 0 for v < 0 (so to-
tal savings equal S (7) plus the wealth of unfinanced
entrepreneurs). Entrepreneurs have utility ¢y + ¢
from consumptions ¢y and c;.

A project, if financed, yields R > 0 at date 1 with
probability p and 0 with probability 1 — p. The prob-
ability of success is py if the entrepreneur works and
pL. = pu — Ap if she shirks. The entrepreneur ob-
tains private benefit B by shirking and 0 otherwise.
Assume pyR > I > pu(R — B/Ap), that financing
cannot occur if the entrepreneur is provided with
incentives to misbehave, and that the equilibrium in-
terest rate is strictly positive.

(i) What is the pledgeable income? Write the fi-
nancing condition.

(ii) Give the expression determining the market
rate of interest. How does this interest rate change
when improved investor protection lowers B?

Exercise 13.2 (dynamics of income inequality).
(This exercise builds on the analysis of Section 13.4
and on Matsuyama (2000).)

50. Let P* = P* — P*¥* and P~ = P~ — P** where P** is the steady-
state price corresponding to equations (13.17) and (13.19). The local
mapping from, say, P* into itself around P* = 0 has slope

[ P'7 (puR) (0(1 + B)) ]2
1-P' 7 (puR)(0>+P) |~
Because P'7" < 0 and 62 + B < 6(1 + B) from Assumption 13.3, this
slope is greater than 1 provided P’7’ is sufficiently large at P**.
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(i) Consider the “warm-glow” model: generations
are indexed by t = 0,1, ..., c. Each generation lives
for one period; each individual has exactly one heir.
A generation-t individual has utility from consump-
tion ¢; and bequest £; equal to

1 a a
VVith () <a< 1.

What is the individual’s utility from income y;?
(ii) Consider the entrepreneurship model of Sec-
tion 13.4, with two twists:

¢ variable-size investment (instead of a fixed-size
one),

e intraperiod rate of interest » (so investors de-
mand (1 + r) times their outlay, in expectation);
¥ is assumed constant for simplicity.

One will assume that py = 1 and that each gener-
ation t is born with endowment A (to which is added
bequest £;_1, s0 A; = A + £;_1). See Figure 13.12.

A successful project delivers RI > (1 + r)I, an
unsuccessful one 0. The private benefit from mis-
behaving, BI, is also proportional to investment.

Let

B
=R d =R-—.
p1 and po Ap

Assume that

Po
1+r°

a(p1 —po) <1-

Show that each dynasty’s long-term wealth con-
verges to

A
1-alpr—po)/(1—po/(1+7))’

regardless of its initial total wealth A (that is, A plus
the bequest from generation —1, if any).

(iii) Now assume that there is a minimal invest-
ment scale I > 0 below which nothing can be pro-
duced. For I > I, the technology is as above (constant
returns to scale, profit RI in the case of success, pri-
vate benefit BI in the case of misbehavior, etc.).

Compute the threshold A§ under which the dy-
nasty remains one of lenders (at rate ) and never
makes it to entrepreneurship.

What is the limit wealth AL of these poor dy-
nasties? (The limit wealth of dynasties starting with
Ap > Af is still A.)

Axp =
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Generation t B .
Ly eques
Asset A+ Ly Moral hazard. Outcome: Consumption.
Investment success/failure.
in project of Income y,.
(endogenous) -
size I. Pr Private
(success) | benefit
Behaves 1 0
Misbehaves 149 BI
Figure 13.12

(iv) Finally, close the model by assuming that
investors are domestic investors and by describing
the equilibrium in the loan market. Focus on steady
states. Show that multiple steady states may coexist:

e one in which everyone (investors, entrepreneurs)
has the same wealth and

pr=1+vr,

e others, with unequal wealth distribution, in
which p; > 1 + 7, a fraction k of the popula-
tion is poor (lends), and a fraction 1 — k is rich
(borrows to undertake projects).

Exercise 13.3 (impact of market conditions with
and without credit rationing). This analysis pur-
sues that of Section 13.5.1. There, we compared
the sensitivity of investment with the output price
(or installed-base investment) in the presence or
absence of credit rationing, focusing on either the
fixed-investment variant or the constant-returns-to-
scale variant. We now assume decreasing returns to
scale.

The representative entrepreneur (there is a unit
mass of such entrepreneurs) has initial wealth A, is
risk neutral and protected by limited liability, and
invests I + K, where I is the scale of investment and
K a fixed cost that is unrelated to scale. We assume
that K > A, and so investors are unable to finance
by themselves even a small investment.

An entrepreneur is successful with probability p
and fails with probability 1 — p. We assume that the
shocks faced by the entrepreneurs are independent.

This hypothesis is consistent with the assump-
tion made below that the output price is determin-
istic. When successful, the entrepreneur produces
R(I) units of a good (with R(0) =0, R’ > 0, R” <0,
R’(0) = o, R'() = 0); an entrepreneur who fails
produces nothing. For concreteness, let

R(I)=1I% with0O< «x < 1.

As usual, the probability of success is endoge-
nous: p € {py,pu}. Misbehavior, p = p. (respec-
tively, good behavior, p = py), brings about private
benefit BI (respectively, no private benefit). To pre-
vent moral hazard, the entrepreneur must receive
reward Rj in the case of success, such that

(Ap)Ry > BI.

The product sells at price P per unit. Presumably,
investors are risk neutral and demand rate of re-
turn 0.

Suppose that the fixed cost K is “not too large” (so
that the entrepreneur wants to invest in the absence
of credit rationing), and that

puB  1-«
ap S«

(i) Derive the first- and second-best investment
levels as functions of P. Show that they coincide for
P > P, for some P,.

(ii) Using a diagram, argue that there exists a
region of output prices in which the second-best
investment is more responsive than the first-best
investment to the output price.

(iii) How would you analyze the impact of the ex-
istence of an installed-base level of investment Iy?
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