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This paper studies the relationship between debt-financing and the timing of in-
vestment, under asymmetric information. In particular we show that an option to
delay raises the average profitability of firms who choose to invest immediately,
thereby reducing the market interest rate on debt. Moreover, the option to delay
is shown to be welfare improving. (JEL: D81, D92, G33)

Introduction

It is well known that financial sources may
affect investment decisions (see, e.g., Hart, 1995,
and Hubbard, 1998). However, the literature on
investment irreversibility almost always as-
sumes equity-financing. Among the few excep-
tions, Vercammen (2000) shows that, under de-
fault risk, an option to delay induces firms to
defer investment. By delaying investment, in
fact, firms can reduce their debt, and, conse-
quently, their default risk.

Lensink and Sterken (2001) make a step fur-
ther by studying debt-financing under asymmet-
ric information. They show that, if the firm is
liquidity-constrained, the option to delay chang-
es the sign of the distortion. Without the option,
in fact, underinvestment takes place. When the
option is available, the converse is true. How-
ever, they cannot prove whether such an option
is welfare improving or not.

Lensink and Sterken’s (2001) results are ob-
tained by assuming a continuum of firms, who
face firm-specific shocks. Following Stiglitz
and Weiss (1981), in fact, they assume that
firms’ projects have the same expected return
but are characterised by different probabilities
of success. Moreover, they use the simplifying
assumption that the project return is zero in the
bad state.

In this paper, we aim to study the effects of
an option to delay under an industry-specific
shock. This is relevant since, by assuming idi-
osyncratic risk, Lensink and Sterken (2001) do
not take into account one of most important
causes of irreversibility, i.e., industry comove-
ment. When a firm can resell its capital, but the
potential buyers operating in the same industry
are subject to the same adverse market condi-
tions, this comovement obliges the firm to sell
the capital at a considerably lower price than an
insider would otherwise be willing to pay.
Moreover, we assume that, if default takes
place, the firm’s value is not necessarily zero.
Although capital cannot be sold to insiders, the
bank can expropriate the firm’s assets by par-
tially compensating for its loss.

* The author is grateful to Gianni Amisano, Paolo Ber-
toletti, Vesa Kanniainen, Carlo Scarpa, an anonymous ref-
eree and the editor of this review for helpful comments and
suggestions. He accepts responsibility for any remaining
errors.
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In our model, firms differ for their initial
gross profit and face the same shock. Thus, they
have a different expected return. Moreover, we
assume that, in the bad state, firms’ gross prof-
its are less than the risk-free return. This entails
a ‘pure’ loss, but represents a collateral for the
bank. Given these assumptions, we show that
the option to delay raises the average profita-
bility of firms investing at time 0, thereby re-
ducing the debt interest rate. Moreover, this op-
tion is shown to be welfare improving.

2. The model

In this section we introduce a simple discrete-
time model describing the relationship between
debt-financed firms and a competitive bank.

2.1 The firm’s problem

Let us assume a continuum of risk-neutral
firms, who decide whether to invest in one sec-
tor. Firms differ for their initial gross profit Π i,
which is characterised by a density function
f (Π) for Π � [Π_ ,Π ]. Since they are unable
to self finance the project, they borrow the cap-
ital from a bank.1 They pay interests at the end
of each period at an interest rate ρ0, which is
set by the bank. For simplicity we assume that
no renegotiation of the interest rate is allowed.

Firms face a bivariate industry shock. Given
the firm-specific gross profit Π i at time 0, all
firms’ profits will change at time 1. With prob-
ability q they will rise to (1 + u)Π i and with
probability (1 – q) they will drop to (1 – d)Π i.
Parameters u > 0 and 1 > d ≥ 0 measure the up-
ward and downward profit moves. At time 1,
uncertainty vanishes and the gross profit will
remain at the new level forever. For simplicity
we assume that

Namely, whatever its type, if a good news is
received, the firm survives. If, instead, a bad
news is received, the firm is unable to pay the

interest and defaults. Given the above inequal-
ity, all firms face the same default risk. In the
bad state, their assets are expropriated by the
bank. Though capital cannot be sold to insid-
ers, the bank can manage the firm thereby par-
tially compensating for the loss.2

The initial profit level of firm i is firm i’s pri-
vate information. Following Stiglitz and Weiss
(1981) and Lensink and Sterken (2001), we
concentrate on a pooling equilibrium. Namely,
we assume that neither firms can send signals
of profitability nor banks can discriminate
among firms. This rules out any separating
equilibrium.

In the absence of any option to delay, the tim-
ing of decisions is as follows. Firms decide
whether investing at time 0 or never. Contem-
poraneously the bank sets the interest rate ρ0 en-
suring nil profits. At the end of time 0, firms
may start earning profits, net of the interest rate.
If default takes place, firms are expropriated by
the bank.

Let us now focus on the firms’ decision.
Without any option, their problem is

(1)

where, given the risk-free interest rate r,

(2)

is the present value of future profits, net of the
investment cost. It is worth noting that the profit
in the bad state is not taken into account be-
cause the owner is expropriated.

According to problem (1) if NPVF
0i > 0, then

investment is undertaken. Setting NPVF
0i = 0 and

solving for Π i one obtains the firm’s trigger
point above which investment is profitable

(3)

1 This assumption is fairly realistic for start-ups, who
cannot rely on reputation and are only seldom equity-fi-
nanced.

2 Due to irreversibility, the present value of gross prof-
its in the bad state, is greater than revenues aris-
ing from reselling the installed capital.
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As can be seen, the trigger point depends on
ρ0. Since all the firms investing at time 0 pay
the same interest rate, they will have the same
trigger point.

When firm i can postpone investment, it fac-
es a trade-off. If it invests at time 0, it earns Π i.
If, instead, it waits until time 1, it loses  Π i, but
its benefit is twofold. First, it gathers informa-
tion. Second, the default risk vanishes. There-
fore, the debt interest rate drops to r. The firm’s
problem is now

(4)

where

(5)

is the net present value of the firm’s profit when
investing at time 1. As can be seen NPVF

1i takes
into account only good news, since a rational
firm would not invest in the bad state.3

Using equations (2), (5), setting NPVF
0i =

NPVF
1i  and solving for Π i yields the common

trigger point above which immediate invest-
ment is profitable

(6)

The term  measures the expected loss
in terms of interest rate, faced by those firms
who decided to invest at time 0. A comparison
between (3) and (6) shows that Π** > Π*, for
any ρ0. With an option to delay, in fact, the firm
must take into account both the opportunity
cost, represented by the exercise of the option,
and the higher interest rate paid when invest-
ing at time 0.

2.2 The bank

The bank lends before observing the firm-
specific payoff Πi*. However, it knows the den-
sity function f (Π) and the parameters q, d and
u. Thus, it can compute the firms’ trigger point.
Without the option to delay, therefore, its net
present value is

(7)

Under perfect competition the bank’s profits
are zero. Thus, setting NPVB

0  (Π*) = 0 and solv-
ing for ρ0. one obtains

(8)

where is the expected
conditional payoff for the sub-set of firms with
Π i � [Π*, Π ], namely for the firms which in-
vest.4

When firms hold an option to delay, the
bank’s net present value is

(9)

The term  measures
the present discounted value of interest reve-
nues earned by the bank if the firm invests at
time 1. Since the default risk has vanished,
however, this term is zero. Now, setting NPVB

0

(Π**) = 0 and solving for ρ0 yields

(10)

where  As can be
seen, the sub-set of firms investing at time 0
differs from the one obtained without the op-
tion to delay, namely [Π**, Π ] � [Π*, Π ].

So far we have shown how firms compute
their trigger points, for a given interest rate, and
how the bank sets the interest rate for a given
trigger point. Given the above results we can
find a pooling equilibrium where the trigger
point and the interest rate are computed simul-
taneously. The following Proposition holds:

Proposition 1: The introduction of an option
to delay reduces the interest rate paid by those

3 For details on the firm’s problem under equity-financ-
ing see Dixit and Pindyck (1994).

4 It can be shown that, given  inequal-
ity  holds.
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firms who decide to invest at time 0, i.e.
ρ0(Π**) < ρ0(Π*).

Proof: Using (8) and (10) it is straightfor-
ward to ascertain that the sign of [ρ0(Π**) –
ρ0(Π*)] depends on the difference [E(Π I Π �
Π*) – E(Π I Π � Π**)]. Since the conditional
expected value increases with an increase in the
lower bound, the following relation holds

(11)

To show that inequality ρ0(Π**) < ρ0(Π*)
holds, assume ab absurdo that Π** < Π*. Us-
ing the relation (11), we would obtain ρ0(Π**)
> ρ0(Π*). If, however, we compare equations
(3) and (6), it is easy to ascertain that, for a giv-
en interest rate ρ0, inequality Π** > Π* holds.
A fortiori, this inequality holds if ρ0(Π**) >
ρ0(Π*). This contradicts the assumption Π** <
Π*. Since Π** > Π*, therefore, the inequality
ρ0(Π**) < ρ0(Π*) always holds.�

The intuition behind the above result is
straightforward: the existence of an option to
delay induces the firms with an intermediate
payoff, i.e., with Π � (Π*, Π**), to postpone
investment. This implies that the average prof-
itability of the firms investing at time 0 is high-
er. Thus, the interest rate, ensuring null profits
to the bank, is lower.

Given the above Proposition, we have thus
obtained inequalities Π** > Π* and ρ0(Π**) <
ρ0(Π*), which hold if the gross profit in the bad
state is positive, i.e., d < 1. If, following Len-
sink and Sterken (2001), we assumed d = 1, in-
stead, equalities Π** = Π* and ρ0(Π**) =
ρ0(Π*) would hold. Thus the firm-bank rela-
tionship would be unaffected by the option.

3. The welfare analysis

Let us now define welfare as the summation
of the firms’ and the banks’ present values. Un-
der perfect competition, however, NPVB

0  is zero.
Thus social welfare boils down to the former

term. Given Proposition 1 we can prove the fol-
lowing

Proposition 2: The introduction of an option
to delay is welfare improving.

Proof: To prove the above Proposition let us

substitute (8) and (10) into (2). For any given
Π we have

(12)

(13)

Since ρ0(Π**) < ρ0(Π*), the inequality
NPVF

0 (ρ0(Π**)) > NPVF
0 (ρ0(Π*)) holds ∀Π  > 0.

Using (12), we can compute the welfare
function in the absence of any option to delay

(14)

With the option to delay, instead, the present
value of firms investing at time 1 must be tak-
en into account. Thus, using (5) and (13) we
have

(15)

Using (14) and (15) let us compute the
difference

(16)

Since Π** > Π*, the difference (16) can be
rewritten as

(17)

Next, note that firms with Π < Π** prefer to
postpone investment. In other words, they have
NPVF

1  > NPVF
0 (ρ0(Π**)). Moreover, inequality

NPVF
0 (ρ0(Π**)) > NPVF

0 (ρ0(Π*)) holds ∀Π .
Given the above inequalities we thus have NPVF

1

> NPVF
0 (ρ0(Π*)) for Π < Π**. This implies that

inequality

holds. Next, rewrite (17) as



Finnish Economic Papers 2/2002 – P. M. Panteghini

114

(18)

Since the three terms in the RHS of (18) are
positive, the difference Wd – Wnd is always pos-
itive. The Proposition is thus proven.�

According to Proposition 1, the option to de-
lay raises the quality of firms investing at time
0, thereby reducing the debt interest rate. As
firms pay a lower interest rate and the bank ben-
efits from better conditions, according to Prop-
osition 2, a welfare improvement takes place.

4. Conclusion

In this article, we have studied the effects of
debt-financing on investment timing. In partic-
ular, we have shown that the ownership of an
option to delay raises the average profitability
of firms investing immediately, thereby reduc-
ing the debt interest rate. Moreover, this option
is shown to be welfare improving.

This paper must be considered as a bench-
mark for future research. In particular future
developments should include moral hazard. It
may happen, in fact, that firms can send an in-
tentionally misleading signal to banks in order
to exploit more favourable market conditions.
Alternatively, they might devote to the business
less effort than expected.

Moreover, recent empirical evidence shows
that a higher cost of default stimulates firms to
innovate in order to reduce the default risk in
the future (see Aghion et al., 2002). This is an
interesting puzzle for future research, since in-
novation entails the payment of sunk costs.
Thus undertaking innovation means exercising

the option to delay earlier thereby loosing flex-
ibility.

Another promising direction for further re-
search is represented by venture capital finance.
As we know, in innovative industries, the use
of convertibles has substantially replaced tradi-
tional debt-financing. This leads to a double
moral-hazard problem (see, e.g., Kanniainen
and Keuschnigg, 2001). The introduction of an
option to delay entails the existence of a trade-
off between the benefits from immediate invest-
ment and the loss of flexibility. If good news is
received, the entrepreneur has to share its posi-
tive result with the venture capitalist. On the
other hand, if default takes place, its cost is
completely shifted to the venture capitalist. In
turn, the balancing between good and bad news
may affect the agency problem between the en-
trepreneur and the venture capitalist.
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